
I D-A26l 261 ITR41

I
" DTIC

A Collection of Technical ELECTE 7

Studies Completed for FEB 2 3 1993

the Computer-Aided U C
Acquisition and Logistic
Support (CALS) Program

= Fiscal Year 1988 Roy S. Morgan

Volume 2 of 3, Graphics, Editor

CGM MIL SPEC U.S. DEPARTMENT OF COMMERCE
National InstItute of Standards
and Technology
National Computer Systems Laboratory
Gaithersburg, MD 20899

I

I

I

UAS. DEPARTMET OF COMMERCE
Rober X. Moesbcher, Secretary93-03758 ,T,.t,. ,.

382~ N LST

93Io,.,•,=,,,,



A Collection of Technical
Studies Completed for
the ComputerAided
Acquisition and Logistic
Support (CALS) Program
Fiscal Year 1988 Roy S. Morgan

Volume 2 of 3, Graphics, Editor

CGM MIL SPEC U.S. DEPARTMENT OF COMMERCE

National Institute of Standards
and Technology

Galthersburg, MD 20899

1--- April 1990

I Issued March 1991

Accesion For

NTIS CRA&I
DIIC TAB3,Urd :t, C d• L•

- Robert A. Modmichm, Secretary
NZ•IONAL INSTITUJTE OF STANDARDS
AND TECHNOLOGYJohn W. Lyons, Director



3R 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: i
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. S
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. 3
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 I
implementation.2

During FY88, a number of efforts advanced the development of 3
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 I
environment included technology assessments, development of
application guidance, conformance test plans and a draft FIPS for
ODA/ODIF. Additionally, a technology assessment and proposed I
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 I
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

1Kemmerer, S., Editor, "Final NBS Report for CALS, FY86," U.S.
Department of Commerce, National Bureau of Standards, NBSIR 87- I
3566, May 1987.

2Kemmerer, S. Editor, "A Collection of Technical Studies i
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 m
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. 3

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 PLuduct
Data Exchange Specification (PDES).

3Spielman, 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: 3
VOLUME 1.

Text, Security, and Data Management

Text and Graphics Standards in the CALS Publishing Environment

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

ODA/ODIF Conformance Test Plan 3
PDLs: A Technology Assessment

SPDL Conformance Strategy I
Security

Risk Management Tools: A Guide to Selection and Use

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

Data Management I
Information Resource Dictionary System: An Integration
Mechanism for Product Data Exchange Specification I
Using the Information Resource Dictionary System for PDES

VOLUME 2: £
Graphics, CGM MIL-SPEC

CGM Conformance Testing

Final Phase I.1 CGM MILSPEC

Extended CGM MILSPEC Planning i

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

I 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, Military Specification: Markup Requirements and
Generic Style Specification for Electronic Printed

I Output and Exchange of Text

MIL-R-28002, Military Specification: Raster Graphics
I Representation in Binary Format, Requirements for

MIL-D-28003, Military Specification: Digital Representation for
Communication of Illustration Data: CGM Application

I Profile
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CGM CONFORMANCE TESTING

3 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 laboratory3 (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.

1 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 conformancetests needed to validate software that generates and reads

1
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metafiles, in the form of a reference implementation for CGM. I
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 I
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. I
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 MlL-D- I
28003 is the most current designation.

3.0 Reasons for the CGM Application Profile i

The CGM standard offers a useful method for the storage of
graphical images. It defines a wide range of options which can i
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 I
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 I
assured to be understood when transferred within the CALS
environment. 5
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 i
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 5
to the standards. Using existing testing methods it is
impossible to guarantee that there are no errors in a product.

2
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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.U 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.

1 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.

3 4.2 FIPS Testing Efforts

In addition, NIST/NCSL has the goal of providing an initialstructure 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
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III. DISCUSSION 3
1.0 Objectives

The objectives of this task were to: I
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 I
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 I
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 I
Graphics Standards (Reference 9).

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

2.0 CALS Requirements I
2.1 Review of CALS-Related Requirements for Standards 3
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 I
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 theI 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 requir-s 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.

5
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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. I
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 I
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 i
"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.2 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
3.1 Overview

The objective was to determine to what degree current commercial 3
implementations of CGM generators adhere to the requirements of
MIL-D-28003 for conforming basic generators. 3
[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 I
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.] 5
Most implementations of generators were developed with little or
no knowledge of the CALS requirements for CGMs. Consequently, I
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 24 products offered by 20 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 3
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3 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.

I 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 or3 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



i

The generator does not use Character Set Index and Alternate 3
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 I
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 I
specified with indices 11 through 18. Empty interior style is
never generated. Standard hatch indices 5 and 6 cannot be
generated. I
Seventy ESCAPEs with negative ids can be generated.

MESSAGE and APPLICATION DATA elements can be generated. i

3.2.2 AutoCAD via Zenographics Metafile Translator 3
AutoCAD DXF files can be translated to CGMs via a Zenographics
product, called Metafile. See the Zenographics description 3
(section 3.2.23).

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

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

3.2.3 Computer Associates International SuperImage U
SuperImage uses the GSS*CGM metafile driver. See the Graphic
Software Systems description (section 3.2.7) for the details. I
Absolute line width is initially set to 1, but it can be changed
later in the CGM. I
3.2.4 Computer Associates International (CAI) CGM Generator 3
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. 3
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 I
VDC EXTENT to (0,0), (4095,4095).

83



The Picture Descriptor contains only SCALING MODE and VOC 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 theoriginal 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.
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In the Picture Descriptor, SCALING MODE and COLOR SELECTION MODE 3
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). 3
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. I
3.2.7 Graphic Software System GSS*CGM i
GSS developed its own base technology as a CGI driver, accessed
through its GSS*CGI. 3
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. 3
GSS*CGM does not use Metafile Defaults Replacement, Font List,
Character Set List, and Character Coding Announcer. 3
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 I
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) I
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 I
the VDC EXTENT is supposed to represent the "region of interest"
of the picture.

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

Of the Graphical Primitives, only Disjoint Polyline, Restricted i
and Append Text, Polygon Set, GDP, and Circular Arc 3 Point and 3
Point Close cannot be generated. 3
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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. OE
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.

I 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 theassistance of Henderson Software and accessed through HP's
STARBASE software.

I 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
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1024 vertices; Polygons and Polygon Sets are potentially I
unlimited in size; Text is limited to 255 characters.

No GDPs can be generated. 3
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. 3
Implemeatation dependent (negative valued) line types and markers
may be generated. Implementation dependent fonts are specified
with positive-valued indices. Only "hollow" and "solid" interior I
style can be generated.

ESCAPE elements with negative ids be generated. 3
MESSAGE and APPLICATION DATA elements can be generated. U
3.2.9 IBM

The IBM Graphics Development Toolkit can use GSS*CGM metafile 3
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." 3
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
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 I
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 I
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.
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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 Mode 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
use:: 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 (-1--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.

I 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

I 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
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by the last element in the metafile descriptor. While this is 3
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 I
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 U
in the picture descriptor are floating point.

Generally speaking, McDonnell Douglas metafiles contain
partitioned elements. Note: some files from this generator have i
contained zero-length partitions, which are legal but which some
interpreters may not expect. 5
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
3.2.13 Nova Graphics International 3
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- I
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 i
Announcer elements.

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

All CGM Control Elements can be generated. i
All CGM Graphical Primitive Elements can be generated, although
at present NOVA*GKS does not currently generate any GDP's. I
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All CGM Attribute Elements can be generated, although at presentI 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 20 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 the3 NOVA*GKS system installation manager.

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

I MESSAGE and APPLICATION DATA elements can be generated.

£ 3.2.14 Pansophic StudioWorks version 3.00

Pansophic developed its own base technology for its artist3 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.

3 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."3 Background Colour is used.

None of the Control elements are generated.

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

Only 10 of the 35 Attribute elements can be generated (with
restrictions as described in the following): Line Type (always
l="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 3.2.15 Pansophic System, Inc. D-PICT/GKS
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Pansophic distributes ATC GRAFPAX*GKS and has used it to build i
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 1
developed by ATC. See the ATC GRAFPAK*GKS description (section
3.2.1) for details.

3.2.16 Precision Visuals (PVI)

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: 3
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 I
CGM elements. However, other private values are

mapped as in PVI mode.

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

The Metafile Descriptor is fairly minimal. It does contain a I
METAFILE DEFAULTS REPLACEMENT that sets color indexes 2-9. The
METAFILE ELEMENT LIST consists of DRAWING and METAFILE DEFAULTS
REPLACEMENT. 3
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 I
generated.

The following Graphical Primitive Elements can be generated:
Polyline, Polymarker, Polygon, and Text. i
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 i
Table.
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Depending on Mode, ESCAPE, GDP, and APPLICATION DATA elements may
be generated. MESSAGE cannot be generated.i
3.2.17 Prime Computer

3 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 colour3 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.

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

3 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 and3 Elliptical Arc Close are used.

The generator uses all attribute elements, although the Character
Set Index and Alternate Character Set Index are always set to 1
(referring to ISO 646).

3 GDP and ESCAPE elements with negative ids can be generated.

MESSAGE and APPLICATION DATA elements can be generated.

I 3.2.18 Software Publishing Corporation Harvard Graphics

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

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

3 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 I
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 I
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 I
EXTENT is taken from the GKS Workstation Window.

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

Because it is positioned as a GKS metafile output workstation, i
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; i
Text is limited to 255 characters in TOP mode; 32,767 characters
otherwise. 3
No GDPs can be generated.

The generator does not use Character Set Index and Alternate 3
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 i
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 i
System One Software developed its own base technology. The
generator technology appears in Presentation Technologies m
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m3 ImageMate and Kinetic Graphics Systems business graphics
products.

