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Executive Summary

The overall objective of the Department of Defense Computer-aided
Acquisition and Logistic Support (CALS) Program is to integrate
the design, manufacturing, and logistic functions through the
efficient application of computer technology. CALS is a program
to apply existing and emerging communications and computer-aided
technologies in DoD and industry to:

o Integrate and improve design, manufacturing, and logistic
functions; thereby bridging existing "islands of
automation.

"

o Actively influence the design process to produce weapon
systems that are more reliable and easier to support and
maintain.

o Shift from current paper-intensive weapon support
processes to a highly automated mode of operation, based
on a unified DoD interface with industry for exchange of
logistic technical information in digital form.

The CALS program was established by the Deputy Secretary of Defense
in September 1985 to implement the recommendations of a Joint
Industry/DoD Task Force. Management is provided by a DoD Steering
Group, the OSD CALS Office, and a lead organization in each
Military Department and the Defense Logistics Agency. The DoD CALS
Office has obtained the support of the National Institute of
Standards and Technology in the selection and implementation of
CALS standards. An Industry Steering Group has also been
established to focus the work of key industrial associations and
the defense contractor community in CALS implementation.

The CALS strategy provides a plan for phased implementation of
CALS. Phase I will apply current computer technology in
existing/emerging DoD and industry systems for key logistic and
design applications. Phase II will involve broad-based DoD and
industry system redesign to implement advanced technology across
a wider range of applications during the early 1990 ‘s. DoD is
currently developing core Phase I requirements. Demonstrations
and prototypes will support Phase I implementation, while advanced
technology R&D continues for Phase II.
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Implementation of the CALS program will result in:

o Design of more supportable weapon systems,
o Increased productivity and reduced cost of weapon system

acquisition and logistic support,
o Improved timeliness and accuracy of logistic technical

information.
o Enhanced operational readiness of military forces.

During FY86 NIST recommended standards to OSD which would be
applicable to the DoD environment.^ These recommendations included
CALS use of standards in the areas of product definition,
graphics, text, and data management.

CALS support work in FY87 focussed on the following activities:
Developing a CALS framework. Development Plan and Core Requirements
package; providing technical support for standards development and
implementation; and conducting workshops and meetings to promote
dialogue with the Services, the Defense Logistic Agency, and
industry. A major thrust was the completion of the initial
documentation of the high-priority standards required for CALS
implementation .

^

During FY88, a number of efforts advanced the development of
technology and standards in support of CALS. These efforts were
organized into the areas of Text, Graphics, and Product Data.

Text: Work on text and graphics standards in the CALS publishing
environment included technology assessments, development of
application guidance, conformance test plans and a draft FIPS for
ODA/ODIF. Additionally, a technology assessment and proposed
conformance testing strategy were developed for page description
languages

.

Graphics: The CALS efforts in CGM were continued and included work
in the graphics standards committees and the expansion and updating
of the CALS CGM Application Profile. The Application Profile was
developed into a draft military specification. The draft was
carried through the needed review and comment process and was
published as MIL-D-28003 in December 1988. In addition, work on
Extended CGM, or CGEM for CALS application was initiated. Work in

^Kemmerer, S., Editor, "Final NBS Report for CALS, FY86," U.S.
Department of Commerce, National Bureau of Standards, NBSIR 87-
3566, May 1987.

^Kemmerer, S. Editor, "A Collection of Technical Studies
Completed for the Computer-aided Acquisition and Logistic Support
(CALS) Program, Fiscal Year 1987," U.S. Department of Commerce,
National Bureau of Standards, NBSIR 88-3726, NBSIR 88-3727, NBSIR
88-3728, and NBSIR 88-3729, March 1988.
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the area of raster graphics continued. A draft MILSPEC for raster
was developed which was later published as MIL-R-28002. The need
for standards for the interchange of large format tiled raster
documents was identified, and related technical papers were
published separately as an NIST Internal Report.^

Product Data: The use of the Information Resource Dictionary
System, (IRDS, ANSI Standard X3. 138-1988) was proposed as an
integration and configuration management mechanism for the Product
Data Exchange Specification (PDES)

.

^Spielman, F, , Editor, "Standards for the Interchange of Large
Format Tiled Raster Documents," U.S. Department of Commerce,
National Bureau of Standards, NBSIR 88-4017, December 1988.
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These three volumes are a collection of the final reports presented
to the DoD CALS Office.^ The collection is divided as follows:

VOLUME 1.

Text, Security, and Data Management

Text and Graphics Standards in the CALS Publishing Environment

ODA/ODIF Application Guidance

Federal Information Processing Standards Publication (Draft)
on Document Application Profile for the Office Document
Architecture (ODA) and Interchange Format Standard

ODA/ODIF Conformance Test Plan

PDLs: A Technology Assessment

SPDL Conformance Strategy

Security

Risk Management Tools: A Guide to Selection and Use

Computer Security Issues in the Application of New and
Emerging Information Technologies

Data Management

Information Resource Dictionary System: An Integration
Mechanism for Product Data Exchange Specification

Using the Information Resource Dictionary System for PDES

VOLUME 2:

Graphics, CGM MIL-SPEC

CGM Conformance Testing

Final Phase I.l CGM MILSPEC

Extended CGM MILSPEC Planning

'^The publishing of this collection of reports does not imply
that the CALS Office has endorsed the conclusions or recommenda-
tions presented.
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VOLUME 3:

Graphics, CGM Registration

CGM Registration in Support of CALS

The following additional publications were completed by NIST during
FY87 under separate cover. They are available through NTIS.

CALS Workshop Proceedings: CALS EXPO '88 'Quality and Producti-
vity Through Integration" A DoD/Industry NIST
Conference 4-6 October 1988

MIL-HDBK-59, Military Handbook: Department of Defense Computer-
aided Acquisition and Logistic Support (CALS)
Program Implementation Guide

MIL-STD-1840A, Automated Interchange of Technical Information

MIL-D-28000, Military Specification: Digital Representation for
Communication of Product Data: IGES Application
Subsets

MIL-M-28001,

MIL-R-28002
,

MIL-D-28003 ,

Military Specification: Markup Requirements and
Generic Style Specification for Electronic Printed
Output and Exchange of Text

Military Specification: Raster Graphics
Representation in Binary Format, Requirements for

Military Specification: Digital Representation for
Communication of Illustration Data: CGM Application
Profile

vii
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CGM CONFORMANCE TESTING

I . PURPOSE

Accelerate development of CGM (Computer Graphics Metafile)
validation routines and ensure the input of CALS requirements in
national and international standards processes. Prepare a plan
and recommendation for certification of a testing laboratory
(CALS SOW Task 3.1.1).

II. BACKGROUND

1.0 Conformance Provisions of FIPS PUB 128, the CGM Standard

The conformance statements in the CGM standard relate to the
conformance of a metafile. They do not refer to the conformance
of the generator or interpreter. There can be no expectation
that a metafile sent to an unknown interpreter will be understood
by that interpreter. Groups of users, such as CALS and MAP/TOP
users, are concerned about this, and are trying to reduce the
problem.

The CGM standard defines two levels of conformance: full
conformance and functional conformance. Full conformance occurs
when a metafile conforms to the abstract functional specification
of Part 1 of the CGM standard, and also uses one of the three
standard encodings. Functional conformance of a metafile occurs
when a metafile conforms to the abstract functional
specification, but a private encoding is used.

Thus, the standard is very limited in its conformance
requirements. As cautioned in previous reports, and it still
holds true—when CGM software is purchased, there can be no
guarantee of minimum support by generator or interpreter
software

.

2.0 FY *87 CALS Accomplishments

NIST/NCSL (National Institute of Standards and
Technology/National Computer Systems Laboratory

—

formerly NBS) was able to set direction for an architecture for
the development of CGM conformance tests to coincide exactly with
recommendations to CALS. First was that testing to the standard
itself is not enough; the tests must include the CGM generators
and interpreters. Part of the work last fiscal year was to
develop a plan for the development of additional conformance
tests needed to validate software that generates and reads
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metafiles, in the form of a reference implementation for CGM.
The approach taken in defining these tests has been to develop a
plan for a reference implementation for metafile generators and
interpreters, or a piece of software capable of generating any
legal metafile and capable of interpreting any legal CGM,
including testing for the CALS Application Profile (AP) . In
particular, one of last year*s reports provides a functional
specification and conceptual design for this reference
implementation, as well as how it might be used as a basis for
CGM testing tools or as a model for a CGM test service.

Second, the international test centres initially agreed to test
to CGM Application Profiles, a concept that NIST/NCSL introduced
at a key workshop in England. NIST/NCSL defined a CGM
Application Profile for CALS, which became the basis for MIL-D-
28003 (formerly MIL-D-CGM) . These terms have been used
interchangeably to mean the same thing; just remember that MIL-D-
28003 is the most current designation.

3.0 Reasons for the CGM Application Profile

The CGM standard offers a useful method for the storage of
graphical images. It defines a wide range of options which can
be used by the generating software. These options include, for
example, the precision of the data which is stored and the way
that color is defined within the metafile. As stated above there
is, however, no guarantee that the interpreting software will be
able to make any sense of the metafile. The standard does not
specify the behavior of generators and interpreters, and this
makes it difficult for the purchaser of CGM software to guarantee
that the software for generating and interpreting metafiles is
what is required. Application profiles, such as the one designed
for CALS, attempt to define the use of the standard. Those
parties who use the CALS Application Profile should be able to
predict the behavior of the generator and interpreter software.
The metafiles written by one CALS application can thus be
assured understood when transferred within the CALS
environment.

4.0 Need for Testing to FIPS PUB 128 and to MIL-D-28003

It is important to ensure that the CALS Application Profile is
adhered to by software purchased for the CALS effort. Therefore,
it is necessary to offer some form of testing service for
software to ensure that software does conform to the standard and
to the CALS Application Profile.

Testing is important for ensuring that implementations do conform
to the standards. Using existing testing methods it is
impossible to guarantee that there are no errors in a product.
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The testing strategy usually adopted attempts to show the
presence of errors in the product. If a suitably large number of
test cases is used, then confidence can be built in a product
which handles these tests.

Existing validation suites adopt this philosophy and use a black
box approach to testing; that is, the external specification or
interface specifications of the product are examined and test
cases generated, but no information is required about the
internal workings of the implementation being tested.

Exhaustive testing is ideal but may be uneconomic to achieve.
The best that can be achieved is to select a wide variety of test
cases to exercise the implementation under test as fully as
possible. It is important to ensure that the test cases
generated have a high probability of detecting any errors in the
implementation

.

4.1 International Testing Efforts

NIST is also pursuing a standard at the international level for
conformance testing of implementations of graphics standards
(Reference 9) . This standard is still in early draft stage, but
it will specify a methodology for testing conformance to computer
graphics standards of products which claim to implement these
standards. This standard will directly address test
requirements, test specifications, test suite, test procedures,
and certification mechanisms.

4.2 FIPS Testing Efforts

In addition, NIST/NCSL has the goal of providing an initial
structure and approach to uniform conformance testing programs
Government-wide for appropriate FIPS Publications. The current
initiative is the development and review of a draft FIPS
(Reference 8) on conformance testing which will provide policy
and guidelines for individual FIPS conformance testing program
development.

The overall NCSL conformance program and an individual
conformance testing approach for any given standard, will be
continually developed as various testing procedures are
prototyped; test cases are gathered, studied, and evaluated;
industry and other national European programs are studied; and
experience is gained. This evolution will also apply to the
various conformance testing programs for graphics. Any
conformance testing program that NIST/NCSL advocates for use by
DOD CALS will be based on this approach to testing being
developed. In the case of the CGM standard, this will also mean
adding conformance testing to test conformance to MIL-D-28003.

3



III. DISCUSSION

1 e 0 Obj ectives

The objectives of this task were to:

1. Perform a study of the variability of commercial CGM
generator implementations, including the degree of
conformance to the CALS Application Profile for CGM.
Note that this comparison is made with the April 1988
version of this specification. These commercial
implementations are analyzed in section 3 below,
compared to MIL-D-28003 in section 4 below, and both
aspects summarized in sections IV, subheadings 1 and 2.

2. Assess the impact of CGM test development strategy with
respect to the CALS environment and the marketplace.
This is accomplished in section V.

3. Provide input and recommendations for a plan for CALS
on how certification of CGMs to the Application Profile
could be handled. This involves preparing a list of
tasks that must be accomplished in order to put in
place a testing service (both for FIPS PUB 128 and MIL-
D-28003) that is consistent with:

a. The draft proposed FIPS on Conformance Testing
Policy and Procedures (Reference 8) , and

b. The working Draft International Standard (DIS)

,

’*Conformance Testing of Implementations of
Graphics Standards (Reference 9) .

These testing tasks are developed in section 5 below,
and summarized in section V, subheading section 3.

2 . 0 CALS Requirements

2 . 1 Review of CALS-Related Requirements for Standards

References 1 and 2 contain analyses of CALS requirements for
graphics-related standards in the areas of engineering design,
technical publishing, procurement support, and interactive
delivery systems.

This report focusses on the picture interchange requirements of
CALS when applied to the task of technical manual publishing and
illustration.

4
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2.2 Role of the CGM in CALS

2.2.1 The Computer Graphics Metafile

The CGM provides a file format suitable for the storage and
retrieval of picture description information. The file format
consists of an ordered set of elements that can be used to
describe pictures in a completely device-independent way. One or
more pictures can be stored in a single metafile, and the
metafile is defined in such a way that, in addition to sequential
access to the whole metafile, random access to individual
pictures is well defined. That is, the pictures are completely
independent, one from another; their appearance does not depend
upon the order in which they are accessed or displayed.

In addition to a functional specification, the CGM standard
documents three standard encodings of the metafile semantics.
The Character encoding requires minimum metafile size and is
suitable for transmission across networks of heterogenous systems
but is expensive to encode and decode. The Binary encoding
requires minimum effort to generate and interpret but is not
well-suited for exchange between computers of different
arithmetic data types. It is nearly as efficiently coded as the
Character encoding. The Clear-text encoding provides maximum
readability and editability for ease of use by humans (e.g., for
debugging purposes) but, generally, pays a heavy penalty in size
and. performance. The size is much larger because English and
other natural languages contain a lot of redundancy. The
performance is worse because parsing and recognizing text strings
and converting text strings to internal numbers for use by a
graphics subsystem is expensive in its use of CPU cycles.

In reference 1, the standardized CGM elements are listed by type.
The ESCAPE and APPLICATION DATA elements have been provided to
support uses of the CGM in ways that go beyond the exchange of
pictures. Nongraphical data and graphical elements not yet
standardized can be incorporated into metafiles in a regular way.
When these extended metafiles are exchanged by cooperating
processes, standard commercial products can be used to handle the
standard metafile elements, and new code need be written only for
the special, non-standardized elements. Large groups of users of
extended metafiles can get together and agree upon a set of
extensions—just like MAP and TOP users have agreed upon
guidelines to the implementation of the OSI standards. For
example, the elements of a business chart—like legend entries,
tick marks, and axis labels—or the elements of a project
schedule—like PERT chart symbols, milestone markers, or title-
could be marked in the metafile. An editing program could be
written to read such metafiles and allow modifications to them
before rendering the chart on a hardcopy device or including it
in a report or manual

.
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In the absence of any facsimile standard capable of handling
multicolor images (i.e., those with more than one bit per pixel),
a CGM employing only the CELL ARRAY primitive could be used.
Images expressed with either indexed and direct color
specifications can be represented. In the Character-Coded and
Binary encodings, run-length encoding may be used to reduce the
size of the resulting CGM files.

2.2.2 The CALS Application Profile for CGM

Reference 5, MIL-D-28003, specifies a set of conditions to be met
by CGM generators and interpreters if they are to be said to be
"conforming” to the CALS Application Profile for CGM. This
report is particularly interested in those requirements that must
be met for an implementation to be certified as a CALS
"conforming basic generator" (see 3.1.1, Reference 5).

The specific requirements that must be met are elaborated in
detail in section 5.3.2 below.

3.0 Commercial Implementations of the CGM

3 . 1 Overview

The objective was to determine to what degree current commercial
implementations of CGM generators adhere to the requirements of
MIL-D-28003 for conforming basic generators.

[NOTE: This report is intended to be informative in terms of
this comparison, and not a critical evaluation of any commercial
software system. Inclusion of any software system in the
following sections in no way implies a recommendation or
endorsement by NIST or DoD, and the presentation should not be
construed as a certification that any system does or does not
provide the indicated capabilities. Further, if any software
system has been omitted from this study, that does not imply that
its capabilities are more or less than those of systems included
herein.

]

Most implementations of generators were developed with little or
no knowledge of the CALS requirements for CGMs. Consequently,
these implementations reflect the company's judgments as what
features are needed in their commercial marketplace without
regard for special requirements from DoD.

Over 100 metafiles from 2 4 products offered by 2 0 companies and
organizations were examined. Many of the products share
underlying CGM generation technology. Five of the products use
some release of Graphics Software Systems* GSS*CGM; four are

6



based on the generator libraries licensed from Henderson
Software; three on the GKS Metafile Output workstation of
Advanced Technology Center's (ATC's) GRAFPAK-GKS ; and two on Nova
Graphic International's GKS CGM generation capability.

All CGMs analyzed followed the Binary Encoding.

Those CGMs based on technology from Henderson Software, ATC, and
McDonnell Douglas are more likely to pay some attention to the
specifications in the TOP Application Profile for CGM, precursor
and model for the CALS Application Profile.

All of the metafiles were generated on either PCs or
workstations. None of them were generated on Apple Macintoshes.

In section 3.2 below, an overview of the CGMs written by each of
the various products is provided without explicit reference to
the requirements of MIL-D-28003. Then, in section 4 below, to
what degree the CGMs produced by each of these products conforms
to the requirements of MIL-D-28003 is specifically evaluated.

3 . 2 Product Analyses

3.2.1 Advanced Technology Center

ATC has developed its own base technology as a GKS metafile
output workstation driver, accessed through its GRAFPAK-GKS. The
driver can generate multiple pictures per metafile.

The Metafile Descriptor sets 16-bit integer VDCs; 16-bit integer,
index precision; and (16,16) fixed-point real precision. Colour
and colour index precision is always 8-bits, and colour value
extent is always 255.

There is no use of Metafile Defaults Replacement, Font List,
Character Set List, and Character Coding Announcer.

There is no use of Scaling Mode, Colour Selection Mode, or any of
the Specification Modes. Background Colour is used.

The generator does not use Auxiliary Colour, Transparency, and
Clip Indicator. It does use Clip Rectangle.

The generator does not use Disjoint Polyline, Restricted and
Append Text, Polygon Set, Circular Arc 3 Point and 3 Point Close,
Polygons are limited to 500 vertices; Text is limited to 256
characters; only the "pie closure" forms of Circular Arc Center
and Elliptical Arc Close are used.

Eleven GDPs with negative ids can be generated.

7



The generator does not use Character Set Index and Alternate
Character Set Index nor the Edge attributes. It uses all other
attribute elements.

Up to 10 line, marker, and text bundles may be referenced and up
to 10 pattern table entries may be specified and referenced.
Implementation dependent (negative valued) line, marker, and
hatches may be generated. Implementation dependent fonts are
specified with indices 11 through 18. Empty interior style is
never generated. Standard hatch indices 5 and 6 cannot be
generated.

Seventy ESCAPES with negative ids can be generated.

MESSAGE and APPLICATION DATA elements can be generated.
3.2.2

AutoCAD via Zenographics Metafile Translator

AutoCAD DXF files can be translated to CGMs via a Zenographics
product, called Metafile. See the Zenographics description
(section 3.2.23)

.

The Metafile Elements List contains an enumerated set of 51
elements, which is a superset of the file contents.

The file defines color indexes 0-7 in a single COLOR TABLE
element 8 RGB triples long: Black, Red, Yellow, Green, Cyan,
Blue, Magenta, White.

3.2.3

Computer Associates International Superimage

Superimage uses the GSS*CGM metafile driver. See the Graphic
Software Systems description (section 3.2.7) for the details.

Absolute line width is initially set to 1, but it can be changed
later in the CGM.

3.2.4

Computer Associates International (CAI) CGM Generator
Library

CAI uses base technology developed with the assistance of
Henderson Software. This CGM generator was developed for use
with ISSCO mainframe and minicomputer products like DISSPLA and
TELL-A-PLAN.

The Metafile Descriptor is minimal. The METAFILE ELEMENT LIST
contains DRAWING plus some individual elements beyond the DRAWING
set. There is a METAFILE DEFAULTS REPLACEMENT element that sets
VDC EXTENT to (0,0), (4095,4095).

8



The Picture Descriptor contains only SCALING MODE and VDC EXTENT,
The VDC extent is set explicitly to roughly the aspect ratio of
an 8.5 x 11 sheet (1144 by 884). The SCALING MODE of the
original files ware METRIC, but the scale factor was not chosen
for a reasonable size drawing. This element is scheduled for
repair by CAI in the next product release.

3,2.5 Genographics

Genigraphics developed its own base technology.

The Metafile Descriptor includes all elements except METAFILE
DEFAULTS REPLACEMENT, CHARACTER SET LIST, and CHARACTER CODING
ANNOUNCER. The METAFILE ELEMENTS LIST enumerates a superset of
the elements in the metafile. The FONT LIST contains one entry

?

"IS0646.'* All other descriptor elements have values
corresponding to CGM defaults except:

COLOR PRECISION: 16

COLOR INDEX PRECISION: 16

MAXIMUM COLOR INDEX: 255.

The Picture Descriptor contains SCALING MODE and COLOR SELECTION
MODE, setting CGM default values; LINE WIDTH SPECIFICATION MODE
setting ABSOLUTE; and VDC EXTENT setting (332,0), (32435,24076).

Control elements present are VDC INTEGER PRECISION and
TRANSPARENCY, setting CGM defaults, and CLIPPING INDICATOR
setting ON.

Genigraphics uses a basic Primitive set of POLYLINE, TEXT,
POLYGON, and RECTANGLE in all pictures of this set.

3.2.6 Grafpoint

Grafpoint developed its own base technology.

In the Metafile Descriptor VDC TYPE, INTEGER PRECISION, and INDEX
PRECISION set values that correspond to the CGM defaults. COLOR
PRECISION and COLOR INDEX PRECISION are set to 16 bits. REAL
PRECISION is set to floating point; the files do not contain any
real operands, so floating point is not required. COLOR VALUE
EXTENT is set to 0-1000 in each of the R, G, and B components.
The Metafile Elements List contains an enumerated set of 51
elements, which is a superset of file contents.

9



In the Picture Descriptor, SCALING MODE and COLOR SELECTION MODE
elements set values corresponding to the CGM defaults. LINE
WIDTH SPECIFICATION MODE and MARKER SIZE SPECIFICATION MODE are
set to ABSOLUTE. VDC EXTENT is set to (0,0), (16383,16383).

The picture contains no control elements other than VDC INTEGER
PRECISION, which contains the CGM default value.

The picture starts by defining color indexes 0-15 with a single
COLOR TABLE element, then many of the entries are immediately
redefined one at a time.

3.2.7 Graphic Software System GSS*CGM

GSS developed its own base technology as a CGI driver, accessed
through its GSS*CGI.

GSS*CGM can generate multiple pictures per metafile.

VDCs are always 16-bit integers; Integer, Index, Colour and
Colour Index Precision is always 16-bits; Real Precision is
always fixed (16,16). Maximum Colour Index is always 255 and
colour extents always range from 0 to 1000.

GSS*CGM does not use Metafile Defaults Replacement, Font List,
Character Set List, and Character Coding Announcer.

Scaling Mode is "abstract;" Colour Selection Mode is "indexed;"
and Line Width and Marker Size Specification Mode is "absolute."
Edge Width Specification Mode is not used. Background Colour is
initially set to (0,0,0) but can be changed by the generating
program.

VDC EXTENT is always (-32768,-32768,32767,32767) for GSS'CGM
versions 2.12 or earlier; VDC EXTENT is always (0,0,32767,32767)
for version 2.13 or later. In both cases, actual VDCs contained
in other metafile elements always lie in the positive (first)
quadrant. This anomaly in early GSS*CGMs is known as the "1/4-
frame problem." While GSS metafiles are not syntactically
illegal, they do violate the spirit of the CGM standard in that
the VDC EXTENT is supposed to represent the "region of interest"
of the picture.

All the Control Elements except VDC Real Precision can be
generated. VDC Integer Precision is always 16 bits.

Of the Graphical Primitives, only Disjoint Polyline, Restricted
and Append Text, Polygon Set, GDP, and Circular Arc 3 Point and 3

Point Close cannot be generated.

10
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Bundles and ASFs are not used nor are the Edge attributes. Of
the text attributes, Character Spacing, Character Expansion
Factor, Text Precision, and Text Path cannot be generated. Of
the remaining attributes, only Interior Style, Fill Colour, Hatch
and Pattern Index, and Color Table are used.

Font indices 1 through 100 are meant to refer to hardware fonts;
font indices 101 through 106 select six Hershey software fonts as
follows: Simplex, Complex, Complex Italic, Duplex, Triplex, and
Triplex Italic.

Private attributes include Line Type -1 for a "medium dashed”
line; Marker Type -1 for a "diamond”; and Hatch Indices -1

(medium-spaced +45 degree lines) , -2 (widely-spaced +45 degree
lines) , -3 (medium-spaced +45 and -45 degree lines) , and -4

(widely-spaced +45 and -45 degree lines)

,

3.2.8 Hewlett-Packard

Hewlett-Packard uses base technology developed with the
assistance of Henderson Software and accessed through HP's
STARBASE software.

HP STARBASE can generate multiple pictures per metafile. HP also
claims to be able to generate metafiles that conform to the
TOP/BASIC application profile.

The Metafile Descriptor contains most of the CGM descriptor
elements, lacking only FONT LIST and CHARACTER SET LIST.
However, most of these appear with values corresponding to CGM
defaults. VDCs are always integer, but a variety of precisions
can be generated. Likewise, the other Class 1 elements can be
generated with a variety of settings.

Most files contain a METAFILE DEFAULTS REPLACEMENT element, which
sets the VDC INTEGER PRECISION to 16 bits and the VDC EXTENT to
(-32768,-32768) , (32767,32767)

.

There is no use of the Edge Width Specification Mode. Background
Colour is used.

The generator does not use Auxiliary Colour and Transparency. It
does use Clip Rectangle and Clip Indicator.

The generator does not use Disjoint Polyline, Restricted and
Append Text, Cell Array, Rectangle, Circle, Circular Arc 3 Point
and 3 Point Close, Circular Arc Centre and Centre Close, and the
elliptical elements.

Polylines and Polymarkers are broken into groups of no more than

11



10 2 4 vertices; Polygons and Polygon Sets are potentially
unlimited in size; Text is limited to 255 characters.

No GDPs can be generated.

The generator does not use Line, Marker, Text, Fill, and Edge
Bundles, nor ASFs; Line Width; Character Set Index and Alternate
Character Set Index; interior style "hatch" or "pattern"; any of
the Edge attributes; Fill Reference Point; Pattern Table and
Size. It uses all other attribute elements.

Implementation dependent (negative valued) line types and markers
may be generated. Implementation dependent fonts are specified
with positive-valued indices. Only "hollow" and "solid" interior
style can be generated.

ESCAPE elements with negative ids be generated.

MESSAGE and APPLICATION DATA elements can be generated.

3.2.9 IBM

The IBM Graphics Development Toolkit can use GSS*CGM metafile
driver through the IBM Virtual Device Interface (VDI) . See the
GSS*CGM summary (section 3.2.7) for a complete discussion,
including description of the "1/4 frame problem."

Another syntax error is present in some of the files: the data
associated with ESCAPE elements is incorrectly coded. The data
are supposed to be coded as string data type, but the string
length field is missing from the data stored after the ESCAPE
identifier field.

3.2.10 Lotus Development Corporation

Lotus developed its own base technology. There is only one
picture per metafile; it is always called "PICTURE 1".

The Metafile Descriptor contains nine of the CGM Metafile
Descriptor elements. The Metafile Descriptor specifies 16-bit
integer VDCs; 16-bit integer, index precision; (16,16) fixed-
point real precision; colour precision is not used; colour index
precision is always 16-bits; maximum colour index is always 16
and colour value extent is not specified. Only COLOR INDEX
PRECISION (16) and MAXIMUM COLOR INDEX (16) have non-default
values. There is no use of Metafile Defaults Replacement, Font
List, Character Set List, and Character Coding Announcer. The
METAFILE ELEMENT LIST contains an enumerated superset of the
elements in the file.

12
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The Picture Descriptor sets VDC EXTENT to a maximal horizontal
rectangle inscribed in the 0-32K square. Scaling Mode is always
"abstract," Colour Selection Mode always "indexed," and Line
Width and Marker Size Specification Mods always "absolute." Edge
Width Specification Mode and Background Colour are not used.

The generator does not use Auxiliary Colour or Clip Rectangle.
Transparency is always "on" and Clip Indicator is always "off."

The generator does not use Disjoint Polyline, Restricted and
Append Text, Polygon Set, Cell Array, Circular Arc 3 Point and 3

Point Close.

The generator does not use Line, Marker, Text, Fill, and Edge
Bundles, nor ASFs; Text Precision and Path? Character Expansion
Factor and Spacing? Character Set Index and Alternate Character
Set Index? interior style "hatch" or "pattern"? any of the Edge
attributes? Fill Reference Point? Pattern Table and Size. It
uses all other attribute elements.

The Colour Table element is not used, but up to 12 colour indices
are used (with a built-in predefined colour table assumed)

.

Implementation dependent (negative valued) line, ' marker, and
hatches may be generated. Line widths take on only five values:
1, 20, 80, 175, and 275. Implementation dependent fonts are
specified with indices 1 through 8. Empty interior style is
never generated. One private line type (-l=medium dash) can be
generated. Four illegal marker types (6“dash? 7-filled circle?
8-filled square? 9=filled rectangle) and one private marker value
(-l“diamond) can be generated. Four private hatch values (-1
through -4) and 6 illegal hatch values (10-15 for gray scale
fills) can be generated.

No GDPs are generated and one ESCAPE with an id of -201 (Set
Writing Mode) can be generated. No MESSAGE elements but two
APPLICATION DATA elements, 16975 and 17743, are used to flag the
beginning and end of closed objects defined by filled objects and
their outlines.

3.2.11 McDonnell Douglas CGM Toolkit

McDonnell Douglas developed its own base technology.

The Metafile Descriptor is close to that specified for a TOP
metafile. REAL PRECISION is floating point (9,23). The METAFILE
DEFAULTS REPLACEMENT sets: VDC REAL PRECISION to floating point
(9,23)? TEXT PRECISION to STROKE? and color table entries 2-9 as
per the TOP specification (Red, Green, Blue, Yellow, Magenta,
Cyan, Black, White) . There is a FONT LIST with 4 Hershey fonts
as per the TOP application profile. The VDC TYPE is set to REAL

13



by the last element in the metafile descriptor. While this is
legal, it is unusual to have it follow the VDC REAL PRECISION
setting in the Metafile Default Replacements element.

The file uses DIRECT COLOR SELECTION MODE (but there is a COLOR
TABLE in the picture anyway) . The SCALING MODE is METRIC, with a
scale factor of 25.4 (converting mm to inches) . Together with
VDC EXTENT of (0,0) to (11.5,8.5), this means a precisely scaled
picture at normal (US) paper size. Immediately within the first
picture body, VDC REAL PRECISION is set to fixed point (16,16).
The coordinates in the picture body are fixed point, while those
in the picture descriptor are floating point.

Generally speaking, McDonnell Douglas metafiles contain
partitioned elements. Note: some files from this generator have
contained zero-length partitions, which are legal but which some
interpreters may not expect.

3.2.12 Motorola

Motorola uses base technology developed by Nova Graphics
International. See the Nova Graphics summary (section 3.2.13) for
more detail.

3.2.13 Nova Graphics International

Nova Graphics developed its own base technology as a GKS metafile
output workstation driver, accessed through its NOVA*GKS.

The driver can generate multiple pictures per metafile.

It can produce both 16-bit and 32-bit integer and both (16,16)
fixed point and (9,23) floating point real VDCs; 8, 16, and 32-
bit integer, index precision; (16,16) fixed-point and (9,23)
floating point real precision; colour and colour index precision
can be 8, 16, or 32 bits; maximum colour index is always 255 and
colour value extent is 0-255.

There is no use of the Character Set List and Character Coding
Announcer elements.

From NOVA*GKS, Scaling Mode is always "abstract;” Colour
Selection Mode is "indexed;” and the Specification Modes are
always "scaled.”

All CGM Control Elements can be generated.

All CGM Graphical Primitive Elements can be generated, although
at present NOVA*GKS does not currently generate any GDP*s.

14



All CGM Attribute Elements can be generated, although at present
NOVA*GKS does not use Character Set Index and Alternate Character
Set Index and does not generate "continuous alignment" values of
the TEXT ALIGNMENT element

=

Up to 2 0 line, marker, and text bundles may be referenced.
Implementation dependent (negative valued) line, marker, and
hatches are not generated. Implementation dependent fonts are
specified with indices 1 through 15. Empty interior style is
never generated. These standard limits are changeable by the
N0VA*GKS system installation manager.

NOVA*GKS does not currently generate any CGM ESCAPE elements.

MESSAGE and APPLICATION DATA elements can be generated.

3.2.14 Pansophic StudioWorks version 3.00

Pansophic developed its own base technology for its artist
workstation product line.

The Metafile Descriptor sets 16-bit integer VDCs? 16-bit integer,
index precision; and (16,16) fixed-point real precision. Only
direct colour of 8-bits precision is used; colour value extent is
0 to 255.

The generator makes no use of Metafile Defaults Replacement, Font
List, Character Set List, and Character Coding Announcer.

The generator makes no use of Scaling Mode or Marker Size
Specification Mode. Colour Selection Mode is "direct;" Line
Width and Edge Width Specification Modes are always "absolute."
Background Colour is used.

None of the Control elements are generated.

Only three Graphical Primitive elements are generated: Polyline,
Text, and Polygon.

Only 10 of the 3 5 Attribute elements can be generated (with
restrictions as described in the following) : Line Type (always
1=" solid") ; Line Width; Line Colour; Text Colour; Character
Height; Interior Style ("hollow" or "solid" only) ; Fill Colour;
Edge Type (always l="solid") ; Edge Colour; and Edge Visibility
(always "on")

.

ESCAPE, MESSAGE and APPLICATION DATA elements cannot be
generated.

3.2.15 Pansophic System, Inc. D-PICT/GKS
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Pansophic distributes ATC GRAFPAX*GKS and has used it to build
certain layered application products in its D-PICT product line,
such as D-PICT/GKS and D-PICT/INTELLICHART, a stand-alone
presentation graphics program. It uses the base technology
developed by ATC. See the ATC GRAFPAK*GKS description (section
3.2.1) for details.

3.2.16 Precision Visuals (FVI)

PVI uses base technology developed by Henderson Software. The
behavior of the generator is controlled by a "software switch"
which can take on one of three values:

PVI Mode PVI escape functions, special opcodes, and GDPs
are converted to CGM escape and GDP elements.
Private values may occur in the CGMs so generated.

MAP/TOP Conforming Mode
PVI escape functions and GDPs are NOT mapped to
CGM elements. However, other private values are
mapped as in PVI mode.

MAP/TOP Basic Mode
Follows the rules for Conforming Mode and, in
addition, no private values (e.g., proprietary
line types and hatch styles) are placed in the
metafile.

The Metafile Descriptor is fairly minimal. It does contain a
METAFILE DEFAULTS REPLACEMENT that sets color indexes 2-9. The
METAFILE ELEMENT LIST consists of DRAWING and METAFILE DEFAULTS
REPLACEMENT.

All default precisions and default colour value extent are
assumed. There is no use of Font List, Character Set List, and
Character Coding Announcer.

Of the Picture Descriptor and Control elements, only Colour
Selection Mode, VDC Extent, and Background Colour can be
generated.

The following Graphical Primitive Elements can be generated:
Polyline, Polymarker, Polygon, and Text.

The following Attribute Elements can be generated: Line, Marker,
Text, Fill, and Edge Colour; Line Type and Line Width; Marker
Type; Text Font Index, ^Character Expansion Factor, Character
Height, Character Spacing, Text Alignment, Text Precision;
Interior Style and Hatch Index; Edge Visibility; and Colour
Table.

itfe...
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Depending on Mode, ESCAPE, GDP, and APPLICATION DATA elements may
be generated. MESSAGE cannot be generated.

3.2.17

Prime Computer

Prime uses base technology developed by ATC and can generate
multiple pictures per metafile.

The Metafile Descriptor sets 16-bit integer VDCs; 16-bit integer,
index precision; and (16,16) fixed-point real precision. Colour
and colour index precision are always 8-bits; maximum colour
index is not generated; the colour value extent is 0 to 255,

There is no use of Metafile Defaults Replacement and Font List,
Character Set List and Character Coding Announcer are set up to
select ISO 646 in 8-bit format.

Scaling Mode is always "abstract," Colour Selection Mode is
"indexed," and Line Width and Marker Size Specification Modes are
"scaled." Edge Width Specification Mode is not used. Background
Colour is used.

The generator does not use Auxiliary Colour and Transparency but
does use Clip Rectangle and Clip Indicator.

The generator does not use Disjoint Polyline, Restricted and
Append Text, Polygon Set, Circular Arc 3 Point and 3 Point Close.
Only the "pie closure" forms of Circular Arc Center and
Elliptical Arc Close are used.

The generator uses all attribute elements, although the Character
Set Index and Alternate Character Set Index are alw'ays se“ to 1

(referring to ISO 646)

.

GDP and ESCAPE elements with negative ids can be generated

.

MESSAGE and APPLICATION DATA elements can be generated.

3.2.18

Software Publishing Corporation Harvard Graphics

Harvard Graphics is built on top of GSS*CGI. Consequently, it
uses the GSS*CGM metafile driver. See the GSS description
(section 3.2.7) for details.

Polylines and Pplygons contain a maximum of 200 vertices. Text
strings contain a maximum of 60 characters.

3.2.19

Sun Microsystems
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Sun uses base technology developed with the assistance of
Henderson Software and accessed through Sun Microsystem * s SunGKS
software.

SunGKS can generate multiple pictures per metafile.

The generator uses the CGM default precisions. Maximum Colour
Index is 255. VDC type is integer at either 16-bit or 32-bit
precision. Metafile Defaults Replacement establishes the VDC
INTEGER PRECISION, Text Precision as "string," and loads the
default TOP colour table of 254 elements, for indices 2 through
255.

Font List and Character Set List elements are not generated, but
the Character Coding Announcer is set to "BASIC7BIT."

All the picture descriptor elements are generated. The VDC
EXTENT is taken from the GKS Workstation Window.

The generator does not use VDC Real Precision, Auxiliary Colour,
and Transparency. It does use Clip Rectangle and Clip Indicator.

Because it is positioned as a GKS metafile output workstation,
the generator uses only five of the nineteen available graphical
primitives: Polyline, Polymarker, Text, Polygon, and Cell Array.

Polyline, Polymarker, and Polygon are limited to 1024 vertices?
Text is limited to 255 characters in TOP mode? 32,767 characters
otherwise.

No GDPs can be generated.

The generator does not use Character Set Index and Alternate
Character Set Index? interior style "empty"? any of the Edge
attributes? and ASFs. It uses all other attribute elements.

- Implementation dependent (negative valued) line types and markers
may be generated. Implementation dependent fonts are specified
with indices 1 through 16. A maximum of eight 32x32 colored
patterns can be specified.

No ESCAPE elements can be generated.

MESSAGE but not APPLICATION DATA elements can be generated.

3.2.20 System One Software

System One Software developed its own base technology. The
generator technology appears in Presentation Technologies
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ImageMata and Kinetic Graphics Systems business graphics
products

.

Only one picture per metafile can be generated.

The Metafile Descriptor contains most of the CGM Metafile
Descriptor elements.

The Metafile Descriptor sets 16-bit integer VDCs; 16-bit integer,
index precision; and (16,16) fixed-point real precision. Colour
precision is 8-bits; colour index precision is always 16-bits;
maximum colour index is always 255; and colour value extents are
0 to 255 in R, G, and B. Most of these set values corresponding
to the defaults of CGM. The exceptions are COLOR INDEX PRECISION
(16) and MAXIMUM COLOR INDEX (255).

There is no use of Metafile Defaults Replacement.

There is a FONT LIST element with 2 entries, taken from the NCGA
Integrate 88 demonstration:

NCGA GRAFNET: SERIF BOLD

NCGA GRAFNET: SERIF BOLD-ITALIC

There is also a CHARACTER CODING ANNOUNCER that sets EXTENDED 7-
BIT. However, the coding technique is not relied upon in the
metafile.

The Picture Descriptor contains all of the CGM Picture Descriptor
elements. Scaling Mode is always "abstract," Colour Selection
Mode always "indexed," and Line and Edge Width and Marker Size
Specification Mode always "absolute."

The only Control element used is Transparency.

The generator does not use Cell Array. Polyline, Polymarker, and
Polygon are limited to 370 vertices; Text is limited to 256
characters.

No GDPs are generated.

The generator does not use Character Set Index, Alternate
Character Set Index, Pattern Table and Pattern Size. It uses all
other attribute elements.

Implementation dependent fonts are specified with indices 1 and
2. The Font List element indicates which fonts are associated
with the two indices.

ESCAPE elements with negative ids can be generated.
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No MESSAGE elements but some APPLICATION DATA elements can be
generated.

3.2.21 Telaiigraphics

Telcnigraphics metafiles are created by GRAPH-TEX, an application
that captures a Tektronix TCS data stream and converts it to a
CGM file, using a relatively early version of the GSS*CGM driver.

Its Metafile Descriptor and Picture Descriptor follow the GSS
profile presented in the description for GSS*CGM (section 3.2.7).

3.2.22 Wasatch Computer Technology

Wasatch developed its own base technology.

The Metafile Descriptor contains:

METAFILE VERSION
METAFILE DESCRIPTION
VDC TYPE
INTEGER PRECISION
INDEX PRECISION
COLOR INDEX PRECISION
MAXIMUM COLOR INDEX
METAFILE ELEMENT LIST.

All of these set values corresponding to CGM defaults (where
there are . defaults specified in the standard) , except that
MAXIMUM COLOR INDEX is specified as 255 and the METAFILE ELEMENT
LIST is specified as DRAWING-PLUS-CONTROL.

The Picture Descriptor contains:

COLOR SELECTION MODE
LINE WIDTH SPECIFICATION MODE
MARKER SIZE SPECIFICATION MODE
VDC EXTENT.

These also just set the values to the CGM defaults, except for
VDC EXTENT.

There is a COLOR TABLE that sets 255 entries starting at index 2.

This requires a color table to be 257 entries long, if the
default (interpreter-dependent) values of indexes 0 and 1 are to
be preserved. All these color tables have been patched so that
only 254 entries are loaded (indices 2 through 255)

,

consistent
with the specification of MAXIMUM COLOR INDEX as 255.
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3.2.23 Zenographics Mirage, Pixie, et al.

Z enoararr.icsAll
Zencaraohics

.

use tiscnnc«cgy . eV e _ c c e CL jc v

Onlv one ricrure uer reuafile can be cenerated.
Descriprion dees nor idenriiy me prccucr nane, cur
scecifies the file nane cf rhe CGM.

-.he Merafile

Merafile descripror elements
integer, index precision; and

select 16 -bit integer VDCs; 16-bir
(16,16) fixed-pcinr real precision.

Colour precision and colour index precision are always 16-birs;
raxirur colour index
ro 1000.

IS always 2 od and colour value extents are

The generator rakes no use of Metafile Defaults Replacerent , Font
List, Character Set List, and Character Coding Announcer.

Scaling Mode is always ^abstract,” Colour Selection Mode alwavs
"indexed,” and Line Width always "absolute." Marker Size
Specification Mode and Edge Width Specification Mode are not
used.

None of the Control elenents are used.

The generator does not use Restricted and Append Text, Roly
Set, Cell Array, Circular Arc 3 Point and 3 Point Close, Illi
and Elliptical Arc.
linited to 480 vertices.

Polyline, Polvnarker , and Polyg^

S'o GDPs are generated.

A A * ^ ^ i w A w w ^ ^ w w^ A * ^ and 2.ccect use Line, Marker, Text,
Bundles, nor ASFs; the Marker attributes; Text Precision and
Path; Character Set Index and Alternate Character Set Index;

e.erents

.

or sty.e
Oa — “ a

'

"hatch," "tattezr
Table and Size.

. ff a ^ • fl

It uses all o‘

No ES
generated.

APE, MESSAGE i-.-
» /-VV*

-r -Ti* v-A- i-enents

4.0 Conmercial Implementations .vs. Requirements of MIL-D-28003

4 . 1 Overview

MIL-D-2S0C3 (Reference
when twc-dimensional p:
delivered in the digita
(CGM) as specified in F

recuirerents to oe



MIL-D-28003 provides an Application Profile for metafiles,
generators, and interpreters. Only one level of conformance is
specified for metafiles and generators; two levels (draft and
publication) are specified for interpreters.

This study is interested in the requirements that must be met by
CGM generators in order to be deemed "conforming basic
generators." The next section abstracts from MIL-D-28003 these
requirements and discusses which CGM implementations fail to meet
these requirements. All of the specific requirements are
organized by their MIL-D-28003 paragraph numbers, except that
specific requirements in this document are in sections numbered

4.2.

x.y, while those in MIL-D-28003 will be in the section

3.2.

x.y. Each requirement is stated, then an analysis of the
current state-of-the-art is presented. (Note that, as a
consequence of the paragraph numbering, not all sub-sub-paragraph
numbers will necessarily be represented within sub-paragraph

4.2.

)

Other requirements, drawn from other paragraphs of MIL-D-28003
are presented and discussed in section 4.3.

4.2 Specific Requirements on Generators

4 . 2 . 1 . 1 Delimiter Elements

No-ops are limited in size to no more than 32767 octets.

Analysis: No CGM observed violates this limit.

4. 2 .1.2 Metafile Descriptor Element Constraints

al. Metafile Description shall include a substring briefly
identifying company or product.

Analysis: Most CGMs meet this requirement; however, those of ATC,
Pansophic (only its D-PICT/GKS) , and Zenographics are
currently deficient in this respect. This requirement
is easy to meet.

a2. Metafile Description shall contain the substring "MIL-D-
28003/BASIC-l."

Analysis: None of the implementations have had time to meet this
requirement; however, it is extremely simple to meet.
Furthermore, ATC, Genigraphics , Hewlett-Packard,
McDonnell Douglas, Precision Visuals, and Sun all have
a mode modelled after "TOP/BASIC" and contain such a
string within their Metafile Description. This shows



1

these companies are at least aware of the concepts that
gave rise to the CALS application profile.

ba Integer Precision shall be 16.

Analysis s No implementation fails to meet this requirement,
although Nova does permit CGMs to be generated with 32-
bit precision.

c. Real Precision shall be either (1,16,16) or (0,9,23).

Analysis: No implementation fails to meet this requirement.

d. Index Precision shall be 16.

Analysis: No implementation fails to meet this requirement,
although Nova does permit CGMs to be generated with 32°
bit precision.

e. Color Precision shall be either 8 or 16.

Analysis: No implementation fails to meet this requirement,
although Nova does permit CGMs to be generated with 32-
bit precision.

f. Color Index Precision shall be either 8 or 16.

Analysis: No implementation fails to meet this requirement,
although Nova does permit CGMs to be generated with 32-
bit precision.

g. The Font List, when present, shall contain no more than four
fonts, whose names are drawn from the list of 16 Hershey font
names given in Table VI of MIL-D-28003.

Analysis: Most implementations do not include Font List. Of the
five that do, three restrict themselves to no more than
four names drawn from the approved list of 16 Hershey
fonts.

h. The Character Set List must be present and shall contain
exactly the two list elements (0,4/2) and (1,4/1).

Analysis: Only two implementations—McDonnell Douglas and System
One Software—use the Character Set List. However,
neither sets its parameters to the proscribed elements
for CALS.

i. The Character Coding Announcer shall be either 0 (BASIC 7-
BIT) or 1 (BASIC 8-BIT)

.
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Analysis: All four implementations that use the Character Coding
Announcer use one of the two basic values.

4.2.

1.3

Picture Descriptor Elements

The SCALING MODE metric parameter is always a floating-point
number of precision (9,23).

Analysis: Both of the two implementations that use SCALING MODE
metric do so correctly, although an early release of
the McDonnell Douglas CGM toolkit wrote the metric
scale factor as a fixed-point number.

4 . 2 . 1 .

4

Control Element

a. VDC Integer Precision shall be 16 or 32.

Analysis: No implementation fails to meet this requirement.

b. VDC Real Precision shall be (0,9,23) or (1,16,16).

Analysis: No implementation offering real VDCs fails to meet this
requirement.

4 . 2 . 1 .

5

Graphical Primitives

No GDPs may appear, except those authorized by MIL-D-28003. At
present, no such GDPs are authorized.

Analysis: Three implementations—ATC, Pansophic D-PICT, and Prime
will write GDPs to the CGM. It is not known whether
the Computer Associates CGM toolkit will do so.

4 . 2 . 1 .

6

Attribute Elements

a. Line bundle indices shall lie between 1 and 5.

Analysis: Of the four implementations that use bundles, none
restrict the range of the index to these limits.

b. Line types shall lie between 1 and 5 or between -113 01 and-
11308.

Analysis: Ten of the implementations meet this requirement.

c. Marker bundle indices shall lie between 1 and 5.
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Analysis s Of the four implementations that use bundles, none
restrict the range of the index to these limits.

d^ Marker types shall lie between 1 and 5.

Analysis: Six of the implementations meet this requirement.

e. Text bundle indices shall be either 1 or 2.

Analysis: Of the four implementations that use bundles, none
restrict the range of the index to these limits.

f. Text font indices shall lie between 1 and 4.

Analysis: Six of the implementations meet this requirement.

g. Character set indices shall be either 1 or 2

.

Analysis: Only one implementation-‘=Genigraphics“Uses Character
Set Index and it does meet the requirement.

h. Alternate character set indices shall be either 1 or 2

.

Analysis: None of the implementations use alternate character set
index.

i. Fill bundle indices shall lie between 1 and 5.

Analysis: Of the four implementations that use bundles, none
restrict the range of the index to these limits.

j. Hatch indices shall lie between 1 and 6 or between -11401 and
-11418.

Analysis: Of the 17 implementations that use hatch index, 8 of
them meet the requirement.

k. Edge bundle indices shall lie between 1 and 5.

Analysis: None of the implementations use edge bundles.

l. Edge types shall lie between 1 and 5.

Analysis: Only the Zenographics Metafile translator from AutoCAD
DXF files to CGM appears not to meet this requirement.

m. For pattern tables, the starting index shall lie between 1

and 8. Each pattern can have no more than 16 rows and 16
columns

.

Analysis: Of the five implementations that support pattern
tables, none appear to meet this requirement.
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n. For color tables, the starting index shall lie between 0 and
255.

Analysis: No implementations are known to violate this
requirement

.

4 • 2 . 1 . 7 Escape Elements

No ESCAPE elements may appear, except those authorized by MIL-D“
28003. At present, three such ESCAPES are authorized. They have
identifiers -301, -302 and -303.

Analysis: No implementations support the authorized ESCAPES, but
ten implementations do permit other private ESCAPES to
appear in the metafile.

4 . 2 . 1 • 8 External Elements

If the MESSAGE element appears, the "action required" flag shall
have the value, "no action required."

Analysis: Of the 11 implementations that permit MESSAGE to appear
in the CGM, only four appear to restrict the value of
the "action required" flag.

4. 2 .2.1 Additional Linetypes

Eight additional linetypes, with parameter values -11301 through
-11308, are authorized for use in CALS basic CGMs.

Analysis: There has not been time for this fairly recently added
requirement to be supported in CGM generator products.

4 .2. 2. 2 Additional Hatch Styles

Eighteen additional hatch styles, with parameter values -11401
through -11418, are authorized for use in CALS basic CGMs.

Analysis: There has not been time for this fairly recently added
requirement to be supported in CGM generator products.

4 . 3 Other Requirements

4.3.1 Encoding Format
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Only the Binary Encoding shall be used for conforming basic
metafiles

,

Analysis? In the US, all implementations studied and almost all
implementations known can produce at least the Binary
Encoding. The workstation-level implementations (Sun,
HP, CAl) tend to be able to support all three
encodings. In Europe, the first encoding supported has
tended to be the Character Encoding.4.3.2

Physical File Structure

All CGMs shall be organized into 80-octet records.

Analysis: This requirement is rarely met by any implementation.
On PC-level products and those developed in C under
UNIX usually avoid any logical record structure.
Instead, the binary CGM is viewed as a continuous
stream of octets. On other workstation-level products
(for example, those running under VAX/VMS) prefer to
have a logical record size much larger than 80 octets.
Record sizes of 256 and 512 are much more prevalent.
Only those products with a 'TOP/BASIC* mode appear able
to create 80-octet records.

4.3.3

Default Text Precision

Either a TEXT PRECISION 2 (stroke) element is present explicitly
at the start of each picture or a METAFILE DEFAULT REPLACEMENTS
element setting text precision to 2 is present.

Analysis: Eight of the implementations meet this requirement.
Generally, they are the same ones that have a TOP/BASIC
mode.

4.3.4

Default Color Table

If color selection mode is indexed and if some color indices are
selected (used as attributes) but not set explicitly by a COLOR
TABLE element, the intended colors should be as specified in MIL-
D-28003, Table VII.

Analysis: Thirteen meet this requirement and eight do not. The
other two implementations use direct, rather than
indexed color.

4.3.5

Fonts
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No font names other than those listed in MIL-D-28003, Table VI,
shall be allowed to appear in a FONT LIST ELEMENT. The CGM shall
be generated either without any assumptions concerning the font
metrics of the selected fonts or assuming only that the metrics
match the metrics of the Hershey fonts specified in Table VI.

Analysis: Of the four implementations that use Font List, none
meet the exact details of this requirement. However,
three of them do cite only Hershey font names, but the
names are not constructed exactly in accordance with
Table VI.4.3.6

Metafile Defaults Replacement

This element shall not be partitioned. Instead, multiple
instances of this element should be used.

Analysis: Of the four implementations that use Metafile Defaults
Replacement (MDR) , none are known to partition the MDR
element. However, the McDonnell Douglas is known to
partition other elements and might partition this
element.

4.3.7

Handling of Out-of-range Parameter Values

When a basic conforming generator receives (from any client) a
value outside the Basic set, it shall be handled as follows:

If the index is selecting an attribute (e.g.,
linetype) , then the value shall be mapped by MODULO
onto the Basic range;

If the index is defining an attribute (e.gg a color
table entry) , then it shall be ignored if outside the
Basic range.

Analysis: There is no way to determine whether these requirements
are being met by examining the CGM itself. One would
have to look at the source code for the CGM generator
or else operate the application generating the CGM.

4.3.8

Maximum List Sizes and Lengths

a. Cell arrays may not exceed 1,048,576 elements (one 1024 x
1024 image) in length.

Analysis: Nine implementations can generate a Cell Array element.
It is not known whether this restriction is met.
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b. Pattern tables may not exceed 2 04 8 elements (eight 16 x 16
patterns) in length.

Analysis: Of the five implementations that use pattern tables,
none are willing to limit themselves to this small a

number.

c. Color tables may not exceed 256 entries in length.

Analysis: All implementations appear to meet this requirement,
although this information was not available for four
implementations

.

d. No point list array can exceed 1024 (X,Y) pairs.

Analysis: No implementations are known to violate this
restriction, although this information was not
available for 12 implementations.

e- No data record may exceed 32767 characters.

Analysis: No implementation is known to violate this constraint.

f. No other string parameter may exceed 256 characters.

Analysis: No implementations are known to violate this
restriction, although this information was not
available for 15 implementations.

5 . 0 Conformance Testing

It is assumed that the recommendations of section V are accepted
so that CGM Certification can be discussed in much greater detail
in this section of the report.

5 . 1 Levels of Testing

Four possible levels of testing are examined:

Level 1: Testing individual instances of a CGM for conformance
to the CGM standard, as documented in FIPS PUB 12 8,
ANSI/X3.122, and ISO 8632.

Level 2: Testing individual instances of a CGM for conformance
to the CALS CGM Application Profile, as documented in
MIL-D-28003.

Level 3: Establishing a Testing Service to verify conformance of
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a CGM generator to the CALS CGM Application Profile
(AP) , as documented in MIL-D“28003

.

Level 4: Establishing a Testing Service to verify conformance of
a CGM interpreter to the CALS CGM AP, as documented in
MIL-D-28003.

Level 1 testing is the only testing that can be performed against
the baseline CGM standard, because the standard specifies only
the contents of a conforming metafile; the standard does not
specify the behavior of conforming CGM generators and
interpreters

.

The CALS Application Profile for CGM fills the gap left by the
baseline CGM standard, by specifying the behavior of conforming
basic generators and interpreters. The CALS Application Profile
also places additional conformance requirements on CGMs
themselves

.

It is highly preferable that the testing capabilities be
developed in the order given by the level number because a level
3 testing service depends on having a level 2 testing capability
and level 2 testing depends on having a level 1 testing
capability. Strictly speaking, a level 4 testing service could
be established independently of the other three levels of
testing; however, having those other testing capabilities
available first will make it easier to verify that the CGMs used
to test the behavior of CGM interpreters are indeed conforming
CGMs.

5.2 Overview of Recpiired Tasks

References 8 and 9 present a global model of the overall
Conformance Testing Policy and Procedures that can be applied to
Graphics Standards. Tasks can be categorized as either
administrative or technical. In the context of Conformance
Testing, there are three main participants: the certification
body, the testing laboratory, and the client.

For a successful Testing Service to be established, one must
design and carry out a series of tasks related to supporting each
role expected of the main participants. In the remainder of this
section, the general tasks that must be accomplished during the
start-up phase are described. Also described is how these
general tasks can be particularized to the situation relating to
the testing of MIL-D-28003 and roughly estimate the resources
required to accomplish each task.

It should be noted that the accomplishment of all the tasks
discussed below would constitute an extremely large level of
effort by NIST/NCTL, far beyond the scope of present resources.
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A significant increase in CALS funding would be needed for
NIST/NCTL to hire additional personnel for this effort.

The maintenance phase of Conformance Testing is not addressed in
this report. There are on-going requirements to maintain the
test methods and oversee the operation of the testing
laboratories, but it is beyond the scope of this effort to
estimate the costs associated with the long-term maintenance of a

CGM Conformance Testing program. Consequently, the resource
estimates in the paragraphs marked Estimated Effort generally
cover only the start-up costs to be incurred within the first 12

months

.

The next section elaborates on the tasks associated with the
operation of the Testing Laboratory. These are the tasks that
the Government is most likely to obtain from a variety of
external sources; the other tasks could be accomplished to a

large degree using internal resources. Note that development of
the Test Method, especially the creation of the Test Requirements
document, the Test Suite and any testing tools, need not be done
by a Testing Laboratory itself. Indeed, because it is desirable
that the test suite and testing tools be based on already
existing software, it is highly likely that the most
cost-effective approach will be to procure these components of
the Test Method from third-party sources, not presently
affiliated with any Testing Laboratory.

5.2.1 Scope of the Testing Effort

As noted previously, the CALS Application Profile for CGM (MIL-
D-23003) makes statements about conforming basic metafiles,
conforming basic generators, and conforming basic interpreters.
The notion of issuing validation certificates should be applied
only to the testing of conforming generators and conforming
interpreters (level 3 and level 4 testing) , and not ro the
testing of specific instances of CGMs (level 1 and level 2

testing)

.

Nevertheless, many tasks associated with the operation of the
Certification Body must be accomplished at least in part if one
seeks to establish a credible level 1 and level 2 testing
program. Consequently, it is highly desirable that one develop
and make available to industry an automated testing tool that can
check each instance of a purported conforming basic metafile and
determine whether it indeed is conforming.

Separate, but related, efforts will be required to establish
Conformance Testing Programs for CALS basic conforming generators
(level 3 testing) and for CALS basic conforming interpreters
(level 4 testing) . In particular, although administrative
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procedures and processes may be shared^ the test methods are
quite different.

5-2.2 Initial Tasks Associated With Certification Body
Responsibilities

In the task estimates that follow, the following notation is
used, iii;n;o;p man-weeks, to mean that m man-weeks are required to
implement level 1 testing, an additional n man-weeks are required
for level 2 testing, an additional o man-weeks are required for
level 3 testing, and an additional p man-weeks are required for
level 4 testing.

TCBl. Develop the overall conformance testing program policies
and procedures.

Relatively informal policies and procedures are required for
level 1 and level 2 testing. It is presumed that the detailed
procedures could be abstracted directly from References 8 and 9.
The ISO work is especially applicable to the CGM standard.
However, testing to MIL-D-28003 requires further detailing of the
processes and procedures, because one needs to take into
consideration the maintenance and update cycle associated with
MIL-D-28003 itself, in addition to any changes in the baseline
CGM standard as represented by FIPS PUB 128.

Estimated Effort : 1 . 5 ; 0 . 5 ; 2 . 0 ; 1 . 0 man-weeks

.

TCB2. Approve the design of the test method, when it has been
developed.

In fact, two complete test methods must be approved—one for
generators and one for interpreters. In addition, the design of
the test method for interpreters must be structured to handle
implementations that purport to meet only the "draft" conformance
level as well as those that aim at meeting the "publication"
conformance level. The test method design for generators applies
to level 1, 2, and 3 testing.

NIST has recommended that a test method for generators be
developed prior to a test method for interpreters.

Estimated Effort : 0.5;0.5;2.0;2.0 man-weeks

.

TCB3. Conduct a "trial xise" implementation phase, involving a
"field test" of the test method.

The provisions of clause 7.2.1, Reference 9, "Acceptance of the
Test Suite," can be applied. This clause specifies an "alpha"
testing period, where the test method is used by its developers
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and the certification body (if desired) , and a "beta" testing
period, where potential clients test the test method.

"Trial use" of generator and interpreter test methods can be
carried out independently of one another.

Estimated Effort: 1;1;2;6 man-weeks for the alpha phase.
1 ; 1 ; 2 ; 4 man-weeks for the beta phase

.

TCB4. Approve any revisions to the test method as a result of
the "field test."

The certification body and the testing laboratory should work
together to decide upon the changes necessitated by the "field
test.

"

Estimated Effort: 1;1;1?1 man-weeks for the alpha phase and
2;2;2;2 man-weeks for the beta phase.

TCB5. Approve the test report form.

The provisions of clause 6.2.2, Reference 9, "Test
Specifications," and clause 7.3, "Adoption of a Test Report
Format," can be applied.

Estimated Effort: 1;1;1;1 man-weeks.

TCB6. Develop the validation procedures.

As specified in section 4 . IB of Reference 8, the validation
procedures "define the steps and criteria by which FIPS
conformance testing is to be done in order for a validation
certificate to be issued." The provisions of clause 7. 2. 2. 4,
Reference 9, "On-site Testing Procedures," can be applied.

Estimated Effort: 0;0;1;2 man-weeks. No formal certification is
performed with level 1 and level 2 testing.

TCB7 . Determine and document the criteria upon which a
validation certificate will be issued.

The provisions of clause 8,2, Reference 9, "Organizational
Procedures for Certification," and clause 9.2, "Conformance
Requirements," can be applied.

Estimated Effort: 0;0;1;3 man-weeks. No formal certification is
performed with level 1 and level 2 testing.

TCB8. Design the validation certificate.

Acceptability to the international community should be a high-
priority consideration at this stage. One should examine
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existing models, both within the graphics community (e.g., GKS)
and outside of it (e.g., OSI interchange standards).

Estimated Effort: 0;0;1;1 man-weeks. No formal certification is
performed with level 1 and level 2 testing.

TCB9. Establish and document the criteria for accreditation of
the testing laboratory.

The provisions of clause 8. 1.1.1, Reference 9, "Certification
Body and Accreditation Body," and clause 8.1.2, "Test Method
Administration," can be applied. Experience with setting up the
GKS Testing Service should also be directly applicable.

Estimated Effort: 0;0;4;4 man-weeks. No formal certification is
performed with level 1 and level 2 testing so no accreditation of
Testing Laboratories is required.

TCBIO. Conduct initial proficiency testing of laboratory
personnel

•

Overseeing "dry runs" by laboratory personnel is the best method
of judging their proficiency. Prior to that, personnel should be
trained on the procedures to be followed and their understanding
of the importance of documentation (Ref. 9, clause 7. 2. 2. 7) and
confidentiality (Ref. 9, clause 7. 2. 2. 6). On a more elaborate
.scale, one could design a written and oral examination that
laboratory personnel could be required to pass.

Estimated Effort: 0;0;6;14 man-weeks. No formal certification
is performed with level 1 and level 2 testing so no training of
Testing Laboratories personnel is required. '

TCBll. Verify that the testing laboratory's recordkeeping system
is adequate and in accordance with the testing procedures.

The provisions of clause 7. 2. 2. 7, Reference 9, "Documentation,"
and clause 7. 2. 2. 8, "Archiving of Records," apply. Experience
with setting up the GKS Testing Service should also be directly
applicable.

Estimated Effort: 0;0;2;2 man-weeks. No formal certification is
performed with level 1 and level 2 testing so no checking of the
Testing Laboratories* records is required.

TCB12. Develop procediires for resolving disputes. Estciblish
Control Board.

The provisions of clause 7. 2. 2.1, Reference 9, "Control Board,"
and clause 7. 2. 2. 2, "Control Board Procedures," apply.
Experience with setting up the GKS Control Board should also be
directly applicable.



’I

A combined Control Board for CGM (covering both generators and
interpreters) is recommended. If the Control Board is mainly
concerned with testing to ISO 8632 ^ it is unclear who will
interpret issues deriving directly from MIL-D-28003. This could
be a very "sticky” matter; consequently, it needs to be discussed
very early in the start-up phase and needs to be under constant
discussion until a resolution satisfactory to all parties can be
obtained.

Estimated Effort: 3;1;2;3 man-weeks, including two or three
international meetings to discuss establishment of the CGM
Testing Service and the CGM Control Board.

TCB13, Acquire rights to and establish fees for products and
services associated with the Conformance Testing program.

Reference 9 (In particular, clauses 7.4, 8. 1.1.1, 8. 1.1. 6, and
8.2) contains guidance regarding the licensing of test method
materials and the fees that can be charged for products and
services

.

Estimated Effort: 2 ; 0 . 5 ; 1 ; 0 .

5

man-weeks , including any legal
review necessary to approve the language required to implement
any "agreements in principle" negotiated between the Government
and private developers.

5.2.3 Initial Tasks Associated With Testing Laboratory
Operations

No resource estimates shall be given for the tasks listed in this
section or in the next section. Only a brief discussion of each
task will occur here. Much more detailed discussions and
estimates are provided in section 5.3 below.

Remember that these tasks would most likely be developed by
third-party suppliers, not Testing Laboratory personnel; the
results of the tasks would be used by Testing Laboratory
personnel to perform CGM validation and certification.

TTLl. Design the overall test method.

For the generator (levels 1, 2, and 3 testing), the test method
will depend on using a reference implementation of a CGM
interpreter. A level 3 testing service would require a
representative sample of CGMs output by the generator-under-test
to be tested for conformance to the conforming basic metafile
provisions of MIL-D-28003.

For the interpreter (level 4 testing) , the test method will
include the preparation of a set of test CGMs, with associated
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hard-copy and documentation. The results of interpreting the
CGMs in the Test Set by the interpreter-under-test will be
compared visually with the reference hard-copy and conformance
established according to documented criteria.

TTL2- Document what parts of the standard are, in fact, to be
tested by the test suite. Similarly, document those areas that
are not to be tested by the test suite.

The provisions of clause 6.1.1, Reference 9, "Determination of
Testing Domain," and clause 6.2.1, "Test Requirements Document,"
apply.

Most of this work needs to be completed even before the remaining
tasks for level 1 testing can be accomplished.

TTL3. Develop the test suite.

The provisions of clause 6.1.2, Reference 9, "Structure of a Test
Suite," and clause 6.1.4, "Portability of a Test Suite," apply.

TTL4. Develop any required support tools.

The provisions of clause 6.1.5, Reference 9, "Language Bindings
and Encodings," apply.

TTL5. Design the test report, both content and presentation
layout.

The provisions of clause 6.2.2, Reference 9, "Test
Specifications," and clause 7.3, "Adoption of a Test Report
Format," apply.

TTL6. Develop test procedures, including instructions for
installing and executing the test suite.

The provisions of clause 6.2.2, Reference 9, "Test
Specifications," clause 6.2.3, "Test Suite and Documentation,"
clause 7. 2. 2. 4, "On-site Testing Procedures," and clause 7. 2. 2. 8,
"Checklist , " apply

.

TTL7. Document how to evaluate the test results for accuracy
and completeness.

The provisions of clause 6.2.2, Reference 9, "Test
Specifications," and clause 7. 2. 2. 5, "Preparation of the Test
Report," apply.

TTL8. Participate in a "field test" of the testing method for
public review and comment during a "trial use" period.
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The provisions of clause 7.2.1, Reference 9, "Acceptance of the
Test Suite," apply.

TTL9o Refine the test method as a result of the "trial use"
period.

Collaborate with the Certification Body and/or Accreditation Body
to arrive at consensus on what changes need to be made.

TTLIO. Develop, negotiate, and approve appropriate legal
documents and procedures that protect both the rights of the
Government and the test method owner in accordance with the
provisions of Reference 8

.

In particular, license agreements with the Government, the
Certification Body, other Testing Laboratories, and the clients
need to be drafted and approved for use.

The provisions of clause 7.4, Reference 9, "Issue of Licenses,"
apply.

TTLll. Develop change control and maintenance procedures for the
test method.

The provisions of clause 6.1.3, Reference 9, "Maintenance of a
Test Suite," and clause 7.4, "Maintenance Requirements," apply.

5.2.4 Initial Tas}cs Associated With Client Responsibilities

These tasks are applicable only to level 3 and level 4 testing,
because establishing a formal testing service is not appropriate
for level 1 and level 2 testing (the testing of individual CGMs)

.

TCIil. Specify and document the steps that a client shall follow
in order to have a product tested and to obtain a validation
certificate.

The provisions of clause 7. 2. 2. 3, Reference 9, "Applying for
Testing," apply.

TCIi2 . Specify and document the statements or information
provided by the client when applying for conformance testing
leading towards a validation certificate.

In particular, a questionnaire needs to be developed for clients
to fill out and submit with their application for testing. The
questionnaire will require specifics about the environment on
which their software runs as well as about the exact CGM
elements, types, and precisions handled by their implementation.
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5.3 Detailed Task Descriptions

This section elaborates on the tasks associated with the
operation of the Testing Laboratory. Remember, these are the
tasks that the Government, represented by the Certification Body,
is most likely to obtain from a variety of external sources.
Typically, they will not be performed by Testing Laboratory
personnel

.

5.3.1 Task Notation

As noted previously, separate, but related, efforts will be
required to establish Conformance Testing Programs for CALS
conforming basic generators and for CALS conforming basic
interpreters. In particular, although administrative procedures
and processes may be shared, the test methods are quite
different.

The following sections address the tasks separately—once for
testing generators (the Task numbers will have the suffix G) and
once for testing interpreters (the Task numbers will have the
suffix I) . In addition, where the tasks have been subdivided in
order to provide more detail, lowercase Roman letters are used as
a further suffix.

5.3.2 Testing for Conforming CGM Generators

TTLIG. Design the overall test method.

For the generator, the test method will include the use of a
reference implementation of a CGM interpreter. A representative
sample of CGMs output by the generator-under-test will be tested
for conformance to the conforming basic metafile provisions of
MIL-D-28003.

Two levels of testing could be performed—one syntactic and one
semantic. For syntactic testing, one wants to develop a process
that reads a CGM and automatically produces a Conformance Report.
For example, one should, at a minimum:

verify that each element in the CGM is well-formed
(that is, encoded correctly and containing the correct
number of parameters of the correct data type)

;

check for the correct ordering of the elements; and

verify that constraints on parameter values are
observed.
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One approach towards testing for semantic correctness involves
the use of a full "reference implementation" of a CGM interpreter
that produces a graphical display that could be compared with a

hardcopy of the picture supplied by the client for the CGM-under=
test. Even if a CGM is syntactically correct, it might not
contain the appropriate set of CGM elements necessary to portray
the intended picture. This stage of testing would require human
evaluation and cannot be automated. The quality of the resulting
Conformance Report is directly related to the quality of the
reference implementation and the skill of the human evaluator.

Another possible approach towards testing for semantic
correctness would require clients to specify, in some semi-formal
language or on some structured questionnaire, all the elements
they intended to place in each of their test CGMs. The semantic
analyzer would disassemble the CGM-under-test and compare the
elements observed with the client's declaration as to what was
intended to be stored in the CGM. This system could be
automated, but places a substantial burden on the client. Work
supporting this kind of approach is still at the research stage;
this approach will not be considered further as being feasible
for CGM generator testing.

Estimated Effort: Two man-weeks to decide how much semantic
testing— if any—should be performed, to decide what method of
testing should be used, and to document in detail the test method
selected for generators. This task should be performed once for
all three levels of testing generators.

TTL2G. Document what parts of the standard are, in fact, to be
tested by the test suite. Similarly, document those areas that
are not to be tested by the test suite.

A Test Requirements Document must be developed from two sources:
the CGM standard itself (ANSI/X3 . 122—FIPS PUB 128) and from the
CALS AP for CGM (MIL-D-28003 ) . The requirements document will be
used:

1. to specify all the tests that must be carried out by
the syntactic analyzer to verify the conformance of any
particular CGM-under-test, and

2. to specify the number and contents of the collection of
CGMs to be provided by a client for testing in order
for the client's generator product to be certified as a
conforming generator.

In each area, one will have to determine whether the tests should
be performed in any particular order and which requirements are
more important for testing purposes. This substantial task can
be subdivided into smaller tasks to simplify the job of
estimating the work involved.
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TTIi2Ga. Document constraints on syntax, ordering of elements,
parameter ranges, etc. needed for correct implementation of a
syntax analyzer to verify generator conformance to FIPS PUB 128.

Estimated Effort: Three man-weeks towards level 1 testing.

TTL2Gb. Dociiment constraints on syntax, ordering of elements,
parameter ranges, etc. needed for correct implementation of a
syntax analyzer to verify generator conformance to MIL-D-28003.

Estimated Effort: 0.5 man-weeks towards level 2 testing, because
the results documented in section 111(4.0) above can be used as a
starting point, although they need to brought up-to-date to
reflect the final draft of MIL-D-28003.

TTL2GC. Document the range of test CGHs needed from the client
to verify generator conformance to FIPS PUB 128.

Estimated Effort: Two man-weeks towards level 3 testing.

TTL2Gd. Document the range of test CGMs needed from the client
to verify generator conformance to MIL-D-CGM.

Estimated Effort: An additional 1.5 man-weeks towards level 3

testing, because the results documented in section 111(4.0) above
can be used as a starting point, although they need to brought
up-to-date to reflect the final draft of MIL-D-CGM.

TTL3G. Develop the test suite.

Any computer programs written to automatically analyze or
interpret CGM files and associated descriptions shall be written
in a standard high-level programming language. All machine-
dependent, language- dependent, and operating-system-dependent
functionality shall be isolated into we11-documented modules.
Variations among systems shall be parameterized wherever it is
feasible to do so.

Reference 9 suggests that the output of each test case shall give
the tester the possibility to trace and easily understand the
results either by looking at the report file or the source code.
Because the test cases are binary encoded CGMs, a hximan cannot
understand their contents by direct examination. Consequently, a
utility task that disassembles and prints the contents of a CGM
may need to be developed.

Programs shall be written to be small enough to be run on
Personal Computer class machines.

TTL3Ga. Develop the syntax analyzer corresponding to the FIPS
requirements

.
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This tool is needed for level 1 testing.

Estimated Efforts Eight man-weeks if one already has a baseline
implementation to build upon. The principal effort would involve
checking for completeness, implementing the reporting formats
required, and testing. Without a baseline implementation, this
could take from 26 to 52 man-weeks.

TTL3Gb. Augment the syntax analyzer to additionally check for
the constraints specified in MIL-D-28003.

This augmentation of the basic tool is needed for level 2

testing.

Estimated Effort: Three man-weeks once Task TTL3Ga has been
completed.

TTL3GC, Develop a graphical interpreter that can display any
CALS conforming basic CGM and that meets at least the Draft
Quality interpreter requirements of MIL-D-28003.

This task could be implemented to support individual CGM testing
at level 2 or the task could be deferred to testing at level 3.

Estimated Effort: Twelve man-weeks if one already has a
baseline implementation to build upon. The principal effort
would involve incorporating the Minimum Quality interpreter
requirements of MIL-D-28003, implementing the reporting formats
required, and testing. An additional twelve man-weeks will be
required to upgrade a Draft Quality interpreter to meet the full
Publication Quality requirements of MIL-D-28003.

The estimated effort is heavily dependent upon the capabilities
of the underlying graphics system used to render the picture.
Portability considerations would suggest GKS, but some of the
MIL-D-28003 requirements exceed the capabilities of most GKS
systems. Consequently, the interpreter might have to do
extensive emulation (e.g., of line types, the CALS hatch styles,
and fonts)

.

Without a baseline implementation to build upon, this effort
could easily take from 52 to 104 man-weeks.

TTL4G. Develop any required support tools.

The testing personnel and the client personnel need a reliable
utility program that will print out, in a convenient formatted
fashion, the contents of a given CGM-under-test . This task
should be implemented to support individual CGM testing
at levels 1 and 2.
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Estimated Effort: Eight man-weeks if one already has a baseline
reference implementation to build upon. The principal effort
would involve improving the documentation to meet Government
standards, revising the reporting formats to meet Conformance
Testing standards, and testing of the tool.

The estimated effort is heavily dependent upon the initial
parsing and reporting capabilities of the baseline reference
implementation, if one can be found.

Without a baseline implementation to build upon, this could
easily take from 20 to 40 man-weeks.

TTIiSG. Design the test report, both content and presentation
layout.

Reference 9, clause 6.2.2, suggests that the test report shall
provide a summary of tests passed. In the case of failure, a
detailed description of errors (parameter values and other
relevant information) , helpful information for the implementor to
determine errors, and a reference to the standard shall be
provided. Clause 7.3 further requires that ISO Guide 45 shall be
consulted and that the test report format, as a minimum, shall
contain the following information:

- description of product under test,
description of the test environment.
a summary giving numbers of test cases passed, failed,
withdrawn, and total cases.

- full details for each test case which failed,
a description of any unexpected results.

Test report formats for each of the test suite programs and any
support tools will have to be designed.

Estimated Effort: One man-week for the syntactic checker used in
level 1 and 2 testing (see tasks TTL3Ga and TTL3Gb) and one
man-week for the semantic checker proposed for level 2 or level 3

testing (see task TTL3Gc)

.

TTL6G. Develop test procedures.

Extensive documentation for both testing personnel and the client
is required.

TTL6Ga. Develop, document, and test procedures for installing
each of the testing programs and utility tools.

Estimated Effort: 0.5 man-weeks for the syntactic checker used
in level 1 and 2 testing (see tasks TTL3Ga and TTL3Gb) and one
man-week for the semantic checker proposed for level 2 or level 3

testing (see task TTL3Gc)

.
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TTL6Gb, Develop, documen'b, and test an operator script for each
type of test to be performed.

Estimated Effort: One man-week for the semantic checker proposed
for level 2 or level 3 testing. No formal scripts are required
for level 1 or level 2 syntactic testing.

TTL6GC. Develop and document maintenance procedures.

Estimated Effort: One man-week for the syntactic checker when
used for level 3 testing (see tasks TTL3Ga and TTL3Gb) and one
man-week for the semantic checker when used for level 3 testing
(see task TTL3Gc) . No formal maintenance is required for level 1

or level 2 syntactic testing.

TTLSGd. Develop Md document procediires for on-site modification
of the tests.

Estimated Effort: 0.5 man-weeks for the syntactic checker when
used for level 3 testing (see tasks TTL3Ga and TTL3Gb) and 0.5
man-wee]cs for the semantic checker when used for level 3 testing
(see task TTL3Gc) . No formal on-site modification procedures are
required for level 1 or level 2 syntactic testing.

TTL6Ge. Develop and document procedures regarding the retention
of hard copy, the keeping of journals, and the verification that
the generator-under-test represents the product for which a
certification is being requested.

Estimated Effort: One man-week for level 3 testing.

TTL6Gf. Develop checklists of materials to take for on-site
testing and checklists of materials to sad after testing is
completed.

Estimated Effort: One man-week for level 3 testing.

TTL7G. Document how to evaluate the test results for accuracy
and completeness.

According to clause 6.2.2, Reference 9, "Test Specifications,"
one needs to provide guidelines to judge test results. These
guidelines shall be used to decide if a given test has been
passed or, in the case of failure, shall allow the testing
laboratory to classify errors according to failure.

These are complex issues requiring consensus among the interested
parties, which, in this case, include the CALS user and supplier
communities. Accredited Standards Committee X3H3, and ISO/IEC
JTC1/SC24. Meetings with Validation and Testing Experts will be
required before consensus can be arrived at.
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Estimated Effort: One man-week will be required to prepare for
level 1 and level 2 testing using the syntactic checker only. An
additional two to four man-weeks will be required, including
participation at an estimated two international meetings and two
or three national meetings over a 12 month period, to prepare for
using a semantic checker for either level 2 or level 3 testing.

TTL8G. Participate in a "field test" of the testing method for
public review and comment during a "trial use" period.

Clause 7.2.1, Reference 9, "Acceptance of the Test Suite,"
provides for two rounds of testing—an alpha test period carried
out by the test suite developers and the testing laboratories and
a beta test period involving the test laboratories and interested
third parties (e.g., prospective clients).

TTLSGa- Participate in an alpha "field test" of the testing

During the alpha test period, one would expect to be spending a
considerable amount of time running the testing programs against
as large a variety of CGMs as one could get one's hands on.

Estimated Effort: One man-week for the syntactic checker used in
level 1 and 2 testing (see tasks TTLSGa and TTL3Gb) and one
man-week for the semantic checker proposed for level 2 or level 3

testing (see task TTLSGc)

.

. TTLSGb. Participate in a beta "field test" of the testing
method

.

During the beta test period, one would expect to be answering a
lot of questions regarding installation and procedures and also
helping prospective clients to debug their implementations.

Estimated Effort: Six man-weeks for the syntactic checker used
in level 1 and 2 testing (see tasks TTL3Ga and TTL3Gb) and 12
man-weeks for the semantic checker proposed for level 2 or level
3 testing (see task TTL3Gc)

.

TTL9G. Refine the test method as a result of the "trial use"
period.

TTL9Ga. Collaborate with the Certification Body and/or
Accreditation Body to arrive at consensus on what changes need to
be made after the alpha test phase.

Estimated Effort: 1.5 man-weeks for the syntactic checker used
in level 1 and 2 testing (see tasks TTL3Ga and TTL3Gb) and 1.5
man-weeks for the semantic checker proposed for level 2 or level
3 testing (see task TTL3Gc)

.
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TTL9Gb, Implement the changes resulting from the alpha test
phase.

Estimated Effort: 2 man-weeks for the syntactic checker used in
level 1 and 2 testing (see tasks TTLSGa and TTL3Gb) and 2

man-weeks for the semantic checker proposed for level 2 or level
3 testing (see task TTL3Gc)

.

TTL9GC. Collaborate with the Certification Body and/or
Accreditation Body to arrive at consensus on what changes need to
be made after the beta test phase.

Estimated Effort: 0.5 man-weeks for the syntactic checker used
in level 1 and 2 testing (see tasks TTL3Ga and TTL3Gb) and 0.5
man-weeks for the semantic checker proposed for level 2 or level
3 testing (see task TTL3Gc)

.

TTL9Gd. Implement the changes resulting from the beta test
phase

•

Estimated Effort: 1.5 man-weeks for the syntactic checker used
in level 1 and 2 testing (see tasks TTL3Ga and TTL3Gb) and 1.5
man-weeks for the semantic checker proposed for level 2 or level
3 testing (see task TTL3Gc)

.

TTLIOG. Develop, negotiate, and approve appropriate legal
documents eind procedures that protect both the rights of the
Government and the test method owner in accordance with the
provisions of Reference 8.

In particular, license agreements with the Government, the
Certification Body, other Testing Laboratories, and the clients
need to be drafted and approved for use.

According to clause 7.4, Reference 9, "Issue of Licenses," two
types of license shall be required:

- a license for clients to use the test suite.

a license for testing laboratories to enable them to
use the test suite and test procedures within a third
party test service.

The procedures allow for the charging of a fair and reasonable
license fee.

Estimated Effort: For level 1 and level 2 testing using the
syntactic checker, 0.5 man-weeks and one meeting to arrive at an
"agreement in principle." An additional 0.5 man-weeks of a
lawyer *s time to draft and agree upon the exact language of the
license. For level 2 and level 3 testing using the semantic
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checker, an additional 0.5 man-weeks to arrive at an "agreement
in principle.”

TTLllG. Develop change control and maintenance procedures for
the test method.

The provisions of clause 6.1.3, Reference 9, "Maintenance of a
Test Suite,” specify that the test suite shall be subject to an
agreed review procedure with a publicly known timetable. The
procedures shall provide formal mechanisms for reporting errors
in the test software, withdrawing invalid tests, and logging
changes to the test software.

Clause 7.4, "Maintenance Requirements,” specifies that change
control procedures shall be required to enable changes to be made
to the test suite in a controlled manner. The change control
procedures shall encompass the test suite, the test procedures,
and the test report format.

Estimated Effort: Not required for level 1 and level 2 testing.
1.5 man-weeks for the syntactic checker and 1.5 man-weeks for one
of the semantic analyzers, assuming that the general principles
adopted for the GKS Testing Service are accepted for CALS MIL-D-
28003 testing. If the assumption is correct, the major effort
would involve adapting the GKS procedures (which apply to an
Application Programmer Interface standard) to CGM (which is a
Data Interchange standard)

.

TCLIG. Specify and document the steps that a client shall follow
in order to have a product tested and to obtain a validation
certificate.

The detailed provisions of clause 7. 2. 2. 3, Reference 9, "Applying
for Testing,” provide for:

the client’s being able to purchase the test suite for
his own use;

the client’s submitting a scheduling request if he
wants to be officially certified;

the client’s reporting the results of a "dry run” prior
to formal testing;

the client’s seeking resolution of any queries he might
have ; and

the client’s scheduling an on-site test.

With appropriate thought regarding procedures, it might be
possible to abolish the need for on-site testing in the case of
testing CGM generators. It might be possible for the client to
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submit his collection of CGMs—and associated documentation— for
testing at the laboratory site. This will be possible only if it
is not necessary to observe the generator-under-test directly.

Estimated Effort: This task is applicable only to level 3

testing. Two man-weeks, assuming that the general principles
adopted for the GKS Testing Service are accepted for CALS MIL-D-
28003 testing. If the assumption is correct, the major effort
would involve adapting the GKS procedures (which apply to an
Application Programmer Interface standard) to CGM (which is a
Data Interchange standard)

.

TCL2G. Specify and document the statements or information
provided by the client when applying for conformance testing
leading towards a validation certificate.

In particular, a questionnaire needs to be developed for clients
to fill out and submit with their application for testing. The
questionnaire will require specifics about the environment on
which their software runs as well as about the exact CGM
elements, types, and precisions produced by their CGM generator.

From this information, the testing laboratory will direct the
client to provide a certain number of CGMs, fitting a variety of
element and parameter value usage profiles driven by the
documented capabilities of the generator-under-test. The success
of CGM Generator Testing depends upon the effective completion of
this task. The CGMs provided by the client must be
representative of all CGMs producible by his generator
implementation, because the client's generator is certified only
by validating some collection of the CGMs that the generator has
produced.