3 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).

3] There is no use of Metafile Defaults Replacement.

There is a FONT LIST element with 2 entries, taken from the NCGA

Integrate 88 demonstration:

mNCGA 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

m 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."

I The only Control element used is Transparency.

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

3 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.

3 ESCAPE elements with negative ids can be generated.
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No MESSAGE elements but some APPLICATION DATA elements can be 3
generated.

3.2.21 Teknigraphics U
Teknigraphics 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 3
profile presented in the description for GSS*CGM (section 3.2.7).

3.2.22 Wasatch Computer Technology I
Wasatch developed its own base technology. 3
The Metafile Descriptor contains:

METAFILE VERSION 3
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 I
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. 3

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. 3
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3.2.23 Zenographics Mirage, Pixie, et al.

All Zenographics products use technology developed by3 Zenographics.

Only one picture per metafile can be generated. The Metafile
Description does not identify the product name, but rather
specifies the file name of the CGM.

Metafile descriptor elements select 16-bit integer VDCs; 16-bit
integer, index precision; and (16,16) fixed-point real precision.
Colour precision and colour index precision are always 16-bits;
maximum colour index is always 255 and colour value extents are 0
to 1000.

The generator makes no use of Metafile Defaults Replacement, Font3- List, Character Set List, and Character Coding Announcer.

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

3 None of the Control elements are used.

The generator does not use Restricted and Append Text, Polygon
Set, Cell Array, Circular Arc 3 Point and 3 Point Close, Ellipse
and Elliptical Arc. Polyline, Polymarker, and Polygon are
limited to 480 vertices.

No GDPs are generated.

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

i elements.

No ESCAPE, MESSAGE, or APPLICATION DATA elements can be3 generated.

i 4.0 Commercial Implementations .vs.Requirements of MIL-D-28003

4.1 Overview

MIL-D-28003 (Reference 5) establishes the requirements to be met
when two-dimensional picture description or illustration data is
delivered in the digital format of the Computer Graphics Metafile3 (CGM) as specified in FIPS PUB 128.
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MIL-D-28003 provides an Application Profile for metafiles, 3
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 I
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 3
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 3
4.2.1.1 Delimiter Elements

No-ops are limited in size to no more than 32767 octets. U
Analysis: No CGM observed violates this limit. 3
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, i
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-I."i

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

221



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

b. Integer Precision shall be 16.

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

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

I Analysis: No implementation fails to meet this requirement.

3 d. Index Precision shall be 16.

Analysis: No implementation fails to meet this requirement,
although Nova does permit CGMs to be generated with 32=

i bit precision.

e. Color Precision shall be either 8 or 16.

I 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.

I g. The Font List, when present, shall contain no more than four
fonts, whose names are drawn from the list of 16 Hershey font5 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 than3 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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i
Analysis: All four implementations that use the Character Coding I

Announcer use one of the two basic values.

4.2.1.3 Picture Descriptor Elements I
The SCALING MODE metric parameter is always a floating-point
number of precision (9,23). I
Analysis: Both of the two implementations that use SCALING MODE

metric do so correctly, although an early release of U
the McDonnell Douglas CGM toolkit wrote the metric
scale factor as a fixed-point number. I

4.2.1.4 Control Element

a. VDC Integer Precision shall be 16 or 32. i

Analysis: No implemeitation 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. i

4.2.1.5 Graphical Primitives 3
No GDPs may appear, except those authorized by MIL-D-28003. At
present, no such GDPs are authorized. I
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 I
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 -11301 and- I
11308.

Analysis: Ten of the implementations meet this requirement. i
c. Marker bundle indices shall lie between 1 and 5.
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Analysis: 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, noneI restrict the range of the index to these limits.

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

U Analysis: Six of the implementations meet this requirement.

5 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.

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

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

n 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.

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

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

* Analysis: None of the implementations use edge bundles.

1. Edge types shall lie between 1 and 5.

Analysis: Only the Zenographics Metafile translator from AutoCAD1 DXF files to CGM appears not to meet this requirement.

iM. For pattern tables, the starting index shall lie between 1
and 8. Each pattern can have no more than 16 rows and 16
columns.

3 Analysis: Of the five implementations that support pattern
tables, none appear to meet this requirement.

5 25



i

n. For color tables, the starting index shall lie between 0 and I
255.

Analysis: No implementations are known to violate this i
requirement.

4.2.1.7 Escape Elements i

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

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

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 i
in the CGM, only four appear to restrict the value of
the "action required" flag. 3

4.2.2.1 Additional Linetypes

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

Analysis: There has not been time for this fairly recently added i
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. I
Analysis: There has not been time for this fairly recently added

requirement to be supported in CGM generator products.

4.3 Other Requirements I
4.3.1 Encoding Format
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Only the Binary Encoding shall be used for conforming basic
metafiles.

Analysisi 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 I
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 i
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 m
Table VI.

4.3.6 Metafile Defaults Replacement i

This element shall not be partitioned. Instead, multiple
instances of this element should be used. I
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 3
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; U
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 I
1024 image) in length.

Analysis: Nine implementations can generate a Cell Array element. i
It is not known whether this restriction is met.

28



I

I b. Pattern tables may not exceed 2048 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.

3 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.

1 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

3 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 128,
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.

3 Level 3: Establishing a Testing Service to verify conformance of
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a CGM generator to the CALS CGM Application Profile 3
(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 i
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 i
interpreters.

The CALS Application Profile for CGM fills the gap left by the
baseline CGM standard, by specifying the behavior of conforming I
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 I
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 Required Tasks U
References 8 and 9 present a global model of the overall
Conformance Testing Policy and Procedures that can be applied to I
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 3
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 I
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 generally5 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-28003) 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 to 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 i
Responsibilities

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

TCB1. Develop the overall conformance testing program policies i
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 U
CGM standard as represented by FIPS PUB 128.

Estimated Effort: 1.5;0.5;2.0;1.0 man-weeks. 3
TCB2. Approve the design of the test method, when it has been
developed. 3
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 I
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. 3
TCB3. Conduct a "trial use" 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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m
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 of5 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

m Format," can be applied.

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

m TCB6. Develop the validation procedures.

As specified in section 4.1B 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 7.2.2.4,3 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-I priority consideration at this stage. One should examine
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existing models, both within the graphics community (e.g., GKS) I
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. .

TCBlO. 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 I
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 I
Testing Laboratories personnel is required.

TCBII. Verify that the testing laboratory's recordkeeping system 3
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. i
TCBl2. Develop procedures for resolving disputes. Establish
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.
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S�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

m 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.

ITCBI3. 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.

m 5.2.3 Initial Tasks Associated With Testing LaboratoryI . 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.

I TTLI. 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

* 35

I



i

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," n
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 U
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 i
Specifications," and clause 7.2.2.5, "Preparation of the Test
Report," apply.

TTL8. Participate in a "field testu 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.

TTL9. Refine the test method as a result of the wtrial use"
period.

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

TTLILO. 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 B.

I In particular, license agreements with the Government, the
Certification Body, other Testing Laboratories, and the clients

I need to be drafted and approved for use.

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

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

I 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 Tasks 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).

I TCL1. Specify and document the steps that a client shall follow
in order to have a product tested and to obtain a validation

i certificate.

The provisions of clause 7.2.2.3, Reference 9, "Applying for
Testing," apply.

TCL2. 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 I
This section elaborates on the tasks associated with the
operation of the Testing Laboratory. Remember, these are the i
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 U
As noted previously, separate, but related, efforts will be
required to establish Conformance Testing Programs for CALS I
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 I
a further suffix.

5.3.2 Testing for Conforming CGM Generators i
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 I
for conformance to the conforming basic metafile provisions ofMIL-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 i
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 wasI 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 generatoxs. 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:I- 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

I 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.

I 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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TTL2Ga. 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. Document 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 CGMs 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 m
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 well-documented modules.
Variations among systems shall be parameterized wherever it is i
-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 I
results either by looking at the report file or the source code.
Because the test cases are binary encoded CGMs, a human 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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T This tool is needed for level 1 testing.

Estimated Effort: Eight man-weeks if one already has a baseline
implementation to build upon. The principal e~ffrt 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 testing3 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,I and fonts).

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

I TTIAG. 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.

TTL5G. 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 I
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: 3

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

withdrawn, and total cases.
- full details for each test case which failed.
- a description of any unexpected results. I

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. i
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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I TTL6Gb. Develop, document, and test an operator script for each
type of test to be performed.

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

i 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.

TTL6Gd. Develop and document procedures 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-weeks for the semantic checker when used for level 3 testing
(see task TTL3Gc). No formal on-site modification procedures are3 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.

3 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.

3 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
JTCI/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 twc. international meetings and two u
or three national meetings over a 12 month period, to prepare for
using a semantic checker for either level 2 or level 3 testing.I

TTL8G. Participate in a "field test" of the testing method for
public review and comment during a "trial use" period. 3
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 I
a beta test period involving the test laboratories and interestedthird parties (e.g., prospective clients).

TTL8Ga. Participate in an alpha "field test" of the testing I
method.

During the alpha test period, one would expect to be spending a 3
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 TTL3Ga and TTL3Gb) and one
man-week for the semantic checker proposed for level 2 or level 3
testing (see task TTL3Gc).

.TTrLGb. 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). 3
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. I
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 I
3 testing (see task TTL3Gc).
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I TTL9Gb. Implement the changes resulting from the alpha test
phase.

I Estimated Effort: 2 man-weeks for the syntactic checker used in
level 1 and 2 testing (see tasks TTL3Ga 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 levelIf
3 testing (see task TTL3Gc).

TTL1OG. 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.

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

I 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 I
in principle."

TTLIIG. 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 U
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 I
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). 3
TCL1G. 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: 3

- 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;
1

- the client's reporting the results of a "dry run" priorto formal testing;

- the client's seeking resolution of any queries he might i

have; and

- the client's scheduling an on-site test. 3
With appropriate thought regarding procedures, it might be
possible to abolish the need for on-site testing in the case of U
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.

I 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

I conformance will be established accordincz to documented criteria.
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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 a
should be used and to document in detail the test method design
selected for interpreters. U
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 i
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 i
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 I
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 I
more important for testing purposes. This substantial task can
be subdivided into smaller tasks to simplify the job of
estimating the work involved. I
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. i
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TTL2Ib. Document the number and contents of the CGM Test Sets
required to verify an interpreter's ability to read without errorCGMs conforming to the provisions of HIL-D-28003.

SThis 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
TTL21a.

I TTL2Ic. 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.

I 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 CGMs5 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 semanticpoint 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 available3 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 ability 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 3
assumes that 100 CGMs (at 2.5 man-hours per CGM) will be needed.

TTL3Ib. Construct and assemble the CGM Test Sets required to i
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 I
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 ability to display correctly- 1
at the Draft Quality level-all pictures contained in CGMs
conforming to MIL-D-28003. I
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- I
at the Publication Quality level-all pictures contained in CGMs
conforming to MIL-D-28003.

Estimated Effort: Three man-weeks, depending upon the decisions i
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 U
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 I
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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TTL3If. Document the allowable differences for each CGM in each
of the CGN 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, assuming3 the completion of task TTL3Ie.

TTL4I. Develop any required support tools.

3 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 TTL31, 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.

3 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 U
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 and generate a summary test report. 3
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 I
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 a
report generator procedures required, and testing of the tool.

The estimated effort is heavily dependent upon the availability I
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 U
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. I
TTL5I. Design the test report, both content and presentationlayout.

Reference 9, clause 6.2.2, suggests that the test report shall I
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 1
contain the following information:

description of product under test. 3
description of the test environment.
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I - a summary giving numbers of test cases passed, failed,
withdrawn, and total cases.

I - full details for each test case which failed.

g - 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.

3 Estimated Effort: Two man-weeks.

TTL6I. Develop test procedures.

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

ITTL6Ia. Develop, document, and test procedures for installing
the utility tools.

3 Estimated Effort: Two man-weeks.

TTL6Ib. Develop and document an operator script for each CGM in3 the Test Set.

Estimated Effort: One man-hour for each CGM. This estimate
assumes that Tasks TTL3Ie and TTL3If 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.

3 TTL6Ie. 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.
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Estimated Effort: Two man-weeks. There are a lot of details to I
attend to.

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

Estimated Effort: One man-week.

TTL7I. 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 I
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 I
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 JTCI/SC24. I
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 U
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 I
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. 1
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
method,

During the beta test period, one would expect to be answering alot 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.

3TTL9I. Refine the test method as a result of the "trial use"
period.

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

I 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 test3 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 clients3 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. 3
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 maintenance procedures for
the test method. 3
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 U
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 m
procedures shall encompass the test suite, the test procedures,
and the test report format. g
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 I
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).

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

The detailed provisions of clause 7.2.2.3, Reference 9, "Applying I
for Testing," provide for:

the client's being able to purchase the test suite for
his own use; I
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the client's submitting a scheduling request if he

wants to be officially certified;

I - the client's reporting the results ot a "dry run" prior
to formal testing;

S- 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 laboratoc'y
site. This would permit less skilled and/or less experienc.ed
personnel to be used for on-site monitoring of the
interpretation.

Estimated Effort: Two to four 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) to CGM

i (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 CGM3 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.

I
I
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IV. SUMMARY AND CONCLUSIONS

This section summarizes the major subsections of section III as 3
follows:

0 Section 1 below summarizes section III, subsection 3; 5
o Section 2 below summarizes section III, subsection 4;

and 3
o Section 3 below summarizes section III, subsection 5.

1.0 Summary of Commercial Implementations 1
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 i
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 U
in today's graphics applications.

However, several other elements are used infrequently in the 3
metafiles surveyed. These include:

METAFILE DEFAULTS REPLACEMENT CIRCULAR ARC CENTER CLOSE i
FONT LIST ELLIPSE
CHARACTER SET LIST ELLIPTICAL ARC
CHARACTER CODING ANNOUNCER ELLIPTICAL ARC CLOSE
AUXILIARY COLOR CHARACTER SET INDEX I
TRANSPARENCY The Edge Attributes
DISJOINT POLYLINE FILL REFERENCE POINT
APPEND TEXT PATTERN TABLE I
POLYGON SET PATTERN SIZE
CELL ARRAY ASPECT SOURCE FLAGS
CIRCULAR ARC CENTER 3

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

3 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.

5 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 of3 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.

3 Consequently, NIST recommends that:

1. The testing of CGM generators to MIL-D-28003 be given3 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.

3 2.0 Conformance Checklist Summary--Commercial .vs. MIL-D-28003
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A summary of how well the implementations studied meet the I
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 I
follows:

M
Y Means the generator meets the CALS requirement.N Means the generator does not meet the CATS requirement.

- Means the generator does not use the CGM element on I
which the requirement falls.

? Means that not enough information was available for the
implementation in question. I

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

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

6U
I
I

I
!

3
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3 3 3 3 3 3

52 2 2 2 2 2

1 2 3 4 5 6

ATC AUT SOP CAI GEN GPT

3 4.2.1.1 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

4.2.1.2.a2 MD contains string
"MIL-D-28003/BASIC-I" N* N N N N* N

I 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 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

5 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) - - - -

3 4.2.1.2.i CCA = 0 or 1 - - - -

4.2.1.3 If metric, SCALING MODE

3 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

3 4.2.1.5 No GDPs allowed N Y Y ? Y Y

4.2.1.6.a 1<=Line Bundle Index<=5 N . . . . .

I 4.2.1.6.b 1 <= Line Type <=5 or
-11301 <= L.T. <= -11308 N N N ? Y Y
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3 3 3 3 3 3

2 2 2 2 2 2n

1 2 3 4 5 6 3
ATC AUT SOP CAI GEN GPT

4.2.1.6.c 1<=Marker Bun.Index<=5 N . I

4.2.1.6.d 1 <= Marker Type <= 5 N - N ? - -

4.2.1.6.e 1<=Text Bun. Index <=2 N -.. I
4.2.1.6.f 1<=Text Font Index <=4 N Y N Y N N

4.2.1.6.g 1<=Char. Set Index <=2 . Y -

4.2.1.6.h l<=Alt.Char.Set Ind<=2 ..- -i

4.2.1.6.i 1<=Fill Bun. Index <=5 N - -

4.2.1.6.j 1<= Hatch Index <=6 or--
-11401<= H.I.<=-11418 N N ? - -

4.2.1.6.k 1<=Edge Bun.Index <=5 . . . . . . I
4.2.1.6.1 1 <= Edge Type <=5 N . . . n

4.2.1.6.m 1<=Pattern Tab.Ind.<=8
Each Pattern wi 16x16 N . . . . .

4.2.1.6.n 0<=ColorTableInd.<=255 ? 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 -. . . . - I

4.3.1 Uses Binary Encoding Y Y Y Y Y Y

4.3.2 80-Octet Records Y N N ? 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 a

62



I
!

3 3 3 3 3 3

2 2 2 2 2 2

11 2 3 4 5 6

ATC AUT SOP CAI GEN GPT

3 4.3.5 Only Hershey Font Names
in Font List Element . . . . N -

5 4.3.6 MDR shall not be part'd - - - Y - -

4.3.8.a Cell arrays<=l,048,576 ? - ? ? - -

5 4.3.8.b Pattern Tables <=2048 N - -

4.3.8.c Color Tables <= 256
entries ? Y Y Y Y Y

4.3.8.d Point arrays <= 10241 pairs Y Y ? ? Y ?

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

3 4.3.8.f Strings <= 256 Y ? ? ? Y ?

6
I
I
I
I
I
i
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3 3 3 3 3 3 i
2 2 2 2 2 2

7 8 9 10 11 12

GSS HPS IBM LOT MCD MDT

4.2.1.1 No-ops < 32767 Y Y Y Y Y Y 3
4.2.1.2.al MD contains product

or company name Y Y Y Y Y Y 5
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

4.2.1.2.c Real Precision=(l,16,16)-I
or (0,9,23) Y 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 Y n

4.2.1.2.g Font List <= 4 ---- YN 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.=(1,16,16)
or (0,9,23) - Y - - Y Y I

4.2.1.5 No GDPs allowed Y Y Y Y Y Y

4.2.1.6.a 1<=Line Bundle Index<=5 . 3
4.2.1.6.b 1 <= Line Type <=5 or

-11301 <= L.T. <= -11308 N N N N Y Y
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3 3 3 3 3 3

2 2 2 2 2 2

£i 8 9 1011 12

GSS HPS IBM LOT MCD MDT

3 4.2.1.6.c 1<=Marker Bun.Index<=5 - - - - - -

4.2.1.6.d 1 <= Marker Type <= 5 N N N N Y Y

4.2.1.6.e 1<=Text Bun. Index <=2 . . . . . .

34.2.1.6.f 1<=Text Font Index <=4 N N N N Y Y

4.2.1.6.g 1<=Char. Set Index <=2 - - -.

34.2.1.6.h 1<=Alt.Char.Set Ind<=2 - - -.

4.2.1.6.i 1<=Fill Bun. Index <=5 - - -.