Estimated Effort: This task is applicable only to level 3

testing. This is a non-trivial task and it is driven by the
results of Tasks TTL2Ga and TTL2Gb. Three man-weeks should be
sufficient if the Test Requirements document is thorough and
complete.

5.3.3 Testing for Conforming CGM Interpreters

All the tasks described in this section relate to level 4 testing
as defined above in section 5.1.

TTLII. Design the overall test method.

For the interpreter, the test method will include the preparation
of a set of test CGMs (each collection is known as a CGM Test
Set) with associated hard-copy and documentation. The results of
interpreting the CGMs in the Test Set by the interpreter-under-
test will be compared visually with the reference hard-copy and
conformance will be established according to documented criteria.



Two levels of testing must be performed—one for CALS Draft
Quality interpreters and one for CALS Publication Quality
interpreters. Each Test Set should be targeted at verifying the
interpreter's handling of a certain class of pictures or certain
groups of elements. Test Sets that deliberately include out-of-
range parameter values and illegal CGM syntax should also be
included.

Estimated Effort: Three man-weeks and one meeting with
Certification Body officials to agree upon what method of testing
should be used and to document in detail the test method design
selected for interpreters.

TTL2I. Document what parts of the standard are^ in fact^ to be
tested by the test suite. Similarly, document those areas that
are not to be tested by the test suite.

A Test Requirements Document must be developed from two sources:
the CGM standard itself (ANSI/X3.122—FIPS PUB 128) and from the
CALS AP for CGM (MIL-D-28003 ) . The requirements document will be
used:

1. to specify all the Test Sets that must be developed for
inclusion in the test suite,

2. to specify what allowable differences are permitted
among realizations of the CGMs in each Test Set for
both Draft Quality and Presentation Quality
interpreters , and

3. to specify the information about the client's product
needed in order to determine which, if any, of the CGMs
in any of the Test Sets need not be interpreted by the
interpreter-under-test

.

In each area, one will have to determine whether the tests should
be performed in any particular order and which requirements are
more important for testing purposes. This substantial task can
be subdivided into smaller tasks to simplify the job of
estimating the work involved.

TTL2Ia. Document the number and contents of the CGM Test Sets
required to verify an interpreter's ability to read without error
CGMs conforming to FIPS PUB 128.

This sub-task focusses on the ability of the
interpreter-under-test to handle CGMs conforming to the FIPS
correctly from the syntactic point of view.

Estimated Effort: Three man-weeks.
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TTL2Ib. Document the number and contents of the CGM Test Sets
req[uired to verify an interpreter's ability to read without error
CGMs conforming to the provisions of MIL-D-28003,

This sub-task focusses on the ability of the
interpreter-under-test to also handle CGMs conforming to the CALS
AP correctly from the syntactic point of view.

Estimated Effort: 1.5 man-weeks, because the results documented
in Reference 14 can be used as a starting point, although they
need to brought up-to-date to reflect the final draft of
MIL-D-28003. This estimate assumes the completion of Task
TTL2Ia.

TTIi2Ic. Document the modifications needed to the CGM Test Sets
in order to verify an interpreter's ability to display correctly-
at the Draft Quality level-all pictures contained in CGMs
conforming to MIL-D-28003.

This sub-task focusses on the ability of the
interpreter-under-test to also handle CGMs conforming to MIL-D-
28003—Draft Quality level—correctly from the semantic point of
view.

Estimated Effort: 1.5 man-weeks, because the results documented
in Reference 14 can be used as a starting point, although they
need to brought up-to-date to reflect the final draft of
MIL-D-28003. This estimate assumes the completion of Task
TTL2Ib.

TTL2Id. Document the modifications needed to the CGM Test Sets
in order to verify an interpreter's ability to display correctly-
at the Publication Quality level-all pictures contained in CGMs
conforming to MIL-D-28003.

This sub-task focusses on the ability of the
interpreter-under-test to also handle CGMs conforming to MIL-D-
28003—Publication Quality level—correctly from the semantic
point of view.

Estimated Effort: 1.5 man-weeks, because the results documented
in Reference 14 can be used as a starting point, although they
need to brought up-to-date to reflect the final draft of
MIL-D-28003. This estimate assumes the completion of Task
TTL2IC.

TTL3I. Develop the test suite.

The effort for each subtask assumes that an interactive utility
tool (see Task TTL4I below) has been developed and is available
for use by test suite developers.
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The first four sub-tasks described in the following use the
requirements gathered in the corresponding sub-task under TTL2I
above. Each of these sub-tasks requires the completion of the
predecessor sub-task prior to its commencement.

TTL3Ia. Construct and assemble the CGM Test Sets required to
verify an interpreter's cibility to read without error CGMs
conforming to FIPS PUB 128.

Estimated Effort: Six man-weeks, depending upon the decisions
made about the thoroughness of the test method. This estimate
assumes that 100 CGMs (at 2.5 man-hours per CGM) will be needed.

TTL3Ib. Construct and assemble the CGM Test Sets required to
verify an interpreter's ability to read without error CGMs
conforming to the provisions of MIL-D-28003.

Estimated Effort: Three man-weeks, depending upon the decisions
made about the thoroughness of the test method. This estimate
assumes that 50 more CGMs (at 2.5 man-hours per CGM) will be
needed.

TTL3IC. Implement the modifications needed to the CGM Test Sets
in order to verify an interpreter's cd>ility to display correctly-
at the Draft Quality level-all pictures contained in CGMs
conforming to MIL-D-28003.

Estimated Effort: Three man-weeks, depending upon the decisions
made about the thoroughness of the test method. This estimate
assumes that ‘50 more CGMs (at 2.5 man-hours per CGM) will be
needed.

TTL3Id. Implement the modifications needed to the CGM Test Sets
in order to verify an interpreter's ability to display correctly-
at the Publication Quality level-all pictures contained in CGMs
conforming to MIL-D-28003.

Estimated Effort: Three man-weeks, depending upon the decisions
made about the thoroughness of the test method. This estimate
assumes that 50 more CGMs (at 2.5 man-hours per CGM) will be
needed.

TTL3Ie. Document the allowable differences for each CGM in each
of the CGM Test Sets in order to verify an interpreter's ability
to display correctly-at the Draft Quality level-all pictures
contained in CGMs conforming to MIL-D-28003.

Estimated Effort: 1.5 man-hours per CGM. This task is
complicated by the fact that the differences an evaluator might
see are dependent upon the basic capabilities of the interpreter,
which are documented by the client—see Task TCL2I.
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TTIi3If. Document the allowable differences for each CGM in each
of the CGM Test Sets in order to verify an interpreter's ability
to display correctly-at the Publication Quality level-'all
pictures contained in CGMs conforming to MIL-D-28003.

Estimated Effort: An additional one man-hour per CGM, assuming
the completion of task TTL3Ie.

TTL4I. Develop any required support tools.

In addition to the tools described in Tasks TTL4Ia and TTL4Ib
below, the testing personnel and the client personnel also need a

reliable utility program that will print out, in a convenient
formatted fashion, the contents of a given CGM from the CGM Test
Set. This is the same tool needed under task TTL4G, and the
estimated effort for its development will not be repeated here,
because it is assumed that TTL4G will have been completed before
work on Task TTL4I has begun.

TTL4Ia. Develop a tool to generate specific CGMs for the various
CGM Test Sets.

A crucial tool is an interactive program that permits the Test
Set Developer to build any CGM needed for the Test Set. NIST
recommends that this tool be based on a reference implementation
of the CGM that can accept Clear Text Encoded CGMs and produce
the equivalent Binary Encoded CGM. Extensions to permit illegal
and ill-formed CGMs to be created must be built into the tool.
Further extensions will be required to permit elements or formats
unique to the Binary Encoding to be created from the Clear Text
source. During the work on Tasks TTL2I and TTL3I, further
extensions and other kinds of requirements might be identified.

Any computer tool programs written to support the Testing Process
shall be written in a standard high-level programming language.
All machine-dependent, language-dependent, and operating-system-
dependent functionality shall be isolated into well -documented
modules. Variations among systems shall be parameterized
wherever it is feasible to do so.

Programs shall be written to be small enough to be run on
Personal Computer class machines.

Estimated Effort: Twelve man-weeks if one already has a baseline
reference implementation to build upon and if only minimal
ability to generate erroneous CGMs is provided. The principal
effort would involve improving the documentation to meet
Government standards, implementing the extensions required, and
testing of the tool. An additional 8 man-weeks will be required
to develop more sophisticated capabilities for generating
erroneous CGMs

.
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This estimated effort is heavily dependent upon the initial
parsing and reporting capabilities of the baseline reference
implementation, if one can be found, and on the extent of the
required extensions.

Without a baseline implementation to build upon, this effort
could easily take from 26 to 52 man-weeks.

TTL4Ib. Develop a tool to enter the results of interpreting each
file in each CGM Test Set cind generate a summary test report.

The display or hardcopy of dozens, if not hundreds or thousands,
of CGMs interpreted by the implementation-under-test will need to
be evaluated by a human, with the results being entered into a
data base for subsequent summarization and reporting. Some kind
of access to a DBMS system, via "fill in the form” interactive
screens to record the results of each evaluation, will be
required to manage the testing process.

Estimated Effort: 8 to 16 man-weeks if one can find a good DBMS
system to build the particular tool upon. The principal effort
would involve designing the data entry screens, designing the
content of the data base, developing the documentation to meet
Government standards, implementing the data entry panels and
report generator procedures required, and testing of the tool.

The estimated effort is heavily dependent upon the availability
of a good DBMS with a versatile report generator. PC-based
products like dBASE III and Rbase appear to be good candidates.
They could be placed on a 286 or 386 PC laptop computer and used
by testing personnel when recording their evaluations . The raw
data from each evaluation could then be brought back to the
testing laboratory where the summary report would be generated.

Without an off-the-shelf DBMS and report generator to build upon,
this effort could take from 26 to 52 man-weeks.

TTL5I. Design the test report, both content and presentation
layout.

Reference 9, clause 6.2.2, suggests that the test report shall
provide a summary of tests passed. In the case of failure, a
detailed description of errors (parameter values and other
relevant information) , helpful information for the implementor to
determine errors, and a reference to the standard shall be
provided. Clause 7.3 further requires that ISO Guide 45 shall be
consulted and that the test report format, as a minimum, shall
contain the following information:

description of product under test.

description of the test environment.
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a suininary giving numbers of test cases passed, failed,
withdrawn, and total cases.

full details for each test case which failed.

a description of any unexpected results.

A unified test report format to record the human evaluation
comparing the results from the implementation-under-test with the
reference results for each of the CGMs in each of the CGM Test
Sets will have to be designed.

Estimated Effort: Two man-weeks.

TTL6I, Develop test procedures.

Extensive documentation for both testing personnel and the client
is required.

TTL6Ia. Develop, document, and test procedures for installing
the utility tools.

Estimated Effort: Two man-weeks.

TTL6Ib. Develop cind document an operator script for each CGM in
the Test Set.

Estimated Effort: One man-hour for each CGM. This estimate
assumes that Tasks TTL3Ie and TTLSIf have been completed.
Testing time is not included in this task. It is assumed that it
is acceptable to overlap testing of the scripts with the other
testing conducted during the alpha test phase.

TTL6IC. Develop and document maintenance procedures.

Estimated Effort: Two man-weeks. It is assumed that a single
procedure can be developed that applies to all CGMs in all CGM
Test Sets.

TTL6Id. Develop and document procedures for on-site modification
of the tests.

Estimated Effort: Two man-weeks. It is assumed that a single
procedure can be developed that applies to all CGMs in all CGM
Test Sets.

TTLSIe. Develop and document procedures regarding the retention
of hard copy, the keeping of journals, and the verification that
the generator-under-test represents the product for which a
certification is being requested.

A
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Estimated Effort: Two man-weeks. There are a lot of details to
attend to.

TTL6If. Develop checklists of materials to take for on-site
testing and checklists of materials to save after testing is
completed.

Estimated Effort: One man-week.

TTL7I. Docximent how to evaluate the test results for accuracy
and completeness.

According to clause 6.2.2, Reference 9, "Test Specifications,"
one needs to provide guidelines to judge test results. These
guidelines shall be used to decide if a given test has been
passed or, in the case of failure, shall allow the testing
laboratory to classify errors according to failure.

The bulk of this effort is already included in Task TTL6I above.
However developing general guidelines and principles from which
Task TTL6I would derive its specific instructions is a complex
matter requiring consensus among the interested parties, which,
in this case, include the CALS user and supplier communities.
Accredited Standards Committee X3H3, and ISO/IEC JTC1/SC24.
Meetings with Validation and Testing Experts will be required
before consensus can be arrived at.

Estimated Effort: Three to six man-weeks will be required,
including participation at an estimated two international
meetings and two or three national meetings over a 12 month
period.

TTL8I. Participate in a "field test" of the testing method for
public review and comment during a "trial use" period.

Clause 7.2.1, Reference 9, "Acceptance of the Test Suite,"
provides for two rounds of testing—an alpha test period carried
out by the test suite developers and the testing laboratories and
a beta test period involving the test laboratories and interested
third parties (e.g., prospective clients).

TTLSIa. Participate in an alpha "field test" of the testing
method

.

During the alpha test period, one would expect to be spending all
one's time testing the CGMs in all the CGM Test Sets and the
associated the operator scripts for each CGM.

Estimated Effort: One man-hour per CGM plus two man-weeks for
testing the procedures and the reporting program.
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TTLSIb, Participate in a beta "field test" of the testing
methods

During the beta test period, one would expect to be answering a
lot of questions regarding procedures and also helping
prospective clients to debug their implementations.

Estimated Effort: One person full time over the duration of the
beta testing period, say 12 man-weeks.

TTL9I. Refine the test method as a result of the "trial use"
period.

TTL9Ia. Collaborate with the Certification Body and/or
Accreditation Body to arrive at consensus on what changes need to
be made after the alpha test phase.

Estimated Effort; Three man-weeks and two meetings.

TTL9Ib. Implement the changes resulting from the alpha test
phase

.

Estimated Effort: 1 man-hour per changed CGM and three
additional man-weeks for revising the procedures, scripts,
reporting program, and instructions.

TTL9IC. Collaborate with the Certification Body and/or
Accreditation Body to arrive at consensus on what changes need to
be made after the beta test phase.

%

Estimated Effort: Two man-weeks and one meeting.

TTL9Id. Implement the changes resulting from the beta test
phase.

Estimated Effort: 1 man-hour per changed CGM and two additional
man-weeks for revising the procedures, scripts, reporting
program, and instructions.

TTLIOI. Develop, negotiate, and approve appropriate legal
documents and procedures that protect both the rights of the
Government and the test method owner in accordance with the
provisions of Reference 8.

In particular, license agreements with the Government, the
Certification Body, other Testing Laboratories, and the clients
need to be drafted and approved for use.

According to clause 7.4, Reference 9, "Issue of Licenses," two
types of license shall be required:

a license for clients to use the test suite.
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a license for testing laboratories to enable them to
use the test suite and test procedures within a third
party test service.

The procedures allow for the charging of a fair and reasonable
license fee.

Each type of license will be required for each program comprising
the generator test suite.

Estimated Effort: One man-week and one meeting to arrive at an
"agreement in principle” regarding rights to the utility tools
and to the CGMs contained in the various CGM Test Sets. An
additional man-week of a lawyer *s time and one additional
meeting, including the lawyer, to draft and agree upon the exact
language of the license.

TTLllI. Develop change control and maintencince procedures for
the test method.

The provisions of clause 6.1,3, Reference 9, "Maintenance of a
Test Suite,” specify that the test suite shall be subject to an
agreed review procedure with a publicly known timetable. The
procedures shall provide formal mechanisms for reporting errors
in the test software, withdrawing invalid tests, and logging
changes to the test software.

Clause 7.4, "Maintenance Requirements,” specifies that change
control procedures shall be required to enable changes to be made
to the test suite in a controlled manner. The change control
procedures shall encompass the test suite, the test procedures,
and the test report format.

Estimated Effort: Three man-weeks, assuming that the general
principles adopted for the GKS Testing Service are accepted for
CGM-D-28003 testing. If the assumption is correct, the major
effort would involve adapting the GKS procedures (which apply to
an Application Programmer Interface standard and to source code
of computer programs) to CGM (which is a Data Interchange
standard and represents a file format and content)

.

TCLII. Specify and document the steps that a client shall follow
in order to have a product tested and to obtain a validation
certificate.

The detailed provisions of clause 7. 2. 2. 3, Reference 9, "Applying
for Testing,” provide for:

the client *s being able to purchase the test suite for
his own use;
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the client *s submitting a scheduling request if he
wants to be officially certified;

the client's reporting the results of a "dry run" prior
to formal testing;

the client's seeking resolution of any queries he might
have ; and

the client's scheduling an on-site test.

With appropriate thought regarding procedures, it might be
possible to minimize the length of time required for on-site
testing in the case of testing CGM interpreters. If the client
interpreter can produce hardcopy, it should be possible for
testing personnel to oversee interpretation at the client site
and then bring back the hardcopy for evaluation at the laboratory
site. This would permit less skilled and/or less experienced
personnel to be
interpretation

.

used for on-site monitoring of the

Estimated Effort:
general principles

Two to
adopted

four
for

man-weeks
the GKS

, assuming that
Testing Service

the
are

accepted for CGM-D-28003 testing. If the assumption is correct,
the major effort would involve adapting the GKS procedures (which
apply to an Application Programmer Interface standard) to CGM
(which is a Data Interchange standard)

.

TCL2I . Specify and document the statements or information
provided by the client when applying for conformance testing
leading towards a validation certificate.

In particular, a questionnaire needs to be developed for clients
to fill out and submit with their application for testing. The
questionnaire will require specifics about the environment on
which their software runs as well as about the exact CGM
elements, types, and precisions handled by their implementation.

Some of the information provided by the client will influence the
criteria used to determine whether an interpreter-under-test
meets the CALS AP for Draft Quality CGM Interpreters.

Estimated Effort: This is a non-trivial task and it is driven by
the results of Tasks TTL2Ia and TTL2Ib. Three man-weeks should
be sufficient if the Test Requirements document is thorough and
complete.
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IV. SUMMARY AND CONCLUSIONS

This section suirimarizes the major subsections of section III as
follows:

o Section 1 below summarizes section III, subsection 3?

o Section 2 below summarizes section III, subsection 4;
and

o Section 3 below summarizes section III, subsection 5.

1.0 Summary of Cosnnercial Implementations

The 100 metafiles studied are broadly representative of the full
range of uses in which the CGM can be valuable. Only the
following CGM elements did not appear in any of the CGMs studied:

VDC REAL PRECISION
RESTRICTED TEXT
GENERALIZED DRAWING PRIMITIVE
CIRCULAR ARC 3 POINT
CIRCULAR ARC 3 POINT CLOSE
Line, Marker, Text, Fill, and Edge BUNDLE INDEX
ALTERNATE CHARACTER SET INDEX
EDGE WIDTH
MESSAGE

These are CGM elements that represent functionality rarely found
in today’s graphics applications.

However, several other elements are used infrequently in the
metafiles surveyed. These include:

METAFILE DEFAULTS REPLACEMENT
FONT LIST
CHARACTER SET LIST
CHARACTER CODING ANNOUNCER
AUXILIARY COLOR
TRANSPARENCY
DISJOINT POLYLINE
APPEND TEXT
POLYGON SET
CELL ARRAY
CIRCULAR ARC CENTER

Some companies have learned the value of these elements and have
incorporated them in their CGMs. However, all worry that if they
use these less well-known elements, there will be no products
that can interpret their metafiles.

CIRCULAR ARC CENTER CLOSE
ELLIPSE
ELLIPTICAL ARC
ELLIPTICAL ARC CLOSE
CHARACTER SET INDEX
The Edge Attributes
FILL REFERENCE POINT
PATTERN TABLE
PATTERN SIZE
ASPECT SOURCE FLAGS
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Only six companies use ESCAPE elements and only two—Lotus and
System One Software“-use APPLICATION DATA elements. It is not
known if the information contained in these elements is vital for
the proper display of the picture represented by the CGM. In at
least one case—Lotus, the information is not required for
displaying purposes; rather, the information would be used when
reading in the metafile for further manipulation by an editing
program.

The small number of companies using METAFILE DEFAULTS REPLACEMENT
and FONT LIST indicates that a substantial education process is
required in order to improve interoperability of metafiles
containing text. A lesser effort will be required to educate the
five companies that don't place a COLOR TABLE element in the CGM
even when they use indexed color selection mode.

In this task, the variability of commercial CGM generator
implementations was studied and the degree of conformance to the
CALS Application Profile for CGM (MIL-D-28003 ) was assessed. The
conclusions are that;

o Most companies should be able to upgrade their CGM
generator products to conform to MIL-D-28003 without
excessive or burdensome additional investment.

o Upgrading of interpreters to meet the CALS Draft Level
of conformance should be straightforward but not
trivial; upgrading to the Publication Level of
conformance will be more costly and time-consuming.

o Any discrepancies between the CGMs produced by products
seeking to conform to MIL-D-28003 will be the result of
misunderstandings and not deliberate decisions due to
difficulty of implementation.

Consequently, NIST recommends that:

1. The testing of CGM generators to MIL-D-28003 be given
priority over the testing of CGM interpreters.

2. CALS support and encourage vendor demonstrations like
CALS EXPO and NCGA's Integrate '89 to facilitate vendor
education and accelerate vendor compliance with
MIL-D-28003.

In section VI, seven specific recommendations are provided
concerning the certification of CGM implementations.

2.0 Conformance Checklist Summary—Commercial .vs. MIL-D-28003
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A summary of how well the implementations studied meet the
requirements of MIL-D-28003 is presented in tabular form in the
following pages.

Each of the CALS AP requirements is presented as a row and each
of the CGM generator implementations is presented as a column.
In the cell at the intersection of a row and column is an
indicator of conformance to the CALS AP. The symbols used are as
follows

s

Y Means the generator meets the CALS requirement.
N Means the generator does not meet the CALS requirement.
« Means the generator does not use the CGM element on

which the requirement falls.
? Means that not enough information was available for the

implementation in question.
* When attached to a y or n means that the implementation

complies with the spirit of the requirement but
deviates in some small way.
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a

6

ATC AUT SOP CAI GEN GPT

^ • 2 e 1 1 No-ops < 32767 Y Y Y Y Y Y

4.2.1.2.al MD contains product
or company name N N Y Y Y Y

4.2*l*2.a2 MD contains string
"MIL-D-28003/BASIC-1" N* N N N N* N

4. 2.1, 2.

b

Integer Precision ” 16 Y Y Y Y Y Y

4.2. 1. 2.

C

Real Precision=(l, 16, 16)
or (0,9,23) Y Y Y Y Y Y

4. 2.1. 2.

d

Index Precision = 16 Y Y Y Y Y Y

4 . 2 . 1. 2 . a Color Precision~8 or 16 Y Y Y Y Y Y

4. 2.1. 2.

f

Color Index Prec.“8orl6 Y Y Y Y Y Y

4 . 2 . 1. 2 .g Font List <- 4 - - - - Y -

4. 2.1. 2.

h

Char. Set List present & N N N N N N
contains (0,4/2) (1,4/1) — — — — — —

4 . 2 . 1. 2 . i CCA ^ 0 or 1 - - - - - -

4.2. 1.3 If metric, SCALING MODE
parameter is (0,9,23) - - - Y - -

4 . 2 . 1. 4 . a VDC Int. Prec.= 16 or 32 Y Y Y Y Y Y

4 . 2 . 1 . 4 . b VDC Real Prec.=(l, 16, 16)
or (0,9,23) Y - - - - Y

4.2. 1.5 No GDPs allowed N Y Y 7 Y Y

4 . 2 . 1 . 6 . a l<=Line Bundle Index<=5 N - - - - -

4. 2.1. 6.

b

1 <= Line Type <=5 or
-11301 <= L.T. <= -11308 N N N 7 Y Y
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4

3
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•

5

3

•
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•

6

ATC AUT SOP CAI GEN GPT

4. 2.1. 6.

C

l<=Marker Bun.Index<=5 N - - -

4 . 2 . 1 . 6 . d 1 <= Marker Type <= 5 N - N ? - -

4 o 2 o 1 . 6 o a l<=Text Bun. Index <=2 N - - - -

4.2.1.6ef l<=Text Font Index <=4 N Y N Y N N

4 . 2 , 1. 6.g l<=Char. Set Index <=2 - - - - Y

•
VO

•H•CM• l<=Alt. Char, Set Ind<=2 - - - -

4.2el.6.i l<=Fill Bun. Index <=5 N - - 7 - -

4c2.1.6.

j

1<= Hatch Index <=6 or
-11401<= H. I, <^-11418 N - N 7 - -

4 . 2 . 1. 6.k l<=Edge Bun. Index <=5 - - - - - -

4. 2. 1.6.1 1 <= Edge Type <=5 - N - - -

4 . 2 . 1 . 6 .m l<=Pattern Tab.Ind.<=8
Each Pattern wi 16x16 N - - - - -

4 . 2 . 1. 6.n 0<=ColorTableInd. <=255 o Y Y Y Y Y

4. 2. 1.7 Only ESCAPE Els:-301&2 N - Y N - -

4.2. 1.8 Only MESSAGE w/ Flag =
"no action required" N - - - - -

4.3.1 Uses Binary Encoding Y Y Y Y Y Y

4.3.2 80-0ctet Records Y N N 7 N N

4.3.3 Def. text prec STROKE N N N N Y N

4.3.4 Don't use color indices
unless set/follow CALS Y Y N N Y Y
default table
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5
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2

6

ATC AUT SOP CAI GEN GPT

4.3.5 Only Hershey Font Names
in Font List Element - - - - N -

4.3.6 MDR shall not be part'd - - - Y - -

4 . 3 . 8 . a Cell arrays<=l, 048 , 576 •p - 7 7 - -

4.3.8.b Pattern Tables <=2048 N - « - - -

4 . 3 . 8 . C Color Tables <= 256
entries 7 Y Y Y Y Y

4 . 3 . 8 . d Point arrays <- 1024
pairs y Y 7 7 Y 7

4 . 3 . 8 . e Data records <= 32767 Y - Y Y Y Y

4.3.8.f Strings <= 256 Y • 7 7 Y 7
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2

•

9

3

•

2

•

10

3

•

2

11

3

•

2

12

GSS HPS IBM LOT MCD MDT

4. 2. 1.1 No-ops < 32767 Y Y Y Y Y Y

4.2.1. 2. al MD contains product
or company name Y Y Y Y Y Y

4.2.1. 2. a2 MD contains string
''MIL-D-28003/BASIC-1" N N* N N N* N

4. 2.1. 2.

b

Integer Precision = 16 Y Y Y Y - Y

4.2.1c2.c Real Precision= (Ip 16 , 16)
or (0p9,23) Y Y Y Y Y Y

4 . 2 . 1. 2 .d Index Precision = 16 Y Y Y Y - Y

4.2.1c2.e Color Precision's or 16 Y Y Y - Y Y

4.2. 1.2.

f

Color Index Prec.=8orl6 Y Y Y Y Y Y

4.2. 1. 2.

g

Font List <= 4 - - - - Y N

4.2. 1. 2.

h

Char. Set List present & N N N N Y N
contains (0, 4/2) (1, 4/1) — — — — N —

4 . 2 . 1. 2 . i CCA = 0 or 1 - Y - - - -

4. 2. 1.3 If metric, SCALING MODE
parameter is (0,9,23) - - - - Y -

4 . 2 . 1 . 4 . a VDC Int. Prec.= 16 or 32 Y Y Y Y Y Y

4.2. 1. 4.

b

VDC Real Prec.=(l, 16, 16)
or (0,9,23) - Y - - Y Y

4. 2. 1.5 No GDPs allowed Y Y Y Y Y Y

4. 2. 1.6.

a

l<=Line Bundle Index<=5 - - - “ - -

4. 2.1. 6.

b

1 <= Line Type <=5 or
-11301 <= L.T. <= -11308 N N N N Y Y
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10
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11

3

9

2

•

12

GSS HPS IBM LOT MCD MDT

4 • 2 . 1 . 6 . C K-Marker Bun.Index<=5 - - - - - -

4.2. 1. 6.

d

1 <= Marker Type <- 5 N N N N Y Y

4 . 2 . 1 . 6 o e l<“Text Bun. Index <=2 - « - - =» =

4.2. 1. 6.

f

K-Text Font Index <-4 N N N N Y Y

4. 231. 6.^ l<“Char. Set Index <-2 - - - - - -

4 . 2 . 1 . 6 . h l<«Alt. Char . Set Ind<”2 - - - - - -

4 . 2 . 1 • 6 . i K^Fill Bun. Index <-5 - - - - - -

4 . 2 . 1 . 6 . j 1<- Hatch Index <=6 or
-11401<= H.I. <^-11418 N - N N Y Y

4. 2.1. 6.

k

K^Edge Bun. Index <-5 - - - - - -

4. 2. 1.6.1 1 <= Edge Type <-5 - - - “ -

4 . 2 . 1. 6 .m K^Pattern Tab.Ind.<“8
Each Pattern wi 16x16 - - - - - -

4 . 2 . 1 . 6 . n 0<=CQlorTableInd, <“255 Y - Y - Y Y

4. 2. 1.7 Only ESCAPE Els:-301&2 N N N N Y Y i

i

4. 2. 1.8 Only MESSAGE w/ Flag =
"no action required" N N - - -

i

1

4.3.1 Uses Binary Encoding Y Y Y Y Y Y

4.3.2 80-Octet Records N Y N N Y

4.3.3 Def. text prec STROKE N Y N N Y Y

4.3.4 Don't use color indices
unless set/follow CALS N N N Y N
default table
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3
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2
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11

3
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2

•

12

GSS HPS IBM LOT MCD MDT

4.3.5 Only Hershey Font Names
in Font List Element - - - - Y* Y*

4.3.6 MDR shall not be parted - Y - - 7 -

4. 3. 8.

a

Cell arrays<=l, 048 , 576 -
•

- - -

4.3. 8.

b

Pattern Tables <=2048 - - - - - -

o•00•• Color Tables <= 256
entries Y - Y - Y -

4.3.8.d Point arrays <= 1024
pairs 7 Y • • 7 7

4.3.8.e Data records <= 32767 Y Y Y Y Y Y

4.3.8.f Strings <= 256 7 Y • • 7 •
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14
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15

3

2

•

16

3

•

2

•

17

3

•
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•

18

NOV PAN OPT PVI PRM SPB

4. 2. 1.1 No-ops < 32767 Y Y Y Y Y Y

4 . 2 . 1 . 2 . al MD contains product
or company name Y Y N Y Y Y

4 . 2 c 1 . 2 . a2 MD contains string
"MIL-D-28003/BASIC-1" N N N* N* N N

4.2. 1. 2.

b

Integer Precision = 16 Y* Y Y Y Y Y

4 . 2 . 1 . 2 . C Real Precision=(l, 16, 16)
or (0,9,23) Y Y Y Y Y Y

4. 2.1. 2.

d

Index Precision = 16 Y* Y Y Y Y Y

4 . 2 . 1. 2 . e Color Precision=8 or 16 Y* Y Y Y Y Y

4. 2.1. 2.

f

Color Index Prec.=8orl6 Y* - Y Y Y Y

4 . 2 . 1 . 2 . g Font List <= 4 N - - - - -

4. 2.1. 2.

h

Char. Set List present & N N N N N N
contains ( 0 , 4/2 ) (1 , 4/1) — — — — — —

4 . 2 . 1. 2 . i CCA = 0 or 1 - - - - -

4. 2. 1.3 If metric, SCALING MODE
parameter is (0,9,23) - - -

4.2. 1.4.

a

VDC Int. Prec.= 16 or 32 Y Y Y Y Y Y

4. 2.1. 4.

b

VDC Real Free . = ( 1 , 16 , 16)
or (0,9,23) Y - Y Y Y -

4. 2. 1.5 No GDPs allowed Y Y N Y N Y

4.2. 1.6.

a

l<=Line Bundle Index<=5 N - N - N -

4. 2.1. 6.

b

1 <= Line Type <=5 or
-11301 <= L.T. <= -11308 Y Y N Y N N
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17

3
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2
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18

NOV PAN OPT PVI PRM SPB

4. 2.1. 6.

C

l<=Marker Bun.Index<=5 N - N - N -

4. 2.1. 6.

d

1 <= Marker Type <= 5 Y - N Y N N

4 . 2 . 1 . 6 . e l<=Text Bun. Index <=2 N - N - N -

4. 2.1. 6.

f

l<=Text Font Index <=4 N - N 7 N N

4. 2.1. 6.

g

l<=Char. Set Index <=2 - - - - - -

4. 2.1. 6.

h

l<=Alt. Char. Set Ind<=2 - - - - -

4. 2.1. 6.

i

l<=Fill Bun. Index <=5 N - N - N -

4 . 2 . 1. 6.

j

1<= Hatch Index <=6 or
-11401<= H.I. <=-11418 Y - N Y N N

4. 2.1. 6.

k

l<=Edge Bun. Index <=5 - - - - -

4. 2. 1.6.1 1 <= Edge Type <=5 - Y - Y - -

4.2. 1. 6.

m

l<=Pattern Tab.Ind.<=8
Each Pattern wi 16x16 •p - N - N -

4 . 2 . 1. 6 .n 0<=ColorTableInd . <=255 Y - 7 Y 7 Y

4. 2. 1.7 Only ESCAPE Els;-301&2 Y Y N Y N 7

4. 2. 1.8 Only MESSAGE w/ Flag =
"no action required" N Y N Y N Y

4.3.1 Uses Binary Encoding Y Y Y Y Y Y

4.3.2 80-0ctet Records 7 N Y 7 Y N

4.3.3 Def. text prec STROKE Y N N Y N N

4.3.4 Don't use color indices
unless set/follow CALS N N Y Y Y
default table
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NOV PAN OPT PVI PPM SPB

4.3.5 Only Hershey Font Names
in Font List Element Y* — — —

4.3.6 MDR shall not be part'd - - - - - -

4 . 3 . 8 . a Cell arrays<-l^ 048 , 576 "P - 7 - - -

4.3.S.b Pattern Tables <=2048 - N N -

4 . 3 . 8 . C Color Tables <= 256
entries Y — 7 Y 7 Y

4.3.8.d Point arrays <= 1024
pairs • Y Y Y Y

4 . 3 . 8 . e Data records <= 32767 Y Y Y Y Y Y

4.3.8.f Strings <= 256 7 Y Y Y Y
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23

SUN SOS TKN WAS ZEN

4.2el.l No-ops < 32767 Y Y Y Y Y

4.2,1.2.al MD contains product
or company name Y Y Y Y N

4 . 2 « lo 2 .a2 MD contains string
"MIL-D-28003/BASIC-1" N* N N N N

4. 2.1. 2.

b

Integer Precision = 16 Y Y Y Y Y

4. 2.1. 2.

C

Real Precision=(l, 16, 16)
or (0,9,23) Y Y Y Y Y

4. 2.1. 2.

d

Index Precision = 16 Y* Y Y Y Y

4.2. 1. 2.

e

Color Precision=8 or 16 Y* Y Y Y Y

4. 2.1. 2.

f

Color Index Prec.=8orl6 Y Y Y Y Y

4 . 2 . 1.2 .g Font List <= 4 - Y - - -

4. 2.1. 2.

h

Char. Set List present & N Y N N N
contains (0,4/2) (1,4/1) — N — — —

4. 2.1. 2.

i

CCA = 0 or 1 Y Y Y - -

4. 2. 1.3 If metric, SCALING MODE
parameter is (0,9,23) — - — - -

4. 2. 1.4.

a

VDC Int. Prec.= 16 or 32 Y Y Y Y Y

4. 2.1. 4.

b

VDC Real Prec.=(l,16,16)
or (0,9,23)

»

— — — —

4. 2. 1.5 No GDPs allowed Y Y Y Y Y

4.2. 1.6.

a

l<=Line Bundle Index<=5 - - - -

4. 2.1. 6.

b

1 <= Line Type <=5 or
-11301 <= L.T. <= -11308 N Y N Y Y
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!

1

SUN SOS TKN WAS ZEN

4 . 2 . 1 . 6 . C l<”Marker Bun.Index<“5 - - - - -

4,2. 1. 6.

d

1 <~ Marker Type <= 5 N Y N Y -

4.2cl.6.e K-Text Bun. Index <=2 - - - - -

4. 2.1. 6.

f

l<”Text Font Index <-4 Y Y N N N

4, 2,1. 6.

g

l<~Char. Set Index <-2 - - - - -

4. 2.1. 6.

h

K-Alt. Char . Set Ind<=2 - - - - -

4 . 2 . 1. 6 . i l<“Fill Bun. Index <=5 - - - - -

4. 2.1. 6.

j

1<= Hatch Index <=6 or
-11401<^ H. I. <^-11418 Y N Y —

4.2. 1. 6.

k

K-Edge Bun. Index <-5 - - - « -

4. 2. 1.6.1 1 <~ Edge Type <~5 - Y - Y Y

4 . 2 . 1 . 6 . n l<=Pattern Tab.Ind.<“8
Each Pattern wi 16x16 N — — — —

4 . 2

.

1. 6.n
1

0<-ColorTableInd. <~255 Y Y Y Y Y

1

! 4. 2. 1.7
i

Only ESCAPE Els:-301&2 Y N N y y

4.2. 1.8 Only MESSAGE w/ Flag =
’’no action required" ? Y -• — —

4,3.1 Uses Binary Encoding Y Y Y Y Y

4,3.2 80-Octet Records 7 N N N N

4.3,3 Def. text prec STROKE Y Y N N N

4.3.4 Don't use color indices
unless set/follow CALS Y Y Y Y Y
default table
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4.3.5 Only Hershey Font Names
in Font List Element - - - - -

4.3.6 MDR shall not be part*d Y - - -

4c3.8.a Cell arrays<"l, 048 , 576 7 -
•

- -

4.3.8.b Pattern Tables <=2048 N - - - -

4.3.8.C Color Tables <= 256
entries Y Y Y 7 Y

4.3.8.d Point arrays <= 1024
pairs Y 7 7 7 Y

4 . 3 o 8 .

3

Data records <= 32767 Y Y Y Y Y

•00•• Strings <= 256 Y 7 7 7 7
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3 - 0 Summary of Conformance Testing Tasks

3 . 1 Development Phases

There is a logical progression that one can follow for the
introduction of CGM testing services. This approach is
cost-effective and is outlined in the following:

Phase 1 Develop, license, and make available for purchase a CGM
syntax analyzer (as described in task TTL3Ga) that
checks instances of CGMs for conformance to FIPS PUB
128 along with the utility program that prints out the
contents of a CGM-under-test (as described in task
TTL4G)

.

This Test Suite would be used by suppliers to verify
that the CGMs they produce indeed conform to the FIPS
and by users to verify that the CGMs they are receiving
conform to the FIPS. No formal testing service would
be established at this time.

Phase 2 Develop, license, and make available for purchase an
augmentation to the CGM syntax analyzer (as described
in task TTL3Gb) that checks instances of CGMs for
conformance to MIL-D-28003.

This augmented Test Suite would be used by CALS
suppliers to verify that the CGMs they produce indeed
conform to MIL-D-28003 and by CALS users to verify that
the CGMs they are receiving conform to MIL-D-28003. No
formal testing service would be established at this
time.

Phase 3 Develop, license, and make available for purchase a CGM
graphical interpreter (as described in task TTL3Gc)
that can display any CALS basic conforming CGM and that
meets at least the Draft Quality interpreter
requirements of MIL-D-28003.

The resulting augmented Test Suite would be used by
suppliers and users alike to assist in determining
semantic correctness to supplement the syntactic
correctness report provided by Phase 2. Still, no
formal testing service would be established at this
time.

Phase 4 Establish a testing service to validate and certify
CALS CGM generators for syntactic correctness.

This phase involves performing the requirements
analysis described in tasks TTL2Gc and TTL2Gd and all
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the other tasks listed in sections 3 and 4 above that
relate to establishing a formal testing service for CGM
generators

.

Phase 5 Augment the generator testing service to validate and
certify CALS CGM generators for both syntactic
correctness and semantic correctness.

The principal additional efforts over Phase 3 and Phase
4 involve: (a) documenting the procedures and criteria
associated with the human inspection process implied by
checking for semantic correctness; and (b) upgrading
the reference implementation CGM interpreter used in
Phase 3 to function at the Publication Quality level
specified in MIL-D-28003.

Phase 6 Establish a testing service to validate and certify
CALS CGM interpreters. Interpreters will be checked
for their ability to read CALS conforming basic CGMs
and display them at the Draft Quality interpretation
level. Very little emphasis will be placed on testing
for reaction to out-of-range values and proper handling
of non-conforming CGMs.

This phase involves performing most of the tasks
specified in section 4.3 above. The effort is based on
a Test Suite consisting of 200 CGMs.

Phase 7 Augment the Phase 6 testing service for CALS CGM
interpreters. Interpreters will be checked for their
ability to read CALS conforming basic CGMs and display
them at the Publication Quality interpretation level.
As with Phase 6, very little emphasis will be placed on
testing for reaction to out-of-range values and proper
handling of non-conforming CGMs.

The additional work involves modifying the operator
scripts and certification and validation criteria to
reflect the requirements of Publication Quality
interpretation. This effort assumes that an additional
50 CGMs will be added to the Test Suite.

Phase 8 Augment the Phase 6 or Phase 7 testing service for CALS
CGM interpreters. Substantial emphasis will be placed
on the interpreter’s response to out-of-range values
and degenerate primitives. The proper handling of
non-conforming CGMs will also be verified.

The additional work involves: (a) upgrading the CGM
creation tool to create erroneous CGMs; (b) creating
lots of new operator scripts; and (c) augmenting
certification and validation criteria to reflect the
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requirements of MIL-D-28003. This effort assumes that
an additional 200 CGMs will be added to the Test Suite.

3 . 2 Summary Tables

Table 3-1 lists all the tasks (along with the Task Identifier)
associated with the responsibilities of the Certification Body
already described in section III, subsection 5.2.2. Table 3-2
lists all the tasks (along with the Task Identifier) associated
with the operation of a CGM generator testing service by a
Testing Laboratory and the two tasks associated with the
responsibilities of the Client. These tasks have been detailed
in section III, subsection 5.3.2. Table 3-3 lists all the tasks
(along with the Task Identifier) associated with the operation of
a CGM interpreter testing service by a Testing Laboratory and the
two tasks associated with the responsibilities of the Client,
These tasks have been detailed in section III, subsection 5.3.3.

Table 3-4 summarizes the Certification Body man-day estimates for
all eight phases. Table 3-5 summarizes the man-day estimates for
Phases 1 through 5, related to successively more complete CGM
generator testing, while Table 3-6 summarizes the man-day
estimates for Phases 6 through 8, related to successively more
complete CGM interpreter testing.

Generally speaking, the tasks listed in Table 3-4 represent tasks
that would have to be performed by the Certification Body, or
delegated to some neutral, governmental or quasi-govemmental
body and performed by in-house personnel. The tasks listed in
Tables 3-5 and 3-6 represent tasks that would be expected to be
contracted out to a third-party supplier, often referred to as
the test method developer. Once the developer has finished his
work and the legal terms and conditions negotiated for use ofthe
finished products, the results of the tasks would be made
available for licensing to the general supplier and user
community and would be utilized by Testing Laboratory personnel
in performance of their duties as part of any formal Testing
Service established by the Certification Body.



Table 3-1. Tasks Associated with the Certification Body

Task ID Task Description

TCBl
TCB2
TCB3
TCB4

Develop overall policies and procedures.
Approve the design of the test method.
Conduct "alpha" and "beta" field tests.
Approve revisions to test method resulting from
field tests.

TCB5
TCB6
TCB7
TCB8
TCB9

Approve test report forms.
Develop validation procedures.
Determine validation criteria.
Design validation certificate.
Establish Testing Laboratory (TL)
accreditation criteria.

TCBIO Conduct initial proficiency testing of TL

TCBll
TCB12

personnel

.

Verify TL*s recordkeeping system.
Develop appeal procedures. Establish
control board.

TCB13 License testing tools. Establish fees.
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Table 3-2. Tasks Associated with Testing Laboratory Operation
and Client Responsibilities with respect to CGM Generator Testing

Task ID Task Description

TTLIG
TTL2G
TTL2Ga

TTL2Gb

TTL2GC

TTL2Gd

TTL3G
TTL3Ga
TTL3Gb
TTL3GC
TTL4G
TTL5G
TTL6G
TTL6Ga
TTL6Gb
TTL6GC
TTL6Gd
TTL6Ge
TTL6Gf
TTL7G
TTL8G
TTLSGa
TTLSGb
TTL9G
TTL9Ga
TTL9Gb
TTL9GC
TTL9Gd
TTLIOG
TTLllG

Design the test method.
Develop test requirements document:

Document requirements for conformance to FIPS PUB
128.
Document requirements for conformance to
MIL-D-28003.
Document range of test CGMs needed for FIPS
conformance.
Document range of test CGMs needed for MIL-D-28003
conformance.

Develop test suite:
Develop FIPS syntax analyzer.
Develop MIL-D-28003 syntax analyzer.
Develop reference CGM interpreter.

Develop utility to print the content of Binary CGMs.
Design the test reports.
Develop test procedures:

For test programs and utility tool.
Operator scripts for each test.
Maintenance procedures

.

On-site modifications.
On-site recordkeeping requirements.
Checklists of materials.

Document how to evaluate test results.
Participate in field tests:

Alpha field test.
Beta field test.

Refine test method as result of field tests:
Design changes after alpha results known.
Implement alpha changes.
Design changes after beta results known.
Implement beta changes.

Negotiate license terms and conditions.
Develop change control procedures for the test method.

TCLIG
TCL2G

Specify steps to be followed by client.
Specify information needed from client.
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Table 3-3. Tasks Associated with Testing Laboratory Operation
and Client Responsibilities with respect to CGM Interpreter
Testing

Task ID Task Description

TTLII Design the test method.
TTL2I Develop test requirements document:
TTL2Ia Document requirements for conformance to FIPS PUB

128.
TTL2Ib Document requirements for conformance to

TTL2IC
MIL-D-28003.
Document requirements for Draft Qua 1 i ty

TTL2Id
interpretation

.

Document requirements for Publication Quality

TTL3I
TTL3Ia

interpretation

.

Develop test suite:
Construct CGMs to test FIPS PUB 128 syntax

TTL3Ib
conformance.
Construct CGMs to test MIL--D-28003 syntax
conformance.

TTL3IC Construct CGMs to test Draft Quality conformance.
TTL3Id Construct CGMs to test Publication Quality

conformance.
TTL3Ie Document allowable differences for Draft Quality

CGMs.
TTL3If Document allowable differences for Publication

Quality CGMs.
TTL4I Develop support tools:
TTL4Ia Develop CGM generation utility.
TTL4Ib Develop Test Result recording utility based on a

DBMS.
TTL5I
TTL6I
TTL6Ia
TTL6Ib
TTL6IC
TTL6Id
TTL6Ie
TTL6If
TTL7I
TTL8I
TTL8Ia
TTL8Ib

Design the test reports.
Develop test procedures:

For the utility programs.
Operator scripts for CGM in the Test Set.
Maintenance procedures.
On-site modifications.
On-site recordkeeping requirements.
Checklists of materials.

Document how to evaluate test results.
Participate in field tests:

Alpha field test.
Beta field test.
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Table 3—3. Tasks Associated with Testing Laboratory Operation
and Client Responsibilities with respect to CGM Interpreter
Testing (Continued)

Task ID Task Description

TTL9I
TTL9Ia

TTL9Ib
TTL9IC

TTL9Id
TTLIOI
TTLllI

Refine test method as result of field tests:
Design changes to Test Set after alpha results
known

.

Implement alpha changes.
Design changes to Test Set after beta results
known

.

Implement beta changes.
Negotiate license terms and conditions.
Develop change control procedures for the test method.

TCLII
TCL2I

Specify steps to be followed by client.
Specify information needed from client.

79



Table 3-4. Tasks Associated with the Certification Body
(all estimates in man-weeks)

Task Id Phase 1 Phase 2 Phase 3 Phase 4 Phase 5 Phase 6

TCBl 1.5 0 .

5

— 2.0 1.0

TCB2 0.5 0.5 2.0 — 2.0

TCB3 2.0 2.0 2.0 4.0 4.0 6.0

TCB4 3.0 3.0 3.0 3.0 3.0 3.0

TCB5 1.0 1.0 1.0 1.0 1.0 1.0

TCB6 -— — 1.0 — 2.0

TCB7 ..— —« 1.0 3.0

TCB8 — -<—. 1.0 — 1.0

TCB9 — —- — 4.0 — 4.0

TCBIO — — — 6.0 14.0

TCBll — . 2.0 — 2.0

TCB12 3.0 1.0 — 2.0 — 3.0

TCB13 2.0 0.5 1.0 1.0 — 0.5

Totals 13.0 8.5 7.0 30.0 8.0 42.5
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Table 3-5. Tasks Associated with Testing Laboratory Operation
and Client Responsibilities with Respect to CGM
Generator Testing

(all estimates in man-weeks)

»

1

Task ID
1

Phase 1 Phase 2 Phase 3

"

Phase 4
,

i

Phase 5

TTLIG
1

2.0 — — “ “ “

TTL2Ga * 3.0 ___
TTL2Gb " " 0.5 --- —

: TTL2GC
i

— — — --- 2 .

0

:

TTL2Gd — = — - 1.5 ---
i

1

TTL3Ga 8.0* " * “

1

TTL3Gb --- 3.0* — ...

i

TTL3GC ——

—

12.0* 12.0*

TTL4G 8 . 0*

1

TTL5G 1.0 1 .

0

— —
1

I

TTL6Ga 0.5 1.0 W M 0.5
I
TTL6Gb .—

.

--- 1.0 0.5

1

TTL6GC 2.0 0.5

1

TTL6Gd — --- 1.0 0 .

5

i TTL6GS — — 1 .

0

0.5

1

TTL6Gf — — • 1.0 0.5

I

TTL7G 1.0 2.0 2.0 1.0
1

! TTLSGa 1.0 1.0 2 .

0

2 .

0

1

2.0 I

i TTLSGb 6.0 6.0 12.0 10 .

0

6.0 ‘

• rTL3Ga 1 . 5 1 .

5

^ -

TTL9Gb 2 .

0

2 .

0

2 .

0

2 .

0

2 .

0

TTL9GC 0.5 0.5 0.5 0 .

5

0.5
; TTL9Gd 1.5 1 .

5

1 . 5 1.5

TTLIOG 1.0 1.0 0.5 0 .

5

0 .

5

TTLllG — — 3 .

0

1 , 5

r
!

TCLIG
;

1

» • _ 2 .

0

2 .

0

i TCL2G
!

— — — 3 .

0

2.0

{
Totals

;

37.0 o•Hi 36.0 37.5 36.5
1

* Assumes the availability of a baseline implementation.
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Table 3-6. Tasks Associated with Testing Lciboratory Operation
and Client Responsibilities with Respect to CGM
Interpreter Testing (all estimates in man-weeks)

Task ID Phase 6 Phase 7 Phase 8

TTLII 3.0 .

—

-—

,

TTL2Ia 3.0
TTL2Ib 1.5
TTL2IC 1.5 —

—

TTL2Id --- 1.5 —

—

TTL3Ia 6.0
TTL3Ib 3.0 — en,—

TTL3IC 3.0 — —

TTLSId —

-

3 . 0
TTL3Ie 7.5 2.0 7.5
TTL3If —

—

6,5 —
TTL4Ia 12.0* 8.0*
TTL4Ib 8.0* 4.0* 4.0*

TTL5I 1.0 — 1.0

TTL6Ia 2.0
TTL6Ib *5.0 1,5 5.0
TTL6IC 2.0 — —
TTLSId 2.0 — —
TTLSIe 1.0 — 1.0
TTL6If 1.0 —

—

1.0

TTL7I 3.0 — 3.0

TTLSIa 7.0 8.5 13.0
TTLSIb 12.0 12.0 12.0

TTL9Ia 3.0 1.5 3.0
TTL9Ib 3.5 4.0 6.0
TTL9IC 2.0 1.0 2.0
TT19Id 1.5 2.0 3 . 0

TTLIOI 2.0 ——

~

TTLllI 3.0 —
TCLII 2.0 ——« 2.0
TCL2I 2.0 -—

.

1.0

Totals 108.5 47.5 72.5

* Assumes the availability of a baseline implementation
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V. ASSESSMENT OF IMPACT ON CGM TESTING

1.0 Impact on the CAI^ Program

Implementation of a full CGM (MIL-D-28003) testing program is
vital if CALS is to reap the benefits of interoperability
potentially offered by conforming CGM interpreters and
generators

.

More than most information processing standards and typical of
data interchange standards (like IGES) , the CGM standard offers
implementors a wide range of options. Files can be tested for
conformance to the standard, but interoperability is not
guaranteed even when conforming CGMs are used for interchange

,

This situation results when the options selected by the
generating program do not match the options supported by all the
target interpreting programs.

Until and unless GALS supports the development of a formal
testing program for MIL-D-28003, the full potential of CCTI as a
compact, efficient, and powerful data interchange format for
geometric graphic information (as contained in technical
drawings, for example) cannot be realized. In the absence of
testing to the CALS Application Profile, commercial companies
will use only a minimal subset of CGM (just as they have done for
IGES) . Consequently, the resulting files will be less compact
and more costly to transmit, store, and process. In addition,
they might poorly represent the intended picture as, for example,
when an ellipse or circle is replaced by a series of line
segments. On a high resolution display, the resulting image will
appear a lot rougher than it would have appeared had the basic
geometric elements been stored in the CGM rather than the
straight-line approximations.

The testing program should meet the general requirements set out
in the proposed FIPS for Conformance Testing (Reference 8) .

These issues are discussed further in section VI.

2 . 0 Impact on the Commercial Marketplace

The results of section III, subsection 4 show that all providers
of CGMs will have to develop a new release of their software in
order to meet the requirements of any CALS Application Profile.
Given, then, that a new release will be required, in this
section, an estimate of the amount of resources that the typical
implementor will have to expend in order to satisfy the CALS AP
is given.



2.1 Constraints on Element Usage and on Options

The most important thing to note is that meeting most the
requirements of the AP will be very easy for implementors.
Restrictions on the encoding, types, and precisions are easy to
build in—either as the only option available or as a restriction
controlled by some sort of software "switch,” selectable at
run-time by the operator of the program generating the metafile.
Many other AP constraints—avoiding private ESCAPES, GDPs, and
out-of-range enumerated types—can also be met when the "CALS
switch" is set.

Some implementors, especially those using Henderson Software *s
basic libraries, already are prepared for this sort of thing.
They have implemented the constraints of the TOP 3 . 0 Application
Profile for CGM in a similar manner. To minimize the impact on
these suppliers and because of the wide publicity concerning the
TOP CGM AP, it may be desirable to have a level of CALS CGM AP
conformcuice be identical to that of TOP. This is being strongly
considered as a change to MIL-D-28003 for FY '89.

Many of the CALS AP constraints and requirements can be
implemented with literally a few lines of code. Others are
straightforward, but require more effort. For example, if the
application generating the CGM uses private (i.e.,
non-standardized) line types, marker types, or hatch patterns,
the CGM generator logic either will have to map the value into a
supported CALS value (8 special line types and 18 special hatch
patterns are allowed) or will have to simulate the desired visual
effect by using other legal CGM elements, like POLYLINE and
POLYGON.

In a similar fashion, programs that use GDPs and ESCAPES to
achieve certain visual effects will have to draw upon the
supported CGM elements (19 graphical primitives and 35
attributes) to achieve the desired effect. Depending upon the
sophistication of the desired effect, the programming effort
might be simple or very complex.

2.2 The Color Table and Fonts

In two areas of MIL-D-28003, education of the suppliers is
needed: use of the color table and use of fonts. The cooperation
that arises when planning for industry demonstrations like CALS
EXPO and NCGA's Integrate '89 is a good focal point and
opportunity for teaching the implementors what was intended by
the Application Profile.

In most cases, proper use of the COLOUR TABLE element will not be
expensive to implement: in fact, most products almost work
correctly. It's just that, in some of them, no Color Table is
written at all and, in others, some color indices are used but
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not sat. This opens the door to non-predictable results upon
interpretation of the CGM. This might be tolerable for Draft
Level quality interchange, but it cannot be accepted for
Publication Level quality interchange.

Proper use of the elements relating to fonts will require more
education and more programming effort to get working correctly.
The CGM scheme is based on long-standing ISO and ANSI standards
developed by the Codes and Character Set committees. These
standards distinguish between a character set (a collection of
glyphs that comprise an alphabet) and a font (the appearance of
the characters united by a unique stylistic theme) . For now, it
is important to get people to use the following elements
properly:

FONT LIST
CHARACTER SET LIST
CHARACTER CODING ANNOUNCER
TEXT FONT INDEX
CHARACTER SET INDEX
ALTERNATE CHARACTER SET INDEX

The bad news is that few, if any, CGM generating and interpreting
systems have a text environment that utilizes the concepts of ISO
2022, which provides the mechanism for alternately selecting from
among several character sets. The good news is that the default
values for most elements are consistent with the common text
environments familiar to most implementors. Section VI discusses
some more suggestions relating to text and the proper selection
of fonts.

2.3 Parameter Size Limits

Most of the size limitations (e.g., restricting point arrays to
1024 points) are reasonable and necessary so as to not put an
undo burden on interpreters. However, for certain purposes, the
constraints on CELL ARRAY and PATTERN TABLE might be too
limiting. If one needs to use CELL ARRAY, constraining its use
to one 1024 x 1024 array might be much too limiting. However,
there is no empirical evidence to support any particular
limitation.

The same point holds true for PATTERN TABLE. But, in this case,
all those companies that can generate or interpret the PATTERN
TABLE element have chosen to permit more than the space occupied
by eight 16 x 16 patterns.

These issues are discussed further in section VI, where it is
argued that perhaps a special AP level is required for CGMs that
use CELL ARRAY and PATTERN TABLE.

2.4 Physical File Structure
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The 80-octet fixed length records proposed by MIL-D-28003 are
supported by only a very few of the current CGM suppliers. On
PCs and on UNIX workstations, the more usual format is an
unstructured, continuous stream of octets.

Converting one*s program to output 80-character, fixed-length
records is not difficult or expensive, but it might encounter
some emotional resistance from developers. Perhaps, developers
instead will offer a simple utility that takes in a CGM as
continuous stream of octets and produces a CGM with the correct
physical format.

3 » 0 Summary

The net impact on the suppliers—from a time and materials point
of view—is not very great. Most current CGM generators could be
converted to conforming CALS AP generators with less than two
man-months effort by the original developers.

One cannot make a similar estimate for CGM interpreters^ because
the extent of the work required depends upon how rich and robust
the current implementation is. All will have to add support for
the new CALS line types and hatch patterns auid the three new CALS
ESCAPES. Many will have to add support for the 16 Hershey fonts
specified in MIL-D-28003 and most will have to implement the full
text model (e.g., designating and selecting character sets
according to ISO 2022; support for changing text attributes
within a sequence of RESTRICTED TEXT, APPEND TEXT, and TEXT
elements) assumed by the CGM. Finally, for Publication Level
quality conformance, it is likely that nearly all current
implementations will have to be improved to meet the guidelines
specified in Annex D of the CGM standard and mandated by the CALS
AP for conforming interpreters. The rest of the CALS AP
requirements are trivial for interpreters to meet, if the
interpreter already supports' the full set of elements contained
in the ANSI standard.

The principal impediment to improved CALS CGM interpreters is
that most current interpreters are built upon other, older
technology developed before the CGM was adopted as a standard or
known to the developers. In order to meet the full requirements
of the CALS AP for publication quality interpreters, these
products will need to be redesigned and re-implemented with the
CGM and CALS requirements firmly in mind from the beginning. This
is as it should be; the long-term CALS needs for quality
publications involving text and graphics are too important to be
sacrificed in favor of the short-term desires of industry to
reuse existing code. The Draft conformance level is affordably
attainable by those companies seeking to quickly bring a product
to market, utilizing pre-CGM technology.
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VI . RECOMMENDATIONS

1.0 For CALS Certification of CGMs

As a result of this task, NIST has developed a number of
recommendations for CALS. [Note: They are the statements made in
bold print in the sections below.]

MIL-D-28003 contains the concepts of a conforming basic generator
and a conforming basic interpreter. A conforming basic
interpreter can conform to one of two levels, Publication and
Draft. Certification of conforming basic generators is examined
separately from conforming basic interpreters.

2.0 Conforming Basic Generator

Essentially, a conforming basic generator is defined as one that
produces only conforming basic metafiles (or can be commanded to
function in that mode)

.

In theory, one must test all possible CGMs producible from a
generator-under-test in order to verify that all such CGMs are
conforming basic metafiles. This is clearly unrealistic. An
alternate theoretical approach would be to prove—in some formal
sense—that the generator program was incapable of writing a
non-conforming basic metafile. This, too, is beyond the state of
the art. In fact, any examination of the generator program
itself would be prohibitively expensive to administer and would
produce, at best, unreliable and unreproducible results.

How then can generator conformance be tested? The only workable
approach is to examine a representative sample of the output of
the generator-under-test and verify that each CGM is indeed a
basic conforming metafile. Consequently, NIST recommends:

A reference interpreter capable of testing and reporting
whether a CGM-under-test is a CALS basic conforming metafile
must be developed.

If the CGM-under-test fails the test, the report should
indicate in what ways the CGM-under-test is non-conforming.

A standardized form, to be filled out by implementors for
their generator-under-test , and a sampling methodology must
be developed in order to specify exactly how many CGMs must
be provided for the test sample and what the characteristics
of those CGMs must be.

This is a non-trivial task and will require a great deal of
careful thought.

87



3.0 Conforming Basic Interpreter

The only practical way to validate an interpreter-under-test is
to provide it with a large set of basic conforming metafiles and
observe its behavior and the visible results of interpretation as
it attempts to process each CGM. Consequently,

CALS needs to acquire a CGM Test Set along with associated
test administrator instructions for the validation of CGM
interpreters

.

This technique, known as falsification testing, can only
prove an implementation non-conforming. Successful
processing of all test cases does not guarantee perfect
conformance; however, a well chosen test set can boost
confidence in the functioning of the interpreter-under-test
to very high levels.

Because of the large number of features—both syntactic and
semantic—that need to be tested, NIST suggests that

A large number of groups of test sets should be developed.

Each group should concentrate on a few closely-related
aspects of conformance. For example, on the use of Metafile
Descriptor Elements or on the correct interpre£ation of the
text primitives and attributes. The initial group developed
should be a broad collection of CGMs representative of the
actual engineering and technical drawings that are expected
to be transferred in a CALS application.

Because of the need to tailor the test cases to check for a wide
selection of variations and for certain exceptional conditions,
NIST also suggests that

A CGM creation tool, probably based on the CGM Clear Text
Encoding, should be implemented so that needed CGM test sets
can be developed in a timely and cost-effective manner.

This tool must be capable of creating both conforming and
non-conforming CGMs in order to verify the proper
functioning and robustness of interpreters-under-test.

4.0 Additional Remarks Regarding Certification

Before leaving the topic of certification, NIST makes the
following observations:
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o Most CGM implementations have been developed in the US
and reflect US market imperatives,

o Any certification based on ISO 8632 or ANSI X3,122
alone, while necessary for CALS, is insufficient to
guarantee the interoperability required by CALS.

o The CGM has the potential to be a very cost-effective
and well-supported standard for the US Government, if
an effective certification scheme can be implemented in
a timely fashion.

Therefore, NIST concludes:

It is vital that the US take the international initiative in
the certification and testing of CGM implementations and
that , the CALS needs for testing against its Application
Profile drive the US certification efforts

^

Furthermore, NIST notes that the number and variety of
implementations purporting to generate CALS conforming basic
metafiles should exceed the number of CALS conforming
interpreters needed by the Government and industry and that a
greater part of the testing of generators can be automated than
the testing of interpreters. Consequently, NIST suggests:

Testing for CALS basic conforming metafiles should have
higher priority than testing for CALS basic conforming
interpreters

.

Essentially, in the short term, it is more important to have a
large collection of conforming generators producing a vast
selection of basic conforming metafiles for interpreters to
attempt to handle than it is to have fully conforming
interpreters without a lot of conforming CGMs for them to
interpret.
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FINAL PHASE I.l CGM MILSPEC

I. PURPOSE

Update the draft CGM Application Profile (AP) for CALS based on
DoD/Industry Coordination Reviews, and coordination with the TOP
Application Profile. Produce final Phase I.l CGM MILSPEC (CALS
SOW Task 3 . 1. 2 . 2)

.

II . BACKGROUND

1.0 Overview of CGM

The Computer Graphics Metafile (CGM) standard, ANSI X3. 122-1986
and ISO 8632/1-4, specifies the syntax and semantics of a
standard file format for storing and communicating computer
graphics pictures. By intentional choice of scope the CGM
specification is limited to the syntax and semantics of a set of
CGM "elements'* for the device-independent description of computer
graphics pictures.

In the two years that it has been an ANSI standard CGM's use and
its incorporation into other standard interface and exchange
specifications has been increasing. The number of commercially
available implementations continues to increase. For the first
time in 1988, test sets for interpreters and output analysis
programs for generators have become commercially available. This
alleviates one of the problems that has been retarding expansion
of CGM support.

CGM has been designated as a Federal Information Processing
Standard (FIPS PUB 128) . It has been incorporated as the
graphical metafile of the TOP (Technical Office Protocol)
specification (see Appendix A for the final text of this
specification) . It is designated as the Geometric Graphic
Content Architecture of the ISO (International Standards
Organization) compound document standard (ISO 8613, aka
"ODA/ODIF" ) . CGM may be included in SGML (Standard Generalized
Markup Language) documents for definition of graphics content.
The 1987 CGM Application Profile for CALS was designated as the
MIL-D-CGM Military Specification. As of November 1988 it is now
known as MIL-D-28003 (see Appendix B for the final text of this
specification as of November 18, 1988).

2.0 Rationale for Application Profiles

The syntactic specification of the CGM standard is complete and
unambiguous. The semantic specification is less complete. The
expected overall results of using the geometric primitive
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elements are well enough specified. However some of the finer
details, such as the precise appearance of joints and endpoints
in lines, are unspecified. This underspecification of semantics
was to some extent intended by the bodies of experts who devised
the CGM, since it allows a wider range of existing systems to be
accommodated and makes the standard more adaptable to the varying
needs and philosophies of CGM's diverse clientele.

The semantic ambiguity does mean that there will be no single
correct interpretation of a given CGM, and hence it will be
difficult to unambiguously describe an intended picture using
CGM. The CGM standard also specifically excludes standardization
of the behavior of metafile generators and metafile interpreters,
thereby introducing a further unpredictability of results into
the graphics and application system viewed as a whole. These
uncertainties are a distinct drawback in the CGM application
areas of Technical Illustration and Technical Publishing, which
are central to the CALS effort.

It is primarily to remove these uncertainties that Application
Profiles (APs) are defined. One further use of APs is to extend
the functionality of the standard where it is deemed inadequate.
At the start of the CALS AP project in 1987, one such AP
definition was in progress— the CGM Application Profile of TOP.
The NIST AP project progressed in close collaboration with the
metafile experts of TOP, with the intention that the two profiles
should be identical if possible. An initial specification of a
CGM Application Profile for CALS was produced, and that
specification was very close to the TOP specification (which was
itself extensively revised as a result of the collaborative
efforts) in those areas where the two APs overlap. The CALS AP
goes further in its specifications.

3 . 0 The Necessity of Updating the CALS AP

It was recognized at the end of the project for the initial
version of the CALS AP that future work would be required and an
updated Application Profile should be produced. In part this is
necessary because there were not sufficient time and resources to
resolve all of the technical issues and the complex set of
relationships between the CALS AP effort and other official and
de facto standards work; in part it is necessary because events
in 1988 provided real world experience and feedback on CGM and
the APs; and finally because closely related specifications and
standards, with which the CALS AP must be compatible or upon
which it depends, have continued to change and evolve in 1988.

4 . 0 Present Work
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During 1988 both of tha APs have been reviewed, and there have
been real-world demonstrations (e.g. Integrate '88 at the
National Computer Graphics Association (NCGA) Conference) of
multi-vendor systems integration based on Application Profiles of
CGM. Information that has been generated from these and a number
of additional sources has pointed to the necessity to revise and
extend the initial draft of the CALS AP.

The final report of this project in 1987 contains considerable
technical detail about the requirements, scope, and goals of the
CALS application profile. It contains as well information on the
sources of technical specification for the CALS AP, details of
the TOP profile, and the history and process of deriving the CALS
AP and reconciling it with the TOP AP. The remainder of this
current report will focus on the activities to revise the initial
CALS AP in 1988, will present the final results, discuss
reconciliation with TOP, and finally identify what needs to be
done in 1989 with regard to the CALS AP.

III. DISCUSSION

1.0

Major Activities

The following activities comprise most of the work to date in
1988 for the CALS AP Update project.

1.1

Review and Comparison of Final CALS '87 and TOP
Specifications

The final TOP specification became available in April 1988 (see
Attachment A) . The MIL-D-CGM, which was prepared from the final
text of the CALS A? '87, became available in April 1988. All of
these documents have been reviewed for correctness ana
consistency. In addition, review comments from independent
experts and other reviewers have been received and considered.
Changes to both the TOP AP and MIL-D-CGM resulted.

1.2

Evaluation of Initial Experience with CALS AP

At NCGA '88 there was for the first time a substantial multi-
vendor demonstration of system integration using CGM. The TO?
and CALS APs were not specifically required of participants.
Never-the-less , some of the requirements were based on the APs,
some were based on variations of specifications from the APs, and
some vendors used TOP/CALS conforming generators and
interpreters. In addition, experience has been gained during the
real work of building implem.entations and constructing test sets.
All of this experience has been evaluated for lessons about the
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strengths and deficiencies of the APs, Significant changes to
MIL-D-CGM, particularly in the area of color, have resulted.1.3

Collaboration with TOP Experts

Consultation and discussion with the experts responsible for the
TOP profile has continued and will continue. The TOP profile is
soon to be printed in final form. A number of "editorial”
changes have been produced (for both TOP and CALS) , and a number
of substantial changes are being discussed for the TOP revision
cycle. Discontinuing independent development of the TOP AP, in
favor of a single AP based on the CALS AP '87 and its updates,
has been discussed.

1.4

Registration Proposals

Two sets of registration proposals of interest to CALS are being
processed. First, there is a set of linetypes and hatch styles
from engineering practice. These were included in the CALS AP
'87. These have been submitted for Graphical Registration within
ISO (with ANSI being the reviewer and submitter) . The progress
of these proposals has been tracked. Second, a set of
registration proposals for extended geometric functionality
(conics, splines, etc) that were not included in CALS AP '87 have
been submitted for registration. These have been followed and
evaluated as well. Changes to MIL-D-CGM have resulted.

1.5

Tracking and Evaluation of Other Related Specifications

CALS AP '87 attempted to specify font naming by reference to ISO
9541. At the time the TOP AP was written (upon which the CALS AP
'87 was based), ISO 9541 was at Draft Proposal (DP) stage.
Changes have since occurred and are still occurring. These have
been studied and evaluated. Changes to both TOP and MIL-D-CGM
have resulted—mainly it is considered premature to try to
formulate font name specifications according to the unstable DIS
(Draft International Standard) ISO 9541.

There is significant overlap between CALS AP '87 and the
specification of CGM in ISO 8613 Part 8, which is ODA/ODIF
Geometric Graphics Content Architecture. This specification has
been tracked and commented on. Minor changes to TOP, CALS, and
ODA/ODIF resulted. However ODA/ODIF introduced further changes
without consultation or review at the stage of producing final
text, and has introduced flaws. These will not be repeated in
the CALS and TOP APs.

Finally, the existence of an "implementors agreement” related to
8613/8 (an NBS Document Application Profile) was belatedly
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discovered. It is believed to be essentially the same as 8613/8.
The previous comments on ODA/ODIF apply here as well.1.6

Evaluation of Functional Extensions

The second set of registration proposals, mentioned above, and
the preliminary content of the CGM addenda (Addendum 1 and
Addendum 3) deal with this set of functional extensions, which
are important to the CALS constituency. The work is being
followed carefully. Strategies for relating and coordinating the
AP to the content of this work are being considered. No changes
to MIL-D-CGM have resulted so far.

1.7

Review Comments by CALS Industry Standards Group

A CALS industry standards working group met to consider comments
on MIL-D-CGM. Comments were received, classified, discussed, and
responded to. The dispositions included rejection, acceptance,
acceptance with modification, and deferral. The last category
were deferred to NIST for processing. All of the comments and
dispositions were reviewed as well. In a few cases NIST
recommended modifications of the initial dispositions. Changes
to MIL-D-CGM resulted from this review.

1 .

8

Review Comments from DoD

In September 1988 comments on MIL-D-CGM were received from
Department of Defense for processing. There was no initial
screening of these comments. 30+ comments were processed and
dispositions recommended for them. Changes to MIL-D-CGM
resulted from processing these comments.

2.0 Specification of Changes to Draft MIL-D-CGM

As a result of the previous activities the following changes are
recommended for CAL AP '87—MIL-D-CGM.

2 . 1 Examples of Line/Hatch Styles

An appendix will be added that gives examples of the engineering
line and hatch styles. The hatch style examples are taken from
Y14.M. The line type examples are taken from a recent draft of
the registration proposals. They are included in Attachment A to
this report. When the proposals are finally accepted, the
examples should be replaced.

5
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2.2

Errors in the ANSI/FIPS Standard

A number of harmless editorial errors have been found. In
addition, a number of error of substance (but due to editorial
causes) have been found. These should be included in the updated
MIL-D-CGM, as a subsection of Section 6, or as a new Section 7,
or as another appendix.

1. ANSI CGM has an error that was corrected in ISO CGM.
On p.lOO, the last item on the page: ”1'* should be "O'*

and "foreground" should be "background".

2. In ANSI CGM (and ISO), Part 3, p.l7, item 11: the
fraction numerator which is "pnx" should be "pnx-1",

3. In ANSI CGM (and ISO), Part 3, p.26, VDC REAL
PRECISION: "31" should be "E,2I".

4. In ANSI CGM (and ISO), Part 1, clause 5.2.1, clause
5.3.12, clause 6: it is unclear and contradictory
whether Metafile Descriptor elements return to default
at Begin Picture, and whether they can be included in
the Metafile Defaults Replacement. The answer is "no"
on both points.

5. In ANSI X3. 122-1986, Part 1, p.l06, the expansion of
"<metafile contents>"; the "|" symbols should be
deleted.

2.3

Order of Metafile Descriptor Elements

It is unclear in the CGM standard whether there should be a
mandatory ordering of Metafile Descriptor elements (the grammar
implies some) . The CGM extension experts feel that the order
should be; Metafile Version, Metafile Element List, Metafile
Description. CGM Addendum 1 will impose such an ordering. This
specification will be put into the AP in a future revision, when
the AP is based on Addendum 1. It should be suggested in
3.2. 1.2, pointing out that it may be mandatory in a future
revision.

2.4

Partitioning is Legal for non-MDR Elements

Add a sentence to the 3.2.7.

1

at the end of Description for
Metafile Defaults Replacement: "Partitioning is permitted for
all other elements."

2 .

5

Editorial Consistency
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Insure that all references to "conforming...'* read "conforming
basic metafile", or "conforming basic generator", or "conforming
basic interpreter", as the case may be. That is, the word order
should be "conforming basic <xxx>". See 3. 2. 8.1 for an example
that needs fixing.
2.6

Fix Typographic Errors

In 2.1.1, "availcable" should be available; "fromshall" should be
"from"; "department" should be capitalized.

2.7

Note about Tape Blocking

The final text for the TOP AP and the submitted text for the CALS
AP '87 both had a second sentence in 3.1.5: "When files are being
transmitted on magnetic tape, the 80-octet logical records should
be blocked into 800-octet physical records." If this was not
removed for a reason, it should be restored. Also, change
"application profiles conforming" to "conforming basic
metafiles"

.

2.8

Fix Alignment in Taible I

The word "Announcer" should be indented to emphasize that it is
part of the previous name, continued on the second line. Or else
put it all on one line if it will fit.

2 . 9 Change MILCGM

The name MILCGM in Note 1 of Table I should be changed to
MIL-D-28003

.

2.10 Fix Numbering of Notes for Table 1

Move the content of Note 4 to Note 2. Move the content of Note 2

to Note 3. Move the content of Note 3 to Note 4.

2 . 11 Editorial Improvement

In 3.2. 1.3, delete the sentence beginning "This is not an
error. .

. "

.

2 .

12

Note Explaining VDC

7



Below table II add "Note: VDC stands for Virtual Device
Coordinates, the coordinate system of CGM FIPS 128.
2.13

Delete Hatch Style

Remove "earth” the earth style from Table V, because it has been
withdrawn from registration (it can be made with "rock” and
"sand”). Note: "across grain wood”, "with grain wood”, and
"water and other liquids" have been reformulated to meet critical
objections and have been resubmitted to registration. They are
lagging one step behind the others now.

2 .

14

Add Linetypes

Add to Table IV the two linetypes

break line, style 1 -11309
break line, style 2 -11310

2 .

15

Clarify View Surface Clearing

Rewrite 3.2.4. 1: "Unless clearing is suppressed by ‘Escape -301',
the view surface shall be cleared upon interpretation of the
Begin Picture Body element.

2.16

Clipping Description

Rewrite 3. 2. 4.1: "When the clip indicator is 'off, clipping
shall be done to the intersection of the device viewport and the
device view surface limits. When clipping is 'on', clipping
shall be done to the intersection of the clip rectangle, the VDC
extent, the device viewport and the device view surface limits."

2.17

Revise Hershey Font Names

Throughout, replace "Hersey" with "Hershey”. In 3.2.5, replace
the three sentences beginning with "[NOTE: The font..." by "Font
names will be specified in a manner compatible with ISO 9541,
Font and Character Information Interchange, when it becomes
stable. At this point the font name is the concatenation of the
string "HERSHEY:", to designate one of the Hershey fonts, and a

"name string" to designate the particular typeface."

2 .

18

Default Viewport
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1

Rewrite section 3. 2. 6. 2: "The default device viewport is the
largest rectangular area of the screen. The viewport is
redefined by this escape element by specifying two corner points.
The effective viewport is the largest rectangle in the viewport
having the same aspect ratio as the VDC extent, and having the
same lower-left corner as the viewport. The VDC extent is mapped
onto the effective viewport when the picture is interpreted. The
units with which the two points are specified are real fractions
[0.0 to 1.0], which shall be applied to the default viewport. If
used, this Escape must appear in the Picture Descriptor. If the
scaling mode has been set to metric, then the device viewport
shall have precedence — the scaling mode will be treated as if
it were abstract.

2 . 19 Additional Generator Constraints

In 3. 2. 8.1, change "by MODULO onto the Basic range" to "the
default value for that attribute;"

2.20 String Length

In 3. 2. 8. 3, Maximum String Length, change 256 to 254.

2.21 Text Bundle Table

In table VIII, Text Bundle, change character expansion in the
second text bundle from 0.5 to 0.7.

2.22

Reference ANSI X3. 122-1986

In 2.1.1, mention that FIPS 128 is identical to ANSI X3. 122-1986.

2.23

Rename Minimal Conformance Level

In 3.1.2, rename "Minimal Level" to "Draft Level". Make same
change in 1.2. Add to 3.1.2, or somewhere, a sentence explaining
that Publication Level is intended to be mandatory for final
document production, and Draft Level defines a level that is
suitable for working when documents are in development or draft
stage (Draft Level could be much less expensive and time
consuming to produce)

.

2.24

Functionality of Draft Level

Delete "MARKER TYPE", "LINE TYPE", "HATCH INDEX", "FONT DESIGN"
and "EDGE TYPE" from the table at the end of 3.1.2. Add a

9
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sentence after the table: "For LINE TYPE and HATCH INDEX, the
interpreter shall have the capabilities of D.5 of FIPS PUB 128.
However the interpreter may take fallback actions for the
additional linetypes of Table IV and hatch styles of Table V.

2.25 Restrict TRANSPARENCY in the Basic Set

Add to table II a line for the Transparency element, specifying
the Basic values to be "1 (on)".

2-26 Clarify the GDP Sections

Rewrite 3. 2. 1.5: "To ensure portability and predictability of
results, conforming basic metafiles shall not contain any
Generalized Drawing Primitive (GDP) elements. Future addenda to
this profile may specify GDP elements to be included in the Basic
set.

"

2,27

Fix Typo in Device Viewport

In MIL-D-CGM, section 3. 2. 6. 2, the example: "-301" should be
"-302".

2.28

Requirement for Character Set List

In 3.2.3, delete the sentence "Each basic conforming. ..( 1 , 4/1)".

2.29

Color Table

2.29.1 Minor Changes

In 3.2.3, delete the last two sentences of the paragraph,
beginning with "FIPS PUB 128...".

In 3.2.7. 1, Color Table, replace the second sentence with "Any
Color Table element defining the representation of a given color
index shall appear in the picture before reference to that index
by an attribute element or use of that index by a graphical
primitive element (included in the latter is implicit use of
default color index attribute values by the first occurrence of
an associated primitive) . Once a given color representation is
defined and used, it shall not be redefined. These restrictions
insure that interpreting systems without dynamic color update
capabilities can render the intended picture accurately."

10



2.29.2 Major Color Changes

It has become clear that the default color specification of the
TOP profile and the first draft of the MIL-D-CGM profile not only
fails to contribute to predictable results, but in fact
positively leads to unpredictable results in some circumstances.
Other color problems have been pointed out in the comments on
MIL-D-CGM. The color handling under MIL-D-CGM will be revised as
follows in an integrated solution to all of these problems.

In section 3. 2. 1.6, add a paragraph: "For indexed color
selection, either all color indexes used in the metafile shall
have their representations defined by use of the COLOR TABLE
element, or none shall. A color index is "used" if it occurs in
an element selecting a color value to be applied to a primitive
(LINE COLOR, CELL ARRAY, etc).

Replace first sentence of 3. 2. 8.

2

with: "In the absence of any
color table elements, or of ESCAPE -303 (see 3. 2. 6. 3), in the
metafile, conforming basic interpreters shall initialize their
color tables as follows: index 0 shall be set to white, index 1

shall be set to black, and indexes 2-254 shall be set by cyclic
repetition of the 8 entries specified in table VII. Draft
conformance level for interpreters allows black and white to be
reversed in the first two indices.

In table VII, replace 255 with 1.0, and add a note after the
table: "NOTE: The values '1.0’ in the preceding table denote
full intensity for the appropriate component."

Delete the last sentence of 3. 2. 8. 2.

Add a new 3.2. 6.3 Implicit Color Table:

The default Color Table is undefined in FIPS PUB 128. It is
always possible to specify an entire default Color Table
with Metafile Defaults Replacemenr . This ESCAPE element
provides a shorthand merhod to select a default color table
from a small set of predefined tables, and provides as well
a method to specify that the interpreter shall define its
own color table according to available resources. This
ESCAPE is allowed in the Metafile Descriptor. If used, no
COLOR TABLE elements may appear in the metafile. The single
integer parameter of the ESCAPE has the following meanings:

0: "none" -- there is no implicit default value of the
color table, interpreters may associate representations
with color indexes as they see fit.

1: "cyclic" — the interpreter should initialize its
color table to contain

0 - white
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1 - black
2 - red
3 - green
4 - blue
5 - yellow
6 - magenta
7 - cyan
8 - black
9 - white
10 through 255 - cyclic repetition of 2-9.

2: "uniform'* — the interpreter should initialize its
color table to; black and white in indexes 0 and 1.

Beginning at index 2 , 224 representations that
uniformly sample the RGB color cube as follows:

5 levels of red evenly spaced from none to
maximum;
9 levels of green evenly spaced from none to
maximum;
5 levels of blue evenly spaced from none to
maximum.

The color cube is mapped to the linear array by varying
the red dimension most rapidly, then the green
dimension, then the blue dimension. Note that the
225th element implied by this sequence, black, is not
put into the table. Beginning at index 226 are 28
levels of gray. Index 226 is 1/32 (very dark)

.

Succeeding entries, with the exceptions described
below, are 1/32 lighter. The exceptions are 0/3 2,

8/32, 16/32, 24/32, 32/32, which may be found in the
"color cube" section of the table.

The default value of the parameter is 1, "cyclic".

ESCAPE IDENTIFIER: -303

ESCAPE DATA RECORD: A single string of text containing the
single integer parameter of this escape element. The
integer is encoded as "clear text", i.e., value 2 is encoded
as the string comprised of (or containing) the ASCII
character "2".

Rewrite the last section of 3. 2. 8.1: "Conforming generators
shall provide to applications the means to either select the
implicit color table for a metafile or to ascertain the value
that will be used in the metafile. The means to ascertain the
value may consist of either a software inquiry mechanism or
documentation accompanying the system. An inquiry mechanism is
the preferred method."

12



3 . 0 Deviations between TOP and CALS

As specified in the order for this project, liaison with the
experts developing and maintaining the TOP CGM Application
Profile has been maintained. Changes of interest to both
profiles continued to be negotiated until input to the TOP AP was
closed and the final version printed (see Appendix A) . Some
significant issues were raised since the closure of TOP to
technical change, during review of MIL-D-CGM within the CALS
industry community and within DoD.

Prior to closure of input to the TOP AP, a number of differences
exist between the two profiles (and are recognized in the TOP
AP) :

1. The Metafile Description element in the TOP AP contains
the substring TOP/BASIC-1, whereas in MIL-D-CGM it
contains the substring MIL-D-CGM/BASIC-1

.

2. The TOP AP allows interpreters to use only the Hershey
fonts for rendering pictures. MIL-D-CGM allows the use
of any font which is "metrically identical" to a

requested Hershey font.

3. MIL-D-CGM has added a number of additional linotypes
and hatch styles for engineering applications.

4. MIL-D-CGM has specified two conformance levels for
interpreters (Publication Level and Draft Level)

,

whereas the TOP AP specified only one.

Since closure, attempts to reconcile review comments on MIL-D-CGM
have lead to a number of additional differences of substance:

a. Since CGM Addendum 1 will likely impose an order on a

few of the Metafile Descriptor elements, a note to this
effect is added to MIL-D-CGM and a recommendation that
this order be observed (for the elements Metafile
Version, Metafile Element List, and Metafile
Description)

.

b. In MIL-D-CGM the behavior of the Device Viewport escape
has been clarified and brought into alignment with the
specifications of ISO CGI (Computer Graphics Interface)
and the ISO CGM Addendum 1. It is not clear whether
this is slightly different from that intended in TOP or
simply a more precise statement of the requirement.

c. The maximum string length has been changed in MIL-D-CGM
from 256 to 254. 256 was somewhat of an arbitrary
choice, and is just slightly longer than the longest



string expressible in a short-format binary text string
(254) .

d. The Basic values of Transparency in MIL-D-CGM have been
limited to the single value 1 (on) . The effects of
this element in CGM itself are described as device
dependent for the value 0 (off)

.

e. MIL-D-CGM has dropped the requirement that the Metafile
Descriptor contain the Character Set List element
listing (0,4/2) and (0,4/1). The vast majority of
applications will simply use ASCII, and that is the
default, so announcing the requirement for the other
set makes no sense.

f. Significant revisions have been made to the color
functionality in MIL-D-CGM. The differences with TOP
now are:

TOP says all color table elements must appear
before the first graphical primitives. MIL-D-CGM
now says that they just must appear before they
are used by a primitive or attribute. The effect
is the same but the latter specification will be
somewhat easier for applications and generators.