S4.2.1.6.j 1<= Hatch Index <=6 or
-11401<= H.I.<=-11418 N - N N Y Y

4.2.1.6.k 1<=Edge Bun.Index <=5 . . . . . .

4.2.1.6.1 1 <= Edge Type <=5 . . . . . .

I 4.2.1.6.m 1<=Pattern Tab.Ind.<=8
Each Pattern wi 16x16 . . . . . .

I 4.2.1.6.n 0<=ColorTableInd.<=255 Y - Y - Y Y

S4.2.1.7 Only ESCAPE Els:-301&2 N N N N Y Y

4.2.1.8 Only MESSAGE w/ Flag =
"no action required" N N . . . .

4.3.1 Uses Binary Encoding Y Y Y Y Y Y

3 4.3.2 80-Octet Records N Y N N Y ?

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

S4.3.4 Don't use color indices
unless set/follow CALS N - N N Y N

i_ _ default table
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3 3 3 3 3 3

2 2 2 2 2 2

7 8 9 10 i 12

GSS HPS IBM LOT MCD MDT 3
4.3.5 Only Hershey Font Names

in Font List Element . . . . Y* Y*

4.3.6 MDR shall not be part'd Y ? - I
4.3.8.a Cell arrays<=l,048,576 ? - ? - - - I
4.3.8.b Pattern Tables <=2048 . . . . . .

4.3.8.c Color Tables <= 256 3
entries Y - Y - Y -

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

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

4.3.8.f Strings <= 256 ? Y ? ? ? '?

I
I
I
I

I
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3 3 3 3 3 3

2 2 2 2 2 2

13 14 15 16 17 18

NOV PAN OPT TVI PRM SPB

3 4.2.1.1 No-ops < 32767 Y Y Y Y Y Y

4.2.1.2.al MD contains product3 or company name Y Y N Y Y Y

4.2.1.2.a2 MD contains string
"3 "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=(1,16,16)

or (0,9,23) Y Y Y Y Y Y

3 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

i 4.2.1.2.f Color Index Prec.=8or16 Y* - Y Y Y YY

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 -. . . . .

I 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 Prec.=(1,16,16)
or (0,9,23) Y Y Y Y

4.2.1.5 No GDPs allowed Y Y N Y N Y

3 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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3 3 3 3 3 3

2 2 2 2 2 2 5
13 14 15 16 17 18

NOV PAN OPT PVI PRM SPB I
4.2.1.6.c 1<=Marker Bun.Index<=5 N - N - N - I

4.2.1.6.d 1 <= Marker Type <= 5 Y - N Y N N

4.2.1.6.e 1<=Text Bun. Index <=2 N - N - N -

4.2.1.6.f 1<=Text Font Index <=4 N - N ? N N

4.2.1.6.g 1<=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 1<=Edge Bun.Index <=5 . 3
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 ? - N - N -

4.2.1.6.n 0<=ColorTableInd.<=255 Y - ? Y ? Y 3
4.2.1.7 Only ESCAPE Els:-301&2 Y Y N Y N ?

4.2.1.8 Only MESSAGE w/ Flag = I
"no action required" N Y N Y N Y

4.3.1 Uses Binary Encoding Y Y Y Y Y Y 3
4.3.2 80-Octet Records ? N Y ? Y N

4.3.3 Def. text prec STROKE Y N N Y N N 1
4.3.4 Don't use color indices

unless set/follow CALS N N Y Y Y
default table
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3 377 K3 3 3
I

2 2 2 2 2 2

513 14 15 16 17 18

NOV PAN OPT PVI PRM 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 ? - ? - -

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

4.3.8.c Color Tables <= 256
entries Y - ? Y ? Y

4.3.8.d Point arrays <= 10243 pairs ? ? Y Y Y Y

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

4.3.8.f Strings <= 256 ? ? Y Y Y Y

I
I
I
I
I
I
i
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3 3 3 3 3

2 2 2 2 2

19 20 21 22 23 3
SUN SOS TKN WAS ZEN

4.2.1.1 No-ops < 32767 Y Y Y yY Y

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

4.2.1.2.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=(1,16,16) 3
or (0,9,23) Y Y Y Y Y

4.2.1.2.d Index Precision = 16 Y* Y Y Y Yi

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 U
4.2.1.2.g Font List <= 4 - Y - - - I

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.=(1,16,16)
or (0,9,23)

4.2.1.5 No GDPs allowed Y Y Y Y Y

4.2.1.6.a 1<=Line Bundle Index<=5 . 3
4.2.1.6.b 1 <= Line Type <=5 or

-11301 <= L.T. <= -11308 N Y N Y Y
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3 3T3 3

12 2 2 2 2

£19 20 21 22 23

SUN SOS TKN WAS ZEN

3 4.2.1.6.c 1<=Marker Bun. Index<=5 - -. .

4.2.1.6.d 1 <= Marker Type <= 5 N Y N Y

4.2.1.6.e 1<=Text Bun. Index <=2 . . . . .

3 4.2.1.6.f 1<=Text Font Index <=4 Y Y N N N

4.2.1.6.g 1<=Char. Set Index <=2 - -. .

4.2.1.6.h 1<=Alt.Char.Set Ind<=2 - -. .

4.2.1.6.i l<=Fill Bun. Index <=5 - -. .

U 4.2.1.6.j 1<= Hatch Index <=6 or
-11401<= H.I.<=-11418 ? Y N Y -

4.2.1.6.k 1<=Edge Bun.Index <=5 - - - I -

4.2.1.6.1 1 <= Edge Type <=5 - Y - Y Y

4.2.1.6.m l<=Pattern Tab.Ind.<=8
Each Pattern wi 16x16 N . . . .

4.2.1.6.n 0<=ColorTableInd.<=255 Y Y Y Y Y

1 4.2.1.7 Only ESCAPE Els:-301&2 Y N N Y Y

4.2.1.8 Only MESSAGE w/ Flag =
"no action required" 7 Y - - -

4.3.1 Uses Binary Encoding Y Y Y Y Y

i 4.3.2 80-Octet Records ? N N N N

4.3.3 Def. text prec STROKE Y Y N N N

S4.3.4 Don't use color indices
unless set/follow CALS Y Y Y Y Y

* _default table
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3 3 3 3 3

2 2 2 2 2

19 20 21 22 23

SUN SOS TKN WAS ZEN

4.3.5 Only Hershey Font Names-I
in Font List Element . . . . .

4.3.6 MDR shall not be part'd Y . . . .5

4.3.8.a Cell arrays<=1,048,576 ? - ?

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

4.3.8.c Color Tables <= 256
entries Y Y _ ? Y

4.3.8.d Point arrays <= 1024
pairs Y ? I> 7

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

4.3.8.f Strings <= 256 Y ? ? ? - I
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I
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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) thatchecks 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.

I 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 thistime.

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.

3 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.

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

3 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 3
relate to establishing a formal testing service for CGM
generators.

Phase 5 Augment the generator testing service to validate and I
certify CALS CGM generators for both syntactic
correctness and semantic correctness. 5
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 I
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 I
for reaction to out-of-range values and proper handlingof non-conforming CGMs.

This phase involves performing most of the tasks i
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 U
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 B
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. 3
The additional work involves: (a) upgrading the CGM
creation tool to create erroneous CGMs; (b) creating
lots of new operator scripts; and (c) augmenting I
certification and validation criteria to reflect the
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3requirements of MIL-D-28003. This effort assumes that
an additional 200 CGMs will be added to the Test Suite.

1 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 oiC
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-governmental
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.

I
I

I
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Table 3-1. Tasks Associated with the Certification Body 1
Task ID Task Description I
TCBl Develop overall policies and procedures.
TCB2 Approve the design of the test method.
TCB3 Conduct "alpha" and "beta" field tests.
TCB4 Approve revisions to test method resulting from

field tests. 1
TCB5 Approve test report forms.

TCB6 Develop validation procedures.
TCB7 Determine validation criteria.
TCB8 Design validation certificate.
TCB9 Establish Testing Laboratory (TL)

accreditation criteria.
TCB10 Conduct initial proficiency testing of TL

personnel.
TCB11 Verify TL's recordkeeping system.
TCB12 Develop appeal procedures. Establish I

control board.
TCB13 License testing tools. Establish fees.

I
I
I

I
I

I
I
I
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Table 3-2. Tasks Associated with Testing Laboratory Operation
and Client Responsibilities with respect to CGM Generator TestLng

m

3 Task ID Task Description

TTL1G Design the test method.
TTL2G Develop test requirements document:
TTL2Ga Document requirements for conformance to FIPS PUB

128.
TTL2Gb Document requirements for conformance to

MIL-D-28003.
TTL2Gc Document range of test CGMs needed for FIPS

conformance.
TTL2Gd Document range of test CGMs needed for MIL-Dý-28003

conformance.
TTL3G Develop test suite:
TTL3Ga Develop FIPS syntax analyzer.
TTL3Gb Develop MIL-D-28003 syntax analyzer.
TTL3Gc Develop reference CGM interpreter.
TTL4G Develop utility to print the content of Binary CGMs.
TTL5G Design the test reports.
TTL6G Develop test procedures:
TTL6Ga For test programs and utility tool.
TTL6Gb Operator scripts for each test.
TTL6Gc Maintenance procedures.
TTL6Gd On-site modifications.
TTL6Ge On-site recordkeeping requirements.
TTL6Gf Checklists of materials.
TTL7G Document how to evaluate test results.
TTL8G Participate in field tests:
TTL8Ga Alpha field test.
TTL8Gb Beta field test.
TTL9G Refine test method as result of field tests:
TTL9Ga Design changes after alpha results known.
TTL9Gb Implement alpha changes.
TTL9Gc Design changes after beta results known.
TTL9Gd Implement beta changes.

TTL10G Negotiate license terms and conditions.
TTL11G Develop change control procedures for the test method.

TCLIG Specify steps to be followed by client.
TCL2G Specify information needed from client.

7
I
m 7
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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

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

128.
TTL2Ib Document requirements for conformance to

MIL-D-28003.
TTL2Ic Document requirements for Draft Quality 3

interpretation.
TTL2Id Document requirements for Publication Quality

interpretation.
TTL3I Develop test suite:
TTL3Ia Construct CGMs to test FIPS PUB 128 syntax

conformance.
TTL3Ib 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 Design the test reports.
TTL6I Develop test procedures:
TTL6Ia For the utility programs.
TTL6Ib Operator scripts for CGM in the Test Set.
TTL6Ic Maintenance procedures. I
TTL6Id On-site modifications.
TTL6Ie On-site recordkeeping requirements.
TTL6If Checklists of materials. I
TTL7I Document how to evaluate test results.
TTL8I Participate in field tests:
TTL8Ia Alpha field test. I
TTL8Ib Beta field test.

I
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I Table 3-3. Tasks Associated with Testing Laboratory Operation
and Client Responsibilities with respect to CGM Interpreter3 Testing (Continued)

Task ID Task Description

TTL9I Refine test method as result of field tests:
TTL9Ia Design changes to Test Set after alpha results

known.
TTL9Ib Implement alpha changes.
TTL9Ic Design changes to Test Set after beta results

known.
TTL9Id Implement beta changes.
TTLlOI Negotiate license terms and conditions.
TTL11I Develop change control procedures for the test method.

TCLII Specify steps to be followed by client.
TCL2I Specify information needed from client.

I
I
I
I
I
I
I
i
I

* 7



I

Table 3-4. Tasks Associated with the Certification Body i
(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 1
TCB2 0.5 0.5 --- 2.0 --- 2.0 1
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 3
TCB7 --- --- --- 1.0 --- 3.0 1
TCB8 ..--- --- 1.0 --- 1.0

TCB9 --- --- 4.0 --- 4.0 1
TCB10 --- ---.. 6.0 --- 14.0

TCB11 ---...... 2.0 --- 2.0 3
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 3

s
U
I
I
I
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i Table 3-5. Tasks Associated with Testing Laboratory Operation
and Client Responsibilities with Respect to CGM
Generator Testing

(all estimates in man-weeks)

3 Task ID Phase 1 Phase 2 Phase 3 Phase 4 Phase 5

TTL1G 2.0 ---.........

TTL2Ga 3.0 ---.........

TTL2Gb --- 0.5 .........I TTL2Gc --- --- --- 2.0 ---
TTL2Gd ---.--- 1.5

I TTL3Ga 8.0* ---.........

TTL3Gb --- 3.0* .........
TTL3Gc --- --- 12.0* --- 12.0*

I TTL4G 8.0* ............

TTL5G 1.0 --- 1.0 ......

U TTL6Ga 0.5 --- 1.0 --- 0.5
TTL6Gb --- --- --- 1.0 0.5
TTL6Gc --- --- --- 2.0 0.5
TTL6Gd --- --- --- 1.0 0.5
TTL6Ge .........- 1.0 0.5TTL6Gf ---... -- i- . 0 0.5

TTL7G 1.0 --- 2.0 2.0 1.0

3 TTL8Ga 1.0 1.0 2.0 2.0 2.0
TTL8Gb 6.0 6.0 12.0 10.0 6.0

TTL9Ga 1.5 1.5 1.5 1.5 1.5
TTL9Gb 2.0 2.0 2.0 2.0 2.0
TTL9Gc 0.5 0.5 0.5 0.5 0.5ITTL9Gd 1.5 1.5 1.5 1.5 1.5

TTL10G 1.0 1.0 0.5 0.5 0.5

I TTL11G --- --- --- 3.0 1.5

TCLIG --- --- --- 2.0 2.0i TCL2G ......... 3.0 2.0

Totals 37.0 17.0 36.0 37.5 36.5

Assumes the availability of a baseline implementation.
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Table 3-6. Tasks Associated with Testing Laboratory Operation U

and Client Responsibilities with Respect to CGM
Interpreter Testing (all estimates in man-weeks) 3

Task ID Phase 6 Phase 7 Phase 8

TTLII 3.0 ...... 3
TTL2Ia 3.0 ......
TTL2Ib 1.5 ---
TTL2Ic 1.5 --- -
TTL2Id --- 1.5 ---

TTL3Ia 6.0. --- --- i
TTL3Ib 3.0 ......
TTL3Ic 3.0 --- i
TTL3Id --- 3.0
TTL3Ie 7.5 2.0 7.5
TTL31f --- 6.5 ---

TTL4Ia 12.0* --- 8.0* 1
TTL4Ib 8.0* 4.0* 4.0*

TTL5I 1.0 --- 1.0 1
TTL6Ia 2.0 --- -
TTL6Ib -5.0 1.5 5.0
TTL6Ic 2.0 ......
TTL6Id 2.0 ......
TTL6Ie 1.0 --- 1.0
TTL6If 1.0 --- 1.0

TTL71 3.0 --- 3.0 3
TTL8Ia 7.0 8.5 13.0
TTL8Ib 12.0 12.0 12.0 3
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

TTL1OI 2.0 ......
TTL11I 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 CALS 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.
Uni n unless CALS supports the development ofafra

testing program for MIL-D-28003, the full potential of CGM 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.

1 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.
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2.1 Constraints on Element Usage and on Options i
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. I
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
conformance be identical to that of TOP. This is being strongly
considered as a change to MIL-D-28003 for FY '89. 3
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 I
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 I
EXPO and NCGA's Integrate'89 is a good focal point and
opportunity for teaching the implementors what was intended by
the Application Profile. 3
In most cases, proper use of the COLOUR TABLE element will not be
expensive to implement: in fact, most products almost workcorrectly. 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 set. 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 elementsI 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 textI 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.

m 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 I
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 I
physical format.

3.0 Summary I
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 I
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 i
the current implementation is. All will have to add support for
the new CALS line types and hatch patterns and 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 I
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 I
interpreter already supports the full set of elements contained
in the ANSI standard. 3
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 I
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 I
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. i
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I VI. RECOMMENDATIONS

3 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 examinedseparately 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

Sconforming 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.

I 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.
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U
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 Iinterpreters.

This technique, known as falsification testing, can only
prove an implementation non-conforming. Successful i
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 I
to very high levels.

Because of the large number of features--both syntactic and 3
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 interpretCation 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 wideselection of variations and for certain exceptional conditions, I
NIST also suggests that

A CGM creation tool, probably based on the CGM Clear Text i
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. 3

4.0 Additional Remarks Regarding Certification n

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 X3.1•2
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:

I It is vital that the US take the international initiative in
the certification and testing of CGN 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 CAIS 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

Sinterpreters without a lot of conforming CGMs for them to
interpret.
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FINAL PHASE I.1 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 1.1 CGM MILSPEC (CALS
SOW Task 3.1.2.2).

II. BAC.KGROUND

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 intenticnal 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 interf ace 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 a,id
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 I
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 i
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 I
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 I
It was recognized at the end of the project for the ini-tal•
version of the CALS AP that future work would be required and an I
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 I
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

I
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During 1988 both of the APs have been reviewed, and there haveI 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 be3 done in 1989 with regard to the CALS AP.

3 III. DISCUSSION

1.0 Major Activities

The following activities comprise most of the work to date in
1988 for the CALS AP Update project.I
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 AP '87, became available in April 1988. All of
these documents have been reviewed for correctness and
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.

3 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 TOP
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 implementations and constructing test sets.
All of this experience has been evaluated for lessons about the

3
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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 i
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 I
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. 3
1.4 Registration Proposals I
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 I
'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. I
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 I
formulate font name specifications according to the unstable DIS
(Draft International Standard) ISO 9541.

There is significant overlap between CALS AP '87 and the I
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

I 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, whichI 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 changes5 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 fromI 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.

1 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.
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2.2 Errors in the ANSI/FIPS Standard I

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.100, the last item on the page: 1" should be "0"1 I
and "foreground" should be "background".

2. In ANSI CGM (and ISO), Part 3, p.17, item 11: the
fraction numerator which is "pnx" should be "pnx-l".

3. In ANSI CGM (and ISO), Part 3, p.26, VDC REAL
PRECISION: "31" should be "E,2I". I

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.106, the expansion of
"<metafile contents>": the "f" symbols should be I
deleted.

2.3 Order of Metafile Descriptor Elements 1
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

6



I

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.

I 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".I
2.8 Fix Alignment in Table 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.I
2.9 Change MILCGM

The name MILCGM in Note 1 of Table I should be changed to
MIL-D-28003.

I 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.

3 2.11 Editorial Improvement

In 3.2.1.3, delete the sentence beginning "This is not an
error...".

2.12 Note Explaining VDC
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Below table II add "Note: VDC stands for Virtual Device I
Coordinates, the coordinate system of CGM FIPS 128. I
2.13 Delete Hatch Style

Remove "earth" the earth style from Table V, because it has been I
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 Linetypesi

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 3
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." I
2.17 Revise Hershey Font Names

Throughout, replace "Hersey" with "Hershey". In 3.2.5, replace 3
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 3
"name string" to designate the particular typeface." 3
2.18 Default Viewport i

8
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H 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.

I 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
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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 "I (on)".