There is no requirement for color index definition
in the metafile in the TOP AP. MIL-D-CGM now
requires that either all indexes which are used in
a metafile shall be defined, or none shall be
defined. The case of having some indexes which
are used be defined and some not defined is
prohibited.

The TOP AP defines the default Color Table for
interpreters to be a cyclic repetition of the
colors Red, Green, Blue, Yellow, Magenta, Cyan,
Black, White, starting at index 2. Indexes 0 and
1 are left undefined. In the default case
MIL-D-CGM now specifies the same table except that
index 0 is defined to be white and index 1 black.

MIL-D-CGM has added an Escape element. Implicit
Color Table, with Escape Indicator -303. This
element allow a generator to specify how
interpreters are to initialize their color tables.
One option is "none", which means the interpreter
is to use its native color capabilities as best it
can and initialize its color table accordingly.
The other two options are shorthands for selecting
one of two useful initialization schemes \(em the
first is the "cyclic" scheme (the default for the
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AP) , and the second is a uniform sampling of the
RGB color cube.

IV. SUMMARY AND CONCLUSIONS

In 1987 this project produced the first draft of the CALS CGM
Application Profile. This work was carried out in close
collaboration with the TOP graphics experts, and in consequence
significant changes to the TOP AP were made. The two APs were
nearly identical in areas of overlap. Neither profile had been
subjected to "field testing", i.e., use in real world
applications or demonstrations of multi-vendor systems
integration.

In early 1988, the MIL-D-CGM was derived from the CALS AP and
incorporated into MIL-STD-18 4 0A. The CGM standard and the CALS
and TOP APs received significant attention and use in a number of
areas. In addition, the initial drafts of both AP were subject
to review by a much wider community during 1988 than had been the
case in 1987. Additional real world experience was gained in the
process of examining and handling hundreds of CGMs during the
production of the first test set for CGM interpreters.
Significant progress was made in standardization of CGM
extensions and in Graphical Registration for CGM extension.

In consequence of these activities a number of changes have been
identified for the CALS AP (MIL-D-CGM) . Firstly, there are
numerous editorial changes and corrections. There are, in
addition, several changes which are mainly clarification but do
change the functionality at least slightly (clipping, device
viewport, and interpreter conformance levels) . A section has
been added to document those errors which have been found in the
CGM standard itself (FIPS PUB 128)

.

Examples of the engineering
linetypes and hatch styles have been added.

Next there are a number of minor functional changes: the
contents of the text bundle table are adjusted slightly; maximum
string length is changed; there is no need for the character set
list element; the tables of additional linetypes and hatch styles
are modified slightly; the use of the device dependent
Transparency element is restricted.

One of the biggest problems in predictable interchange with CGM
has been the use of indexed color. Neither the CALS nor the TOP
APs solved this. In fact the specifications in the APs turned
out to actually introduce unpredictability into CGM interchange.
A set of changes has been recommended to fix these problems and
address other comments received during MIL-D-CGM review.
Basically, a conforming metafile must either define all color
indexes that are used, or define none of them; and a new escape
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is added to allow a shorthand definition of the implicit
(default) color table for the interpreter.

A handful of changes are recommended to MIL STD 184 OA. That
specification, and not the MIL-D-CGM, should handle presentation
of metafiles in a document (e.g., by reference to ISO 8613); and
it should handle physical data formats for metafiles. The binary
encoding is felt to be adequate for interchange, but 1840A should
recommend that delivered COM software systems (generators and
interpreters) have Clear Text capability.

V. RECOMMENDATIONS

1 . 0 Future Work

A first usable version of the CALS AP is now complete and has
been reviewed see Appendix B) . Over the next year, two important
activities for the CALS AP should be pursued.

2o0 Consolidation with TOP

Because of different production schedules, production and review
processes, and editors it has been difficult to keep the TOP and
CALS profiles in substantial alignment. In particular, in the
last part of the 1988 CALS project the AP was reviewed by a wider
audience than had formerly done so, and a number of good comments
were received. Some of these led to substantial changes. As a

result the two profiles have now diverged somewhat.

This coordination problem will continue to be difficult. In 1989
CALS should pursue with TOP the possibility of merging the two
profiles into a single one, with a single technical editor, and
reviewing that single profile jointly in the two communities. It
appears from initial discussions that there are sufficiently
similar constituent requirements to make this feasible.

3.0 Further Extensions to the CALS AP

The current CALS AP has begun the process of extending the
functionality of CGM. Additional Linetypes and Hatch Styles, as
used in engineering, have been added. These proposals were
submitted (under another project) to the Graphical Registration
process and have undergone at least two rounds of review. It is
expected that they will be approved in substantially their
current form, and are therefore stable enough to include in the
CALS AP.

There are currently several sources of additional functionality
of interest to the CALS constituency. The additional
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functionality includes such areas as improved text and font
capabilities, advanced geometric primitives (splines, conics,
etc) ,

and global segments and symbol libraries. It is
particularly critical that improved text and font capabilities be
incorporated, as there is no adequate substitute or work-around
available in CGM or the APs currently.

The sources for such extensions, and the time frame in which they
are expected to reach substantial stability, are:

o The functional extensions of ISO CGM Addend\im 1 (1
year)

;

o Further functional extension through the Graphical
Registration process (1-1.5 years);

o The functional extensions of ISO CGM Addendum 3 (2-3
years)

.

Addendum 3 is being specifically formulated for the needs of
technical constituencies such as CALS. It was originally
anticipated that the functionality therein would be progressed
and stable in a much shorter time frame, and that the CALS AP
could wait for such stabilization rather than endorsing
variations such as would be found in registration. The actual
time frame is now too long to wait.

Consequently in 1989 an addendum to the CALS AP should be
formulated to incorporate that functionality which is needed and
is then available from Addendum 1 and Graphical Registration.
During 1989 Addendum 1 should reach sufficient stability in the
ISO pipeline that any of its functionality can be used as
appropriate. Many of the proposals of Graphical Registration
should similarly have stabilized. Although the content of
Addendum 3 may differ in some details from the registration
proposals, the basic technology covered will be substantially the
same. Having the technology available in less than the 3-year
time frame of Addendum 3 now appears ro outweigh the disadvantage
of implementors having to make changes of detail when the content
of Addendum 3 finally becomes standard.
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6.2 Computer Graphics Metafile

This section defines the TOP CGM Application Profile (AP) for the Computer Graphics

Metafile Interchange Format Building Block. The functional description and binding

rules for this building block are found in Chapter 2, Section 2.4.10.

6.2.t CGM Introduction

The TOP CGM AP defines the conformance characteristics or permissible combinations

for ail possible data streams that are specified in the profile. In addition, the TOP CGM
AP defines additional requirements for transmitting, receiving, interpreting and
handling valid CGM data streams. The definition of such implementation constraints is

usually outside the scope of an ISO standard. However, such APs are required and
necessary to insure uniform implementation of such standards, especially where
interchange in an open system environment is concerned.

6.2.2 CGM Scope

The TOP CGM AP defines the CGM implementation that Is required for computer graphics

picture information Interchange. CGM implementations that conform to this AP will be

able, to be integrated into other application processes such as compound document
interchange. This AP can, in the future, be supplemented by additional CGM APs.

6.2.3 Definitions

APPLICATION PROFILE - A specification that defines the use of an International Standard,

with a definition of all possible data streams that conform to that profile.

An AP insures interoperability of implementations of an International

Standard.

BASIC VALUE - The subset of permissible values for parameters of a CGM element that

are mandatory for conformance to this AP.

CGM Ml - A CGM metafile input workstation.

CGM MO - A CGM metafile output workstation.

COMPOUND DOCUMENT • A digital analog of a document containing more than one
component objects (such as character, computer graphics, image or

facsimile data).

COMPOUND DOCUMENT INTERCHANGE FORMAT - The specification for a mechanism for

storing and transferring a compound document. Refer to ISO 8613.

COMPUTER GRAPHICS INTERFACE (CGI) - The specification for interface techniques

with graphical devices.

COMPUTER GRAPHICS METAFILE (CGM) • The specification for a mechanism for storing

and transferring picture description information. Refer to ISO 8632.

TOP V3.0 IR (extract - edited) 20 3/24 89



Technical and Office Protocols

DATA INTERFACE - The communication boundary (i.e., interface) between software

modules or devices comprising one or more operation codes and data (as

contrasted with a subroutine call interface).

DEFAULT VALUE - The implicit value for a parameter of a CGM element. For example,

default Metafile Name in Begin Metafile element is a null string.

DEVICE DRIVER - The device-dependent portion of a graphics system which supports a

physical device. The device driver generates device class specific output.

GRAPHICAL KERNAL SYSTEM - A standardized application programmer's interface to

graphics systems. Refer to ISO 7942.

METAFILE - Synonymous with CGM. A representation for the storage and transfer of

graphical data and control information. This information contains a

device-independent description of one or more pictures.

METAFILE GENERATOR - Synonymous with CGM Generator. The software or hardware

that creates a picture or conveys information in the CGM representation.

METAFILE INTERPRETER - Synonymous with CGM Interpreter. The software or

hardware that reads the CGM and interprets the contents.

PERMISSIBLE VALUES - The range of valid values for a parameter of a CGM element ?

specified in ISO 8632.

VIRTUAL DEVICE - An idealized computer graphics device that presents a set of graphics

capabilities to graphics software of systems via the CGI.

NOTE: Refer to ISO 8632, clause 3 and ISO 7942, clause 3, for further definitions

of computer graphics terms.

6.2.4 CGM Architectural Concepts

The CGM is designed to be usable and useful to a wide range of applications, graphics

systems, and devices or workstations. The CGM is graphics system independent, as well

as device independent. The CGM is created by a CGM Generator. The CGM Generator

resides at the level of the device driver and is invoked by the application callable layer.

The CGM Generator can be used to record device-independent picture descriptions,

conceptually in parallel with the presentation of images on actual devices. Figure 6.2-1

illustrates the TOP Graphics Reference Model for creation of the CGM.
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Application

Device Independent

Graphics Facility

CGM MO CGI

CGM Generator Facility

File Store

Figure 6.2-1: CGM Generator Reference Model

The CGM is designed to be interpreted in one of two ways. First, the CGM can be
interpreted by a special application program, that in turn invokes a device-independent

graphics system to render the CGM. Second, a device-independent graphics system may
have functions that can be invoked by an application to get, read, and interpret metafile

elements using the facilities of a CGM metafile input workstation. Figure 6.2-2

illustrates a CGM Generator (primary) Reference Model. Figure 6.2-3 illustrates the

CGM interpreter (alternate) Reference Model.

The GKS may be the device independent graphics system that is used in figures 6.2-2 and
6.2-3. GKS (ISO 7942), however, does not specifically refer to the CGM any more than

it does to another specific class of graphics device.
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Figure 6.2-2: CGM Interpreter Reference Model

Apolication

Interoreter

Facility

File Store

F'gure 6.2-3: Alternate CGM Intervreter Reference Model
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6.2.5 CGM Conformance

The TOP CGM AP specifies conformance in terms of "permissible and "basic" values.

Permissible values are the range of values of CGM elements as specified in ISO 8632.

Basic values are a subset of the permissible values that constitute the "basic set". For

example, permissible values of LINE TYPE include all non-zero integers, while basic

values include the standardized enumerated values 1 to 5.

TOP defines a conforming "basic metafile" to be one that contains no elements or

parameter values outside of the basic set. TOP defines a conforming "basic interpreter"

to be one that correctly interprets any conforming basic metafile and may have more
capability as well. TOP defines a conforming "basic generator" as one that produces only

conforming basic metafiles, or can reliably be directed to function in a mode of

producing basic metafiles.

In addition, any TOP basic interpreter should correctly parse and pass over any elements
that it does not support and any parameter values that it does not support.

CGM (ISO 8632) defines the form (syntax) and the functional behavior (semantics) of

the ordered set of metafile elements. There are three different encodings of the CGM that

have been standardized. These include Clear Text Encoding, Character Encoding, and
Binary Encoding. This AP specifies the CGM Binary Encoding, ISO 8632/3. Future

application profiles may be developed for the other encodings.

For interchange of CGM files on a TOP network the binary encoding is required.

6.2.6 Metafile Constraints

The basic set is defined by the limitations on permissible values below. Where an

element is not mentioned, it is implied that the basic set includes all values permitted in

the CGM.

6.2.6.

1

Delimiter Elements

giement 9a3«g. vgifug

NO-OP An arbitrary sequence of n octets,

n*0.1.2 32767

Table 6.2-1: Delimiter Element Constraints
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t

r

i

I

6.2.6

I

Note 1

:

Note 2:

Note 3:

Note 4:

6 . 2 . 6 .

Note 1

:

2 Metafile Descriptor Elements

element

Metafile Description

Integer Precision

Real Precision

index Precision

Color Precision

Color Index Precision

Maximum Color Index

Font List

Character Set List

Character Coding Announcer

Basic Value

(Note 1)

1 6

0,9.23 (floating point)

1.16.16 (fixed point)

1 6

8.16
8,16
2 5 5

(Note 4)

0.4/2 (Note 2)

1,4/1 (Note 3)

0.1

Implementors are encouraged to use the Metafile Description element's

string to include a brief identification of their company or product, so

that interpreters can account for known idiosyncrasies of generators. The
string "TOP/BASIC-l" shall be included within the Metafile Description

string to label the metafile as conforming to this profile.

The character set is ANS X3.4, 7-bit American National Standard Code for

Information Interchange (7-bit ASCII).

The character set is ANS X3. 134/2, 8-bit American National Standards

Standard Code for Information Interchange (8-bit ASCII). This is

equivalent to ISO 8859/1, Right-Hand Part of Latin Alphabet Part 1.

Four simultaneous fonts are supported. The font names are selected from

the basic font names in Table 6.2-8.

Taoie 6.2-2: Metafile Descriptor Element Constraints

3 Picture Descriptor Elements

Element Basic Value

Scaling Mode (Note 1)

Implementors should use care in specifying the value of the metric

scaling factor to ensure that it has sufficient significant resolution to

specify the intended accuracy.

Table 6.2-3: Picture Descriptor Element Constraints
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6. 2. 6.

4

Control Elements

Element

VDC Integer Precision

VDC Real Precision

Basic Value

16,32
0,9,23 (floating point)

1,16,16 (fixed point)

Table 6.2-4: Control Element Constraints

6.2.

6.5

Graphics Primitive Elements

To ensure portability and predictable results, TOP conforming basic metafiles may not

contain any Generalized Drawing Primitive (GDP) elements.

6. 2. 6.

6

Attribute Elements

Element

Line Bundle Index

Line Type
Marker Bundle Index

Marker Type
Text Bundle index

Text Font Index

Character Set Index

Alternate Character Set Index

Fill Bundle Index

Hatch Index

Pattern Index

Edge Bundle Index

Edge Type

Pattern Table

Color Table

Basic Value

1 -5

1 -5

1 -5

1 -5

1 -2

1 -4

1 -2

1 -2

1 -5

1 -6

1 -8

1-5
1 -5

Pattern Table index, 1-3

nx, 1-16

ny, 1-16

Starting Color Index, 0-255

Table 6.2-5: Attribute Element Constraints

6. 2. 6.

7

Escape Elements

To ensure portability and predictable results, TOP conforming basic metafiles may
contain only those ESCAPE elements that are defined in Section 6.2.8.2 of this AP.
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6. 2. 6. 8 External Elements

ElefTient Basle Value

Message Action Required Flag, 0

Table 6.2'6: External Element Constraints

6.2.7 CGM Defaults

The CGM specifies a complete set of defaults. In a few cases, these defaults are not

appropriate for TOP requirements. However, any TOP metafile must be a legal CGM.
This includes implicit defaults specified in ISO 8632/1, clause 6, and ISO 8632/3,

clause 8. Therefore, each deviation from the implicit defaults requires that the affected

element either:

1 . Appear in the Metafile Defaults Replacement element, or

2. Be explicitly specified for its value to be applicable.

Each TOP conforming basic metafile shall contain in the Metafile Descriptor a Metafile

Defaults Replacement element that includes at a minimum:

1 . Text Precision element, where precision is set to 2 (stroke).

Each TOP conforming basic metafile shall also contain in the Metafile Descriptor, the

following elements:

1 . Maximum Color Index element, where the maximum color index is

set to 255.

2. Character Set List element, where the first two character set

indices are set to (0,4/2) and (1,4/1).

It is not apparent in the CGM standard what the default value for the precision of the

floating point real parameter of Scaling Mode should be. TOP conforming generators and
interpreters shall assume that the real precision for this parameter is (0,9,23).

Color table defaults for color indices 0 and 1 are explicitly defined in the CGM standard

as corresponding to the nominal background and nominal foreground colors,

respectively.

TOP conforming CGM interpreters will initialize their color table with the starting

color table index set to 2, and the list of direct color values for the remaining 254
entries a repetition of the following eight values:
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Index . Valuaa Maanina

2 (255. 0, 0) Red

3 (0, 255, 0) Green
4 (0, 0. 255) Blue

5 (255, 255, 0) Yellow

6 (255, 0, 255) Magenta
7 (0. 255. 255) Cyan
8 (0, 0, 0) Black

9 (255, 255, 255) White

Table 6.2-7: Default Color Table

6.2.8 CGM Related Private Use of Elements

6. 2.8.1 Fonts

The fonts in Table 6.2-8 are public domain fonts, available from the U.S. National

Bureau of Standards (NBS) [CGMRefS]. All of these fonts are considered to be basic

capabilities of a TOP conforming basic metafile. Any of these fonts may appear in the

Font List element in a CGM that conforms to this AP. The font names are specified in a

manner compatible with ISO 9541, Font and Character Information Interchange

[CGMRefll]. The font name (Font Identifier for Base Font) is a concatenated string of

the Universal Font Name and a User Readable Font Name. The Universal Font Name for

these fonts is assumed to be "NBS", pending the registration of the National Bureau of

Standards with an Organization Name. The User Readable Font Name is the concatenated

string "HERSHEY:", to designate one of the Hershey fonts, and "name string", to designate

the particular typeface.

Note: The Mersey "fonts" are really combined specifications of font and character

set, in the terminology of standards. So support of the Mersey "fonts" really

implies support of a number of fonts and character sets.

1 . NBS MERSHEYCARTOGRAPMIC_ROMAN
2 . NBS MERSHEYOARTOGRAPHIC_GREEK
3 . NBS MERSMEYSIMPLEX.ROMAN
4 . NBS MERSHEYSIMPLEX.GREEK
5 . NBS MERSHEYrSIMPLEX^SCRIPT
6 . NBS MERSHEYOOMPLEX.ROMAN
7 . NBS MERSHEYOOMPLEX_GREEK
8 . NBS MERSHEYOOMPLEX_SCRIPT
9 . NBS MERSMEYOOMPL£X_ITAUC
1 0 . NBS MERSMEYOOMPLEX^CYRIUJC
11. NBS MERSMEY:DUPLEX_ROMAN
1 2 . NBS MERSMEY:TRIPLEX_ROMAN
1 3 . NBS MERSMEY:TRIPLEXJTAUC
14. NBS HERSMEY<30TMIC_GERMAN
15. NBS MERSMEY:GOTHIC_ENGUSM
1 6 . NBS HERSMEYK30TMICJTALJAN
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There are four parameters. Invalid parameters will result

in this Escape element being ignored.

P1: First corner x-coordinate. Real fraction of the default

Device Viewport, in the range (0.0. 1.0].

P2: First corner y-coordinate. Real fraction of the default

Device Viewport, in the range [0.0, 1.0).

P3: Second corner x*coordinate. Real fraction of the

default Device Viewport, in the range [0.0, 1.0].

P4: Second corner y-coordinate. Real fraction of the

default Device Viewport, in the range [0.0, 1.0].

For example, a Device Viewport equal to the upper right quarter of the default Device

Viewport would be coded with the following Escape element:

Eaeapa Identifier: - 3 0 2

Escap# Data Record: ".5..5.1 .,1 .*

OR

Escape Identifier! - 3 0 2

Escape Data Record: "0.50 0.50 1.0 1.0"

A Device Viewport equal in width to the left one tenth of the default Device Viewport and

equal in height to the default Device Viewport would be coded with the following Escape
element:

Escape identifier: - 3 0 2

Escape Data Record: "0., 0., .1, 1."

6.2.9 CGM Implementation Dependencies

This section describes the implementation dependencies and environmental constraints

for this AP. Specifying the nominal values for such implementation practices, defaults,

and options will facilitate uniform generation and interpretation of the CGM.

6. 2.9.1 General Guidelines for CGM Elements

Unless otherwise noted in this AP, all of the guidelines of ISO 8632, Annex D, shall be

adhered to by TOP CGM generators and Interpreters. In particular, the interpreter

minimum capabilities of ISO 8632, Annex D.5, plus the interpreter functions defined m
Section 6.2.6, should be the minimum supported capabilities.

Name: Metafile Defaults Replacement

Description: The Metafile Defaults Replacement element shall not be

partitioned. In addition, no part of the element will be partitioned.
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Note: Multiple occurrences of the Metafile Defaults Replacement
element are allowed by the CGM standard and this AP.

Name: Restricted Text

Description: Minimal capability of a basic conforming TOP interpreter shall

render the complete restricted text string (i.e., Append Text

elements permitted), scaled isotropically (i.e., specified aspect
ratio for the text is not distorted), such that the text string fits

into the Text Extent parallelogram.

Name: Color Table

Description: The Color Table element has an unspecified effect when it appears
in a picture, subsequent to any graphical primitive elements. The
Color Table element should appear prior to any graphical

primitive elements to insure that interpreting systems without

dynamic color update capabilities can render the intended effect.

6. 2. 9. 2 Implementation Guidelines for Generators and Interpreters

This section is meant to augment ISO 8632/1, Annex D.5 and ISO 8632/3, clause 8.

6. 2. 9. 2.1 Minimum Data Structure Support

Name: Maximum Color Array Dimension

Description: The basic value for the number of color values that can appear in a

color array or color list parameter. CELL ARRAY has a color list

parameter. PATTERN TABLE has a color array parameter. COLOR
TABLE has a color list parameter.

Basic Value: 1048576 for CELL ARRAY (I.e., one 1024 x 1024 image),

2048 for PATTERN TABLE (I.e., eight 16x16 patterns),

256 for COLOR TABLE (i.e., entries 0*255)

Name: Maximum Point Array Length

Description: The basic value for the number of points that can appear m
parameters for metafile elements.

Basic Value: 1024

Name: Maximum String Length

Description: The basic value for the length of an individual string of characters.

Basic Value: 256 for all string parameters except data records,
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32767 for data records

Name: Bundle Table

Description: The bundle representations are not settable in the current version

of the CGM. This implementation dependency detracts from the

Basic Value:

Bundle
Representation

open interchange of the CGM. The following default bundle table

values will permit a picture to be uniformly rendered by all

conforming basic TOP interpreters.

Refer to Table 6.2*9

Bundle Index

1 2 3 4 5

Lina Bundia

Line Type Solid Dash Dot Dash-dot Dash-dot-dot

Line Width 1 1 1 1 1

Line Color 1 1 1 1 1

Markar Bundia

Marker Type Dot Plus Asterisk Circle Cross

Marker Size 1 1 1 1 1

Marker Color 1 1 1 1 1

Taxt Bundia

Font Index 1 1

Text Precision Stroke Stroke

Character 1 0.5

Expansion Factor

Character 0 0

Spacing

Text Color 1 1

Fill Area Bundle

Interior Style Hatch Hatch Hatch Hatch Hatch

Fill Color 1 1 1 1 1

Hatch Index 1 2 3 4 5

Pattern Index 1 1 1 1 1

Edoa Bundia

Edge Type Solid Dash Dot Dash-dot Dash-dot-dot

Edge Width 1 1 1 1 1

Edge Color 1 1 1 1 1

Table 6.2-9: Basic Bundle Table
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6. 2. 9. 2. 2 CGM Transfer Format

Operating system dependencies for file formats can often be more of a burden on
interoperability than differences in interchange formats. To ensure CGM
interoperability, some conventions for file formats are required.

The file containing the CGM should be formatted into fixed length 80 octet records. If the

record length is optionally less than 80 octets, even octet records are required.

Note: When the files are being transferred on magnetic tape, 80 octet records

should be formatted into blocks of 800 octets.6.2.10

CGM Error Processing

A TOP conforming interpreter should gracefully recover from any exception condition.

If there is something which is not processabie by the interpreter, processing of the

metafile should continue with the metafile element following that which caused the

exception, if possible. Exact details for exception handling are outside the scope of this

recommendation.

6.2.11

CGM Conformance Testing

Conformance testing recommendations for the conforming TOP basic metafile will be
addressed by subsequent releases of this recommendation.

6.2.12

CGM References

These references relate to documents applicable to this specification.

CGMRefI ANS X3.4 - 1986, 7-bit American National Standard Code for

Information Interchange

CGMRef2 ANS X3.41 - 1974, American National Standard Code Extension

Techniques for Use With the 7-bit Coded Character Set of American
National Standard Code for Information Interchange

CGMRef3 ANS X3. 134/1, American National Standard Code for 8-bit ASCII

Structure

CGMRef4 ANS X3. 134/2, American National Standard Code for 7-bit and 8-bit

ASCII Supplemental Multilingual Graphic Character Set

CGMRe5 NBS Special Publication 424 - April 1976, Hershey Fonts

CGMRefS ISO 8613, Information Processing - Text and Office Systems - Office

Document Architecture and Interchange Format (ODA/ODIF)

CGMRef7 ISO 8632/1, Information Processing Systems - Computer Graphics

Metafile (CGM) for the Storage and Transfer of Picture Description

Information - Part 1 ;
Functional Specification
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CGMRefS ISO 8632/2, Information Processing Systems - Computer Graphics
Metafile (CGM) for the Storage and Transfer of Picture Description

Information - Part 2; Character Encoding

CGMRef9 ISO 8632/3, Information Processing Systems - Computer Graphics
Metafile (CGM) for the Storage and Transfer of Picture Description

Information - Part 3; Binary Encoding

CGMReflO ISO 8632/4, Information Processing Systems - Computer Graphics
Metafile (CGM) for the Storage and Transfer of Picture Description

Information - Part 4; Clear Text Encoding

CGMRefll ISO 9541, Information Processing Systems - Font and Character
Information Interchange

CGMRef12 ISO DIS 8859/1, Information Processing - 8-bit Single Byte Coded
Graphical Character Sets - Part 1 ; Latin Alphabet Part 1

CGMRef13 ISO 7942, Information Processing Systems - Computer Graphics -

Graphical Kernal System (GKS) Functional Description

CGMRefU ISO DIS 8805, Information Processing Systems - Computer Graphics •

Graphical Kernal System for Three Dimensions (GKS-3D) Functional

Description

CGMRefIS ISO DP 9592, Information Processing Systems - Computer Graphics •

Programmers Hierarchical Interactive Graphics System (PHIGS)

CGMRef16 ISO TC97/SC21 Nil 79, Information Processing Systems - Computer
Graphics - Interfacing Techniques for Dialogues with Graphical Devices

(CGI)

6.2.13 The Use of OSI Data Transfer Services

To transfer a CGM file between two TOP End Systems, the services provided either by

FTAM or by MHS can be used. Remote access to part of a CGM file is not addressed at this

time.

Using FTAM to transfer CGM files:

One should specify the CGM file Document Type entry number as FTAM-3,
Document-Type-Name as ’{ISO standard 8571 document-type (5)

unstructured-binary (3))' for Contents-Type-Attribute or Contents-

Type-List. The contents of the CGM file should be mapped onto a sequence
of octet strings. The boundary of the octet strings has no significant

meaning.

Note: As there is no standard defined document type at this time for a CGM type file,

the presentatior> layer facilities can not be fully used and it is left up to the

user or application programs that remotely access files using FTAM to know
that a given file contains CGM formatted information.
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Using MHS to transfer CGM files:

One should specify the Body as USABodyParts BodyPartNumber and
the contents of the CGM file is mapped in the body of an IMP as a sequence
of octet strings. The boundary of the octet strings has no particular

semantics.
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NON-MEASUREMENT
SENSITIVE

MIL-D-28003

MILITARY SPECIFICATION

DIGITAL REPRESENTATION FOR COMMUNICATION OF ILLUSTRATION DATA:
CGM APPLICATION PROFILE

NOTE: This draft, dated 18 November 1988, prepared
by the OSD CALS Office has not been approved and
is subject to modification.

DO NOT USE PRIOR TO APPROVAL. (Project ILSS-0034)

1 . SCOPE

1.1 Scope . This military specification establishes the
requirements to be met when 2-dimensional picture description or
illustration data that is predominantly vector is delivered in
the digital format of the Computer Graphics Metafile (CGM)
specified by its Federal Information Processing Standard,
PUB 123.

Beneficial comments (recommendations, additions,
deletions) and any pertinent data which may be
used in improving this document shall be addressed
to: Director, CALS Policy Office, DASD(S)CALS
Pentagon, Room 2B322, Washington, DC 20301, by
using the self addressed Standardization Document
approval Proposal (DD Form 1426) appearing at the
end of this document or by letter.

AMSC N/A AREA ILSS

DISTRIBUTION STATEMENT A. Approved for public release;
distribution is unlimited.
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1.2 Classification . This specification establishes the
requirements for the communication or interchange of illustration
data in digital format for use in technical illustrations and
publications. The CGM Application Profile (AP) defined by this
specification consists of three parts: the metafile, the
generator, and the interpreter. There shall be only one level
for the metafile and generator, and they shall be called
conforming basic metafile and conforming basic generator,
respectively. The interpreter shall be one of the following two
levels as specified by the contract or purchase order:

Level 1 - Publication Level

Level 2 - Draft Level

Publication Level shall be mandatory for final document
production. Draft Level defines a level that is suitable for
working when documents are in development or draft stage. Draft
Level shall be used for all documents except those for final
document production. Additional classes of conforming basic
metafiles are expected to be added in future versions of this
specification as soon as technical work codifies their
requirements and validates fitness for use.
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2 . APPLICABLE DOCUMENTS

2 . 1 Government: dociimentis .

2.1.1 Specifications and standards . The following standards
form a part of this document to the extent specified herein.
Unless otherwise specified, the issues of these documents are
those listed in the issue of the Department of Defense Index of
Specifications and Standards (DODISS) and supplements thereto,
cited in the solicitation.

STANDARDS

FEDERAL

FIPS PUB 128 - Computer Graphics Metafile (CGM)

Note: FIPS PUB 128 adopts ANSI X3.122 as a Federal
Information Processing Standard.

(Copies of the referenced Federal Information
Processing Standards (FIPS) are available to Department
of Defense activities from the Commanding Officer,
Naval Publications and Forms Center, 5801 Tabor Avenue,
Philadelphia, PA 19120-5099. Others must request
copies of FIPS from the National Technical Information
Service, 5285 Port Royal Road, Springfield, VA 22161.)

MILITARY

MIL-STD-1840 - Automated Interchange of Technic il

Information

(Copies of the referenced military standard
available from the Department of Defense Single Stccr:
Point, Commanding Officer, Naval Publications and Fcr-s
Center, 5801 Tabor Avenue, Philadelphia, PA 19120.)

2.1.2 Other Government documents . The following ether
Government document forms a part of this document to the extent
specified herein. Unless otherwise specified, the issue is th it

cited in the solicitation.

NATIONAL BUREAU OF STANDARDS

NBS SP 424 - Contributions to Computer Typesettir]
Techniques; Tables of Coordinates : ;r
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Hershey*s Repertoire of Oxidental Type
Fonts and Graphic Symbols, NBS Special
Publication 424, April 1976.

(Application for copies shall be addressed to the
National Technical Information Service, 5285 Port Royal
Road, Springfield, VA 22161.)

2.2 Non-Govemment oublications . The following documents form a
part of this document to the extent specified herein. Unless
otherwise specified, the issues of the documents which are DoD
adopted are those listed in the issue of the DODISS cited in the
solicitation. Unless otherwise specified, the issues of
documents not listed in the DODISS are the issues of the
documents cited in the solicitation (see 6.2).

NATIONAL STANDARDS

ANSI X3.4 - 7-bit American National Standard Code for
Information Interchange (7-bit ASCII)

ANSI X3, 134/2 - 8-bit American National Standards Code for
Information Interchange (8-bit ASCII)

(Application for copies shall be addressed to: American
National Standards Institute, Inc. , 1430 Broadway, New
York, NY 10018).

(Nongovernment standards and other publications are
normally available from the organizations which prepare
or which distribute the documents. These documents
also may be available in or through libraries or other
informational services.)

2.3 Order of precedence . In the event of a conflict between the
text of this specification and the references cited herein, the
text of this specification shall take precedence. Nothing in
this specification, however, shall supersede applicable laws and
regulations unless a specific exemption has been obtained.
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3 . REQUIREMENTS

3.1 General reariirements . This specification defines
conformance of a CGM metafile in terms of "permissible" and
"basic" values. Permissible values are the range of values of
CGM elements as specified in FIPS PUB 128. Basic values are a

subset of the permissible values and they constitute the "Basic
Set." For example, permissible values of MARKER TYPE include all
non-zero integers, while basic values are limited to the specific
values 1 to 5. A conforming basic metafile shall contain no
elements or parameters outside of the Basic Set. The CGM AP
which corresponds to the illustration data to be communicated
shall be in the form of one or more conforming basic metafiles.

3.1.1 Conforming basic generator . A conforming basic generator
shall be defined to be one that produces only conforming basic
metafiles (or can be reliably commanded to function in that
mode) , and additionally conforms to any additional generator
requirements as explained in the subsections below.

3.1.2 Conforming basic interpreter . A conforming basic
interpreter shall be defined to be one that at least correctly
interprets any conforming basic metafile, and conforms to any
additional interpreter requirements as explained in the
subsections below. In addition, any conforming basic interpreter
shall be able to parse and skip any elements that it does not
understand or support, and any parameter values that it does not
support. For interpreters, there shall be two levels of
conformance for judging what comprises "correct" interpretation
of a metafile:

Level 1 - Publication Level : All of the specifications of FIPS
PUB 128 and of this CGM AP shall be accurately implemented. This
includes the guidelines of FIPS PUB 128 annex D.2 and D.5, i.-i

the recommendations for the treatment -of indeterminate
specifications of circular and elliptical primitives in FIPS FL'S

128 annex D.4.5. The results shall be completely predictacle
across implementations conforming at this level; that is,

suitable for publication as the name implies.

Level 2 - Draft Level: The guidelines of FIPS PUB 128 annex T.2
(degeneracies) and D.3 (mapping color to black-and-white) sh3ll
be implemented. The recommendations for the treatment ::

indeterminate specifications of circular and elliptisi.
primitives in D.4.5 shall be followed. The capabilities of ar.r'ox

D.5 of FIPS PUB 128 and of the Basic set as defined in tnis
specification shall be present; however, the follow, iri
interpreter fallback actions of D.4 may be taken:
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AUXILIARY COLOR
APPEND TEXT
RESTRICTED TEXT
CELL ARRAY
LINE WIDTH
EDGE WIDTH
PATTERN SIZE

CHARACTER SPACING
CHARACTER HEIGHT
CHARACTER ORIENTATION
CHARACTER SET INDEX
MARKER SIZE
TEXT PRECISION
CHARACTER EXPANSION FACTOR

For LINE TYPE and HATCH INDEX, the interpreter shall have the
capabilities of D.5 of FIPS PUB 128. However, the interpreter
may take fallback actions for the additional linetypes of Table
IV and hatch styles of Table V below.

3.1.3 Limits on parameter data . A conforming basic metafile
shall not contain scalar values of parameter data outside the
ranges specified by this specification.

3.1.4 Encoding format . A conforming basic metafile shall use
only the CGM Binary Encoding, as defined in FIPS PUB 128, part 3.

[NOTE: Future CGM application profiles may be developed (or this
profile extended) for the character (FIPS PUB 128, part 2) or
clear text (FIPS PUB 128, part 4) encodings of CGM.]

3.1.5 Physical file structure . All basic metafiles conforming
to this specification shall consist of 80-octet records. when
files are being transmitted on magnetic tape, the 80-octet
logical records shall be blocked into 800-octet physical records.

3.1.6 Errors in FIPS PUB 128 . A number of editorial errors have
been found to exist in the published version of ANSI X3.122. In
order to prevent errors in the use of FIPS PUB 128 within this
specification, the following changes to ANSI X3.122 shall apply:

Part 1, p. 100, the last item on the page: "1** should te
’*0” and "foreground” should be "background”.

Part 3, p.l7, item 11: the fraction numerator which is

"pnx” should be ”pnx-l”.

Part 3, p.26, VDC REAL PRECISION: ”31” should be ”E,2I".

Part 1, clause 5.2.1 (p. 43), clause 5.3.12 (p. 49), sr.i

clause 6 (p. 100) : To make clear and remove contradicts ry
statements in these clauses—Metafile Descriptor elements
shall not return to default at Begin Picture, and they shill
not be included in the Metafile Defaults Replacement.

Part 1, p.l06, the expansion of "<metafile contents>": tr.e

”1" symbols should be deleted.
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3.2 Specific requirements . The following subsections define the
specific requirements for a conforming CGM AP. An application
profile shall use the specified element types of FIPS PUB 128
with the constraints as specified below.

3.2.1 Metafile constraints . The Basic Set shall be defined by
the limitations on Basic Values noted below. Where an element is
not mentioned, it is implied that the Basic Set shall include all
values permitted in FIPS PUB 128.

3. 2. 1.1 Delimiter elements . The only constraint on delimiter
elements shall be for no-op, and the basic values allowed shall
be an arbitrary sequence of n octets, n=0.. 32767.

3. 2. 1.2 Metafile descriptor elements . The metafile descriptor
element constraints shall be as specified in table I.

TABLE I. Metafile descriptor element constraints

Element Basic Values

Metafile Description (Note 1)
1

Integer Precision 16
Real Precision (1,16,16 ) (fixed)

(0,9,23) (floating point)
Index Precision 16
Colour Precision 8, 16

1

Colour Index Precision 8, 16
i

Font List (Note 2) 1

Character Set List (0,4/2) (Note 3)

1

(1,4/1) (Note 4)
Character Coding Announcer 0 (Basic 7-bit)

1 (Basic 8-bit)

Note 1: The Metafile Description element's string; a) shall
include a substring briefly identifying company or product, so
that interpreters can account for known idiosyncrasies of
generators; b) shall contain the substring "MIL-D-28003/BASIC-1"

.

Note 2: Four simultaneous fonts are supported. The font names
are selected from the basic font names in 3.2.5.

Note 3: The character set is ANSI X3 . 4

,

7-bit American National
Standard Code for Information Interchange (7-bit ASCII)

.

Note 4: The character set is ANSI X3. 134/2, 8-bit American
National Standards Code for Information Interchange (3-bit
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ASCII) . [Note: This is equivalent to ISO 8859/1, Right-Hand Part
of Latin Alphabet Number 1.]

3 » 2. 1.3 Picture descriptor elements . Note that the scale-factor
parameter of SCALING MODE is always a floating point nximber, even
when REAL PRECISION has selected fixed-point for other real
numbers. It is not apparent in FIPS PUB 128 what the precision
of this floating point parameter is when fixed point reals have
been selected: its precision shall be (0,9,23).

3. 2. 1.4 Control elements . Control element constraints shall be
as specified in table II.

TABLE II. Control element constraints

Element Basic Values

VDC Integer Precision 16, 32
VDC Real Precision (1,16,16) (fixed)

(0,9,23) (floating point)
Transparency 1 (on)

Note: VDC stands for Virtual Device Coordinates, the coordinate
system of FIPS PUB 128.

3.2. 1.5 Graphical primitives . To ensure portability and
predictable results, conforming basic metafiles shall not contain
any Generalized Drawing Primitive (GDP) elements. [Note: Future
addenda to this specification may specify GDP elements to be
included in the Basic set.]

3.2. 1.6 Attribute elements . Attribute element constraints shall
be as specified in table III.
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TABLE III . Attribute element constraints

Element Basic Values

Line Bundle Index 1-5
Line Type 1-5 (Note 1)
Marker Bundle Index 1-5
Marker Type 1-5
Text Bundle Index 1-2
Text Font Index 1-4
Character Set Index • 1-2
Alternate Character Set Index 1-2
Fill Bundle Index 1-5
Hatch Index 1-6 (Note 2)
Edge Bundle Index 1-5
Edge Type 1-5
Pattern Table Starting Index, 1-8

nx. 1-16
ny, 1-16

Color Table start index 0-255

Note 1: Additionally, the linetypes defined in 3.2.2.

1

shall be
included in the Basic Set of this specification.

Note 2: Additionally, the hatch styles (indexes) defined in
3. 2. 2.

2

shall be included in the Basic Set of this specification.

For indexed color selection, either all color indexes used in the
metafile shall have their representations defined by use of the
COLOR TABLE element, or none shall. A color index is "used" if
it occurs in an element selecting a color value to be applied to
a primitive (LINE COLOR, CELL ARRAY, etc)

.

3.2. 1.7 Escape element . To ensure portability and predictable
results, CGM application profiles conforming to this
specification may contain only those ESCAPE elements that are
defined in 3.2.6.

3. 2. 1.8 External elements . The "action required” flag of the
MESSAGE element shall be restricted to the value "no action
required.

"

3.2.2 Additional attribute values

3. 2. 2.1 Linetypes . The additional linetypes specified in table
IV shall apply (see figures 1 through 10 for examples)

.
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TABLE IV. Additional linetvpes

Linetype CGM parameter value

chain line -11301
center line -11302
hidden line -11303
phantom line -11304
double arrow -11305
single dot -11306
single arrow -11307
stitch line -11308
break line, style 1 -11309
break line, style 2 -11310

3. 2. 2.

2

Hatch styles . The additional hatch styles specified in
table V shall apply (see figure 11 for examples)

.

TABLE V. Additional hatch styles

Hatch style CGM parameter value

across grain wood -11401
with grain wood -11402
bronze, brass, copper, and compositions -11403
cast iron or malleable iron and general

use for all materials -11404
steel -11405
concrete -11406
cork, felt, fabric, leather, and fiber -11407
magnesium, aluminum, and aluminum alloys -11409
marble, slate, glass, porcelain, etc. -11410
rock -11411
rubber, plastic, and electrical insulation -11412
sand -11413
sound insulation -11414
thermal insulation -11415
titanium and refractory material -11416
water and other liquids -11417
white metal, zinc, lead, babbitt, and alloys -11418

3.2.3 FIPS PUB 128 defaults . FIPS PUB 128 specifies a comploto
set of defaults. In some cases, these defaults do not match tr.o

application requirements of this specification. However, iry

conforming basic metafile satisfying this specification shall
a legal CGM as specified in FIPS PUB 128, including imp I i: it
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defaults. Thus, each deviation requires that the affected
element shall either:

1. Appear in the METAFILE DEFAULTS REPLACEMENT element, or

2. Be explicitly specified for its value to be applicable.

Therefore, any conforming basic metafile satisfying this
specification shall contain in the Metafile Descriptor a METAFILE
DEFAULTS REPLACEMENT element that includes (at a minimum)

:

TEXT PRECISION element; precision 2 (stroke)

.

3.2.4 Specification of semantic ambiguities . FIPS PUB 128
leaves the semantics of a number of graphical details unspecified
or "implementation dependent." This is unacceptable where
predictable interchange is required. The following
specifications shall apply for conforming basic generators and
interpreters of this specification:

3.2.4.

1

View surface clearing . Unless clearing is suppressed by
'Escape -301', the view surface shall be cleared upon
interpretation of the Begin Picture Body element.

3. 2. 4.

2

Clipping . When the clip indicator is "off", clipping
shall be done to the intersection of the device viewport and the
device view surface limits. When clipping is "on", clipping
shall be done to the intersection of the clip rectangle, the VDC
extent, the device viewport and the device view surface limits.

3. 2. 4.

3

Linetvpe continuation . Linetype shall be maintained
(continued) across the interior vertices of a polyline.

3. 2. 4.

4

Edge type continuation . Edge type shall be maintained
(continued) across the vertices of a filled area boundary.

3.2.5 Font specifications . The fonts in table VI are public
domain fonts, available as part of NBS SP 424. All of these
fonts shall be considered basic capabilities of a basic metafile
conforming to this specification. Any of these fonts may appear
in the Font List element in a basic metafile that conforms to
this specification. Font name shall be the concatenation of the
string "HERSHEY:", to designate one of the Hershey fonts, and a

"name string" to designate the particular typeface.
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TABLE VI . Basic font names

1. HERSHEY CARTOGRAPHIC ROMAN
2. HERSHEY CARTOGRAPHIC GREEK
3. HERSHEY SIMPLEX ROMAN
4. HERSHEY SIMPLEX GREEK
5. HERSHEY SIMPLEX SCRIPT
6. HERSHEY COMPLEX ROMAN
7. HERSHEY COMPLEX GREEK
8. HERSHEY COMPLEX SCRIPT
9. HERSHEY COMPLEX ITALIC
10. HERSHEY COMPLEX CYRILLIC
11. HERSHEY DUPLEX ROMAN
12. HERSHEY TRIPLEX ROMAN
13. HERSHEY TRIPLEX ITALIC
14. HERSHEY GOTHIC GERMAN
15. HERSHEY GOTHIC ENGLISH
16. HERSHEY GOTHIC ITALIA

3.2.6 Escape elements . Support of the following ESCAPE elements
shall be required in conforming implementations under this
specification.

3. 2. 6.1 Disable clearing of view surface . The normal
interpretation of a CGM metafile is such that the view surface of
a device is cleared on each Begin Picture Body element. This
Escape element will disable the clearing of the view surface for
all of the pictures in the metafile. The effect of this Escape
element is to permit multiple metafile pictures to be imaged on
the same view surface with a mapping as described in FIPS PUB
128. The pictures may have different VDC Extents. Thus, each
picture shall be mapped into the current device viewport (whether
default or specified by the Device Viewport Escape element) . If
used, this Escape element must appear in the Metafile Descriptor.
This Escape element shall be a basic capability of the CGM
Application Profile under this specification.

Escape Identifier: -301

Escape Data Record: null

3. 2. 6. 2 Device viewport . The default device viewport is the
largest rectangular area of the screen. The viewport shall be
redefined by this escape element by specifying two corner points.
The effective viewport shall be the largest rectangle in the
viewport having the same aspect ratio as the VDC extent, and
having the same lower-left corner as the device viewport. The
VDC extent shall be mapped onto the effective viewport when the
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picture is interpreted. The units with which the two points are
specified shall be real fractions [0.0 to 1.0], which shall be
applied to the device viewport. If used, this Escape must appear
in the Picture Descriptor. If the scaling mode has been set to
metric, then the device viewport shall have precedence — the
scaling mode shall be treated as if it were abstract.

Escape Identifier: -302

Escape Data Record: A single string of text
containing the specification of the viewport.
Parameters in the viewport shall be separated by
at least one blank character and/or a single comma
character. The decimal point of the real fraction
shall be required. Leading zeroes of the real
fraction shall be optional. There are four
parameters

:

PI: First corner x-coordinate. Real fraction
of the default device viewport, in the range
[0.0, 1.0]

.

P2

:

First corner y-coordinate. Real fraction
of the default device viewport, in the range
[0.0, 1.0]

.

P3

:

Second corner x-coordinate. Real
fraction of the default device viewport, in
the range [ 0 . 0 , 1 . 0 ]

.

P4

:

Second corner y-coordinate. Real
fraction of the default device viewport, in
the range [ 0 . 0 , 1 . 0 ]

.

Example: a viewport equal to the upper right quarter of che
default viewport could be coded as:

Escape Identifier -302

Escape Data Record . 5 .5 1 . 1 .
"

This Escape element shall be a basic capability of the CGM
Application Profile of this specification.

3. 2. 6.

3

Implicit Color Table . The default Color Table is
undefined in FIPS PUB 128. It is always possible to specify an
entire default Color Table with Metafile Defaults Replacement.
This ESCAPE element shall provide a shorthand method to specify a

default color table from a small set of predefined tables, and
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shall provide a method to specify how the interpreter shall
define its own color table according to available resources.
This ESCAPE shall be allowed in the Metafile Descriptor. If
used, no COLOR TABLE elements shall appear in the metafile. The
single integer parameter of the ESCAPE shall have the following
meanings:

0: "none'* — there shall be no implicit default value of
the color table, interpreters shall associate
representations with color indexes as they see fit.

1: ’’cyclic'* — the interpreter shall initialize its color
table to contain

0 - white
1 - black
2 - red
3 “ green
4 - blue
5 - yellow
6 - magenta
7 - cyan
8 - black
9 - white
10 through 255 - cyclic repetition of 2-9.

2: "uniform'* — the interpreter shall initialize its color
table to: black and white in indexes 0 and 1.

Beginning at index 2, 224 representations that shall
uniformly sample the RGB color cube as follows:

5 levels of red evenly spaced from none to
maximum;
9 levels of green evenly spaced from none to
maximum;
5 levels of blue evenly spaced from none to
maximum.

The color cube shall be mapped to the linear array by
varying the red dimension most rapidly, then the green
dimension, then the blue dimension. Note that the
225th element implied by this sequence, black, shall
not be put into the table. Beginning at index 22 6

shall be 28 levels of gray. Index 226 shall be 1/32
(very dark) . Succeeding entries, with the exceptions
described below, shall be 1/32 lighter. The exceptions
shall be 0/32, 8/32, 16/32, 24/32, 32/32, which shall
be found in the "color cube" section of the table.

The default value shall be 1, "cyclic."
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Escape Identifier: -303

Escape Data Record: A single string of text
containing the single integer parameter of this
escape element. The integer is encoded as "clear
text", i.e., value 2 is encoded as the string
comprised of (or containing) the ASCII character
" 2 ".

This Escape element shall be a basic capability of the CGM
Application Profile of this specification.

3.2.7 Implementation dependencies . This section specifies
implementation dependencies and environmental constraints for CGM
APS conforming to this specification.

3. 2. 7.1 General guidelines for FIPS PUB 128 elements . Unless
otherwise noted in this specification, the guidelines of FIPS ?U3
128 Annex D shall apply to conforming basic generators and
interpreters as defined in 3.1.

Name

;

Metafile Defaults Replacement

Description : The Metafile Defaults Replacement element
shall not be partitioned. Note that FIPS ?U3
128 permits multiple occurrences of this
element, so that partitioning is net
required. Partitioning shall be permitted
for all other elements.

Name: Restricted Text

Description

:

Name i

Description :

Draft level capability of a basic confcrmir.e
interpreter shall be to render the complete
restricted text string (including appended
text), scaled isotropically (i.e., specified
aspect ratio for the text is not distorted)
such that the string fits into the text
extent parallelogram.

Color Table

The Color Table element has an unspecified
effect when it appears in a picture
subsequent to any graphical primitives. 1: i

Color Table element defining tne
representation of a given color index appears
in a picture, it shall appear beftre
reference to that index by an attribute
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element or use of that index by a graphical
primitive element (included in the latter
shall be implicit use of default color index
attribute values by the first occurrence of
an associated primitive) . Once a given color
representation is defined and used, it shall
not be redefined. [Note: These restrictions
insure that interpreting systems without
dynamic color update capabilities shall be
able to render the intended picture
accurately.

]

Name : Pattern Table

Description ; The Pattern Table element has an unspecified
effect when it appears in a picture
subsequent to any graphical primitives filled
with the affected pattern index. If a
Pattern Table element defining the
representation of a given pattern index
appears in a picture: a) it shall appear
before explicit reference to that index by
any Pattern Index element; or b) in the case
of the default pattern index, it shall appear
before any implicit reference caused by the
first occurrence of an associated filled
primitive. Once a given pattern
representation is defined and used, it shall
not be redefined. [Note: These restrictions
insure that interpreting systems without
dynamic pattern update capabilities shall be
able to render the intended picture
accurately.

]

3.2.8 Implementation reoruirements for conforming basic
generators and interpreters . The specifications in this section
shall augment those of FIPS PUB 123, Part 1, annex D.5, and Part
3 , clause 8

.

3. 2. 8.1 Additional generator specifications . This specification
states that the values of attributes (e.g., linetype) shall be
restricted to a certain set. When a conforming basic generator
receives (from the application or graphics system client) a value
outside of the Basic set, it shall be handled as follows:

If the index is selecting an attribute (e.g., linetype),
then a conforming basic generator shall map it to the
default value for that attribute;
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If the index is defining an attribute (e.g., color table),
then it shall be ignored if outside the Basic range.

These choices for a conforming basic generator are consistent
with Part 1, annex D of FIPS PUB 128.

Conforming generators shall provide to applications the means to
either select the implicit color table for a metafile (e.g., via
a mechanism to cause generation of 'Escape -303') or to ascertain
the value that will be used in the metafile. The means to
ascertain the value shall consist of either a software inquiry
mechanism or documentation accompanying the system. An inquiry
mechanism shall be the preferred method.

3. 2. 8.

2

Additional basic interpreter specifications . In the
absence of any color table elements, or of ESCAPE -303 (see
3. 2. 6. 3), in the metafile, conforming basic interpreters shall
initialize their color tables as follows: index 0 shall be set
to white; index 1 shall be set to black; and indexes 2-254 shall
be set by cyclic repetition of the 8 entries specified in table
VII. Draft Level conformance for interpreters shall allow black
and white to be reversed in the first two indices.

TABLE VII. Default Color Table

1

Index Values Meaning
|

!

2 (1.0, 0,0) Red
i 3 (0,1. 0,0) Green

|

4 (0,0, 1.0) Blue
5 (1.0, 1.0,0) Yellow

j

I

5 (1.0, 0,1.0) Magenta '

1
7 (0,1. 0,1.0) Cyan
3 (0,0,0) Black

!
9 (1.0, 1.0, 1.0) White *

Note: The values '1.0' in the preceding rable denote full
intensity for the appropriate component.

3. 2. 8.

3

Minimum data structure support . The following named
elements shall have basic values as defined below:

Name : Maximum Color Array Dimension

Description : The basic value for the number of color
values that can appear in a color array or
color list parameter shall be: 1048576 for
CELL ARRAY ‘(one 1024x1024 image) ; 2048 for
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PATTERN TABLE (eight 16x16 patterns) ; 256 for
COLOR TABLE (entries 0-255) . CELL ARRAY and
PATTERN TABLE have color array parameters and
COLOR TABLE has a color list parameter.

Name: Maximum Point Array Length

Descriotion: The basic value for the number of points and
VDC that can appear in parameters for
metafile elements shall be 1024.

Name: Maximum String Length

Descriotion: The basic value for the length of an
individual string of characters shall be: 254
for all string parameters except data
records; 32767 for data records.

Name: Bundle Table

DescriDtion: Bundle representations are not settable in
the current version of FIPS PUB 128. To
insure predictable results, interpreters and
generators conforming to the CGM Application
Profile of this specification shall use the
default values from table VIII.
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TABLE VIII. Default bundle tables

Bundle Type 1

Bundle

2 3

Index

4 5

Line Bundle
Line Type solid dash dot dash-dot dash-dot-dot
Line Width 1 1 1 1 1
Line Color 1 1 1 1 1

Marker Bundle
Marker Type dot plus asterisk circle cross
Marker Size 1 1 1 1 1
Marker Color 1 1 1 1 1

Text Bundle
Font Index 1

Text Precision stroke
Character
Expansion Factor 1

Char. Spacing 0

Text Color 1

1

stroke

0.7
0

1

Fill Bundle
Interior Style hatch hatch hatch hatch hatch
Fill Color 1 1 1 1 1
Hatch Index 1 2 3 4 5
Pattern Index 1 1 1 1 1

1

Edae Bundle
Edge Type solid dash dot dash-dot dash-dot-dot

1

Edge Width 1 1 1 1 1
Edge Color 1 1 1 1 1
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4. QUALITY ASSURANCE PROVISIONS

4.1 Responsibility for inspec-tion . Unless otherwise specified
in the contract or purchase order, the contractor is responsible
for the performance of all inspection requirements (examinations
and tests) as specified herein. Except as otherwise specified in
the contract or purchase order, the contractor may use his own or
any other facilities suitable for the performance of the
inspection requirements herein, unless disapproved by the
Government. The Government reserves the right to perform any of
the inspections set forth in the specification where such
inspections are deemed necessary to ensure that supplies and
services conform to prescribed requirements.

4.2 Responsibility for compliance . All items shall meet all
requirements of section 3. The inspection set forth in this
specification shall become a part of the contractor *s overall
inspection system or quality program. The absence of any
inspection requirements in the specification shall not relieve
the contractor of the responsibility of ensuring that all
products or supplies submitted to the Government for acceptance
comply with all requirements of the contract. Sampling in
quality conformance does not authorize submission of known
defective material, either indicated or actual, nor does it
commit the Government to acceptance of defective material.

4.3 Inspection procedures . All entities, attributes and
parameter values shall be analyzed for conformance to FIPS PUB
128 and to section 3 of this specification for a conforming basic
metafile. This shall be accomplished with an appropriate
software utility, or conformance test suite. All conforming
basic metafiles contained in a particular CGM application profile
shall be displayed and checked visually for conformance to the
requirements of FIPS PUB 128 and of section 3 in its entirety.

4.3.1 Font rendering . Font names shall be specified in a manner
compatible with ISO DIS 9541, Font and Character Information
Interchange, when it becomes stable. Until then, this
specification shall consider any rendering of a requested font
conforming if the rendering is "metrically identical” to the font
metrics of the requested font. This means that the placement and
alignment of the string and the placement, size, and shape of
individual characters (i.e., the drawn portions of the character
cells) shall be measurably identical. This does allow a good
quality filled font to be substituted for a stroked Hershey font,
for example. Finally, the Hershey "fonts” are really a mixture
of fonts and character sets (e.g., Greek is a character set).
The requirements of this specification shall be served by
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providing that the necessary character sets be supported in part,

and the necessary typefaces be supported in part, so that the
combinations required to render the listed 16 Hershey "fonts”
shall be supported in full. It is recognized that the Hershey
fonts may not be of adequate quality for modern publication
requirements

.

4.3.2 Error processing . A conforming CGM interpreter shall
gracefully recover from any exception condition. If there is
something which is not understood by the interpreter, then if
possible that element should be skipped, appropriate error
warnings generated or logged, and interpretation continue with
the next element following the problem element.
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5 . PACKAGING

Packaging of illustration data files for delivery shall be in
accordance with the requirements of MIL-STD-1840.

6. NOTES

6«1 Intended use . This specification is designed to be
incorporated into a contract to define the technical requirements
to be met when it is desired to purchase illustration or picture
description data (in contrast to product definition data) in
digital form for use in technical illustrations and technical
publications. A CGM AP under this specification represents
illustration data in the form of a conforming basic metafile,
i.e., it contains, in device-, system-, and implementation-
independent form, the picture description data represented by the
functions invoked through an application program interface. A
CGM AP contains the allowable output primitives and attributes
which may be used to compose the picture. In addition, the CGM
AP of this specification specifies certain constraints on CGM
generators and interpreters to remove implementation
dependencies, thereby serving to ensure predictable interchange
of conforming basic metafiles between clients.

6.1.1 Explanation of CGM AP . The syntactic specification in the
FIPS PUB 128 is complete and unambiguous. It is, as well,
redundant in the sense that there are three distinct encodings of
the same functionality: binary, character, and clear text. The
redundancy serves a useful purpose, as each encoding is tailored
to certain computing environments and applications, and so the
CGM client has the opportunity to choose a syntax that is

optimized to the intended application. The binary encoding has
been chosen as the only encoding which will be supported by this
military specification at this time.

The semantic specification is less complete. The expected
overall results of using the geometric primitive elements are
well enough specified. However some of the finer details, such
as the precise appearance of joints and endpoints in lines, are
unspecified. This underspecification of semantics was
intentional on the part of the standards committees formulatir.g
the CGM standard, since it allows a wider range of exist ir,

a

systems to be accommodated and makes the standard more adaptable
to the various needs and philosophies of a diverse clientele.

On the other hand, the semantic ambiguity does mean that there
will be no single correct interpretation of a given CGM metafile,
and hence it will be difficult to unambiguously describe
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intended picture using the CGM standard. This is a distinct
drawback in certain application environments, such as the areas
of Technical Illustration and Technical Publishing.

There are further sources of uncertainty in using CGM in an
application environment. A CGM metafile is produced by a
component of a graphics environment known as a "metafile
generator." The content of a CGM metafile is rendered into
pictures by a component known as a "metafile interpreter." FIPS
PUB 128 specifically excludes standardization of the behavior of
metafile generators and metafile interpreters. (Most such
behavior is described as "implementation dependent.") In doing
so, a certain unpredictability of results is introduced into the
graphics system viewed as a whole? for example, CGM generators
serving GKS (Graphical Kernel System, ANSI X3.124) clients in the
product lines of two different vendors might map out-of-range
attributes differently.

These two sources of ambiguity in using the CGM standard

—

incomplete semantics and non-specification of the behavior of
generators and interpreters—do not diminish the utility of FIPS
PUB 128 for technical illustration and technical publishing. It
is a sound and suitable basic protocol for these areas. But they
do mean that some further specification (beyond that in the
published standard) is required in order for the use of the CGM
standard to be effective and unambiguous.

Such a specification is precisely what an Application Profile
(AP) consists of. In the case of CGM, an AP specifies;

1. complete semantics?

2. the behavior of CGM generators and CGM interpreters?

An AP specifies minimal and maximal requirements for generators
and interpreters, and ties down all implementation dependencies
of the CGM metafile. As the name suggests, the AP for CGM is a

set of specifications appropriate to a given application
environment.

6.1.2 Metafile Descriptor Elements . It is unclear in FIPS PUB
128 whether there should be a mandatory ordering of Metafile
Descriptor elements (the grammar implies some) . Addendum 1 of
FIPS PUB 128 will impose such an ordering when it becomes part of
the standard. This is to point out that such an ordering may
become mandatory in a future revision of this specification.
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6.1.3 Additional attribute values .

6. 1.3.1 Linetvpes . The linetypes specified in table IV of
3.2.2. 1 have been submitted to ANSI and ISO, the International
Standards Organization, for graphics registration (see figures 1

through 10 for examples) . The figures for these linetypes are
taken from the latest draft of the registration proposals that
have been submitted to ANSI and ISO. In table IV, the name of
the linetype is given, followed by the numeric value (the
linetype parameter) by which it is to be referenced. These
references may change in future amendments to this specification.

6. 1.3.2 Hatch styles . The hatch styles in table V of 3. 2. 2.

2

have also been submitted for graphical registration (see figure
11 for examples) . The hatch style examples of figure 11 are
taken from ANSI Y14.26, Engineering Drawing and Related
Documentation Practices—’Digital Representation for Communication
of Product Definition Data. In table V, the name of the hatch
style is given, followed by the numeric value (the hatch index
parameter) by which it is to be referenced. This reference may
change in future amendments to this specification.

6.2 Ordering data . The contract or purchase order should
specify the following:

a. Title, number, and date of this specification.

b. The application profile should specify whether it is

meant for publication level or draft level
interpretation. (See 3.1.2)

6 . 3 Definitions .

6.3.1 Acronyms and abbreviations used in this specification .

Acronyms and abbreviations used in this specification are defined
as follows:

a. ANSI - The American National Standards Institute.

b. AP - Application Profile.

c. CGM - Computer Graphics Metafile. Synonymous with FIFS
PUB 128.

d. DIS - Draft International Standard.

e. FIPS - Federal* Information Processing Standards.

f. GDP - Generalized Drawing Primitive.
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g. GKS - Graphical Kernel System.

h. ISO - International Standards Organization.

i. PUB - Publication.

j. SP - Special Publication.

k. VDC - Virtual Device Coordinates, the coordinate sysrem
of FIPS PUB 128.

6.3.2 Application Profile . A specification that defines the use
of a standard, and defines all possible data streams that conform
to that profile. An AP insures interoperability of
different/multiple implementations of a standard. In this
context, it completely and unambiguously represents the
information requirements for a particular application of digital
graphics data.

6.3.3 Basic values . The subset of permissible values for
parameters of a CGM element that are mandatory for conformance
to this specification.

6.3.4 Computer Graphics Metafile . The specification for a

mechanism for storing and transferring illustration data. Refer
to FIPS PUB 128.

6.3.5 Conforming basic generator . A metafile generaror thar
produces only conforming basic metafiles (or can be reliably
commanded to function in that mode)

,

and additionally conforms to
any additional generator requirements as explained in section 3.

5.3.6 Conforming basic interpreter . An metafile interpreter
that at least correctly interprets any conforming basic metafile,
and conforms to any additional interpreter requirem^ents as
explained in section 3.

6.3.7 Draft level . The metafile interpreter level for all
documents except those for final document production.

6.3.3

Metafile . Synonymous with CGM. A representation for the
storage and transfer of graphical data and control information.
This representation contains a device-independent description of
one or more pictures.

6.3.9 Metafile generator . The software or hardware that creates
a picture or conveys information in the CGM representation.
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6.3.10 Metafile interpreter . The software or hardware that
reads a CGM metafile and interprets the contents.

6.3.11 Permissible values . The range of values for a parameter
of a CGM element as specified in FIPS PUB 128.

6.3.12 Publication level . The metafile interpreter level for
final document production.

6.3.13 Vector Graphics . The presentation or storage of images
as sequences of line segments.

Note ; Refer to FIPS PUB 128, clause 3, for further definitions
of computer graphics terms.

6 . 4 Subject term (keyword) listing .

Application profile
CGM
CGM metafile
Digital
FIPS PUB 128
Technical illustrations
Technical publications
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Prooosal Number;
| 2 !

[ Presentation date of prooosal: 10 AonI 1987
i

Soonsorino Authority; 1 ANSI

Class of Graphical item:
|
UNtTYPE

Name: smqie arrow

Description
A single arrow linetyoe consists of a soik3 line terminated by an arrownead as soecified m ANSI YU.2M-1979

(Line Conventions and Lettenng) recuirements for dimension and leader lines. The arrow s rendered so ’iiat the

arrow tip occurs at the last ooint of the list of ooints oessed to a ootyline and is in the direction of the last

vector.

This linerype s intended for -se m engineenng drawings.

Soeciftc details are imolementation decendenL The aopearance of the degenerate case is imoiementation

deoenoent

Such a linetvoe nas the foilowino visual acoearance:

i

i

r

Additional Comments
The reduirements stated in ANSI Y14.2M-1979 snail oe followed wnen rendenng this linetype.

This linerype s not intended to oe -sec as an ecgerype.

' Justification for Inclusion

i

T- s ineryoe s cormomy -sed m engineenng drawings, it is one of a set of .neryoes to oe 'egistered *'or -sa

i

iviin oomcuter graonics standards to enaoie comoact storage and transfer of angireenrg drawings.

5

i

Relationsnip to Standards

1) .SO 7942 (GKS) • Sceciftes a 'egistered linetyoe to suooiement those defined m 5.4.1.

2) ISO 3632 (COM) - Soecifies a 'egistered linerype to suopierrent tncse defined m 5.7.2.

3) ANSI Y14.2.M-1979 - Lne Conveniens and Lettenng.

FIGURE 1: Example of linetvpe single arrow .
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Proposal Numb»r; 3

Presantatlon data of proposal; 10 April 1987

^onsorlnq Authority; ANSI

Class ot Graphical Item; LiNETYPg

Name; I single dot

DascrIptlon
A singla dot linotype consists of a solid line terminated by a dot as specified in ANSI Y14.2M>1979 (Line

Conventions and Lettering) requirements for leader lines. The dot is rendered so that the dot occurs at the last

point in the list of points passed to a polyline.

This linotype is intended for use in engineering drawings.

Specific details are implementation dependant. The appearance of the degenerate case is implementation

dependent.

Such a linotype has the following visual appearance:

Additional Comments
The requirements stated in ANSI Y14.2M-1979 shall be followed whan rendering this linotype.

This linotype is not intended to be used as an edgetype.

Justification for Inclusion

This linetypa is commonly used in engineenng drawings. It is one of a set of linetypes registered for use witn

computer graphics standards to enable compact storage and transfer of engineering drawings.

Relationship to Standards

1) ISO 7942 (GKS) • Specifies a registered linotype to supplement those defined in S.4.1.

2) ISO 8632 (CGM) • Specifies a registered linotype to supplement those defined in 5.7.2.

3) ANSI Y14.2M-1979 • Line Conventions and Lettering.

FIGURE 2: Example of linetvpe single dot .
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Proposal Number: 4

Presentation date of proposal: 10 Apnl 1987

Soonsorlnq Authority; ANSI

Class of Graphical Item;
|
UNtTYPE

Name; douole arrow

Description

Y14.2M-1979 (Line Conventions ano Lettenng) requirements for dimension lines. The arrows are rendereq so

that the arrow tip occurs at the first and last points in the list of points passed to a polyline.

This linetype is intenoed for -se in engineering drawings.

Specific details are implementation dependent The appearance of the degenerate case is implementation

dependent

Such a linetype has the following visual appearance:

Additional Comments
The 'equirements stated in ANSI Y14.2M-1979 snail oe followed wnen rencering this linetype.

This linetype is not intended to oe ^sed as an eogetype.

Justification for Inclusion

This linetype is commonly ,sed m engineenng orawings. It is one of a set of linetyoes 'egistereo for use witn

computer gnomes stanoards to anaoie compact storage and transfer of engineenng drawings.

Relationship to Standards

1) ISO 7942 (GKS) - Specifies a registered linetype to supplement those defined m 5.4.1.

2) ISO 3632 (CGM) • Specifies a registered linetype to supplement those defined in 5.7.2.

3) ANSI Y14.2M-1979 - L.re Conventions and Lettering.

FIGURE 3: Example of linetype double arrow .
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Pf«s0ntatlon dat» of proposal; I 10 April 1987

Proposal NumbarlS

Spon8orl£<gL.__Aut2iorlt2^^_£^NSI

Class of Graphical Itam; LINETYPE

Kama: stitch line

Daserlptlon
A stitch line linetype consists of dashes and spaces of equal length as specified in ANSI Y14.2M-1979 (Line

Conventions and Lettenng.)

This linetype is intended for use in engineering drawings, its definition contains rendition requirements beyond

those for the dashed linetype already present in the graphics standards.

Specific details are implementation dependent The appearance of the degenerate case is implementation

dependent

Such a line has the following visual appearance:

Additional Comments
The requirements stated in ANSI Y14.2M-1979 shall be followed when rendenng this linetype. In some cases, it

is necessary for the standard (e.g. GKS) to exercise precise control over the manner in which two lines intersect

in a drawing. In these cases it may be appropriate for the client to simulate this linetype by using sequences of

correctly placed individual line segments.

This linetype is not intended to be used as an edgetype.

Justification for Inclusion

This linetype is commonly used in engineenng drawings. It is one of a set of linetypes registered for use witn

comouter graphics standards to enable compact storage and transfer of engineering drawings.

Relationship to Standards

1) ISO 7942 (GKS) • Specifies a registered linetype to supplement those defined in 5.4.1.

2) ISO 8632 (CGM) • Specifies a registered linetype to supplement those defined in 5.7.2.

3) ANSI Y14.2M-1979 • Line Conventions and Lettering.

FIGURE 4 ; Example of linetype stitch line.
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Pfopo*«l Number; Is
i

Presentation date of proposal:
| 10 April 1937

|

Soonsorlno Authority: ANSI

Class of Graphical Item: UNETYPg

Name; chain line

Description

A chain line linotype consists of alternating long and short dashes as specified in ANSI Y14.2M-1979 (Line

Conventions and Lettering.)

This linotype is intended for use in engineering drawings. Its rendition is different from that of the

dashed-dotted linestyle already present m the graphics standards.

Specific details are implementation dependent. The appearance of the degenerate case is implementation

dependent

Such a line has the following visual appearance:

Additional Comments
The requirements stated in ANSI Y14.2M-1979 shall be followed when rendenng this linetype. In some cases, it

is necessary for the standard (e.g. GKS) to exercise precise control over the manner in which two lines intersect

in a drawing. In these cases it may be appropnate for the client to simulate this linetype by using sequences of

correctly placed individual line segments. i

This linetype is not intended to be used as an edgetype.
|

1

Justification for Inclusion 1

i

This linetype is commonly used in engineenng drawings, it is one of a set of linetypes registered ‘or use witn
|

!

computer graphics standards to enaoie compact storage and transfer of engineering orawings.
1

1

!

i

Relationship to Standards

1) ISO 7942 (GKS) • Specifies a registered linetype to supplement those defined m 5.4.1. i

2) ISO 8632 (CGM) • Specifies a registered linetype to supplement those defined in 5.7 2.
i

3) ANSI Y14.2M-1979 • Line Conventions and Lettenng. '

FIGURE 5: Example of linetvpe chain line .
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Proposal Number; 7

Prassntatlon data of proposal: 10 April 1987

Soonsorina Authority: ANSI

Class of Graphical Item; LlNblYPE

Name: center line

Oeseriptlon

A center line linetype consists of alternating long and short dashes as specified in ANSI Y14.2M-1979 (Line

Conventions and Lettenng.)

This linetype is intended for use in engineering drawings. The long dashes may vary in length depending on the

size of the drawing. Lines drawn in this linetype shall start and end with long dashes. A very short line may oe

unbroken.

Specific details are implementation dependent. The appearance of the degenerate case is implementation

dependent.

Such a line has the followinq visual appearance;

_ '
Additional Comments
The requirements stated in ANSI Y14.2M*1979 shall be followed when rendenng this linetype. In some cases, it

is necessary for the standard (e.g. GKS) to exercise precise control over the manner in which two center lines

intersect in a drawing. In these cases it may be appropnate for the client to simulate this linetype by using

sequences of correctly placed individual line segments.

This linetype is not intended to be used as an edgetype.

Justification for Inclusion

This linetype is commonly used m engineenng drawings. It is one of a set of linetypes registered for use with

computer graphics standards to enable compact storage and transfer of engineering drawings.

1

1

Relationship to Standards

1) ISO 7942 (GKS) • Specifies a registered linetype to supplement those defined in 5.4.1.

2) ISO 8632 (CGM) • Specifies a registered linetype to supplement those defined m 5.7.2.

3) ANSI Y14.2M-1979 • Line Conventions and Lettering.

FIGURE 6 : Example of linetvpe center lina
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Proposal Number; I 8

p raaantatlon data of proposal; 10 April 1987

Sponsoring Authority; ANSI

Class of Graphical Item; LINETYPE

Nama: hidden line

Description

A hidden line linetypa consists of short evenly spaced dashes as specified in ANSI Y14.2M-1979 (Line

Conventions and Lettenng.)

This linetypa is intended for use in engineering drawings. The dashes may vary in length depending on the size of

the drawing. Lines, not polylines, drawn in this linetypa shall start and end with a dash. Dashes will join at

corners, and arcs drawn with this style shall start and end with dashes. These rendition requirements are

different from the dashed linetypa already defined in the graphics standards.

Specific details are implementation dependent. The appearance of the degenerate case is implementation

dependent.

Such a line has the following visual appearance:

Additlonat Comments
The requirements stated in ANSI Y14.2M-1979 shall be followed when rendenng this linetypa. In some cases. ;

is necessary for the standard (e.g. GKS) to exercise precise control over the manner in which two lines intersect

in a drawing. In these cases it may be appropnate for the client to simulate this linetypa by using sequences of

correctly placed individual line segments.

This linetypa is not intended to be used as an edgetype.

Justification for Inclusion

This linetype is commonly used in engineenng drawings. It is one of a set of linetypes registered for use witn

computer graphics standards to enable compact storage and transfer of engineering orawings.

Relationship to Standards

1) ISO 7942 (GKS) - Specifies a registered linetype to supplement those defined in 5.4.1.

2) ISO 8632 (CGM) - Specifies a registered linetype to supplement those defined in 5.7.2.

3) ANSI Y14.2M-1979 • Line Conventions and Lettering,

FIGURE 7 : Example of linetype hidden lina
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Prepo««< Number; 9

Prespntation datp of proposal; I 10 April igTr Z]
Sponsoring Authority; ANSI

Class of Graphical Item; LINETVPE

Nams; I phantom line

Dsscfiptlon
A phantom lino linotype consists of long dashes separated by pairs of short dashes as specified in ANSI
Y14.2M-1979 (Line Conventions and Lettering.)

This linotype is intended for use in engineering drawings. Lines, not polylines, drawn in this linotype shall start

and end with long dashes which may vary in length depending on the size of the drawing.

Specific details are implementation dependent. The appearance of the degenerate case is implementation

dependent

Such a line has the following visual appearance:

Additional Comments
The requirements stated in ANSI Y14.2M*1979 shall be followed when rendenng this linetype. In some cases, it

is necessary for the standard (e.g. GKS) to exercise precise control over the manner in which two lines intersect

in a drawing. In these cases it may be approphate for the client to simulate this linetype by using sequences of

correctly placed individual line segments.

This linetype is not intended to be used as an edgetype.

Justification for Inclusion

This linetype is commonly used in engineenng drawings. It is one of a set of linetypes registered for use with

comouter graphics standards to enable compact storage and transfer of engineering drawings.

Relationship to Standards

1) ISO 7942 (GKS) • Specifies a registered linetype to supplement those defined in 5.4.1.

2) ISO 8632 (CGM) • Specifies a registered linetype to supplement those defined in 5.7.2.

3) ANSI Y14.2M-1979 - Line Conventions and Lettering.

FIGURE 8: Example of linetype phantom line .
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i
ProDOfi Number: j

^ 3

Presentation date of orooosal; -0 Aoni ‘987

Soonsorind Authority; ANSI

Class of Graphical Item: 'J^ETYPE

Name; i
oreax me • sryie

Description

I A oreax -ine lineryD« • sryia 1 - consists of aitner on« of two ailowaoie ’soresentations as soecifea n ANSI

I

Y‘A.2M'1979 (Lre Conventions ana Lattenng.) Tiis is simoiy a ine ’^aving a *'’eenana* aDoearance.

This ineryoe is mtenced *or -se tn angmeerng crawings.

Soecific cetails are imDiementation ceoencent. The acoearance of tne cegenerate case iS .n'oien'entaron

caoenoent,

S-ch a tine nas the ‘ollowing visual aoDearance:

Addltlonit Commente
T"e 'eduirements stated m ANSI Y14,2M-1979 snail oe 'oilowed wnen 'encenng tms :ineType.

Th;s sner/oe s "ot intended to oe -sed as an eegetyoe.

Justlficitidn for Inclusion

This ineryoe is commoniy ^sec m angineenng crawmgs. It s one of a set of uneryoes ’e^istered ’or -sa -v,:-

oorouter graonics standards to enaoie comoact storage ano t'anster of angireerng o-awirgs.

! Relationship to Standards
. 1) ISO 7942 GKS) - Soecifies a 'egistered linefyoe to suDOiement those defined n 5.4.-,.

I

2) SO 36S2 (COM) • Soecifies a -egistered iner/oe to suooiernent those defined n 5.7.2.

: 3) ANSI Y* 4.2.M-'! 979 - Line Conventions and Lettenng.

FIGURE 9 : Example of linetvoe break line, style L
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PropofI Number; 1 1

Prsspntatlon datp of propof <; 10 April 1987

Sponsoring Authority; ANSI

Class of Graphical Item; UNETYPe

Nama; break line ~ style 2

Dsscriptlon
A break line iinestyle consists of either one of two allowable representations as specified in ANSI Y14.2M-1979

(Line conventions and Lettering.) This is a line consisting of long dashes joined by zigzags.

This linetype is intended for use in engineering drawings.

Specific details are implementation dependent. The appearance of the degenerate case is implementation

dependent.

Such a line has the following visual appearance:

Additional Comments
The requirements stated in ANSI Y14.2M-1979 shall be followed when rendering this linetype.

This linetype is not intended to be used as an edgetype.

Justification for Inclusion

This linetype is commonly used in engineering drawings. It is one of a set of linetypes registered for use witn

computer graphics standards to enable compact storage and transfer of engineering drawings.

Relationship to Standards

1) ISO 7942 (GKS) - Specifies a registered linetype to supplement those defined in S.4.1.

2) ISO 8632 (CGM) • Specifies a registered linetype to supplement those defined in 5.7.2.

3) ANSI Y14 2M-1979 - Line Conventions and Lettering.

FIGURE 10; Example of linetype break line, style 2 .
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Custcxlians

:

Army - CR
Navy - SH

Preparing Activity
OSD-CL
(Project ILSS - 0034)

Air Force - 24
DLA - DH

Review activities:
Army - AM
Air Force - 01,02
NSA - NS
DCA - DC
NASA - NA
Others - NBS, DOE, GPO, NCS

User activities:
Army - AL, AT, AV, EA, ER, GL, ME, MI, MR, SM, TE, TM
Navy - AS, EC, OS, SA, YD
Air Force - 11, 13, 14, 17, 18, 19, 68, 79, 99
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EXTENDED CGM MILSPEC PLANNING

I. PURPOSE

Represent and inject CALS requirements in the standards efforts
for the Extended CGM, or CGEM. Plan for development of a CGEM
MILSPEC (CALS SOW Task 3. 1.2. 4).

This work was accomplished through a contractor, Mr. Lofton
Henderson, of Henderson Software, who is a member of zhe
following:

o the Accredited National Standards Committee X3H3 on
Computer Graphics Stamdards;

o the sub-committee, X3H3.3, Computer Graphics Metafile,
and Computer Graphics Interface (CGI)

;

o the U.S. delegation to the International Standards
Organization Working Group 2 (ISO/WG2) , Computer
Graphics Standards;

o the IS0/WG2 CGM Rapporteur Group, responsible for
processing comments, refining the standard, and issuing
interpretations of the standard; and

o the ISO/WG2 sub-group developing the Extended Metafile
standard.

As is apparent, Mr. Henderson is in a unique position to ensure
that CALS requirements get addressed and injected into the
extended metafile (CGEM) work at the national and international
levels. He will be referred to in the remainder of this report
as the NIST representative, which seir/es to properly identify the
role that he has played in furthering, under NIST (the National
Institute of Standards and Technology, formerly N3S) direction,
the needs of CALS in the development of CGEM.

[NOTE: Please consult the GLOSSARY on pages 19 and 20 of this
report for any acronyms that are unfamiliar.

]
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II . BACKGROXJND

1 .

0

Introduction

This task was being pursued primarily at the working meetings of
the graphics and metafile experts of ANSI and ISO. In addition,
there was some significant work between meetings, preparing and
pulling together position papers, baseline standards documents,
and input docximents to key meetings. The final report of the
1987 predecessor of this project mentioned briefly the ANSI
meeting at Lowell, MA in October 1987. This report covers
activities subsequent to the Lowell meeting.

The major emphasis of this task is on the CGM addenda. There has
been some work on the related Graphical Registration proposals as
well.

1 .

1

Motivation

One consequence of the consensus process for making the CGM
standard is that the standard tended toward being a "least common
denominator" metafile for the various constituents. It is, to a
large degree, the area of overlap that all participants in its
formulation agreed should be in a graphical metafile. As a
result, it is relatively lean in functionality.

This expedited processing of the standard. However, CGM could be
more efficient in some application environments. The CALS
application areas of technical illustration, technical
publications, and compound document exchange are such
environments

.

An extension process was immediately commenced to extend CGM
functionality as required by more advanced metafile applications.

1 .

2

Historical Review

Two addenda were officially commenced in ISO:

Addendum 1: intended to support the GKSM requirements of
GKS, and replace the non-standard specification in
annex E of GKS;

Addendum 2: intended to support the metafile requirements of
GKS-3D, and replace the non-standard annex E of GKS-3D.

Due in part to the efforts and success of the 1987 predecessor of
this project, during 1987:

2



The scope of Addendum 1 was expanded to support some of
the advanced requirements of CALS (and similar
constituencies) : symbol libraries, additional geometric
primitives, and basic raster primitives. The
functionality was taken from and was compatible with
CGI;

"Addendum 3" was commenced, to extend CGM further as
required by the technical illustration and publishing.

In early 1987 the NIST representative worked within ANSI to
generate domestic support for such extensions. These positions
were then taken input into the ISO meetings. The results were:

o acceptance of broadening the scope of Addendum 1 as
detailed above;

o rejection (or postponement) of commencing work on
Addendum 3

.

While there was considerable support for the concepts of Addendum
3, there were procedural objections and some disagreement over
what group should do the work and when.

This put the responsibility for the initiative on Addendum 3 back
into the U.S. standards group, ANSI X3H3. The final activity of
this project in 1987 was at the NIST/Eurographics workshop at
Gaithersburg, MD, in September 1987. At this meeting a sub-group
studied the requirements of CALS and similar technical
constituencies. The following list summarized the requirements
which were identified:

1. Internal symbol libraries;

2. Reference to and invocation of pre-defined external
symbol libraries;

3. Advanced geometric drawing capabilities, including:
user defined linetype;
user defined hatch style;
a number of additional linetypes;
a number of additional hatch styles;
several types of spline curves;
conics and conic arcs;
closed figure primitive;
arbitrary clipping boundary;

4. a number and variety of fonts;

5o a completely new text model based on the work of ISO
9541;

3



6. additional raster primitives (and associated attributes
for image processing)

;

Shortly thereafter the metafile sub-group of X3H3.3 met and
produced the following for input to the initial SC24 meeting at
Berlin in December 1987:

o A statement of need, scope and purpose for Addendum 3;

o A baseline document for the functionality of Addendum
3, in the style of Clause 5 of CGM Part 1 (abstract
specification of the functions in Addendum 3)

.

In overview, in 1987 this project:

o organized ANSI support for the CGM extensions required
for CALS;

o accomplished some of these extensions in the context of
CGM Addendum 1;

o brought Addendum 3 for the first time into the ISO
arena ; and

o produced the groundwork (the requirements statement)
for progressing Addendum 3 in ANSI and ISO.

4



III. DISCUSSION1.0

Project Progress in 1988

The goals for this CALS CGEM task were:

1. Acceptance of the Addendum 3 project by ISO. Pursuing it as
purely an ANSI project, and doing it on the fast track, was
discussed. However there is significant enough interest in
ISO that an ISO project would likely be initiated before
such an ANSI project could complete. Past experience
indicates that ANSI would not likely approve the content of
Addendum 3 as an ANS if there were an active ISO project and
if there were a chance of incompatibility between the two.
Hence proceeding without ISO in this case risked the waste
of significant effort, -and ultimately the slowing down of
the project.

2. Production of scope and purpose documents, and a reasonably
complete baseline document for the Addendum 3 functionality.
In the worst case, it was necessary to be prepared to
proceed with standardization if ISO dragged on the project.

3 c Circulation of Addendum 1 PDAD or Proposed Draft Addendum
(see the Glossary) text in ANSI and generation *of a U.S.
position on the ISO PDAD ballot. There were two sub-goals
here: insure that Addendum 1 was processed rapidly and
smoothly; watch over the "CALS content” of Addendum 1 and
insure that it remained intact.

4 c Generation of some U.S. position on the 3D Addendum 2.

There has been relatively little interest in this in the
U.S. Still, it is in CALS interest to see the work go as
smoothly as possible so that resources (which are scarce)
are not drawn away from CALS priorities excessively.

2 .

0

Key Meetings of 1987-88

2,1

The Berlin SC24 Meeting

This was the first meeting of the SC24 Plenary. Between October
and December a baseline document for the functional content of
Addendum 3 was produced by the X3H3.3 metafile specialists. A
draft of the functional content was produced as input to the
Berlin meeting. Copies of the scope and purpose document and
that of the baseline functional specification are in Appendix 1

of this report.

The goal at the Berlin meeting was to get Addendum 3 accepted as
an ISO project and assigned to the WG3 Metafile Rapporteurs Group

5



(MRG) . The input documents were tentative, but they were
primarily intended to demonstrate serious interest, progress, and
willingness, to do the work. The Berlin meeting was not attended
by any of the X3H3.3 CGM experts, but Peter Bono presented and
represented the U.S. positions.

SC24 did not accept and initiate a project for Addendum 3.
Instead two things of significance happened. It voted to
circulate the documents for comment as a New Work Item (NWI)
proposal. It set up a Special Working Group on Future Planning
(SWG/FP) to study current SC24 projects and procedures, make
recommendations, and recommend future projects.

There were several sources of opposition to initiating a fast
project on the functional content of Addendum 3;

1. Some maintained that it was procedurally inappropriate to
continue to initiate work as extensive as Addendum 3

.

Rather, the ISO NWI procedures should be followed;

2. There was sentiment, based on a certain reference model of
computer graphics, that such significant functional
extension cannot be standardized in the metafile without
first standardizing it in the API (Application Programmer
Interface) standards such as GKS. This reference model
purports that standard metafiles can only be generated
through standard interfaces, and cannot (for example) be
used to transfer pictures in a standard manner to/ from
proprietary CAD systems.

3. There is reluctance to allow the MRG experts alone to design
significant functional extensions (splines, conics, text,
etc.) that may in the future be included in other standards.
According to this point of view, such functionality really
belongs to the "next generation" of graphics standards and
should have wider participation in its formulation.

The results of the Berlin meeting were disappointing in that
Addendum 3 was not accepted for progression. It was hoped that
the Salt Lake ANSI meeting (January 1988) might be used as the
first ISO working meeting on Addendum 3, with international
members of the MRG attending. On the other hand, the results
were encouraging in that the SWG/FP seemed to present an
opportunity to get the work endorsed and initiated.

2.2 The Salt Lake Meeting

In December the PDAD text of Addendum 1 was received in the U.S.
from the document editor (Anne Mumford) in England and the ISO
PDAD ballot (3 months) was commenced. The document was
circulated to X3H3. There was not time to have a letter ballot

6



before Salt Lake.

Because all open technical issues had been resolved, and because
the PDAD document was supposed to reflect these resolutions, the
position taken was that the U.S, response was a matter of
verifying that the document did in fact reflect the resolutions.
Consequently, because there were no unresolved technical issues,
it was concluded that a working group of metafile experts could
prepare the response at Salt Lake, and ask X3H3 plenary to
approve it

.

In fact the U.S. response came to over 25 pages and its
production consumed the entire Salt Lake meeting. A copy of the
Addendum 1 PDAD text is in Appendix 2 of this report, and the
U.S. response document is in Appendix 3. There were no serious
technical problems with the Addendum 1 PDAD text. The technical
issues had been resolved in 1987 in a manner satisfactory to the
U.S. (and CALS) . Rather, there were extensive editorial problems
and minor technical issues.

The most pervasive problems derived from the relationship of
Addendum 1 to CGI (most of the technical material was lifted from
CGI) . These problems were twofold. Firstly, some CGI
functionality changed at Valbonne and at an editing meeting a
couple months later, but it was not possible to obtain new CGI
text until mid-1988. The CGM Addendum 1 document editor had to
make do with the old text. Secondly, much of the text (e.g.,
segmentation) was lifted almost verbatim from CGI. While the
text was appropriate for a procedural interface, it was not
appropriate for a graphical database definition such as CGM.

Finally, there were numerous problems that were oversights,
omissions, etc. The only really significant new material that
the Salt Lake review turned up had to do with the Formal Grammar.
For the first time in several years there was a specialist on
hand, and he detected a number of problems both with the Addendum
text and the original CGM standard.

The response document was approved as planned by X3H3 plenary,
and was sent to ANSI during February for forwarding to ISO.
Although the U.S. had no serious objections to PDAD 1, it was
voted "no”. This is a procedural requirement of ANSI if any of
the comments are technical, then the vote must be "no'. The "no"
vote is reversed at the ISO meeting when the technical comment is
resolved to the satisfaction of the U.S. delegation.

A final significant result at Salt Lake is that the NIST
representative was selected as one of the two U.S. delegates for
the SWG/FP meeting (see below)

.
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2.3 About Addendum 2

There was an Addendum 2 (3D) working meeting in England in
November^ attended only by U.K. and Germany* Revised Addendum 2

text was supposed to be received by early February. The Berlin
SC24 meeting had resolved that the text should be circulated as a
Working Draft, for a coiament period that expired in April. The
Salt Lake X3H3 empowered an ad hoc group to meet and prepare a
U.S. response. This meeting was planned to occur at the NCGA *88

expo in late March. In fact, the document was not received until
the day before NCGA. There was no time to prepare a response, so
the U.S. requested an extension of the comment period.

When the Addendum 2 WD text arrived, the minutes of the meeting
in England had still not been received and there was little idea
what to expect. The text that arrived was significantly broader
in scope than what had been resolved. Instead of minimal support
for GKS-3D, there was added support for a PHIGS MO workstation
and even a replacement for the PHIGS archive file. The X3H3.3
metafile group, of which the NIST representative is a member,
tended to not have strong positions on 3D, but the group knew
there would probably be some strong feelings in X3H3.1 (the PHIGS
sub-group). Therefore, the X3H3.3 group circulated the document
to X3H3.3 and X3H3 . 1 and arranged for a joint ad-hoc group to
prepare the U.S. response at the Fairfax X3H3 meeting (May 1988)

.

This radical change of scope of Addendum 2 turned out to be one
of the triggering events for work at Fairfax and Tucson (SC24,
July 1988) which changed the fundamental structure and direction
of the addendum work.

2.4 The Blakeney SWG/FP Meeting

For some time there had been dissatisfaction within SC24 (and its
predecessor SC21/WG2) over the state and process of making
graphics standards. In particular:

o the process takes much too long;

o there is insufficient coordination among projects that
are supposed to be closely related;

o there is lack of an overall reference model explaining
the relationships between the standards.

The list goes on with a number of other points. Coupled with
this dissatisfaction, there was sentiment within SC24 to shelve
CGI (it was taking too long and had missed its "window of
opportunity'*) and demands for a number of new standards and
extensions even before work on the "first generation" of
standards was complete. These new projects included:
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1 . CGM Addendum 3

;

2. PHIGS extensions (PHIGS+)

;

3 . Windowing standards

;

4 . Imaging standards

;

5. GKS review and revision;

In order to sort out these competing demands the Berlin SC24
meeting established a Special Working Group on Future Planning.
Each national body was allowed to send two representatives. The
NIST representative was selected to be one of the U.S.
representatives. This looked to be an excellent strategic
outcome for Addendxim 3 constituents, which includes the CALS
constituency, because it was expected that the SWG/FP would deal
specifically with new proposals such as Addendum 3 . Our NIST
representative was thus in a good position to influence the
progress and acceptance of Addendum 3 as an ISO project.
In fact, during the 3 -day meeting (11-13 April) it was never
possible to pull the attention of the SWG/FP down to the level of
talking about specific projects. Instead there was considerable
discussion of:

o "lessons learned”;

o a recognition of the distinction
second generation standards;

between first and

o a determination that first generation standards
finish quickly (within a year) ; and

must

o a determination that all new work
differently.

must be structured

The IEEE Computer Graphics and Applications magazine article by
G.S. Carson provides an excellent summary of this meeting.
Rather than repeat that material, the article is included in
Appendix 4. In Appendix 5 is a copy of the 5-year plan that is
referenced in the article.

CGM Addenda 1 & 2 were considered to be first generation
standards, and were encouraged to complete work rapidly. At the
same time it was recognized that Addendum 2 was in some trouble,
as there was widespread dissatisfaction over the change of scope
and apparent confusion of purpose—there was skepticism that it
could reach DIS stage in the 1-year period before the cutoff,
given that it had not even managed to reach an agreed scope yet.
The U.S. (and CALS) would not have minded work being suspended on
Addendum 2, since it is perceived as draining scarce resources
that could be used on Addendum 3

.

Addendum 3 was officially considered to be a second generation
standard. The NIST representative observed a reluctance to deal

9



with it. This was for the reasons discussed above (the Berlin
SC24 meeting) . There was also some sentiment from GKS advocates
that the work belonged in GKS extension and review. There was
the already mentioned philosophical objection that functionality
could not be included in a metafile standard that did not have
correspondence in an API (Application Programmer Interface)
standard

.

In term of officially results, then, SWG/FP did little for
advancing Addendum 3. Unofficially, however, there was some
productive exchange with other national delegates. The NIST
representative was able to communicate two points in particular:

1. The real-world experience gained in the multi-vendor CGM
system integration demonstration at NCGA*s Integrate '88 was
used as evidence for the U.S. position that a metafile
standard is not only used just by standard application
systems, and can have functionality not seen in such
systems. At Integrate '88 it is estimated that not more
than 1/3 of the CGM generating and interpreting systems
involved other ISO graphics standards. Rather, CGM modules
were attached to existing proprietary systems, such as CAD
systems. Some key objectors to Addendum 3 privately
admitted that this view of metafile utilization had merit.

2. It was not concealed that the U.S. would proceed on the
standardization of Addendum 3 if ISO did not demonstrate
interest in expediting such work. It was the U.S. position
that the normal 5-year timeframe is much too long to wait
for this work. The extensions are needed now.

By the time of the Tucson meeting there appeared to be some
acknowledgement of these points. The NIST representative thought
that the unofficial exchanges at Blakeney had some effects. The
work of the SWG/FP and subsequent national body contributions
formed the framework and defined the agenda for that meeting.

2.5 The Blakeney Metafile RG Meeting

In the week following the SWG/FP meeting there was a 3-day (18-20
April) WG3 Metafile Rapporteur Group (MRG) meeting at the same
location in Blakeney, England. The purpose of the meeting was
twofold: firstly, the PDAD ballot on Addendum 1 was complete and
those results had to be processed; secondly, it was planned to
process WD comments on Addendum 2 and prepare to advance the text
to PDAD stage.

The meeting was not officially empowered as an editing meeting,
so could not produce official response document. Rather the
output would be input to the official MRG editing meeting at
Tucson. In reality, since the active metafile experts from the
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most important delegations were present, it was anticipated that
the work would be endorsed mostly intact at Tucson. The meeting
was sparsely attended: 1 U.S. (NIST representative) , 3 U.K. (but
only 2 present at any given time) , and 2 Germany.

The time allocated for the two addenda was 1 day for PDAD Add.l
comments, and 2 days for refining Add. 2. We (the U.S.) objected
that 2 days was too much for Addendum 2 the document had only
been circulated 3 weeks before and none of the national comments
were in hand. It was also pointed out that it was known that
there were objections from several nations over the expansion and
confusion of scope. It was agreed to spend more time on Addendum
1, spend an afternoon explaining and discussing Addendum 2, and
spend the last day finishing off any issues on Addendum 1 and
drafting output documents on both addenda.

The PDAD ballot drew 5 negative votes, including France, Germany,
U.K., U.S. (see "Salt Lake Meeting"), and Czechoslovakia. Most
of the objections were similar to those of the U.S., including
especially concern over the reliance on CGI, which was perceived
to be unstable. The MRG response on that point was basically: in
consequence of the SWG/FP work, CGI must either be technically
stable now or it won't become a standard. If Add.l is simply
made current with CGI, then CGM should be stable in those areas
of overlap.

As with the U.S. response, other national responses contained
many minor technical points. In fact it took all of the
allocated time plus some to sort through the points and come to
consensus on the important ones. Some were stacked for Tucson.
From the CALS point of view, nothing significant happened at this
meeting (which was just what was wanted—stability of the
extended functionality which was important to CALS)

.

There was
some move to remove PIXEL ARRAY (an element needed by CALS)
because of alleged changes in CGI. This discussion was postponed
for Tucson. Aside from important functionality remaining intact,
the proposed Addendum 1 schedule was the only other topic of
importance to CALS: the MRG agreed to attempt an aggressively
fast schedule—produce DIS text at Tucson and try for IS text in
summer 1989.

There was no significant time available or allocated for Addendum
3 . The best that could be achieved at this meeting was a weakly
worded recommendation from the MRG to SC24 that the work is
important and should be progressed (possibly by experts from
several areas in addition to metafiles)

.

This did serve to keep
the topic alive and visible. But overall, the two Blakeney
meetings did not produce any definitive new results for Addendum
3.

Appendix 6 contains selected documents from the Blakeney MRG
meeting. Included are the minutes, the explanation of Addendum

11
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2 , and a summary of voting on PDAD Addendum 1.

2.6 The Fairfax X3H3 Meeting

Attempts to persuade ISO to immediately commence work on Addendum
3, and assign it to the WG3 metafile rapporteur group, had not
achieved positive results at the Berlin and Blakeney meetings.
It was the U.S. position that the U.S. would proceed if a project
were not taken up by ISO. The purpose of proceeding within the
U.S. was twofold: firstly, the constituency for Addendum 3 (e.g.,
CALS) needed the functional extensions without undue delay;
secondly, ISO did apparently intend to take up the work sooner or
later, in some form. ISO would likely take it up sooner if the
U.S. continued to progress Addendum 3 as a domestic U.S.
standard, and the subsequent technical work would proceed faster
as well.

At the Fairfax meeting, then, the metafile sub-group had two
goals with regard to Addendum 3. The first was to produce a new
revision of the baseline document for Addendum 3. The second was
to produce a draft SD-3 for an X3H3 Addendum 3 project. An SD-3
is the statement of scope, purpose, and need which is used to
initiate a standards project in one of the accredited ANSI
committees. The SD-3 was to be circulated during the summer for
an approval ballot within X3H3. Approval would basically give
the project the standing of an official ANSI project (after some
higher approvals in X3)

.

The two documents were also intended for circulation within ISO.
Again the purpose was twofold: to demonstrate that the U.S. was
serious about the need for the project, was ready to supply the
necessary resources, and was willing and capable of proceeding
alone; and to keep ISO metafile experts current so that a
transition could be effected smoothly should ISO commit to doing
Addendum 3

.

Some of the work to refine and extend the draft document was done
by interim assignments before Fairfax. The rest was done at
Fairfax and in working assignments during the following month.
The result is contained in Appendix 7. A draft of the SD-3 was
produced at the meeting. The metafile sub-group would have liked
to be able to refine the drafts somewhat more, and to get more
group discussion and issues resolution. Lack of time and staff
was a problem.

There were 10 people available to work at Fairfax. It turned out
that the NIST representative and one other had to work most of
the three days on other matters.

One of the items on the agenda at the meeting was to form a U.S.
position on Addendum 2, 3D. There was significant unhappiness
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with the draft which had been received from England in March. It
had significantly expanded in scope, to the point where it
concerned U.S. 3D experts (PHIGS) . More importantly, a number of
U.S. experts within X3H3 were concerned with attaching the
functionality of Addendxim 2 and the GKS audit trail portion of
Addendum 1 to the CGM standard. Regardless of the merits of the
material, its nature is contrary to the basic philosophy of the
static picture capture CGM. Within the U.S. there was a
significant constituency which appreciated what the CGM was and
found it useful and appropriate.

A liaison meeting was scheduled to work with the 3D experts to
formulate a U.S. position on Addendum 2. In fact, the output of
the meeting was the production of a basic Metafile Reference
Model (MRM) which demonstrated why the U.S. was dissatisfied with
what was happening in the addendum process. The MRM shows:

1. there can be metafiles defined at any level in a graphical
hierarchy; and

2. the metafiles can either be static (snapshot) in nature, or
they can be dynamic (session capture) . The former are a
snapshot of the state of some layer in the hierarchy, while
the latter are an audit trail of the dialogue over some
interface in the model.

According to the MRM the CGM is a static picture capture metafile
at the level of the virtual device. The GKSM content of Addendum
1, however, is at a higher level in the model and is a session
capture specification. Similarly, several distinct metafiles
were identified in the draft Addendum 2—all were of a different
nature (dynamic) or at a different level than CGM in the MRM.

This model was refined and approved by X3H3 for input to the
Tucson meeting as a U.S. position (see Appendix 8) . The model
became the basis for U.S. objections to Addendum 2, and was the
basis for a proposal that Addendum 1 be split. The static
portion of Addendum 1 (the portion of interest to CALS) would
continue to be progressed as an addendiim to CGM. The audit trail
portion would progress as an addendum to GKS. According to the
MRM, Addendum 3 was in the spirit of CGM and should properly be
progressed as an addendum to CGM. This is contrary to several
opinions which were being heard in the ISO community.

Although an unexpected result, the MRM and the position papers on
the addenda which derived from the MRM were by far the most
important output of the Fairfax meeting and had the most far-
reaching implications.
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2.7 The Tucson SC24 Meeting

The MRM and. associated position papers were pre-circulated to key
members of the metafile rapporteur group prior to Tucson. Some
of the other national delegations were having similar problems
with the CGM addenda, and so the time was ripe for a proposal
that made some sense of the disorder. There was interest in the
U.S. proposals.

At the Tucson meeting itself, the MRM and the U.S. proposals for
restructuring the CGM work were endorsed in the first half of the
first day. The rest of the meeting was basically concerned with
implementing the new structure, working out technical issues, and
working out procedural problems and schedules. A detailed report
of the activities at Tucson is contained in Appendix 9.

To summarize the practical effects of the Tucson resolutions (see
Appendix 10 for the complete resolutions text)

;

o the static picture content of Addendiim 1 continues to
be progressed as an addendum to CGM. It is known as
the static structured picture capture (SSPC) metafile.
It contains everything from addendum 1 that is
important to CALS. It is known as CGM Add.l.

o the dynamic session capture content of Addendum 1 is
removed and progressed separately as an addendum to
GKS, known as GKS Add.l. The timetable is to be the
same as that for CGM Add.l. There is nothing in GKS
Add.l that is of much importance to the CALS
constituency

.

o the static content of Addendum 2 will be progressed as
an addendum to CGM, known as CGM Add. 2. It will
represent static 3D pictures. There are some
interesting possibilities for CALS in this content. In
particular, it may be very natural to translate IGES
and PDES into CGM Add. 2 (or Add. 2 extended with
advanced geometric primitives)

.

o the dynamic content of Addendum 2 will be removed and
progressed as an addendum to GKS-3D, known as GKS
Add. 2.

About Addendum 3: WGl (reference models, user requirements, etc)
and the Tucson plenary passed resolutions which finally gave
standing to Addendiim 3 in ISO. It is recognized that two
technical areas are critical to Addendum 3 : advanced text and
font facilities; and advanced geometric primitives (splines,
conics, etc.). It was also recognized that these technical areas
are of key importance in other SC24 standards and standards
proposals, such as GKS 9x (the successor to GKS) , PHIGS+, etc.
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Accordingly a number of technology and study groups were formed.
Three of these of importance to CALS are:

1. advanced text models;

2 .
product data geometry

;

3. CGM extensions.

The third group is essentially an Addendum 3 study group. It is
to meet in parallel with the technology groups, decide whether a
New Work Item is desirable, and produce such and a high-quality
baseline document (draft Addendum 3 standard) . The timeframe for
completion of the study and baseline document is about one year.
The rapporteur of the metafile extensions study group is the NIST
representative

.

This at last is the positive commitment to Addendum 3 that was
sought from ISO. There may be some negative aspects to the ISO
commitment. Foremost among these is: how long will it take to
get the work done in ISO?

A final consequence of the Tucson resolutions was that there was
no longer any particular rush to produce- the SD-3 for Addendum 3

.

However, since final text for CGM Add.l was scheduled for summer
1989, there was now some urgency to initiate formal ANSI
processing. This had not been done previously, because ANSI is
in the process of adopting new procedures which would allow for
automatic tracking and adoption of ISO standards work (without
having to carry out parallel ANSI work) . These procedures have
been very much slower in coming than was anticipated.
Accordingly, the SD-3 for Addendum 3 was converted to an SD-3 for
CGM Add.l, and this is being voted now in letter ballot by X3H3.
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IV. SUMMARY AND CONCLUSION

The 1987 predecessor of this task was largely concerned with
defining the CALS requirements for CGEM, getting those
requirements endorsed and agreed to by both the ANSI and ISO
bodies working on the extensions, and getting work initiated on
the CALS extensions c The requirements definition and ANSI X3H3
endorsement were largely accomplished. This task has continued
to seek ISO endorsement and status for the project and has
otherwise focussed on producing draft documents containing the
required functional content.

Specific goals for 1988 were:

1. Expedite processing of CGM Addendum 1. As a result of
“Work in 1987 Addendum 1 contained a number of functions
that were important and useful to CALS.

2. Get ISO approval for Addendum 3 as an ISO project,
assigned to the existing Metafile Rapporteur Group
(MRG) , and "fast-tracked” to completion. Most of the
required CALS functionality resides in Addendum 3.

3 . Coordinate the CGEM work with registration proposals to
insure maximum compatibility. While awaiting the more
permanent results from the lengthier CGEM
standardization process, CALS is also pursuing a short
term strategy of submitting some of its required
functionality for Graphical Registration.

For CGM Addendum 1, progress was excellent in 1988. Addendum 1

was submitted for its first PDAD ballot in 1988. The U.S.
submitted a 25-page set of comments, participated in the
preliminary processing of the ballot results at an interim ISO
Metafile Rapporteur Group meeting, and participated in the final
processing at the June ISO SC24 meeting. Between these two
meetings an ANSI X3H3 working meeting produced a Metafile
Reference Model, which was submitted to ISO. This led to a
complete restructuring of the work on Addendum 1 (and Addendum 2

as well) . The static extended functionality and static segments
important to CALS will continue to be processed as an addendum to
CGM, while dynamic functionality (of little use to CALS) will be
split out and progressed as an addendum to GKS. Addendum 1 will
progress directly to DAD status, bypassing an anticipated second
PDAD ballot. Assuming no unforseen technical problems on the DAD
ballot, final text should be available in about 1 year.

No new CALS functionality was added to Addendum 1, but this was
neither intended nor desired. Basically the functional content
of this addendum was closed in late 1987, CALS requirements were
included as much as feasible, and the 1988-89 CALS agenda for
Addendum 1 is to get the processing completed as soon as
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possible.

Most of the CGM extensions needed by CALS are addressed in
Addendxim 3. On Addendum 3 results were mixed. ANSI X3H3 has
endorsed the project and indicated willingness to pursue it as a

U.S. standard if ISO does not pick it up. By mid-year a draft of
the required functional content had been produced, complete with
Scope and Purpose, Functional Specification, and the three data
encodings. The SD-3 had also been prepared, which is the
document required to give the project official status as an ANSI
standards project. A projected timetable showed completion of
the project in 1990.

There has been resistance within ISO to initiating the project as
an addendum to CGM, and this continued through mid-year. No
official endorsement of the project was achieved in the first few
opportunities. In fact there was positive resistance, based
primarily on political and "jurisdiction" issues. Finally at the
SC24 meeting in June a study group was established, which should
lead to a New Work Item and DP-quality draft within a year. This
is both good and bad news. On the positive side, ISO has now
given status to the project, and the study group rapporteur is
the NIST representative. Thus CALS is in an excellent positions
to see that its requirements are included in the new work. On
the negative side, the process will probably be slower by 1-1.5
years than if ANSI had proceeded alone. It may be 3 years until
final text is available. In the balance, ANSI could probably not
have proceeded alone without getting overtaken by ISO at a later
date.
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V. RECOMMENDATIONS

The CALS required content of Addendum 1 is fairly safe now, and
routine oversight of remaining Addendum 1 processing should
suffice (the 6-month DAD ballot commences in Oct-Nov 1988) . The
requirements study for "Addendum 3” is complete and draft text
has been circulated within X3H3 for the functionality. However
the standard embodying this will be an ISO standard, and its
scope and content will be completely determined during the next
12 months. During this period it is critical for CALS to
continue to present its requirements. An ideal opportunity to do
so exists, as the NIST representative has been approved to lead
the study group for these extensions.

Recommendation: NIST must take advantage of the present
opportunity to inject CALS requirements during the study and
definition phase for the new ISO CGM extensions work. The NIST
representative must be funded to participate in domestic and
international CGM meetings on CALS behalf.

Recommendation: Due to the longer than anticipated timeframe of
the desired CGM extensions, NIST suggests that the scope of the
NIST representative * s task in FY 89 include a reassessment of
extending the CALS AP (MIL-D-CGM) in the interim by inclusion of
registered graphical items as these become stable. This
recommendation implies that planning a MILSPEC for CGEM (that is.
Addenda 1, 2 and 3 of CGM) is premature at the present time.
Rather, more time is necessary to evaluate how long the standards
process is likely to take before committing to a MILSPEC for
CGEM. The plan that was asked for now should be a product of the
coming fiscal year, since it depends so much on the stability and
timeliness of these Addenda within the standards process. Either
of the following scenarios is a possibility;

(1) Continue adding functionality to MIL-D-CGM via stable
registration proposals and/or Addendum 1. (This is
what the above recommendation is for FY 89.)

(2) Use CGEM Addendum 1, along with the more 'stable
registration proposals, as the basis of a first draft
MILSPEC CGEM, and then build in the other Addenda as
they become standardized.

(3) Continue as in step 1, but instead of having 2

MILSPEC s, have one in future (in probably 2 to 3 years
time) which includes MIL-D-CGM as well as the
standardized versions of CGEM Addenda, thereby
superseding MIL-D-CGM (if allowable in DOD)

.
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GLOSSARY

ASC X3H3 Accredited Standards Committee X3H3, the ANSI
accredited committee responsible for computer graphics
standards in the US.

X3H3.3 The subcommittee of X3H3 that is responsible for CGM
and CGI.

ISO/IEC JTC1/SC24 International Standards Organization, Joint
Technical Committee 1, Standing Committee 24, the
international counterpart to X3H3

.

ISO TC97/SC21/WG2 The predecessor to SC24 (prior to December
1987) .

WG3 The working group of SC24 responsible for standards
work in metafiles and device-level interfaces, i.e.,
CGM and CGI.

Metafile Rapporteur Group (MRG) The sub-group of WG3 responsible
for CGM maintenance and CGM extensions.

Working Draft (WD) The first complete draft of a proposed ISO
standard, the starting document for subsequent work and
review.

Proposal (DP) The second stage in the ISO processing
pipeline. After national bodies have commented on the
WD, it is altered and refined and then registered as a
DP. Another round of ballot and comment takes place on
the DP.

Proposed Draft Addendum, the same as DP, but for an
addendum as opposed to a standalone project.

International Standard (DIS) The project stage in the ISO
pipeline after DP. The technical content of the
project is supposedly highly stable and it is expected
that IS text can be produced subsequent to processing
the DIS ballot results.

Draft Addendum, the same as DIS, but for an addendum as
opposed to a standalone project.

International Standard (IS) The final stage in the ISO pipeline,
nothing remains but possibly the printing.

American National Standard (ANS) The final stage in the ANSI
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CGM

CGI

GKS

GKSM

CGEM

BSI

DIN

AFNOR

pipeline, nothing remains but possibly the printing.

Computer Graphics Metafile, ANSI standard X3. 122-1986
and ISO standard ISO 8632/1-4 1987.

Computer Graphics Interface, another ANSI/ISO standards
project, currently at the 2nd DP stage. CGI is an
interface standard which exists about at the level of
the CGM in the graphics pipeline (device level) . CGI
is an interactive (input) and highly extended and
enriched interface specification, whereas CGM has
output-only functionality (for picture definition) and
is a picture description protocol (a graphical
database) . CGI embeds CGM output functionality as a
subset.

Graphical Kernel System, an application programmer
interface to computer graphics, now an ANSI and ISO
standard.

Metafile for use with GKS. One was proposed in non-
standard Annex E of GKS. Work on it was deferred in
favor of CGM, and now of extended CGM (CGEM)

.

Computer Graphics Extended Metafile, a set of addenda
and extensions to CGM, being processed

_
by ISO,

currently nearing DP stage.

British Standards Institute, the British equivalent of
ASC X3H3.

The German equivalent of ASC X3H3

.

The French equivalent of ASC X3H3

.
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APPENDIX 1

ADDENDUM 3 INPUT FOR BERLIN SC24 MEETING
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gurpQ&s

The purpose of this addendum is to extend the CGM to effectively fulfill
the picture transfer requirements of:

1) Engineering drawing and technical illustration
2) Graphics arts quality pictures, including geometric graphics, raster

images, and text

3) Technical publishing

An additional intent is to keep pace with the graphics requirements of
office systems, especially ODA requirements.

SCQ&ft

This addendum comprises a set of elements which will extend the

capabilities of CGM as needed to meet additional user requirements in

engineering drawing, graphics arts, and technical publishing. The set of

elements should include all elements necessary to meet those requirements.
It should be the minimal set sufficient to meet those requi rement.s

effect ively.

The following preliminary list of capabilities is identified as necessary
to meet these requirements.

1) Advanced 2D graphics, to include:
- Bezier curves
- Rational B-splines
- Parametric spline curves
- Line attributes of cap, miter, and join
- Composite line primitive -

- User-defined line types
- User-defined hatch styles
- Arbitrary text path
- Conics, and conic arcs

2) Text and font model of ISO 95^1, Information Process ing--Font and
Character Information Interchange.

3) Picture composition and control, to include:
- Arbitrary clipping boundary (general closed curve)
- Shielding
- Alignment

4) Additional color models beyond RGB
- CIE
- CMYB
- Named colors

5) Additional raster graphics (scanned image) capabilities

6) Symbols: external reference to "standard" libraries of named symbols

The scope of this addendum assumes that the capabilities of CGM Addendum 1

and Addendum 2 arc available.

The remainder of this document constitutes the preliminary work which has
been performed to date.
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END COMPOUND TEXT PATH delimits the end of a compound text path
def init ion.

References

:

5.X.X BEGIN CLIP REGION

Parameters

:

none

Description:
BEGIN CLIP REGION delimits the beginning of a definition of a entity
that will provide the clipping region. When CLIP INDICATOR is 'on'

only the portions of graphics elements inside or on the boundary of the
clipping region are drawn. The elements that make up the clipping
region can be any combination of closed or non-closed elements such as
POLYLINE, DISJOINT POLYLINE, POLYGON, POLYGON SET, CIRCULAR ARC 3

POINT, CIRCULAR ARC 3 POINT CLOSE, CIRCULAR ARC CENTRE, CIRCULAR ARC
CENTRE CLOSE, ELLIPTICAL ARC CLOSE, or <new curve elements). The
entity thus defined is essentially a closed figure whose boundary is

used as the clipping boundary.

Once defined, the clipping region takes the place of the clipping
region defined in CLIP RECTANGLE.

References

:

5.X.X END CLIP REGION

Parameters

:

none

Description

:

END CLIP REGION delimits the end of a clipping region definition.

References

:

5.X.X BEGIN SHIELD REGION

Parameters

:

none

Description:
BEGIN SHIELD REGION delimits the beginning of a definition of a entity
that will provide the shielding region. When SHIELD INDICATOR is 'on'
only the portions of graphics elements outside of the shielding region
are drawn. The elements that make up the shielding region can be any
combination of closed or non-closed elements such as POLYLINE, DISJOINT
POLYLINE, POLYGON, POLYGON SET, CIRCULAR ARC 3 POINT, CIRCULAR .ARC 3

POINT CLOSE, CIRCULAR ARC CENTRE, CIRCULAR ARC CENTRE CLOSE, ELLIPTICAL
.ARC CLOSE, or <new curve elements). The entity thus defined is
essentially a closed figure whose boundary is used as the shielding
boundary.

References

;
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5.x Control Elements

5.X.X BEGIN COMPOUND LINE

Parameters

:

none

Description:
BEGIN COMPOUND LINE delimits the beginning of a definition of a entity
that will have consistent line attributes and will be treated as a

single "compound primitive". The elements that make up the compound
line can be any combination of non-closed line elements such as
POLYLINE, DISJOINT POLYLINE, CIRCULAR ARC 3 POINT, CIRCULAR ARC CENTRE,
ELLIPTICAL ARC, or <new curve elements>.

References:

5.X.X END COMPOUND LINE

Parameters:

none

Description:
END COMPOUND LINE delimits the end of a compound line definition.

References

:

5.X.X BEGIN COMPOUND TEXT PATH

Parameters

:

none

Description:
BEGIN COMPOUND TEXT PATH delimits the beginning of a definition of a

entity that will provide the path in which a text string will be drawn.
The elements that make up the compound text path can be any combination
of non-closed line elements such as POLYLINE, DISJOINT POLYLINE,
CIRCULAR ARC 3 POINT, CIRCULAR ARC^ CENTRE, ELLIPTICAL ARC, or <new
curve elements>.

Once defined, the compound text path takes the place of the text path
as defined by the TEXT PATH element and the CHARACTER ORIENTATION
elements. The skew of the characters is still relative to that
specified in the CHARACTER ORIENTATION element, but the placement of
subsequent characters is along the compound text path instead of in a

line along the character up vector or character base vector.

References

:

5.X.X END COMPOUND TEXT PATH

Parameters

:

none

Description:
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5.X.X END SHIELD REGION

ParaiBeters:

none

Descript ion

;

END SHIELD REGION delimits the end of a shielding region definition.

References

:

5.X.X SHIELDING INDICATOR

Parameters

:

shield indicator (one of: off, on) (E)

Description;
When SHIELD INDICATOR is 'off', shielding of graphical primitive
elements is not required.

When SHIELD INDICATOR is 'on', only those portions of graphical
primitive elements outside of the shielding region are dravn.

References

:
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All of the fontmetric elements (FONTMETRIC DEFINITION LIST, CHARACTER KERNING
MODE, CHARACTER KERNING TABLE, FCS TYPE, FCS INTEGER PRECISION, FCS REAL
PRECISION, and FCS EXTENT) are Metafile Descriptor Elements.

5.X.X FONTMETRIC DEFINITION LIST

Parameters

:

list O-t

:

font index (IX)
character index (C)

left bearing (format to be determined)
right bearing (format to be determined)
character height (format to be determined)
offset from baseline (format to be determined)

Description:
The fontmetric information for each character used in each font
specified is defined by this element. If this element is used, then
the fontmetric data for each character used in the metafile must be
specified. Characters not used by the metafile may also be specified,
but are not required.

References

:

5.X.X CHARACTER KERNING MODE

Parameters:

character kerning mode (one of: none, pair, sectored) (E)

Description:
Defines the kerning style, if any, for the metafile.

References

:

5.X.X CHARACTER KERNING TABLE

Parameters

:

To be determined.

Descript ion

:

The data defined by this element will be dependant upon which, if any,
kerning styles are supported. In general, however, the information
will be that which is required to kern characters. The most prevalent
form of kerning is character pair kerning.

References

:

5.X.X FCS TYPE

Parameters

:

Font coordinate type (one of: integer, real, VDC ) (E)

Description

:

The single parameter is an enumerated value that declares the data
type, integer or real, of the font coordinate space. Font coordinate
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space may be different than VDC space because higher precision may be

necessary to accurately define the fontnietric data. However, in the
font coordinate type is VDC, then the font coordinate space will map to

VDC space. In this case, no additional specification for font

coordinates (FCS INTEGER PRECISION, PCS REAL PRECISION, or FCS EXTENT)
need be specified.

References

:

5.X.X FCS INTEGER PRECISION

Parameters

:

Encoding dependant.

Description:
The indicated integer precision for fontraetric data. The precision is

defined as the field width measured in units applicable to the specific
encoding.

References

:

5.X.X FCS REAL PRECISION

Parameters

:

Encoding dependant.

Description:
The indicated real precision for fontmetric data. The precision is

defined as the field width measured in units applicable to the specific
encoding.

References

:

5.X.X FCS EXTENT

Parameters

:

first corner (P)

second corner (P)

Description:
The two corners define a rectangular extent in font coordinate space
that demarcates a "font window". Each character within a font must be
contained completely within this window.

References:
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5.x Attribute Elements

5.X.X Line Type Definition

Parameters

:

linetype (IX)

dash unit selector (one of: VDC
,
mm, native device units, abstract) (E)

dash repeat length (R)

adaptive flag (one of: no, yes) (E)

list of dash elements (nl)

Description:
This element defines a linetype and associates it with an index for
future reference. Parameter 'linetype' Is the index of linetype being
defined. The parameter 'list of dash elements’ is the definition to be

associated with the index. The first element is a dash, second a space,
etc. — the defined linetype is solid for II units, gap for 12 units,
solid for 13 units, etc. N must be positive, and each dash element (I)

non-negative. N=1 means a solid line; 1=0 interpreted as a dot.

The units of the 'dash repeat length' are specified by the 'dash unit
selector’ parameter. The value of 'abstract' indicates that the
implementation may normalize and map the sum of the dash pattern elements
at its discretion. The 'dash repeat length’ defines the length of one
complete cycle of the dash pattern, measured in the units of 'dash unit
selector ’

.

An "adaptive" linetype is one where every vertex falls on an inked
portion of the line. This is accomplished in plotters by temporarily
modifying the duty cycle for each line segment (ceiling function) such
that there is always an integral number of repeats (and all predefined
linetypes have their gaps_array defined such that they begin and end with
inked or ’’pen down" portions).

References

:

5*X.X Hatch Style Definition

Parameters

:

hatch index (IX)
style indicator (one of: parallel, crosshatch) (E)

hatch space units selector (one of: VDC, mm, device units, abstract) (E)

angle (2R)
duty cycle length (R)

list of hatch elements (nl) - I>=0, n>=2

Description:
This element defines a hatch style and associates it with an index
for future reference.

The ’hatch index' parameter defines the index of hatch style being
defined. The 'list of hatch elements’ is an array that defines
alternating line width and gap width —- i. e.

,
the width of a hatch line

followed by the width of the space to the next hatch line. The center of
the first hatch line is matched up with PATTERN REFERENCE POINT, if
implemented. 0 interpreted as thinnest line width available.
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The 'hatch space units selector’ specifies the units of 'duty cycle
length'. It also controls the manner of transformation of the hatching:
If VDC

,
then the hatching transforms with segment transform and

anisotropic transforms (as if hatching had done POLYLINES); otherwise,
the hatching is like "wallpaper” that shows through the polygon-shaped
hole — everything is defined in device units and are doing hatching in

device space. The value of 'abstract' indicates that the implementation
may normalize and map the sum of the dash pattern elements at its

discretion. The 'duty cycle length' is measured perpendicular to the

hatch line. The sum of hatch elements in the hatch element list is

normalized to this distance before presentation of the hatch on the view
surface.

The 'angle' parameter is measured in the units specified by the 'hatch
space units selector’. It consists of two components, dx and dy

,

defining a vector.

5<X.X Line Cap

Parameters

:

line cap indicator (one of: butt, round, projecting square) (E)

Description:
The line cap style is defined for subsequent line elements. The line cap
style determines the appearance of open endpoints (as opposed i:o interior
vertices) of line elements. The defined styles are:

butt cap: the line is squared off at the endpoint, there is no
projection beyond the endpoint.

round cap: a semicircular arc with diameter equal to the line width
is drawn around the endpoint and filled in. The drawn line thus
projects beyond the endpoint.

projecting square cap: the line is squared off at a distance equal to
half the line width beyond the endpoint.

References

:

5.X.X Line Join

Parameters

:

line join indicator (one of: miter, round, bevel) (E)

Description:
The line join style is defined for subsequent line elements. The line
join style defines the appearance of interior vertices of polyline
elements and of compound line elements. The defined styles are:

miter join: the o)iter edges of the two adjoining line segments are
extended until they meet at a point.

round join: a circular arc with diameter equal to the line width is
drawn around the vertex between the adjoining segments and is filled
jn, producing a rounded corner.

bevel join: the adjoining line segments are terminated with a butt
cap, and the resulting triangular notch is filled in.
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References

:

5.X.X Edge Cap

Parameters

:

edge cap indicator (one of: butt, round, projecting square) (E)

Description:
The edge cap style is defined for subsequent edge elements. The edge cap

•H style determines the appearance of open endpoints of filled area edges
(such as may result from a mixture of visible and invisible edge
segments). The defined styles are:

butt cap: the edge is squared off at the vertex, there is no
projection beyond the endpoint.

round cap: a semicircular arc with diameter equal to the edge width
is drawn around the endpoint and filled in. The drawn edge thus
projects beyond the endpoint.

projecting square cap: the edge is squared off at a distance equal to

half the edge width beyond the endpoint.

References

:

5.X.X Edge Join

Parameters

:

edge join indicator (one of: miter, round, bevel) (E)

Description:
The edge join style is defined for subsequent filled elements. The edge
join style defines the appearance of interior vertices of filled area
elements. The defined styles are:

miter join: the outer edges of the two adjoining edge segments are
extended until they Qieet at a point.

round join: a circular arc with diameter equal to the edge width is

drawn around the vertex between the adjoining segments and is filled
in, producing a rounded corner.

bevel join: the adjoining edge segments are terminated with a butt
cap, and the resulting triangular notch is filled in.

References

:

5.X.X Miter Limit

Parameters

:

miter limit (R)

Description:
Mitered corners can extend very far beyond the line vertex if the angle
between the adjoining line segments is small. Miter length is defined to
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be the distance from the point at which the inner edges of the adjoining
line segments meet to the point at which the outer edges meet. If miter
length exceeds the ’miter limit' parameter, then the joining line
segments are rendered with a bevel join instead of a miter join.

Miter limit is measured as a scale factor applied to the current line
width. Miter limit applies to line elements and edges of filled areas.

References

:

5*X.X External Symbol

Parameters

:

To be determined.

Descript ion

:

Reference to external defined symbol libraries is provided. The
mechanism of this element is yet to be defined.
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The following "Abstract Specification of Elements” is of the form in ANSI
X3. 122 - Part 1, Section 5. Most of what follows is based on the entities
found in IGES:

5.6.x CONIC ARC

Parameters:

start point (P)

end point (p)
A,B,C,D,E,F (6R)

Description:
A conic arc is drawn which is defined as follows:

A conic arc is defined by the end points and the six parameters. The
conic arc itself is defined by the six parameters in the following
equat ion:

A*(XT**2) + B*XT*YT - C*(YT**2) + D*XT E*YT + F = 0

where XT, YT is the plane of the definition space. In order for the
conic arc to be processed correctly by the receiving system given the
above representation, the conic arc entity must be positioned such that
each of its axes is parallel to either the XT axis or YT axis. The arc
is then positioned correctly in VDC space by using the value of the

CONIC ARC TRANSFORMATION MATRIX element.

To determine the form of the conic arc, the quantities Q1 ,
Q2 and Q3 are

defined as follows:

1

1 A B/2 D/2 1

Q1 » determinant of ! B/2 C E/2 !

1

1 D/2 E/2 F !

Q2 5* determinant of ! A B/2 !

1

f B/2 C !

Q3 = A C

If Q2>0 and (Q1*Q3)<0, then the arc is an ellipse
If Q2<0 and Q1<>0, then the arc is a hyperbola.
If Q2 = 0 and Q1<>0, then the arc is a parabola.

In the case where the conic arc is elliptical, to

question from its compliment, the direction of the arc with respect to
the definition space must be from start point to end point in a

counterclockwise direction.

In the case where the conic arc is parabolic or hyperbolic, the
parameterization defines a unique portion of the parabola or a unique
portion of a branch of the hyperbola, thus the direction is irrelevant.

The direction of the conic arc with respect to VDC space is determined
by the original direction of the arc in definition space, in conjunction
with the action of the CONIC ARC TRANSFORMATION MATRIX element.

References

:

32



5.6.x CONIC ARC TRANSFORMATION MATRIX

Parameters

:

matrix elements

if the VDC type is ’integer’,
Rll ,R12 ,R21 ,R22 (AI)

if the VDC type is 'real',
R11,R12,R21,R22 (4R)

coordinate offset (P)

Description:
This element is intended to work in conjunction with the CONIC ARC
element to transform the conic arc from definition space to VDC space.

The Transformation Matrix entity transforms the definition space point
coordinates by means of a matrix multiplication and then the addition of

an offset.

The notation for this transformation is as follows:

! Rll R12 I 1 Xin ! -^ ! T1 ! = ! Xout !

I R21 R22 I ! Yin ! ! T2 I ! Yout I

where iRijl is the transformation matrix, (Xin, Yin) is the coordinate to

be transformed, (T1,T2) is the offset, and (Xout, Yout) is the coordinate
resulting from the transformation. Both the input and output coordinate
systems are assumed to be orthogonal, cartesian and right-handed.

References

:

5.6.x PARAMETRIC SPLINE CURVE

Parameters

:

curve_type (IX)
H-degree of continuity (I)

N-number of segments (I)

T-break point list for polynomial ((N+1)R)
X coordinate polynomial list (N sets of four)

AX,BX,CX,DX ((4*N)R)

Y coordinate polynomial list (N sets of four)

AY,BY,CY,DY ((4*N)R)

Descript ion

;

The parametric curve to be drawn is defined as follows:

The parametric spline curve is a sequence of parametric polynomial
segments. The parameterization shown above is generalized to allow for
the representation of many different parametric spline curves using this
one element. The curve_type parameter Indicates the type of parametric
curve as it was represented in the sending system before being converted
to this generic form. The following curve types have been assigned:

1: linear
2: quadratic
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3: cubic
4: Wilson-Fowler
5: modified Wilson-Fowler
6: B spline

Values above 6 are reserved for registration and future standardization,
and negative values are available for implementation-dependent use.

The degree of continuity parameter, H, indicates the smoothness, or
continuity of the curve with respect to arc length. If HaO, the curve
is continuous at all break points. If H»l, the curve is continuous and
has slope continuity at all break points. If Ha2

,
the curve is

continuous and has both slope and curvature continuity at all break
points.

The number of segments parameter, N, is the number of polynomial
segments to be used to define the curve. Each X,Y polynomial segment is

evaluated using the eight polynomial coefficients associated with that
segment (AX,BX,CX,DX,AY,BY,CY,DY). Each segment is delimited by its
respective breakpoint, T.

The following cubic polynomial equations will return the coordinates of
the points of the i-th segment of the curve. Note that the coefficients
D, or C and D will be zero if the polynomials are of degrees 2 or 1

,

respect ively

:

X(u) = AX(i) ^ BX(i)(s) ^ CX(i)(s**2) ^ DX(i)(s**3)
Y(u) » AY(i) BY(i)(s) + CY(i)(s**2) + DY(i)(s**3)

where T(i) <= u <= T( i-*-! ) ,
i = l , . . . ,N and s = u - T(i).

The terminate point and derivatives are derived without computing the
polynomials by evaluating the Nth polynomials and derivatives at

u = T(N 1). These data, divided by the appropriate factorial ( i. e.

the second derivative divided by 2! ,
the third by 3! ) ,

are used as the
N-^l or terminate point values.

References

:

5.6.x RATIONAL B-SPLINE CURVE

Parameters

:

K-upper index of sum (I)

M-degree of the basis function (I)

curve_open flag (one of: open, closed) (E)

equat ion_type flag (one of: rational, polynomial) (E)

periodic flag (one of: non-periodic, periodic) (E)
T-knot sequence list ((K-fM+l)R)
W-weight list ((K+DR)
control point list ((K+1)P)
start_param , end_param (2R)

Description:
A rational spline curve is drawn which is defined as follows:

The parametric equation governing the definition of the rational
B-spline curve is shown in the following expression:
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W(0)*P(0)*b0(t) W(l)v.P(l)^bi( t) W(K)*P(K)*bK( t

)

W(0)^b0(t) W(l)*bl(t) W(K)vbK(t)

where W(i) are the weights, P(l) are the control points and bi are the

basis functions.

The bi basis functions are all non-negative piecewise polynomials
determined by the degree M, and the knot sequence T. T is a

non-decreasing list of real numbers T( -M) , . . . T( 0) , . . . T( K + 1 ) . Each
function bi is supported by the knot sequence interval CT( i-M) ,T( ifl ) ].

Between any two adjacent knot values, the corresponding basis function
can be expressed as a single polynomial of degree M.

The curve itself is parameterized where:

start_param <= t <= end_param,
T(0) <= start_param < end_param <= T(N)

Thus for any parameter value t between T(0) and T(K+1), the sum of the
basis functions satisfies the following identity:

b0(t) ^ bid) > > bK(t) = 1.

If the beginning and ending points of the curve are identical, then the
curve_open flag is set to closed, otherwise it is set to open.

If all of the weights in the weight list W are not equal, then the
equat ion_type flag is set to rational. Otherwise, if all of the weights
are equal, then all of the weights cancel, the denominators sura to one
and the equat ion_type becomes polynomial.

References

:

.6.x COMPRESSED PEL ARRAY

Parameters

:

T-encoding type (one of:T4,T6) (E)

P-pel path (one of : 0 , 90 , 180 , 270 ) (E)

L-line progression (one of: 90,270) (E)

S-pel spacing (R)

spac ing_rat io (R)

N-number of pels per line (I)

NL-number of lines (I)

pel array (BS)

Description:
A compressed pel array image is defined as follows:

The encoding type parameter, T, specifies the CCITT compression format
used to encode the image. If T is specified as "TA”, the image is

encoded according the one or two dimensional scheme defined in CCITT
Recommendation T. A (Group 3 facsimile). If T is "T6"

,

the image is

encoded according to the two dimensional scheme defined in CCITT
Recommendation T. 6 (Group U facsimile).

The pel path parameter, P, is the direction of progression of successive
pels along a line relative to the VUC X axis. This parameter, in
conjunction with the pel spacing, S, and the number of pels per line, N,
implicitly define the line position, length and granularity for each

35

i



line in the decoded pel array. 5 is defined as the ratio ni/n, where ”m"
is the line length in SMUs (1200 SMUs per inch) occupied by "n" pel
spaces.

The line progression parameter, L, is the direction of progression of
successive of pel lines and is expressed as a direction relative to P.

L, in conjunction with the spac ing__ra t io and the number of lines, NL

,

implicitly defines the size of the decoded image in the direction of L.

The line spacing (LS) of the lines of pels can be determined as follows:

LS » spac ing_rat io * S

or rather, the spacing_rat io is the ratio of line spacing to pel
spacing.

The pel array itself is stored in either of the formats defined by T,

encoded as a bit_streara.

References

:

5.6.x PEL ARRAY CLIP RECTANGLE

Parameters

:

X1,Y1,X2,Y2 (AI)
first corner (P)

second corner (P)

Description:
The element defines the rectangular area of pels in the decoded pel
array that is to appear in the picture.

The four integers form two coordinate pairs, (XI. Yl) and (X2,Y2)
corresponding to the first and last pels to appear, respectively. For
example, (6,2) would specify the seventh pel in line 3, given that (0,0)
specifies the first pel on the first line. The default for the first
coordinate is (0,0), and the default for the second is (N-1,L-1), where
N is the number of pels per line and L is the number of lines from the
COMPRESSED PEL ARRAY element.

The two corner points define the pel array clip rectangle in VDC space.
The first pel defined above will appear at the first corner, and only
those portions of the decoded pel array from the COMPRESSED PEL ARRAY
element inside or on the boundary of the pel array clip rectangle will
be drawn.
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In addition ^to the proposed element listed and described^on

pages, elements to add support for additional color inodles

CMYB,’‘HIS, etc. ) is also under consideration. The form and

new (color modle related)' elements is yet^'to be determined.

*'i* 'I

; if f?::^

4

IJ.

't. >

^ I

'

nt

37 . ijlWi' ^

the preceeding
(such as CIE,
content of these

.tk,;:,



This page left intentionally blank.

38



APPENDIX 2

ADDENDUM 1 PDAD TEXT
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Pago 1

Sub<€iaus€ 0.1 : Add tfie following mt^ #nd of th# sub*clausa:

This picture description indudes static images and graphical session capture requirements.

Pagsl

Sub-clause 0.3: Add the following at the end of Kem c):

It should also not predude further extensions to support future standards.

Paga1

Sub-clause 0.3: Add the following at the end of item d):

It should indude the capability to support both GKS picture and graphieai session requirements.

Pagm3

Suhclause 0.8: Add the followir>g at tiie end of the first paragraph:

The CGM as extended by this addendum abo spedfies the elements required to support GKS picture and

graphical session capture.

Pagad

Clause 1 : Add the following at the end of the first paragraph:

This picture desoiption indudes static image and graphicaJ se^ion «tpture requirements.

Pagad

Clause 1 : Add tiie following at the er>d of the second paragraph:

The CGM as extertded by this addendum also cortiains elements that delimit and manipulate groups of

elements within pictures. Capability is provided for dynamic picture regeneration such as is required for

graphical session capture.

PmgaQ

Sub-clause 4.1 : Add the following at the end of the list of dasses of elements:

Segment Elements, which enable the manipulation and appearance of elements within pictures.

Segments can also appear outside pictures as global segments.

Paga 9

Sub-clause 4.1 : Add the following after the third paragraph:

Graphical output primitives and attributes may be grouped in segments. Segment attribute elements control

the appearance of segments. Segments can appear both inside arxl outside pictures.

Page 10

Sub-clause 42: Add the following at the end of the sub-clause:

Groups of elements within pictures, called segments, are delimited by BEGIN SEGMENT and END
SEGMENT. Each segment is uniquely Identified by a segment identifier.
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Page 11

Add the following subH:iauses after sub-dausa 4.3.2^:

4.3.2.3 GKSMO Set

The GKSMO set includes all elements conforming to GKS level Oa in IS 7942.

The elements included in the GKSMO set are:

BEGIN METAFILE
BID METAFILE
BEGIN PICTURE
BEGIN PICTURE BODY
END PICTURE
METAFILE VERSION
METARLE DESCRIPTION
VDCTYPE
INTEGER PRECISION
REAL PRECISION
INDEX PRECISION
COLOUR PRECISION
COLOUR INDEX PRECISION
MAXIMUM COLOUR INDEX
METAFLE BJBAOn LIST
METAFILE DEFAULTS REPLACEMBVT
FONT LIST
CHARACnraSETUST
CHARACTH^ COOING ANNOUNCER
VDCEXTB^
BACKGROUND COLOUR
MAXIMUM VDC EXTevr
VDC INTEGS^ PRECISION
VDC REAL PRECISION .

CUP RECTANGLE
MAKE PICTURECURRENT
PREPARE VIEW SURFACE
UPDATE
DEVICE VIEWPORT
DEVICE VIEWPORT SPECIRCATION MODE
DEVICE VIEWPORT MAPPING
MODIFY FONT LIST
MODIFY CHARACTER SET LIST
POLYLINE
POLYMARKER
TEXT
POLYGON
CELL ARRAY
GDP
UNE BUNDLE INDEX
UNETYPE
UNE WIDTH
UNE COLOUR
MARKER BUNDLE INDEX
MARKER TYPE
MARKER SIZE
MARKER COLOUR
TEXT BUNDLE INDEX
TEXT FONT
TEXT PRECISION
CHARACTER EXPANSION FACTOR
CHARACTER SPACING
TEXT COLOUR
TEXT PATH
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TEXTAUGNMBrr
FILL BUNDLE INDEX
fKTERKDR STYLE

COLOUR
HATCH ir^DEK

PATT^ WDEX
RLL REreRENCE POINT
PATTERN TABLE
PATTERN SEE
COLOUR TABLE
ASPECT SOURCE FLAGS

APPLICATTO^ DATA

PBge11

Sub-daus© 4.3: Add th© following sub-daus© afttr sub-daus© 4.3.3:

4.3.4 M«tafli© C«t©gori©9

4.3.4.1 Introduction

Each m©tafil« fafla Into a particular matafil© catagory. Th© metafil© ^agory may b« announcad at til© start

of til© m©te^. This tnfwmation may b© us©d by tha intarpretor to dadd© If th© matafil© can b« lnt©rpr©t©d.

Th© dafautt motatii© eat«goi7 is of th© typ© *cgm' as d«fln©d by tS BB32. Th© catagory impiias that th©

m©ta^ conforms to th© samantics and formaJ grammar of that oitsgory. Th© matatil© ^togorios may
overlap. Th© catagory does not imply particular dafauK settings: these must b© ©xplldtiy stated using th©

METAFE^ OffAULTS R&lACSvOTr ©lemant

4.3.4.2 OOMEXTI Category

This Mtagory indudas aS ©lamants defined for th© 'ogm' category plus th© elements defined for ti>© first

addendum.

4.3.4.3 GKSM Catagory

Th© GKSM (^tegory defines a metafile which conforms to th© CGM standard and indudes elements to

support GKS, IS 7942, with appropriate requirements reiatirg to position of elements in the metafile.

Fag© 12

Add the fdlwoing text to tiie erd of sub-daus© 4.4.4

MAXIMUM VDC ©(TENT defines the space into whi<di the VDC coordnat© space is mapped for storage.

Fag© 1§

Add ti^© following sub-dauses after sub-ciause 4.5.2:

4.5.3 Oevice Control

The extended CGM may contain information for the interpreter to use in controlling the output of the

graphical information stored in the metafile.

4.5.4 Display Surfaes Conespts

Display surfaces are dassifted as being either hard-copy or soft-copy, on th© basis of th© medium that

implements the surface. A surface that is hard copy is implemented by means of a medium that has to be

replaced for each new image. One that is soft-copy is implemented by means of a medium that may
automatically be cleared (typically my electrical means) for each new image.
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Exampi^s of hard-copy display surfaces are found in storage or refreshed cathode-ray tubes and in liquid

crystal cells.

The PREPARE VIEW SURFACE function is used to ensure that the medium is ready to accept graphics at

the start of a page or frame. It has a parameter that permits the client to specify that a hard-copy device

should only advance the medium if H is known to have been marked upon (to conserve expensive media) or

to force mecfia advance (for example, to deliberatly create a blank frame or page in continuous media). This

parameter is ignored by a soft*copy device, which always dears its display upon receipt of this command.

4.S.5 Deferral Mode Concepts

DEFERRAL MODE allows the storing on the metafile of information relating to the control of buffering and
deferred actions of a graphics system. Deferral mode controls the possible delaying of output functions:

for example, data sent to a device may be buffered to optimize data transfer. The values of deferral mode
(in increasing order of delay) are:

a) ASAP: The visual effect of each function will be achieved As Soon As Possible (ASAP).

b) BNI: The visual effect of each function will be achieved Before the Next Interaction (BNI).

c) ASTI: The visual effect of each function will be achieved At Some Time (ASTT).

4.5.6 Device Viewport Control

The device viewport specifies the region of the actual device viewsurface into which the VDC extent is to be
mapped.

The position of the device viewport b specified in one of three unit systems selected by device viewport

specification mode parameters:

by fraction [0.0 • 1 .0] of the available display surface, which allows reasonable placement and
r^tlve sizn^ of the ^evrport, even without negotiation;

in millimetres times a scale factor, which allows absolute sizing of images;

in physical device ur^.

Another device viewport specification mode may be set to force isotropic mapping even if the specified VDC
extent and device viewport would not otherwise have led to one. In such a case, the VDC extent b mapped
onto a subset of the specified device vieport. This subset is defined by shrinking either the vertical or

horizontai dimension of the specified viewport as needed to reach the required aspect ratio. This smaller

"effective viewport” is then used to define the coordinate mapping from VDC to device coordinates. The
placement of the effective viewport rectangle within the original one is spedfied by the third and fourth

device viewport specification mode parcuneters: the options are left edge, right edge, or centred when the

shrinking b horizontai, and top, bottom or centred when it is vertical, these meanings are relative to the

non-inverted viewport

The mappir^ of the VDC extent to the device can be mirrored in either the vertical or horizontal direction by

reversing either the x or the y values in the device vieport specitication. Thb implies that the images of all

output primitives are inverted, inciuding text and markers.

Page 17

Add the following at the end of Clause 4.6.3 .2

The font list can be modified witNn a picture using the MODIFY FONT LIST element. This allows ail or a part

of the list to be modified.

The character set list can be modified In a similar way using the MODIFY CHARACTER SET LIST element.
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Page 20

Add the following sub-dauses after sub-dause 4.6.7

4.6.8 Closed figures

The CGM as extended by this addeixium provides the ability to construct a compound primrtive to be filled,

by a sequerwe of LINE and FILL AREA functions. EDGE attributes, and spedal control functions. This

compourxi primitive or constructed region Is referred to as a "closed figure", arid is rendered using the same
parity (odd/even) fill algorithm as used for other fill area functions.

The closed figure may be constructed of a combination of straight lines and curves arrd may contain "holes"

as in POLYGON SET. In addition, the capability is provided to spedfy different portions of the edge using

Afferent EDGE attributes.

A closed figure is defined by the following functions:

control BEGIN FK3URE
functions: RGURE

NEW REGION

MPLICIT EDGE VIS.

ASF
ESCAPE (Note 1)

boun^vy
construction

functions:

POLYLWE
DISJOBVT POLYLINE
CIRC. ARC 3 PT.

aROARCCTR
CIRC. ARC cm. BACKWARDS
aiJPTK^ALARC
GEN. DRAWING PRIM. (Note 2)

POLYGON
POLYGON SET
CIRC. ARC 3 PT. CLOSE
CIRC. ARC cm. CLOSE
CIRCLE
ELUPnCAL ARC CLOSE
ELLIPSE
RECTANGLE

edge attribute SX^COLOUR
functions: EDGE WIDTH

EDGE TYPE

EDGE BUNDLE B^DEX
EDGE VISIBILITY

Note 1 : Whether ESCAPE has meaning with regard to the construction of dosed figures is

dependent on the particular escape functionidentifier.

Note 2: Whether GENERALIZED DRAWING PRIMITIVE has meaning with regard to the

cor»truction of dosed figures is dependent on the particular GDP function identifier.

4.6.9 Pixel Array

Pixel Array is similar to CELL ARRAY with the exception that no other mapping other than integer scaling of

the array elements takes place. The colour information in the pixel array maps directly to the pixels of the

target device. The starting point and colour information are spedfied in a device independent fashion, but

the appearance of the finai image depends directly on the resolution ard aspect ratio of the target device as

an MxN array of device independent colour specifiers that are assigned to an MxN array of pixels.

Page 22

Sub-clause 4.7: Add the following immediately above sub-clause 4.7.1

:

The attribute elements LINE REPRESENTATION. MARKER REPRESE^fTAT10N. RLL REPRESENTATION.
EDGE REPRESENTATION and TEXT REPRESENTATION are used to set all of the attribute values in a
bunde table entry at the same time.

Page 40

Add the following sub-dauses after sub-dause 4.1 1

:

4.12 Segment Elements
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4.12.1 Introduction

in the CGM, graphical output primitives and attribute setting elements may be grouped in segments as well

as being invoked outside segments. Each segment is identified by a unique segment identifier. Segments
may be:

a. transformed;

b. made visible or invisible;

c. highlighted;

d. ordered front to back;

e. made detectable or undetectable;

f. deleted;

within a picture. They can also be defined as Global Segments as part of the Metafile Descriptor and can
then be copied into the picture.

Only functions stored inside segments are affected by these operations.

Segments are the units for manipulation arxf change. Manipuiation includes creation, deletion and
renaming. Change indudes transforming a segment making a segment visible or invisible, highlighting a
se^ent, and changing the order of overlapping segments.

The appearance of segments is controfled by segment attributes, which indude segment transformation,

vtsibilify, highlighting, and segment display priority. Such segment attributes can be a basis for feedback
during manipulations (for example, Hghllghting). The pick input properties of segments are also controlled

by segment attributes, which indude detectability and pid( priority.

The segment elements are:

REOPe^i sEGMBrr
COPYSEGMefT
DELETE SEGMeiT
DELETE ALL SEGMEJ^S
RBIAME SEGMerr
REDRAW ALL SEGMENTS
IMPLICIT REGENERATION MODE
INHERITANCE RLTER
SEGMBfTTRANSFORM
SEGMENT VISIBILITY

SEGMENT HIGHUGKTING
SEGMENT DISPU\Y PRIORITY
SEGMENT DETECTABILITY
SEGMENT PICK PRIORITY

4.12.2 Global and Local Segments

There are two types of segments: Local Segments and Global Segments. Both contain primitives and
attributes which can be manipulated in the manner described above. Local Segments appear within a

picture and are local to that picture. In contrast Global Segments can be used by a number of the pictures in

the metafile in which they are defined.

4.12.2.1 Location of and Access to Global Segments.

A Global Segment is delimited by the normal BEGIN SEGMENT and END SEGMENT elements. Global

Segments are defined in the Metafile Descriptor. They are not, by default, defined for or known to individual

pictures in the metafile. They must are accessed from within individual pictures by the COPY function. The
effect within a picture of a COPY function referring to a Global Segment is identical to the effect of a COPY
function referring to a Local Segment.
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4.1 2^.2 Allowable Elamants in MD and GSD States

BEGIN SEGMENT and END SEGMENT are the only segment-related elements that are allowed within the

Metafile Descriptor (MD) state (see Table 3(a). the Metafile State Table). All of the segment attribute

elements may occur wtthin Global Segment Definition (GSD) state. The segment control elements

REOPEN SEGMENT. DELETE ALL SEGMENTS, and REDRAW ALL SEGMENTS are not allowed in GSD
state. Otherwise aH of the segment control elements are allowed in GSD state (with the usual restriction

that delete may not refer to the currently open segment). COPY is allowed in GSD state.

A number of other control elements are prohibited in GSD state. These are elements which make sense in

Local Segment Definition (LSD) state, when a picture is open, but which would not make sense in GSD state,

when the Metafile Descriptor is being processed. DEVICE VIEWPORT is an example of such a control

element These rules are concisely presented Table 3(a)

4.12.2.3 References to Global Segments

Within pictures, no elements are allowed that would modify the contents or default appearance of Global

Segments. This includes all of the segment control elements and segment attributes. This restriction

preserves logical indeperxjence of picturss and the ability to randomly access pictures. The only allowabie

references to Global Segments within pictures are via the COPY function.

4.12.2.4 Attribute Binding of Global Segments

Attributes are bound in Global Segments as they are in Local Segments. Upon the occurance of BEGIN
METARLE, every element that Is modally delink arxj bound to primitives (Metafile Descriptor elements
defining modes aixd preciskx^, Picture Descriptor elements. Control elements, arxj Attribute dements) has
a wefl defined value. Conceptuafly the set of ail of these define a *Modal State UsT.

The Metafile Descriptor is processed sequentiafly. Throughout the Metafile Descriptor, modal MD elements
modify toe MD entries in the state Bst arxj ocojrrances (posstoly multiple) of the METARLE DEFAULTS
REPLACEMENT element allow manipulation (outside of GSD state) of all of toe rest of the modal elements
(as well as explicitly changing the defaults). Within GSD state the allowable modal elements (control,

attribute, and segment attribute) also alter the contents of the Modal State List The values of modal
elemerrts that are in effect upon BEGIN PICTURE are the default values, whether they are implicit (defined in

toe Standard) or explicit (i.e., via the Metafile Defaults Replacement).

4.12.3 Creating Segments

4.12.3.1 Segment identifiers

Each segment has a unique identifier associated with it Once a segment is deleted, its identifief is no longer

associated with the segment and may be reused for another segment definition. The segment identifier

eissodated with a closed segment may be changed with the RENAME SEGMENT function. Segment
identifiers are of type SEGMENT NAME. The segment identifier is specified with the BEGIN SEGMENT
function.

The supported range of segment identifiers is imofementation-dependent. The segment identifier is used by

BEGIN SEGMENT. REOPEN SEGMENT. COPY SEGME?^. DELETE SEGMENT, RENAME SEGMENT.
REDRAW SEGMENT, and all segment attribute functions.

4.12.3.2 Opening and Closing Segments

The BEGIN SEGMENT function is the only means of creating a segment. Once a segment is opened, the

current state of the individual primitive attributes, clipping rectangle, clip indicator, and pick identifier are

known and the identifier of the open segment is set in the Segmentation State List. While a segment is open,

the graphical objects passing along the CGI pipeline are stored in the segment Segment attributes are also

associated with the segment Once open, the segment remains open for definition until END SEGMENT.

Segment attributes such as segment visibility, segment highlighting, and segment display priority affect the

appearance of the display and may be set either while the segment is open or at any time after it is closed

but not deleted.
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A dosed segment may be reopened at a later time with the REOPEN SEGMENT function. When a segment is

reopened, graphical objects are stored in the segment using the same conceptual mechanism as when a
segment is initiaily opened. When reopened, ail subsequent graphical objects are appended to the open
segment until END SEGMENT.

Consider the following example:

LINE COLOUR (blue)

BEGIN SEGME?Tr{1)
POLYLINE
UNE COLOUR {yoHow)

POLYLINE
END SEGMENT
POLYUNE

blue lines

yellow lines

yellow lines

UNE COLOUR (red)

REOPeJSEGMB^(l)
POLYLINE
0^D SEGMENT
POLYLINE

reopen segment 1

red lines

red lines

4.12.3.3 Graphical Objects

CGM elements may be grouped to conceptually form graphical objects. Such functions consist of primitives,

attributes, and certain control capabilities. Refer to Table XX for a list of primitives, attributes, ar>d control

which conceptually may be used to form graphical objects.

The state list given later in this dause details those elements which are allowed in the segement open state

for both local and global segments.

TABLE XX Functions used to form Graphical Objects

Primitives:

POLYUNE
DiSJOINTPOLYUNE
POLYMARKER
POLYGON
POLYGON SET
RECTANGLE
QRCLE
BJUPSE
CIRC. ARC 3 POINT
CIRC. ARC 3 POINT CLOSE
aRC. ARC CBTTRE
CIRC. ARC CBHRE CLOSE
CIRC. ARC CENTRE BACKWARDS

ELLIPTICAL ARC
ELUPTICAL ARC CLOSE
TEXT
APPeiD TEXT
RESTRICTED TEXT
CELL ARRAY
BEGIN RGURE
END RGURE
NEW REGION
GENERALIZED DRAWING
PRIMITIVE (GDP)
PIXEL ARRAY
ESCAPE (Note 1

)

Attributes and Control CapabilKies:

AUXILIARY COLOUR
DRAWING MODE
TRANSPARB4CY
UNE BUNDLE INDEX
UNE TYPE
LINE WIDTH
UNE COLOUR
MARKER BLf'IDLE INDEX
MARKER TYPE
MARKER SIZE
MARKER COLOUR
FILL BUNDLE INDEX
RLL COLOUR
FILL REFERENCE POINT

EDGE BUNDLE INDEX
EDGE TYPE
EDGE WIDTH
EDGE COLOUR
EDGE VISIBILITY

IMPLICIT EDGE VISIBILITY

CHAR. SET INDEX
CHAR. EXPANSION FACTOR
CHAR. COOING ANNOUNCER
CHAR. SPACING
CHAR. HEIGHT
CHAR. ORIENTATION
ALTERNATE CHAR. SET INDEX
TEXT BUNDLE INDEX
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INTERIOR STYLE
HATCH INDEX

PATTERN rJDEX
PATTERN SIZE

TEXT PRECISION
TEXT COLOUR
TEXT PATH
TEXT AUGNMBTr
ASPECT SOURCE FLAGS
CUP RECTANGLE
CLIP INDICATOR
PICK IDENTIRER

NOTE: whether or not ESCAPE is a graphical object depends on the escape identifier, and is

impiementation-dependent.

4.12.3.4 Non-Ratain«d Data

Any graphical object passing along the pipeline when no segment is open becomes non-retained data. The
data is displayed in the usuai manner. However, it is never redrawn as a result of implicit or explicit segment
dsplay. In particular, functions such as REDRAW ALL SEGMENTS will not redraw data which has not been
stored in a segment

4.12.4 Segment Attributes

4.12.4.1 Introduction

The segment attributes associated with each segment control display and pick input properties. Segment
attributes can be set either while the segment is open or any time after K is dosed but not deleted. When a

segment is oper>ed with the BEGIN SEGMENT function, t^ segment's attributes are set to their default

values.

Each of the segment attributes are discussed in detail in the remaining parts of this section.

Segment attributes are assodated with the segment rather than the segment identifier. This means that ail

segment attributes no longer exist for the segment when it is deleted. This also means that the segment
atthbutes are not dwiged when a segment is renamed.

4.12.4.2 Segment Highlighting

Segment highlighting has two states, NORMAL arxd HIGHLIGHTED. The setting of this attribute selects one
of these two states for the segment. The nature in which highlighting is represented is implementation-

dependent When a segment’s highlighting attribute is changed, ail of the graphical objects of the segment
are displayed based on the impfictt segment regeneration mode and the segment display priority.

4.12.4.3 Segment Visibility

Segment visibility can be set to VISIBLE or INVISIBLE. When a segment is set to be VISIBLE, all of the

graphical objects are displayed based upon the impiidt segment regeneration mode and the segment
display priority. A segment can be picked only if it Is both VISIBLE ar»d DETECTABLE.

4.12.4.4 Segment Detectability

A segment can be set to be DETECTABLE or UNDETECTABLE. A segment can be picked only if it is both

VISIBLE and DETECTABLE. Segment detectability does not affect the display or appearance of segments.

4.12.4.5 Segment Display Priority

The segment display priority attribute determines how overlapping segments are displayed. In general,

segments with higher display priorities will be displayed as if they were in front of segments with lower

display priorities.

The SEGMENT DISPLAY PRIORITY function is used to change the display priority of a segment. When a

segment’s display priority is changed, the segment's display is based on the implicit segment regeneration
mode and the new display priority.
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4.12.4.6 Segment Pick Priority

Each segment has an associated pick priority. The pick priority is used to resolve the picking of segments
which overlap. If two or more segments overlap and the pick location is within the Intersection of these

segments, the segments picked will be one or more of those with the highest pick priority. If more than one
of the overlapping segments has the highest pick priority, then the segments picked will be the segments
with both the highest pick priority and highest and display priority, in such cases a list of segment identifiers

is returned with the identical amd highest pick priorities and display priorities.

4.12.4.7 Segment Transform

The segment transform is a coordinate transform associated with each segment. It allows scaling,

translation, and rotation of segments.

Note that the segment transform is distinct from the VDC EXTENT/DEVICE VIEWPORT mapping, which is a

transform of VOC space to DC space. The segment transform is a transform of VDC space to VDC space.

The segmerrt transform is applied to reference points and parameters and attributes with signifi^nce in VDC
space. The reference points are defined to be ail input parameters of type POINT. Parameters with

significance in VDC space include the radius of a CIRCLE. Attributes with significance in VDC space irKiude

scalars such as PATTERN SIZE CHARACTER ORIENTATION, and LINE WIDTH, EDGE WIDTH and
MARKER SIZE when they are specified in VDC. Other attributes which may be transformed irKiude

CHARACTER HSGKr and FILL R&ERB4CE POINT.

Transformation of the radius of a CIRCLE is evaluated by transforming a radius vector aligned in an
impl^entatioiv dependent manner. Similarly, if a rotation transform were applied to a RECTANGLE, the

comers of the RECTANGLE wiO change, but the edges of the rectangle wfll remain horizontal and vertical. If

a scaling trarKform b applied to a PIX^ ARRAY, the location of the PIXEL ARRAY changes, but not Its

size. If a transform b applied to RESTRICTED TEXT, its reference points are changed. That is, its location

€md its extent will change.

When the mapping of the VDC space to device or visual space b anisotropic, due either to a segment
transform or the VDC EXTENT, DEVICE VIEWPORT, and DEVICE VIEWPORT MAPPING, thick lines may be
rendered in either of two ways:

A uniform transformation may be applied, such that the thick line behaves as would a polygon
equivalent to the two-dimensional realization of the thick line. In this case, the rendered width of

the line will change with the drection of the line segment.

• A fixed scaling may be selected which is between the minimum (scale in X, scale in Y) and
maximum (scale in X scale in Y), ar)d applied to all line segments independent of their direction.

The rendering of markers Is intended not to be transformed by either anisotropic mappir>g established by
VDC EXTENT and related commands, nor by the segment transform. That is, the shape of the marker
symbol is not to be altered.

When MARKER SIZE is specified in VDC units, the MARKER SIZE is converted into a vector and
transformed; a single scale factor between the minimum (scale in X , scale in Y) and maximum (scale in X,

scale in Y) is selected arxi applied uniformly.

A segment transform is represented by a 2x3 matrix, composed of a 2x2 scaling and rotation portion, and a

2x1 translation portion. The default segment transform is represented by the identity transform. If the user

never invokes the SEGMENT TRANSFORM function, then all coordinate data b mapped the same as non-

retained data (i.e., the VDC EXTENT/DEVICE VIEWPORT is the only mapping). If the user alters the

segment's transform attribute, each of the reference points discussed previously will be transformed by the

segment transform, producing new data.

The segment transform is a segment attribute. This transform may be modified by the SEGMENT
TRANSFORM function. The stored transform is applied each time the segment is redrawn. Setting the

transform back to identity will produce the original picture with no loss of data on the next redraw.

The use of segment transforms may produce coordinates that cannot be expressed within the VDC range.

This is handled in an implementation-dependent way.
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Th« s«qy«nc® of transforms is optionally tti« (»py transform followed by the segment transform, then dip to

a dipping area, followed by the VDC EXTENT/D^ICE VIEWPORT transform. For non*retained data there is

no segment transform. For data stored h segments, the segment fransform maps VDC to VDC. Clipping

rectangles are not transformed by the segment transform. The last transform, VDC EXTENT/DEVICE
VIEWPORT, is finally appTied to map VDC to DC.

4.1

2.

§ Segment Display

4.12.5.1 Introduction

Segment display is the proce^ whl^ produces a visible image on a display surface from the graphical

objects In a segment. Segments can always be displayed, individually or collectively, by the explicit

invocation of REDRAW SEGMENT, or REDRAW ALL SEGMENTS. S^ments can also be displayed

Implldtly, under some circumstarw^s, without using the above functions.

Several of the segment attributes affect segment dfeplay. Segment highlighting determines how a segment

is displayed. It can be set to NORMAL or HIGHLIGHTED. Segment visibility determines whether the

graphi^l objects within a segment are dsplayabie. It can be set to VISIBLE or INVISIBLE. Segment display

priority determines which overlapping segments appear to be in front. Segment transform affects the

p^tk^, size, and orientation of the delayed segment Segment detectabtlity is a segment attribute that

affects the (^ability of a segment to be picked.

Primitive attributes which are ^neeptually part of the graphical object's definition also affect the

appearance of fhm displayed segment

4.12.5.2 Segment Regeneration

Impiidt segment regeneration mode determines when picture dianges occur. Operatiors not immediately

supported by devils may require certain functions to perform an impiidt regeneration. For example, it is

possftiie to cxeate a segment and then modify one of tiie segment attributes which »uld cause the picture

to diange. ^xne devk^ such as piotters are only <»ipabie of doing additive output as Is the case with no

segmentation. For example, sudt a device received a function to change the segment transform, then it

would have to advance the paper or film and (egenerate the entire picture. In order to prevent the waste of

time and paper, the CGM as extended by this addendum hia an ^PUCIT SEGMENT REGENERATION
MODE function.

The IMPLICfT SEGMENT REGENERATION MODE function may be used to stop sudi implicit actions from

occurring immedately. H the mode b set to SUPPRESSED tiien no impiidt regeneration occurs. It is then up

to the user to dedde when tile picture m complete. At that time the user expfidtiy invokes the PREPARE
VIEW SURFACE and REDRAW ALL SEGMEl^S furv^ns.

The impiidt segment regeneration mode should be SUPPRESSED on devices which must perform a

regeneration to display the result of segment changes. The default setting of impiidt regeneration mode is

SUPPRESSED.

It should be noted that not all functions cause impiidt regeneration. The actions which may cause implicit

regeneration Include changing segment attributes such as segment display priority, segment visibility,

segment highlighting and segment transform. In addition, if a segment is open and the impiidt segment
regeneration mode Is set to ALLOWED, regeneration may take place as graphical objects are added to the

segment The impficit segment regeneration mode merely suppresses or allows regeneration.

Setting the mode to SUPPRESSED does not mandate that picture changes are suppressed. It merely stops

devices from regenerating the picture if the device uses implicit regeneration as the method for

implementing some CGM elements. If tile intention is to delay the visual effect of output then the SEGMENT
VISIBILITY function should be used. Impiidt segment regeneration should not be confused with deferral

mode. Segment regeneration takes prec^etTce over the deferral mode.

4.

12.

§.3 Implicit Segment Display

When implicit segment regeneration mode is ALLOWED, segments may be regenerated implidtiy. Implicit

segment regeneration may happen initially as the segment is being defined. Closed segments may also be
regenerated implicitly to maintain a current image on the display surface. In this latter case, implicit

regeneration would typically happen when interpretation of a CGM element changes the appearance of the

displayed image in some respect. For example, implicit regeneration may be required when changing the
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display priority of a segment. It may also be required when changing the segment transform, segment
visibility, and segment highlighting attributes.

4.12.5.4 Explicit Segment Display

The elements REDRAW SEGMENT and REDRAW ALL SEGMENTS can be used explicitly to display visible

segments, irKfependent of the nnpiicit segment regeneration mode. REDRAW ALL SEGMENTS displays ail

defined vteible segments without clearing the display surface. REDRAW SEGMENT draws the segment
identified. It is implementatioTHdependent whether segments that overlap the identified segment are also

redravvn with the REDRAW SEGMENT function. REDRAW SEGMENT and REDRAW ALL SEGMENTS are

most useful when the implicit segment regeneration mode is set to SUPPRESSED.

4.12.6 Copy Segment and the Inheritance Filter

The COPY SEGMENT function copies the graphicai objects in the Identified segment into the open segment,
applying a coordiruite transformation as the objects are copied.

The objects copied may be altered In a variety of ways:

a. The inheritance filter controls whether individual attribute values are reapplied to the graphical

objects

b. The graphical objects are transformed by the copy segment transformation according to the mles
for transformation

An example of the COPY SEGMENT function b as follows:

UNE COLOUR (blue)

BEGIN SEGMENT (1)

LINE STYLE (dotted)

POLYLME blue dotted line

BIO SEGMENT
UNE COLOUR (red)

LINE STYLE (dashed)

BEGIN SEGMBTT (2)

POLYLff^E red dashed line

COPYSEGMBMT (1) the copy of segment (1)

POLYUNE still generates
a blue dotted line, unless

changed with the inheritance

filter.

The CGM generator has the capability of setting a copy transform. The copy segment transform is applied to

graphical objects before they are copied into the open segment However, thb does not apply to dipping

rectangles. Graphicai objects may be transformed to alter the location, the size, arxl the orientation of

primitives.

An example of the COPY SEGMENT furKtion with the INHERITANCE RLTER function is as follows:

INHERfTANCE RLTER (UNE ATTRIBUTES, STATE_LIST)
BEGIN SEGMENT (1)

LINE COLOUR (blue)

LINE STYLE (dotted)

POLYUNE blue dotted line

END SEGMENT
LINE STYLE (dashed)

UNE COLOUR (red)

BEGIN SEGMENT (2)

POLYLINE
COPY SEGMENT (1)

red dashed line

red dashed line since the

inheritance filter selects

STATE LIST for line attributes.

4.12.7 Delete and Rename Segments
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The DELETE SEGMENT function is used to delete an individual segment. Likewise, the DELETE ALL
SEGMENTS function deletes all segments. Segment identifiers for segmerrts which have been deleted are

imme<jately available for reuse.

H an attempt is made to delete the open segment, either by DELETE SEGMENT or by DELETE ALL
SEGMENTS, 2m error is detected and the function Is ignored.

When a segment is deleted It is erased from the display. This action might be delayed by the Implicit

segment regeneration mode. Deleted segments may be erased by not redrawing them at the next

regeneration. Deleting a segment can cause an implicit regeneration if such is allowed.

An existirtg segment may be renamed at any time, except when open. (When a segment is renamed it is

imrT>ediateiy associated with a new segment identifier.) The segment's old identifier is Immediately available

for reuse by BEGIN SEGMENT.

4.12.8 Save, Restore and Delete Attributes

Three functions are provided to save and restore attributes. This capability allows the dient to preserve the

state of afl primitive attributes, excluding bundle tables, character set Hst, font Hst colour table, and pattern

table in a 'named* area. This capability can be used to save and restore attributes in conjunction with

opening and dosing segments.

Page 41

Add the following to Figure 12:

figure 12 modificatior^ to add segments

Page 41

Add the following table following the state diagram

Table 3(a) CQM Elements by their allowed states

CGEM
Elemerrt

CGEM states

PC MD GS PO PO TO LS FC FO

BEGIN PICTURE
BEGIN PICTURE BODY
B4D PICTURE
BEGIN SEGMENT
ENDSEGMBR'
END METAFILE

X

METARLE VERSION X
METARLE DESCRIPTION X
VDCTYPE X
INTEGER PRECISION X
REAL PRECISION X
INDEX PRECISION X
COLOUR PRECISION X
COLOUR INDEX PRECISION X
MAXIUMUM COLOUR INDEX X
COLOUR VALUE EXTENT X
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METAFILE ELEMENT LIST X
METARLE DEFAULTS REPL X
FONT LIST X
CHARACTER SET UST X
CHAR CODING ANNOUNCER X
METARLE CATEGORY X
MAXIMUM VDC EXTENT X
SEGMENT PRIORITY EXTENT X

SCALING MODE
COLOUR SELECTION MODE
LINE WIDTH SPEC MODE
MARKER SIZE MODE
EDGE WIDTH SPEC MODE
VDC EXTENT
BACKGROUND COLOUR
VDC INTEGER PRECISION
VDC REAL PRECISION
AUXILIARY COLOUR
TRANSPARB4CY
CUP RECTANGLE
CLIP INDICATOR
DEVICE VIEWPORT
DEVICE VIEWPORT MAPPING
DEVICE VPORT SPEC MODE
DEFERRAL MODE
MAKE PKrnjRE CURRBVT
PREPARE VIEW SURFACE
UPDATE
MODIFY FONT LIST
MODIFY CHARACTER SETUST

X
X
X
X
X
X

X
X
X
X
X
X X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X

X
X

X X
X X

X
X
X
X
X
X
X
X
X
X
X

X X
X X
X X
X X
X X
X X

X X
X X
X X
X X
X X

BEGIN RGURE
END RGURE
NEW REGION
IMPLICIT EDGE VISIBILITY

SAVE PRIMITIVE ATTRIBUTES
RESTORE PRIMITIVE ATTRIBS
DELETE PRIMITIVE ATT SET

X
X
X
X
X
X
X

X
X
X
X
X
X
X

POLYLINE
DISJOINT POLYUNE
POLYMARKER
TEXT
RESTRICTS) TEXT
APPEND TEXT
POLYGON
POLYGON SET
CELL ARRAY
GDP
RECTANGLE
CIRCLE
CIRCUVR ARC 3 POINT
CIRCUUVR ARC 3 PT CLOSE
CIRCULAR ARC CENTRE
CIRC ARC CENTRE CLOSE
ELLIPSE
ELLIPTICAL ARC
ELLIPTICAL ARC CLOSE
CIRC ARC CENTRE BKWDS
PIXEL ARRAY

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

LINE BUNDLE INDEX
LINE TYPE

X X
X X
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X
X
X
X
X
X
X
X
X
X
X
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X
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LINE WIDTH
LINE COLOUR
MARKER BUNDLE INDEX
MARKER TYPE
MARKER SIZE
MARKER COLOUR
TEXT BUNDLE INDEX
TEXT RDNT INDEX
TEXT PRECISION
CHAR EXPANSION FACTOR
CHARACTER SPACING
TEXT COLOUR
CHARACTER HEJGKT
CHARACTER ORiefTATlON
TEXT PATH
TEXTAUGNMBrr
CHARACTER SET INDEX
ALT CHAR SET INDEX
F!LL BUNDLE INDEX
INTSRIOR STYLE
RLL COLOUR
HATCH WDEX
PATTBRN INDEX
e?GE BUNDLE INDEX
aXSETYPE
aX3EW®TH
EDGE COLOUR
EDGE VISIBILITY

Ra RS=S^B^CE POINT
PATTERN TABLE
PATTERN SIZE
COLOUR TABLE
ASPECT SOURCE FLAGS
LINE REPRESENTATION
MARKER REPRESENTATION
TEXT REPRESENTATION
RLL REPRESENTATION
EDGE REPRESENTATION
DRWAINGMODE

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X

X
X

ESCAPE X X X X X X

MESSAGE X X X X X X
APPLICATION DATA X X X X X

REOP0^ SEGMENT
RENAME SEGMENT
DELETE SEGMENT
DELETE Aa SEGMENTS
REDRAW ALL SEGMENTS
COPY SEGMENT
IMPLICIT SEG REGEN MODE
INHERITANCE RLTER

X
X

X
X
X

X
X
X
X
X
X
X
X

SEGMBTT TRANSFORM
SEGMENT VISIBILITY

SEGMENT HIGHLIGHTING
SEGMENT DISPLAY PRIORITY
SEGMENT PICK PRIORITY
SEGMENT DETECTABILITY

X
X
X
X
X
X

X
X
X
X
X
X
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Picture Closed
Metafile Descriptor

XXXXXX
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GS Giobal Segment
PD Picture Descriptor

PO Picture Open
TO Text Open
LS Local Segment
FC Figure Closed
FO Figure Open

Page 42

Sub-clause 5.1 : Add the following after the ninth paragraph which starts with the sentence: The
External Bements....”:

The Segment Elements (described in sub-clause 5.10) provide for the grouping and manipulation of

elements.