2.26 Clarify the GDP Sections

Rewrite 3.2.1.5: "To ensure portability and predictability of i
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 I
set. "

2.27 Fix Typo in Device Viewport i
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.L Minor Changes i
In 3.2.3, delete the last two sentences of the paragraph,
beginning with "FIPS PUB 128...". I
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 I
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
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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. Draftconformance 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 Replacement. This ESCAPE element
provides a shorthand method 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 itscolor table to contain
0 - white
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1 - black i
2 - red
3 -green
4 - blue
5 - yellow
6 - magenta 3
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 I
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). I
Succeeding entries, with the exceptions described
below, are 1/32 lighter. The exceptions are 0/32,
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 I
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."

I
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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 containsI the substring TOP/BASIC-l, whereas in MIL-D-CGM it
contains the substring MIL-D-CGM/BASIC-l.

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 linetypes
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 tnis
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
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string expressible in a short-format binary text string
(254).

d. The Basic values of Transparency in MIL-D-CGM have been I
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 I
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 I
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. U
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 I
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 m
first is the "cyJlic" scheme (the default for the

14



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 consequenceSsignificant 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-1840A. 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 &'n 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 engineeringlinetypes 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 I
(default) color table for the interpreter.

A handful of changes are recommended to MIL STD 1840A. That I
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 I
encoding is felt to be adequate for interchange, but 1840A should
recommend that delivered CGM software systems (generators and
interpreters) have Clear Text capability. 3
V. RECOMMENDATIONS

1.0 Future Work

A first usable version of the CALS AP is now complete and has j
been reviewed see Appendix B). Over the next year, two important
activities for the CALS AP should be pursued.

2.0 Consolidation with TOP

Because of different production schedules, production and review V
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. 3
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 I
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. I
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 I
CALS AP.

There are currently several sources of additional functionality I
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:

0 The functional extensions of ISO CGM Addendum 1 (1year);

0 Further functional extension through the Graphical
Registration process (1-1.5 years);

0 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

Scould 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 to outweigh the disadvantage
of implementors having to make changes of detail when the content£ of Addendum 3 finally becomes standard.

3
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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 I
rules for this building block are found in Chapter 2, Section 2.4.10.

6.2.1 CGM Introduction

The TOP CGM AP defines the conformance characteristics or permissible combinations 3
for all 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. 3
6.2.2 CGM Scope I
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 3
are mandatory for conformance to this AP.

CGM Ml - A CGM metafile input workstation. I
CGM MO - A CGM metafile output workstation.

COMPOUND DOCUMENT - A digital analog of a document containing more than one 1
component objects (such as character, computer graphics, image or
facsimile data). j

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 technques
with graphical devices.

COMPUTER GRAPHICS METAFILE (CGM) - The specification for a mechanism for Storirg
and transferring picture description information. Refer to ISO 8632.

T
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DATA INTERFACE - The communication boundary (i.e.. interface) between software
modules or devices comprising one or more operation codes and data (as

I 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 supporlts a
I 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.I
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 hardware3" 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.

SPERM ISSIBLE VALUES - The range of valid values for a param eter of a CG M elem ent P

specified in ISO 8632.

i 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. c!ause 3. for further definitions

of computer graphics terms.

S6.2.4 CGM Architectural Concepts

The CGM is designed to be usable and useful to a wide range of applications. grapnicsI systems, and devices or workstations. The CGM is graphics system independent, as weil
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.

i
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Application

Device Indepenfln

1 . I
CG•M Generator Facility

File Store i
Figure 6.2-1: CGM Generator Reference Model I

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 te
CGM Interpreter (alternate) Reference Model.

The GKS may be the device independent graphics system that is used in figures 6.2-2 ard 3
6.2-3. GKS (ISO 7942), however, does not specifically refer to the CGM any more t'an
it does to another specific class of graphics device.

I
I
I
I
!
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GApplication

Device

CGFi Sysem
Interpreter .e

IG
Figure 6.2-2: CGM Interpreter Reference Model

Application

Device
CGMI Independent Terminal

Ml OGI Graphics CGI

System

CGM
Interpreter C RT

Facility

File Store

Figure 6.2-3: Alternate CGM Interpreter Reference Model
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6.2.5 CGM Conformance I
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. I
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 I 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" 1
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 ot
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. 3
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 I
the CGM.

6.2.6.1 Delimiter Elements

Element I

NO-OP An arbitrary sequence of n octets.
n-0,1,2 .... 32767 1

Table 6.2-1: Delimiter Element Constraints

I
I
I

I
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6.2.6.2 Metafile Descriptor Elements

Metafile Description (Note 1)
Integer Precision 1 6
Real Precision 0,9.23 (floating point)

1,16.16 (fixed point)

Index Precision 1 6
Color Precision 8,1 6
Color Index Precision 8,16
Maximum Color Index 255
Font List (Note 4)
Character Set List 0,4/2 (Note 2)1,4/1 (Note 3)

Character Coding Announcer 0,1

Note 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-1l shall be included within the Metafile Description
string to label the metafile as conforming to this profile.

Note 2: The character set is ANS X3.4, 7-bit American National Standard Code for
Information Interchange (7-bit ASCII).

Note 3: The chaidcter 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.

Note 4: Four simultaneous fonts are supported. The font names are selected from
the basic font names in Table 6.2-8.

raole 6.2-2: Metafile Descriptor Element Constraints

6.2.6.3 Picture Descriptor Elements

Scaling Mode (Note 1)

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 I

VDC Integer Precision 16,32
VOC Real Precision 0,9.23 (floating point)

1,16,16 (fixed point) 1

Table 6.2-4: Control Element Constraints I
6.2.6.5 Graphics Primitive Elements

To ensure portability and predictable results, TOP conforming basic metafiles may not 3
contain any Generalized Drawing Primitive (GDP) elements.

6.2.6.6 Attribute Elements I

Line Bundle Index 1 .5
Line Type 1 -5
Marker Bundle Index 1 -5 I

Marker Type 1 .5
Text Bundle Index 1 -2
Text Font Index 1 - 4
Character Set Index 1 - 2 1
Alternate Character Set Index 1 -2
Fill Bundle Index 1 -5
Hatch Index 1 - 6
Pattern Index 1 - 8
Edge Bundle Index 1-5
Edge Type 1 -5
Pattern Table Pattern Table Index, 1-8

nx, 1-16
ny, 1-16

Color Table 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 3
contain only those ESCAPE elements that are defined in Section 6.2.8.2 of this AP.

I
i
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6.2.6.8 External Elements

F.eme-n-t Basic _Vhal

I 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
Detaults 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:

I
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In L.lues Mean

2 (255, 0, 0) pad
3 (0, 255, 0) Green
4 (0, 0, 255) Blue
5 (255, 255, C) Yellow
6 (255, 0, 255) Magenta
7 (0, 255, 255) Cyan
8 (0, 0, 0) Black
9 (255, 255, 255) White N

Table 6.2-7: Default Color Table

6.2.8 CGM Related Private Use of Elements

6.2.8.1 Fonts 1

The fonts in Table 6.2-8 are public domain fonts, available from the U.S. National
Bureau of Standards (NBS) [CGMRef5]. All of these fonts are considered to be basic I
capabilities of a TOP conforming basic metafile. Any of these fonts may appear in the
Font Ust element in a CGM that conforms to this AP. The font names are specitied in a
manner compatible with ISO 9541, Font and Character Information Interchange I
[CGMRef1 1]. 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 I
Standards with an Organization Name. The User Readable Font Name is the concatenated
string 'HERSHEY:*, to designate one of the Hershey fonts, and "name stringo, to designate
the particular typeface. I
Note: The Hersey "fonts" are really combined specifications of font and character

set, in the terminology of standards. So support of the Hersey "fonts" reaily
implies support of a number of fonts and character sets.

1. NBS HERSHEY'CARTOGPAPHIC_ROMAN
2. NBS HE EY.CARTAPHIC GREEK a
3. NBS HERSHEYSIMPLEXROMAN
4. NBS HERSHEY:SIMPLEX.GREEK
5. NBS HERSHEY:SIMPLEXSCRIPT U
6. NBS MERSHEY.COMR.EXROMAN
7. NBS HERSHEY.COMPLEXGREEK
8. NBS HERSHEY.COMPLEX_SCRIPT
9. NBS HERSHEY-COMPLEXITAUC
10. NBS HERSHEY-COMPLEXCYRILLJC
11. NBS HERSHEY:DUPLEX_ROMAN
12. NBS HERSHEY:TRIPLEX_ROMAN
13. NBS HERSHEY:TRIPLEXITAUC
14. NBS HERSHEY-GOTHIC GERMAN
15. NBS HERSHEY.GOTHIC ENGUSH
16. NBS HERSHEY.GOTHICITAUAN

3
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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, 1.01.

P3: Second corner x-coordinate. Real frac!ion 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, 1.01.

For example, a Device Viewport equal to the upper right quarter of the default Device
Viewport would be coded with the following Escape element:

Escane Identifier: -302
Escape Data Record: ".5,.5,1.,1."

OR

Escane IdentifierL -302
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 ccded with the following Escape
element:

I Escape Identifier: -302
Escape Data Record: "0., 0., .1, 1."

6.2.9 CCM 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 in
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.

T

STOP v3.o IA (extract . edted) 29 3/24/88



Technical and Office Protocols I
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 I
into the Text Extent parallelogram.

Name: Color Table I
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 I
This section is meant to augment ISO 8632.1, Annex D.5 and ISO 863213, clause 8.

6.2.9.2.1 Minimum Data Structure Support U
Name: Maximum Color Array Dimension 3
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. COLCOR
TABLE has a color list parameter.