Page 42

Sub-clause 5.1 : Add the following at the end of the table of abbreviations of data type names:

N Name Identifier of type Integer

DP Device

Point

A point expressed in a coordinate system that

is device dependent OP units are metres or

other appropriate device units.

ASN Attribute

Set Name
identiflc^on of a set of values used with

SAVE and RESTORE PRIMITTVE ATTRIBLfTES
SN Segment

Name
Segment Identifier

Realization is encoding dependentRange Is implementation dep.

VSP Viewport

Spe(^ication
Point

Two values representing the x and y coordinates of a point in

viewport specification space, whose data type and Interpretation

depend on DEVICE VfWPORT SPECIRCATION MODE.

Page 46

Add the following sub-clauses after sub-clause 5.2.5:

5.2.6 BEGIN SEGMENT

Parameters:

Segment Identifier (SN)

Description:
This is the first element of a segment. All subsequent elements until the next END SEGMENT will

be collected Into this segment.

5.2.7 END SEGMENT

Parameters:

None

Description:
Subsequent elements will no longer be part of a segment.
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Page 47

Add th« following at the end of the Description section of sub-ciause 5.3.1

The CGM as extended by Addendum 1 is version two (2).

Page 50

Sub-dause 5.3.11: Add the foliowtng shorthand name at the end of the list given in the secono

paragraph of the 'Description*:

GKSMO

Page 51

Add the foflowiog note at the end of sub-dause 5.3.3: FONT LIST

NOTE: It Is recommended that a dense font fist is used.

Page 55

Add the foAowing sub-dauses after sub-dause 5.3.15:

5.3.16

METARLE CATEGORY

Parameters:

«itogory (one of: cgm, gksm, cgmextl) (E)

Description:
This function sets the metafile category to the type indicated by the parameter.

5.3.17

MAXIMUM VDC EXTENT

Parameters:

low value (Point)

high value (Point)

Description:
The parameters define a maoping of a sub-space of the VDC range defined by (low.low) and
(Wgh.high) and the virtual coordinate space of a graphics system, e.g. NDC, such that the

(lowjow) comer is equivalent to the lower left comer of NDC, and the (high. high) corner with the

upper ri^ comer of NDC. The low value is less than the high value.

5.3.18

SEGMENT PRIORITY EXTENT

Parameters:

minimum extent (integer)

maximum extent (integer)

Description:
The parameters represent an extent which bounds the segment display priority values which will be
found in the metafile. It need not represent the exact extent of the values contained in the

metafile.
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Page 61

Add the following sub-clauses after sub-clause 5.5.6:

5.5.7 DEVICE VIEWPORT

Parameters:

first comer (DP)
secofxi comer (DP)

Description:
The two parameters define the opposite comers of a rectangular viewport on the device's display

surface.

5.5.8 DEVICE VIEWPORT

Parameters:

VSU specifier

Metric scale factor

Description
This function determines how subsequent functions using the data type VSU (viewport

specification unit) or VSP (viewport specification point) will be defined. (This applies primarily, but

not exclusively to the DEVICE VIEWPORT function.)

These parameters may be specified In one of three systems of units.

When the first parameter b Iraction of default device viewport the value (0.0, 0.0) corresponds to

the lower left comer and the value (1 .0. 1.0) corresponds to the upper right comer of the default

viewport (The default device viewport is the largest unrotated rectangular area visible on the

display surface.) Numbers outside of the range [0.0..1.0] may be specified (see DEVICE
VIEWPORT). The second parameter is igrKxed.

When the parameter is 'millimetres with scaiefactor*, the metric scale factor parameter represents

the distance (In millimetres) on the view surface corresponding to one VSU. One VSU represents

one millimetre multiplied by the metric scale factor. The value (0,0) corresponds to the lower left

comer arxf the values increase positively to the right and upwards.

When the parameter is 'physical device units', the native units and handedness of the physical

device are used. The second parameter is igrKsred.

Note - Metric scaling with a scale factor provides a device-independent means of generating output

at a known scale factor. In metric mode, a scale factor of 1 .0 iixficates that the VSU are in units of

millimetres; a scale factor of 0.0254 would imply VSU of one thousand per inch.

Note - The only allowed data type for physical device units is integer. Physical devices which
support real number physical addressing must be accessed through numeric type translation.

5.5.9

DEVICE VIEWPORT MAPPING

Parameters:

Isotropy flag (one of: not forced, forced)(E)

HorizontaJ alignment flag (one of: Left, Centre, Right)(E)

Vertical alignment flag (one of: Bottom, Centre, Top)(E).

Description:
This function determines how the coordinate mapping is derived from the VDC EXTENT and the

specified DEVICE VIEWPORT. See the DEVICE VIEWPORT description for a fuller explanation.

The remaining parameters are only significant if isotropy is forced by the first parameter. If so, the

SPECIRCATION MODE

(one of: fraction of default device viewport

millimetres with scalefactor,

physical device unit3)(E)

(R)
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affective viewport is generally smaller than the specified viewport, and these parameters determine

how K will be positioned within the specified viewport. *Leff and 'bottom' are interpreted as being

towards the first corner' of the specified DEVICE VIEWPORT, regardless of any mirroring or

rotation of the viewport on the physical device.

5.5.10

DEFERRAL MODE

Parameters:

deferral mode (one of: asap, bnig, bnii, asti) (E)

Description:
Deferral mode controls the possible delaying of output functions: for example, data sent to a
device may be buffered to optimize data transfer. The values of deferral mode (in increasing order

of delay) are:

a) ASAP: The visual effect of each fur^tion will be achieved As Soon As Possible (ASAP).

b) BNI: The visual effect of each function will be achieved Before Next Interaction (BNI)

d) ASTI: the visual effect of each function will be achieved At Some Time (ASTI).

5.5.11

MAKE PICTURE CURRENT

Paramstsrs:

None

Description:
TNs function ensures that any buffered data is sent to the device's display surf€K:e, such that it is

visible to the viewer.

5.5.12

PREPARE VIEW SURFACE

Parameters:
Force hardcopy advance (one of: force hardcopy, conditionai)(E)

Description:
This function discards any pernding data, clears the display surface of a softcopy device, and
clears any intemally*stored display list. The cleared region is set to the colour specified by
BACKGROUND COLOUR, if background colour is supported.

For a hardcopy device, rf 'force hardcopy advance' is set to 'force hardcopy', the medium is

advanced unco^itionally. If the parameter is set to 'conditional', the medium is not advanced if it is

known that it has not been marked; if the medium is marked, or if the implementation cannot tell

whether it has been marked, then the medium is advanced. The parameter is ignored by a softcopy

device.

1 5.5.13 UPDATE

I

Parameters:

update regeneration flag (one of: perform, postpone) (E)

Description:
This element indicates that all deferred actions are executed when the metafile is interpreted

(without intermediate clearing of the display surface).

5.5.14 MODIFY FONT LIST
I

i



Parameters:

starting index (I)

font list (S)

Description:
This element modifies the font list specified In the FONT LIST element or the default list. Only the

specified entries in the font list are modified.

Legal values of the starting index are non<negative integers.
5.5.15

MODIFY CHARACTER SET LIST

Parameters:

starting index (I)

list of:

character set type - one of: 94-character G-set,

96-character G-set,

94-character muHibyte G-set,

96-character multibyte G-set,

complete code) (E),

designation sequence tail (S)

Description:
This eiement modifies the list of Character Sets given in the Metafile Descriptor via the

CHARACTER SET LIST element or the default list Onit the specified entries are modfied.

5.5.16 BEGIN FIGURE

Parameters:

none

Description:
The metafile enters the state 'RGURE OPEN REGION CLOSED', initiatirtg construction of the

compourKl closed figure primitive.

The receipt of a matching END RGURE function signals the rendering of the closed figure, and a

transition out of either 'RGURE OPEN REGION CLOSED* or 'RGURE OPEN REGION OPEN* state

back to 'ACTIVE*.

If the metafile is already in either of the 'figure open” states, the previous portion of the closed

figure boundary definition is discarded, and the metafile remains in the 'figure open” state. That is,

the effect is as if the boundary definition was started anew.

5.5.17 END FIGURE

Parameters:

none

Description:
This function causes transition out of either the ’FIGURE OPEN REGION OPEN’ or 'FIGURE OPEN
REGION CLOSED’ state, arxJ causes the compound dosed figure primitive to be rendered.

If the metafile was in state ’RGURE OPEN REGION OPEN’, and the "last point* of the last LINE
function is not coincident with the current closure point, then the closed figure has not been
explicitly dosed and an implicit dosure is performed by connecting the last point of the preceding

LINE function to the current closure point. The visibility of this line segment is controlled by

IMPLICIT EDGE VISIBILITY.

5.5.18 NEW REGION
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Parameters:

none

Description:
This function is used only within the TKaURE OPEN REGION OPEN* state, for control of subregion

construction within cios^ figures.

if the current region has not yet been dosed by a preceding NEW REGION function, and the last

point of the last LINE function Is not coincident with the current dosure point then the current

subregion is dosed by a line segment connecting the last point of the preceding LINE function to

the current dosure point. If the region has been previously dosed (i.e., the metafile is in state

'RGURE OPEN REGION CLOSED’), is empty, or the last point of tt^ last LINE function is

coincident with the current dosure point then no line segment is generated by this function.

The visibiifty of this line segment is controlled by IMPLICIT EDGE VISIBILITY.

The metafile goes to the state 'FIGURE OPEN REGION CLOSED'. The first poirt of the next LINE
function following a CLOSE REGION function becomes the new dosure point starting a new
subregion.

5.5.19 IMPLICIT EDGE VISIBILITY

Parameters:

implicit edge vistbillty (one of: off,on)(E)

Description:
IMPLlCrr EDGE VISIBILITY specifies whether edges added Implicitly during the construction of a

dosed figure are to be rendered as visible or invisible, ft provides control for each edge, that is,

each implidtly added edge obeys the cunent value of IMPLiCrT EDGE ViSIBiUTY.

Edges are added implicitly when the following situations arise in the *figure open* state:

1 . The "first point* of a UNE function is not coincident with the "last point* of the preceding LINE
function.

2. The DISJOINT POLYLINE function Is used.

3. A NEW REGION function Is invoked, the metafile is in state 'FIGURE OPEN REGION OPEN, and
the "last point" of the preceding LINE function is not coincident with the current dosure point.

4. An END RGURE function is invoked, the metafile is in state 'RGURE OPEN REGION OPEN',
and the "last point" of the preoeding LINE function is not coincident with the current dosure point.

In each of these cases, the edge connecting the two points is added to the boundary definition.

This function may be used anywhere within a picture (i.e., both before and during the dosed figure

definition); however, it only affects the rendering of dosed figures.

5.5.20 SAVE PRIMITIVE ATTRIBUTES

Parameters:

Attribute set name ASN

Description:
This function allows the generator to save under the given name a copy of the current state list

entries for those attributes and controls listed in the following table.

If the attribute set name is already in use, the values saved under that name are replaced by the

current vdues and no error is generated.
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TABLE XX Functtons whose state list entries are saved by SAVE PRIMITIVE ATTRIBUTES and restored by
RESTORE PRIMITIVE ATTRIBUTES

AUXILIARY COLOUR (Note 1

)

EDGE BUNDLE INDEX
DRAWING MODE EDGE TYPE
TRANSPARBICY EDGE WIDTH (Note 2)

LINE BUNDLE INDEX
EDGE COLOUR (Note 1

)

EDGE VISIBILITY

LINE TYPE
LINE WIDTH (Note 2) IMPLICIT EDGE VISIBILITY

LINE COLOUR (Notel)

MARKER BUNDLE INDEX
CHARACTHR SET INDEX
CHARACTER EXPANSION FACTOR

MARKB1TYPE CHARACTER COOING ANNOUNCER
MARKER SIZE (Note 2) CHARACTER SPACING
MARKER COLOUR (Note 1

)

CHARACTER HEIGHT

RLL BUNDLE INDEX
CHARACTER ORIENTATION
ALTB^NATE CHARACTER SET INDEX

FILL COLOUR (Notel) TEXT BUNDLE INDEX
RLL RB=e^B4CE POINT TEXT PRECISION
INTERIOR STYLE TEXT COLOUR (Notel)

HATCH WOEX TEXT PATH

PATTERN INDEX
PATiraNSEE

TEXT ALIGNMENT

ASPECTSOURCE FLAGS

CUP RECTANGLE
CLIP INDICATOR

Note 1 : The COLOUR SELECTION MODE in which this value was last set Is also stored.

Note 2: The oorrespondng specification mode in which this value was last set is also stored.

5.5.21 RESTORE PRIMITIVE ATTRIBUTES

Parameters:

AttrftKite set name ASN

Description
The values saved by the last SAVE PRIMITIVE ATTRIBUTES using the given attribute set name
are copied into the current State List being used on interpretation.

5,5.22 DELETE ATTRIBUTE SET

Parameters:

Attribute set name ASN

Description
The previously saved attribute set is deleted from the sets stored.

Page 78

Add the following sub-clauses after sub-clause 5.6.19

5.6.20 CIRCULAR ARC CENTRE BACKWARDS

Parameters:

centrepoint (P)
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DX_start, DY_start DX_9nd, DY_9nd (4VDC)
radius (VOC)

Description:
A circular arc is drawn which is defined as follows:

DX^start and DY_9tart define a start vector, arxJ DX^end and DY_end define an end vector. The
tails of these vectors ay’s placed on the centrepoint A start ray arxd end ray are derived from the

start and erxi vectors. The start and end rays are semi-infinite lines from the centrepoint in the

directions of the start ar>d end vectors respe<^ely.

The specified radius and centrepoint define a circle. The arc is drawn in the negative angular

direction (as defined by VDC EXTENT) from the intersection of the drde and the start ray (as

obtained by measuring a distance 'radius' along the start ray from the centrepoint) to the

intersection of the drde and the end ray.

The arc is displayed with current line element attributes.

Valid vedues of the vector components are those which produce vectors of non-zero length.

VaMd values of 'radius are non-negative VDC.

If the start ray and end ray are coincident it is ambiguous whether the defined arc subtends 0

degrees or 3^ degrees of central angle (see also annex 0).

5.6.21 PIXEL ARRAY

Parameters:

odgin point (P)

nx,ny (2I)

vaidx range (2I)

vaidy range (21)

xscale (I)

yscale (I)

colour specifiers (nx*ny CO)

Description:
Assigns a row major rectangular euray of device independent colour spedfiers to a rectangular

array of pixels, nx and ny dknension the rectangulcu’ array of device independent colour specifiers.

(Here arid elsewhere in ^is discussion we are refering to the absolute value of nx and ny since the

signs of these values (see below) are used to indicate the directions in wNch succeeding pixels are

drawn.)

The origin is the location in VDC space of the drawing bitmap at wNch the first colour value is to be

placed.
' nx is a signed integer, the absolute value of which defines how many pixels are in each row. If

nx>0, then the row extends toward increasing VDC X from the origin point. If nx<0, then the row

extends toward decreasing VDC X from the origin point

ny is a signed integer, the absolute value of which defines how many rows of pixels there are. If

ny>0, then each new row is toward increasing VDC Y. If ny<0, then each new row is toward

decreasing VDC Y.

valid X range and valid y range specify the subrectangle within the array which is to be drawn into

the bitmap (refer to figure 6). This allows a rectangular subregion of the pixel array to be rendered.

If the valid x or y range extends beyond the limits of the nx by ny array of colour specifiers, then

the valid x or y range is "clipped* to the nx by ny limits of the array, with only those values in the

valid X and y ranges which are also in the limits of the colour specifier array being rendered.

X scale and y scale permit integer scaling of the pixel array rendering independently in the x and y
dimensions (see figure 6). These scale factors must be positive integers.

If nx or ny or x scale or y scale - 0. nothing is drawn.

I
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Page 98

Add the following sub-clauses after sub-clause 5.7.35

5.7.36 LIKE REPRESENTATION

Parameters:

Kne burxfle index (tX)

line type indicator (iX)

line width specifier, either

afc^Kjte line width (VDC)
or

Kne width scale factor (R)

Rne colour specifier, either

line colour index (Cl)

or

line colour value (CO)

Description:
In the Rne bunde table, the given Kne bundle index b associated with the specific parameters.

Line type b specified and behaves as irxiicated in the LINE TYPE attribute function.

Line width b defined in the current LINE WIDTH SPECIRCATION MODE and is stored in the bundle

table along with that mode. Thus, the definition is immune to subsequent changes to the selection

mode.

The line bundle table has predefined entries. Each entry rerxfers a dbtinct appearance from other

predefined entties. Any table entry (including ttte predefined entries) may ^ redefined with this

functk^. Redefining a tabb entry or adding a new tabb entry may eliminate the ability to render a
distinct appearance from other tabb entries.

When Kne functions are dbplayed the line bunde index refers to an entry in the line burxfle table.

Which aspects in the entry are used depends upon the setting of the corresponding ASFs, see the

ASPECT SCXJRCE FLAGS function.

5.7.37 MARKER REPRESENTATION

Parameters:

marker bundle index (iX)

marker type indicator (IX)

marker size specifier, either

absolute marker size (VDC)
or

marker size scab factor (R)

marker colour specifier, either

marker colour index (Cl)

or

marker colour value (CO)

Description:
In the marker bundle table, the given marker bundle index is associated with the specified

parameters.

Marker type is specified and behaves as irxiicated in the MARKER TYPE attribute function.
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Marker size is defined in the current MARKER SIZE SPECIFICATION MODE and is stored in the

bundle table along with that mode. Thus, the definition is immune to subsequent changes to the

specification mode.

Marker colour is defined in the current COLOUR SELECTION MODE, and is stored in the bundle

table along with that mode. Thus the definition is immune to subsequent changes to the selection

mode.

The marker bundle table has predefined entries. Each entry renders a distinct appearance from

other predefined entries. Any table entry (including the predefined entries) may be redefined with

this function. Redefining a table entry or adding a new table entry may eliminate the ability to

render a distinct appearance from other table entries.

When polymarkers are displayed the marker bundle Index refers to an entry in the marker bundle

table.

Which aspects in the entry are used deoends upon the setting of the corresponding ASFs, see the

ASPECT SOURCE FUGS function.

5.7.38 TEXT REPRESENTATION

Parameters:

text tHjndle index (IX)

text forrt mdex (IX)

text precision (one of: string, character, stroke) (E)

character expansion factor (R)

character spacing (R)

text colour specifier, either

text colour index (Cl)

or

text colour value (CD)

Description:
In the text bundle table, the given text bundle irxjex is associated witii the specified parameters.

Text font index Is specified and behaves as indcated In the TEXT FONT ff^DEX attn’bute function.

Text precision Is specified and behaves as indicated in the TEXT PRECISION attribute function.

Character expansion factor is specified and behaves as indcated in the CHARACTER EXPANSION
FACTOR attribute function.

Character spacing is specified and behaves as indicated in the CHARACTER SPACING attribute

function.

Text colour is defined in the current COLOUR SB-ECTiON MODE, and is stored in the bunde table

along with that mode. Thus, the definition is immune to subsequent changes to the selection

mode.

The text bundle table has predefined entries. Each entry renders a distinct appearance from other

predefitTed entries. Any table entry (induding the predefined entries) may be redefined with this

function. Redefining a table entry or adding a new table entry may eliminate the ability to render a

distinct appearance from other table entries.

When text is displayed the text bundle irdex refers to an entry in the text bundle table.

Which aspects In the entry are used deperxis upon the setting of the corresponding ASFs, see the

ASPECT SOURCE FUGS function.

5.7.39 FILL REPRESENTATION
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Parameters:

fill area bundle index (IX)

interior style (one of: hollow, solid, pattern,hatch, empty)(E)

fill colour specifier, either

fill colour index (Cl)

or

fill colour value (CO)
hatch index (IX)

pattern index (IX)

Description:
In the fin bundle table, the given fill burKile index is associated with the specified parameters.

Interior style is specified and behaves €is indicated in the INTERIOR STYLE attribute function, n..

Hatch index indicator Is specified and behaves as indicated in the HATCH INDEX attribute function.

Pattern index indicator is specified and behaves as indicated in the PATTERN INDEX attribute

function.

Rl colour Is defined In the current COLOUR SELECTION MODE, and is stored in the bunde table

along with that mode. Thus, the definition is immune to subsequent changes to the selection

mode.

The fin bundle table has predefined entries. Each entry renders a distinct c^»pearance from other

predefined entries. Any table entry (including predefined entries) may be redefined with this

function. Redefining a table entry or adding a new table entry may efimlnate the ability to rerxler a
distinct appearance from other table entries.

When fin areas are displayed the fUl bundle index refers to an entry in the fill bundle table.

Which aspects in the entry are used depends upon the setting of the oorrespofxling ASFs, see the

ASPECT SOURCE RAGS function.

5.7.40 EDGE REPRESENTATION

Parameters:

edge bundle Index (IX)

edge type irxlicator (IX)

edge width specifier, either

absolute edge width (VDC)
or

edge width scale factor (R)

edge colour specifier, either

edge colour index (Cl)

or

edge colour value (CD)

Description:
In the edge bundle table, the given edge bundle index is associated with the specified parameters.

Edge type is specified and behaves as indicated in the EDGE TYPE attribute function.

Edge width Is defined in the current EDGE WIDTH SPECIFICATION MODE and is stored in the

bundle table along with that mode. Thus, the definition is immune to subsequent changes to the

specification mode.

Edge colour is defined in the current COLOUR SELECTION MODE and is stored in the bundle table

along with that mode. Thus, the definition is immune to subsequent changes to the selection

mode.
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Th« edge bundle table has predefined entries. Eacri entry renders a dlstirKt aopearance from other

predefined entries. Any table entry (including oredefined entries) may be redefined with this

function. Redefining a table entry or addtr»g a -new table entry may eliminate the ability to rerder a
distinct aopearance from other table entries.

When fW areas are displayed the edge bundle irdex refers to an entry in the edge bundle table.

Which aspects In the entry are used depends uoon the setting of the corresooodmg ASFs, see the

ASPECT SOURCE FLAGS function.

5.7.41 PICK IDENTIFIER

Parameters;

pick identifier (I)

Description:
The pick identifier is associated with ail of the graohical primitive elements of a segment until the

next PICK lOENTIRER element

With pick input a structure is returned consisting of the picked segment identifier and a pick

identifier. This pick identifier reoresents the graohicaJ elerrwrts that were associated with rt durir^

creation of the segment This pick structure is returned only if the picked segment is botin VISIBLE
and DETECTABLE, The defauit pick identifier is zero.

5.7.42 DRAWING MODE

Parameters:
(Rawing mode (I)

Description:
Drawtrg mode is an integer in the range [0..15] which defines the logical

operation between the source and destination durir^g aS output operations.

TABLE XX. Drawing modes

The 1 6 possible combinations are defined as follows

(d* • resulting destination bit value,

d origtnaJ destination bit value,

s * original source bit value);

Drawing Mode Logical Operation

0

1

2

3

A

5

6

7

8

9

10

11

12

13

14

15

d=-C
* s AND d

d' . s AND (NOT d)

o' s

d* - (NOT s) AND d

rf-d
dm3 XOR d

rf s OR d

d m NOT (s C-R d)

d m not (s XOR d)

d'-NOTo
d* - s OR (NOT d)

(d-NOTs
d m (NOT s) OR d

d m NOT (s AND d)

d m 1
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Add the following sub^clause after sub-clause 5.9:

5.10 Segment Elements

5.10.1 REOPEN SEGMENT

Parameters:

segment identifier (SN)

Description:
The segment corresponding to the specified identifier is reopened. Subsequent graphicai objects

are appended to the segment.

Issuing a REOPEN SEGMENT with an identifier which is not currently in use is an error and the

furKtion is ignored.

The display of graphicai objects which are added to an existing segment depends on the segment
visibiiity, the segment highiighting, the implicit segment regeneration mode, and the segment
cfispiay priority.

5.10.2 COPY SEGMENT

Parameters:

segment identifier (SN)
copy transformation matrix:

scaling arxi rotation portion 2x2xR
translation portion 2x1xVDC

Description:
Alt graphicai objects in the identified segment are reentered into the pipeline arxi placed into the

open segment. The identified segment is referred to as the copied segment. The segment
attributes of the copied segment are ignored. The segment attributes of the open segment are

urx:hanged by the COPY SEGMENT function.

The copy transformation is applied to aN graphical objects of the copied segment before they are

copied into the open segment The copy tran^ormation b not applied to clipping rectangles.

The COPY SEGMENT function duplicates all of the graphical objects of the copied segment as

though the client had invoked CGI furKtions to define the objects as transformed.

The display of graphicai objects which are copied into the open segment depends on the segment
visibility, the segment highiighting, the implicit segment regeneration mode, and the segment
display priority.

The INHERITANCE RLTER function allows for control of the attribute values which are used when
copying segments. This filter controls whether individual attribute values are reapplied to the

graphicai objects.

5.10.3

DELETE SEGMENT

Parameters:

segment identifier (SN]

Description:
The Identified segment is deleted.

NOTE - The segment identifier may appear in a subsequent BEGIN SEGMENT element.
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S.10.4 DELETE ALL SEGMENTS

Parameters:

None

Description:
All segments are deleted from segment storage. All segment identifiers may be reused by the

BEGIN SEGMENT.

Display changes resulting from the deletion of ail segments are governed by the implicit segment
regeneration mode and dynamic modification accepted for segment deletion.

If the description table entry "Dynamic modification accepted for Segment Deletion” is set to IMM,
the effect of DELETE ALL SEGMENTS happens immediately. If the dynamic modification entry is

set to IRG, the effect of DELETE ALL SEGMENTS depends on the setting of the "Implicit Segment
Regerraratlon Mode” entry in the state list as follows:

if the implicit segment regeneration mode is ALLOWED, any image modification necessary as a
result of the DELETE ALL SEGMENTS function will be achieved by an immediate implicit

regeneration.

If the implicit segment regeneration mode b SUPPRESSED, any image modification necessary as
a result of the DELETE ALL SEGMENTS function wHI not take place until some explicit action is

performed.

5.10.5

RENAME SEGMENT

Parameters:

old segment identifier (SN)

new segment identifier (Sf^

Description:
An existing segment b associated with a new segment identifier.

5.10.6

REDRAW ALL SEGMENTS

Parameters:

None

Description:
This function is intended to result in a redraw of all defined segments. However, if a segment’s

visibility attribute is INVISIBLE, that segment is not drawn. Segments of higher display priority

should always appear to cover overlapping segments of lower dbplay priority.

5.10.7

IMPLICIT SEGMENT REGENERATION MODE

Parameters:

implicit segment regeneration mode (one of: SUPPRESSED, ALLOWED)(E)

Description:
The implicit segment regeneration mode for picture changes is set to SUPPRESSED or ALLOWED.
The IMPLICIT SEGMEITT REGENERATION MODE function may be issued at any time.

If the mode is ALLOWED then the interpreter may perform an implicit PREPARE VIEW SURFACE
ar»d REDRAW ALL SEGMENTS depending on the dynamic modification accepted values. In this
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mode, an open segment (or any other segment) may be redrawn whenever changes affect the

appearance of the view surface, in such cases, ail non-retained data are lost.

When set to SUPPRESSED, the interpreter must explicitly invoke PREPARE VIEW SURFACE arvd

REDRAW ALL SEGMENTS or REDRAW SEGMENT to redraw graphical objects stored in segments.
If a segment is open, it must be dosed (END SEGMENT) prior to invoking expiidt segment display

functions.

Some devices cannot immediately charge a picture. A plotter for example can only add to a
picture, it would need to advance the paper and redraw the picture to show the effect of a

transformation change. Changes in display priority could cause different sections of a picture to

become visible or obscured. Visibility arid highlighting may also cause the picture to change.

On devices where pictures are addtive only (i.e., cannot erase or change part of a picture) implicit

segment regeneration mode of SUPPRESSED is more efficient In terms of time and material.

Implicit segment regeneration mode gives the client the ability to accumulate picture changes. At

some later time, the cfient can expHdtly utilize PREPARE VIEW SURFACE and REDRAW ALL
SEGMENTS.

The default IMPLICITSEGMENT REGENERATION MODE is SUPPRESSED.

S.10.8 INHERITANCE FILTER

Parameters:

filter selection attribute designator (list of:

{indvidual function names},

(See below)

UNEATTRIBUrES.
MARKB^ ATTRIBUTES,
TEXTATTRBUTES,
CHARACTER ATTr^BUTES
FILLATTRBUTES,
H)GE ATTRIBUTES,
PATTHV4 ATTRBUTES,
CUP CONTROL,
OUTPUT CONTROL,
ALL)(nE)

setting (STATE_UST,SEGMENTXE)

Description:
The setting of the inheritance filter is modified for those attributes in the filter selection list.

According to the setting, attributes are inherited from the current state lists or from the copied
segment.

The Individual function names permitted are those listed in Table XX, "Inheritance Filter Function

Groups”, as one of the attributes included.

If an attribute or group of attributes designated in the fitter selection list is set to STATE.LiST,
graphical objects inherit that attribute or group of attributes from the current state lists when a

segment is copied.

If an attribute or group of attributes designated in the filter selection list is set to SEGMENT, that

attribute or group of attributes is unaffected (in alt graphical objects employing them) by the

corresponding CGI state list when a segment is copied.

The default inheritance filter setting value is SEGMENT for ail attributes.

The groups of attributes are defined in the table below.

TABLE XX Inheritance Filter Function Groups

Attribute Group Attributes Included
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UNEATraJBUTES

MARKER ATTRieaTES

Tecr ATTRIBUTES

CHARACTER ATTRIBUTES

FILL ATTRIBUTES

HXSEATTRBUTES

PATTB^ ATTRBUTES

CUP CONTROL

OUTPUTCONTROL

ALL

LINE BUNDLE INDEX
LINE TYPE
UNE WIDTH
UNE COLOUR
MARKER BUNDLE INDEX
MARKER Pi'PE
MARKER SIZE
MARKER COLOUR
TEXT BUNDLE INDEX
T©a FONT INDEX
TEXT PRECISION
CHARACTER 0<PANSION FACTOR
CHARACTER SPACING
TEXT COLOUR
CHARACTER HEIGHT
CHARACTER ORIENTATION
TEXT PATH
TEXTALIGNMerr
CHARACTB^ SET INDEX
ALT^NATE CHARACTER SET INDEX
Fia BUNDLE INDEX
INTERIOR STYLE
RLL COLOUR
HATCH B^DEX
PATTERN INDEX
EDGE BUNDLE B^DEX
EDGE TYPE
EDGE WIDTH
EDGE COLOUR
EDGE VISIBILITY

FILL REFERENCE PaNT
PATTERN SIZE
OJP RECTANGLE
CLIP INDICATOR
AUXILIARY COLOUR
TRANSPARBICY
DRAWING MODE
All attiibutds controllad

§.10.9 SEGMENT TRANSFORM

Paramatars:

sagmant identifiar (SN)

transformation matrix (4R 2VDC)

Oaserlptlon^
Tha matrix is storad in tba idantiflad segment as a segment attribute. The segment transform

repiaeas the old segment transform. There is no accumulation of matrices.

When a segment is displayed, the segment transform is applied to all reference points in VDC
space with tfie following matrix

|XI

1 1

m
1M11

I

M12 M13|

I

*
ixi

|Y|

iri |M21 M22 M23| |1|

where X an Y is the original coordinate pair and X’ and Y’ is the new coordinate pair.

Reference points may refer to both output primitive coordinate pairs as well as to geometric

attributes. Note that the reference points for all- output primitives are defined to be input
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parameters of type POINT. In the case of reference points for geometric attributes that are of

vectors, such as CHARACTER ORIENTATION, the translation portion of the matrix M13 and M23
is not applied.

The default segment transform is tfie identity matrix. The segment transform may be set after a
segment has been open or aeated. H is permissible to change the transform of the open segment.

5.10.10

SEGMENT VISIBILITY

Parameters:

segment identifier (SN)
visibility (one of: visible, invisible) (E)

Description:
When the visibility attribute is set to Visible', the segment may be displayed. When tNs attribute is

set to Invisible* the segment must not be displayed.

NOTE • Invisible segments cannot be picked.
5.10.11

SEGMENT HIGHLIGHTING

Parameters:

segment identifier (SN)

highlighting (one of: normal, highlighted) (E)

Description:
When the highlighting attribute is set to 'Nghiighted'. the visual appearance of the segment is

Implementation dependent When the hIgNighting attribute is set to 'normal', the segment is

displayed according to the segment and primi^e attributes.

5.10.12

SEGMENT DISPLAY PRIORITY

Parameters:

segment identiflor (SN)

segment display priority (I)

Description:
The segment display priority for the identified segment is set to the specified value.

Segments with higher segment display priority appear to be in front of segments with lower segment
display priorities. When the segment display priorities of two overlapping segments are the same,
the order in which they appear is implementation dependent.

5.10.13

SEGMENT DETECTABILITY

Parameters:

segment identifier (SN)

detectability (one of: detectable, undetectable) (E)

Description:
When the detectability attribute is set to 'detectable' and the visibility attribute to 'visible', the

segment can be picked, 'detectable' but 'invisible' or 'undetectable' segments cannot be picked.
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5.10.14 SEGMENT PICK PRIORITY

Parameters;

segmerrt identifier (SN)

se^nent pick prionty (I)

Description:
The segment pick priority for the identified segment is set to the specified value.

This value is used to determine which segment b to be picked when segments overlap. The
segment with the highest pick priority is picked first

Pag« 103

Clause 6: Add the following at the erxi of clause 6:

METARLE CATEGORY

MAX»4l^ VDC EXTENT

SEGMeiT PRIORITY EXTB^T

DEVICE VIEWPORT

DEVICE VIEWPORT SPECIRCATION MODE

DEVICE VIEWPORT MAPPING

DB^ERRALMODE

UPDATE

IMPLICIT EDGE VISIBILfTY

UNE REPRESENTATION

MARKER REP

TEXT REPRESENTATION

FILL REPRESENTATION

EDGE REPRESENTATION

PICK lOemRER

DRAWING MODE

IMPLICIT SEGMENT REGENERATION MODE

INHERITANCE RLTER

SEGMBVT TRANSFORM

SEGMENT VISIBILfTY

SEGMENT HIGHLIGHTING

SEGMENT DISPLAY PRIORITY

basic cgm

0^2767 for VDC type integer

0.

0. 1.0 for VDC type real

0-7

1.

d.

fractiom of display surface

forced.lefLbottom

asap

off

i.d.

i.d.

i.d.

i.d.

i.d.

n/a

Ofif-s)

suppressed

segment

1 .0.0

0 ,1,0

visible

normal

0
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SEGM04T DETECTABILITY undetectable

sEGMerr pick priority o

Page 104

Add the following clause after clause 7.4

7.5 Conformance by Metafile Category

A metafile must conform to the metafile category defir>ed in the Metafile Descriptor. This conformarKe is to

the abstract specification and encodings in the way described above. Conformance to a metafile category

occurs when the metafile also conforms to the formal grammar for that category.

Page 127

Add the following text to the erxf of dause D4.4

SCALING MODE and DEVICE VIEWPORT

K both device viewport and scaling mode appear in the same metafile then the last specified b used. If

neither appear then the default values for de^ce vbwport take precedence where these are allowed in the

same category.

Page 132

Add the following dause after dause D.4.8

D.4.9 Segment Elements

If there b an attempt to open a segment which exists then the OPEN b ignored.

Page 144

Add the following dauses after subH:lause £.6

E.7 GKS Item Types

<This win be the list from Annex E of GKS>

E.8 The Relationship of Fonts Between CGM and GKS

The GKS standard indudes the concepts of text output primitive attributes. However, the mechanism for

specifying the text font differs from that specified in the CGM standard. This clause suggesb an approach
to handing these attributes within the GKS environment when the CGM is used as a GKS Metafile.

E.S.1 Overview of the Differences Between GKS and CGM Fonts

While CGM supports the TEXT output primitive attribute functionaility of GKS, a one-to-one mapping
between CGM arid GKS is not possibb in all cases. Specifically:

1 . GKS and CGM differ in the way fonb are defined:

In the CGM text fonts are defined with the FONT ILIST element that associates font names or

identifications with entries in a Font Table. The Font Table can be modified with the MODIFY FONT
LIST element.

In GKS, no mechanism is available for defining text fonts. GKS associates a unique text font

number with each font. The Registration Authority is responsible for defining this mapping of font

numbers to specific font identifications.
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2. GKS and CGM differ in the way fonts are selected

In the CGM, text fonts are selected with the TEXT FOf^ INDEX element The irdex selects an
indeividuaJ font from dffefent fonts in the font I»t,

In GKS, text fonts are selected with a font number. The font number selects a specrfic GKS
registered font if the value is positive. If the font number is negative an implementation dependent

font is selected.

3. GKS and CGM differ on the independence of font and text precision

In the CGM, the font and text precision are specified by independent elements.

In GKS, the font and text precision are directiy associated with specification by a single functioa

4. GKS and CGM dHfer in character orientation caps^^

In CGM, the character orientation is specified by both a Character Up Vector and a Character Base
Vector. Skewed specifications are possible.

In GKS, the character orientation is specified by a Character Up Vector. The Character Base
Vector is aiways equal to positfve 90 degrees from the Character Up Vector. Skewed specification

is not poss&le.

5. Sorr>e CGM Bements have no counterpart as GKS functions

These Indude: dtaracter set related elements, such as CHARACTER SET UST, CHARACTER
COOING A/^KXJNCBR, CHARACTER SET INDEX ALTERNATE CHARACTER SET B^DEX; and
Auxilary Colour related elements, such as AUXILUARY COLOUR and TRANSPARENCY that

affect tfte presentation of text

Thte sddHIonai functionaJity of the CGM causes no spedaJ problems for a GKS environment
interpreting a CGM of category GKSM since the category restricts the occurrence of the elements

assodated with this addtionai functionaJity. Thus, the interpretation by GKS of a CGM of

categorm Q<SM is wel defined.
^

E.8.2 Suggestion for Intsrprstation of CGM Font Information by GKS

GKS envifofwnents HTterpreting a CGM specify fonts with a font number. It is assumed that GKS maintains a

list assodatirtg positive font numbers with a GKS registered font name or identifier. Private font numbers
(i.e. ngative values) must be maintained In an impiemerrtation dependent fist of associations. As the FONT
UST elemertt is interpreted, an addHalonal list must be maintained that associates ir»deividuaifont names
specified in the CGM with a font index. The subsequent interpretation of the MODIFY FONT UST element
will result In changes or additiora to this fist. When the TEXT FONT INDEX element is Interpretted, the font

name assodated with the font index is determined from the Rst of currently used fonts, the font name is

used to determine the GKS font number associated with this font from a Hst of GKS registered fonts. This

font number is used as the font oarameter of the TEXT FONT AND PRECISION function. The value of the

precision parameter is taken from the TEXT PRECISION element that directly follows each TEXT FONT
INDEX element in a CGM wtth category GKSM.

E,9 Character Vectors

A metafile of GKSM category writes the CHARACTER HEIGHT and CHARACTER ORIBVTATION as a oair in

the CGM in that order. Or>e interpretation this will return the character vector information back to the GKS
application using the following mapping:

(CH.CO) maps to CH’Character Up Vector CH*Character Base Vector

1
Character Up Vectorl ICharactef Up Vector!
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Page 144

The following annex forms a new annex F.

F Formal Grammar of the Functional Specification of the CGMEXT1
Category

NOTE ° This annex is not part of the Standard; it is included for information purposes only.

F.1 Introduction

This grammar is a formal definition of a stardard CGM extended syntax. The encoding^ndependent ard the

encodingdeperdent productions are separated, and there are subsections showing the syntax of each of

the stardardized enc^ing schemes. Details on the encoding of terminal symbols can be fourd in parts of

this Stardard that deal with the particular encoding schemes.

F.2 Notation Used

<symbol>
<SYMBOL>
<symbol>*
<symbol>4>
<s^bol>o
<symbol><n)

<symbol*1> :> <symbol-2>
<ai^boi>1>

I
<symboi-2>

<aymbol: meaning
{comment}

F.3 Detailed Grammar

F.3.1 Metafile Structure

-nonterminal

-terminai

• 0 or more occurrences
- 1 or more occurrences
• optionai (0 or 1 occurrerKes)
- exactly n occurrences, n^,3,...

• symbc^l has the syntax of 8ymboi-2
• symbol-l or altemativeiy symboi-2
• symbol with the stated meanmg
• explanation of a symbol or a production

<metafne>

<metafiie contents>

<extra eiement>

<picture>

<picture contents

<id©ntifi©r>

<pictur© ©l©m©nt>

<BEGtN METARLE>
<identifier>

<metafiie descriptor>

<metafHe contents>

<END METAFILE>

<extra eiement>*
<picture>

<extra eiement>*

<extemal eiement>
<escape eiement>

<BEGIN PICTURE>
<identifier>

<picture descriptor elements*

<BEGIN PICTURE BOOY>
<picture content>*

<B4D PICTURE>

<picture ©lement>
<segment>

<string>

<control ©l©m©nt>
<graphicai ei©m©nt>
<attribute ©i©m©nt>
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<segfnent>

1

<escape e(ement>

1

<sxtsmal aiemerTt>

1
<segment 0lement>

<BEGIN SEGMS^>
<3egmerrt name>

<eBgible picture eiement>*

<e4D SEGMHNT>

<segment name> :* <tnteger>

<efigtb{e picture elefnent> :« <engibie local segment picture eiement>

1
<eilgft)ie global segment picture eiement>

<eilglb(e local seg picture eiem> > <expand from state table>

<e<tgibi« giobaJ seg picture eiefn> <expand from state taPle>

F.3.2 Metafile Descriptor Elements

<metafiie descriptor> <kientification>

<characteristlcs>

<}dentlflcation> <METARLE VERSION>
<lnteger>

<metaflle de^pticn>o
<metafiie category>o

<rnetafie category> <MErAFn-E CATlGORY>
<calegory enumerat9d>

<metaf!le descrjption> <METAF\LE DESCRIPTOR
<strin9>

<category efiumerated> <CGM>
<CGMEXT1>
<GKSM>

<charactenstica> <eiement llst>

<optional descr elmt>*

<element iist> <METAFa-£ ELB^E?^ LIST>
<eiement name>*

<opt)onal descr eimt> <VDC TYPE>
<vdc type>

<MAX1MUM COLOUR INDEX>
<cdour index>

<COLOUR VALUE EXTEIVT>
<red green blue><2)

<METARLE DEFAULTS REPIACEMENT>
<element default>+

<FONTlJST>
<foot name>+

<CHARACTER SETL1ST>
<char2K:ler set derinitjon>-(-

<CHARACTER COOING ANNOL^ER>
<coding technique enumerated>

<scalar precision>*

<escape element>

<extemal eiement>

<MAXIMUM VDC EXTEMT>
<point> (2)

<SEGMENT PRIORITY EXTENT>
<mirMmum extent>
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<niaximum extent>

<vdc type> <INTEGER>
<REAL^

<eiement d«fauit>

<fontname>

<charact9r sat definition>

<index>

<stafxiard index vaKje>

<non-negative inte9er>
<po8ftive integer>

<pdvate index value>

<negative inte9er>
<positive index vaiue>

<char set enumerated>

%

<coding technique enuinerated>

<eiigible controi element>

I
<pk^re descriptor eiement>

I
<attribute eiement>

I
<escape eiement>

<strin9>

<char set enumerated>
<designation sequence>

<standard index value>

I
<private irxiex value>

<non-ne9ative integers

:> <kite9er> {greater or equal to 0}

<integer> (greater than 0}

<negative integer>

<irTteger> {Ira than 0}

<positive integer>

<94CHAR>
I
<^CHAR>

I
<MULTVBYTE94CHAR>

I
<MULTI-BYTE96CHAR>

I
<COMPLETECOOE>

<BASIC7-8rr>

I
<BASiC8>BrT>

I
<EXTeiDED7-Bn'>

I
<EXTHNOeD8^n'>

<designatlon sequence> <8tnng>

<INTB3ER PRECISION>
<integer precision vaiue>

<REAL PRECISION>
<reai precision vaiue>

<INDEX PRECISION>
<index precision value>

<CCX.OUR PRECISION>
<coiour predston vaiue>

<CCX.OUR INDEX PRECISION>
<cot index precision vaiue>

(these elements have encoding}

{dependent parameters
}

<eligible controi element> <VDC PRECISION>

I
<AUXI.IARY COLOUR>

1
<7RANSPARB4CY>

1
<ajP RECTANGLE>

I
<CUP INDICATOR>

I
<VDCEXTefT>

1
<DEVICEVIEWPORT>

I
<DEV!CE VIEWPORT SPECIRCAT10N MODE

I
<DEVICE VIEWPORT MAPPING>

1
<SET DEFERRAL MODE>

I
<UPDATE>

1
<IMPLICIT EDGE VISIBILrrY>

<scalar predslon>
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<potnt>

•cminimum •xt«nt

<maxknum extent>

:> <vdc vaiue> (2)

<intoger>

:> <irTtag«r>

F.3.3 PIctura Dascriptor Elamants

<ptetura dascriptor aiafnan^

<co<our salact moda>

ocaling spac moda>

<matiic acala factor>

<spac tT>oda>

<po«n^

P.3.4 Control Elamants

<control alarnant>

<SCAUNGMOOE>
<3caling spac moda>
<matHc scaia factor>

I
<CCX.CXJRSa£C'nONMOOE>

<colour saiact moda>

1
LINE WIDTH SPECIRCA'nONMODE>

<spac moda>
I
<MARKERSI2ESPECinCAT10NM0DE>

<8pacmoda>

I
<€DGE WIDTH SPECIFICATION MODE>

<spac moda>

I
<VDCEXTen’>

<poinb^2)

I
<BACKGROUNDCOLOUft>

<rad graan blua>

]
<ascapa alafnant>

I
<axtamal aiaman^

<INDEXED>
I
<DIRECT>

<ABSTRACT>
I
<MErRlC>

<raal>

<ABSOLUTE>
1
<SCALED>

:> <vdc valua> (2)

<vdc pracision>

I
<AUXa.iARY COLOUR>

<colour>

I
<TRANSPARB^Y>

<on-off indicator anumarata<±>

1
<CLIP RECTANGLE>

<point><2)

I
<CUP INDICATOR>

<on-off indicator anumarated>

I
<VDCEXTeTr>

<po!nt>{2)

1
<DEVICE VlEWPORT>

<davica point>{2)

1
<DEVICE VIEWPORT SPECIRCATION MODE

<VSU spacifiar>

<metric scaia factor>

I

<DEV1CE VIEWPORT MAPPING>
<isotropy flag>

<horizontal alignment flag>

•cvarticaJ alignment flag>

1
<SET DEFERRAL MOOE>

<defefTal mode enumerated>
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I
<MAKE PICTURE CURRBn'>

I
<PREPAREVIEWSURFACE>

<1orce hard copy advance>

I
<UPDATE>

<updato regeneration flag enumerated>

I
<MODIFYFOKrUST>

<starting index>

cfont name list>

I
<MOOIFY CHARACTER SET UST>

<starting index>
<character set definition list>

i
<BEGINRGURE>

I
<e40RGURE>

I
<NEWREGION>

I
<IMPLICITEDGEVISIBILrrY>

•dmplicft edge visibiRty>

I
<SAVE PRIMITIVE ATTRIBUTES>

<attiibute set name>
I
<RESTOREPRIMrnVEATTRIBUTES>

<attribute set name>
I
<DELETEATTRBUTESET>

<attribute set name>

<ofvoff indicator enumerated> :> <ON>
j
<OFF>

<colour>

<vdc precision>

<device point>

:> <cdourindex>

I
<red green biue>

<VDC INTEGER PRECISION>
<vdc integer precision value>

I
<VDC REAL PRECISION>

<vdc real precision vahje>
{these eiements have encoding}

{dependent parameters }

:xreai>(2)

<VSU specifier enumerated> <FRACTION OF DEFAULT DEVICE VIEWPORT>
I
<MILUMETRES WITH SCALE FACTOR>

I
<PHYS1CAL DEVICE UNITS>

<metric scale factor> <real>

<isotropy flag enumerated> <NOTFORCED>
<FORCBD>

<honz align flag enumeo

evert align flag enumer>

<LEFT>

\
<CENTRE>

1
<RIGHT>

<BOTTOM>
I
<CENTRE>

i
<TOP>

<deferrai mode enumerated> <ASAP>
I
<6NI>

i
<ASTI>

<force hard copy advance
anumerated> <FORCE HARDCOPY>

<CONDmONAL>
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<update regeneration flag

enumerated^ <PS^FORM>
1
<POSTPONE>

<starting irtdex> <index>

cfont name fist> <font name>+

<chafactef set def. Ilst> <character set definltion>+

cimpRctt edge vis enumer> <OfF>

1
<ON>

<attribute set name> '.’.m <string>

F.3.5 Graphical Eiamants

<graphicaJ element> <polypoint element*

1

<text element>

1
<cefl eiemerrb*

1

<gdp element

1

<rectangie element*

1
<circular element*

1
<effipticaj element*

1
<pixel array element*

<poiypo«nt element> - <PCX.YUNE>
<point pair>

<pofnt Rst*

1
<DISJOII^ POLYLINE>

<pomt pajr>

<point pair list>

1
<POLYMARKER>

<pofnt*

<pomt Hst*

1
<POLYGON>

<point><3)

cpoint rtst>

1
<Pa-YGONSET>

<point edge pair>{3)

<potnt edge pair list*

<point list> <point**

<pojrrt pair list> <point pair>*

<poirrt pair> <point*(2)

<point edge pair> <pointxedge out flag>

<po(nt edge pair Iist> <point edge pair>*

<edge out flag> . <1NVISIBLE>

I

<VISIBLE>

1

<CLOSE INVISIBLE>

1

<CLOSE_VISIBLE>

<text element> > <TEXT>
<point>^

<text tail>

1

<restricted text element*

<restricted text element> <RESTRICTED TEXT>
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<extent>

<text taii>

<final character iist>

<nonfinal character iist>

opanned text>

<call eiemenb>

<iocal cotour prectston>

<gdp element

<gdp identifieo

<rectangle e<ement>

<drcuiar eiement>

<radlus>

<extent>

<point>

<text tail>

<vdc value>(2)

::> <finai character list>

I
<nonfinal character lisb»

<F1NAL>
<character list>

<NOTRNAL>
<strin9>
<character attribute elements*

opaoned text>

<APPe4DTEXT>
<text tail>

<CELLARRAY>
<poirT^3)

<inte9e^2)
<tocal coimr predston>
<odour><irTte9er1 x inte9er2)

{thte element has an encoding}

{dependent parameter }

:> <cotour precision yalue>

I
<ooi index precision vaiue>

I
<defauit col preciston indicator>

<GOP>
<gdp identifier>

<point iist>*

<data record>

<integer>

<RECTANGLE>
<pointpcur>

<CIRCLE>
<point>

<radius>

I
<CIRCULAR ARC 3 POINT>

<point>{3)

I
<CIRCUARARC3POINTCLOSE>

<point>{3)

<c{ose type>

1
<aRCULAR ARC CENTRE>

<point>

cvdc value>(4)

<radius>

I
<CIRCULAR ARC CENTRE CLOSE>

<ciose type>

I
<CIRCUIAR ARC CENTRE BACKWARDS>

<point>

<vdc vaiue>{4)

<radius>

<non-negative vdc value>
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<nonHTegativ9 vdc value> <vdc valu0> {greater or equal to 0}

<do3e type> <PIE>

I

<CHORD>

<effiptjcal element

<plxel awray element^

<array dmensloro

<vaJid X ra?ge>

<vafld y range>

<x scaJe>

<y scade>

<colour spedflers>

:> <ELLIPSE>
<pofn^3)

I
<£UJPnCAL ARC>

<poinb^3)
<vdc vaiue>(4)

I
<ELJJPTTCALARCCLOSE>

<po4nt>{3)

<vdc vaJue>{4)

<do9e type>

<P1XB.ARRAY>
<poin^
<afTay dimensioro
<valid X range>
<vaild y range>

<x scaJe>

<y scaie>

<colour specifiers>

<irrtegef>{2)

<integef><2)

<integei><2)

<irrteger>

<integer>

:> <aiTay>

F.3c6 Attribute Elements

<primitive attribute elem>

<line attribute element>

<stze vaiue>

<non-negatlve real>

<marker attribute element>

<fine attribute element>

I
<marker attribute element>

I
<text attribute eiefnent>

I
<iilled area attribute eiement>

I
<colour table eiefnent>

I
<aspect source f1ags>

I

<represerTtation eiement>

I

<pick ldentifier>

I

<drawing mode>

<UNE BUNDLE INDEX>
<positive }ndex>

I
<LINETYPE>

<lndex>

I
<L1NEWID7H>

<size value>

I
<LlNECOLOUR>

<colour>

<non-negative vdc vaJue>

I
<non-negative real>

<rea}> (greater or equal to 0}

<MARKER BUNDLE INDEX>
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<text attribute element>

<char attribute element>

<string attribute eiefnent>

I

I

<path enumerated>

I

I

I

ctext predsion enumerated>

I

I

<hortzontal align enumerated>

I

I

I

I

cvertical align enumerated>

I

I

I

I

1

I

<continuous align value>

<positive index>

<MARKERTYPE>
<iridex>

<MARKERS1ZE>
<size vaiue>

<MARKERCOLCXJR>
<co(our>

<ehar attribute element>
<strtng attribute eiement>

<TEXT BUNDLE INDEX>
<posltive index>

<TEXTFONTINOEX>
<positive index>

<CHARACTER EXPANSION FACTOR>
<reai>

<CHARACTER SPACING>
<real>

<TEXTCOLOUR>
<coiour>

<CHARACTER HEIGHT>
<non<<iegative vdc value>

<CHARAcrrER oRiefrA'noN>
<vdc value><4)

<CHARACTER SET WDEX>
<positlve irKiex>

<ALTERNATE CHARACTB^ SET INOEX>
<pos(tive index>

<TEXTPATH>
<path enufneratod>

<TEXTPRECISION>
<text predsion enufnerated>

<7EXTAIJGNMe»n'>
<horizontal align enumerated>
<verticai align enumerated>
<contimious align value> (2)

<RIGKT>
<LEFr>
<UP>
<DOWN>

<STRING>
<CHARACTSb.
<STROKE>

<NORMAL HORIZONTAL>
<LEFT>
<CENTRE>
<RIGHT>
<CONTINUOUS HORIZONTAL^

<NORMAL VERnCAL>
<TOP>
<CAP>
<HALF>
<BASE>
<BOTrOM>
<CONT1NUOUS VERTICAL^

<reai>
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<fiil9d area attribute elem>

<interior style enumerated>

<colour table element>

otarting index>

<aspect source flags>

<asf pair>

<asf type>

<RLL BUNDLE INDEX>
<positive index>

I
<INrERIOR STYLE>

<interior style enumerated>

I
<FILLCOLOUR>

<colour>

I
<HATCHINDEX>

<tndex>

I
<PATTERN INDEX>

<posfttve iridex>

i
<EDGE BUNDLE iNDEX>

<posrtive index>

I
<EDGETYPE>

<irxiex>

i
<EDGEW1DTH>

<size value>

I
<EDGECOLOUR>

<coiour>

I
<EDGEVISIBILrrY>

<orHoff indicator enumerated>

I
<FILLREFEReK:EPOINT>

<point>

I
<PATTERNTABLE>

<positive ir)dex>

<integer><2)

<local col^r pr9dslon>

<oolour><inte^r1 x integer2)

(this element has an encoding}

(dependent parameter }

I
<PATTERNSI2E>

<vde vaiue><4)

<HOLijOW>

I
<SOUD>

I
<PATTERN>

I
<HATCH>

1
<B/IPTY>

<COLOURTABLE>
otarting index>

<red green biue>^

<cokxjr index>

<ASPECT SOURCE FIAGS>
<asf patr>-t>

<asf type>

<asf>

<L1NETYPEASF>
1
<LINE WIDTH ASF>

1
<UNE COLOUR ASF>

1
<MARKERTYPEASF>

I
<MARKERSIZEASF>

1
<MARKER COLOUR ASF>

I
<TEXTFONTASF>

I
<TEXT PRECISION ASF>

I
<TEXT FONT AND PRECISION ASF>

I
<CHARACTER EXPANSION FACTOR ASF>

I
<CHARACTER SPACING ASF>

I
<TEXT COLOUR ASF>

I
<lNTERIOR STYLE ASF>

I
<nLL COLOUR ASF>
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<asf>

1

<HATCH INDEX ASF>

1
<PATrERNINDEXASF>

1
<EDGETYPEASF>

1
<EDGE WIDTH ASF>

1
<EDGE COLOUR ASF>

<INDIVIDUAL>

1
<BUNDLED>

<representation element> <LINE REPRESENTATION>
<positjve index>

<index>
<stze value>

<colour>

1
<MARKERREPRESENTA*nON>

<positive index>

<fndex>
<size value>
<coiour>

1
<T1XT REPRESBITATION>

<posjtive index>
<tndex> {fon^

<text predsion enumerated>
<real> {character spacing}

<reai> {expansion factor}

ccoiour^

1
<FnX REPRESe4TATKDN>

<positfve index>

<siterior style enumerated>
<kidex> {hatch index}

<po3itive index> {pattern index}

<colouf>

1
<EDGE REPRESen’AT10N>

<positive index>
<index>

oize value>
<coiour>

1
<PATTERNTABLE>

<positive index>
<integer>{2)

<local colour precision>

<colour>(integer1 *lnteger2)

{this element has an encoding}

{dependent parameter}

I
<COLOURTABLE>

otarting index>

<red green blue>-(>

<pick identifier> <PICK IDENTinER>
<integer>

<drawing mode> <DRAWING MOD&»
<integer> {O^IS}

F.3.7 Escape Elements

<escape element> <ESCAPE>
<jdentifier>

<data record>

<jdenti(ier> <integer>
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F.3.8 External Elements

<extemaJ 9lement> <MESSAGE>
<action flag>

<s1nng>

1
<APfUCAT10N DATA>

<lnteger>

<data record>

<action flag> <YES>

I
<NO>

F.3.9 Segment Elements

<segTn9nt 9(emerrt>

<copy transformation matrix>

<transformation matrix>

<old segmant nam9>

<n9w segmant nam9>

<implicjt sag ragan moda angm>

<REOPEN SEGMerr>
<s8gmant name>

1
<COPY SEGMBn’>

<segment nama>
<copy transformation matrix>

I
<DB-ETE SEGMefr>

oegment name>

I

<DELErEALLSEGM0rrS>
I
<RBi<\ME SEGM0iT>

<aki segment rame>
<iew segment nafne>

1
<REDRAWALLSEGM0frS>

1

<iMPUCITSEGMBn'REG0^RATlONMOOE>
<impficit segment regeneration mode anumarated>

1
<INHERrrANCE FH.TER>

<f3tar selection attrubute delsignatoo^

<setting>

1
<SEGM©n’TRANSFORM>

<segment name>
<tranafofmation mafrbo

1
<SEGMENT VlSfBIUTY>

<segmant nam9>
<VTSibllrty anumarated>

I
<SE<^Brr HIGHUGHnNG>

oegment nama>
<highl}ghting anumarated>

1
<SEGMENrT DISPLAY PRIORrTY>

oegment nama>
<segfnant display Dr}ofrty>

I
<SEGMENT OETECTABILrrY>

oegment nama>
<detectability anumarat9d>

I
<SEGMENT PICK PRIORrrY>

oegment nama>
<segment pick priority>

<transformation matrix>

<reaJ> (4)

<vdc> (2)

<integar>

<integar>

<SUPPRESSED>
I

<ALLOWED>
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<ftiter selection att des enum>

oetting enumerated>

<transformation matrix>

<visibflity enumerated[>

<hjgNigtitin9 enumerated>

<segfnent dispalay piioi1ty>

detectability enumerated

oegment pick pfiority>

<UNE ArmiBUTE>
I
<MARKER ATTRIBUTES>

1
<TEXrATTRIBtrTES>

1
<CHARACTERATTRIBaTES>

I
<RLLATTRIBLrrES>

I
<EDGEATTRIBUrES>

I
<PATTERNATTRIBUTES>

I
<PATTe?NATTR©UTES>

I
<CLIPCOmT^OL>

I
<OaTPUTCONTROL>

1
<ALL>

<STATE_UST>
I
<SEGMEMr>

<reai><6)

<VISIBLE>

I
<INVISIBLE>

<NORMAL>
I
<HIGHLIGHTED>

:>Mcinte9er>

<DETHCTABLE>
I
<UNDETECTA6LE>

<integer>

F.4 Terminal Symbols

The foOowing are ttie terminals in this grammar.
Their representation b dependent on the encoding scheme used.

In annex A of the subsequent parts of thb Starxiard, these

encoding-dependent symbob are further described.

<element name>
<integer>

<reai>

<vdc vaiue>

<string>

<colour index>

<red green biue>

<integer prec vaiue>
<reai prec vaiue>
<index prec vaiue>
<colour prec value>
<col index prec vaiue>
<default col prec indicator

<vdc integer prec value>

<vdc real prec vaiue>
<colour iist>

<data record>

<device point>

<name>
<segment name>
<sttribute set name>
•cvbwport specification point>

The CGM extended opcodes are encoding dependent. A complete list of them can be found in the

productions for <olement name enumerated> below.
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Th« enumerated types:

<CGM>
<CGMEXT1>
<GKSM>
<Jf^TEGER>
<REAL>
<ON>
<Off>
<fNDEXED>
<DIRECT>
<ABSTRACT>
<METRIC>
<ABSOLLrTE>
<SCALED>
<94CHAR>
<96 0IAR>
<KftJLTV€YTH 94 CHAR>
<MULTT-8rre 96 CHAR>
<COMPLETE COOe>
<BASIC 7-BfT>

<SASIC 8-8rr>

<£XTBffiED 7^rT>
<EXTefl}ED 8^rT>
<FRACTlON OF DffAlXT DEVTCE VlEWPORT>
<M^jjMErRES wrm scale factofi>
<PHYSICAL DEVICE L^fTS>
<NOTFCRCED>
<FORCH)>
<L£FT>
<RJGKT>
<C3TrRE>
<^TTOM>
<TOP>
<ASAP>
<BNi>
<ASTb>
<FORCE HARDCOPY>
<CONDmO»^AL>
<SUPPRESSED>
<ALLOWED>
<PCSTPONE>
<PB^FORM>
<CCMDmCf4ALLY>
<ALWAYS>
<1NVIS1BLE>
<V1S1BLE>
<CLOSE INViSIBLE>
<CLOSE VISlBL£>
<PIE>
<CHORD>
<FB^AL>
<NOTR?MAL^
<IND(VIDUAL>
<SUNDLED>
<HOLLOW>
<SOLID>
<PATTERN>
d-lATCHb.

<EMPTY>
<STR1NG>
<OlARACTER>
<STROKE>
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<RIGHT>
<LEFr>
<UP>
<DOW?^
<NORMAL HORIZONTAL>
<CENTRE>
<CONnNUOUS HORIZOm’AL>
<NORMAL VERTICAL
<TOP>
<CAP>
<HALF>
<BASE>
<BOTTOM>
<con™uous vertical^
<YES>
<NO>
<LINETYPEASF>
<L1NE WIDTH ASF>
<lineccxourasf>
<MARKERTYPEASF>
<MARKERSIZ£ASF>
<MARKER COLOUR ASF>
<TEXTFOm‘ASF>
<TEXT PRECISION ASF>
<TEXT FONT AND PRECISION ASF>
<CHARACTER EXPANSION FACTOR ASF>
<CHARACTER SPACING ASF>
<TEXT COLOUR ASF>
dNTlRIOR STYLE ASF>
<HATCHWDEXASF>
<PATTERN INDEX ASF>
<FILL COLOUR ASF>
<EDGETYPEASF>
<EDGE WIDTH ASF>
<EDGE COLOUR ASF>
<LINEATTRBUTE>
<MARKER ATrRIBUTES>
<TBCTATTRIBUTES>
<CHARACTER ATTRIBUTES>
<FiaATTRIBUTlS>
<EDGEATTRIBUrES>
<PATTERN ATTRIBUTES>
<PATTERN ATTRIBUTES>
<CLIP CONTROL>
<OUTPUTCONTROl>
<ALL>
<STATE_LIST
<SEGMENT>
<V1SIBLE>
<!NVISIBLE>
<NORMAL>
<HIGHL!GHTED>
<DETECTABLE>
<UNDETECTABLE>

<olement name enumerated> <BEGIN METAF1LE>

I
<ENDMETAnLE>

I
<BEGIN PICTURE>

j
<BEGIN PICTURE BODY>

I
<ENDPICTURE>

I
<BEGIN SEGMENT>

I
<ENDSEGMENT>

I
<METAnLE VERSION>
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1
<METARL£CATEGORY>

1
<METARLE DESCRIPnON>

I
<VDCTYPe>

I
INTEGER PRECISION>

I
<REAL PREClSION>

I
<fNDEX PREClSION>

1
<COl.OUR PRECJSION>

I
<COLOUR INDEX PRECtSICN>

1
<MAXIKftJM COLOUR IND€X>

i
<METAFS-Ea-e^B^TUST>

1
<METARLED^AULTSREPLACEMefr>

1
<FONTUST>

1
<CHARACTB^SETLJST>

I
<a4ARACTS^ CX»^IG AN^KXJ^K:ER^

1
<MAX»v1UMVDCEXTeJT>

I
<sEGMefrpRioRnYEXTe^>

I
<SCALlNGMODE>

I
<axouRsa-E<rnoNMOOE>

I
<UNE WIDTH SPEaRCATTON MODE>

I
<MARKER SCE SPEaRCATKDN MOO€>

I
<eX3£ WIDTH SPECIRCAT10NM0DE>

I
<VDCEXTB^>

I
<eACKGROUND COLOUR>

I
<VDC IHTEGSI PREaSfON>

1
<VDC REAL PReCISION>

1
<AUXI.IARY COLOUR>

I
<TRANSPARe^>

I
<CUP RECTANGLE>

1
<cup indk:ator>

1
<OEVICE VlEWPORT>

I
<DEVICE VIEWPORT SPECIRCATION MODE

I
<DEV»CE VIEWPORT MAPPfNG>

1
<SETDe=BWJ-MOOE>

1
<UPOATE>

I
<MODIFYFaVTUST>

I
<MOOIFYCHARACTB^SETIJST>

\ <eEGfNRGURE>
1
<eiDRGURE>

I
<f€WREG10N>

I
<{MPUCrr EDGE VISIBILITY>

I
<SAVE PRIMITIVE ATrRlBUTES>

1
<RESTOREPRIMrnVEATTRIBUTES>

I
<Da£TEATTRlBLn^SET>

I
<POLYUNE>

1
<DISJOIfTr POLYLINE>

I
<POLYMARKER>

!
<TEXT>

1

<RESTRICTED TEXT>
I

<APPBMDTEXT>
1
<POLYGON>

1
<POLYGONSET>

1
<CaiARRAY>

i

<GDP>
I
<RECTANGLE>

1
<CIRCLE>

I

<CJRCULAR ARC 3 PaNT>
1
<CfRCUUVR ARC 3 POINT CLOSE>

I

<C1RCUUVR ARC CENTRE>
I
<CIRCULAR ARC CBTTRE CLOSE>

I
<C1RCLIIAR ARC CBTTRE BACKWARDS>

1

<ELLIPSE>

I
<ELLlPnCAL ARC>

1

<ELLIPT1CALARCCL0SE>
I
<PIXELARRAY>
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<UNE BUNDLE INDEX>
<LINETYPE>
<L1NEWI0TH>
HJNECOLOUR>
<MARKER BUNDLE IND0(>
<MARKERTYPE>
<MARKER SIZE>
<MARKER COLOUR>
<TEXT BUNDLE WDEX>
<T1XTF0NTINDEX>
<TEXr PRECISKDN>
<TEXT FONT AND PRECIS10N>
<CHARACTER EXPANSION FACTOR>
<CHARACTER SPAC»<G>
<TEXTCOLOUR>
<CHARACTBR HBGHT>
<CHARACTER 0RieiTAT10N>
<CHARACTER VECTORS>
<TEXTPATH>
<TEXrAUGNMeiT>
^CHARACTER SET I4DEX>
<ALTERNATE CHARACTER SET 1NDEX>
<RLL BUNDLE MOEX>
<INTBllORSTYLE>
<F!LLCOLOUR>
<HATCHMDEX>
<PATTERN I^DEX>
<EDGE BUNDLE ff^lDEX>

<e}GETYPE>
<BXSEW1DTH>
<£OGECOLOUR>
<EDGE VISIBILrrY>

<FILL REFBRBICE POINT>
<PATTERNTABLE>
<PATrBRNSIZE>
<COLOURTABLE>
<ASPECTSOURCE FLAGS>
<PICK 1DENT1RER>
dJNE REPRESENTATION>
<MARKER REPRESBfTAT10N>
<TEXT REPRESen'AT10N>
<FnJL REPRESBfTATlONb.
<EDGE REPRESBfrAT10N>
<PICK IDENTIRER>
<DRAW1NG MODE>
<REOPEN SEGMENT>
<COPY SEGMB'rr>
<DBLETESEGMENT>
<delJETe all SEGMENT>
<Re^lAME SEGMENT>
<REDRAW ALL SEGMENTS>
<IMPLlCrT SEGMB^ REGENERATION MOOE>
<INHERrTANCE RLTER>
<SEGMefrTRANSFORM>
<SEGMENT VISIBIL1TY>

<SEGMefT HIGHL1GHT1NG>
<SEGMENT DISPUVY PRIORrrY>
<SEGM0Tr DETECTABILITY>
<SEGMENr PICK PRIORrrY>
<ESCAPE>
<MESSAGE>
<APPLICATION DATA>
<DRAWING SEr>
<DRAWING PLUS CONTROL SET>
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Annex Q Formal Grammar of the GKSM Category

cto b« added*tNs will be a subset of Annex F>

Annex H

H.1 The mapping of GKS functlona to CGM elements

The tabie betew shows a mapping between the GKS functions and CGM elements. The elements are those

(xxitained in the CGM as extended by this addendum.

Table XX The Mapping between GKS functions and CGM elements.

GKS Function

OPe^ WORKSTATION

CLOSE WORKSTATION

ACnVATH WORKSTATION

DEACTWATE WORKSTATION
CLEAR WORKSTATION

REDRAW ALL SEGS ON WORKSTATION

UPDATE WORKSTATION
SET DEFERRAL STATE

MESSAGE
ESCAPE

POLYLINE
POLYMARKER
TEXT
RLL AREA
CEa ARRAY
GDP

SET POLYLINE INDEX
SETLINETYPE
SET UNEWIDTH SCALE FACTOR
SET POLYLINE COLOUR INDEX
SET POLYMARKER INDEX
SET MARKER TYPE
SET MARKER SIZE SCALE FACTOR
SET POLYMARKER COLOUR INDEX
SET TEXT INDEX
SET TEXT FONT AND PRECISION

SET CHARACTER EXPANSION FACTOR

CGM Bement

BEGIN METAFILE
Metafile Descdptor

{set met^e category}

BEGIN PICTURE
BEGIN PICTURE BODY
e® PICTURE
BIDMETAFLE
Attribute Settings

CUP RECTANGLE
Enable Output to MetafPe

Disabie Output to Metafile

MAKE PICTURE CURRen*
PREPARE VIEW SURFACE
DELETE ALL SEGMeTTS
MAKE PICTURE CURRBVT
PREPARE VIEW SURFACE
rb:)raw all segmbtts
UPDATE
DB=ERRAL MODE
IMPLlCrr SEGMSTT REGS^ERATION MODE

(BN1G and BNIL map to BNt}

{Maps to BNIG on interpretation}

MESSAGE
ESCAPE

POLYLINE
POLYMARKER
TEXT
POLYGON
Cai ARRAY
GDP

UNE BUNDLE INDEX
UNETYPE
UNE WIDTH
UNE COLOUR
MARKER BUNDLE tf^EX
MARKER TYPE
MARKER SIZE
MARKER COLOUR
TEXT BUNDLE INDEX
TEXT FONT INDEX
TEXT PRECISION
CHARACTER EXPANSION FACTOR
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SET CHARACTER SPACING
SETTEXT COLOUR INDEX
SET CHARACTER HEIGHT
SET CHARACTB^ UP VECTOR
SETTEXT PATHTEXT PATH
SET TEXT AUGNMENT
SET FILL AREA INDEX
SET RLL AREA INTERIOR STYLE
SET FILL AREA STYLE INDEX

CHARACTER SPACING
TEXT COLOUR
CHARACTER HBGHT
CHARACTER ORIBfTATlON

TEXT AUGNMENT
RLL BUNDLE INDEX
INTERIOR STYLE
HATCH WDEX
PATTERN INDEX

SET FILL AREA COLOUR INDEX
SET PATTERN SIZE
SET PATTHW RB=5?e^E POWT
SET ASPECT SOURCE FLAGS
SET PICK IDemRER
SET POLYLWE REPRESBfTATION
SETTEXT REPRESeiTATION
SET RLL AREA REPRESBTTATION
SET PATTERN REPRESBVTATION
SET COLOUR REPRESB^ATION

RLL COLOUR
PATTERN SIZE
RLL REFB^eiCE PaNT
ASPECTSOURCE FLAGS
PICK IDBTnRER
LINE REPRESBTTATION
TEXT REPRESBTTATION
FHJL RB>RESENTAT10N
PATTERN TABLE
COLOUR TABLE

SETWINDOW
SET VIEWPORT
SET VIEWPORT INPUT PRIORITY
SELECT NORMAUZATKDN TRANSFORMATION
SET CUPPWG INDICATOR
SET WORKSTATION WINDOW
SET WORKSTATION VIEWPORT

as current CGM Annex E
•

•

•

CUP RECTANGLE
VOCEXTBVT
DEVICE VIEWPORT

CREATE SEGMBCT
CLOSE sEGMerr
ReiAMESEGMeR*
DaETESEGMerr
DELETE SEGMBVT FROM WORKSTATION
ASSOCIATE SEGMENTWITH WORKSTATION

BEGIN SEGMerr
BJOSEGMBfr
RBIAMESEGMeVT
DB.ETESEGMBfr
DaETESEGMBfT
BEGIN sEGMerr
primitive and attributes

BIDSEGMeiT
COPY SEGMBTrTO WORKSTATION
INSERT SEGMENT
SET SEGB^en*TRANSFORMATION
SET VISIBILITY

SETHIGHUGHTING
SET SEGB1ENT PRIORITY

COPYSEGMBVT
COPYSEGMBVT
SEGMerrTRANSFORM
SEGMENT VISIBILITY

SEGMBVT HIGHLIGHTING
SEGMENT DISPLAY PRIORITY
SEGMBfT PICK PRIORITY

SET DETECTABILITY SEGMBIT DETECTABILITY

WRITE ITEM TO GKSM APPLICATION DATA

On interpretation the reverse mapping will occur with item types being returned to the GKS application as

irxiicated in Annex E of this addendum.
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Page 10

Add the foiiowing to the end of sub-clause 5.3:

3/8 for Segment Control Eements and 3/9 for Segment Attribute Elements

Page 11

Add the following to table 1

:

opcode

BEGt4 SEGMBfT opcode

BID SEGM&fT opcode

METAFILE CATEGORY opcode
MAXMUM VOC EXTerr opcode

SEGMBfT PRIORITY EXTBiT opcode

DEVICE VIEWPORT opcode
DEVICE VTORT SPEC. MODE opcode
DEVICE VIEWPORT MAPPING opcode
DB^BRRAL MODE opcode
MAKE PICTURE CURReVT opcode
PRB’ARE VIEW SURFACE opcode
UPDATE opcode
MOO»=Y FONT UST opcode
MODIFY CHARACTER SET LIST opcode
BEGM FIGURE opcode
BID FIGl^E opocxie

NEW REGION opcode
B^PUCfT EDGE VISIBILITY opcode
SAVE PR»4rnVE ATTRIBLTTES opcode
RESTORE PRIMmVE ATTRIBUTES op.

DELETE ATTRIBUTE SET opcode

CIRCULAR ARC CBTTRE BACKW op.

PIXB. ARRAY opcode

LINE REPRESBITATION opcode
MARKER RB’RESBITATION opcode
TEXT REPRESBITATION opcode
RLL REPRESENTATION opcode
EDGE REPRESBITAnON opcode
PICK IDBITIRER opcode
DRAWING MODE opcode

REOPBI SEGMBTT opcode
COPY SEGMENT opcode
OBETE SEGMENT opcode
OafTE ALL SEGMENTS opcode
RBIAME SEGMBIT opcode
RH)RAW ALL SEGMENTS opcode
IMPUCrr SEGMBIT REG. MODE
WHERITANCE FILTER opcode

SEGMENT TRANSFORM opcode
SEGMBIT VISIBILITY opcode
SEGMENT HIGHLIGHTING opcode
SEGMENT DISPLAY PRIORITY opcode
SEGMENT DETECTABILITY opcode
SEGMENT PICK PRIORITY opcode

Tbit coding 8 bit coding

2J0 2/S

2J0 2/6

3/1 3/0

3/1 3/1

3/1 3/2

3/3 2/6

3/3 2/7

3/3 2/8

3/3 2/9

3/3 2/10

3/3 2/11

3/3 2/12

3/3 2/13

3/3 2/14

3/3 2/15

3/3 3/0

3/3 3/1

3/3 3/2

3/3 3/3

3/3 3/4

3/3 3/5

3/4 2/8

3/4 2/9

3/5 2/8

3/5 2/9

3/5 3/12

3/6 2/13

3/6 2/14

3/6 3/2

3/6 3/3

3/8 2A)

3/8 2/1

3/8 2/2

3/8 2/3

3/8 2/4

3/8 2/5

3/8 2/6

3/8 2/7

3/9 2/0

3/9 2/1

3/9 2/2

3/9 2/3

3/9 2/4

3/9 2/5
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Page 27

Ackj the following sub^ause after sub-clause 6.12:

6.13 Attribute Set Name parameters

Attribute Set Name parameters are coded as integers (Basic format) at INTEGER PRECISION.

6.14 Device Point parameters

Device Point parameters are coded as integers (Basic format) at INTEGER PRECISION.

6.15 Segment Name parameters

Segmerrt Name parameters are coded as irrtegers (Basic format) at INTEGER PRECISION.

Page 31

The followkig form sub-clauses 8.1 .6 and 8.1 .7

8.1.6 BEGIN SEGMENT

<BEGIN-SEGMENT-op(^: 3/0 2/5>
<irTteger: segment-ldentifieo

8.1.7 END SEGMENT

<BIO-SEGMENT-opcode: 3A} 2/6>

Page 36

The following form sub-clauses 8.2.16 to 8.2.18

8.2.16

METAFILE CATEGORY

<METAF1LE-CATEGORY-OPCODE:3/1 3A)>

<enumerated: metafile category>

<enumerated: metafile category> * <integer: 0>

I

<integer: 1>

I
<integer: 2>

{cgm}

{gksm}
{cgmextl

}

8.2.17 MAXIMUM VOC EXTENT

<MAXIUMUM VDC EXTENT-opcode: 3/1 3/1 >
<point:first corner>

<point:second comer>

8.2.18 SEGMENT PRIORITY EXTENT

<SEGMENT PRIORITY EXTENT op-code: 3/1 3/2>

<integer: minimum-segment-priority vaiue>

<integer:maximum-segment-priori^-value>

Page 40

The following form sub-clauses 8.4.7 to 8.4.22

8.4.7

DEVICE VIEWPORT

<DEVICE-VIEWPORT-opcode: 3/3 2/6>
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<d«vice*po<nt: first com«r> )

<d«vice'^nt : second comer>
)8.4.8

DEVICE VIEWPORT SPECIFICATION MODE

<OEVICE VIEWPORT SPECIRCATION MODE op-code: 3/3 2/7>

<enumerated:viewport-spedfication-unit>

<real: metric scale factor>

<emimerated: vieport-specHication-unit> « <integer:0>

I
<integer:1 >

I
<tnteger2>

NOTE: Default not consistent with GKS

8.4.9 DEVICE VIEWPORT MAPPING

<DEVICE VIEWPORT MAPPING of>-code: 3/3 2/8>

<enumerated: isotropy-fiag>

<enumerated: honzontai-ali9nment-flag>

<enumerated: verticaJ aiigrYnent-flag>

<onumerated: isotropy-flag>

<erHjmerated: horizontal-a8gnment-flag>

<enumorated.verticai-aiignment-flag>

8.4.10 SET DEFERRAL MODE

<SET-DEFERRAL-MOOE-opoocie: 3/3 2/9>
<enumerated: deferral mode>
<enumerated: deferral mode> « dntegen 0>

I
<lnteger: 1>

I
<integer: 2>

<lnteger:0>

<fciteger:1>

<integer:0>

<integer:1>

<lnteger2>
<integer:0>

<inte^:1>
<tnteger2>

(fractn of dof.dev vpt}

(mm with scale factor}

{physical dev units}

(not forced}

{forced}

{left}

{centre}

{rlgh^

{bottom}

{centre}

{top}

(asap}

{bnl}

{asti}

8.4.11 MAKE PICTURE CURRENT

<MAKE PICTURE CURRBVT episode: 3/3 2/1 0>

8.4.12 PREPARE VIEW SURFACE>

<PREPARE VIEW SURFACE op-code: 3/3 2/11 >
<enumerated: force-hard-copy-edvance>

<enumerated:force-hard-x^y-advance> « <integerK)> {force hardcopy}

I
<integer:1 > {conditional}

8.4.13 UPDATE

<UPDATE*opcode: 3/3 2/1 2>
<enumerated: update-regeneration-flag>

<emimerated: update-fegeneration-flag> <lntegen 0> {perform}

1
<integer: 1 > {postpone}

8.4.14 MODIFY FONT LIST

<MODIFY FONT LlST-opcodo: 3/3 2/1 3>
<integer: starting-index>

<font-declaration>^-

<font-declaration> <string: name of font>

8.4.15 MODIFY CHARACTER SET LIST
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<MODIFY CHARACTER SET UST-opcode: 3/3 2/1 4>
<integ«n starting-index>

<charactar-9et-dodaration>-»>

<dasfgnation tail saquence>
<character-set-dedaration> « <integer:0>

I
<integer:1 >

I
<integer:2>

I
<integef:3>

I
<integ9r:2>

{94-character G-set}

(96-character G-setj

{m'byte 94-charG-set}

{m'byte 96-charG-set}

{complete-code
character set}}

8.4.16 BEGIN FIGURE

<eEGIN FlGURE-opcode 3/3 2/15>

8.4.17 END FIGURE

<B40 RGURE-opcode: 3/3 3/0>

8.4.18 NEW REGION

<NEW REGIONnspoode: 3/3 3/1>

8.4.19 IMPLICIT EDGE VISIBILITY

dMPUCITEDGEVISIBILrrY-opcode: 3/3 3/2>

<enumerated: inipiidt-edge-vlsibAlty>

<enumerated: impAdt-ed^visibUity> <integer:0> {off}

I
<integer:1 > {on}

8.4.20 SAVE PRIMITIVE ATTRIBUTES

<SAVEPRB4mVEATmiBirrES-opcode: 3/3 3/3>

•dntegen attribute-8et-nanie>

8.4.21 RESTORE PRIMITIVE ATTRIBUTES

<RESTORE PRIMITIVE ATTRIBlTTES-opcode: 3/3 3/4>

•dnteger: attnbute-3et-name>

8.4.22 DELETE ATTRIBUTE SET

<DB.ETE ATTRIBUTE SET-opcode: 3/3 3/5>

dnteger: attr1bute-set-name>

Page 45

Add the following dauses after dause 8.5.1

9

8.5.20 CIRCULAR ARC CENTRE BACKWARDS

<CIRCULAR ARC CENTRE BACKWARDSnapcode: 3/4 2/8>

<point: centrepoint>

<VDC; DX_start>

<VDC: DY_start>

<VDC: DX„end>
<VDC: DY_end>
<VDC: radus>

8.5.21 PIXEL ARRAY
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<PIXB.-ARRAY-opcoda: 3/4 2/9>
<point origin-po<nt>

<integar:nx>

<integer: ny>
<into^: min-x-range>

<inte9ar: max-x*range>
•cintegar: min-y>ranga>

cinta^r: max-y-ranga>
<inta9ar: x-sc^>
<lnta9an y''9cala>

<iocai>cokHir>pradsion>

<dafauit-coiour*prad3ion4ndicator>

<numbar-o(-bfts>

<colouNb^

m <dafault-colour-pracision4ndicator

I
<numbar-of-bits>

<inta9ar:0>

i <intagaropositiva>

« (as CGM Clausa 8^.9}

Page 54

Tha foilcwing form sutM^ausas 8.6^6 to 8.6.42

8.6.36 LINE REPRESENTATION

<UNE REPRES&ITATlONKapooda: 3/5 2/8>
<fntagar: iina-burKila4ndax>

<indax: lina-typa>

<ik>a<^aldth-spadffaf>

<eolour>spacifiar>

<intagar: iina-burxlla4ndax> «
<indax: iina*typa>

<iina>wklttvspadflar>

<coiour-spacifiar>

<intagar: eolourHndax>

8.6.37 MARKER REPRESENTATION

intagar>

1> {solid}

2> {dash}

3> {dot}

4> {dash-dot}

5> {dash-<jot-dot}

nagativa> {private line type}

<raai: lina wldth>9ea)a>factor>

(H LINE WIDTH SPEC MODE is ’scaladl

<VDC: lina width>

(if LINE WIDTH SPEC MODE IS 'absolute'}

<intagar: colour index>

(If COLOUR SELECTION MODE is Indexed!

<RGB>
fit COL SELECTION MODE IS 'direct*}

<non-negatrve integer>

<MARKER-REPRESerrAT10N-opcoda: 3/5 2/9>

<inta9er: markar-bundla-indax>

<indax: markar-typa>
<irKjax: markar-typa>

<markar>size-spacif]ar>

<coiour*3pacifiar>

<inte9ar: markar«burxdle-index> • <po8Kive inte9er>

<indax: marker*type> <integer; 1> {dot}

1
<integer: 2> {plus}

1

<intoger: 3> {asterisk}

1
<integer: 4> (circle)

1
<inte9er: 5> {cross}

1
<integer: negative> {private marker type}
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8 .6.38

8 .6.39

8 .6.40

<marker-size-specffier>

<colour-specifier>

<integer: cok>ur-index>

TEXT REPRESENTATION

<reai: marker 3ize-scale-factor>

{H MARKER SIZE SPEC MODE is ’scaiecf}

<VDC: marker size>

{if MARKER-SIZE SPEC MODE IS ’absolute'}

<inte9er: colour iridex>

fif COLCXJR SELECTION MODE IS Indexecf}

<RGB>
fit COLOUR SELEC MODE is 'directl

<non-negative integer>

<TEXT-REPRESENTAT10Nopcode: 3/5 3/1 2>
<integer text-burKde-lrxfex>

<integer: text-font-lndex>

<enumerated: text-prectsion>

<real: diaracter-spaclng>

<reai: expaosiorvfactor>

<coiour-specifier>

•dnteger: text-bundle-lrKiex>

<integer. text-font-iodex>

<enumerated: text-prectsion>

<reai: expansion-factor>

FILL REPRESENTATION

<positive integer>

<positive integer>

<tnteger:0> “ (string)

<integer:1> {character}

<integer2> {stroke}

<non-negative real>

<RLL-REPRESENTATION-opcode: 3/6 2/1 3>
<integen fni-bundle-lndex>

<erwjmerated: interior-8tyle>

<index: hatch4ndex>
dndex: patterrv4ndex>

<colour specifler>

<integerdiil-bundle-lndex>

<enumerated: interior styie>

<index: hatch-index>

<positive integer>

<integer:0> {hollow

<integer:1 >
<integer2>
<integer:3>

<integer:4>

<jnteger:negative>

<integer:1 >
<integer2>
<integer:3>

<integer:4>

<integer5>
<integer:6>

<integerTiegative>

{solid

{pattern

(hatch

{empty
{private style}

(horizontal)

{vertical}

(positive slope}

{negative slope}

{horiz/vertical cross}

{posHive/neg cross}

(private styles}

<index; pattem-index>

<colour specifieo

<positive integer>

<integer:colour index>

{« COLOUR SELECTION MODE is Indexed*

<RGB>
(if COLOUR SELECTION MODE is 'direct*

EDGE REPRESENTATION

<EDGE-REPRESENTATION-opcode; 3/6 2/1 4>
<integer: edge-bundte-index>

<index: edge-type>

«102



<0dge-width-specifier>

<coiour-specifier>

<inte99r: •d99>bundle«jndex>
<index: edge-typ9>

<edge-width-sp9dfier>

<coiour-specffier>

<integ9r; colour-index>

S.6.41 PICK ID

<posjtive irrte99r>

<integer; 1>
<integer; 2>
<integ«r: 3>
<integ9r: 4>
<int0ger: 5>
<integer: negative>

{solid}

{dash}

{dot}

{dash-dot}

{dash-dot-dot}

{private edge type}

a <real: edge-wkith-scale-factor>

{K EDGE WIDTH SPECI MODE is 'scaled]

1
<VDC: edge width>

{H EDGE WIDTH SPEC MODE b 'absolute'}

a <integer: colour-lndeo
{if COLOUR SELECTION MODE b 'indexed]

I
<RGB>
fif COLOUR SB-ECnON MODE b 'direct]

a <rK>n-negative integef>

<PICK-IO-opcode: 3/6 3/2>

<lnteger: plck-ld>

8.6.42 DRAWING MODE

<ORAWING MODE-opcode; 3/6 3/3>

<lnteger:drawing-mode>

<lntegerxjrawing-fnode> <integer:0> {cTaO)

cfcitegeril > {cf-sANDd}
<integer^ {<f-sANO(NOTd)}
<integer:3> {cf-s}

<integer:4> {d'a(NOT9)ANDd}
<integer:5> {tf-d}

<integer:6> {(fasXORd}
<integer;7> {cf a s OR d}

<integer:8> {d’aNOT(sORd)}
<integer:9> {d'aNOT{sXOR d)}

<integer:1 0> {(faNOTd}
<integer:1 1 > {d-asOR (NOTd)}
<integer:12> {(faNOTs}
<integer:1 3> {(f a {NOT s) OR d}

<integer:1 4> {cf a NOT (s AND d)}

<integer;1 S> {(f-l}

Page 56

The following forms sub-clauses 8.9 and 8.10

8.9 Segment Elements

8.9.1 REOPEN SEGMENT

<REPOPEN-SEGMENTHDpcode: 3/8 2/0

<integer: segment-identifier>

8.9.2 COPY SEGMENT

<COPY-SEGMENT-opcode: 3/8 2/1>

<integer; segment-identifier>

<transformation matrix>
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8.9.3

8.9.4

8.9.5

8.9.6

8.9.7

8.9.8

8.10

8 . 10 .

<transformation matiix> • <real: a1 1 >

I
<real: a21 >

I
<reai: a1 2 >

I
<r^ai: a22 >

I
<vdc:a13>
<vdc : a23 >

DELETE SEGMENT

<DELETE-3EGMBfr-opcode: 3/8 2/2>

<integer: s«gnient-4dentHier>

DELETE ALL SEGMENTS

<OGL£TE-ALL-SEGMEMTS-opcode: 3/8 2A3>

RENAME SEGMENT

<RENAME-SEGMBrr-opcod«:3/8 2/4>

dnteger: oid-8egm«nt>identiflar>

<intagen naw-8a9m«nt-idantifier>

REDRAW ALL SEGMENTS

<REDRAW-ALL-SEGMENTSK9pcode: 3/8 2/5>

IMPUCIT SEGMENT REGENERATION MODE

<iMPLICrr»SEGMEKr-REGENERA'nON-opoode: 3/8 2/6>

<enumaratsd: implicit>a«gmantH’«gonaratiotvniod«>

<anumaratod: implicH>seg-rag«n-mode> « <irrteg«r:0>

I
<integer:1>

INHERITANCE FILTER

<INHERrrANCE^LTlR-opcod«: 3/8 2/7>

<9nunieratad: fiitar>9«lectiofvattnbute^esignator>

<9num«rated; setting>

<enumerated: fiit«r>3el9c-att-d«signator> « <integ#r:0>

I
<integer:1 >

I
<integer2>

I
<intoger*^>

I
<integer:4>

I
<integer:5>

I

<integer:6>

I
<lnteger:7>

I
<integer:8>

I
<integer:9>

<enumerated: 9etting> - <statejist>

I
<tnteger:1 > {segment}

Segment Attribute Elements

SEGMENT TRANSFORM

<SEGMENT-TRANSFORM-opcode: 3/9 2/0>

<integer: segment-identifieo

ctransformation matrix>

<transformation matrix> « <reai: a11 >

(suppressed}

{allied}

(lines attnbutes}

(marker attrubute}

(text attributes}

(character attributes}

(fill attributes}

(edge attributes}

(pattern attributes}

(clip control}

(output control}

(all}
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8 . 10.2 SEGMENT VISIBILITY

I
<reai: a21 >

I

<reai:a12>
\ <real: a22 >

I
<vdc : a1 3 >

I
<vdc : a23 >

<SEGMENT-VISIBILrrY-opcod«: 3/9 2/1 >
•dnteger: segment-identifiers

<enumerated: segment-visibilitys

<enumerated: segment-visibilit^ <integer: 0>

I
<tnteger: 1>

8.10.3 SEGMENT HIGHLIGHTING

<SEGMEMT-HIGHLIGHTING-opcode: 3/9 2J2>
•dnteger: segment-identifiers

<enumerated: segment-higbiightings

<enumerated: segment-highlightings <tnteger: Os

I
<integer: 1 s

8.10.4 SEGMENT DISPLAY PRIORITY

<SEGMENT-PRIORrrY-opcode: 3/9 2/3s
<integer: segment-identifiers

<integer: segment-display-priontys

<integen segment-display-prioritys <posftive integers

8.10.5 SEGMENT DETECTABILITY

<SEGMENT-DETECTABILrrY-opcode: 3/9 2/4s

•dntegen segment-identifiers

<erHjmerated:segment-detectabilitys <integer: Os

I
<tnteger: 1s

8.1 0.S SEGMENT PICK PRIORITY

<SEGMENT-P!CK-PRIORrrY-opcode: 3/9 2/5s

<integer: segment-identifiers

<integen pick-prioritys

<integer: pick prioritys • <posrtive integers

{visible}

{Invisibiie}

{normal}

{NgNighted}

undetectable}

{detectable}
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Page 16

Add th« fdloMring to tabl« 1

:

ASN SI at integer BASN ASNR {-2**(15)

predion (ip) {-ip/8} to

2**(15)-1}

DP (14) BDP
{-a'BI}

DPR {-2**(15)

to

2**(15).1}

SN SI at intagar BSN SNR {-2**{15)

pradsion (ip) to

2**(1S)-1)

VSP (R.R)

Of

BVSP {-2*BR} VSPR-{RR}

(M)

or

BVSP {-2*81} VSPR - (IR)

DP BVSP (-BOP) VSPR-PPR)

Page 17

Add the following to item 1 0):

h) motirie 3(^e factor

Page 19

Add tha foOovmig to Tab^ 2:

8 Sagmant Control alamafrts

9 Sagmant Attributa afamants

Page 20

Add ttia foflowing to tabla 3:

BEGa^ SSGMBfT 6 SN KN SNR n/a

BMOSeGMENT 7 n/a 0 rva n/a

Coda Dasoiption

S BEGIN SEGMENT: has 1 parametar;

PI
:
(sagmant name) segment idantifiaf

7 END SEGM0Tr: has no pafameters

Page 21

Add tha following to table 4;

METARLE CATEGORY 16 E BE ER 0

MAXIMUM VDC EXTENT 17 2P 2BP VDCR VDC EXTENT
SEG PRIORITY EXTENT 18 2i 2BI IR 0, 32767

(Note; Parameter range ER is not assigned to data type ’enumerated’

in table 1 . although used in table 8 for INTERIOR STYLE.)

Coda Description
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16 METARLE CATEGORY: has 1 parameter:

PI
:
(enumerated) category: the following values are standardized:

0 cgm
1 gksm
2 cgmextl

17 MAXIMUM VDC EXTENT: has 2 parameters:

PI
:
(point) first point

P2; (point) secoind point

1 8 SEGM04T PRIORfTY EXTENT : h® 2 parameters:

PI
:
(integer) minimum segment prtority value

P2: (integer) maximum segment priority value

Page 26

Add the following to table 6:

DEVICE VIEWPORT
DEVICE VIEWPORT

7 2VSP 2BVSP VSPR see below

SPECIRCATION MODE 8 E,R BE-hBR {0,1,2}

RR
0.-

DEVICE VIEWPORT
MAPPING 9 3E 3BE {0,1} 1

{0,1,2} 0

{0,1,2} 0
O0=ERRALMOOE 10 E BE {0.1,2} 0
MAKE PICTURE CURRBH* 11 n/a 0 rVa iVa

PREPARE VIEW SURFACE 12 E BE {0,1} n/a

UPDATE 13 E BE {0,1} n/a

MODIFY FONT LIST 14 IXnS BIX-kiBS +IXR,SR n/a

MODIFY CHAR SETUST 15 IX, BIX-i- +ixa n/a

n(E,S) n(BE4GS) {0..4}.SR

BEGIN RGURE 16 rVa 0 n/a n/a

BID FIGURE 17 iVa 0 n/a n/a

NEW REGION 18 n/a 0 rVa n/a

IMPLICIT EDGE VISIBILfTY 19 E BE {0.1} 0
SAVE PRIMITIVE ATTS 20 ASN BASN ASNR n/a

RESTORE PRIMITIVE ATTS
DB-ETE ATTRIBUTE SET

21
22*..

ASN BASN ASNR n/a

Code Description

7 DEVICE VIEWPORT: has 2 parameters:

P1
:
(device point) first point

P2: (device point) second point

The default DEVICE VIEWPORT is the entire device view surface if the latter is rectangular, or the

largest rectangular subset having the desired aspect ratio, if the view surface is not rectangular.

The default is set so that the first point' is below and to the left of the 'second point’ as seen by the

viewer.

8 DEVICE VIEWPORT SPECIRCATION MODE: has 2 parameters:

PI
:
(enumerated) viewport specification units: valid values are:

0 fraction of default device viewport

1 millimetres with scale factor

2 physical device units

P2: (real) metric scale factor, ignored if PI -0 or PI *2

9 DEVICE VIEWPORT MAPPING: has 3 parameters:

P1
:
(enumerated) isotropy flag: valid values are:

0 not forced

1 forced

P2: (enumerated) horizontal alignment flag: valid values are:
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0 left

1 centre

2 right

P3: (enumerated) vertical ati^iment flag: valid values are:

0 bottom

1 centre

2 top

DEFERRAL MODE; has 1 parameter.

P1
:
(enumerated) deferral mode: vafld values are:

0 asti

1 bni

2 asap

MAKE PICTURE CURRSTT: has no parameters

PREPARE VIEW SURFACE: has 1 parameter:

P1
:
(enumerated) force hardcopy advance: vaTid values are

0 force hardcopy
1 condHioruii

UPDATE: has 1 parameter:

P1
:
(enumerated) update regeneration flag: vafld values are:

0 perform

1 postpone

MODIFY FONT LIST: has a variable parameter Sst:

P1
:
(index) starting font Bst Index

P2-Pn: n f^ names (strings)

MODIFY CHARACre^ SET LIST; has a variable parameter fat

P1
:
(index) startkig character set fat index

For each of the variable number of parameter pairs:

Pi: (erxjmerated) CHARACTER SET TYPE: vaW values are:

0 d4-character G^t
1 96-character G-set

2 94-character muftibyte G'^t
3 96-character multibyte G-set

4 complete code
negative for private use
P(h> 1): (string) designation sequence tail; see part 1. 5.3.13.

BEGIN RGURE: has no parameters

END FIGURE: has no parameters

NEW REGION: has no parameters

IMPLlCrr EDGE VISIBILrr/: has 1 parameter;

P1
:
(enumerated) implicit sdge visibHity: valid values are:

0 off

1 on

SAVE PRIMmVE ATTRIBUTES: has 1 parameter;

P1
;
(attribute set name) attribute set name

RESTORE PRIMinVE ATTRIBUTES: has 1 parameter:

Pi
;
(attribute set name) attribute set name

DB_ETE ATTRIBUTE SET; has 1 parameter;
PI

:
(attribute set name) attribute set name
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Page 28

Add the following to table 7:

CIRCULAR ARC CeRRE
BACKWARDS 20 P.4VDC, BP448VDC+ VDCR,VDCR, rVa

VDC BVDC -h-VDCR
PIXEL ARRAY 21 P.6I. BP-i^l-i- VDCaiR. n/a

21 2BI+ +IR.

CLIST nBCO COR

Code Description

20 CIRCULAR ARC CefTRE BACKWARDS: has 6 parameters:

PI : (point) centre of circle

P2: (vdc) delta X for start vector

P3: (vdc) delta Y for start vector

P4: (vdc) delta X for end vector

P5: (vdc) delta Y for end vector

P6: (vdc) radius of circle

21 PIXQ. ARRAY: has 1 0 parameters:

PI : (point) origin point

P2
:
(integer) nx

P3
:
(integer) ny

P4
:
(integer) mir^um of valid x-range

P5 : (kiteger) maximum of valid x-range

P6 : (integer) minimum of valid y-range

P7 : (integer) maximum of vaKd ynange
P8 : (^teger) x scale

P9 : (integer) y scale

P10: (coi^ Kst) array of colour specifiers

Page 33

Add the following to table 8:

UNE REPRESBTTATION 36 2IX, 2BIX+ +IXR,IXR. n/a

(VDC or (BVDC or >fVDCRor
R).CO BR>46C0 +^RR,COR

MARKER REPRESB4TAT10N 37 2IX, 2BIX^ +IXR.iXR, n/a

(VDC or (BVDC or ^H.VDCRor
R).CO BR)+BCO 4-4.RR,C0R

TEXT REPRESBiTATlON 38 2IX. 2BIX-t- +IXR, n/a

E BE-f {0.1.2}.

2R,CO 2BR+8CO RR,COR
FILL REPRESefTATlON 39 IX, BIX-i- +IXR, n/a

ECO. BE+8CO+ (0..4}.COR,

2IX 2BIX IXR,+iXR
EDGE REPRESeTTATlON 40 21X 2BIX+ +IXR.IXR, n/a

(VDC or (BVDC or ^h-VDCRot
R).CO BR)+8CO -h-RR,COR

PICK IDefRRB^ 41 I Bl IR n/a

DRAWn^MODE 42 1 Bl 4+IR 3

Code Description

36 LINE REPRESENTATION: has 4 parameters:

P1
:
(index) line burxJle index

P2: (index) line type: the following values are standardized:

1 solid

2 dash
3 dot

4 dash-dot
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§ das(vdot>dot

n«9ativ9 for privato use
P3: (vdo or real) absolute line width or line widtfi scale factor

P4: (osfour) line colour: its form depends on COLOUR SELECTION MODE.

MARKB^ REPRESENTATION: has 4 parameters:

P1
:
(Index) marker bundle index

P2: (index) marker ^pe: the foUowinf values are standardized:

1 dot

2 phjs

3 asterisk

4 eirde

§ cross
negative for private use
P3: (vdc or real) dasokite marker width or marker size scale factor

P4: (oofour) m»ker colour: Its form depends on COLOUR SELECTION MODE.

TEXT REPRESENTATION: has 6 parameters:

PI :
(Mex) text bunde index

P2: (kidex) text font index

P3: (enumerated) text preddon: valid values are:

0 string

1 diaraeter

2 stroke

P4: (real) character spadng
PS: (real) diaracter expansion factor

P6: (odour) text edour; its form depenc^ on COLOUR SB.ECTION MODE

RUL REPRESOITATION: has S parameters:

PI
:
(Index) fii area btmdie

P2: (Index) interior style: valid values are:

P3: Ondex) hatch index: the following values are standardized:

t horizontal

2 vertical

3 positive slope

4 negative sk^
5 combined verti<^ and horizontal slant

6 combined leri and right slant

negative for private use
P4: (index) pattern index

P5: (colour) fill colour, its form depends on COLOUR SELECTION MODE

EDGE REPRESENTATION: h^ 4 parameters:

P1
:
(index) edge bundle index

P2: (index) edge type: the fdlowing values are standardized:

1 solid

2 dash
3 dot

4 dash-dot

5 dash-dot-dot

negative for private use
P3: (vdc or real) absolute edge width or line width scale factor

P4: (eoloor) edge colour: ite form deperxfs on COLOUR SELECTION MODE.

PICK IDENnnER: has 1 parameter:

PI
:
(integer) pick identifier

DRAWING MODE: has 1 parameter:

P1
:
(integer) drawing mode: valid values are:

0 (f-O

1 cf-sANDd
2 cf-s AND (NOT d)

3 cP*s

4 d'^NOTs)ANDd
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5 d*-d

6 cf-s XOR d

7 (f-s OR d
8 d*-WOT (s OR d)

9 cT-NOT (s XOR d)

10 (f-NOTd
11 cf-s OR {NOT d)

12 d’-NOTs
13 cf-(NOTs)ORd
14 cr-NOT(sANDd)
15 d’-l

(cf - rssulting destination bH value,

d - original destination bit value,

s « original source bit value)
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The following forms sub-clause 7.10

7.10 Segment Control Elements

Table 11- Encoding of segment control elements

Element B Param Parameter Parameter Default

Class8 Id Type List

Length
Range

REOPe^SEGMB^ 1 SN BSN SNR n/a

COPYSEGMBTT 2 SN,4a
2VDC

BSN448ai.
2BVDC

SNR,Ra
VDCR

n/a

DELETE SEGMBIT 3 SN BSN SNR n/a

DBETE ALL SEGMBTTS 4 iVa 0 r/a n/a

RBIAMESEGMen* 5 2SN 2BSN SNR n/a

REDRAWAa SEGMBTTS
IMPUCrr SEGMENT

6 n/a 0 rVa n/a

REGeiERATKDN MODE 7 E BE {0.1} 0
INHERITANCE RLTER 8 nE,E (m.1)BE {0..9).{0,1} -.1

Code Description

1 REOPEN SEGMENT : has 1 parameter:

PI
:
(segment name) segment identifier

2 COPY SEGMENT : has 7 parameters:

PI
:
(segment name) segment identifier

The remaining € parameters are components of a 3x2 matrix of the form:

1P2P3P6(
IP4P5P71

where

P2: (real) x scale component
P3: (real) x rotation component
P4: (real) y rotation component
P5: (real) y scale component
P6: (vdc) X translation component
P7: (real) y translation component

3 DELETE SEGMENT: has 1 parameter:

PI
:
(segment name) segment identifier

4 DELETE ALL SEGMENTS: has no parameters

5 RB^ME SEGMENT: has 2 parameters:
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P1
:
(s«9m«rrt name) oW segment identifver

P2: (segment name) new segment identifier

6 REDRAW ALL SEGMENTTS: has no parameters

7 fMPLiCrr SEGMB4T REGENERATION MODE: has 1 oarameter;

Pi
:
(enumerated) impfidt segment regerjeration mode: valid values are:

0 suppressed
1 aflowed

8 (NHERrTANCE RLTER: has up to 11 parameters, corresoorKing to each of the 10 inheritance fitter

function groups pfus the setting:

(enumerated) f^er selection attr^Hite designator: vaTid values are:

0 line attributes

1 marker attributes

2 text attributes

3 character attributes

4 ffll attributes

5 edge attributes

6 pattern attributes

7 cfip control

8 output control

9 afl

(enumerated) setting: vafid values are:

0 state_list

1 segment

Page 39

The following forms sub-dause 7.1

1

7.11 Segment Attribute Elements

Table 12 • Encoding of segment attribute elements

Eiement B Param Parameter Parameter Default

aass9 Id Type List

Length

Range

SEGMerr TRA^^SFORM 1 SN.4R.

2VDC
BSN^-iSR+
2S\'DC

SNR,RR.
VDCR

n/a.l ,0,0.1

,

0.0

SEGMENT VtSJBIUTY 2 SN.E BSN^BE SNR.{0.1} Rya.O

SEGMBTT HIGHJGKTING 3 SN.E BSN^ SNR.{0,1} n/a.O

SEG DISPLAY PRIORITY 4 SN.l BSN^I SNR.IR rva.see beiow

sEGMerr detectabuty 5 SN.E BSN^E SNR.{0.1} rua.O

SEGMerr pick priority 6 SN.l BSN^I SNRIR rva.see Deicw

Code Uesription

1 SEGMENT TRANSFORM: has 7 parameters:

Pi
:
(segment name) segment identifier

The remaining 6 parameters are components of a 3x2 matrix of the form:

1P2 P3 P6I

|P4 P5 P7j

where
P2: (real) x scale component
P3: (real) x rotation component
P4: (real) y rotation component
P5: (real) y scale comoonent
P6: (vdc) X translation component
P7; (vdc) y translation component
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2 SEGMENT VISIBILITY: has 2 parameters:

PI
:
(segment name) segment identifier

P2: (enumerated) visibility: valid values are:

0 visible

1 invisible

3 SEGMENT HIGHLIGHTING: has 2 parameters:

P1
:
(segment name) segment iden^er

P2: (emjmerated) highfighting: vaTid values are:

0 normal
1 highlighted

4 SEGMefT DISPLAY PRIORITY: has 2 parameters:

PI
:
(segment name) segment identifier

P2: (intoger) segment dbpiay priority

The default of ttw segment display priority b equal to the

minimum segment priority value (see sub-dause 7.3)

5 SEGMENT DETECTABILITY: has 2 parameters:

PI : (segment name) segment identifier

P2: (enumerated) detectability: valid values are:

0 urxietectable

1 detectable

6 SEGMENT PICK PRIORITY: has 2 parameters:

P1
:
(segment name) segment identifier

P2: (Integer) segment pick priority

The default of the segment display priority b equal to the

minimum segment priority value (see suh-dause 7.3)
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Page 11

Add th« fo<iow^ to the end of sub-clause 5.3.5

ASN :> <I> (attribute set name}

SN <1> (segment name}

VC (dependng on DEV VIEWPORT SPEC MODE}

VSPOlhfTREC <VCxSEPxVC>

VSP r.- <VSPO!KTREC>(< <LEFT PARB4xOPTSEPxVSPO<KrRECxOPTSEP>
<RJGHT PAREN> >

(COORDINATE in viewport specrfication space. Parentheses are opbonaL If they are used, they

shall group exactly two real or Integer numbers, depending on DEVICE VIEWPORT
SPECIFICATION MODE The parenthesized form Is Intended to aid readability of the metafile}

TM r.- <RxSB5xRxSEPxVDCxSEPxRxSEPxRxSS»xVDC>
(2*3 real trarsfonnation matrix In row-major order}

Page 12

Add the foUowtng to the end of sub-dause 5.4.3

ALL
CATEGORY
CCNDmONAL
COPY
DG-ETE
DEVICE
DISPLAY
DRAWTKj
FIGURE
R.THR

FORCE
FRACTION

HARDCOPY
MAKE
NEW
PICK
PIXEL
PREPARE
RH)RAW
REGION
REOPEN
SAVE
SURFACE
Lwrrs
UPDATE
VIEW

Page 12

Add the following to the end of sub-dause 5.4.4

ATTRlBUTEfS) ATTR
BACKWARDS BACK
cuRResrr
DEF^RAL DEFER
DETECTABLE DET
DETECTABUTY DET
HIGHUGHTING HIGHUGHT
IDBiTTFIB^ ID

up\Aar[ IMPL
MriERTTANCE INH
MAPPING MAP
MILLIMETER MM
MODIFY MOD
PHYSICAL PHY
PRIMITIVE PRIM
PRIORTTY PRI
REGENERATION REGEN
REPRESGsTTATTON REP
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RESTORE
SEGMBir
TRANSFORM
UNDETECTABLE

RES
SEG
TRANS
UNDET

Page 14

Add the following to the end of sub-clause 5.4.5

BEGIN SEGMB^
BOSEGMENT

BEGSEG
e40SEG

METAFl-E CATEGORY
MAX»^ VDC EXTENT
SEGMBTT PRIORITY EXTBTT

MFCATEGORY
MAXVDCEXT
SEGPRIEXT

DEVICE VIEWPORT
DEVICE VIEWPORT SPECIFICATION MODE
DEVICE VIEWPORT MAPPING
DEFeVWLMODE
MAKE PICTURE CURRBTT
PREPARE VIEW SURFACE
UPDATE
MODIFY FONT UST
MODIFY CHARACTER SET LIST
BEGIN FIGURE
BO FIGURE
NEW REGION
»«:iJCrT EDGE VISIBIUTY
SAVE PRIMITIVE ATTRIBUTES
RESTORE PRIMmVE ATTREUTES
DBJETE ATTRIBUTE SET

DEVICEVIEWPORT
DEVICEVIEWPORTMOOE
DEVICEVIEWPORTMAP
DEFBIMOOE
MAKEP1CCUR
PREPAREVIEWSURFACE
UPDATE
MODFONTUST
MODCHARSETUST
BEGRGURE
e^DRGURE
NEWREGKDN
IMPLEDGEVIS
SAVEPRIMATTR
RESPRIMATTR
DH^TEATTRSET

aRCULAR ARC CBVTRE BACKWARDS
PIXELARRAY

ARCCTRBACK
PIXELARRAY

LINE RB>RESENTAT10N
MARKSI REPRESaVTATTON
TEXT REPRESEI^ATION
FILL REPRESBTTATION
EDGE REPRESENTATION
PICK IDENTIRER
DRAWWGMODE

LINEREP
MARKERREP
TEXTREP
nUREP
EDGEREP
PICKID
DRAWOOMODE

REOPBISEGMBTr
COPYSEGMBVT
DB£TESEGMBVT
DBETEAa SEGMENTS
RENAME SEGMBVT
RHDRAW ALL SEGMBITS
MPUCrr SEGMENT REGENERATION MODE
WHERTTANCE FILTER

REOPENSEG
COPYSEG
DELETESEG
DELETEALLSEG
RENAMESEG
REDRAWALLSEG
IMPLSEGREGENMODE
INHFILTER

SEGMBTTTRANSFORM
SEGMerr VISIBILITY

SEGMENTHIGHUGHTING
SEGMENT DISPLAY PRIORITY
SEGMENT DETECTABIUTY
SEGMENT RCK PRIORITY

SEGTRANS
SEGVIS
SEGHIGHLIGHT
SEGDISPLAYPRI
SEGDET
SEGPICKPRI
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<TERM>

DB=ERRALMOOE DEFBRMOOE
<SOFTSEP>

<THRM>
Note; GKS has BNIG and BNtL instead of BNI. In addition the chosen CGI

default is not consistent with GKS I

MAKE PICTURE CURReiT MAKEPtCCUR
<TERM>

PREPARE VIEW SURFACE PREPAREVIEWSURFACE
<SOFTSEP>
<FORC&IARDCOPY|CONDmONAL>

<TERM>

UPDATE UPDATE
<SOFTSEP>
<PeV=ORM|POSTPONE>

<TERM>

MODIFY FONT UST MODFONTUST
<SOFTSEP>
<I5TART1NDEX> {positive}

<SEP>
<S:FONTNAME>
<SEP> <SJ=ONTNAME>*

<TERM>

MODIFY CHARACTER SET UST MODCHARSETTJST
<SOFTSEP>
<I:START1NDEX> {positive}

<CHARSETDESIGNATOR>+
<TERM>

CHARSETDESK3NATOR <SEP>
<STD94|
STD96I
STD94MULTIBYTEI
STD96MULTiBYTE|
COMPLETECODE>
«OPTSEP>|<HARDSEP»
<S;TAIL>

BEGIN FIGURE BEGFK3URE <TERM>

BC RGURE BJDRGURE <TERM>

NEW REGION NEWREGION <TERM>

IMPLICrr EDGE VISIBILITY IMPLEDGEVIS
<SOFTSEP>
<OFF]ON>

<TERM>

SAVE PRIMITIVE ATTRIBUTES SAVEPRIMATTR
<SOFTSEP>
<ASN-^TTR1BUTESETNAME>

<TERM>

RESTORE PRIMITIVE ATTS . RESPRIMATTR
<SOFTSEP>
<ASN:ATTRIBUTESETNAME>
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Page 15

Add the following to the end of sul>clause 6^

BEGIN SEGMBTT BEGSEG
<SOFTSEP>
<1:SEGID>

<TERM>

BIOSEGMBn' BIDSEG
<TERM>

Page 17

Add the following to the end of sub-dause 6.3

METAfTLECATlGORY MFCATEGORY
<SOFTSEP>
<CGM|GKSM|CGMEXri >

<TERM>

MAXIMUM VOC EXTENT MAXVDCEXr
<SOFTSEP>
<P:RRSTCORNER>
<SEP>
<P:SECONDCORNER>

<TERM>

SEGMeiT PRIORITY EXTBVT SEGPRIEXT
<SOFTSEP>
<1:MINSEGPRI>
<SEP>
<I:MAXSEGPRI>

<TERM>

Page 19

Add the following to the end of sub-clause 6.5

DEVICE VIEWPORT DEVICEVIEWPORT
<SOFTSEP>
<VSP;FIRSTCORNER>
<SEP>
<VSPSECONDCORNER>

<7ERM>

DEVICE VIEWPORT SPEC MODE DEVICEVIEWPORTMODE
<SOFTSEP>
<FRACTIONlMM|PHYDEVICEUNITS>
<SEP>
<R:SCALEFACTOR>

<TERM>

Note: The chosen CGI default is not consistent with GKS

DEVICE VIEWPORT MAPPING DEVICEVIEWPORTMAP
<SOFrSEP>
<NOTPORCED|FORCED>
<SEP>
<LEFT1CTR|RIGKT>
<SEP>
<BOTTOMjCTRfTOP>
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<TEFIM>

De-ETEArmi8UTESET DB-ETEATTFISET
<SOFTSEP>
<ASN:ATTRIBUTESETMAME>

Page 24

Add the foflowing to the end of sob-clause 6.6

CIRCULAR ARC CemE BACKW ARCCTRBACK
<CTRARCSPEC>
<TB^

RXH. ARRAY PlXaARRAY
<SOFTSEP>
<PORIGIN_POII^>
<SEP>
<I:NX>
<SEP>
<I:NY>
<SEP>
<IJ^IN X RANGE>
<SEP>
<IAtAX X RANGE>
<SEP>”

’

<li^lN Y RANGE>
<SEP>
<IMAX Y RANGE>
<SEP>
<|-J( SCALE>
<SE^
<I:Y_SCALE>
<SEP>
<LOCLCOLRSPEC>
<CBLLROW>*

<TERM>

Page 28

Add the fottowing to the end of sub-dause 6.7

LINE REPRESB^ATION LINEREP
<SOFTSEP>
<lfiUNDLEINDEX> {positive}

<SEP>
<I:L1NETYPE>

{1 solid. 2-dash
3»dot. 4»dash-dot
5^dash-dot-dot
<0 implement’n dependent}

<SEP>
<Vd_!NEWlDTH> (non-negative}

<SEP>
<K1INEC0LR>

<TERM>

MARKER REPRESENTATION MARKERREP
<SOfTSEP>
<ISUNDLElNDEX> (positive}

<SEP>
<I;MARKERTYPE>
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TeCT REPRESENTATION

RLL REPRESBfTATION

EDGE REPRESENTATION

PICK IDENTIRER

{1>>dot. 2>pius
3«asterisk, 4«cirdo
Sacross (x)

<0 implemenfn dependent}
<SEP>
<V:MARKERSIZE> (non-negative)

<SEP>
<K:MARKERCOLR>

<TERM>

TEXTREP
<SOFrSEP>
<lfiUNDLE!NOEX> {positive}

<SEP>
<l:FONTINDEX> {positive}

<SEP>
<STRING1CHAR|STR0KE>
<SEP>
<R:SPACING>
<SEP>
<RfACTOR>
<SEP>
<K:TEXTCOLR>

<T1RM>

FILLREP
<SOFTSEP>
<lfiUNDLEiNOEX> {positive}

<SEP>
<HOLLOW|SOUDlPA*nHATC>flB<!PTY>
<SEP>
<i*WTCHINDEX>

{1 ahorizontal^avertical

3apositive slope

4anegative sk^
Sahoriz^ert cross
6aW- slope cross

<0 impiement dependent
<SEP>
<I;PAT1NDEX> {positive}

<SEP>
<K:RLLCOLR>

<TERM>

EDGEREP
<SOFTSEP>
<i:BUNOLEiNDEX> {positive}

<SEP>
<I:EDGETYPE>

{lasoiid, 2adash
3adot. 4adash-dot
5adash-dot-dot

<0 impiemenfn dependent}

<SEP>
<V£DGEWIDTH>
<SEP>
<K;EDGECOLR>

<TERM>

PICKID
<SOFTSEP>
<i:SEGID>

<TERM>
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DRAWf4GMCXlE DRAWINGMOOE
<SOf=TSEP>
<i:DRAWINGMOOE>

{0 dmO
1 tf^ANDd
2 tf-s AND (NOT d)

3
4 <f-(NOTs)ANDd
5 (f^
6 d*^ XOR d
7 (f^ORd
8 rf-4^T(sORd)
9 d’-NOT(sXORd)
10 d’-NOTd
11 <f-eOR(NOTd)
12 (f-NOTs
13 <f-<NOTs)ORd
14 d’-NOT{sANDd)
15 (f-l)

<TERM>

Page 29

The following forms sub-dause 6.10

6.10 Encoding Sogment Control Elements

REOPeisEGMerr :> REOPENSEG
<SOFTSEP>
<SN:SEGtD>

<TERM>

COPY SEGMENT COPYSEG
<SOFTSEP>
<SN:SEGID>
<SEP>
<TM:TRANSMATRIX>

<TERM>

DB-ETESEGMeR" DELETHSEG
<SOFTSEP>
<SN:S£GiD>

<TEF^

DB.ETH ALL SEGMENTS DELETEALLSEG <TERM>

RENAME SEGMeir :> RENAMESEG
<SOFTSEP>
<SN.’OLDSEGID>
<SEP>
<SNtlEWSEGtD>

<TERM>

REDRAW ALL SEGMENTS REDRAWALLSEG <TERM>

IMPUCnr SEG REGEN. MODE IMPLSEGREGENMODE
<SOFTSEP>
<SUPPRESSED|ALLOWED>

<TERM>

INHERfTANCE RLTER INHRLTER
<SOFTSEP>
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<L1NEATTR|
MARKERATTRI
TEXTATTRj
CHARArmi
RLLATTRj
EDGEATTRl
PATATTRI
CUPCONTROLj
OUTPUTCOf^CXI
ALU
<SEP>
<STATB.ISTjSEGMeNT>

<TERM>

The foiiowing forms sub-dause 6.1

1

6.11 Encoding Segment Attribute Elements

SEGMB4TTRANSFORM :> SEGTRAN
<SOFTSEP>
<SN:SEGID>
<SEP>
<TM:TRANSMATRIX>

<TERM>

SEGMENT VISIBILITY :> SEGVIS
<SOFTSEP>
<SN:SEGIO>
<SEP>
<VIS(INVIS>

<TERM>

SEGMB^ HIGHUGHTING :> SEGHIGHLIGHT
<SOFTSEP>
<SN:SEGID>
<SEP>
<NORMAL|HIGHUGHTED>

<TERM>

SEGMENT DISPLAY PRIORITY SEGDISPLAYPRI
<SOFTSEP>
<SN:SEGID>
<SEP>
<l:DISPLAYPRIORITY>

<TERM>

SEGMENT DETECTABILITY :> SEGDET>
<SOFTSEP>
<SN:SEGID>
<SEP>
<UNDETlDEr>

<TERM>

SEGMENT PICK PRIORITY SEGPICKPRI
<SOFTSEP>
<SN:SEGID>
<SEP>
<l;PICKPRIORITY>

<TERM>
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APPENDIX 3

U.S. PDAD BALLOT RESPONSES

127



This page left intentionally blamk.

128



"Computer Graphics"

Date:
^p*^**^

INlii/^

Title:
Responses to ISO 8632-1 to 4/PDAD 1

Source;

Project: JTC1.24.5.5
JTC1.24.5.6
JTCI.24.5.7
JTC1.24.5.8

Distribution: P, O, L Members

Secretariat JTC 1, CS, SC 24 Charman and WG-Convenors

Date of Siimisslon:
’988-04-i2

^iGE;v£Q

t S 7

iNfORMATION SYSTEM^

mrtmiAnomM. om^munom »oa trA«OA«oa*Tie« i«a&iyMAra«>uj om'ammuumj no crAiUAFncuuMM.OM*«MT«M ot

Tdopfiono

(030) 2eOM
Secretariat address
OIN ’ BurggrafonttTMM 4>iO 0*t000 Soflm 30

129

Toloi

lS4 373dind

T«(«gram«

oeutschnormen
BERUN



U*S* Response to CCM DPAD 1 Pert I

The U. S. disapproves * of Part 1 of CCM PDAO 1 (SC24/N19), with the
following comments. The part 1 comments are organized In 3 sections: The
first section contains all comments except segmentation and formal grammar;

The second section contains segmentations comments; And the third section
contains formal grammar comments.

Technical Comments

1/Tl) Global comment: How much discussion of errors is appropriate for
the metafile? Most errors are a function of the semantics of the
Interpreter. Since CKS thoroughly specifies its errors and
associated reactions to them, it is not necessary to repeat this In

this document.

1/T2) Page 2: Is there supposed to be a ‘CKSM’ shorthand for the Metafile
Elements List?

1/T3) DEVICE VIEWPORT MAPPING Is not needed in the CKSMO set, since CKS
only requires the default of (isotropic, left, bottom).

1/T4) 4.12.4.7 and page 31, SEGMENT TRANSFORM: Needs to be rewritten to

reflect output of Valbonne CGI that the locus is transformed, not

Just the reference points.

1/T5) A complete description of the two mutually exclusive ways of

mapping VDC to the device (using SCALING MODE ’metric’ or using
DEVICE VIEWPORT), along with the statement about using the most
recently specified if both are permitted In the metafile category,
should be In clause 4, not buried in Annex D. Pictures are
critical here!

1/T6) A section Is needed describing how transformation affects
primitives and attributes. Page 10, section 4.12.4.7, paragraphs 3

and 4: These paragraphs need to be reworded to reflect the change
to CGI regarding segment transformations applying to the locus of
graphical objects, rather than reference points. State the
appearance of CIRCLE, RECTANGLE, PIXEL ARRAY, and RESTRICTED TEXT
under locus transformation.

1/T7) RENAME SEGMENT and DELETE SEGMENT should not be permitted in global
segments. These do not appear to be necessary or useful.

1/T8) COLOUR SELECTION MODE, LINE WIDTH SPECIFICATION MODE, EDGE
WIDTH SPECIFICATION MODE, and MARKER SIZE SPECIFICATION MODE should
be permitted in global and local segments as well as picture open.
Even though CKS docs not make use of these functions, a non-GKS
client could assemble a ’library* of global segments from different
metafiles, to be referenced In the plcturc.s of the metafile. CGI
has concluded that there Is no difficulty In mixing these modes
within a single frame or session.

1/T9) The CCM currently does not specify the order of the metafile
descriptor elements, although the formal grammar seems to hive more
restrictions In this regard than the body of the standard would
indicate. We believe It would be a good Idea If the first four MD
elements were the METAFILE VERSION. METAFILE ELEMENT LIST, METAFILE
CATEGORY, and METAFILE DESCRIPTION. If the Addendum does make this
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Draft U*S« Raaponaa to CCM DPAD 1 Part 1

1/TlO)

1/Tll)

1/T12)

1/T13)

1/Tl^)

1/T15)

1/T16)

1/T17)

1/T13)

1/T19)

1/T20)

1/T21

)

a rcqulrtoant
,

it cannot be extended to basic category CCM for
reasons of backward compatibility (although it can be noted as
"advice to generators").

Note: This does not match the formal grammar of the CCM-IS text.

In Table 3(a), there are a number of elements permitted In states
FO and FC that should not be. These are: CLIP RECTANGLE and CLIP
INDICATOR, DEVICE VIEWPORT SPECIFICATION MODE, PREPARE VIEW
SURFACE, and UPDATE. DEFERRAL MODE and MAKE PICTURE CURRENT should
probably also be deleted from those states, as they make no sense -

there is no rendering or updatable action until the completion of

the figure definition.

In Table 3(a), END FIGURE and NEW REGION should only be permitted
in FO and FC.

In Table 3(a), APPEND TEXT should be permitted only in state TO.

BEGIN METAFILE should appear in the state table (Table 3(a)) or In

an associated note.

Annex D needs to be completed for the new elements. In particular,
what is a vector device recommended to do with a PIXEL ARRAY?

page 33: The DEVICE VIEWPORT should default to (0,0)(1,1) rather
than implementation dependent (since tht: default VIEWPORT
SPECIFICATION UNITS is "fraction of display surface). Taken along
with the default DEVICE VIEWPORT MAPPING of ’isotropic’, this
default viewport produces the largest inscribed square which fits
on the workstation display surface.

page 33: PICK IDENTIFIER’S default should be zero.

7.5: It is not appropriate to specify conformance in terms of the
formal grammar, which is not part of the .standard. ’'Crammar” would
suffice here.

E. 8. 2 needs a corresponding paragraph for generating the correct
CCM font Information from GKS.

5. 10. 10: The order of the enumerated parameters should be
(invisible, visible). This conforms to the "null value rule".
Also, the CCM already has these enumerated types bound in this
order for the edge control of POLYGON SET.

5. 10. 13: The order of the enumerated parameters should be
(undetectable, detectable), by the "null value rule".

COPY SEGMENT shotild be permitted in state PO. to accompJ Ish what
CKS does with INSERT SEGMENT (copying n segment from WISS to
nonretained data). Table 3(a) would need to be updated as well.

Note: This is a resolved CGI Issue out of the San Diego meeting
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1/T22) PIXEL ARRAY should have a local colour precision parameter (like
CELL ARRAY and PATTERN TABLE), to permit compaction of the colour
list. (Liaison with CCI is required before this change is made; we
suggest changes to both.

)

1/T23) 4.12.2.2: END SEGHENT is not allowed in the metafile descriptor,
only in global and local segments.

1/T24) Annex H: Only the mapping of CKS functions to CGM is given.
Reference is made to Annex E for the reverse mapping, but such Is

not provided In Annex £. A reverse mapping should he given. The
mapping should be from CGM element to CRSM item, rather than GKS
function, since (for example) the correspondence between the two-
vector CHARACTER ORIENTATION of CGM and the one-vector "character
up vector" of GKS is not clear.

Tgehnleal/Edltorlal Commenta

1/TEl) GLOBAL: Readability would be enhanced by defining pseudo-data
types such as "CO: Cl or CD, depending on COLOUR SELECTION MODE",
and then using type CO for the SET <X> REPRESENTATION elements.
(Similarly with line width, edge width, and marker size
parameters. ) Reference; CGI, and also CGM Part 3.

1/TE2) Global comment! All or almost all occurrences of the word
"function" should be changed to "element".

1/TE3) Global comment: The words "appear" and "appearance" are
overloaded by being used both for the visual appearance of a

segment or primitive on the display and for the occurrence or
presence of an element or segment in the metafile. The latter
terminology is preferred.

1/TE4) Global comment: The phrasing throughout about "<prlmitlve> Is

drawn" needs to be modified to take global segments into account,
where it is actually not drawn until referenced In a picture.

1/TE5) page 2: METAFILE CATEGORY was omitted from the list.

1/TE6) TJfe state diagram should be updated to reflect the new states; for
readability, this might require more than one diagram. Although
it can be argued that Table 3(a) contains all relevant
information, the diagram greatly aids comprehension.

1/TE7) We suggest renaming category CGMEXTl to CCMADDl, since this is

officially an Addendum rather than an Extension.

1/TE8) 4.5.6. paragraph 3: “Another device viewport spec L f 1 cat

i

on mode
should be DEVICE VIEWPORT MAPPING (see markup for other editorlui
changes in this paragraph).

1/TE9) The concepts section on Closed Figures (4.^.3) needs to use murh
more of the te:-:t from CCI: It is curretiily incomprehensible to

those who don't already know it. At least one e::ample with
accompanying picture is needed as well.
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ti

1/TElO) 4.6.9: Use "spatial mapping" to distinguish this from mapping of

colour spaces or mappings of elements from GRS to CCH.

1/TEll) A section should be added to clause 4 describing the difference
between "pictures" (delimited by BEGIN PICTURE and END PICTURE)
and "frames" (delimited by instances of PREPARE VIEW SURFACE). We

suggest also adding a "note" (not part of the standard) which
offers guidance on how to use a WISS and the metafile output
workstation'

s

opan/active stata to capture just the last frame in

an interactive session.

1/TE12) 4.12.3.2 and elsewhere: All references to the "CGI pipeline"
should be reworded. This document should be reworded to avoid
discussion of a pipeline.

1/TE13) page 33: UPDATE has no default and should be deleted from the

list.

1/TE14) Table 3(a): It should be clarified that many element.? allowed in

state PO can also occur in the METAFILE DEFAULTS REPLACEMENT, but

are correctly listed as not being permitted in state MD. Perhacs
another column should be considered for this table, for state DR
(defaults replacement).

1/TE15) Table 3(a), formatting; Please repeat the column headings for
each page, on Table 3(a). The spacing between columns is not
consistent.

1/TE16) 5.3.17: The description needs to be rewritten*, it should say what
the MAXIMUM VDC EXTENT is. How it is used by GKS should be

specified in Annex E and/or Annex H.

1/TE17) 5.5.9 says "see DEVICE VIEWPORT for a fuller explanation" -but
5.5.7 has no explanation (it should). Please include all of CGI’s
5.3.5, including the discussion of mirroring, so that the element
has enough information specified.

1/TE18) 5.5.10: The parameters bnlg and bnil should be condensed to bni.
to match the description and resolved issue.

1/TS19) 5.5.12: CGI resolved at Valbonne that the flag is applicable to

both hardcopy and softcopy. We suggest calling the formal
parameter "force clear”, with enumerated values (forced,
cond 1 1 iona 1 ).

1/TE20) 5,7.38: The parameters are not in same order as CGI: they should
be.

1/TE21) 5. 7. 4»2: “All output operations" should become "rendering of
prlmit Ives".

1/TE22) page 35, point 4: Although a user cannot specify skewed characrer
up vector and character base vector at the CKS API, skewed vectors
can re.sult at the GKS WSI if the segmentation t r.n ns f ormn t i on is

applied before writing the information into the meiafile.

1/TE23) page 1: The objective of “graphical session capture" does nnt . on
the surface, appear to justify the inclusion of elements such as
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PICK IDENTIFIER and PICK PRIORITY. If the Intent Is to provide
the ability to replay from CCM the beginning of an Interrupted
session In GKS and then continue from that point, this should be
made explicit. Graphical session capture should be defined In the
glossary.

1/TE24) Page 3, 4.4.4: This line should Instead state what the element
specifies; how GKS uses it should appear in Annex E or Annex H In

a full discussion of how the mapping takes place.

1/TE25) Page 16: What is “Figure Closed” state? This doesn’t match CGI
and makes little sense. It should probably be “Figure Open/Region
Closed".

1/TE26) Page 13: The document would benefit from an overall description of

the states and their transitions, in addition to Table 3(a).

1/TE27) 5.5.14: MODIFY FONT LIST - second parameter should be nS (list of

strings) rather than S.

1/TE28) 5. 5. 16: “ACTIVE” state should be replaced by "the state of the

metafile prior to the most recent BEGIN FIGURE."

1/TE29) 5.5.17: 1st sentence, add "except In global segments, where
rendering Is deferred until the segment is referenced."

1/TE30) In the description of Closed Figures, we should probably not

capitalize line and fill area functions*, it would also help to

state at the start that these refer to classes of primitives
rather than specific ones.

1/TE31

)

5.5.19, last- sentence
,
"picture": Add "or global segment".

1/TE32) 5.5.20, notes 1 and 2: Add "for use In restoring the value*,

however, the current mode Is not restored." AJ.so, "escape
function Identifier" should be "escape element Identifier".

1/TE33) page 17, note for page 51 of CGM: This should be clause 5. 3. 13.
not 5. 3. 3.

1/TE34) page 16: The data type "name" appears never to be used; If this is

so, it should be deleted.

1/TE35) page 30, 5.10.8 - The description is clear in the context of CCI ,

but needs to be rewritten to be clear In the context of CGM.

1/TE36) 4.5.^, second paragraph, line 1: "ready to accept graphics’ would
be clearer as "ready to accept gr.nphlcnJ output".

1/TE37) 4. 6, 8: "curves" should he "arcs’

1/TE38) Page <
. 1st sentence: These appe.ar to be e:*:.nmples of ".softcor.

devices; hardcopy devices arc typically printers, plotters, .tp.i

film recorders.
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Following are the U.S. comnents on segmentation, Part 1.

Teehnieal CommeHLS

1/T25) Page 6, section 4.12.1, list of segment elements:

REOPFN SEGMENT should be a delimiter,
REDRAW SEGMENT Is absent,
IMPLICIT REGENERATION MODE is missing the word “SEGMENT**,

PICK IDENTIFIER Is absent.

Add a paragraph following the list along the lines of:

“BEGIN SEGMENT. REOPEN SEGMENT, and END SEGMENT are delimiter
elements rather than segment elements, as they may not occur
within SEGMENT OPEN state. “.

1/T26) page 28, section 5.10.2, first paragraph:
Replace the first sentence with: “The contents of the identified
segment are copied into the picture, in its current state.” This
is due to the corresponding changes in CGI.

1/T27) page 29:

Add a new section for REDRAW SEGMENT, which was omitted. Renumbe
the following sections appropr lately.

"Parameters:
segment identifier, (SN)

DescripT ion:

This element Is intended to result in a redraw of the

identified exi.sring segment, unless the segment's visibility
attribute is INVISIBLE. The resulting di.splay is implementation-
dependent. Any segment overlapping the identified segment may
also be redrawn, depending on the implementation.

The effect of this element is intended to be independent of the
implicit segment regeneration mode.”

Technical Sdilgiial Camsignia

1/TE39) page 1. last paragraph, add:
Segments may be appended using REOPEN SEGMENT and END SEGMENT.

1/TE40) page 6. section 4.12.1, insert:
Throughout .•section 4. 12 and its subsections, the concepts
Involving .-segments are described In the cotite:<t of .an

Int et prei cr s h.atidling thereof. The CCM .simply stores the
elements Tfjr an i nterpreter ‘ u.se. I nt erpre t a t Lon of elenirn**;

that do not affect final picture appearance is I mpi emen t a t i un-
dependent . e. g. PICK IDENTIFIER. Thi.s implementation dependonry
may be deterniined !)y other Standards ( e. g. GKS. PHIGS, etc.).
used by the implementation of an interpreter.

1/TE41) page 6. sectioti 4.12.1, original first paragraph:
Rephrase "Segments may be:’* to "Segments may have elements
associated with them to control interpretation thereof;".
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l/TE^.2)

1/TE43)

1/TE^A)

1/TE^*5)

1/TE^6)

1/TE47)

l/TE^fl)

1 /TEaQ )

Rephrase list Items a-f to be non-verbs, e. g. : transformation,
visibility or invisibility, highlighting, front to back ordering,
detectability or undetectabiiity , and deleting.

Following the list, change ’‘within a picture. They can..." to read
‘‘Segments may. . .

page A, section 4.12.2:
The phrase "Local Segments ... are local to that picture.” is a

circular definition. Rephrase to “Local Segments ... have no
existence beyond the bounds of that picture.

”

page 6, section 4.12.2.1:
Add "Global Segments may not be reopened.” following the first
sentence. Replace the third sentence ("... not defined or known
to ..." with "They are not a part of any picture within the
metafile.”. In 4.12.2.1, first line, “normal” should be deleted:
a phrase along the lines of “which are the same elements used to

define local segments’* should be added. Also, ‘‘COPY* should be

"COPY SEGMENT".

page 7, section 4.12.2.2:
END SEGMENT is not allowed in MD state. It is only allowed in SO

state. State that BEGIN SEGMENT changes the state to GSD.

REDRAW SEGMENT is missing from the list of segment control
elements.

REOPEN SEGMENT should not be a segment control element, but rather

a delimiter like BEGIN SEGMENT.

Change the last statement of the second paragraph to a

parenthetical comment on the first statement of that paragraph,

e. g. . "(see Table 3(3),...).”

page 7. section 4.12.2.3:
Add the parenthetical comment "(see Table 3(a). . . .

) " to the end
of the first sentence.

p.age 7. section 4.12.2.4;
The statement “every element that is modally defined and bound to

primitives ... has a well defined value.” is not clear. Reword to

state that there are "defaults”.

page 7. sections 4 . 12. 3. 1 through 4 . 12. 3. 3:

These sections should be 4, 12. 3. 2 and 4. 12. 3. 3. respectively, and
the present .section 4. 12. 3. 3 .shou Id section 4.12.3.1. since ... 3

defines terminology u.sed by ... 1 and ... 2.

page 7. pre.senr sect ion 4, 12. 3. 2:

Rephrase "passing along the CCT pipeline are stored in” to read
"are added to”.

page section ^.12. 3.

Reword along the linc.s of;

”Non-reta I net! darn are tho.se w»lemenr.s pre.sent in a picture, but

not within local segnient.s. Any handling of non-rctained data by
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1/TE50)

1/TE51)

1/TE52)

1/TE53)

1/TE54)

1/TE55)

1/TE56)*

1/TE57)

1/TE53)

1/TE59)

1/TE60)

1/TE61)

1/TE^2)

an interpreter is implementation-dependent, beyond the reauirement
that simple display of a metafile picture must display tnat non-
retained data.

page 11, section 4.12.5.2, first paragraph:
Change "prevent the waste of" to "permit an interpreter to save",

page 11, section 4.12.5.2, third paragraph:
Remove the first sentence, as it is inappropriate to a metafile
specification.

page 12, section 4.12.6, first paragraph:
Change "open segment" to "picture definition in its present
state".

page 16, section 5.2.6, Description, first sentence:
Rephrase to read: "This element delimits the start of a segment.

page 27, section 5.7.41, first paragraph:
Add: "Usage of the pick identifier is interpreter-dependent."

page 27, section 5.7.41:
Remove the second paragraph as it is inappropriate for a metafile
specif ication.

page 28, section 5.10.1:
Remove the third paragraph as it is Inappropriate for a metafile
specificat ion.

page 23. section 5.10.2. fourth paragraph:
Add to the Inst sentence: ", or whether the current state list
attributes are applied."

page 23, section 5.10.2:
Remove the third paragraph as it is inappropr iate for a metafile
specificat ion.

page 28. section 5.10.3:
Remove "NOTE and make a single paragraph. Change “SECI.V

SEC.^ENT" to include "or RENAME SEGMENT".

oage 29. section 5.10.4;
Delete the second through last paragraphs as they are
inappropriate for a metafile specification.

page 29. section 5.10.5. Description:
Add: "Sub.soquont references to the segment must u.se the new
segment identifier. The old .segment identifier is freed for us?
in .1 subsequent BEGIN SEGMENT or RENAME SEGMENT.

page 29. section 5. H). 7;

Delete the second parngr.nph through the l.i.st. Rcvl.se the sccorui

sentence of the fir.st paragraph to re.nd: "The IMPLICIT SEGMENT
regeneration mode element m.ay occur in the PICTURE OPEN .st.Tte

only." Add a final sentence to the fir.st paraui.tph: "The
interpreter itself determines the actions required to support this
element.
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1/TE63)

1/TE64)

1/TE65)

1/TE66)

page 31, section 5.10.9:
The specification for the “transformation matrix’ parameter
differs from that for COPY SEGMENT, and from the corresponding CCI
specification.

page 32, section 5.10.10:
Delete the "NOTE** as it is inappropriate for a metafile
specification.

page 32, section 5.10.13:
Add to the end of the first sentence: ”, depending on the
functionality of the metafile interpreter.”

page 33, section 5.10.14;
Delete the second paragraph as it is inappropriate for a metafile
specification.
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The following comments concern the formal grammar defined for CCM DPAD 1.

Where relevant, the errors are traced back to the CCM standard.

1/TE67) Non-recurs Ive metafile contents production.

As written, the non-terminal <tnetaflle contents> production (page
36) defines a production for a single picture preceded by 0 or

more escape elements and/or 0 or more external elements, and
followed by 0 or more escape elements and/or 0 or more external
elements. According to the grammar specified in addendum 1, a

single picture is the only permissible sequence. This is clearly
in conflict with part i* of the standard (specifically section <* 1 ,

page 9) which defines the minimally correct metafile as:

BEGIN METAFILE
METAFILE VERSION
METAFILE ELEMENT LIST
END METAFILE

Whereas, according to the addendum 1 formal grammar, the minimally
correct metafile would be:

BEGIN METAFILE
METAFILE VERSION
METAFILE ELEMENT LIST
<picture>
END METAFILE

The source of this Inconsistency is the non-terminal production
<metafile>. which is defined as:

<metnfile> <3EG:N METAFILE)
< identifier)

< met a file descriptor)
<'metaflle contents)
<END METAFILE)

According to the CCM standard, the <mecafile contents) production
should be ^nn optional production, as follows:

<m€taflle) ::- <BEGIN METAFILE)
<identif iiC)

<met.iflle descriptor)
<metafile contents)*
<END METAFILE)

indicating that the <metnfile contents) production can occur 0 or
more rimes In the metjflle between the <'inef;tiilu descriptor) and
the <F.ND METAFILE) component.

The ‘uicgested rhance.s h.nve been hiphlichtcd.
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1/TE68) <inetaflle contents> production changed from the CCM standard.

The production <metaflle cr)ntent.s> has been altered from that
which Is defined in the current CCM standard. Curreittiy,
<tnetaflle contents) Is defined as;

<tnetaflle contents) <extra elesient>«r

! <plcture)
• <extra eleinent>«

Addendum 1 defines the <metafile contents) production as:

<metafile contents) <extra element)*
<pl cture)
<extra element)*

According to the CCM standard, the variation of <metafile
contents) defined in addendum 1 is correct and the variation in

the standard is incorrect.

1/TE69) Inconsistencies between formal grammar and CCM standa rd / addendum

The following list of Inconsistencies between the formal grammar
and the CCM standard or the CCM addendum •! text were found:

1. Section 4.12.2.2 specifically allows for the CLOBAI. SEGMENT
state to be entered from the METAFILE DESCRIPTOR state, but

the grammar does not reflect this. Due to the fact that

Global Segments cannot accept the same class of elements a.s

Local Segments, the deflnlcion.s of the <picture element) and
<optlonal descr clmf) productions will have to be modified,
and the two new productions will be defined (<local segment
clement) and <glohal .segment clement)).

2. Section 4.3 of the stafidard specifically allows intervening
escape or external elements between the <BECIN METAFILE) and
<metaflle descriptor) components. According to CCM addendum
1 form.nl grammar (and also the CCM standard s formal grammar
no escape or e.xternai elements can occur between (BEGIN
METAFILE) and (metafile descriptor).

3. The formal gr.ammar indicates an ordering of elements within
the Metafile Descriptor State that is not defined by the CCM
.standard or addendum 1. The specific problems ( i. e.

differences between the grammar and the text of addendum 1)

within the Metafile Descriptor St.ate are listed below. in

each case, the siatemcnr m,ade 1 .s r he i nt o r pre ta l i on of the
formal grammar (addendum I and in some case.s the CCM yt.ind.i:

.«.*>; well) and is nor a rc.«: r r i c t i on (iefinoil by the 'o:: t of

either .addendum 1 or the .stand.ird:

. 1 . (METAFILE VERSION) mu.sr he the second element in a

s y n t a r i i c 1 y c o i r e c t me f .i f i I e

.

h. (MFTAFlI.Ii DESCRIPTION) ran only necur .liter (MFTAI ILL
VER.SJON).
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c. <METAFILE CATEGORY) can only occur after <METAFILE
DESCRIPTION).

d. <METAriLE ELEMENT LIST) (which is a required element for
syntactlciy correct metafile according to the standard)
oust occur before any of the optional metafile descriptc
elements.

e. <MFTAFILE CATEGORY) is a dependent production associated
with <METAFILE DESCRIPTION).

ii. The REOPEN SEGMENT element Is In reality a delimiter element
and as such alters the production for local segments. A

transition from the PICTURE OPEN state to the LOCAL SEGMENT
state can occur on either a BEGIN SEGMENT element or a REOPE
SEGMENT element. This change is reflected in the new
production <local segment element).

Based on the above items, the following productions must be

modified or added for the addendum 1 formal grammar to conform
the text of the CGM standard ana addendum 1:

<metafile descriptor) (optional descr elmt)w
(element list)
(optional descr elmt>w
(Version)
(optional descr elmt)*

! (optional: descr eim:>-.f

(vers Ion)

(opticnnl de.se r elmt)^.-

(61 ement list)
(optional aescr elm:>ir

(ootionai descr simt> (VDC
(vdc type)

: (MAXIMUM COLOUR INDIX)
(Colour index)

: (COLOUR value EXTENT>
(red green biiie> ( 2 )

: (METAFILE 2E.“AUL.'S .R£? L.aC EM GNT

>

(dement default)*
: (FONT LIST)

(font name)*
! (CHARACTE.R set LIST)

(Character set definition)*
! (CHARACTER CODING ANNOUNCER)

(Coding technique enumerated)
! (sctilur precision)
! ( osen pc 0 1 cmc n r >

I (tfxt ern.t i c i emeur >

: (MA.xiMUM vi'C cxTr.nT)

( po i n t > i' 2 )

: (Si;gm!?jt pricriiv -xtcl'T)

(mi n ’ miun «e ' cn r )

( fi».n j mi i ni o f c n r >

: (METAFILE CATEGORY)
(Category enumerated)

1 (global segment element)
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<verslon> <METAFILE VERSION)
< Integer)

<picture element)

<local segment element)

<control element)
<graphical element)
<attrlbute element)
<escape element)
<external eJement)
<loeal segment element)

<BECIN SEGMENT)
<8egment name>
<eligible local seg picture elem)

<END SEGMENT)
<REOPEN SEGMENT)

<8egment name)
<eligible local seg picture elem>

<END SEGMENT)

<global segment element)::* <BEGIN SEGMENT)
<segment name)

<ellglble global seg picture elem)

<END SEGMENT)

The suggested changes have been highlighted.

The above grammar wijl accomplish the following modifications to

the Interpretation of a given metafile:

1. The GLOBAL SEGMENT DEFINITION state can be entered from the

METAFILE DESCRIPTOR state wlthotit allowing the elements
specifically prohibited from occurring In the GLOBAL SECMFNT
DEFINITION state from appearing. Transition from the METAFILE
DESCRIPTOR state to the GLOBAL SEGMENT DEFINITION will occur
on a <BECIN SEGMENT) dement.

2. The LOCAL SEGMENT DEFINITION state can be entered from the
PICTURE OPEN state without the restrictions that apply only to

global segments. Transition from the PICTURE OPEN state to

the LOCAL SEGMENT DEFINITION state can occur on either BEGIN
SEGMENT or REOPEN SEGMENT.

3. The modified <meTafile descriptor) production requires both
<METAFILE VERSION) and <METAFILE ELEMENT LIST) to appear In

the Metafile Descriptor state, but does not Imply any specific
ordering of any of the Metafile Descriptor eloiicnts. Inchidine
the two required Metafile Descriptor elements. The production
also allows for ortternai or escape elements to appear boforf
any Metafile Descriptor dement. Hovever. ve reccf'>mend that

the addendum text be modified to specify the positionu of
^METAFILE VERSION). ^METAFILE ELEMENT I.I.'IT). <METAFfI.r
nK.SCRI PTION) and <MCTArri.K CATEGORY) Tins, of course. -^>"1.1

mean that the above gr.iniin.tr i .s aJ.so l)c incorrect. To
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implement the US proposal, the <metaflle descriptor> and

<optlonal descr elmnt> productions would have to be changed
to:

<meta£ile descriptor) <extra element)*
<METAFILE VERSION)
<METAF1LE ELEMENT LIST)
<METAFILE CATEG0RY)O
<METAFILE DESCRIPTION)o
<optional descr elmt)*

<optional descr eimt> <VDC TYPE)
<vdc type)

I <MAXIMUM COLOUR INDEX)
<colour index)

I <COLOUR VALUE EXTENT)
<red green blue) (2)

: (METAFILE DEFAULTS REPLACEMENT
(element default)*

: (FONT LIST)
(font name)*

! (CHARACTER SET LIST)
(Character set definition)*

! (CHARACTER CODING ANNOUNCER)
(Coding technique enumerated

! (Scalar precision)
1 (escape el emert t >

! (external element)
! (MAXIMUM VDC EXTENT)

(point ) ( 2

)

1 (SEGMENT PRIORITY EXTENT)
(minimum ext ent

)

(mnyimum extent)
I (global segment element)

4. The modified (optional descr elmnt) prodiirrion allows the

transition to the GLOBAL SEGMENT DEFINITION state from the
METAFILE DESCRIPTOR state, and also removes the restrict icn
on the METAFILE CATEGORY elemeju.

The non-rcrminal productions (identification), (metafile
category), (metafile description), (characteristics), (segment)
and (eligible picture element) productions have been deleted.

Some of these errors also occur in the current CCM standard's
formal grammar. The above productions must be modified to cor^
the current formal grammar.

1/TETO) Undefined non-termindl production <.at’’rihute element).

The non-t ermi n.a
1 production (element c^ct.^llf^ fp.age 3^ CCn

.addendum 1) reference.^ r\ non - t e rmi n.i 1 prn(i lu' r i on n t r r i lui i c

clcniCMt). yet nowhere in .addendum 1 or 'he CCM st.irul.aril is 'h.e'

defined a non - f erm i n.a
1
production / .i t r r i bit t e e 1 e'ncn r ) , [ i

' r i' -

th.'iT this is .1 simple editorijl problem, atul th.it .’hat •a.':

intended .''as primitive attribute ele'nenf>. i. it her the rcle'e-
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to ottrlbute elenient> must be changed to <prlmltlve attribute
element> or the non-terminal production <primltlve attribute
element> (page ^3 of CCM addendum 1) should be changed to

<attrlbute element).

This error occurs In the CCM standard as well as CCM addendum 1.

1/TE71) Multiple definition of non-termlnal production <point>.

The non-termlnal production <polnt> Is defined Identically In both
sections F. 3. 2

.
page 39 (Metafile Descriptor Elements) and F. 3. 3.

page 39 (Picture Descriptor Elements). In keeping with the

convention used in the rest of the formal grammar, a production
should only be defined In the section which first uses the

production (In this case, section F. 3. 2).

This error does not occur In the CCM standard.

1/TE72) Violations of the CCM standard In PARTIAL TEXT state.

The PARTIAL TEXT state is entered by the following production:

<nonfin3l character iist> <NOT FINAL)
<strlng>
<character attribute llst>
<spanned text>

There are multiple problems with this production and the
productions which are invoked as a result. The following problems
have been noted:

1. The non-terminal production <character attribute list) is not
defined in the grammar. A production <char attribute list> is

defined which appear to be what was Intended. This Is just an
editorial problem which does not exist in the CCM standard.

2. The production <char attribute list) does not accurately
reflect the elements which are permitted to occur in the
PARTIAL TEXT state. To reflect the synta:t specified by the
standard, a new non-terminal production <partlal text
attributes) should be cre.ated and the <nonfinal character list)
production modified as follows:

< non final character list) <NOT FINAL)
<strlng)
<partlal text attributes)*
'.•^p.-inncd te:*:t)

<purtial te:-:t .t 1 1 r i bu t c.*? > ::» <Tn.’''.T FONT Ifinr.X)

pos i f i VC integer)
:<Tr..\r fri;ci.9I0N)

<tc"r. precision ouumc r -i t cd >

: ^Ci!.\R.\CTrR r.xrAfJiiicri r-\crc:;>

< r c a I >

:<cnArNACTrR .'ipacinc>

< ren 1 >
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<coJ our

>

! <CHARACTER UE:" *T,

<non-nega t i ve vric value>
! <CHARACTER SET :MUEX>

<positive index)
! <ALTERNATE CHARACTER SET INDEX)

<positjve index)

! <TEXT BUNDLE INDEX)
<po5;itive index)

I <AUXILIARY COLOUR)
<colour

)

! <TRANSPARENCY)
<on-off indicator enumerator)

The suggested changes have been highlighted.

The elements which are permitted to occur in the PARTIAL TEXT
state arc defined in the CCM standard by both Figure 12 (page ^0.

State diagram) and section 5. h. A (page 6 a. APPEND TEXT).

This error occurs in the CCM standard as well as CCM DPAD 1.

1/TE73) Editorial inconsistency in <TEXT REPRESENTATION) production.

The comments for the character expansion factor and the character
spacing components of the < J FXT REPRESENTATION) alternative of the

< represen t a t ion element) production (page a 6) are associated with
the wrong components based on the descrinrton of TEXT
REPRESEN lATION in section 5. 7. 33 (page 25). The production re.'^tds

<represcntation mode)

<TEXT REPRESENTATION)
(positive index)
(index) t f on t i

(text precl.sion enumerated)
<real> (character spacing)
<real) (expansion factor)
(colour)

yet the text of the addendum itidicatc.s the production should 'c'-i

as

( r eprcsctit . 1 1 ion modo)

(Tr;-:T rj ppr;: rri i \ r i O’!

.

^ po<; i t i vu i itil I’ >

< i tuicx ) t I on I :

(text pr ec i ;; i «)ti e mime f :t L cd >
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<real> (expansion factor)
<real> (character spacing)
<colour >

The suggested changes have been highlighted.

3/TE74) Editorial inconsistency in <FILL REPRESENTATION) production.

The fill colour specifier component of the <FILL REPRESENTATION)
alternative of the <representat ion element) production (section
F. 3. 6, page A6) Is in a conflicting position with respect to the
definition of FILL REPRESENTATION (section 5.7.39, page 25) in the
addendum 1 text. The production currently reads

< representat ion mode>

I <F1LL REPRESENTATION)
<posttive index)
<interior .style enumerated)
< index) (hatch Index)
<posirive index) (pattern iude"!
<colour

>

According to the description of FILL REPRESENTATION in section
5.7.39, the production should read:

<representat ion mode>

1 <FILL REPRESENTATION)
< pos i t I ve index)
<interior style enumerated)
<colour

)

<lndex> (h.ntch index)
<positive index) (pattern inde:<)

The suggested changes h.i vc been li i gh 1 i pht c<i.

1/TFT5) ^SFT DEFERRAL MODE) production substiuited for MJlFERRAL

The n»)u - r e rni j n,i
1 p r fui ur i i (lu.s <'crtntrn| elonu.'ut) (sccrifni f 3 . •

.

page 3'M . <eligiblc contifil elomcut^ f c t i f)n F 3.2. nuge 3A ) .I'-.i

/'Cicmenr n.ime ouMmernred> (soc'rif)n F.
.

p.ige 51) ill r o I c t <' fir c >

tcriuinnl protliiclion <SFT nFFFRRAI. MODF) •vhich is never deriue!
It .Tppc.nr.s that the intcnilcd rcrnnM.'il prodvic t i nn .•n.c <nf-rrnR,\l

MOD^^, The eJement in the text ol the .iddeiuJum is DFFCRRAI. flCL!:.
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1/TE76) <metrlc scale factor> mistyped.

The <met:rlc scale factor> production (section F. 3. ^ ,
page ^ 0 ) was

mistyped as:

<raetric scale factor) ! <real>

which is a semantically null production, as well as incorrect
syntax for a BNF grammar. The correct BNP for this production is

the same as was specified in the CGM standard:

<metric scale factor) <real>

The suggested modification has been highlighted.

1/TE77) Complete the productions for those elements not yet defined.

The oroductlons <eligible local seg picture eiem) and <eiigible
gloojl seg picture eiem) must be completed from the state table
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U<S* R«8pon8t to CCM DPAO 1 Part 2

The U. S. disapproves of Part 2 of CQl PDAD 1 (SC 24 N 20) wich the following

consents:

Tughnleal Editorial Comneats

2/TEl) Page 1, "Add the following to table 1:"

Add the 8 bit opcodes.

2/TE2) Page 2 ,
8.2.16

GLOBAL: Add a blank line before the production of a non-ternlnal
as the CCM-IS text does. For example:

<METAFILE-CATEGORY-opcode: 3/1 3/0>
<enumerated: metaf ile-category>

blank line goes here ****
<enuraerated: metaf lie-category > <lnteger: 0> (cgtn)

<integer: 1> (gksm)
<lnteger: 2> (cgmaddl)

Use "cgmaddl" Instead of "cgmextl".

2/TE3) Page 2, 8. 2. 17

<point: first corner> and <polnt: second corner> should be called
<polnt: high value> and <point: low value> as in the functional
specification (5.3.17).

2/TE^) Page 3 ,
8.^.8

"NOTE: Default not consistent with GKS" is not appropriate here.
Perhaps it should be in Clause 6.

2/TE5) Page 3 ,
8. <4. 10

"SET DEFERRAL MODE" should be called "DEFERRAL MODE" as in the
functional specification.

2/TE6) Page 3 ,
S. 1^

<font-declarat lon> is Inconslstant with the functional
specification and the other encodings. Replace <font-declarat lon>
with <f ont-names>.

2/TE7) Page ^ , 8. 20

The data type of attribute set name is defined as ASN in the
functional specification, but is shown as integer in the character
encoding. The character encoding should be <asn: attribute-set-
narae> Instead of <integer: attribute-set-namc>.

2/TE8) Page 4/5, 3. 5. 21

The last four parameter.s are not in the functional specification
or in other encodings and should be removed.
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The order of the parameters is Inconsistant with the functional
specification (5.7.39).

3/TElO) Page 6, 7. 10, Table 11

INHERITANCE FILTER default should be: n/a,l.

3/TEll) Page 6, 7.10, Table 11, note 2

"P7: (real) y translation component” should be "P7: (vdc) y
translation component".

3/TE12) Page 6, 7.10, Table 11, note 8

Parameter numbers are missing.

3/TE13) Page 7, “The following forms sub-clause 7.11:"

See GLOBAL note at the beginning of the comments on the binary
encoding as to whether there should be two classes.

3/TEl^) Page 8, 7.11, Table 12, note 2

The order of "visible" and "invisible" is reversed from the EDGE
VISIBILITY element in the CGM-IS text.

3/TE15) Page 8, 7.11, Table 12. note 6

The last sentence incorrectly uses the phrase ".
. . segment display

priority. .

.

" Instead of ”.
. . segment pick priority. . .
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The U. S. disapproves of Part 4 of CGM PDAD 1 (SC 24 N 22) with the following
comments

:

Teehnieal Comment.s

4/Tl) Page S
,

6. 11

As per the notes In previous encodings, combine 6.10 and 6.11 into

one group of elements.

Technical Editorial Comments

^/TEl) Page 1, "Add the following to the end of sub-clause 5.3.5:"

The description of TM incorrectly calls the matrix a "real"
transformation when it includes VDC types as well as reals.

4/TEl) Page 1, "Add the following to the end of sub-clause 5. A. 3:"

Suggested abbreviation changes: DEV instead of DEVICE, VPCRT
instead of VIEW.

The U. S. recommends that the Language Bindings Working Group be

consulted to insure consistency of abbreviations used in this
document

.

4/TE3) Page 1/2, "Add the following to the end of sub-clause 5. A. a:"

BACK is the abbreviation for BACKGROUND in the CGM-IS text. The

U. S. suggests that BKWD be used as the abbreviation for
Backwards. The U. S. also suggests using HILITE instead of

HIGHLIGHT as the abbreviation for HIGHLIGHTING. The U. S.

suggests not abbreviating RESTORE.

4 /TEA ) Page 2, "Add the following to the end of sub-clause 5. A. 5:"

CIRCULAR ARC CENTRE BACKWARDS ARCCTRBACK should be consistent
with whatever is chosen for BACKWARDS in suc-clause 5.-!

Suggested ARCCTRBKWD.

A/TE5) Page 3, "Add the following to the end of sub-clause 6.3:"

Replace CCME.XTl with CCMADDl.

HIGH and LOW is used in the functional specification and should be

used here instead of FIRST and SECOND.

4/TE6) Page 3, "Add the following to the end of sub-clause 6. 5:"

The note about defaults does not belong here.

4/TE7) Page 3/A, "Add the foJlowing to the end of sub-clause 6.5:".
DEFERRAL MODE

DEFERRAL MODE has no parameters so it does not need <S0FTS’.^>
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4/TS8)

4/TE9)

4/TElO)

4/TEll)

4/TE12)

A/TE13)

Page 3/4, "Add the following to the end of sub-clause 6.5:'*,

MODIFY FONT LIST

There should be <OPTSEP> Instead of <SEP> before <S: FONTNAME>.

<SEP><S: FONTNAME> should be <<SEP> <S: FONTNAME> >.

Page 3/4, "Add the following to the end of sub-clause 6.5:”,
CHARSETDESICNATOR

First <SEP> .should be <SOFTSEP> as in the original encoding.
<HARDSEP> should be replaced with <SEP> as in the original
encoding.

Page 5, "Add the following to sub-clause 6.6:", PIXEL ARRAY

Remove <LOCLCOLRSPEC>.

Page 5/6, "Add the following to sub-clause 6.7:”, TEXT
REPRESENTATION

The order of <SPACING> and <FACTOR> is reversed from the
functional specification.

Page 5/6, ”Add the following to sub-clause 6.7:”, FILL
REPRESENTATION

Parameter order does not match functional specifications.

Page 8, 6.11 ,
SEGMENT VISIBILITY

Reverse the order of VISJINVIS

The
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Graphics Standards

The Future of ISO Graphics Standards
George 5. Carson.

CSC Associates

Janet Chin of Chin Associates, a
regular contributor to this column,

asked that George Carson, who
chaired the meeting discussed

here, contribute his knowledge to

the column. “I think that the CQ
community should know about
this important work as soon as
possible," said Chin. We thank

George Carson for his time and
effort in bringing us up to data

At its first plenary meeting in

Berlin during December of 1987,

ISO/IEC fTCl/SC24 (the computer
graphics committee) recognized the

need to evaluate the work under-

taken by its predecessor committee
{SC21/WG2) and to plan for the

future development of graphics

standards. SC24 authorized the for-

mation of a Special Working Group
on Future Planning with the char-

ter to recommend a five-year strate-

gic plan for organizing the work of

SC24. The group was also to

address the feasibility of developing

a unified structure for relating com-
puter graphics standards, to iden-

tify new areas of computer graphics

that should be covered by a stan-

dard, and to make appropriate state-

ments regarding the relationships

of computer graphics standards

with standards in other areas. In

addition the group was chartered to

define areas in which computer
graphics standards need to be

reevaluated or extended or where
new standards need to be developed

to meet user requirements.

The Special Working Group met
at Blakeney, England, from April 11

to April 13, 1988. Sixteen delegates

from six national bodies were in

attendance. The group was able to

reach consensus regarding how
graphics standards should be devel-

oped in the future and how the

present work of SC24 should be

concluded. This consensus was
presented to SC24 at its plenary

meeting held earlier this month in

Tlicson, Arizona.

82

Lessons learaed

The group spent some time

enumerating lessons learned since

the formation of SG21/WG2. These
lessons are

1. There should be fewer imple-

mentation dependencies in

SC24 standards.

2. Precise scope and goals must be

agreed to before development
starts on a New Work Item

(NWI).

3. Allowing enhancements to

occur during the standardiza-

tion process thwarts timely

standards.

4. Continuity of stafBng cannot be

assumed throughout a stan-

dards activity.

5. Timely development is required

if standards are to be useful.

6. A single reference model would
have expedited current stan-

dards activities significantly.

7. The text model in the current

generation of computer
graphics standards is

inadequate.

8. The input model adopted for

GKS, GKS-3D, and PHIGS is

inadequate to specify quality

user interfaces.

Trends

The group reached consensus
that the following trends exist and
should influence future work of

SC24:

1. Windowing technology cannot

be ignored.

2. Integration with standards in

other areas has become
essential.

3. Domain speciHc standards are

becoming more necessary.

4. There is increasing use of

graphics.

5. De facto “standards” have

begun to influence computer
graphics standards work.

0272-1716/88/0700-0082301.00 ' 1988 IEEE
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Options for progressing SC24
work
The Special Working Group

defined and considered seven

options for progressing SC24 work:

1. Produce a basic reference

model by the 1989 SC24 meet-

ing and suspend all SC24 work
not at the DIS (draft interna-

tional standard) stage by that

meeting.

2. Start work on a new framework
for describing computer
graphics standards and use this

model to restructure all work
not at the DIS stage by the 1989

meeting.

3. Improve existing procedures

based on lessons learned.

4. Suspend all work until a new
reference model for computer
graphics standards is developed

and reaches the DIS stage.

5. Go on in the usual way and dis-

regard all lessons learned from
the past.

6. Abandon graphics standardiza-

tion development.

7. Acknowledge, evaluate, and
recognize de facto standards.

In evaluating these seven options,

the group considered a number of

criteria. These included

• the impact of adoption of the

option on the timeliness of com-

puter graphics standards

• the quality of standards

produced

• the possible increase or decrease

in staffing of Rapporteur Groups

• the risk involved to the eventual

production of a family of high-

quality computer graphics

standards

The Special Working Group con-

cluded that options 1 and 2 repre-

sented the most realistic ways to

proceed. Option 3 was considered a

rather poor fallback option. The
group recommended that a strategy

IEEE Computer Graphics & Applications



be devised based on an appropriate

combination of options 1 and 2 that

would synthesize their best

features.

Component/framework model

for the development of standards

The Special Working Group con-

cluded unanimously that a refer-

ence model is needed to unite SC24
standards, and that standards

should be developed in a different

manner in the future from that used

in the past. The group recommended
an approach to developing standards

which they called the “Compo-
nent/Framework Process.” In this

approach components might be, for

example, data types, operations, or

attributes, and frameworks might be

considered the “glue” that takes a

set of data types and operations and
constructs a standard from them.

The group recognized that con-

siderable technical work is needed
to decide the best way of structur-

ing the SC24 standards in terms of

components and frameworks and to

define necessary formal methodolo-
gies and interface techniques to

allow portions of standards to be

developed independently as compo-
nents and subsequently integrated

by frameworks.

The group suggested the follow-

ing items that might be components
in SC24 standards:

• primitive data types

• rendering attribute data types

• transformation operations

• storage data types

A framework might include

• data types

• sequencing of operations

• deferred modes

» display timing and control

The figure illustrates how com-
ponents relate to frameworks in the

development of standards. Sets of

components are tied together into

one or more standards by a frame-
work structure. Compatibility is

achieved among various standards,
since they incorporate common
components.

Recommendations
The Special Working Group made

a number of recommendations to

SC24 and its working groups. Five
output documents were produced
for consideration. These output
documents include a description of

the component framework model

for developing standards and a five-

year planning document for SC24.

The principal recommendations of

the Special Working Group were the

following:

1. SC24 should adopt a new struc-

ture for the next generation of

computer graphics standards,

which will require a new devel-

opment process.

2. SC24 should suspend or

restructure under the new
development process any

projects for semantic standards

not at the level of DIS or DAD
(draft addendum) by the 1989

SC24 meeting. (The effect of

this recommendation is to

divide SC24 standards into a

first generation of semantic

standards, including GKS,
GKS-3D, PHIGS. CGM, and-
assuming work can be com-
pleted in time—CGI and CGM
addenda, and a second genera-

tion of semantic standards

developed under the new com-
ponent framework process.)

3. SC24 should consider window-
ing and imaging as part of the

next generation of graphics

standards.

4. SC24 standards must interwork

with standards in the areas of

office systems, image capture,

and Standards for the Exchange
Product Model Data (STEP).

SC24 standards must also func-

tion in an Open Systems Inter-

connection (OSI) environment

and as components of an Open
Distributed Processing (ODP)
environment.

Conclusions

If the recommendations of the

Special Working Group are

endorsed by all of SC24, they will

have a profound impact on the

future of computer graphics stan-

dards. They should force work
cdready under way, which has been
severely delayed by “creeping fea-

tures,” either to be completed

within the next year or to be

dropped. SC24 will have the oppor-

tunity to develop a second genera-

tion of standards based on an

integrated reference model, thereby

avoiding many of the “compatibil-

ity” problems which have been per-

ceived in the first generation of

computer graphics standards.

George 6. Carson is

president of GSC
Associates, a systems

engineering consulting

firm specializing in real-

time signal and informa-

tion pnocessing systems.

He has more than 15

years experience build-

ing systems incorporat-

ing multiple processors, computer networks,

and interactive grapnicai user interfaces. Car-

son was vice convenor and chief liaison offi-

cer for ISO TC97/SC21/WG2. where he was
also the Rapporteur for Formal Description.

He is the convenor of the ISO/IEC fTCl/SC24
Special Working Group on Future Planning

and serves as document editor for SC24 refer-

ence model work. In ANSI X3H3 he is chair

of X3H3.2. with responsibility for work on

formal descriptions, reference models, user

requirements, and X3H3 external liaisons.

Carson received a PhD in mathematics

from the University of California at Riverside

luly 1988
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Towards a Five Year Plan

SWG FP/14

1. Introduction

This document describes deliberations of the SC24 Special Working Group (SWG) on Future

Planning, which met at Blakeney, UK on 1 1-13 April 1988. This group was chartered by SC24 to

make recommendations on how best to proceed with the development of Computer Graphics

standards. The formal recommendations of the SWG are contained in a separate document (SC24
N ). This document describes how the group assessed the current state of Computer
Graphics, including lessons learned from past standardisation efforts and future trends. It describes

seven alternative strategies defined to represent the range of options available to SC24 in the pursuit

of its future work. The strategies are evaluated and a course of action is recommended. Finally, the

likely effects of the group’s recommendations on the five year plan of work of SC24 are assessed.

2. Current state

2.1 Introduction

The Special Working Group spent some time considering the current state of Computer Graphics

standardisation, reviewing the style of working and looking at the possibilities of new work. The
aim was to see what, if any, consensus could be achieved and how that would effect the way future

work was organised.