Basic Value: 1048576 for CELL ARRAY (i.e., one 1024 x 1024 image), I
2048 for PATTERN TABLE (i.e., eight 16 x 16 patterns),
256 for COLOR TABLE (i.e., entries 0-255)

II
Name: Maximum Point Array Length

Description: The basic value for the number of points that can appear in
parameters for metafile elements.

Basic Value: 1024

Name: Maximum String Length 5
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

i Dscriptio: The bundle representations are not settable in the current version
of the CGM. This implementation dependency detracts from the
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.

3 Basic Value: Refer to Table 6.2-9

Runle TJIe Bundle Index
Bundle
Representation 1 2 3 4 5

Line Type Solid Dash Dot Dash-dot Dash-dot-dot
Line Width 1 1 1 1 13 Line Color 1 1 1 1 1

Marker Bunlei
Marker Type Dot Plus Asterisk Circle Cross
Marker Size1 1 1 1 1
Marker Color11111

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 53 Pattern Index 1 1 1 1 1

Edge Type Solid Dash Dot Dash-dot Dash-dot-dot

Edge Width 1 1 1 1 1
Edge Color 1 1

5 Table 6.2-9: Basic Bundle Table

I
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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 processable by the interpreter, processing of the 3
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. i

6.2.12 CGM References

These references relate to documents applicable to this specification. I
CGMRef1 ANS X3.4 1986, 7-bit American National Standard Code for

Information Interchange 3
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

CGMRef5 NBS Special Publication 424 - April 1976, Hershey Fonts

CGMRef6 ISO 8613, Information Processing - Text and Office Systems - Office I
Document Architecture and Interchange Format (ODA/ODIF)

CGMRef'7 ISO 8632/1, Information Processing Systems - Computer Graohics 3
Metafile (CGM) for the Storage and Transfer of Picture Description
Information - Part 1; Functional Specification
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CGMRef8 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

CGMRef10 ISO 8632/4. Information Processing Systems - Computer Graphics
Metafile (CGM) for the Storage and Transfer of Picture Description
Information - Part 4; Clear Text Encoding

ICGMRef11 ISO 9541, Information Processing Systems - Font and Character
Information Interchange

3 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

CGMRef14 ISO DIS 8805, Information Processing Systems - Computer Graphics -

Graphical Kernal System for Three Dimensions (GKS-3D) Functional
Description

CGMRef15 ISO DP 9592. Information Processing Systems Computer Graphics -
Programmers Hierarchical Interactive Graphoics System (PHIGS)

CGMRef16 ISO TC97/SC21 N1179, Information Processing Systems - Computer
Graphics - Interfacing Techniques for Dialogues with Graphical Devices
(CGI)

6.2.1 3 The Use of OSI DOat 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.

I 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 presentation 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 'T. 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. I

3
I
I
I
U
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I
I
Ii
I
I
II
I
I
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APPENDIX B

1FINAL TEXT OF MIL-D-28003
MILITARY SPECIFICATION

DIGITAL REPRESENTATION FOR COMMUNICATION
OF ILLUSTRATION DATA:

3 CGM APPLICATION PROFILE

(As of November 18, 1988)
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a
I NON-MEASUREMENT

SENSITIVE

MIL-D-28003

I MILITARY SPECIFICATION

DIGITAL REPRESENTATION FOR COMMUNICATION OF ILLUSTRATION DATA:
CGM APPLICATION PROFILE

I
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)I
* 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) as
specified by its Federal Information Processing Standard, FIPS3 PUB 128.

I
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 the3 end of this document or by letter.

I AMSC N/A AREA 7'SS

DISTRIBUTION STATEMENT A. Approved for public release:
distribution is unlimited.
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U

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 I
levels as specified by the contract or purchase order:

Level 1 - Publication Level 3
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.

3I
I
I
I
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2. APPLICABLE DOCUMENTS

2. 1 Government documents.

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 Informat~.cn
Service, 5285 Port Royal Road, Springfield, VA 22161.)

MILITARY

MIL-STD-1840 - Automated Interchange of Techni.<i.
Information

(Copies of the referenced military standard •
available from the Department of Defense Single 5:-.Point, Commanding officer, Naval Publications and For-s
Center, 5801 Tabor Avenue, Philadelphia, PA 19120.)

1 2.1.2 Other Government documents. The following ct•er
Government document forms a part of this document to the exten-
specified herein. Unless otherwise specified, the issue is -
cited in the solicitation.

NATIONAL BUREAU OF STANDARDS

NBS SP 424 - Contributions to Computer Typeset:.--;
Techniques: Tables of Coordinates
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Hershey's Repertoire of Oxidental Type I
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.) 3

2.2 Non-Government publications. 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 I
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 U
National Standards Institute, Inc., 1430 Broadway, New
York, NY 10018). 3
(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 I
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 I
regulations unless a specific exemption has been obtained.

4
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3. REQUIREMENTS

3.1 General reauiresents. 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 aI 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 Conformina basic generatoJ. 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" interpretaticng of a metafile:

Level 1 - Publication Level: All of the specifications of F-7S
PUB 128 and of this CGM AP shall be accurately implemented.
includes the guidelines of FIPS PUB 128 annex D.2 and D.5, 1-4
the recommendations for the treatment of indeternrz7-=
specifications of circular and elliptical primitives in FIPS 7-3
128 annex D.4.5. The results shall be completely predictac'
across implementations conforming at this level; that .,

suitable for publication as the name implies.

Level 2 - Draft Level: The guidelines of FIPS PUB 128 annex
(degeneracies) and D.3 (mapping color to black-and-white) s-11'.
be implemented. The recommendations for the treatment -"
indeterminate specifications of circular and ellipt.L•i.
primitives in D.4.5 shall be followed. The capabilities of •-
D.5 of FIPS PUB 128 and of the Basic set as defined in
specification shall be present; however, the fol_.7:..
interpreter fallback actions of D.4 may be taken:
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AUXILIARY COLOR CHARACTER SPACING I
APPEND TEXT CHARACTER HEIGHT
RESTRICTED TEXT CHARACTER ORIENTATION
CELL ARRAY CHARACTER SET INDEX I
LINE WIDTH MARKER SIZE
EDGE WIDTH TEXT PRECISION
PATTERN SIZE CHARACTER EXPANSION FACTOR 5

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 I
IV and hatch styles of Table V below.

3.1.3 Limits on parameter data. A conforming basic metafile I
shall not contain scalar values of parameter data outside the
ranges specified by this specification.

3.1.4 Encodina format. A conforming basic metafile shall use U
only the CGM Binary Encoding, as defined in FIPS 'DUB 128, part 3.
[NOTE: Future CGM application profiles may be developed (or this
profile extended) for the character (FIPS PUB 128, part 2) or I
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 I
files are being transmitted on magnetic tape, the 80-octet
logical records shall be blocked into 800-octet physical records. 3
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. :n
order to prevent errors in the use of FIPS PUB 128 within this I
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". I
Part 3, p.17, item 11: the fraction numerator which 3
"pnx" should be "pnx-l". 3
Part 3, p.26, VDC REAL PRECISION: "31" should be "F,21".

Part 1, clause 5.2.1 (p. 43), clause 5.3.12 (p. 49), inl
clause 6 (p. 100): To make clear and remove contradictzr,
statements in these clauses--Metafile Descriptor eleme--_
shall not return to default at Begin Picture, and they st-i..
not be included in the Metafile Defaults Replacement.

Part 1, p.106, the expansion of "<metafile contents>": -7 2
"I" symbols should be deleted.

I
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3.2 SRecific reauirements. 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=O..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)
Integer Precision 16
Real Precision (1,16,16) (fixed)

(0,9,23) (floating point)
Index Precision 16
Colour Precision 8, 16
Colour Index Precision 8, 16
Font List (Note 2)
Character Set List (0,4/2) (Note 3)

(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) shaUl
include a substring briefly identifying company or product, so
that interpreters can account for known idiosyncrasies of

i generators; b) •-all 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).

I Note 4: The character set is ANSI X3.134/2, 8-bit American
National Standards Code for Information Interchange (8-bit

I
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ASCII). [Note: This is equivalent to ISO 8859/1, Right-Hand Part 3
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 number, even I
when REAL PRECISION has selected fixed-point for other real
numbers. It is not apparent in FIPS PUB 128 what the precisionof this floating point parameter is when fixed point reals have Ibeen selected: its precision shall be (0,9,23).

3.2.1.4 Control elements. Control element constraints shall be 5
as specified in table II.

TABLE II. Control element constraints 3
Element Basic Values

VDC Integer Precision 16, 32 1
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. 1
3.2.1.5 Graphical primitives. To ensure portability and
predictable results, conforming basic metafiles shall not contain I
any Generalized Drawing Primitive (GDP) elements. [Note: Future
addenda to this specification may specify GDP elements to be
included in the Basic set.] 3
3.2.1.6 Attribute elements. Attribute element constraints sna'
be as specified in table III. I

II
I
3
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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 actionrequired."

3.2.2 Additional attribute values

3.2.2.1 LinetvDes. The additional linetypes specified in table5 IV shall apply (see figures 1 through 10 for examples).

4
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TABLE IV. Additional linetvDes I
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 I
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 g
Hatch style CGM parameter value

across grain wood -11401
with grain wood -11402 1
bronze, brass, copper, and compositions -11403
cast iron or malleable iron and general

use for all materials -11404 U
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 1
rubber, plastic, and electrical insulation -11412
sand -11413
sound insulation -11414
thermal insulation -11415 U
titanium and refractory material -11416
water and other liquids -11417
white metal, zinc, lead, babbitt, and alloys -11418 I

3.2.3 FIPS PUB 128 defaults. FIPS PUB 128 specifies a cor-c.e'
set of defaults. In some cases, these defaults do not match -*

application requirements of this specification. However,
conforming basic metafile satisfying this specification shal.'
a legal CGM as specified in FIPS PUB 128, including imp..:.
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defaults. Thus, each deviation requires that the affected
element shall either:

1. Appear in the METAFILE DEFAULTS REPLACEMENT element, or

3 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 ambiauities. 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 cearina. Unless clearing is suppressed by
I'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 Linetype continuation. Linetype shall be maintained3 (continued) across the interior vertices of a polyline.