To get the largest breadth of ideas, the group split into five subgroups and the conclusions of the

subgroups were consolidated into this portion of the report. Each sub-group was asked to consider

future trends, predict what effect such trends would make on future^work and whether this would
lead to new areas for standardisation. Each subgroup was asked to enumerate the lessons learned

from the current activities. In particular, they were asked to assess the relative advantages of

standardising current practice and developing standards appropriate to perceived future

requirements.

2.2 Lessons learned

1) There should be fewer implementation dependencies in SC24 standards

The usefullness of existing standards has been impacted by the high level of implementation
dependencies. This has caused problems in portability and made conformance difficult to assess. A
strong recommendation was that future standards should have much fewer implementation
dependencies.

Implementation dependencies should not be a preferred way of achieving consensus in

controversial areas. There was a realisation that some of these implementation dependencies were
introduced to allow support in a wide range of (sometimes obsolete) devices, and that support for

such devices might be more difficult under the new guidelines.

2) Precise scope and goals must be agreed to before development starts on a NWI

Much effort has been wasted in the past arguing over the relationships among standards. These
arguments could have been avoided by spending more time getting precise definitions and

agreement of scope and goals initially. Relationships, or the lack thereof among standards must be

explicitly agreed before starting development

3) Allowing enhancements to occur during the standardisation process retards

timely standards

All current standardisation activities have sufferred from creeping enhancements that appeared
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during the review. Adding one more attribute, primitive, or whatever impacts the scope and goals,

requires the agreed functionality to be reevaluated and may violate the original reference model. It

was believed that this had severely impacted the timescales for current standards. If such

enhancements are anticipated as necessary due to outside development, they must be part of the

planning process and scheduled in.

4) Continuity of staffing cannot be assumed throughout a standards activity

It takes at least four years to produce a standard. With the current movement of graphics staff it is

unreasonable to believe that the same team will remain intact throughout a standards development.

Consequently, there is a need to capture arguments and decisions in a precise way so that education

of members is not achieved by reworking old resolved arguments.

5) Timely development is required if standards are to be useful

The large elapsed time for standardisation has meant that features are often out-of-date by the time

the standard is complete. This causes pressure for de facto standards to be ratified without lengthy

evaluation. One approach to solving the problem would be to concentrate on encapsulating current

practice which could be standardised more quickly. The alternative is to make a new standard

progressive in all areas so that it is still timely after it appears.

Existing standards have tended to be a mixture of current practice and progressive features and

concepts. This means that standardisation takes a long time and some features are out of date when
the standard appears.

6) A single reference model would have expedited current standard activities by a

significant amount

A major cause of long timescales has been the lack of a Reference Model into which the various

standards fit A framework for new activities must be agreed in some detail or the same problem
will occur in the next generation of standards.

7) Problems with text

It has become increasingly clear that the text model adopted by the current generation of computer
graphics standards is inadequate, and is also incompatible with the work done within SC 18. Thus,
as SC24 is not the correct place to develop a new text model, future graphics standards should
integrate the work done on text within SCI 8.

8) Deficiencies with graphics input

The Input Model adopted by GKS, GKS-3D, and PHIGS is inadequate to specify quality user

mtefaces, and development of a more powerful model is required.
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2.2 Trends

There was consensus on the following points:

1) Windowing technology cannot be ignored

The current standards are already being used in a windowing environment. The trend is for

computer graphics to be used mainly in windowing environments in the future. The windowing

system will make demands on the graphics system and will constrain what is allowed in the

graphics system.

There is an urgent need for some windowing facilities to be included in the current generation of

standa:^. The next generation of standards must include windowing management

2) Integration with standards in other areas has become essential

The first generation of standardisation assumed that computer graphics was responsible for all the

output to a device and did not need to interface with other standards. Today, graphics is being used

in a distributed environment with multiple windows and shared devices. Furthermore, we have

seen the increasing need for documents and displays involving multiple media, such as integrated

text and graphics. This means that computer graphics has to be more aware of other standards and

be able to coexist with them.

3) Domain specific standards are becoming more necessary

The use of computer graphics is expanding into new areas. This has meant that it is less likely that

one standard will be appropriate across all application areas to be possible. Users will demand what

is obtainable.

4) Increase in the use of graphics

The use of computer graphics has become pervasive, with graphics incorporated in almost all

application areas. The resulting increase in user population will make standa^s more important in

the future.

5) Influence of de facto "standards’* on our work

The trend towards the use of workstations in a heterogeneous distributed environment has

increased the drive towards de facto "standards” available on a range of equipment The pressure to

formalise such useful standards will increase as the user population wishes to access such systems

and wishes to insure that implementations conform to such "standards."
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3. Possible ways forward

To find out how best to proceed with the SC24 work, several alternate potential processes were

developed These options were then judged by the following four criteria:

- time required

- quality of results

- staffing required

- risks

3.1 The seven options considered

Option 1 - option, see SC24 N 1 1

1

produce a Basic Reference Model by the 1989 SC24 meeting;

all work not at DIS stage by the 1989 SC24 meeting will be suspended;

completion of the COM addenda and CGI by the 1989 meeting should be encouraged;

no new project will progress to DP before the Basic Reference Model is developed;

a) acce^ no new work items at ail;

b) acce^ and work on new work items in parallel;

as part of their revision cycle, standards will be reviewed in light of the Basic

Reference Model
work on the Basic Reference Model could be viewed as the first step in, and
prerequisite for, the GKS revision processs;

Option 2 - see output document from this meeting entitled "Component Process for Development
of Standards"

start work on Component/Framework (CFW) project;

all work not at DIS stage by the 1989 SC24 meeting will be restuctured using the CF*V'

model and/or a new generation of standards could be produced;

as part of their revision cycle, standards will be reviewed in light of the Basic

Reference Model;
kernel components exist, but not necessarily a kernel framework;
NWI could be accepted and would be related to the CFW model

Option 3 - Improve existing procedures based on lessons learned

focus on the GKS review and CGI completion;

Alternatives for Reference Model work:

a) no new Reference Model work:

b) address Reference Model issues during reviews;

continue CGM addenda work;

process NWI’s as usual;

Option 4 - Suspend all work until Reference Model DIS
suspend all work not now at DIS stage;

concentrate on the Reference Model work;

approve no New Work Items until Reference Model DIS;

after having developed a complete Reference Model, define a second generation of

graphics standards.

Option 5 - Go on in the usual way and disregard all the lessons learned from the past.

Option 6 - Abandon graphics standardisation development
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3.2 Evaluation of the options

The SWG split into three subgroups each of which judged two of the options (it was assumed that

Option 6 could be assessed without further discussion). Besides the few criteria given above (time

required, quality of results, staffing required, and risks) several other considerations influenced the

evaluation of the options:

- possible loss of people/effort

* possible loss of credibility

- need to have a Basic Reference Model or a Component Framework
• need to interwork with other standards

Table 3. 1 gives an overall assessment of each option against the major criteria.

CRITERIA

Options Time Quality Staffing Risks

1 6 7 7 8

2
8 7 7 5

3
6 5 5 8

4
2 8 10-2 3

5
5 4 4 2

6
10

7
3 2 9 3

Table 3-1 Assessment of options

Having discussed and assessed the seven options, the SWG believed that options 1 and 2 were the

most realistic ways to proceed, with option 3 as a rather poor fallback option. It was believed that

some strategy based on a combination of 1 and 2 might produce a superior option to all seven

examined. Therefore, the SWG urges SC24 to adopt an approach for future work based on a

synthesis of the best features from these two options.
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Comments on the options rejected were:

Option 3 (Improve Existing Procedures)

The major advantages to this approach would be continuity, the ability to respond to NWI quickly,

and production of compatible standards.

The major disadvantages were :

1) Experience has shown that the current method of generating standards is a very long process.

2) It is difficult to get effort into Reference Model Work while it is seen as a peripheral activity.

3) Woric in the Reference Model area will tend to be located with the Work Items leading to

incompatible reference models between standards.

4) It is uiilikely that the current approach will produce a set of standards that easily fit into a

distributed or rendering environment

5) JTCl has requested work on a Reference Model This approach is unlikely to satisfy them.

6) The GKS Review is unlikely to attract COM and PHIGS experts.

7) It will not put any deadlines on CGI and the work is likely to extend.

Option 4 (Stop all work until complete Reference Model produced)

The advantage of this approach was the possibility of producing better quality results than other

options. However, there was some concern that producing a reference mc^el in a vacuum with no
parallel practical work might detract from the quality, resulting in no better quality than Options 1 or

2 .

The major advantages were:

1) It is believed that the SC would lose about a third of the existing staff and that it would be

difficult to get them back to standards work after the moratorium.

2) It would have a negative effect on both countries and constituencies which would impact the

credibility of the SC.

3) By insisting on a full Reference Model before work would restart, would cause at least a 2 year

delay.

4) An over-rapid development of a complete Reference Model might produce a flawed product.

5) Work wouid continue on de facto standards inside ISO and in other SCs. This would have an

advene effect when work is restarted.

Option 5 (Business as usual)

The SWG was very concerned with applying past techniques to future work. Current SC24
methods are close to breakdown and not capable of meeting future needs.

In the GKS Review, either minor corrections would be made or a new version based on a revised

GKS Reference Model. Using current procedures, it is impossible to judge which of those

approaches would be adopted.

Additional disadvantages:

1) Much effort is wasted due to the fragmentation of the work and the continual need to re-assess

each work item due to lack of future planning and early consensus on the goals. Consequently,

schedules are very uncertain.

2) Results are poor due to lack of integration and incompatability of concepts. Consequently
leverage in the marketplace is poor.

3) Current process strains relations between delegations due to incompatability of objectives.

Option 7 (Rubber stamp de facto standards)

This option does have several advantages:
167
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1) Standards are likely to be produced reladvely quickly (less than 2 years).

2) Staffing may well be easier.

3) Standa^ will already have been implemented with a defined user base. Consequently,

acceptance wiU be high.

The disadvantages which override the advantages are:

1) Long term acceptance of standards is jeopardized. Industry tends to produce new systems

relatively quickly. Life of individual standards will be short

2) The quality of staff working on standards will decrease. It will tend to attract staff with a

narrow perspective.

3) Compa^ility of standards is abandoned
4) Standards will tend to overlap.

5) Incompatabilities are likely to arise between the de facto standard and its ISO equivalent due to

the different speeds of revision.

6) Difficult to respond to users’ requirements.

7) Stability of user environment will suffer, leading to increased costs.

8) Consensus may be difficult to achieve. Politics may play a greater part There could even be
legal problems.

9) The current set of standards would be abandoned.
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4. Recommended 5 year plan

4.1 Projects likely to be affected by 1989 "cutofr

Under the two options for significant procedural changes proposed by the SWG on Future

Planning, mid - 1989 forms a milestone in the processing of SC24 projects. Those projects which

are not at DIS or DAD stage would either be suspended or restructured It is anticipated that the

following semantic definition projects will be advanced enough and will not be affected:

CGI
CGM Addendum 1

(PHIGS)
(GKS-3D)

The following existing and new proposed projects will likely be affected:

CGM Addendum 2

CGM Addendum 3

PHIGS +
Windows
Imaging
Reviews (GKS, CGM, PHIGS, CGI. ...)

Basic Reference model work will receive increased emphasis under both options, and will not be

affected by the deadline.

The SWG recommends that there should be no effect on LAB and Validation and Testing work.

There are two options for Registration:

- no effect;

- new proposals are not accepted for some time.

4J Structure of Work prior to the 1989 SC24 meeting.

Both options for procedural changes affect the structure of work for new and uncompleted projects.

The implications for the affected projects listed above are given in the next two sections. In both

cases, completion of the CGI and CGM Addenda is encouraged. It is felt that the CGI and CGM
Addendum 1 will have progressed far enough (DIS / DAD) before the cutoff date.

Option 1: Up to and after the 1989 SC24 meeting, work on a Basic Reference
Model (BRM) proceeds.

1) Work not at DIS / DAD: experts working on projects are urged to estimate carefully the chances

of reaching the DIS stage before the cutoff date.

2) Review: review of GKS, CGM, PHIGS, CGI, etc. will commence when they are considered

for review.

3) NWI: CGM Addendum 3, PHIGS +, Windowing, Imaging; two options are identified:

a) work allowed, but not beyond WD, until BRM finished;

b) no work until BRM finished.

The majority felt that the first was better - as it would allow the development of NWI work, limited

to WD stage.
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Option 2: work on a Basic Reference Model - defining component types and
frameworks • proceeds up to and after the 1989 SC24 meeting.

1) work not at DIS / DAD: experts working on projects are urged to estimate carefully the chances

of reaching the DIS stage tefore the cutoff date.

2) reviews: review of GKS, COM, PHIGS, CGI, will comence when they are considered for

review. The effect of the new components/framework (CFW) process is not yet determined.

3) NWI: CGM Addendum 3, PHIGS +, Windowing, Imaging; could proceed under the new
CFW; this would probably mean some delays while the components of the CFW were

advanced sufficiently and the NWI were given frameworks.

Structuring work after 1989

With the adoption of either option 1 or option 2, we must consider how the work of SC24 would

be organised after the 1989 meeting. There are two obvious alternative ways to proceed. Under the

fint option, work would continue to be organised according to the fint generation standards where

possible, with additional rapporteur groups added to accomodate the new work areas.

Under the second option, work would be re-organised according to a component / framework
decomposition. First generation standard revision would be carried out by "mapping" these

standai^ into the new framework.

Figure 4.1 illustrates a likely progression of woik under option 1. Review of each standard would
start approximately four years after it became an IS. During this review, each standard would be

restructured into a framework in accordance with the new Basic Reference Model. Reference Model
work to develop component models would continue after 1989. [CGI review is' not illustrated since

it would begin beyond the five year period considered here].

89

Review of [-

GKS

GKS-3D

PHIGS

CGM

NW Standards -

Figure 4-1 Progression organised according to Current Work
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Figure 4.2 illustrates one possible progression of SC24 work under the second option. Reference

Model work would continue developing at least the core components. Some components - such as

those involved with imaging or windowing — might be developed by separate rapporteur groups,

but sufficient interesting work must remain within the Reference Model Rapporteur Group to attract

qualified experts to the work. New work would be developed as appropriate.

88

Reference Model

Windowing Component

Imaging Component

New Components

New Frameworks

GKS Framework
(test case)

GKS-3D Framework

PHIGS framework

CGM framework

89 90 91

attributes primitive codiponents

transforms |and operations components

storage components

other components

92

-

Figure 4-2 Progression organized according to Component/Framework Model

4.4 Extensibility

Future SC24 standards must consider requirements for user-defined extensibility.

4.5 Management of work

Management of work would be at the SC24 level.
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Minutes of IS0/IEC/JTCI/SC24/WG1 CG£M Meeting

l8th April 1968

Blakeney Hotel. Norfolk. England

Present

E Moeller, L Henderson, W Brandenburg, A Francis, A Mumford, D Arnold (part

of day)

1. Welcome

E Moeller thanked D Arnold on behalf of the group for organising the

meeting in such pleasant surroundings.

2. Report of Rapporteur

E Moeller thanked A Mumford for preparing Addendum 1 for the SC24
meeting.

Addendum 2 was produced later than had been hoped and SC2iv have net
put this out for ballot.

D Arnold to handle WG3 mailing.

3 . Report on Special Working Group Meeting

D, Arnold reported on this meeting. Recommendation 2 from the meeting
proposed that SC24 should have DIS or DAD text ready for ballot by
the end of the SC24 1989 meeting. If not the work will be suspended
or restructured.

Addendum 2 was discussed in this light. There was concern t.nat the
document may not meet this deadline.

.Addendum 3 was not discussed in detail. The need for the work was
discussed implicitly.

The 3WG had discussed the way t.hat future work might progress. The
wor.k may be split up into groups which discuss comcc.nents of
standards

.

4 . Tucson meeting - strategy for adde.ndum orocessi.ng - frecuency of
meetings

The meeting at Tucson for CGiM wor.k is 4 days. It is hoped that
editing work and CGI liaison may continue till the Tuesday of the
second week.

The frequency of meetings was discussed. The balance betwee.n the
different projects, the amount of work, good representation causes
problems

.

An interim meeting on all 3 addenda might attract good attendance. A
week long meeting possibly in early 19S9 maybe in the U.S.
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Possible schedule - tighcesc

mid September
end September
end December
end Feb/s tart March

document out
distributed
comments in
editing meeting

This is the tightest schedule possible. The advantages and
disadvantages of producing a draft out of an interim meeting were
discussed. A March meeting seems favourite.

Discussion of Comments to Addendum 1

(i) General

Relationship CGI/CCM

It is a major problem that the group do not have the new CGI

document. It was agreed that we would have to accept the

comments regarding the current proposals e.g. Austrian comments

7 (clarification) for this meeting.

(a) Austrian Comment
Austrian comment re UPDATE - do we need to explain the

MAKE PICTURE CURRENT/UPDATE differences. A clarificatic
note may be required. An ailternative is to make UPDAii»

just UPDATE 'perform'

.

Agreed it is desirable to remove redundancy.
Alternatives

:

a. UPDATE only allowed for 'perform'
b. remove MAKE PICTURE CURRENT

There was discussion on CGI liaison. There is need for

liaison at the CGEM meeting at Tucson. This is mainly
for technical assistance. It is hoped that a number of

delegations could have experts available.

It was agreed we wished to be close to CGI and that we

would have an element for update with 'perform'. CGI has

access to the flag 'new frame necessary at update'

.

UPDATE (POSTPONE) maps to MAKE PICTURE CURRE.NT

UPDATE (PERFORM) - it is proposed that a new eleme.nc

PERFORM DEFE.RRED ACTIONS is included in Addendum 1 :o

replace the current UPDATE.

In IMPLICIT SEGMENT REGENERATION MODE need to describe
the actions which can be deferred (page 29)

•

A paper is to be written on the update issue.

(b) REGION OPEN/CLOSE to be removed as in CGI.

(c) Use inheritance filter for REOPEN - in CGI this only

applies to COPY. Agreed we should do same as CGI.

Believe that effect can be ac.hieved with SAVE and RESTORE
attributes

.
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Discussion on COPY. DOES COPY need to be included in the
metafile? Is it just for Global Seg^nents. It depends
where the CGM is in the CGI pipeline. Metafiles would be
larger if COPY is not there. Agreed that COPY should be
retained.

CSSR Comments

CGI has to be technically stable now if it is to meet the
deadline (assuming SC24 accepts SWG recommendations).

Should the 2 addendum be merged? Straw vote - 3 NO 2

ABSTENTIONS.

Technical comment 4 - description on segments needed.

Technical comment 8 - REDRAW SEGMENT is missing - to be
included.

UK Comments

These were discussed in full while A Francis was present.

1. Re MODIFY FONT/CHARACTER SET LIST. These were
included at Valbonne because there is no start
index for the lists. There was concern that a high
numbered font might be used in GKS and might cause
a sparse font list.

It was suggested that the GKS font number might
have a high value but that the registered name
would be included as the next font in the font
list.

The use of the modify prevents the generator
writing the descriptor last.

Straw vote

3 in favour of removing the elements
2 against

2 . SEGMENT PRIORirf

Integer or real - agreed that should follow CGI.
Whatever decision that is.

3- Is CGI Part 6 stable enough for inclusion of PIXEL
ARRAY and DRAWIxNG MODE?

If still within CGI then we will leave then in.

US comment suggests addi.ng local colour precision
this was agreed.

Should there be a compressed encoding for PIXEL
ARRAY?

Segment elements should be split to segme.nt control
and attributes. At Valbonne t.hey were joined to
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allow jasc one class in the binary encoding. It

was agreed to separate these.

5- DRAWING MODE - should use enumerated types - follow
CGI.

6. UPDATE - discussed.

7. DEVICE V'PORT SPEC UNITS - should have same default
as GKS - follow CGI.

8. Elements in Figure Open State - CGI allows more
flexibility than CGM regarding the appearance of
events in states such as text open.

Agreed that we should maintain the CGM philosophy
and make Figure Open Similar to Text Open.

Allow the fill attributes as well.

9. SAVE PRIMITIVE ATTRIBUTES saves all attributes but
INHERITANCE FILTER allows selectivity. Needs to be

consistent. Need to check current CGI text.

Metafile Categories and Element Sets

It is necessary to complete the following table:

Element Set Category

cgm cgmaddl gksm

DRAWING SET X
1

DRAWING PLUS CONTROL X i

GKSMO X 1

i

France have suggested a category for static structured
pictures

.

There is an individual US position suggesting a static picture
plus global segments and the new primitives.

The US have suggested that there should be an element set for
GKSM (as well as GKSMO) . Should the shorthand have a different
naune?

I was agreed that there was no need for a GKSMO category. It

was also agreed that the GKSMO element list would remain.
Francs have suggested 5 categories. It was felt that 4 were
possible via category or shorthand now. The static image is

the current CGM plus the element list. It was felt it could be

e.xtended for structures as global segments but just used as a

symbol library. i.e. A static picture plus structures which
cannot be handled dynamically plus other additional elements.
The Frenc.h proposal suggests that this structured image could
also be modified using bundle table modifications.
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The French proposal for the structured image would be in the

GKSM category. The static structured picture would be in the

CGMADDl category. Both these may be useful as symbol

libraries.

There was uncertainty as to why some of the other elements are

omitted. It is necessary to have some more clarification

.

It was agreed that few categories and more element lists were

required.

All categories therefore include structures and the subsets are

element lists which conform to a category.

Defer decision on Tucson recommendation until Tuesday.

France

France note CLIP INDICATOR and CLIP RECTANGLE have been made a

single function. This is incompatible with CGM - raise with
CGI group.

Pixel array is in Part 6 of CGI which implies a different
encoding class from output primitives as used in Addendum 1 for
this element.

France ask for clarification of relationship between GKS and
CGM. The mapping will be included. It was agreed that the
precisions do not need to be passed to the application layer.

Germany

Tl-2 to Tl-4 - agreed to move DP, change description of VSP and
add VSU to be closer to CGI.

United States

Discussion {based on U.S. T8) on the rigorous structure to a
metafile. There has been a move of VDC EXTENT. This comment
suggests the majority of Picture Descriptor elements should be
allowed in other states. This is not justified under the scope
and goals of the addendum work.

Page 1-7 T25
REOPEN should be a delimiter element - agree.

Page 1-7 T27
REDRAW ALL SEGS - missing - agree

T26 - agree change

TIO - agree, as BSI comment addressed earlier

Til - agree

T12 - agree - error in text

7*13 • agree - add a note to the table indicating Metafile
Closed State can exist with BEGIN METAFILE being the only
element allowed.
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T19 " document should follow ’’null value rule” e.g. invisible,
visible - agreed this should be done, also ensure that CGI is

the same.

T20 - as T19

T21 - agree - modify table.

T22 - agreed - see earlier discussion.

TE52 - agreed - wording should be changed.

TE63 • transformation matrix for SEC TRANS is different in CGI
- agreed to edit.

Japan T5 - copy segment as US comment - agree

USA/Tl General comment on errors - most of this is related to

the CGI text copying for this draft.

USA/T9 - does the grammar imply an order which is not in the

functional description. Ordering is sensible in the Metafile
Descriptor. This is not the case in the CGM IS text.

Germany/Tl suggests the Met Elem List and Met Category should
appear before first global segment.

Agree in principle but need to decide the way to do this.
%

Would version 2 metafiles which are of category 'cgm' (default)
fid.so have this implied category.
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19 th April 1988

Presenc

E Moeller, L Henderson, A Mumford, T Hewitt, W Brandenburg, D Arnold (part

of day)

1. Addendum 1 - Continuation of Technioal Work

Category and Element Seta

Austria

Comment Al/Tl refers to element sets and metafile categories - it was

agreed that we now had a clearer definition and the text would be

improved.

It was agreed we have 3 categories ’cgm', ’cgmaddl', 'gksm'

.

This comment also relates to the discussion the day before on the
French and a US individual position.

Do we wish to have further element sets? There was some sympathy
with the idea of a structured static picture to allow the new
primitives to-be used together with global segments. This gives the
ability to have a symbol library for a static picture.

It was agreed that clarification and further discussion at Tucson was
required

.

It was noted that making the category and element list orthongcnal
results in a large number of 'profiles'. Should we allow all
possible combinations of element class and category?

It may be useful to indicate in the standard whic.h 'profiles' are
particularly useful.

CGI Related Issues

-/ Arnc^c ciariiiec t.ne situation o: one dccume.nt. _ccumen'
April/May. Tucson will be first to pass over comments. Aug, Sept
editing meeting to produce second DP whic.h will be cut by end of
vear

.

Pixel array has been redefi.ned as a bitblt operation. This may
t.herefore not be relevant for Addendum 1 as it is no longer an output
primitive

.

Most of major issues have been addressed by t.he CGI group.

GKS Related Issues

A/TI6 - request for description of mapping COPY/INSERT to be changed
to be as GKS.

It was agreed that GKS COPY and INSERT should be mapped as Annex E
and not be COPY SEGME.Yr. i 01



Other Comments

United States

US/T5 Scaling Mode and Device Viewpoint. It was agreed that the text
needs to be changed.

US/T7 RENAME and DELETE should not be in global segments. It was
agreed at Valbonne that DELETE should not be allowed. RENAME was not
listed in the Valbonne minutes. Agreed that RENAME does not cause
problems, but the same is true for DELETE if the MD is progressed
sequentially. There was no use seen for the elements in GS state.
Agreed with Valbonne decision on DELETE and extend to RENAME as US/T7
comment

.

Tl4 - agree - Annex D to be extended.

T15 - DEVICE VIEWPORT default should be (0,0) (1.1) not i.d. Need to

check CGI.

Tl6 - PICK ID default - agree, as CGI

T17 • agreed to make edit. Should the grammar be part of the

standard if we are defining conformance via the grammar.

This may be a problem for backwards compatibility with CGM version 1.

Tl8 - Annex E needs paragraph re generating correct CGM font
information - agreed.

T23 - END SEGMENT is not allowed in MD - needs to be.

TEl - no we cannot define new data types because of backwards
compatibility. Maybe an amendment?

TEll - request for text on the differences between pictures and
'frames'. It was agreed this would be useful. No support for adding
information on capturing frames in WISS.

TEl4 - new state Defaults Replacement (DR)

.

TEl6 - (also Austria) need to rewrite text for .MAXIMUM VDC EXTENT.

2 . Parts

Mainly relate to Part 1 changes. Decided to leave this.

3 • Amendments to CGM is Text

It was agreed that amendments would be useful. These are to be
listed by Tucson and tne procedure for formalising these sorted out
'by SC2^^.

^ . Addendum 3

As a minimum we need to ensure that the Tucson meeting makes a

decision on the work. It was suggested that one option might be for
SC24 could recognise the value of the work. The components of the
work could be working on in SC24.
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1“ was agreed chac there was interest in the work progressing.
SC24 deadline causes probieas for the split of the work. The IS
people interested in the work. There are probleas for the reta
group in discussing new functionality for graphics standards. T
is a need to discuss these eienents across application interfaces
aetafiles etc.

Group to recommend to SC24 that t.he work is interesting and relev
Although the group is aware of the SWG recommendations the g
feels that this work should be progressed in some fora at SC24.

Addendum 2

Need to sort out the scope and purpose that can be achieved given
SWG recommendations on timescale.

SC24 has approved GXS-3D exter.sicn. The London meeting found tha
was straightforward to use global segments to extend
functionality towards PHIGS.

E Moeller noted the good quality of the doc’ument and thanke
Kewitt. Terry .noted that the doc’ument was a team effort.

The timescale was such that no comments are available. There
therefore no .national comments.

There was clarification of
current draf t

.

technica- reasons surrc’unoing

G?CS*iD metafile is stored .VDC

.Normalization Trans
meta: i-e

View .Modelling
I

Wor.kstation Trar^

WC

NEC

.VPC

1C = '/TC

Pouyline

Scree.n

To access a workstation in PHIGS - open it and post structures,
metafile output workstation can be defined. If an. ele.ment
replaced what is written on the metafile.
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and this isFunctions are written to the archiver explicitly
therefore cleaner than a metafile.

If COM is written below API then need to store EXECUTIVE STRUCTURE,
if below traverser then this is a flattened structure. In Addendum 2

theses are categories PHIGS and PHIGSMO. The PHIGS category could be
used as an archiver.

There are only a few elements need to go from PHIGSMO to PHIGS.

The metafile workstation has to handle continuous traversal.

PHIGS already has an archive file - is duplication a good idea. The
PHIGS archive clear text former is not the same the clear text
encoding of CGM.

There was some discussion on the merits and problems of mixing 2D and
3D coordinates in a metafile. All coordinates going to the

workstation will be 3D* The PHIGS archiver has 2D and 3D coordinates
because it goes out and comes in at the same point in the pipeline.
This is not necessarily the case of CGM.

The airchiver is not adequate for a hard copy capture mechanism. The
metafile workstation is (probably) too flexible for this. Need tc;

open, post and close.

The archive file format is based on the CGM. The need for a

consistent line format across the API standards is important.

Should we be using the PHIGS archive file as the basis for work?
Should there be character and clear text encoding for the archive
file.

T Hewitt to write an explanation of what is in the current document.

The decisions of Egham and Valbonne to do at least GKS-3D support
were reaffirmed. It was agreed that any functions now wit.hdrawn from
GKS-3D and PHIGS will be removed from Addendum 2.

6. Allocation of Work

(a) Addendum 2 description, scope and goals WTH

(b) UPDATE clarification LH

(c) CGI questions EM

(d) Mapping CGM Elements to GKS Item Types EM/AM

(e) GKS Grammar WB

(f) CGM Amendments LH/AM

(g) Statement for 3C24 on Addendum 3 L-H

(h) op-codes

(i) Tec.hnical changes to Addendum 2
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Co-codesr

.

The 3SI have produced a draft CGI character etcoding. They have
suggested some changes on the op-code tables in Addendum 1.

Agreed to use one class for segment functions and that a single class
should also be used in the binary encoding.

SC2/WG8 - suggested PICK ID should be in the segment class rather
than the attributes. The group felt that it was more appropriate to

keep it with the primitive attribute elements.

It was agreed to move BEGIN FIGURE to 3/3 3/0 and to move the rest of
the elements following that element.

The 'device viewpoint' data type referred to by SC2 has been
addressed by the German technical comments.
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OLTPUT DOCUMENTS

1. Minutes SC24 y/ UDGr^

2. Addendum 2 clarification SC24
i
NJ

3. Addendum 3 recommendation SC24
/ iO<3r^ /

Nj 1 ^

4. UPDATE clarification SC24 /us6r3
/ NJ l<o

5. Draft disposition of comments SC24/WG3/CGM

6. Amendments to IS text SC24/WG3/CGM

7. GKSM Grammar

8. Mapping GKS Elements to item types
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ARCHIVES AND METAFILES - very rough draft

W.T. Hewitt

Introduction

This document will clarify trie functionality supplied in CGM Addenda 2 for

the support of metafiles and archivers, of PHIGS. Trie next sections describe

the current status and intent of the various documents involved. Following

is a discussion on the problems and a list of possible solutions.

Pertinent Documents

DIS 9592-1 PHIGS
DIS 9592-2 PHIGS ARCHIVER
DIS 9593-3 PHIGS ARCHIVER - Clear Text Encoding

IS 8632 CGM
ISO/1EC/SC24/N1 9 CGM Addenda 1 Functional Specification

ISO/1EC/SC24/N23 CGM Addenda 2 Functional Specification

PHIGS and Archiving

PHIGS has explicit support for Archives via functions such as OPEN ARCHIVE,
ARCHIVE STRUCTURE NETvVORKS etc, as spedfied in part 1. Parts 2 and 3

describe a file format for the archiver. The application snapshots the

Central Structure Store with functions such as ARCHIVE STRUCTURE NET//ORKS and
a copy of the appropriate structures are despatched to the file. While this

is good and satisfies a large user requirement NO workstation dependant
information is stored, e.g. the view representations or bundle representations.

PHIGS Part 2 Trie Archive File Format states:

0.2 Reasons for this Standard
Trie main reasons for introducing a Standard PHIGS archive file are:

a) to allow structure definitions to be stored in an organised way on a

grapnical software system.

D) to facilitate transfer of structure definitions between cifferent

grapnical software systems.
c) to enable structure definitions to be transferred between different

ocmcuter graphic installations.

0.3 Relationship to othe Standards
This standard draws extensively for its mode! of an archive file format on
ISC 8632....

It appears the intent is to support metafile type functionality! But if

exchange between sites etc is required there should also be a character
encoding and binary encodings.

PHIGS Metafile

PHIGS also has a metafile workstation facility. Again to extract from PHIGS
DIS 9592
4,3 PHIGS Metafile Interface

For the purpose of long-term filing of graphical information, PHIGS provides
an interface to file called graphical metafiles. They can be used for;

a) transporting graphical information between systems:
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b) transporting graphical information from one place to another (for example

by means of magnetic tapes);

c) transporting graphical Information from one graphical application to

another (for example, between PKJGS applications and applications using other

graphical standards);

d) storing accompanying non-graphical information..

The major difference to the archive above is that workstation dependent
information IS stored in the metafile. The standard does NOT explicitly

exclude a metafile which can support the structure mechanism. However
because this Interface is a workstation if a structure is being edited that

has been posted to a workstation of category MO many traversals will occur

and the document gives no indication to what to do - whether to store ALL
versions of that particular structure, or only the one that was effective at

some particular time. Annex H (which is NOT part of the standard) discusses

this. Further it Is not clear from PHIGS where in the pipeline the metafile

Information leaves and re-enters. For example, what happens when an

INTERPRET ITEM function is actioned to handle a SET VIEW REPRESENTATION?
Does it go to all open workstations?

CGM, and CGM Addenda 1

Both of these documents have the same clause 0.2:

0.2 Reasons for this International Standard
The main reasons for producing a standard computer graphics metafile are:

a) to allow picture information to be stored in an organised way on a
graphical software system;

b) to facilitate the transfer of picture information between different

graphical systems;
c) to enable picture information to be transferred between graphical devices;

d) to enable picture information to be transferred between different

computer graphics installations.

CGM was not sufficient to suppoa GKS and hence the introduction of addenda 1

CGM Addenda 2

This addenda was added primarily to support GKS-30. At that time it was very

likely that namesets etc would be added to GKS-30. The implication of that

was taken into account at the London Meeting. It became clear at that time

that by adding three functions to the CGM a great deal of support for PHIGS
could be supplied. Those functions were EXECUTE STRUCTURE. SET LOCAL
TRANSFORM and SET GLOBAL TRANSFORM. All the other functions necessary to

support GKS-3D and PHIGS were alreaay m the document. The addition of these
three functions now enable the CGM A2 to serve as a support for:

a) The Workstation Interface of PHIGS (i.e. a devices which can support the

structuring features of PHIGS) - session capture

b) The Archiver (no representation functions) - nearly picture capture
c) A dumb device driver for PHIGS i.e. a device which cannot support

structures - picture capture.

Discussion

Clearly for a PHIGS implementer there is now the choice of three standards to

help him develop his implementation:
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a) CGM for the metafile Workstation

b) PHIGS Archiver (as in 9592 PArts 2 and 3)

c) CGM Addendum 2

The goals of the areas discussed above are so close that it is natural to

bring them together.After all GKS-3D and PHIGS are supposed to be part of a

family of compatabie Graphics standards.

As to the interfaces. The Archive interface to PHIGS is good. The
functionality is well defined and there are no ambiguities, (if the user

wants several copies of the structure store, representing the status after

each edit the user mus EXPLICITLY request those. Thus there will be no
degradation of the interactive performance. The problem is that the user

cannot get a hardcopy, i.e. an archive with the representations; except that

the following piece of code is used:

open wo rkstation(hardcopy device)

post structure network(fred,hardcopydevice)

dose workstation (hardcopy device)

The disadvantage of this functionality is that if the user forgets the dose
workstation, then the situation is NOT defined clearly and unambiguously. I

think the metafile workstation type should be removed from PHIGS and the

functionality of the archiver be extended to allow the workstation dependent
bits be added! For example the following instructions would be provided:

open archive

output structure network and representations to archive (call this XYX)
dose archive

Conceptually there would be a workstation state list in PHIGS and the

representation functions would set/inquire those entries. The information is

only written to the archive when the function XYX Is called. The action of XYX
is:

1) NEW PICTURE
2) Output bundle reps

3) Output structures

4) end frame

That is XYX explicitly creates a frame in the archive!

Options

Follows are a list of options to rationalize the situation. There are extremes
and the expectation is some more moderate solution is feasible

a) Drop PHIGS part 2 and part 3, use CGM addenda 2
b) Drop the PHIGS sections of CGM Addenda 2, Add a character and binary

encodings to PHIGS Archiver

c) Upgrade CGM Addenda 2 to be a suoerset of CGM, CGM Addenda 1 ,
CGM Addenda 2

(GKS-3D support) and PHIGS part 2 and part 3.

d) Remove the PHIGS workstation category MO and Ml.

I do not believe the computer graphics community is served by several file

formats which are almost compatible.
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Proposed SC24/WG3 CGM Position on Addendum 3

The CGEM Rapporteur Group within SC24/WG3 has reviewed the proposed NWI
for CGM Addendum 3. The group recognizes that the material contained therein is

currently appearing in various defacto standards and is clearly related to the graphics

standards activity of SC24. WG3 recommends that SC24 undertake work on the new
'graphics capabilities encompassed by the scope of Addendum 3^ It is recognized that

the new functionality is of interest not only to metafiles, but to API and other aireas

as well WG3 therefore recommends that the group studying this new functionality be

comprised of experts from all areas of SC24 - CGM, CGI, API standards. Reference

Model, Registration, ....
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APPENDIX 7

ADDENDUM 3 DRAFT FROM FAIRFAX MEETING
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ANSI X3H3

Information Processing Systems

Computer Graphics —

Metafile for the Storage and Transfer

of Picture Description Information

Scope Of Specification

Addendum 3

Draft Document i.i

June 21, 1988
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FurpQas

The purpose of this addendum is to extend the CGM to effectively fulfill

the picture transfer requirements of:

1) Engineering drawing and technical illustration
2) Graphics arts quality pictures, including geometric graphics, raster

images, and text

3) Technical publishing

An additional intent is to Iceep pace with the graphics requirements of

office systems, especially ODA requirements.

This addendum comprises a set of elements which will extend the
capabilities of CGM as needed to meet additional user requirements in

engineering drawing, graphics arts, and technical publishing. The set of
elements should include all elements necessary to meet those requirements.
It should be the minimal set sufficient to meet those requirements
effectively.

j

The following preliminary list of capabilities is identified as necessary
no meet these requirements.

1) Advanced 2D graphics, to include:
- Sezier curves
- Rational B-splines
- Parametric spline curves
- Line attribates of cap, miter, and join
- Composite line primitive
- User-defined line types
- User-defined hatch styles
- Arbitrary text path
- Conics, and conic arcs

2) Text and font model of ISO 9541, Information Process ing--ront and
Character Information Interchange.

3) Picture composition and control, to include:
r Arbitrary clipping boundary (general closed curve)
- Shielding
- Alignment

4) Additional color models beyond RGB
- CIE
- CMY3
- Named colors

5) Additional raster graphics (scanned image) capabilities

b ) Symbols: external reference to ‘standard'' libraries of named symbols

The scope of this addendum assumes chat the capabilities of CGM addendum 1

and addendum 2 are available.
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Just If Ication

CGM user have found that in some application areas the present standard
provides a general framework, that is suitable but lacks some functionality
required by these applications. These areas include engineering drawing,
the preperation of graphic arts quality presentation materials, and
technical publishing.

A recent workshop sponsored jointly by the MBS and Eurographics, entitled
"The CGM in the Real World", examined this issue and concluded that the
CGM lacked capabilities to effectively meet some advanced usee needs. As
an example, for engineering drawingsm it is difficult if not impossible to
effectively represent some higher-level constructs, a. g. splines and
curves. Though such constructs can be simulated with simpler primitives
ain the CGM at present, it is immposlblr to maintain accuracy and visual
continuity and still retain device independence.

In all cases, there is a requirement to expand CGM text to include font
definition capabilities that are consistent with the ISO DP9541 font
standard. The font definition as it exists in ISO 3632 (CGM) is too
general for practical use. Even though several fonts are identified in

the TOP 73.0 CGM appl icat ion ,Prof ile
,

these fonts are not adequate for
publishing and graphics arts applications.

Many publishing and graphic arts systems use color models other than RGB.
For efficiency- and ease of implementation in these areas, for example,
additional color models are needed. It also became apparent at the
workshop that the Cell Array primitive in the CGM is not adequate for most
applications that use raster graphics. Thus, this addendum will also
provide additional raster graphics capabilities.
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sD —

Advanced User Requirements Zoi.

(CALS)
1 User Future Eng Tech Business Office Publishing 1

I Requirment Need Drw Man Graphics Systems

1 Advanced Bezier X X X X X 1

1 2-D Rqts. Curves

Path X X X X X 1

Pen - 7 - - ? !

1

Closed.
F igures

X X X X X 1

User-def ined
linetypes

X X X X X

Cap, join,
miter

X X X - X i

B-Spl ines X - - -
1

1 Text / ISO DP 9541 X X X X !

! Fonts
Compat ible
Text and
Fonts

- X X X

f

r

X 1

\

i

1

1

Arbitrary
Path

- X X X
1

X 1

1

1

1 Compound Arbitrary X X X !

I Documents Clipping bdy 1

1

1

Alignment X X X

1

? !

1

Shielding X X X
1

X 1

1 Color Interpolated X X X 1

Fill i

»

CMY3 - - - -

1

X 1

CIE - - - X

1

X 1

Marne ':he

colors

- - - - X 1

1
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Advanced Uaax Requirements Iqx. QSli

1 User
! Requirment

1

1

! Future
1 Need

(CALS)
Eng Tech
Drw Man

Business
Graphics

Office
Systems

t i

1 <

1 Publishing 1

1 1

1 1

! Edita- ! Application X X X X 1 X !

1 bility 1 structures
1

1 1

1 1

1 i

1

1 Segmentation
1

X X X X ! X !

1 1

! Efficient X X X •
! X 1

! Random 1 1

1 1

1 Accesss
1

f 1

t 1

1 1

1

1 Macros X X X X ! X 1

1 Compact- ! Storage X X - X 1 1

1 ness 1

1

1 t

1 >

! Transfer X X X - 1 ^ 1

1 Image ! Raster X X X X ! X 1

1 Attributes
1

t 1

1 1

1 1

! Device X X X X 1 X 1

! Independant 1 1

1 1

1 Raster Data •

1 »

t t

! Symbols ! External X X X X 1 X 1

1 Named 1 1

( 1

1 Libraries
1

1 1

1 t

1 1

1

! User Defined X X X X

1 1

! X 1

! Internal 1 1

1 1

1 Libraries 1 1

i 1

I Patterns/ 1 User Defined X X X X 1 X 1

I Hatches 1

1

1 1

1 1

I Additional X X 1 t

< 1

1 Standardized Some Some 1 X 1

I (Carson) t I

1 <
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I

J ANSI 23H3

I

Information Processing S 7stems —

Computer Graphics —

Metafile for the Storage and Transfer

of Picture Description Information

Part 1

runctional Specification

(Clause 2 )

Addendum 3

Draft Document 1.1

June 21 1 1938

t
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CCM Addendum 3 Clause 3 Specification VI. 0 June 20 t 1988

Page 6

Subclause 3: Add or change the following entries:

colour model: A specification of a 3D colour coordinate system and a 3D

subspace in the coordinate system within which each displayable colour is

represented by a point. Some colour models include a fourth, redundant,
dimension to allow the independent representation of black. For the purpose
of ISO 3632 colour model refers to one of RGB, CIE L*u*vii», or CYMK.

colour selection mode: Indicator as to whether colour selection is to be

direct (by specifying a colour value) or indexed (by specifying an index into
a table of colour values). See COLOUR VALUE.

colour representation method: Indicator as to which of three colour models
(RGB, CIE LitUitVi*

y
CYMK) or spot colour is being used to represent colour

values. See COLOUR VALUE, SPOT COLOUR.

colour value: The character string (for spot colour) or values of the point
components (for colour model) describing a colour.

RGB: An additive colour model, well matched to colour display monitors,
whose values are defined by the normalized weights of Red, Green, and Blue
components.

CIE L*u*v«: A colour model defining an absolute colour space based on colour
matching experiments whose components are L* (Lightness) and ui>

,
vir

(Chromat icness).

CYMK: A subtractive colour model, common in the printing industry, which has
cyan, magenta, yellow, and black components.

spot colour: An exactly defined colour with a registered name.
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ANSI X3H3

Infornation Processing Sjstams —

Computer Graphics —

Metafile for the Storage and Transfer

of Picture Description Information

Part 1

Functional Specification

(Clause

Addendum 3

Draft Document l-l

June 21, 1988
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CCM Addendum 3 Clause 4 Specification VI. 0 June 20 • 1988

Page 10

Subclause 4. J: Add the following to the list of elements given in
the first paragraph of this clause:

COLOUR REPRESENTATION METHOD

Page 10

Subclause 4. J. 2. 1: dd the following elements to the list:

CONIC ARC CONIC ARC TRANSFORMATION MATRIX
PARAMETRIC SPLINE CURVE RATIONAL B-SPLINE CURVE

PEL ARRAY CLIP RECTANGLE RATIONAL B-SPLINE CURVE CLOSED
COMPRESSED PEL ARRAY COMPRESSED PEL ARRAY TILED

PEL ARRAY REFERENCE POINT

Page 10

Subclause 4. J. 2. 1: Add the following to the list of elements given
in the second paragraph of this clause:

COLOUR REPRESENTATION METHOD

Page 12

Subclause 4.4.2, first line:

Change "direct (RGB) colour"

into "direct colour"

Page 14

Subclause 4. 4. 6. second paragraph, first line:

Change "RGB"

into "a direct colour"

Page 1^

Subclause 4. 5. 2: add the following to the end of the subclause:

The PEL ARRAY CLIP RECTANGLE is not affected b/ the setting of the CLIP
INDICATOR aieraenc. Pel array clipping is assumed to be always ’on'. The
default PEL ARRAY CLIP RECTANGLE is listed in clausa 6.

Page 15

Subclause ^.6: add the following to the list:

CONIC ARC
PARAMETRIC SPLINE CURVE
RATIONAL 3-SPLINE CURVE
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CGM Addenduo 3 Clause 4 Specification VI. 0 June 20 i 1988

rational b-spline curve closed
COMPRESSED PEL ARRAY
COMPRESSED PEL ARRAY TILED

Page 13

Subclause 4.6: add Che following co "The line elements are:" list:

CONIC ARC
PARAMETRIC SPLINE CURVE
RATIONAL B-SPLINE CURVE

Page 16

Subclause 4.6: add the following to "The filled-area elements are:

1 is t:

RATIONAL B-SPLINE CURVE CLOSED

Page 16

Subclause 4.6: change "The cell array element is:" to "The cell
array elements are:" and add the following to the list:

COMPRESSED PEL ARRAY
COMPRESSED PEL ARRAY TILED

Page 16

Subclause 4. 6. 1. 1: change subclause to read the following:

(*.6.1.1 Description. There are cvo general line elements - POLYLINE and
DISJOINT POLYLINE - four line elements relating to circles, ellipses and
conic arcs, and two elements that relate to spline curves.

Page 16

Subclause 4.6.1. 1: change the end of the subc lause:

CONIC ARC generates a parabolic, hyperbolic or elliptical
arc: the parameterization of the arc(s) is

described in 5. 6. X.

XXX SPLINE CURVE generates a single spline curve; two separate
parameter Izat ions of the spline curve are
possible; these are described in 5. 6. X and
5 . 6 . X 1
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CGM Addendum 3 Clause k Specification VI. 0 June 20 > 1988

Page 16

Subcljuse 4. 6. I. J: change the last sentence of the subclause to

read:

"The ARC and SPLINE primitives...

Page 1

7

Subclause 4. 6. 4. 1: change the second sentence of the subclause to

read:

"In addition there are seven elements that..."

Page Id

Subclause 4.6.4. 1: add the following to the end of the subclause:

RATIONAL B-SPLINE CURVE CLOSED generates a closed B-spline curve;

the set of styles is the same as

for POLYGON.

Page 13

'Subclause 4.6.4.J 2nd paragraph: change the sentence to read:

"The circular, elliptical and B-spline fill primitives..."

Page 1

3

Subclause 4. 6. 5: add the following to the list:

COMPRESSED PEL ARRAY XXX represents a rectangular binary image
compressed according to the CCITT T4 or
T6 facsimile recommendations; two
parameter izat ions are possible, one
corresponding to the normal facsimile-
size Image, and a tiled format for large
images; the elements are described in

3. 6. X and 5. 6. X*l.

Page 13

Subclause 4.6.5: add the following at the end of the subclausa:

*.6.5. I Clipoing. Clipping of the pel array elements is accomplished using
the PEL ARRAY CLIP RECTANGLE. Since the pel array clipping 'mode' is always
assumed to be on'

,
ail pel array elements to be displayed can be considered

clipped. The default pel array clip rectangle is listed in Clause 6. The
PEL ARRAY CLIP RECTANGLE element affects the pel array element tnat
immediately follows it in the metafile, or if no pel array element
immediately follows, it affects the last pel array previously :e:ined. In

this way, multiple clipped pel arrays can be created by imp 1 1 c .

referencing just one occurence of a pel array element.
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CGM Addendum 3 Clause 4 Specification VI.

0

June 20t 1983

^.6.5.2 Positioning. The position of a clipped pel array element is defined
by the PEL ASJIAY REFERENCE POINT element. The reference point element
affects the position of the clipped pel array that immediately follows it in

the metafile. If a clipped pel array appears in the metafile without a

reference point imrnediately before it. the array is positioned at the last

reference point previously defined. The affect on whatever might alreaay be

positioned at a given reference point is implementation-dependant. If a

reference point appears with no pel array immediately following it. a

duplicate of the last pel array previously defined is postioned and displayed
at the reference point.

‘*.6.5.3 Tiling. For further work, will be based on the Tiled Ras.ter

Interchange Format specification (TRIF 2.0). The state of this specification
within CALS and 3613 part 7 is too unstable to begin work yet.

Page 19

Subclause ^.6.7: add the following after the subclause:

4.6.3 Conic Arc Element

i*rt»NOTE - I have come to the conclusion that the ICES specification upon
which this and the transformation element are based are totally unsuited for
use in the CGM. This parameterization assumes that the arc is defined in

some nebulous definition space that is then transformed to model space.
Since the transformation matrix is only 3X3, ICES provides a mechanism to

concatenate matrices to eventually arrive at the desired orientation in modal
space. The CGM has no such mechanism. In addition, the entire spec if icat ion
assumes 3-D space, and changing that to 2-D is not as simple as merely zero-
ing out the Z term. I would like to withdraw the arcs and splines from this
specification, and spend seme more time investigating other possible
algor i t hms.

4. 6. 3. 1 Geome trie Concepts.
point and the six parameters
the quantities Q1 , Q2 and Q3

The conic arc is defined by the start point, and
A-F. To determine the form of the conic arc,
are defined as follows:

A 3/2 D/2
Q1 determinant of I 3/2 C E. 2 !

1 D/2 Z. 2 F !

;2 de term! nan t of ' A 3,2!
1 3/2 C !

- A • C

If D2>0 and (Ql«O3)<0. t hen tne arc is elliptical
if q2<0 and Q 1 < > 0 . then the arc is hyperbol ic:

if Q2-0 and QI <> 0 ,
than tne arc is parabolic.

In the case where the conic arc Is elliptical, to distinguish the
question trom its comoii.ment. tna direction of the arc wit.n resze
space must be from start point to end coint in a counterc Lockwise 'act ’

In the case where the conic arc is caraboiic or hyperbolic, the
parameterization defines a unique portion of the zaracola or a

of a branch of the hyperbola, tnus the direction is irrelevant.
5
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^.6.8.2 Parameterization. A conic arc is defined by the end points and the

six parameters. The conic arc Itself is defined by the six parameters in the

following equation:

A(X**2) BXY ^ C(Y*ir2) DX > EY * F - 0

This parameterization assumes that 7DC space is k quadrant cartesian
coordinant space. The COMIC ARC TRANSFORMATION MATRIX element is then used

to properly position the arc in the CGM one quadrant 7DC picture space.

4.6>9 Spline Curve Elements

4. 6. 9. 1 Parametric Spline Curve. The parametric spline curve is a sequence
of parametric polynomial segments. The definition of this class of curves
generalized to allow for the representation of many different parametric
spline curves using only one element. The following curve types have been
assigned:

1: linear
2: quadratic
3: cubic
4: Wilson-Fowler
5: modified Wllson-Fowler
6: 3 spline

^.6.9.1. 1 Parameterization. The degree of continuity parameter indicates the
smoothness, or continuity of the curve with respect to arc length. The curve
can either be continuous at all break points, continuous and have slope
continuity at ail break points, or be continuous and have both slope and
curvature continuity at all break points.

The number of segments parameter is the number of polynomial segments to be
used to define the curve. Each X,Y polynomial segment is evaluated using the
eight polynomial coefficients associated with that segment
( AX, 3X,CX, DX, AY, 3Y ,GY , DY). Each segment is delimited by its respective
breakpoint.

^.6.^. 1.2 Geometric Concepts. The following cubic polynomial equations will
return the coordinates of the points of the i-th segment of the curve. Note
that the coefficients D, or C and D will be zero if the polynomials are of
degrees 2 or 1 , respectively:

X(u) » AX(i) * 3X(i)(s) * CX(i)(s^*2) . DX(i)(sv,v3)
Y(u) - AY(i) BY(i)(s) • CY(i)(sww2) * DY(i)(s*v3)

where T(i) <» u <» T(i^l),i»l,... ,N and s « u - T ( i )

.

The terminate point and derivatives are derived without computing the
polynomials by evaluating the Nth polynomials and derivatives at u » TfN -

1). These data, divided by the appropriate factorial ( i. e, the second
derivative divided by 2!, the third by 3!). are used as the N-^l or terminate
point values.
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4. 6. 9. 2 Rational 3~SpIine Curve. The parametric aquation governing the

definition of the rational 3-spiine curve is shown in the following

expression:

W(0)*?(0)i»b0(t) >^(l)v?(l)’*bl(t) W(l<)v?(K)vrbK(t)

’J(0)xb0(t) W(l)vbl(t) w(K)vb:<(t)

where w(i) are the weights, ?(i) are the control points and bi(t) are the

basis functions. The basis functions are all non-negative piecewise

polynomials determined by the degree and the knot sequence. The knot

sequence is a non-decreasing list of real numbers T( -M ) , . . . T( 0 ) , . . . T ( :<• 1)

.

Each basis function is supported for the knot sequence interval CT(i-

M),T(i*l)], where M is the dgree of the basis function. Between any two

adjacent knot values, the corresponding basis function can be expressed as a

single polynomial.

The curve itself is parameterized where:

start^aram <« t < end^param,
T(0) <» starc_param < end^parara <« T(N)

Thus for any parameter value t between T(0) and T(K*1), the sum of the basis
functions satisfies the following identity:

b0(t) bl(t) ^ * bK(t) - 1.

If all of the weights in the weight list are not equal, then the equation
type is rational. Otherwise, if all of the weights are equal, then all of

the weights cancel, the denominators sum to one and the equation type is

polynomial.

4.X.X Compound Line

The compound line elements consist of the two elements. 5ECIN IC.‘h?CUND LINE
and END COMPOUND LINE. These elements permit tne definition of a line t.nat

consists of a number of distinct elements, such as straight lines anc arcs,
whicn is treated as if it were a single line element. Thus, for exa.mple.
line style would apply without change or interruption past a straight line
segment onto a following arc segment. likewise, the ends of tne various
tomponent elements of the compound line are not treated as line enc.caos but
rather as line joints.

l.X-X Compound Text Path

The comoounc text oatn elements consist of the two elements. 3ECTN ICMPCUND
TEXT ?.ATH cna END COMPOUND TEXT PATH. It is f unc t lonul 1 y identical to
Comoouna line, exceot t na t it is used as a base Line for text olacement.
ratner tnan irawn cy an interpreter.

The Compound Text Path permits arbitrarv, complex placement of te.xt. Each
t on t symbo 1 is puaced wit.n its reference coint and alia nme nt according to a

tangent to the Compound Te.xt Path. This implicit •'an gent is the logical base
line for each character ceil. If a symbols reference coint aligns witn the
junction of two line elements of the Compound Text Path, the logical base
line IS the line perpendicular to the oerperidicuiar bisector of the tangents
of both elements, passing through tne reference point. Positioning of
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subseuent symbols is based upon the distance between symbols assuming a

straight base line, but wrapped along the generalized curve of the Compound
Text Path. If there is more text than path, the path for the excess text is

the straight line described by the tangent to the last element of the

Compound Text Path.

4.X.X Picture Composition

The picture composition elements consist of BEGIN CLIP REGION, END CLIP
REGION, BEGIN SHIELD REGION, END SHIELD REGION, CLIP INDICATOR, and SHIELD
INDICATOR.

The concepts of clip and shield regions are complementary. The clipping
process discards everything that is visually outside the clip region whereas
the shielding process discards everything that is inside the shield region.
Whether clipping and shielding are in effect is determined by the respective
settings of the CLIP INDICATOR and SHIELD INDICATOR (each is either ON or
OFF).

Due to being able to define what amounts to closed figures for these regions,
the clip region and shield regions can each provide a clipping and a

shielding capability at the same time. For example, a "polygon with a hole"
has an outer boundary and an inner boundary. The ’"filled area" of such a

clipping region would be preserved with the area outside the "filled area"
(including the contents of the hole") being removed from the picture. The
shielding region has a complementary interpretation: the "filled area" itself
is removed from the picture.

Note that the shielding effect of a clip region "’hole" is independent of the
SHIELD INDICATOR and likewise, the clipping effect of a shield region "hole"
is independent of the CLIP INDICATOR.

Page J7

Subclause ^.7.7: replace che current text body vith the following:

The CGM must be able to represent colours in a manner suitable to a broad
spectrum of graphical devices and systems. Towards this goal, the CGM uses
three colour models (RGB, CIE L#u*v*, CYMK) and spot colour. The Metafile
Descriptor element, COLOUR REPRESENTATION METHOD, allows metafile generators
to specify which one is being employed.

The .RGB additive colour model uses a 3-tuple of values providing the
normalized weight of the red (R), green (G), and blue (E) components of the
desired colour. This model is used in colour monitors, film writers, and
input scanners. The source and destination graphical devices must be
correctly" calibrated in order for a point in this model to be perceived as

the same colour on both devices.

The CIE Lvu-fWf uniform colour model uses a 3-tupIe of values providing the
normalized luminance (L>«), red-green chromaticness (uv.-). and blue-yeiiow
chromaticness (v.v) components of the desired colour. The advantages of the
model over the others are (1) it separates chromaticness from luminance
(allowing for easy monochrome display), (2) it is a uniform space for small
colour differences (the Euclidean distance between two points in this
model is more or less proportional to their perceived difference*, and (3) it
is an absolute colour model based colour matching experiments (thus being
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device independent and not requiring colour correction).

The CYMK subtractive colour model uses a 4-cuple of values providing the

normalized weights of the cyan (C), yellow (Y), magenta (M), and blacic (K)

components of the desired colour. This model is used by printers and

Graphics Arts drum scanners. In theory, cyan, magenta, and yellow are meant

to correspond to the red, green, and blue of the RGB model. In practice,

actual inks used for colour printing only approximate this criterion.

Black ink is added to attain a greater dynamic range than is possible wi:h
three colours alone. In particular, it allows the attainment of a much
richer black than would be possible using only the first three inks.

Spot colour uses a character string representing a registered or private
colour name (similar in format to named fonts). Use of the former is

recommended for metafile transportability, because registration ensures
unique naming of colours. Spot colours are registered in the ISO
International Register of Graphical Items, which is maintained by the
Registration Authority. When a spot colour has been approved by the ISO
Working Group on Computer Graphics, the colour name will be assigned by the
Registration Authority. Each registered colour will be specified in terms of
its CIE L*u*v* coordinates.

The CGM provides two mechanisms for colour selection: 'direct' and
'indexed'. In 'direct' colour selection, the colour is specified by
providing values for its normalized components (colour model) or by providing
the character string defining its name (spot colour). (The term "direct
colour value' will refer to any direct colour specifier, and the term 'direct
colour model value' will refer only to a direct colour specifier of a colour
model (as opposed to spot colour)). In 'indexed' colour selection, the
colour is specified by an index into a table of direct colour values.
Selection of one of these "mechanisms may be done by an element in each
Picture Descriptor.

For 'indexed' colour selection, the COLOUR TABLE attribute element is

provided for changing the contents of the colour table. This a.ement may
appear throughout the picture body. However, the effect of changes in the
colour table on any existing graphical primitive elements that use the
affected indices is not addressed in this Standard.

Direct colour model values are either a 3-tupla or 4-tupia of values
providing the normalized weight of the desired colour components. In the
aostract, eacn component is normalized to tne continuous range of real
numbers CO.IJ. In a metafile, direct colour model value components are
integers, and the Metafile Descriptor element, COLOUR '/ALUE EXTENT, allows
metafile generators to specify the minimum and maximum metafile direct
colour model values for normalization.
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Page

Sub-clause 5. 1: Table of data type abbreviations:

Replace

CD Colour Direct Three-tuple of non-negative real values for

red, green, blue colour intensities.

with

MD Model Direct Three-tuple or four-tuple of non-negative
real values for colour definition within
one of the three supported colour oodels.

CD Colour Direct String or Modal Direct (as deteralned by

COLOUR R£?RISZNT.AT:0N METHOD).

Pages ^7 •it 3

Sub-clause 5.3.7: Replace the description as follows:

The precision for operands of data type model direct (MD) is specified for
subsequent data of type MD. The precision is defined as the field width
measured in units applicable to the specific encoding.

•Although the fora of the parameter is encoding dependent, the parameter is

single specification that applies to each or all of the three or four
components of parameters of type CM.. The precisions of the individual
components are not independently and differently specifiable by this elamen

Pages ‘^3-‘*9

Sub-clause 3. 3. 10: Replace the description as follows:

The parameters represent an extent which bounds the direct colour model
values that will be encountered in the metafile. It need not raprasent t.ca

axact axtanc of colour modal values contained in the metafile.

Page 34

Subclause 5. 3: Add the follow ing Metafile 3esc r i pter Slexents:

5 . 3 .x CCLOUR. REPRESENTATION METHOD

Parameters

:

colour raprasanta t ion method (one of: .^G3 . CIE l.rU'fVTf,

CVMK, spot colour) (E)

Description:

"our methods of colour representation are supported: by one of tnree
colour models (RG3, CIE Lv,uvV:>

,
CYMK) or by spot colour (names).

Only one colour representation .method may be usad within a metafile.
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The method may be defaulted or explicitly set with the COLOUR
REPRESENTATION METHOD element. All occurrences of colour-setting
elements (AUXILIARY COLOUR, LINE COLOUR, MARKER COLOUR, FILL COLOUR,
EDGE COLOUR, TEXT COLOUR) as well as the colour lists of CELL ARRAY and
PATTERN TABLE shall be in the current method. If used, COLOUR
REPRESENTATION METHOD shall be in the Metafile Descriptor, after BEGIN
METAFILE and before BEGIN METAFILE BODY.

References:

4. 7. 7

5.3.x FONTMETRIC DEFINITION

Parameters:

font index (IX)
character index (C)

left bearing (format to be determined)
right bearing (format to be determined)
character height (format to be determined)
offset from baseline (format to be determined)

Description:
The fontmetric information for each character used in each font
specified is defined by this element. If this element is used, then
the fontmetric data for each character used in the metafile must be

specified. Characters not used by the metafile may also be specified,
but are not required.

References:

5.3.x CHARACTER KERNING MODE

Parameters

:

character Rerning mode (one of: none, pair, sectored) (E)

Descript ion:
Defines the kerning style, if any, for the metafile.

References

:

5- 3.x CHARACTER KERNING TABLE

Parameters

:

To be determined.

Descript ion:
The data defined by this element will be dependant upon which, if any.
kerning styles are supported. In general, however, the information
will be that which is required to kern characters.

References

:

«210



CCM Addendum 3 Clause 5 Specification 71.1 June 21 • 1988

5.3.2 FCS TYPE

Parameters

:

Font coordinate type (one of: Integer, real, 7DC) (E)

Description:
The single parameter is an enumerated value that declares the data
type, integer or real, of the font coordinate space. Font coordinate
space may be different than 7DC space because higher precision may be

necessary to accurately define the fontmetric data. However, if the
font coordinate type is 7DC

,
then the font coordinate space will map t

7DC space. In this case, no additional specification for font
coordinates (FCS INTEGER PRECISION, FCS REAi PRECISION, or FCS EXTENT)
need be specified.

References

:

5.3.x FCS INTEGER PRECISION

Parameters

:

Encoding dependant.

Descript ion:
The indicated integer precision for fontmetric data. The precision is

defined as the field width measured in units applicable to the specifi
encoding.

References

:

5.3.x FCS REAL PRECISION

Parameters:

Encoding dependant.

Descript ion

:

.The indicated real precision for fontmetric data. The precision is
defined as the field width measured in units acolicacle to the scsc
encod ing.

References

:

5.3.x CAP HEIGHT

Parameters

:

To oe determined.

Description:
To be determined.

References

:
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5.3.x FCS EXTENTS

Parameters:

first corner (P)

second corner (P)

Description:
The two corners define a rectangular extant in font coordinate space

that demarcates a two-dimensional Cartesian coordinate system. Each

character definition within a font must be defined completely within

this coordinate system.

NOTE The need for this element is specified in ISO 9541-5,

clause 4. The intent of this element is to address the needs outlined

by ISO. Additional works must be done.

References:

Page 55

Sub-clause 5.^.2, first paragraph of description:

Change "red, green, and blue" into "direct"

Page 57

Sub^clause 5. 4-. 7, first line of second paragraph of description:

Change "RGB" into "a direct colour value"

Page 60

Subclause 5. 5: Add the following Control Elements:

5.5.x BEGIN COMPOUND LINE

Parameters:

e

none

Description:
BEGIN COMPOUND LINE delimits the beginning of a definition of a entity
chat will have consistent line attributes and will be created as a

single "compound primitive". The elements chat make up the compound
line can be any combination of tion-c 1 osed line elements such as
POLYLINE, CIRCULAR ARC 3 POINT, CIRCULAR ARC CENTRE, ELLIPTICAL ARC, o

<new curve elemencs>.

References

:

5.5.x END COMPOUND LINE

Parameters

:
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none

Description:
END COMPOUND LINE delimits the end of a compound line definition.

References:

5 . 5 .x BEGIN COMPOUND TEXT PATH

Parameters

:

none

Description:
BEGIN COMPOUND TEXT PATH delimits the beginning of a definition o

entity that will provide the path in which a text string will be

The elements that make up the compound text path can be any combination
of non-closed line elements such as POLYLINE, DISJOINT POLYLINE,
CIRCULAR ARC 3 POINT, CIRCULAR ARC CENTRE, ELLIPTICAL ARC, or <new
curve elements>.

Once defined, the compound text path takes the place of the text path
as defined by the TEXT PATH element and the CHARACTER ORIENTATION*
elements. The skew of the characters is still relative to that
specified in the CHARACTER ORIENTATION element, but the placement of
subsequent characters is along the compound text path instead of in a

line along the character up vector or character base vector.

Rafsrences

:

5 . 5 .x END COMPOUND TEXT PATH

Parameters:

none

Description:
END COMPOUND TEXT Pj^TH delimits the end of a compound text path
def init ion.

References:

5 . 5 .x BEGIN CLIP REGION

Parameters

:

none

Descript ion

:

BEGIN CLIP REGION delimits the beginning of a definition of a entity
that will provide the clipping region. When CLIP INDICATOR is on
only the portions of graphics elements inside or on the boundary o: tne
clipping region are drawn. The elements that make up the clicping
region can be any combination of closed or non-closed elements such as
POLYLINE, DISJOINT POLYLINE, POLYGON, POLYGON SET. CIRCUL.AR ARC 3

POINT, CIRCULAR ARC 3 POINT CLOSE, CIRCULAR ARC CENTRE. CIRCULAR ARC
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CENTRE CLOSE, ELLIPTICAL ARC CLOSE, or <new curve elements>. The
entity thus defined is essentially a closed figure whose boundary is

used as the clipping boundary.

Once defined, the clipping region takes the place of the clipping
region defined in CLIP RECTANGLE.

References:

5.5.x END CLIP REGION

Parameters:

none

Description:

END CLIP REGION delimits the end of a clipping region definition.

References

:

5.5.x BEGIN SHIELD REGION

Parameters:

none

Description:
BEGIN SHIELD REGION delimits the beginning of a definition of a entity
that will provide the shielding region. When SHIELD INDICATOR is ’on'

only the portions of graphics elements outside of the shielding region
are drawn. The elements that make up the shielding region can be any
combination of closed or non-closed elements such as POLYLINE, DISJOINT
POLYLINE, POLYGON, POLYGON SET, CIRCULAR ARC 3 POINT, CIRCULAR ARC 3

POINT CLOSE, CIRCULAR ARC CENTRE. CIRCULAR ARC CENTRE CLOSE, ELLIPTICAL
ARC CLOSE, or <new curve eleraents>. The entity thus defined Is

essentially a closed figure whose boundary is used as the shielding
boundary.

References:

5.5.x END SHIELD REGION

Parameters

:

none

Description:

END SHIELD REGION delimits the end of a shielding region definition.

References

:
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5.5.x SHIELDING INDICATOR

Parameters:

shield Indicator (one of: off, on) (E)

Description:
When SHIELD INDICATOR Is ’off, shielding of graphical primitive

elements is not required.

When SHIELD INDICATOR is ’on’, only those portions of graphical

primitive elements outside of the shielding region are drawn.

References:

Psge 6

3

Sub^clsuse 5.6.9: Add che following at the end of the third

paragraph of the description:

Note that COLOUR PRECISION only applies to direct colour model values.

Page 77

Subclause 5.6: Add the following Graphical Primitive Elements:

5.6.x CONIC ARC **i»PRELIMINARY***

Parameters

:

start point (P)

end point ( p

)

A,3,C,D,E,F (6R)

Description:
A conic arc is drawn which is defined as follows:

A conic arc is defined by the end points and the six parameters. The
conic arc itself is defined by the six parameters in the following
equation:

A(X**2) BXY * C(Y*»2) DX EY

In order for the conic arc to be processed correctly
system given the above reoresentat ion ,

the conic arc
positioned such chat each of its axes is parallel to

or YT axis. The arc is then positioned correctly in

the value of the CONIC ARC TRANSFORMATION MATRIX element.

by the receiving
entity must be

either rhe XT axis
7DC space by using

To determine the form of the conic arc. the quantities QL. 02 and Q3 ar
defined as follows:

Q1 determinant of
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Q2 a determinant of !

1

1

Q3 - A C

If Q2>0 and (Q1 *Q3 )<0, then the

If Q2<0 and QloO, then the arc

If Q2-0 and QloO, then the arc

In the icase where the conic arc

A

B/2
B/2
C

arc Is an ellipse,

is a hyperbola,
is a parabola.

is elliptical, to distinguish the arc in

question from its compliment, the direction of the arc with respect to

the definition space must be from start point to end point in a

counterclockwise direction.

In the case where the conic arc is parabolic or hyperbolic, the

parameterization defines a unique portion of the parabola or a unique
portion of a branch of the hyperbola, thus the direction is irrelevant.

The direction of the conic arc with respect to 7DC space is determined
by the original direction of the arc in definition space, in conjunction
with the action of the CONIC .\KC TRANSFORMATION MATRIX element.

References:
4.

5.6.x CONIC ARC TRANSFORMATION MATRIX *i*#PRELIMINARY***

Parameters:

matrix elements

if the 7DC type is ’integer',
R11,R12,R21,R22 (41)

if the 7BC type is ’real’,
R11,.R12,R21,R22 (4R)

coordinate offset (P)

Description:
This element is intended to work in conjunction with the CONIC ARC
element to transform the conic arc from definition space to ’/DC space.
The Transformation Matrix entity transforms the definition space point
coordinates by means of a matrix multiplication and then the addition of
an offset.

The notation for this transformation Is as follows:

I Rll R12 1 1 Xin : 1 T1 : . : Xout !

: R21 R22 ! : Yin ; ! T2 : 1 Tout 1

where IRij! is the transformation matri.x. (Xin, Yin) is the coordinate to

be transformed, (T1,T2) is the offset, and (Xout.Yout) is the coordinate
resulting from the transformation. Both the Input and output coordinate
systems are assumed to be orthogonal, cartesian and right-handed.
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References

:

4 .

5.6.x PARAMETRIC SPLINE CURVE

Parameters

:

curve.type (IX)

H-degree of continuity (I)

N-number of segments (I)

T-break point list for polynomial ((N*1)R)

X coordinate polynomial list (N sets of four)

AX, 3X,CX.DX (NvhR)

Y coordinate polynomial list (N sets of four)

AY, 3Y,CY,DY (N^4R)

Description:
The parametric curve to be dravn is defined as follows:

The parametric spline curve is a sequence of parametric polynomial
segments. The parameterization shown above is generalized to allow for
the representation of many different parametric spline curves using this
one element. The curve^type parameter indicates the type of parametric
curve as it was represented in the sending system before being converted
to this generic form. The following curve types have been assigned:

1: linear
2: quadratic
3: cubic
4: Wilson-FowLer
5: modified W ilson-Fowier
6: 3 spline

Values above 6 are reserved for registration and future standardization,
and negative values are available for implementation-dependent use.

The degree of continuity parameter. H, indicates the smoothness, or
continuity of the curve with respect to arc length. If .H«0. the curve
is continuous at all break points. If H*!, the curve is continuous and
has slope continuity at all breaK points. If H«2, the curve is

continuous and has both slope and curvature continuity at all break
points.

The number of segments parameter, .7, is the number of polynomial
segments to be used to define the curve.

The parametric soiine curve is disoiayed with the current line
a 1

1

r 1 but es.

Additional info, on degeneracies required

References

:

4 .
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5.6.x RATIONAL B-SPLINE CURVE

Parameters

:

K-upper Index of sum (I)

M-degree of the basis function (I)

equat ion„type flag (one of: rational, polynomial) (E)

periodic flag (one of: non-periodic, periodic) (E)

T-knot sequence list ((K>Mf2)R)
W-weight list ((K^l)R)
control point list ((K+DP)
start^param, end^param (2R)

Description:
A rational spline curve is drawn which is defined as follows:

Additional info, required. ***

Valid values of the upper index and degree paramenters are non-
negative integers.

Valid values of the control points are such that no two adjacent
points are coincident.

If ail of the weights in the weight list W are not equal, then the

equat ion^type flag is set to Rational, otherwise the equat ion_type flag

is set to Polynomial.

References:
4 .

5.6.x COMPRESSED PEL ARRAY

Parameters

:

T-encoding type (one of:T^,T6) (E)

P-pel path (one of : 0 , 90 , 130 , 270 ) (E)

L-line progression (one of: 90,270) (E)

S-pel spacing (R)

spac ing^rat io (R)

N-number of pels per Line (I)

NL-number of lines (I)

pel array (3S)

Descript ion:
A compressed pel array image is defined as follows:

The encoding type parameter, T, specifies the CCITT compression format
used to encode the image. If T is specified as "TU"

,

the image is

encoded according the one or two dimensional scheme defined in CCITT
Recommendation T. (Group 3 facsimLle). If T is "Tb", the image is

encoded according to the two dimensional scheme defined in CCITT
Recommendation T. 6 (Group 4 facsimile).

The position of the upper left-hand corner of the clipped pel array is

defined by the reference, point (See PEL ARRAY CLIP RECTANGLE).

The pel path parameter, P, is the direction of progression of successiv
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pais along a line relative to :he VIC X axis. This paraaetar, in

conjunction with the pel spacing, 3
,

and :he numoer of
”

iaplicitlv define the line position, length and granula
line in the decoded pel array. The spac ing_rat io is de

ratio M/3, where "M" is the distance in Basic Measurement Units , 3MUs -

1290 3MUs per inch) between two successive lines of pels, and "S" is t.ti

distance in 3MUs between two ac 'acent cels in a line.

The line progression parameter, 1. is the direction of crogressicn of

successive of pel lines and is expressed as a direction relative to ?.

L, in conjunction with the spac ing^ra t io and the number of lines, Ml,

implicitly defines the size of t.ne decoded image in the direction of 1 .

The line spacing (IS) of the lines of pels can be determinec as follows

13 » spac ing_rat io » c

-ne pe- array
b i t_3 t r earn.

tse-. iormats cetinec cv

References

:

1.6.x ?2L .AJUUT TIIID

Parameters

:

T-encoding type (one of : bitmap ,T-* .T5) (•)

?-pel path (one of : 0 . 90 , 130 . 270) ()
1 -line progression (one of:90,2'’0) (E)
S-pel spacing (R.)

spac ing^rat io (R)

.MT-numoer of tiles (1)
M-nuaber of pels per line (I)
.ML-number of lines 'I)
TO-tile dimensions (21)

pal array (33)

Oescr ipc ion

:

A tilec pel array image is defined as follows:

• ••* Additional specifcation required. »»*

References

:

0 . 6 .x PEL ARRAT TII? RICTANGIE

Parameters

:

X1,T1.X2,Y2
first corner ; P

)

second corner (P)

Description:
The element c

array tnat ls

nss tne rectangular area of cels
accear in tne metafi-e cicture.

• tne 0 e o~o o e c o e .

his element snoulo

4

»**

M

"IJ
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immediately precede the COMPRESSHD PEL ARRAY element to which it

applies, as this element will affect all subsequent COMPRESSED PEL ARRAY
elements until another PEL ARRAY CLIP RECTANGLE is explicitly defined.

The four integers form two coordinate pairs, (XI, Yl) and (X2,Y2)
corresponding to the first and last pels to appear, respectively, where
X1<*X2 and Y1<»Y2, For example, (6,2) would specify the seventh pel in

line 3, given that (0,0) specifies the first pel on the first line.

The two corner points define the clipped pel array to be positioned in

VDC space. The first pel defined by (XI, Yl) above is to be positioned
at the reference point of the COMPRESSED PEL ARRAY element. Only those
portions of the decoded pel array from the COMPRESSED PEL ARRAY element
inside or on the boundary of the pel array clip rectangle are to be

rendered.

References:
4 .

5.6.x PEL ARRAY REFERENCE POINT

Parameters:

ref erence_point (P)

Description:
The pel array reference point defines the upper left-hand corner of the
pel array element to be displayed. If the pel path and line progression
are thought of as vectors, the upper left-hand corner is defined as
point of origin for the two vectors.

References:
4 .

P3ge 97

Subclause 5.7: Add the following accribuce elemencs:

5.7.x LINE TYPE DEFINITION

Parameters:

linetype (IX)
dash unit selector (one of: 7DC

,
fnra, native device units, abstract) (E)

dash repeat length (R)
adaptive flag (one of: no. yes) (E)
List of dash elements ( nl

)

Description

;

This element defines a linetype and associates it with an inde.x for
future reference. Parameter 'Linetype' is the index of linetype being
defined. The parameter 'list of dash elements' is the definition to be
associated with the index. The first element is a dash, second a space,
etc. -- the defined linetype is solid for II units, gap for 12 units,
solid for 13 units, etc. N must be positive, and each dash element (I)
non-negative. N»1 means a solid line; I»0 interpreted as a dot.

220



ZZa Addendua 3 Clause 5 Speciiisai ion VI. 1 June 21 i 1933

The units of the ‘dasn repeat ler.gtn' are specified bv :r.a casr.

selector' caraoeter. The value of 'abstract' incicates tr.at toe

iopleaentat ion oav ncrnalice and tap tne sun

at its discretion. The 'casn repeat lengt.n'

coaplete cycle of the dasn pattern, oeasured
selector '

.

t.n e cas.n ratter n e-ene.

defines tne lengtn of one
ne units or

an t n.<,ac

t eooora r il ’
An “adaptive" linetypa is one where every vertex falls

oortion of tne line. This is accoop 1 isned in plotters

occifying the duty cycle for eacn line segment Cceiling fu.nction sucn

t.nat there is always an integral nuocer of repeats., and all pracectned

linetypes have their gaps^array cefinec such that tney begin anc enc wi

inxed or “pen down" portions).

5.ef er encss

:

5.7.S HATCH STTl- CETINITTCN

Paraoet ars

:

hatch index ( IX)

style indicator (one of

soace units selecto
(ZJ.)

length 'H.)

..a . w .1

angle
duty cvcle

..e un.. 2 , ars..aw.

list of hatch elenents ^nl) - I>»0. n>»2

lescrlpcion;
This eleaent defines a hatcn style and associates it with an index

for future reference.

The 'hatch incex' paraaeter defines tne incex of

refined. The 'list of natcn laents is an arrav :.nat cectnes
alternating line wirtn anc gap wictn -- i. e. . tne wi-rn ot a natcn
follower rv tne widtn of tne soace to tne next natcn line. Tne ce;

ne tirst natcn .ine is natcnec co PATTZH.N P.I-'ZP.INCI

lac - eaent ec. nteroretec as t.ninnest -ina wictn avai.ao«e.

The 'hatcn scare units selector srecifies tne cnits of

lengtn'. It also controls tne oanner of t rans : orna t ion
If VTC, tnen the natcning transforas witn segaent trans;

tne natcning is -i.<e wa-^raper tnat snows tnrougn
.ncle -- averse nine is defi.nec in cavice units anc na

cavice soace. The valce of aostract indicates t.na

n a 0 c - y go n - s na r e

cning oarforaac

nav ncraalice ana aao tne sua o: tne list o: natcn e-eaents at

c iscr c t ion. . .he cu ty c y c - a - anc t n is ten surer pe r oenc i cu - a r

.n a t c .h line. The s ua of .n a t c .n e 1 a a e n t s i .n tne .n a t c .n e 1 e a e n t 1 i

.

ncraa- i c ec

surface.

. na ang.e paraaeter is aeasurac in

soace units selector . It consists :

refining a vector.

-US rni.a sceri®
f two coaoonents. cx

c c ^ «
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5.7.x LINE CAP

Parameters :

-

line cap indicator (one of: butt, round, projecting square) (E)

Description:
The line cap style is defined for subsequent line elements. The line cap
style determines the appearance of open endpoints (as opposed to interior
vertices) of line elements. The defined styles are:

butt cap: the line is squared off at the endpoint, there is no
projection beyond the endpoint.

round cap: a semicircular arc with diameter equal to the line width
is drawn around the endpoint and filled in. The drawn line thus
projects beyond the endpoint.

projecting square cap: the line is squared off at a distance equal to

half the line width beyond the endpoint.

References

:

5.7.x LINE JOIN

Parameters

:

line join indicator (one of: miter, round, bevel) (E)

Description:
The line join style is defined for subsequent line elements. The line
join style defines the appearance of interior vertices of polyline
elements and of compound line elements. The defined styles are:

miter join: the outer edges of the two adjoining line segments are
extended until they meet at a point.

round join: a circular arc with diameter equal to the line width is
drawn around the vertex between the adjoining segments and is filled
in, producing a rounded corner.

bevel join: the adjoining line segments are terminated with a butt
cap, and the resulting triangular notch is filled in.

References

:

5.7.x EDGE CAP

Parameters

:

edge cap indicator (one of; butt, round, projecting square) (E)

Description:
The edge cap style is defined for subsequent edge elements. The edge cap
style determines the appearance of open endpoints of filled area edges
(such as may result from a mixture of visible and invisible edge
segments). The defined styles are:
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butt cap: the edge is squared off at the vertex, there is no

projection beyond the endpoint.

round cap: a semicircular arc with diameter equal to the edge width
is drawn around the endpoint and filled in. The drawn edge thus
projects beyond the endpoint.

projecting square cap: the edge is squared off at a distance equal to

half the edge width beyond the endpoint.

References:

5.7.x EDGE JOIN

Parameters:

edge join indicator (one of: miter, round, bevel) (E)

Description:
The edge join style is defined for subsequent filled elements. The edge
join style defines the appearance of interior vertices of filled area
elements. The defined styles are:

miter join: the outer edges of the two adjoining edge segments are
•extended until they meet at a point.

round join: a circular arc with diameter equal to the edge width Is

drawn around the vertex between the adjoining segments and is filled
in, producing a rounded corner.

bevel join: the adjoining edge segments are terminated with a butt
cap, and the resulting triangular notch is filled in.

References

:

5.7.x MITER LIMIT

Parameters

:

Tiiter limit (R)

Description:
Mitered corners can extend very far beyond the Line vertex if the angle
between the adjoining line segments is small. Miter length is defined t

be the distance from the point at which the inner edges of the ad joining
line segments meet to the point at which the outer edges meet. If miter
length exceeds the 'miter limit’ parameter, then the joining line
segments are rencered with a bevel join instead of a miter join.

Miter limit is measured as a scale factor applied to the current line
width. Miter limit applies to line elements and edges of filled areas.

References

:
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5.7.x EXTERNAL SYMBOL

Parameters

:

To be determined.

Description:
Reference to external defined symbol Libraries is provided. The
mechanism of this element is yet to be defined.

P3ge 95

Sub^clause 5. 7. 52: Add Che following at che end of the chird
paragraph of che descri pczon:

Note that COLOUR PRECISION only applies to direct colour model values.
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Page 12

Clause 5, Table 1: Add the following opcodes to Table 1:

TABLE !• Opcodes for Metafile Elements.

Opcode 7-BU Coding 3-BLt Cod i

FONTMETRIC DEFINITION opcode 3/1 3/0 03/1 03/

CHARACTER KERNING MODE opcode 3/1 3/1 03/1 03/

CHARACTER KERNING TABLE opcode 3/1 3/2 03/1 03/

FCS TYPE opcode 3/L 3/3 03/1 03/

FCS INTEGER PRECISION opcode 3/1 3/4 03/1 03/

FCS REAL PRECISION opcode 3/1 3/5 03/1 03/

FCS EXTENT opcode 3/1 3/6 03/1 03/

CAP HEIGHT opcode TBD TBD

BEGIN COMPOUND LINE opcode 3/3 3/6 03/3 03/
END COMPOUND LINE opcode 3/3 3/7 03/3 03/
BEGIN COMPOUND TEXT PATH opcode 3/3 3/8 03/3 03/
END COMPOUND TEXT PATH opcode 3/3 3/9 03/3 03/
BEGIN CLIP REGION opcode 3/3 3/10 03/3 03/

END CLIP REGION opcode 3/3 3/11 03/3 03/
BEGIN SHIELD REGION opcode 3/3 3/12 03/3 03/
END SHIELD REGION opcode 3/3 3/13 03/3 03/
SHIELDING INDICATOR opcode 3/3 3/14 03/3 03/

CONIC ARC opcode • 3/i. 3/0 03/4 03/
CONIC ARC TRANSFORMATION opcode 3/^ 3/1 03/4 03/
PARAMETRIC SPLINE CURVE opcode 3/A 3/2 03/4 03/
RATIONAL B-SPLINE CURVE opcode 3/4 3/3 03/4 03/
COMPRESSED PEL ARRAY opcode 3/4 3/4 03/4 03/
PEL ARRAY CLIP RECTANGLE opcode 3/4 3/5 03/4 03/

LINE TYPE DEFINITION opcode 3/6 3/4 03/6 03/
HATCH STYLE DEFINITION opcode 3/6 3/5 03/6 03/
LINE CAP opcode 3/6 3/6 03/6 03/
LINE JOIN opcode 3/6 3/7 03/6 03/
EDGE CAP opcode 3/6 3/3 03/6 03/
EDGE JOIN opcode 3/6 3/9 03/6 03/
MITER LIMIT opcode 3/6 3/10 03/6 03/
EXTERNAL SYMBOL opcode 3/.6 3/11 03/6 03/

Page 33

Sabclause 3.2: Add the following element representations:

3.2.x FONTMETRIC DEFINITION

<."ONTMETRIC-DEFINITION-opcode
' integer : font-Lndax>
< xxxxx: character-inde.x>
<xxxxx: left -bear Lng>
< xxxxx: right-beartng>
< xxxxx: character-height >

<xxxxx: baseiLne-offset>
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8.2.x CHAilACTEE XSSNING MODE

<GHAiUCTER-KE2lNING-M0DE-opcode: 3/1 3/l>

< enumerated: character-ic8rnlng-niode>

<enumeratad: charac t er-lcerning-mode> » <integer: 0> (MCNE)

! <integer: 1> (PAIR)
I <inceger: 2> (SECTORED)

8.2.

x CHARACTER EERNING TABLE

<GHARACTER-KERNING-TA3LE-opcode: 3/1 3/2>

<xxxxx: CO be determined)

3.2.

x FCS TYPE

< FCS-TYPE-opcode: 3/1 3/3>
<enumerated: PCS-C 7pe>

(enumerated: FCS-C 7pe> * (integer: o> { INTEGER)
I (integer: 1> (REAL)
! (integer: 2> ( 7DC

)

3.2.x PCS INTEGER PRECISION

<FCS-INTEGSR-?RSCISION-opcode: 3/1 3/4>
<integar: largest - inc eger-code • 1>

The largest-integer-code tells how man/ bits occur in the largest pos
magnitude for an integer. For example, if integers in the metafile c

range from -32767 to *32767, the largest-integer-code is 15. One
adicional bit is required for the sign, and so is added to obtain the
proper precision. Thus in this example the parameter would be 16.

3.2.x FCS REAL PRECISION

<FCS-REAL-?RECISION-opcode: 3/1 3/5>
<inceger: largest -real-code 1>

<integer: smallest-real-code>
< integer: def aul t -exponent -for-re3is>
<anumerated: exponencs-allowed>

(enumerated: exponencs-allowed> * (integer: 0> (allowed)
1 (integer; 1> (forbidden)

See 3. 2. 3 of ANSI X3. 122-1986 for a description.

3.2.x FCS EXTENT

(PCS -EXT ENT -op code: 3/1 3/6>
(fcspoint: f irsc-corner>
(fcsDOint: second-corner

>

(fcspoint> < int eger > ( inc eger>
I (real>(raal>

where a point list is encoded such that the first point is absolute w
tone coordinate space and each of the following points is relative to
previous one.
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3.2.x CAP HEIGTH

<TBD>

Page ^0

Subclause 3. Add the following element representations:

3.4.x BEGIN COMPOUND LINE

<BEGIN-COMPOUND-LINE-opcode: 3/3 3/ 6>

3.4.x END COMPOUND LINE

<END-COMPOUND-LINE-opcode; 3/3 3/7>

3.4.x BEGIN COMPOUND TEXT PATH

<3EGIN-COMPOUND-TEXT-PATH-opcode: 3/3 3/8>

3.4.x END COMPOUND TEXT PATH

<END-COMPOUND-TEXT-PATH-opcode: 3/3 3/9>

3.4.x BEGIN CLIP REGION

<BEGIN-CLIP-REGION-opcode; 3/3 3/10>

3.4.x END CLIP REGION

<£ND-CLIP-REGION-opcode: 3/3 3/ll>

3.4.x BEGIN SHIELD REGION

<BEGIN-SHIELD-REGION-opcode: 3/3 3/L2>

3.4.x END SHILD REGION

<£ND-SHIELD-R£GION-opcode: 3/3 3/13>

3.4.x SHIELDING INDICATOR

<SHIELDING-rNDICATOR-opcode: 3/3 3/14>
< enumerated: shielding- LndLcator>

<enumeraced: shielding- Indicator > » <integer: 0> loff)

! <integer: l> (on)
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?3gS ^2

Subclsuse S. 5: Add ‘ds following 3 ls:zemc re prssen^az ions:

3 . 3.2 CONIC A5£

<CCMIC-AE.C-opccaa: 2 ''^ 3/0>

<poi.n:: s'art-polno
<poinc; and-poino
<r3ai: first-param>
<ra3i; sacond-param>
<raai: rhird-param>
<raal: f ourth-paraa>
<raai: :ifth-paraa>
<raal: s i.xt h-param>

8.3.2 CONIC AilC T^ANSrOS-MAnCN

<C0NIC-AE.C-7^NS?0R.«Ar:CN-opccde: 3/-* 3/l>

<70C: Ril>
<70C: R12>
<70C; R21>
<70C: 3.2 2 >

3 .

3.2

PAJUWET^C SPLINE CU^VS

<?A]lAMETli:C-3?L:NE-CU3l7E-opccda: 3/-* 3/2>
<intager: curTa-:vpa>
< integer: H-degree-of-continuity>
< integer: .N-numoer-of -segments)

3 .

5.2

-UnCNAL 3-3PLINE c::?.vE

<E.ATICNAL-3-3?LINE-CUE.7E-opccde: 3/^ 3/3)
< int eger : upper- index -of -sums)
< integer: M-degrae-of-t he- basis-: unction)
< enuaera t ed: curve -open- flag)
< enuaera tec: ecuat ion-type-flag)
<enu3erat3d: periocic-flag)

^ ^ ^ ^ ^ ^ ^ ^
^

^rea*: start- paraa)
'.reai; and-paraa)

cenuaerataa: curvs-ooen-f lag) » (integer: 0) OPEN)
(integer: !> 3133 Z 3 >

'enumerated: equa t ion- : ype- f I 3 g ) » (integer: 0) R.-.T13NAL)

1 (integer: 1 > rClYNCMlAl 1

(enumerated: pericaic-flag) » (inteaer: 0 ) ' NCN-P IRiCDlI

'

(integer: i> ' ? Z 3. 1 ZZZZ •
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3.5.x COMPRESSED PEL ARRAY

<COMPRESSED-PEL-ARRAY-opcode: 3/4 3/4>

<enumeraced: T-encoding>
<enuraerated: P-pei-pach>
<enuraerated: L-1 ine-progress ion>

<reai: S-pel-spacing>
<real: spac ing-rat lo>

< integer: N-number-of -pels-per-L ine>

< integer: ML“number-of-lines>
<xxxxxxx: pei-array>

<enumerated: T-encoding> * <integer: 0> (14)

I <integer: 1> (T6)

<enumerated: P-pel-path> * <integer: 0> (O-DEGREES}
I <integer: 1> {90-DEGREES}
1 <integer: 2> (ISO-DEGREES)
1 <integer: 3> ( 270-DEGREES

)

<enunierated: L-l ine-progress ion> » <integer: 0> (90-DEGREES)
! <integer: 1> (270-DEGREES)

a. 5 .x PEL ARRAY CLIP RECTANGLE

<PEL-ARRAY-CLIP-RECTANGLE-opcode: 3/4 3/5>
<intager: Xl>
<integer: Yl>
<integer: X2>
<integer: Y2>
<point: f irst-corner>
<point: second-corner>

Page 4 7

Subclause 3. 6: Add the following elemenc represencac ions:

a. 6.x LINE TYPE DEFINITION

< LINE-TYPS-DEFINITION-opcode: 3/6 3/4>
<tntager: line-t 7pe> <enumerated: dash-anit-seiector>
<reai: dash-repeat-length>
<enuinerated: adapt ive-flag>
< Integer: Iist-of-dash-eiemencs>*

< entimera c ed: dash-un i c -se lector > <lnteger 0> { VDC)
! < integer L> ( lUffl t

I <integer : I> (native device units
! <intager : 1> ( abstract

!

<enumerated: adapt ive-f lag> - <integer: 0> { NO)
1 <lnteger: L> (YES)
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3.6.2 HATCH STTLE OErlNITICN

<HATCH-STYLI-D£r INITICN-opccda: 3/6 3/5>

< integer: hatch-index>
< enumerat ad : stvla- indicatcr>
<enumeracad: hatch-spaca-uni:3-salac:or>
<raai: 3X-vactor>
<raai: DY-vactor>
<raai: du:y-cycie-l9ngth>
< integer: 1 is t -of -hatch-el aments >

•

<enumeratad; adapt ive-flag> « <intag9r: 0> {parallel}
1 < integer: 1> (cross-hatch)

<a numerated: ha ten-space- anit3-3elector> » <integsr: 0> >7CC}

<int3g9r: 1> mm)

1 < integer: 1> (native
units)

! <int3g€r: 1> (abstrac

3.6.2 LINS CA?

<lINE-CA?-opcode: 3' 5 3'6>

< anumera t ed: line-cao-indicatcr>

(enumerated: lina-cap-indicator> (integer
! ( integer
I ( integer

0 > (butt)
1> (round)
2> (projecting squa

3.6.2 LINE JOIN

( LINE-JCIN-cpcoda : 3/6 3/"’>

(enumerated: line-join-inaicator>

(enumerated: line- jo in- indicator > » (integer
1 (integer
I (integer

0> (niter)
:> (rounc)
2

>

(bevel)

3.6.x EIGE CAP

(EIGE -CAP -opcode: 3 6 3/3>
( enume ra t ea: edge-cap-indicator>

(enumerated: edge-cap - :ndicator> ( integer
(integer
(integer

0>

1 >

2 >

f but t

rounc

)

3.6.x EIGE JOIN

( EIGE-JCIN-opcode : 3 6 3 9>

(enumerated: edge- 'O in- i nd icc tor

>

( enume ra tea: adge-join-indicatnr> (integer
(integer
( integer

u>

1 >

2 >

' rounc

!

( bevel

)
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8.6.x MITER LIMIT

<MITER-LIMIT-opcode: 3/6 3/10>
<real: initer-limlt>

8.6.x EXTERNAL SYMBOL

<EXTERNAL-SYMBOL-opcode: 3/6 3/li>

<??????????>
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Clause 6: Add the following default specifications:

CONIC ARC TRANSFORMATION MATRIX: identity matrix

PEL ARRAY CLIP RECTANGLE: (0,0) upper left, (N-1,L-1) lower
right, where N is the number of
pels per line, and L is the number
of lines in the last COMPRESSED PEL
ARRAY element.

PEL ARRAY REFERENCE POINT: upper left-hand corner point of the
default VDC extent

Compound Line
(BEGIN/ END COMPOUND LINE)

No default

Compound Text Path
(BEGIN/ END COMPOUND TEXT PATH)

Right

Clipping Region
(BEGIN/ END CLIP REGION)

VDC Extent

Shielding Region
(BEGIN/ END SHIELD REGION)

VDC Extent

CLIP INDICATOR On

SHIELD INDICATOR Off

COLOUR REPRESENTATION METHOD RGB

«234



ANSI X3H3

Information Processing Systems —

Computer Graphics —

Metafile for the Storage and Transfer

of Picture Description Information

Part 3

Binary Encoding

Addendum 3

Draft Document l-l

June 21, 1988

<235



CGM Addendum 3 Blnar 7 Encoding Spec* VI. 0 June 20. 1988

Page 21

Subclause 7.3: Add the following notes (on Table 4).-

nn FONTMETRIC DEFINITION: has 6 parameters:

PL: (Integer) font Index
P2: (xxxxx) character index
P3: (xxxxx) left bearing
P^: (xxxxx) right bearing
P5: (xxxxx) character height
P6: (xxxxx) baseline offset

nn CHARACTER KERNING MODE: has 1 parameter:

PI: (enumerated) character kerning mode: valid values are:

0 NONE
1 PAIR
2 SECTORED

nn CHARACTER KERNING TABLE: format to be determioed.

Px: (xxxxx) to be determined

nn FCS TYPE: has 1 parameter:

PI: ( enumerated). FCS type: valid values are:

0 INTEGER
1 REAL
2 VDC

nn FCS INTEGER PRECISION: has 1 parameter:

PL: (integer) FCS integer precision: 3, 16, 2^^
,
or 32 are the only valid

values.

nn FCS REAL PRECISION: has 3 parameters:

PL: (enumerated) form of representation for real values: valid values
are:

0 floating point form
1 fixed point form

P2: ( integer

)

field width for exponent or whole part ( including 1 bit
for sign)

?3: ( integer) field width for fraction or f rac T. Lona L part

Laga 1 comblnat: ions of values a re:

?1 ?2 P3 Rasul

t

0 9 23 32 -b i

t

f loat Ing point
0 12 52 69 -b i t f loa ting point
1 16 16 32 -b i c fix^d point
1 32 32 69 -b i t fixed point
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FCS EXTENT: has 2 parameters:

PI: (fcspoint) first corner
P2: (fcspoint) second corner

If PCS TYPE Is real, default FCS EXTENT is (0.0, 0.0),

(0. 9999. . . ,0. 9999. . . ).

If FCS TYPE Is INTEGER, default FCS TYPE Is (0,0), (32767, 32767).

CAP HEIGTH: Parameterization to be determined.

Additional work required

Page 26

Subclause 7. 5: Add che fallowing notes ( on Table 6):

nn BEGIN COMPOUND LINE; has no parameters,

nn END COMPOUND LINE: has no parameters,

nn BEGIN COMPOUND TEXT PATH: has no parameters,

nn END COMPOUND TEXT PATH: has no parameters,

nn BEGIN CLIP REGION: has no
'
parameters,

nn END CLIP REGION: has no parameters,

nn BEGIN SHIELD REGION; has no parameters,

nn END SHILD REGION; has no parameters,

nn SHIELDING INDICATOR: hs I parameter;

PI: (enumerated) shielding indicator: valid values are:

0 OFF
1 ON

Page 2d

Subclause 7. 6: Add the following notes ( on Table 7 );

an CONIC ARC: has 3 parameters:

?L (point) start point
?2 (point) end p o int
P3 ( real

)

f irst parara

( real

)

second param
P5 ( real

)

third param
P6 ( real

)

fourth param
P7 ( real

)

fifth param
P8 ( real

)

sixth param
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nn

an

nn

CONIC ARC TRANSFORMATION:

PI: (VDC) Rll
P2: ( VDC) R12
P3: (VDC) R21
P^: (VDC) R22

has 4 parameters:

PARAMETRIC SPLINE CURVE; has 6 parameters:

PI

P2
P3
?k

P5
P6

(integer) curve type
(Integer) H degree of
(Integer) N number of
(?????????? )

(?????????? )

(?????????? )

cont Inuity
segments

RATIONAL B-SPLINE CURVE; has 10 parameters;

PI: (Integer) upper Index of sums
P2: (Integer) M degree of the basts function
P3: (enumerated) curve open flag: valid values are:

0 OPEN
1 CLOSED

P^: (enumerated) equation type flag: valid values are

0 RATIONAL
1 POLYNOMIAL

P5; (enumerated) periodic flag: valid values are:

0 NON PERIODIC
1 PERIODIC

P6:

P7:

P8:

P9: (real) start parain

PIO; (real) end parara

nn COMPRESSED PEL ARRAY; has 3 parameters:

PI: (enumerated) T encoding: valid values are:

0

1 T6

?2: (enumerated) ? pel path:

0 0 DEGREES
1 90 DEGREES
2 130 DEGREES
3 270 DEGREES

valid values are;
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?3: (enumerated) L line progression: valid values are:

0 90 DEGREES
1 270 DEGREES

?4: (real) S pel spacing
?5: (real) spacing ratio
?6: (integer) N number of pels per line
?7: (integer) NL number of lines
?8: (xxxxxxx) pel array

nn PEL ARRAY CLIP RECTANGLE: has 6 parameters:

PI: ( integer) XI

P2 : (integer) Y1

?3 : (integer) X2

?^: (integer) Y2

?5: (point) first corner
P6: (point) second corner

?ags J2

Subclause 7. 7: Add the foliating notes C on Table 3):

nn LINE TYPE DEFINITION: has 5 parameters:

PI: (integer) line type
P2: (enumerated) dash unit selector: valid values are:

0 7DC
1 MM
2 NATIVE DEVICE UNITS
3 ABSTRACT

P3: (real) dash repeat length
P<^: (enumerated) adaptive flag: valid values are:

0 NO
1 YES

?5: (integer) list of dash elements

nn HATCH STYLE DEFINITION: has 7 parameters:

?1: (integer) hatch index
?2: (enumerated) style indicator: valid values are:

0 PARALLEL
1 CROSS HATCH

?3; (enumerated) ha ten space units selector: valid values

0 7 DC

^1 MM
2 NATIVE DEVICE UNITS
3 ABSTRACT
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P4; (real) DX vector
P5: (real) DY vector
P6: (real) duty cycle length
P7: (integer) list of hatch elements

nn LINE CAP: has 1 parameter:

PI: (enumerated) line cap indicator:

0 BUTT
1 ROUND
2 PROJECTING SQUARE

nn LINE JOIN: has 1 parameter:

PI: (enumerated) line join indicator:

0 MITER
1 ROUND
2 BEVEL

nn

nn

nn

nn

EDGE CAP: has 1 parameter:

PI: (enumerated) edge cap indicator:

0 MITER
1 ROUND
2 BEVEL

EDGE JOIN: has 1 parameter:

PL: (enumerated) edge join indicator:

0 MITER
1 ROUND
2 BEVEL

MITER LIMIT: has 1 parameter:

PI; (real) miter limit

EXTERNAL SYMBOL: has 1 parameter:

valid values are:

valid values are;

valid values are:

valid values are:

PI: (??????????)
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Page 11

Subclause S.4.1: Add the following words co the deleted wards list:

CURVE
MATRIX

Page 11

Subclause 5.^.3: Add the following words to the unabbreviated words

list:

CAP
CONIC
EXTERNAL
JOIN
LIMIT
MITER
PEL
REGION
SHIELD
SPLINE
SYMBOL

Page 12

Subclause 5. 4. 4; Add the following abbreviations:

COMPRESSED
COMPOUND
DEFINITION
KERNING
RATIONAL
TRANSFORMATION

Page 13

Subclause 5. 4, 5: Add the

Metafile Name

BEGIN COMPOUND LINE
END COMPOUND LINE
BEGIN COMPOUND TEXT PATH
END COMPOUND TEXT PATH
BEGIN CLIP REGION
END CLIP REGION
BEGIN SHIELD REGION
END SHIELD REGION
SHIELDING INDICATOR
rONTMETRIC DEFINITION
CHARACTER KERNING MODE
CHARACTER KERNING TABLE
FCS TYPE
fCS INTEGER PRECISION
FCS REAL PRECISION
FCS EXTENT

CMPRSD
CMPD
DEF
KERN
RATNL
TRAN

following derived element names:

Element Name Notes

BEGCMPDLINE
ENDCMPDLINE
BEGCMPDTEXTPATH
ENDCMPDTEXTPATH
BEGCLIPREGION
ENDCLIPREGION
3EGSHIELDREGION
ENDSHIELDREGION
SHIELD
FONTMETRICDEF
CHARKERNMODE
CHARKERNTABLE
FCSTYPE
FCSINTEGERPREC
FCSREALPREC
FCS EXT
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CAP HEIGHT T3D

LINE TYPE DEFINITION
HATCH STYLE DEFINITION
LINE CAP
LINE JOIN
EDGE Cap
EDGE JOIN
MITER LIMIT
EXTERNAL SYMBOL

LINETYPEDEF
HATCHSTYLEDEF
LINECAP
LINEJOIN
EDOECAP
EDGEJOIN
MITERLIMIT
EXTERNALSYMBOL

CONIC ARC CONICARC
CONIC ARC TRANSFORMATION MATRIX CONICARCTRAN
PARAMETRIC SPLINE CURVE
RATIONAL B-SPLINE CURVE

PARAMETRICSPLINE
RATNL3SPLINE

COMPRESSED PEL ARRAY
PEL ARRAY CLIP RECTANGLE

CMPRSDPELARRAY
PELARRAICLIPRECT

?3ge 15

Subcisuse 6.2: .Add the following Hetefile Descripcer eletrent
encodings:

FONTMETRIC DEFINITION : : - FONTMETRICDEF
< I : FONTINDEX> ( positive}

(format to be determined}

<TERM>

CHARACTER KERNING MODE CHARXERNMODE
<3CFTSE?>
<NCNE1 PAIR! 3ECTCRED>

<TERM>

CHARACTER KERNING TABLE CHARKERNTA3LE

(format to be determine^}

<TERM>

FCS TYPE : : » FC3TYPE
< 3CFT3E?

>

< integer: REAL : 7DC>
<TERM>

FC3 INTEGER PRECI3ICN FC3INTECERPREC
<SCFT3E?>
<1; MININT>
< 3 E? ^

< 1: MAX I NT

>

<TERM>

FC3 REAL PRECI3ION : : » FC3REALPREC
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<S0FTSEP>
<F: MINREAL>
<SEP>
<F: MAXR£AL>
<SEP>
<1: DIGITS>

<TERM>

FCS EXTENT :
: « FCSEXT

<S0FTSEP>
<P: FIRSTCORNER>
<SEP>
<P: SEC0NDC0RNER>

<TERM>

CAP HEIGHT TBD<TERM>

Page 13

Subclause 6. 5: Add Che

BEGIN COMPOUND LINE

END COMPOUND LINE

BEGIN COMPOUND TEXT PATH

END COMPOUND TEXT PATH

BEGIN CLIP REGION

END CLIP REGION

BEGIN SHIELD REGION

END SHIELD REGION

SHIELDING INDICATOR

following Control element encodings:

: : - BEGCMPDLINE<TERM>

ENDCMPDLINE<TERM>

: : - BEGCMPDTEXTPATH<TERM>

: : - ENDCMPDTEXTPATH<TERM>

: : * BEGCLIPREGION<TERM>

: : - ENDCLIPREGION<TERM>

BEGSHIELDREGION<TERM>

ENDSHIELDREGION<TERM>

SHIELD
<SOFTSEP>
<0FF10N>

Page 19

Subclause 6.6: Add Che following Graphical Primitive element
encodings:

CONIC ARC : : * CONICARC
<S0FTSE?>
<?; START?OrMT>
<SEP>

ENDPOINT)
<SEP>
<F: FIRSTPARAM)
<SEP>
<F: SECONDPARAM)
<SEP>
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CONIC ARC TRANSFORMATION MATRIX

PARAMETRIC SPLINE CURVE

RATIONAL B-SPLINE CURVE

COMPRESSED PEL ARRAY

<F: THIRDPARAM>
<SEP>
<F: FOURTHPARAM>
<SEP>
<F: FIFTHPARAM>
<SEP>
<F: SIXTHPARAM>

<TERM>

CONICARCTRAN
<SOFTSEP>
<7DC: Rli>
<SEP>
<7DC.-R12>

<SEP>
<7DC; R21>
<SEP>
<VDC; R22>
<SEP>
<P:COORDOFFSET>

<TERM>

PARAMETRICSPLINE
<SOFTSEP>
<1: CURVETYPE>
<SEP>
< I : CONTINUITYD EGREE >

<SEP>
<1: NUMSEGMENTS>
<SEP>

{?????????? )

<TERM>

RATNL3SPLINE
<SOFTSEP>
<1: UPPERINDEXOFSUM>
<3EP>
<OPEN!CLOSED>
<3SP>
< rational: POLYNOMIAL

>

<3EP>
<NONPERIODIC 1 PERIODIC
<3EP>

(???????????? 1

<SE?>
<F: START?ARAM>
< 3E?>
< r ; £NDPARAM>

<TERM>

CMPRSDPELARRAY
<30FTSEP>
<T^ ! T6>
<SEP>

< 0 ! 90 ! 180 ! 270 >
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<SEP>
<90! 270>
<SEP>
<F: PELSPACING>
<SEP>
<F: SPACINGRATIO>
<SEP>
<1: PELSPERLINE>
<SEP>
<1: NUMBEROFLINES>
<SEP>

\ {?????????????)

<TERM>

PEL ARRAY CLIP RECTANGLE PELARRAYCL IPRECT
<S0FTSEP>
<I:X1>
<SEP>
<1: Yl>
<SEP>
<I:X2>
<SEP>
<1: Y2>
<SEP>
<P: FIRSTCORNER>
<SEP>
<P: SEC0NTDC0RNER>

<TERM>

Page 24

Subclause 6. 7: Add the SoLlouing Attribute element encodings

LINE TYPE DEFINITION LINETYPEDEF
<S0FTSHP>
<1: LINETYPE>
<SEP>
<7DC:MM! NDU: abst>
<SE?>
<F: DASHREPEATL£N>
<SEP>
< NO I YES

>

< SEP>

f???????? I

<TERM>

HATCH STYLE DEFINITION HATCHSTYLED EF

<SOFTSE?>
<1: HATCH IND EX

>

<SEP>
< parallel: CROSSHATCH

>

<SEP>
<7DC1MM!NDU: ABST>
<SEP>
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X3H3/88-77

A Reference Model

to Aid in Understanding

the Role of Multiple Metafile Types

U.S. Position

17 May 1988

I. Motivation

Considering the current set of graphics standards completed and in

progress, and the current set of proposals for Addenda to IS 8632,

there appears to be a pressing need for a useful reference model with

which to understand the different varieties of metafile and how and where

they fit into graphics systems.

' The relative newness of the Addendum process within SC24 has led us to a

situation where there is much confusion and lack of clarity with respect

to the scope and goals of the CGM Addenda.

We hope that this contribution will prove to be a useful reference model

for re-evaluating the Addenda in progress, for aligning their functionality

with the appropriate standards, and as an input for the Reference Models

group for future work.

II. Model and Definitions

A. Types of Metafiles. We believe it is useful to distinguish between

two fundamentally different types of metafile (see Diagram 1):

Interface or Session Capture - this type of metafile is intimately

bound to the semantics of a particular interface, as defined in a semantic

standard. This kind of metafile is frequently referred to as an audit trail.

For example, the GKSM is a session capture metafile which captures the

information flowing across the workstation Interface defined by GKS.

Static State Capture - this type of metafile Is, in effect, a "snapshot".

For example, the PHIGS archive file is a snapshot of the state of zero or

more PHIGS structures; the CGM is a snapshot of a picture definition.

The state capture variety of metafile need not be as tightly bound to the

semantics of the generator of the metafile as the interface capture
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variety, although it may be. For example, the CGM defines "pictures" which

can be viewed as "things unto themselves", comprising sufficient

information that they may be generated or interpreted by a variety of

different graphics systems not limited to those based on API's defined by

SC24 graphics standards. Conversely, the PHIGS archive file contains

information tightly bound to the semantics of the PHIGS standard, and

would not be expected to be used by olients other than PHIGS
implementations.

B. Reference Model. Diagram 2 illustrates the overall metafile

reference model, showing ail possible locations of both types of metafiles

(session capture and state capture) within the context of the current

layered or pipeline model used in this generation of SC24 standards. Not

all of these metafiles need be defined as standards. Also, not all graphics

levels (boxes), interfaces (connectors), or metafiles need be explioitly

present in an implementation, whioh can be viewed as a degenerate case

of the overall reference model. Any or all of the interfaces, metafiles, or

processing environments may be replaced by equivalent facilities based on

proprietary definitions or de facto standards, without invalidating the

overall reference model.

Each of these metafiles has a distinct set of semantics, and a distinct

purpose and use. We believe that the graphics standards community, and

the graphics industry, are best served by cleanly defined standards which

serve exactly one of these purposes as represented by a single point in the

mccel.

Diagram 3 illustrates how this basic reference model could be applied to a

layered standards-based graphics system. Note, however, that it is only

one possible arrangement.

C. Harmonization of Multiple Metafile Standards. We believe that

seoarate metafile standards can be harmonized through use of common
encooing technicues, deliberately choosing to encode identically those

elements wnich are semantically identical in these standards.

A useful analogy can be drawn to language bindings. For any semantic

standard, language bindings can be generated for several languages. For

any language, bindings can be made to several semantic standards.

Although this could conceivably have led to a wild proliferation of binding

techniques and inconsistent choices, the chaos has been managed quite

well by means of a central "generic issues" log which is applied to all

language bindings, and by a commitment to harmonize closely related

bindings through conscious application of consistent binding techniques,
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Metafile Reference Model

Session Capture Metafiles

(''Audit Trail")

API-level
Session
Capture

Workstation
Session
Capture

Static State Capture Metafiles

("Snapshot")

user interface

Application State

Capture, or data

base capture

Application Programming Interface

API-level
functionality

WS-Independent
Object Capture

Workstation Interface

DI/DD
Session
Capture

Device
Session
Capture

API

Workstation
Workstation
State Capture

DI/DD Interface

Virtual Device Picture Capture

Physical Device Interface

Device-Dependent
S Image Capture

Diagram 2
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An Instance of a Layered Architecture

Based on the Reference Model
(Diagram 3)

user interface

CAD/CAM
application

PDES, IGES

(Application
Capture)

PHIGS API

PHIGS MO
Audit Tral

(Session
Capture)

CGI
Data Stream

PHIGS
Implementation

PHIGS
^^^^^Archive File

(Object Capture

Workstation Interface

PHIGS

Workstation

DI/DD Interface

Virtual Device

CGM
0 r i g i n a 1

^S 8632)
(Picture Capture)

Physical Device Interface

.^TIFF file

(Image capture)

NOTE: there is no implication that PHIGS need be built

on top of CGI, nor that CGM be generated through CGI.

This is only one possible arrangement, for illustration only.



naming and abbreviation conventions, and deliberate reuse of components.

Towards this end, we encourage the WG3 Metafile Rapporteur Group to

produce documents which describe the encoding techniques developed so

far, and which provide guidance in how to apply these encoding techniques

to generate compatible encodings for additional metafile standards.

D. The question of multiple usage. It is not always the case that

Information from a metafile re-enters the same system from whence it

came, nor Is it necessarily the case that it re-enters the system at the

same point where it was generated.

It should be recognized, however, that when either of these situations

occurs, additional software processing will be needed to map the

semantics Inherent in the metafile type onto the semantics available for

the type of metafile which can be processed by the interpreter. This

mapping might be in the form of a filter which turns one form of state

capture metafile into another (e.g., taking a PHIGS archive file and

creating CGM files for picture output), or an emulator which can take a

session capture metafile and "play it out" over a different interface (e.g.,

taking a GKSM and feeding it into a PHIGS workstation). This additional

processing may also happen within a processing environment; for example,

a PHIGS implementation might support importing CGM picture capture

metafiles, and provide the necessary Interpretation to insert

corresponding PHIGS elements Into the PHIGS structure store (as

described in Annex H of the PHIGS standard). More than one such mapping

can occur for any given pair of metafile and consumer of the metafile.
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X3H3/88-79

U.S. Position on
Structuring and Progression

of CGM Addends

I. Introduction

The U-S. has submitted a paper entitled "A Reference Model to Aid in Understanding the Role of Multi-

ple Metafile Types", document X3H3/88-77. These comments are made in the context of that model.

The addendum process was chosen as the fastest available method for producing a standardized GKSM
based on the CGM. However, a consideration of the three addenda in process reveals that the lack of a

NWl ballot to agree upon scope and goals has created more problems than it has solved.

The VS. believes it is inappropriate to use the addendum process to alter the CGM standard in ways

that change the metafile type (static state capture) or its location in the graphics pipeline. The adden-

dum process should be reserved for those 'additions which enhance the functionality in ways consistent

with the original scope, goals, and architecture of the standard. The U.S. believes that the addendum
process should not be used ais a general means of building quite difi'erent graphics standards under the

guise of a modification to an existing standard.

n. Consideration of Addendum 1

The Metafile Reference Model helps clarify the relationship of addendum 1 to ISO 8632. There are at

least two goals in addendum 1 (there may be more):

1. provide a GKSM (workstation session capture metafile) to replace annex E of GKS;

2. provide more advanced static picture capture capabilities (the additional functionality taken from
CGI, with some restrictions);

The Metafile Reference Model shows the first to be a distinct type of metafile from ISO 8632, whereas
the second is really a proper extension of ISO 8632. Accordingly, it is inappropriate to treat the first as

an addendum to ISO 8832; rather it would best be progressed by one of the other methods mentioned in

X3H3/88-78.

The US acknowledges the advanced state of addendum 1 and the desirability of not incurring further
delay in progressing tne GKSM content of addendum 1. However if it were concluded that the work
could be restructured in a way that is consistent with the Metafile Reference Model, without incurring
further delay in standardizing the GKSM content of addendum 1, the US would support such a change.
We believe it is within the authority of SC24, for example, to convert the work in progress from an
addendum to CGM to an addendum for a normative annex to GKS, without causing a setback to the
desired schedule.
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in. Consideration of Addendum 2

Please see document X3H3/88-78, "U.S. Comments on SC24 N23: Working Draft for ISO 8632 3D
Addendum (CGM Addendum 2)”.

IV. Consideration of Proposed Addendum 3

The proposed addendum 3 is intended to be a metafile that is of type static picture capture (like CGM)
with extended functional capabilities defined for use by both both standard and non-standard client sys-

tems. Thus, this work would correctly be undertaken and progressed as an addendum to ISO 8632. The
US supports progressing this work as an addendum to CGM (ISO 8632).

V. Conclusion

The U.S. believes it to be desirable to restructure the work in progress, such that only that functionality

which is consistent with the original scope, goals, and architecture of IS 8632 be progressed as addenda
to that standard. Work which results in a different type of metafile should be progressed as a separate

standard, or as a normative annex to the functional standard to which the metafile relates (e.g. GKS,
GKS-3D, PHIGS).

However, much benefit can be realized by utilizing the encoding techniques, and as far as possible the

exact element encodings, already standardized in IS 8632 parts 2 through 4. This will serve to harmon-
ize the different metafiles, without requiring them all to be formulated as addenda to IS 8632.
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X3H3/88-78

U.S Commeats on SC24 N23:

Working Draft for ISO 8632 3D Addendum
(CGM Addendum 2)

L Introduction

The US has two fundamental concerns with SC24 N23, the proposed 3D addendum to

CGM:

1. the scope and goals of the addendum are unclear, and apparently contrary to

decisions taken at the May 1987 SC21/WG2 meeting;

2. the addendum process may not be the appropriate method for realizing the metafile

requirements of constituencies identified for addendum 2 (as well as addendum 1).

As part of its review of both addendum 2 and addendum 1, the US has derived a

reference model for metafiles (see document X3H3/88-77). We believe that this model

clearly illustrates the problems with CGM addendum 2 (as well as the other proposed

addenda). We have included a description of that model with these comments, and we
comment on addendum 2 in the context of the model

IL Addendum 2 Comments: Issues of Scope and Purpose

The attached Metafile Reference Model (MRM) shows that there are two fundamental

types of metafiles (session capture and static state capture) and many places in a typical

graphics architecture that a metafile may be captured; therefore, there are many useful

metafiles. In the MRM, the CGM (ISO 8632) is a static state capture metafile at the

virtual device level - it is a picture capture metafile.

In Valbonne, it was decided that the scope of the CGM addendum 2 is to provide a

replacement for the (non-normative) annex E of GKS-3D. The exact scope and purpose

of addendum 2, as presented in N23, are unclear. We identify at least 3 metafiles in the

MRM that addendum 2 purports to support

1. GKSM-3D

2. PHIGS Archive File

3. PHIGS Metafile for Workstation MO

The laaer two metafiles have not been previously identified as part of the scope of

addendum 2, nor have the requirements for them been carefully studied by the metafile

working group. Furthermore work on the PHIGS archive is already in progress within

ISO and has now reached the DIS stage.
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The US believes that addendum 2 should be analyzed, restructured and redefined in the

context of the MRM. A set of target metafiles should be identified and the scope of

each metafile clearly defined Work overlapping other active ISO projects should be

discontinued or consolidated with the other work.

UL Addendum 2 Comments: Issues of Organization of Work

The US believes that it is inappropriate to use an addendum to CGM to progress

standardization of 3D metafiles, since none of the three types of files (listed above)

which could be specified by this addendum is at the same level (Virtual Device) and of

the same type (static picture capture) as the CGM (ISO S632). To standardize metaHles

that are not properly extensions of ISO 8632 we recommend one of three methods:

1. as a part of or addendum to another standard, which they are designed to serve;

2. as a distinct independent standard;

3o as a new part of an existing metafile standard.

ISO metafile experts should play a major role under any of the options, and already

developed element sets and encoding techniques should be reused to the maximum extent

possible.
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Delegation Report
WG3 Metafile Rapporteur Group at the Tucson

Meeting of ISO/IEC JTC1/TC97/SC24, June 1988

Lofinn ffcnder$on. Head of Sub-deiegation

1.

Overview

la early 1988 CGM Addendum 1 w?a circulated for PDAD ballot, and CGM Addendum 2 Working Draft

was circulated for comment, hi April SC24 had a Special Working Group (SWG) meeting which recom-

mended revision and improvement of the way of progressing graphics standards, and urged reference

model and user requirements work precede new projects.

The Tucson meeting was an editing meeting for the Metafile Rapporteur Group of WG3. The main
t^ks were to advance the status of CGM Addendum I and Addendum 2. For Addendum I, the results

of the PDAD ballot were pre-processed at Blakeney, England in April and the goal of this meeting was
to complete that processing and prepare the DAD text. For Addendum 2, the goal was to process the

comments on the Working Draft and prepare PDAD text.

At the Fairfax meeting of X3H3, a Metafile Reference Model was derived and submitted as input to the

Tucson meeting. The impetus for this work came from both the recommendations of the SWG and
internal dissatisfaction within X3H3 over the way the addendum process was being used for CGM.

UJ. positions were generated recommending splitting Addendum 1 into a static picture capture portion

and a GK3 audit* trail portion. The first would continue as an addendum to ISO 3632 CGM, and the

second as a normative annex to GKS. For Addendum 2 it was proposed that 3D metafiles not be pro-

gressed as addenda to ISO 3632 but as parts or annexes of their respective 3D standards.

There 'Was substantial agreement with these positions at Tucson. A number of other national bodies

had simultaneously arrived at similar positions. Consequently, the CGM addenda are being split, res-

tructured, and progressed substantially along the lines recommended in the U.3. position papers

(X3H3/88.77, 78, 79).

2.

Meeting Schedule

— 28 June, Metafile Rapporteur Group convenes.

— 1 July, Metafile Rapporteur Group adjoumes.

— 2 July, liaison meeting with SC18 (no R.G. activity).

— 3-6 July, drafting and document markup.*

— 0 July, liaisoa meeting with CGI.

— 7 July, WG3 plenary.

— 3-9 July, SC24 plenary.

* .Also took place during R.G. meeting, and during plenaries.

3.

Attendance

Attendance included:

— US: Lofton Henderson, -Andrea Frankei, Barbara Lurvey, Peter Bono;
— UK; Anne Mumford (Addendum 1 document editor), -Alan Francis;
— France: Bernard Troucherie;

— Germany: Eckhard Moeller (rapporteur), Peter Egloff;

— -Austria: Emaneul Wenger;
— Denmark: Kurt Alstrup;
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— Japan: Ichiron Nbhioka

4. Adminiatrative Notea

Eckhard Moeller, the rapporteur of the Metafile Rapporteur Group within WG3, will not be continuing

due to a change of job responsibility. He wiU continue through the next R.G. meeting, which will be an

editing meeting to process the results of the next ballots on Addendum I and Addendum 2, in June-July

1989.

The CGM Maintenance Rapporteur Group had been allowed to lapse, due to an oversight. There is a

growing list of corrections to be made to CGM. Alan Francis was reappointed as rapporteur for the

Metafile Maintenance Rapporteur. At one time there was a Metafile Maintenance R.G., but it lapsed.

At that time Andrea Fra^el and Lofton Henderson were the RcG. members for the U.S. It is not clear

what if anything need be done to reestablish membership in the group.

5. Technical Action List for the Meeting

The following comprised the major technical activities of the meeting.

1. Discuss US Metafile Reference Model (MHM), similar UK positions, and other national positions;

split and restructure both CGM addenda accordingly, into two CGM addenda and annexes to

GKS(3D).

2. Addendum 1 technical issues resolution from PDAD ballot and disposition of comments.

3. Drafting and document markup to effect the splitting of Addendum I and Addendum 2 (both. still in

progress).

4. Liaison with GKS R.G. on GKS requirements for metafiles, as well as on progressing of GKSM con-

tent of Addendum 1 as a normative annex of GKS.

3. Liaison with VTR on conformance topics of extended CGM and GKSM, as well as registration

topics.

9. Resolutions, including position on **addendum 3**, etc.

7. CGI liaison on areas of overlapping functionality.

3. Liaison with SClS (not an R.G. activity per se).

9. Schedule and Future Work

These list items are dealt with in the following sub-sections.

5.1 Reference Model* end Structure of Work

5.1.1 The Alter introductory remarks, introduction of delegates, discussion and adjustment of

the agenda, the U.S. presented Metafile Reference Model (MRM) which was developed at Fairfax

(X3H3/88-77). The MEM recognized that there are, in a typical graphics architecture, very many
different types of metafile that could be defined and standardized. These be divided roughly into two
classes: static (state capture) and dynamic (session or interface captiire). Within each class there can be

metafiles defined at many different levels.

.According to this model, the CGM (ISO 8832) is designated as a static picture capture metafile at

roughly the Virtual Device level. The two ISO addenda throw many features into CGM which confuse

both its static/dynamic nature and the level at which it exists in the graphics architecture. The U.S.

model and associated positions recommend clearly identifying the goal metafiles (based on user require-

ments), splitting the work in progress, and progressing the work as addenda to CGM (for static picture

metafiles) or additions to other standards (for dynamic metafiles, e.g., GKSM, ..).

5.1.2 Nattonai Reaponaea to the MRM The R.G. discussed at length the model and its implications on
what metafiles to standardize and how to progress the work. The R.G. was unanimous in endorsing the
model and the principle of splitting and restructuring the work. The U.K. had been dissatisfied with the
CGM addenda on philosophical grounds, and was particularly supportive of the principles of the model
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and the idea of restructuring.

5.1.3 Splitting the ^Vork — Conceptual There was no objection to continuing to progress the static por-

tion of Addendiim 1 as a CGM addendum, to form a ''static structured picture capture” metahle.

Most of the problems and discussion were related to what to do about the GK5M content of Addendum
1. From a practical standpoint, two categories of concerns were raised:

1. the restructuring should not slow down the GKS\1 (France);

2. is a standard GKSM (similar to annex E of GKS) needed at all; is there a more useful dynamic
metafile (UiC, Germany, Austria).

The U.5. proposed making the GKSM a normatire annex to GKS, to replace the current annex E. To
avoid delay, we recommended doing this under the authority of the Egham resolutions, as a simple

conversion of that mandated work from a CGM addendum to a GKS addendum. We further recom-

mended that a New Work Item (NWI) was not required, and that the work should be progressed at the

same pace as Addendum 1 and be done by the metafile experts in the Metafile R.G.

Although there was general agreement that GKSM belonged in GKS, there was significant debate on

where and how. There was significant disagreement from the UiC. on the proposition that the GKSM
could simply be attached to GKS — within the UiC. delegation (though not necessarily the R.G.

members) there was the belief that SC24 would not allow the GKS annex without a NWI.

Further confusion arose concerning due to the uncertain scope and timetable of GKS revision. Would it

be a fast minimAl maintenance efibrt to hx problems in GKS S5? Or would it be a more general revision

to produce the new API. GKS 9x? Should GKSM be an ammendment to GKS 35 or should it track

what was happening in maintenance and revision to the .API? The Metafile R.G. consensus was that

the fastest possible GKSM addition to GKS 85 was the only realistic way that process could be made.

The biggest issue, however, was not how to progress GKSM but whether a standard GKSM audit

metafile was needed at all. The UiC. and Austria, and to some extent Germany, maintained that a

standard GKSM was not needed. Germany proposed, and there was agreement from some of the other

delegates, that a "dynamic picture capture" metafile was much more useful than the pure GKSM audit

trail. The dynamic picture metafile would allow multiple pictures, as opposed to the single picture of

GKSM. .All GKS control fimctions that explicitly commanded clearing or regeneration (CLEAR,
LTDATE, REDR.AW .ALL SEGMENTS, ..) would be mapped to new pictures and would not be written

to the metafile. Those functions with potentially dynamic effects (representation functions, workstation

transformation, segment attributes and manipulation, ..) would be written to the metafile.

There was further discussion and yet more options on this topic were introduced during the WGl GKS
R.G. liaison meeting — see below.

The resolution (by meeting's end) was that we would progress the static structured metafile and she

Egham-mandated GKSM audit trail. Dynamic picture metafiles could be undertaken later after the

requirement is studied and demonstrated. (The extensibility is built into the ammended CGM to make it

relatively easy).

5.1.4 Particular Technical laeues Arising from the Split Splitting the addenda reopened some issues.

The split of the static and dynamic portions of Addendum I and the progression of the GKSM audit

metafile as a part of GKS led to some technical issues and resolutions.

1. Issue: What should be done with Color Table and Pattern Table, which are potentially dynamic
and are allowed in the picture body in CGM?

Resolution: It was acknowledged that CGM IS 8632 was itself somewhat "impure” in regard to

being static. Color Table and Pattern Table are allowed in the picture body. (The standard says

that the effect of changing an index with primitive bound to it is not standardized.) CGM .Add.l

will still allow the elements in the picture body, but will also allow them in the Picture Descriptor.
Use in the picture body will be discouraged.

2. Issue: Should there be segments the static picture metafile at all? If the static picture metafile is

at the level of the virtual device, and if it is static, then the MRM might imply that segments
should not be in the metafile. ^ „
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Resolution: Segments can be considered as a shorthand, for data compression, at this level of the

MRM. Furthermore, they even exist in GKS at this level (the device level), as WDSS. Segments are

useful and are not inconsistent with the MRM. However they must be static segments ^ the gram-

mar of static metafiles will not allow segment control functions such as DELETE, and wiU not

allow segment attribute fimctions to be used in a way that would imply picture dynamics. In static

metafiles segment attributes are only allowed within segments, at the beginning, before any primi-

tives. The CGI segment control functions that are eliminated from CGM Add.l are DELETE SEG-
\fENT, DELETE ALL SEGMENTS, RENA2VIE SEGMENT, REOPEN SEGMENT, REDRAW SEG-
MENT, REDRAW all SEGMENTS.

A peripheral issue is whether only global segments should be allowed. There were arguments that

this was the only consistent way (according to the MRM) to allow segments in the static picture

metafile. It was decided is that local segments caused no problem, as long as dynamic efiects were

proscribed by the grammar as described above.

3. Issue: Many elements in Addendum 1 were taken from functions of CGI — segment control and

attribute, bundle representation, workstation transformation, primitive attributes, etc. Is it

appropriate that GKSM still be expressed in terms of these elements and the existing elements of

CGM if GKSM is to be a GKS annex?

Resolution: if the elements were still to be a part of static CGM, such as separate TEXT FONT
INDEDC and TEXT PRECISION elements, then they would be used in GKSM; if the elements would

no longer exist in static CGM — the PREPARE VIEW SLJRFACE, MAKE PICTURE CURRENT, ..

from which the GKSM CLEAR, REDRAW SEGMENTS, .. had been built — then they would be

eliminated also from GKSM and the GKS functions CLEAR, UPDATE, REDRAW, .. would be

encoded as GKSM elements.

The basic principle is to maintain as much overlap as possible in metafile specifications, and only

invent and add ne.w elements where such were needed. Such are needed in cases where semantics

differ significantly, or an awkward mapping is required to define a function.

Based on the principles enumerated above, some of the issues about whether GKSM needs different

elements and encodings for some specific functions are still being sorted out.

4. Issue: What do category and element set mean and what values should be standardized?

Resolution: Better definition of METAFILE CATEGORY and MET.APILE ELEMENT SET short-

hands was begun at Blakeney and continued in Tucson subsequent to the restructuring of the

addenda. Category now refers purely to grammar of the metafile, although a maximum element set

is implied in some cases. The following categories are currently defined (these are probably not the

final names):

• basic^static — the current CGM;
• structured.^tatic — the grammar of the structured static CGM;
• gksm^audit — the dynamic GKSM audit trail metafile;

• 3d equivalents of the last two (more about 3d later).

The following element set shorthands will be defined:

• drawing and drawing^ius^control — the shorthands of the current CGM.
• 3tructured«static«all — ail elements in the structured static CGM.
• gksnutaderail — those elements that would exist in a GKSM static picture capture; special

geometric primitives like circles and arcs are not included (see next);

• extended«primitives^et — ail those primitives in CGM plus Addendum 1 which are beyond the

basic primitive set of GKS.
• gksnL-audit«all — those elements (less the extended primitives) that would be used in a GKS^I

audit trail metafile.

• 3d equivalents of all of the above.

The intention in splitting the special primitives out from the GKS element sets was to give imple-

mentations a convenient way to express both the case where GKS GDP maps to metafile GDP and
the case where it maps to the CGM extended primitives.
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5. Issue: what should happen to CGI pick related functions in the static metadle?

Resolution: pick id and segment pick priority stay in; they are considered to be primitive attributes

and segment attributes that record useful information in a snapshot. Segment detectability is eiim*

inated.

8. Issue: Should Pbcel Array and Drawing Mode remain in?

Resolution: There were arguments that this was below the static picture level in the MR\1. There

was further concern over its (injstability in CGI (it has been made a raster function^ not treated in

the pipeline as are geometric primitives). Counter arguments were that a metafile a one level could

consistently incorporate fimctionality from a lower level (comparison to OSI was used to support

this position). And the CGM grammar could take care of excluding it from segments and otherwise

being treated as a geometric primitive. Pixel Array was retained in Addendum 1. Drawing Mode
was similarly retained, but without the new values added by CGI at this meeting.

5.2 Addendum 1 PDAD Technical Issues Resolution

One of the output documents of the Tucson meeting (not yet received) will be a disposition of comments

on the Addendum 1 PDAD ballot.

Much of the technical issue resolution done at Blakeney became moot after the splitting of CGM Add.l

and GKS Add.I. For example, many of the CGI control functions were removed, so issues related to

those disappeared. Significant Blakeney resxilts that remained intact include:

1. The METAFILE CATEGORY and METAFILE ELE^IENT SET elements are made orthogonal as

much as possible ~ category refers on to grammar (but may imply a maximum element set).

2. MODIFY FONT LIST and MODIFY CHARACTER SET LIST elements are removed.

3. The grammar for Addendum 1 will show a necessary order for some of the Metafile Descriptor ele-

ments (Version, Element Set, Category, Description), as per a U.S. comment.

4. The GKSMO element set has been removed.

In addition, numerous changes were agreed to make the CGM elements match corresponding CGI func-

tions. The description is being modified throughout to be more appropriate for a metafile specification

— much of it was borrowed from functional standards (e.g., CGI) and had not been adapted to CGM.

5.3 Drafting to Split the Addenda

.A significant amount of drafting for the CGM Add.l was accomplished at Tucson. Much (most) of the

drafting for GKSM remains to be done. .A number of particular technical problems are being sorted out

according to the principles we derived for how to accomplish the split.

5.4 Liaison with GKS

On the afternoon of 30 June there was a liaison meeting with the GKS maintenance group. CGM was
seeking some guidance as to what types of metafiles were perceived as needed for GKS (refer above, to

the doubts over whether a standard audit trail GKS\1 is needed). CGM also wanted guidance on pro-

cedural issues for attaching a GKSM annex to GKS. McConnell added to the agenda the topics of stan-

dard items types for GKS, and putting the additional primitives of the metafile into the GKS .API.

Considerable time at the meeting was spent reviewing the current status and plans of metafile addenda.
.A new type of metafile of interest to some GKS constituents was proposed — an audit trail of the .API.

Finally, there was consensus on two points:

— The Metafile R.G. should complete work on an audit trail GKSM, to be attached to GKS 35 as a
normative annex (unanimous);

— The GKS Maintenance R.G. and the Metafile R.G. should continue to liaise to determine what
other sorts of metafiles need be standardized for GKS.
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S.S Llaiaoa with VTR

On 1 July there waa a liaison meeting between Metafiles and VTR. Topics included:

— Conformance testing and formal grammars;
— The role of Application Profiles (APs);

— Current status of conformance testing for CGM;
— Registration procedures.

On the first point, it was agreed that conformance testing could be greatly enhanced if the formal gram*

mars of the metafile standards were normative. (The formal grammars of the CGM addenda will be).

It is generally agreed that APs provide the basis for testing generators and interpreters. In CGM Add.l

there will still be no specification of generator and interpreter behavior (although the formal grammar
does give something to test the generator on). There is work going on in ISO on standardizing APs.

This, it was generally agreed, would help conformance testing and would be .a good idea. Pink and

Mumford will look into this further.

There was a report on CGM testing work being done by GMD. A set of test metafiles is being

developed, based on GKS. These are simple metafiles with just a single primitive or two. There is also

work on a syntax analyzer, to check generator output. It is felt that it will be 1/2 to 1 year before the

testing tools are ready (it is unclear what "ready” means here).

The Registration Procedures, TR 9973, are finished. The final draft is being sent to the secretariat this

week. The proposals for additional linetypes and hatch styles, for engineering drawing support, have

been mailed. Skall wants a 90 day ballot on these.

3.3 Liaison with CGI

Barbara Lurvey (WG3 Head of Delegation) met with and worked with the Metafile R.G. for its entire

official 4-day meeting. Her efforts were invaluable in bringing CGI positions and issues into CGM, and
taking CGM concerns back to CGL It was hoped that topics of interest to CGM could be dealt with at

the very beginning of the CGI meeting, with CGM experts present. The very heavy workload of CGI
forced the liaison meeting to the end.

The major concern within CGM was over stability of those CGI functions which had been incorporated

into Addendum I. There was particular concern over Pixel Array and Drawing Mode, and the appear-

ance of the new clipping mode functions. CGM intends to go to DAD ballot with Addendum I, whereas

CGI is going to 2ad DP. This creates a certain awkwardness since CGM is following CGI on the func-

tionality and encoding of the set of functions in question. CGM desired a resolution that would del-

ineate the area of overlap between the two standards and "freeze” that set in both standards (except for

the fixing of serious errors).

CGI endorsed progressing CGM .Add.l to DAD, with inclusions of those CGI functions that still made
sense in a static structured metafile. CGI recommended that Pixel .Array and Drawing Mode be

removed (see the discussion above). It was not until the \VG3 plenary that it was resolved to leave

them in.

The next editing meetings of CGM and CGI will be held in parallel, June 1989. CGM will be processing

the results of the DAD ballots on CGM .Add.l and GKS .Add.l and the PDAD ballots on CGM .Add.2

and GKS Add.2. CGI will be processing the 2nd DP ballot on CGI.

S.7 LlaUon with SCI8

On 2nd July there was a liaison meeting between 3C24 and SC18, lasting from 9:00 to 3:30. .Although

this was SC24 liaison, not junst CGM or WG3 liaison, some of the results are important for the future

work on metafiles within SC24/WG3. Other reports from Tucson will present the results of this meeting
more comprehensively.

Both SCs presented their structure and program of work, highlighting significant work in progress and
work planned. SC24 gave a presentation on SPDL, on the ISO 8613 (ODA/ODIF) Color .Addendum, on
ISO 9541 (Font Architecture). From the standpoint of CGM and extended CGM, the most important
result was the beginning of a dialog on how to incorporate the Font and Color work of SC18 into SC24
standards. Conversely, it appears that some SC24 work (e.g., CGI datastreams, raster, and other areas)

may be of value to SC18 projects in progress. Refer to other Tucson reports for details of the meeting
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and resolutions.

3. About Addendum 3

Tbe Metafile R.G. did not deal with ’’Addendum 3**, CGM extensions for technical drawing, publishing,

and graphic art quality pictures. At Blaiceney the position was taken that the work is important and

should be progressed, possibly by a group comprised of experts from metafiles, CGI, .APIs, etc.

WGl recommended establishment of a number of study groups, some on specific technical topics (pro-

duct data geometry, text, etc) and some on particular new standards efforts — sec the WGl report for

comprehensive discussion. One of the study groups is for "CGM extensions for enhanced static picture

capture" — "addendum 3". Lofton Henderson is the rapporteur. There will be at least two meetings in

the next year, scheduled in conjunction with the technology groups' meetings. The first is tentatively

scheduled for Germany, December, meeting in conjuction with geometric and text groups.

The U.S. should prepare positions on both scope goals and technical content for this initial meeting.

7. Status and Schedules

Both CGM Add.l and GKS\1 (GKS .A.dd.1) will be forwarded for DAD ballot. Both CGM .A.dd.2 and

GKSM-3D (GKS .A.dd.2) will be forwarded for PDAD ballot. The tentative schedules are:

CGM Addendum 1 and GKS .A.ddendum 1:

« Oct 38: DAD ballot commences.
— .A.pr 39: DAD ballot closes.

— Jun 39: Editing meeting.

— .A.ug 39: LS text forwarded to ISO Central Secretariat.

CGM .A.ddendum 2 and GKS .A.ddendum 2:

— Nov 38:

— Feb 39:

— Jun 89:

— .A.ug 39:

— Oct 39:

— .A.pr 90:

— Jun 90:

PDAD ballot commences.

DAD ballot closes.

Editing meeting.

DAD text produced.

DAD ballot commences.

DAD ballot closes.

IS text forwarded to ISO Central Secretariat.
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» w r\r\r i o ISOIEC JTC1/SC24 N133

RESOLUTION 1—Appointment of SC24 Convenors

SC24 approves the appointment of these Working Group Convenors for a three-year

term of office:

WG Number
WG1
WG2
WG3
WG4
WG5

Title

Architecture

Application Programming Interface

Metafile and Device Interface

Language Bindings

Vaiidaticn, Testing, and Registration

RESOLUTION 2—SC24 Structure and Terms of Reference

Convenor
P. Bcno
J. Betteis

D. Am.cid

B. Sheohe.rd

B. Klrscn

SC24 acorcves the working grcuo structure and terms of reference in dccument SC24
N213.

RESOLUTION 3—SC24 Procedures for Preparing NWl Proposals

SC24 instructs its Secretariat to forward SC24 N171 for 3 month letter ballet. Tne
comm.ents will be resolved by the Recuirements RG at the WG1 meeting in March 1 389

WG1 will reper: to the SC24 Chairman whether the comments have been satisfactcrily

resolved and will recommeno to the Chairman whether the dccument (as .'evised)

should be accepted by the Chairman on behalf of SC24 or drculated for another ballet

RESOLUTION 4—Implementation of Requirements Procedures

SC24 ."equests its National Bodies and experts tc assist its Working Group 1 in the

implementation and mantenance of the prccecurss as described in Dccument SC24
N1 71 as revised by the resuits of the bailctting period described in Resolution 3.

National Bodies and experts are encouraged to cooperate in this endeavour and in

finding sponsors for computer-aided assistance of this process.

RESOLUTION 5—Establishment of SC24 Advisor/ Group (AG)

SC24 estaolishes an Advisory Group which censircS of one delegate apccinted by each

P-memberis National body, SC24 Weri-cing Grcuo Convenors, SC24 Chairman anc
Secretariat. The 3C24 Chairman presices as Chair of the Advisory Group.

f
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1S0/1EC JTC1/SC24 RESOLUTIONS DRAFT 3 iSO/lEC JTCiySC24 N13a

RESOLUTION 6—SC24 Advisory Group - Area of Work

The SC24 Advisory Group provides advisory and management support for the SC24
Chairman and Secretariat The AG is also concerned with coordination of liaisons with

Organizations outside SC24 (e.g. SC2, SC18, SC21 , SC22, TC184, TC10) on all topics

of concern to SC24. The AG helps formulate the Strategic Plan for SC24 and gives

procedural guidance to Working Groups.

RESOLUTION 7—S024 Advisory Group—Terms of Reference

SC24 AG should operate consistently with SC24 procedures and resolutions and shall

report in writing to SC24 Plenary Meetings,

RESOLUTION 8—SC24 Advisory Group—National Point of Contact

SC24 requests its National Bodies to nominate a national point of contact for the SC24
AG in writing to the SC24 Secretariat by 1 988-1 0-01 . This will facilitate direct contact

with the AG participants and aid continuity in AG membership.
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IS0/1EC JTC1/SC24 RESOLUTIONS DRAFTS ISO/lEC JTC1/SC24 N133

RESOLUTION 9—Approval of Study Periods

SC24 approves the commencement of study periods to provide the basis for developing

a consistent set of NWIs for the following new areas of work:

New APIs (resulting from the technical work of the GKS Review RG)

containing functionality required in the 1993 time frame aimed at producing at

least a NWI for the GKS user community.

Windowing Environments

An API fcr Imaging

Extensions to the CGM Static Picture Capture Capabilities.

Extensions to PHIGS

Each study period should consider at least these items in conjunction with the indicated

Group:

Requirements
•

[WG1
]

Reference Model [WG1
]

Encodings [WG3]

Language Bindings [WG4]

Registration [WG5]

Validation and Testing [WG5]
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RESOLUTION 10—Approval of Study Groups

SC24. appoints Special Rapporteurs to study the following topics according to the

Terms of Reference in the indicated documents:

Topic

Improved Graphical

Text Model

Impact of Windowing

on Graphics Standards

Improved Graphical

Input Model

Product Data Geometry

Extensions to PHIGS

Source

WG1

WG1

WG1

WG1

WG2

Terms of Reference

SC24 N172

SC24 N174

SC24 N173

SC24 N175

SC24 N21

1

RESOLUTION 11—SC24 Program of Work

SC24 approves the items of work, target dates, and document editors in SC24 N1 37.
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RESCLUnCN 12—Appcintment cf SC24 Rappcrlsurs

;C2- accrcves tlisse razzzr.Burz:

Rapporteur
G. Gnrstsin

Topic
Rscuiren-.9n:s
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1 ^ ^ silW> t < 1VW W t > 1 1 V 1

1
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E, Mcs:Isr* CGM

J. Rink Va:ica::cn anc Testing

M. S:<a:! Registration

K. Ercciie GK3 Maintenance

J. RJx New ARis fcr Ccntcuter Grachics

R. :sr. Hagen V/i nGcw i r g En '/i rc n rr e n :s

.111C^ 111^ /^. 1

IB. • • VsiS . ^wi 1
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RESOLUTION 13—SC24 External Liaisons

SC24 approves the following external liaison representatives:

Name

.

G.S. Carson

Liaison to

SC21
Subject

Open Systems

R. Fairfaaims SC21[WG5] FTAM document types for CGM

D. Arnold SC21[WG5] Terminal Management

L Kctsch

J. McConnell

SC13 Text and Office Systems

including SPDL

J. Rix TC134/SC4 Industrial Automation Systems/

Standard for the Exchange of

Product Model Data

A. Ducrot SC2 Character Sets and Coding

E. Jungmann JTC1 SG-FS Functional Standardization

G. Schaeffer SC22 C Language
*

M. Sparks SC22 Language Binding Techniques

G. Cuthbert SC22 Ada Language

I. Grieger SC22 FORTRAN language

D. Larson SC22 Pascal Language

RESOLUTION 13A—Advisory Group Meetings

SC24 approves the following meeting for its AG:

Date Place Topic Category Purpose
1989-03 FRG AG

(Schonhut) [adjacent to WG1]
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RESOLUTION 14—Working Group 1 Ad Hoc Rapporteur/ Editing Meetings

SC24 approves the following schedule of meetings for its VVorking Group 1 for the

period up to the next SC24 plenary meeting:

Dates Placd Topic Category Purpose

88-11 Boston, USA Imaging API RG Evaluate

(Grinstein) Requirements RG National Body
Input - set

drafting tasks

88-11 Copenhagen Windowing Environment RG Evaluate

Denmark Impact of Windowing SG RG National Body
(Korn) • Input - set

drafting tasks

88-12 FRG CGM Extensions RG Evaluate

(Jungmann) Improved Text SG RG National Body
Product Data Geometry SG RG Input - set

drafting tasks

89-01 Paris, Francs Reference Model RG Produce 2nd

(Ducrct) of CG Working Draft

bet//een 70
• * f GKS Maintenance RG Produce NWI

88-12 and UK VT & R Liaison and base

89-02 (Brcdlie) (with WG5} document

7789-02 Amsterdam, New API RG Evaluate

NL Improved input SG RG National Body
{ten Hagen) •

Input - set

drafting tasks

7739-03 rP.G Requirements RG Consider

(Encamagac) 77 WG1 National Body
Comment on

SC21 N171

and revise

7739-04 FRG Imaging API RG Evaluate

(Kromker) National Body
Input - set

draining tasks
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39-05 Copenhagen
Denmark

Requirements RG Planning for

implementation
(Kom) of N1 71 . Review

forms. Begin

processing

requirements.

??89-04 USA Product Data Geometry SG RG Agree output

Skail [Joint meeting with CGM
extensions]

Documents

7789-06 Amsterdam, Windowing Environments RG Agree output

Netherlands

(ten Hagen)
Impact of Windowing SG RG Documems

7789-07 00
• « I New API RG Examine new
UK API in light of

(Cartledge)

Improved Input SG RG

other study

groups.

Agree output

Documents

7789-08 FRG Reference Model RG '

Take 2nd WD
(Poller)

GKS Maintenance RG
comments.
Revise base

documents in

light of National

Body comments
89-07 Boston, USA Requirements RG Examine and

(Grinstein) reevaluate

implementation

of N 171. Review

and revise

forms. Process

requirements.

7789-09 7?Japan Imaging API RG Agree Output

(Kawai) Document
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RESOLUTCN 15—Working Group 2 Ad Hoc^Rapporteur/Editing Meetings

SC24 approves the following schecule of n-.eetings for its Wch<ing Grcuo 2 for ^e
period up to the next SC24 plenaiy meeting:

Date Place Topic Category Purpose

between
33-10 and
33-11

Fr.G

(FJx)

FHIGS Ex:::. cG 1 > C0 G P'epa."e init. c.'aft

between
53-01 ano
33-02

Switzerianc

(Bettels)

PHiGS E-xtr:. ac hoc RG
arc WG

Study SC24 bailct

results and revise

NWI proposal 'or JTC
letter bailct

berween
33-06 and
a ^ ^

/

UK
(Stacleton)

PHIGS Extn. RG Study comments cn

Initial craft anc
prepare PCAD
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RESOLUTION 16—Working Group 3 Ad Hoc/Rapporteur/Editing Meetings

SC24 approves the following schedule of meetings for its Working Group 3 for the

period up to the next SC24 plenary meeting:

Oates Place Topic Category Purpose

19-23 Norfolk, UK CGI Drafting To implement

Sept.

1983

(D. Arnold) Meeting resolutions of issues

from Valbonne.San
Diego, and Tucson
CGI RG meetings and
preparation of 2nd DP
text.

May Berlin/St. Augustin CGI Pre- Preliminary analysis

1989 FRG Meeting of comments on the

(C. Egelhaff) [Liaison with,VTR] 2nd DP

June /July

1939
Hawaii

USA
{D. Larson)

CGM Add
GKS Audit

Trail

Editing

Meeting

To prepare responses

to CGM DAD1 ballot

and to prepare final

CGM ADI text: to

review comments on
CGM PDAD2 ballot;

to prepare responses

to GKS DAD1 ballot

and to prepare final

GKS ADI text.

CGI Editing

Meeting

To prepare responses

to 2nd DP ballot and

to prepare DIS text.

WG3 Ad Hoc To resolve joint

problems with

CGl/CGM addenda
drafting.
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RESOLUTION 17—Working Group 4 Ad Hoc^Rapporteur/Editing Meetings

SC24 approves the following schedule of meetings for its Working Group 4 for the

period up to the next SC24 plenary meeting:

Dates Place Topic Category Purpose

Sept. Ft. Collins Address comments on: Editing Meeting Produce IS

13-15 USA DIS PHIGS/FORTRAN PHIGS/FORTRAN
1383

Nov. Amsterdam Address comments on: Pre-meeting Prepare draft

11-12 Netherlands DP PHIGS/C & Pascal responses on

1988 WD GKS-3D/C & PHIGS/C & Pascal

WD GKS/C GKS-3D/C & GKS/C

Nov. Amsterdam Address comments on: Editing Meeting Recommend DIS
14-15 Netherlands DP PHlGS/C & Pascal PHIGS/C & Pascal

Nov. Amsterdam comments on: WG Recommend dp
16-21 Netherlands WD GKS-3D/C, Ada GKS-3D/C & Ada
1383 WD GKS/C GKS/C

March Sheffield Address comments on: Pre-meeting Prepare draft

1989 UK GKS-3D FORTRAN responses on

GKS-3D/FORTRAN

March Sheffield Address comments cn: Editing Meeting Produce IS

1989 UK GK3-3D FORTRAN GKS-3D FORTRAN

March Sheffield Address comments cn: WG Recommend DP
1389 UK GKS-3D Pascal GKS-3D/Pascal
[adjacent to WGI and AG]

June Melboums Address comments on: Pre-meeting Preoare draft

8-8 USA PHIGS/Ada responses on

1389 PHIGS/Aca

June 9 Melbourne Address comments on: Editing Meeting Produce IS

1989 USA PHIGS/Ada PHIGS/Ada

283



ISO/IEC JTC1/SC24 RESOLUTIONS DRAFTS ISO/lEC JTC1/SC24 N188

June Melbourne Address comments on; Editing Meeting Recommend DIS
9-10

1989

USA GKS/C, GKS-3D/C & Ada GKS/C,
GKS-3D/AdaaC

June Melbourne Address comments on; Ad Hoc WG Register DP
12-15

1989

USA CGI/C & FORTRAN CGI/C&FORTRAN

RESOLUTION 18—SC24 Documents for Comment and 3 Month Letter Ballot

SC24 instructs its Secretariat to circulate the following documents for a 3 month letter

ballot:

Document Title Comment Processing

SC24N171 Procedures for preparing

NWl proposals

Comments resolved at Requirements

meeting, FRG, March, 1983

SC24N21 1 Rev
SC24 N224

NWI proposal for Extensions

to PHIGS
Comments for WG2 meeting

Switzerland, Jan or Feb 89.

SC24N227 NWI proposal for GKS
Maintenance

Comments for GKS Maintenance RG
between 88-12 and 89-12

SC24 N 175Rev GKS Maintenance NWI
Proposal

Comments for GKS Maintenance

RG between 88-12 and 89-12

RESOLUTION 19—^Working Group 5 Ad Hoc/Rapporteur/Editing Meetings
SC24 approves the following schedule of meetings for its Working Group 5 for the

period up to the next SC24 plenary meeting:

Dates Place Topic Category Purpose
between Dec UK Registration WG Review comments.
83 and Feb 39 (Pink) Validation and

Testing

Produce DP Text

liaison GKS maint

Study PICS
applicability

[Along with GKS maintenance {WG1)1 Study profile

applicability

June - July

1989
??,

FRG
(Kirsch)

VTR WG Review comments.
Review reg.

proposals

284



ISO/IEC JTC1/SC24 RESOLUnCNS DRAFT 3 ISC/lEC JTCi;SC24 N133

The WG5 meeting between December 38 and Febnjar/ 39 will be held in parallel with

the WG1 GKS maintenance .'aopcrteur group meeting.

RESOLUTION 20—New Structure for the Next Generation of Graphics

Standards

SC24 believes that the current way of producing standards will not lead to cccrcinated,

integrated, timely standarcs with international scope and influence. SC24 instructs its

Working Group 1 to investigate the feasibility of adopting a compcnent/framewcrk

structure, as described in SC24 N123 for its next generation of grachics standarcs arc

notes that the adoption of this strucure may require a new ceveicpment process.

2S5 «
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RESOLUTION 21—Deadline for Finishing Semantic Standards

SC24 resolves that the CGI project not be subject to restructuring under the new
development process, unless CGI Parts 1-6 fail to progress as planned, with editing

decisions for DIS texts taken before the 1989 SC24 plenary meeting.

RESOLUTION 22—GKS Maintenance

SC24 approves the following procedure and schedule for GKS Maintenance:

1) A draft NWI proposal (SC24 N227) will be circulated for National Body comment,
with comments specifically being directed at the extent to which extensions to GKS
functionality shall be included in the next revision of GKS. The guidelines contained in

Document SC24 N176 should be observed when commenting on the draft NWI.

2) A meeting to resolve the comments and to prepare a final NWI and base document
will be convened by Ken Brodlie and held in the UK between 1988-12-01 and
1989-02-28.

3) Subject to the approval of the SC24 Chair and the WG1 Convenor, the NWI will be
submitted to JTCI for ballotting and assignment of the project to SC24/WG2.

%

4) Simultaneously with step 2, the SC24 Secretariat will issue a conditional ballot to

register the base document as a DP.

5) Subsequent to DP registration, the SC24 Secretariat will issue a DP ballot on the

DP text.

6) Upon the close of the DP ballot, the SC24 Secretariat will schedule an Editing

Meeting to discuss the comments received on the DP ballot and to prepare a

disposition of comments and a new text.
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RESOLUTION 23—SC24 Documents for Study and Comment

SC24 instructs its Secretariat to circulate the following documents for study and
comment. Comments are to be submitted as indicated below:

Doc. No.

SC24 N177
Title

Working Draft

Reference Model for

Computer Graphics

Comments Comments
To Whom Due
SC24 Seer. 1988-10-30

SC24/WG1
Ref. Model Rapp.

SC24 N173 Tne Use of Comccnent/
Framework Description

Techniques in the

Specification of Computer
Graphics Standards

SC24 Seer.

WG1 Cenv.

1988-10-30

SC24 N179 Sample Forms Used to

Acquire and Record

Requirements

SC24 Seer.

SC24/WG1
Requirements
Rapporteur

1988-10-30

SC24 N175 Terms of Reference

for Product Data

Geometry

SC24 Seer.

Product Data

Special

Rapporteur

1989-01-15

SC24 Nias Working Draft Conformance
Testing of impfementaticns

of Graphics Standards

SC24 Seer.

WG5 Conv.

VT Rapp.

1988-11-30

SC24 N2C9 CGI character encoding ID SC24 Seer.

• SC24/WG3
1989-03-01

SC24 N210 CGI binary encoding ID SC24 Seer.

SC24/WG3
1989-03-01

3C24 N 1 ac GKS/C WD with the changes

agreed in Tucson.

SC24 Seer.

SC24/WG4
1988-10-31

fer Amstercam

SC24 N 131 GKS-3D/C WD with the changes SC24 Seer,

agreed in Tucson. SC24/WG4
1988-10-31

fer Amsterdam.

SC24 N 139 GKS-3D/AdaWD with the

changes agreed in Tucsen.
SC24 Seer.

SC24/WG4
1988-10-31

for Amsterdam
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SC24 N 190 GKS-3D/Pascal WD with the SC24 Seer. 1 988-1 2»31

changes agreed in Tucson. SC24/WG4 for Sheffield

SC24 N 191 CGl/C WD with the changes SC24 Seer. 1989-04-15
agreed in Tucson. SC24/WG4 '

for Melbourne

SC24 N 192 CGI/FORTRAN WD with the SC24 Seer. 1989-04-15

changes agreed in Tucson. SC24/WG4 for Melbourne

SC24 N 193 List of Approved Abbreviations SC24 Seer. 1989-04-01

for Bindings SC24/WG4

SC24 N 194 CGI Language SC24 Seer. 1989-04-01

Bindings issues list SC24/WG4

SC24 N 223 Applicability of Statio Picture SC24 Seer. 1989-04-01

Capture Rles to GKS-3D and
PHIGS

SC24MG3

SC24 N229 Reponsibiiities of Liaison

Officers

SC24 Seer. 1988-11-30

SC24 N223 Explanation of Test SC24 Seer. 1988-11-30

Requirements SC24/WG5

RESOLUTION 24—Registration Letter Bailot

SC24 instructs its Secretariat to circulate a 90 day letter ballot on
N22S regardless ot the status of ISO/TR 9973 {SC24 N132)

.

document SC24

Comments Comments
Doc. No. Title To Whom Due
SC24 N134 Registration Proposals SC24 Seor

WG5 Conv.

Reg. Rapp.

1988-11-30
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I
RESOLUTION 2S—SC24 Meeting Plan for 1989 Plenary

Plenary in Brazil in 19SS:
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RESOLUTION 26—Liaison Statements

SC24 approves the following liaison statements and instructs its secretariat to fon^vard

them to the indicated liaison organizations:

Doc. No.

SC24 N20a

SC24 N198

SC24 N216

SC24 N 217

SC24 N212

Title To Whom
Liaison Statement to SC1 3 Regarding SPDL SC1

3

Response to TC1 0 and UK Comments on TC1

0

Proposal for Registration of Graphical Items

(ISO/IEC JTC1/SC24 N132)

Response to SCia N13a3 (SC24 N113) SC13

Comments on SC22 N466, SC22
Guidelines for Language Bindings.

Laison Statement to SC22 SC22

RESOLUTION 27—Documents for DP Ballot

In recognition of the substantial progress made with the CG! at the Tucson meeting

SC24 instructs its Secretariat to circulate the text resulting from the September 1983
CGI Drafting meeting for 2nd DP ballot. The Document Editor is instructed to make the

text resulting from the September 1988 Drafting meeting available to the SC24
Secretariat by 1 5 November 1 988.

RESOLUTION 23—Structure of Work on 2D Metafiles

Whereas it was decided at the SC21/WG2 meeting at Egham in 1986 that a GKSM
should be produced in a timely fashion by an addendum to CGM, and

whereas the Metafile Rapporteur Group of WG3 has substantially completed the

technical work including the extensions for both a static picture capture metafile and a

GKS metafile to replace annex E of GKS IS 7942, and

whereas the Metafile Rapporteur Group believes for the reasons detailed in SC24
N154, SC24 N156 and SC24/WG3 N32, that there are technical problems with

continuing to progress the GKS Metafile portion of Addendum 1 as an addendum to

CGM,

therefore SC24 directs WG3 to convert the GKS Metafile portion of Addendum 1 from

an addendum to CGM to an addendum containing a non-normative annex to GKS IS

7942 and if possible progressed in the same timescale as CGM addendum 1. Further,

this should become a normative annex to GKS during the maintenance process of
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GKS.

RESOLUTION 29—Structure of Work on 3D metafiles

Whereas it was decided at the SC21/WG2 meeting at Egham in 1986 that a GKS-3D
metafile should be produced in a timely fashion by an addendum to CGM, and

whereas the Metafile Rapporteur Group of WG3 has substantially completed the

technical work including the extensions for both a 3D static picture capture metafile

and a GKS-3D metafile to replace annex E of GKS-3D ISO/IEC DIS 8805, and

whereas the Metafile Rapoorteur Group believes for the reasons detailed in SC24
N154, SC24 N156 and SC24/WG3 N32, that there are technical problems with

continuing to progress the GKS 3-D Metafile portion of Addendum 2 as an addendum
to CGM.

Therefore SC24 directs WG3 to convert the GKS-3D Metafile portion of Addendum 2

from an addendum to CGM to an addendum containing a non-normative annex to

GKS-3D, ISO/IEC DIS 8805 and progressed in the same timescale as CGM addendum
2 .

RESOLUTION 32—Withdrawal of DP Registration for GKS/C

SC24 withdraws the approval for DP registration for GKS/C (SC21 N1413) because
the process of converging GKS/C with other GKS-3D and PHIGS bindings has

produced an almost totally new document which is being recommended for Working

Craft circulation.

RESOLUTION 34—SC24 Delegation of Authority

SC24 approves the delegation of authority to SC24/WG4 to forward documents for

registration as draft proposals and instructs its Secretariat to register the following

documents for DP letter Pallet:

Document Title Meeting to register

GKS-3D/Ada
GKS-3D/C
GKS/C

November 1988 meeting in Amsterdam
November 1988 meeting in Amsterdam
November 1988 meeting in Amsterdam

GKS-3D/Pascal March 1989 meeting in Sheffield, UK
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CGI/C
CGl/FORTRAN

June 1989 meeting in Melbourne, USA
June 1989 meeting in Melbourne, USA

RESOLUTION 35—Prompt Circulation of Comments to Document Editors

SC24 instructs its secretariat to distribute copies of National Body comments to the editor

of the impacted document as the comments are received.

RESOLUTION 36—Language Bindings for Registered Items

SC24 recognizes the value of correct language bindings for registered items.

SC24 requests that National Bodies shall not forward incomplete proposals, including

missing language bindings, to the Registration Authority because SC24/WG4 is not

required to originate language bindings for proposals when these bindings are missing.

RESOLUTION 37—SC24 Documents for DIS Registration

SC24 instructs its Secretariat to forward the following document to ISO Central

Secretariat for registration as a Draft International Standard:

The PHIGS binding to Ada (ISO 9593-3), with the changes agreed in Tokyo and
discussion and resolution, in Tucson, of the issue contained in SC24/WG4/N01 1

.

DIS text will be provided to SC24 Secretariat in September 1988, following

validation of the resolution of the last issue.

RESOLUTION 38—Simultaneous Development of Semantic Standards and
Language Bindings

SC24 adepts the following policy:

That all functional specifications which reach the stage of DIS or IS should be
accompanied by at least one language binding or encoding for that functional

specification. Specifically, if the functional specification is at the stage of DIS, at least

one language binding or encoding should be at the stage of DP, and if the functional

specification is to become an IS, at least one language binding or encoding should be

at the stags of DIS.
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RESOLUTION 39—Progression of PHIGS C and PHIGS Extended Pascal

SC24 instructs its Secretariat to check that the C language standard is at CIS stage

before registering the PHIGS C Language Bincing as a CIS, and that the Extencec
Pascal language standard is at CIS stage before registering the PHIGS Sxtendec Pascal

Language Bincing as a CIS.

RESOLUTION 40—Oonformance Testing Standard Progression

SC24 acorcves the progression of project JTC1.24.7 as a single cart s

stancard wiil contain general ccncects and guidelines for conformance

ccmpiete range of graonics standards. Specific details for eacn sta

produced in a Test Repuirements document for each stancard.

UM > I^ Ml M .

.CO w I

ndarc wiil

-a

RESOLUTION 42—Conformance Clauses

SC24 acorcves the foilcwing procedures for developing and reviewing the conformance

sections of Semantic Standards developed within SC24:

1. The current draft of the Conformance Testing Standard (project JTC1.24.7) should

be consulted.

2. The SC24hvVG5 Convenor and the Validation and Testing Rapporteur should ce

notified of the place and time of discussions relating to the Stancard conformance
secdcns and WG5 experts should be invited to participate in these discussions.

3. The text for the conformance sections shall be develcced jointly

Validation and Testing Rapporteur Group and the Standard Grcuo.

bv the WG5

RESOLUTION 43—PICS Proforma

SC24 instructs its Working Group 5 to investigate the use of PICS (Prctcccl

Implementation Conformance Statement) crcfcrmas to assist in the development cf

conformance recuirements and the apciicaticn cf ccnfcrmance test suites for gracnics

standards. WG5 is instructed to orccuce a reccrt by t5 Marcn ISSS for circuiaticn :c

SC24 National Bodes for ccmiment by 15 Juiy tSSS. Tne SC24 Chair wiil wnte :c :ne

SC2'l Chair to recuest SC2': car.icicaticn in this wcrx.

RESOLUTION 44—Application Profiles

SC24 instructs its Working Grcuo 5 to investigate the apciicability ef Apciicaticn anc
Constituenc/ Profiles and their relationship to graphics standards and registraticn. In

particular, WG5 should exam.ine whether the profiles can assist in the definition c:

conformance requirements and consider if SC24 should be involved in the
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standardisation or registration of profiles. The SC24 Chair will write to the SC21 Chair to

request SC21 participation in this work.

RESOLUTION 46—Appreciation to GKS Binding editors

SC24 unanimously expresses its appreciation to D. Larson, editor of GKS Pascal

(ISO/lEC 8651-2) and J. McConnell, editor GKS FORTRAN (ISO/IEC 8651-1) on

publication of the standard and completion of their work.

RESOLUTION 47—SC24 Five Year Meeting Plan

SC24 approves the following five year plan for its plenary meetings and notes that SC24
meetings are held at least each 18 months.

Dates Place

15 Oct. - 15 Nov 1989
April 1991

October 1992
April 1994

Iguassu Falls, Brazil

U.K.

Germany, F.R.

Francs

RESOLUTION 48—EEC Standardisation Activities Within JTC1/SC24
Scope of Work [Denmark, FRG]

Whereas

1 ) SC24 is aware that the EEC Commission is developing standard activities which

are thoroughly related to the scope of work of SC24 such as:

- GPOS (PPSC-IT N252), (Generalized Portable Operating System);

2) the European Standards (EN) have a higher priority for EEC and EFTA countries,

SC24 offers to cooperate and assist in developing the on-going EEC standard activites,

with regard to the SC24 area of work (Computer Graphics).
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RESOLUTION SO—S024 Appreciation for Meeting

SC24 Linanimcusly expresses its appreciation to the meeting organizers anC
contributors:

Organization

Secretahai Support

Rnancial Support

Computer Support

Peter R. Bono Associates, Inc,

Susan Bonce, Diane Bono, Eiaine Bono, Brenda Carson,

Gillian Hail

National Computer Graphics Association

Advanced Technology Center

Apcilo Ccmsuter
Digital Ecuicment Corporation

Hewiett-PacKarc Company
International Business Machines
Lcckheec/CalCcmp Corporation

National Semiconductor Corporation

Pansophic Systems, Inc.

Precision Visuals, Inc.

Tektronix, Inc.

Unisys Corporation

Chin Associates

Gen Cuthcert

GSC Associates Inc.

Sun Microsystems, Inc.

SC24 unanimously expresses appreciation to its Chair, Dr Jurgen Schcnhul, the

Secretariat, and the Drafting Com.mittee (G.S. Carson, C. Cartledge, 1. Kom, and J.

Rix) for their work in support of the meeting.

RESOLUTION S1—Appreciation to Janet Chin

SC24 unanimously expresses their-appreciaticn to Janet Chin for years of unstinting

effort as leader of the US delegation.

RESOLUTION S2—Language Binding Issues Librarians

SC24 notes that WG^ has estaoiishec the position of issues librarian for eacn

'anguage bincing. The cuties of issues 'ibranans are to recorc issues, including the

arguments ana resolutions, and maintain and circulate the library. SC24 directs its

Working Groups to identify to the WG4 convenor those individuals from their

membership who can panicipate in the activities of WG4 in this role, on a part time

basis.
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RESOLUTION 53—SC24 Documents for DP/PDAD registration

SC24 instructs its Secretariat to circulate the following documents for parallel PDAD
registration ballot and conditional PDAD ballot:

Document no. Title Condition

SC24 N219 CGM Addendum 2, part 1 As amended by decisions taken at

Tucson

SC24 N220 CGM Addendum 2, part 2 As defined by decisions taken at

Tucson

SC24 N221 CGM Addendum 2 , part 3 As defined by decisions taken at

Tucson

SC24 N222 CGM Addendum 2, part 4 As defined by decisions taken at

Tucson

RESOLUTION 54—SC24 Documents for DIS/DAD registration

SC24 instructs its Secretariat to forward the following documents to the JTCl
Secretariat for DAD ballot:

Document no. Title Condition

SC24 N230 CGM Addendum 1

,

part 1 As amended by decisions taken at

Tucson
SC24 N231 CGM Addendum 1

,

part 2 As amended by decisions taken at

Tucson
SC24 N232 CGM Addendum 1

,

part 3 As amended by decisions taken at

Tucson
SC24 N233 CGM Addendum 1

,

part 4 As amended by decisions taken at

Tucson

SC24 N234 GKS Addendum 1 - To be derived from all parts of CGM
addendum 1 ,

following the decisions

taken at Tucson

RESOLUTION 55—SC24 Document for Registration Sponsorship

SC24 directs its Secretariat to circulate the registration proposals in Document SC24
N225 for a 3 month letter ballot to approve SC24 sponsorship of them for registration

as graphical items.
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RESOLUTION 55—E:«tended Scope of the Register of Graphical Items

SC24. directs the WG5 Registration Racccreur Gro’jo to oonsicsr ways in whicn tne

registration prccecures can be extencsd to cover the accitional graphical items

requiured for registration oy SC24. stancarcs.
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