3.2.4.4 Edae tvDe 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 z-'e
string "HERSHEY:", to designate one of the Hershey fonts, ani a
"name string" to designate the particular typeface.

I
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TABLE VI. Basic font names I
1. HERSHEY:CARTOGRAPHICROMAN
2. HERSHEY:CARTOGRAPHICGREEK
3. HERSHEY:SIMPLEXROMAN
4. HERSHEY:SIMPLEXGREEK
5. HERSHEY:SIMPLEXSCRIPT
6. HERSHEY:COMPLEXROMAN
7. HERSHEY:COMPLEXGREEK
8. HERSHEY:COMPLEXSCRIPT
9. HERSHEY:COMPLEX ITALIC
10. HERSHEY:COMPLEX CYRILLIC
11. HERSHEY:DUPLEX_ROMAN
12. HERSHEY:TRIPLEXROMAN
13. HERSHEY:TRIPLEX ITALIC
14. HERSHEY:GOTHIC GERMAN
15. HERSHEY:GOTHIC ENGLISH
16. HERSHEY:GOTHICITALIA

3.2.6 Escape elements. Support of the following ESCAPE elements 3
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 I
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 I
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). :f
used, this Escape element must appear in the Metafile Descriptor.
This Escape element shall be a basic capability of the CZM
Application Profile under this specification. 3

Escape Identifier: -301

Escape Data Record: null 3
3.2.6.2 Device viewDort. The default device viewport is the
largest rectangular area of the screen. The viewport shall te
redefined by this escape element by specifying two corner points. I
The effective viewport shall be the largest rectangle in the
viewport having the same aspect ratio as the VDC extent, a37
having the same lower-left corner as the device viewport. -Te e
VDC extent shall be mapped onto the effective viewport when tihe
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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 -- the3 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:

P1: First corner x-coordinate. Real fraction3 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].

3 P4: Second corner y-coordinate. Real
fraction of the default device viewport,3 the range [0.0,1.0].

Example: a viewport equal to the upper right quarter of the
default viewport could be coded as:

Escape Identifier -302

3 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 Ls
undefined in FIPS PUB 128. It is always possible to specify an3 ehntire default Color Table with Metafile Defaults Replacement.
This ESCAPE element shall provide a shorthand method to specify 3
default color table from a small set of predefined tables, and

4
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shall provide a method to specify how the interpreter shall
define its own color table according to available resources. I
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 I
meanings:

0: "none" -- there shall be no implicit default value of j
the color table, interpreters shall associate
representations with color indexes as they see fit.

1: "cyclic" -- the interpreter shall initialize its color I
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. a

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; 5
9 levels of green evenly spaced from none :
maximum;

- 5 levels of blue evenly spaced from ncne
maximum.

The color cube shall be mapped to the linear array z-
varying the red dimension most rapidly, then the green
dimension, then the blue dimension. Note that :he
225th element implied by this sequence, black, shall
not be put into the table. Beginning at index 225
shall be 28 levels of gray. Index 226 shall be 1/ 32
(very dark). Succeeding entries, with the excepticns I
described below, shall be 1/32 lighter. The exceptions
shall be 0/32, 8/32, 16/32, 24/32, 32/32, which sna1l
be found in the "color cube" section of the table.

The default value shall be 1, "cyclic."

I
I
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U 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
"21 •

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.

1 3.2.7.1 General auidelines for FIPS PUB 128 elements. Unless
otherwise noted in this specification, the guidelines of FIPS PUB
128 Annex D shall apply to conforming basic generators and3 interpreters as defined in 3.1.

Name: Metafile Defaults Replacement

5 Description: The Metafile Defaults Replacement element
shall not be partitioned. Note that FIPS PUB
128 permits multiple occurrences of this
element, so that partitioning is not
required. Partitioning shall be permitted
for all other elements.

IName: Restricted Text

Description: Draft level capability of a basic confor... -

interpreter shall be to render the compLoet
restricted text string (including apperje±
text), scaled isotropically (i.e., speci.;ei
aspect ratio for the text is not distortedi
such that the string fits into the text
extent parallelogram.

I Name: Color Table

Description: The Color Table element has an unspecif.ej
effect when it appears in a pictu;re
subsequent to any graphical primitives. I
Color Table element defining -ne
representation of a given color index appe3rs
in a picture, it shall appear betcre
reference to that index by an attrit-.e
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element or use of that index by a graphical I
primitive element (included in the latter
shall be implicit use of default color index
attribute values by the first occurrence of I
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.) I

Name: Pattern Table

Description: The Pattern Table element has an unspecified U
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 U
before explicit reference to that index by
any Pattern Index element; or b) in the case
of the default pattern index, it shall appear n
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 U
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 reggirements for conforming basic 5
generators and interpreters. The specifications in this section
shall augment those of FIPS PUB 128, Part 1, annex D.5, and Part
3, clause 8.

3.2.8.1 Additional generator specifications. This specificaticn
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 tie
default value for that attribute; I

5
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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.

I 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 inquiry3 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 (seeU 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

Index Values Meaning

2 (1.0,0,0) Red
3 (0,1.0,0) Green
4 (0,0,1.0) Blue
5 (1.0,1.0,0) Yellow
6 (1.0,0,1.0) Magenta
7 (0,1.0,1.0) Cyan
S(0,0,0) Black
9 (1.0,1.0,1.0) White

Note: The values '1.0' in the preceding table denote full
intensity for the appropriate component.

3.2.8.3 Minimum data structure suDoort. 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 I
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

Description: The basic value for the number of points and
VDC that can appear in parameters for
metafile elements shall be 1024. 5

Name: Maximum String Length

Description: The basic value for the length of an 3
individual string of characters shall be: 254
for all string parameters except data
records; 32767 for data records. 3

Name: Bundle Table

Description: Bundle representations are not settable in 3
the current version of FIPS PUB 128. To
insure predictable results, interpreters and
generators conforming to the CGM Application 1
Profile of this specification shall use the
default values from table VIII.

3
1
1
I
I

1
I
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TABLE VIII. Default bundle tables

Bundle Index

Bundle Type 1 2 3 4 5

Line Bundle
Line Type solid dash dot dash-dot dash-dot-dot
Line Width 1 1 1 1
Line Color1 1 11

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 1
Text Precision stroke stroke
Character
Expansion Factor 1 0.7
Char. Spacing 0 0
Text Color 1 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

Edge Bundle
Edge Type solid dash dot dash-dot dash-dot-dot
Edge Width 1 1
Edge Color 1 1 1 1 1

5
I
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4. QUALITY ASSURANCE PROVISIONS

4.1 ResDonsibilitY for inspection. Unless otherwise specified I
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 I
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 U
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 I
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 m
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 I
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 thle
requirements of FIPS PUB 128 and of section 3 in its entirety.

4.3.1 Font renderin . Font names shall be specified in a manner
compatible with ISO DIS 9541, Font and Character Information U
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 I
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 gccd
quality filled font to be substituted for a stroked Hershey fcnt,
for example. Finally, the Hershey "fonts" are really a mixt.re m
of fonts and character sets (e.g., Greek is a character set). I
The requirements of this specification shall be served c-

5
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providing that the necessary character sets be supported in part,
and the necessary typefaces be supportrd 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

I requirements.

4.3.2 Error processing. A conforming CGM interpreter shall
I 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.

i
i

I

ii
i

I
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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 3
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 I
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 I
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 I
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 U
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 t%.e
FIPS PUB 128 is complete and unambiguous. It is, as well,
redundant in the sense that there are three distinct encodings of I
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 týe I
CGM client has the opportunity to choose a syntax that .s
optimized to the intended application. The binary encoding "is
been chosen as the only encoding which will be supported by tný3
military specification at this time.

The semantic specification is less complete. The expectei
overall results of using the geometric primitive elements I re
well enough specified. However some of the finer details, such
as the precise appearance of joints and endpoints in lines, e re
unspecified. This underspecification of semantics .is I
intentional on the part of the standards committees formulati.-l
the CGM standard, since it allows a wider range of exist.:-i
systems to be accommodated and makes the standard more adaptit'e?
to the various needs and philosophies of a diverse clientele.

On the other hand, the semantic ambiguity does mean that týŽe:.
will be no single correct interpretation of a given CGM metaf,..•.
and hence it will be difficult to unambiguously describe •-

I
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i ntended picture using the CGM standard. This is a distinct
drawback in certain application environments, such as the areas3 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:

I 1. complete semantics;

3 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.

I 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 -ay
become mandatory in a future revision of this specification.

I
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6.1.3 Additional attribute values. 3
6.1.3.1 Linetvoes. 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 3style 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 Orderina data. The contract or purchase order should
specify the following: 3

a. Title, number, and date of this specification.

b. The application profile should specify whether it .3
meant for publication level or draft level
interpretation. (See 3.1.2)

6.3 Definitions. 1
6.3.1 Acronyms and abbreviations used in this specification.
Acronyms and abbreviations used in this specification are defie. 3
as follows:

a. ANSI - The American National Standards Institute. 3
b. AP - Application Profile.

c. CGM - Computer Graphics Metafile. Synonymous with I-:7s
PUB 128.

d. DIS - Draft International Standard. I
e. FIPS - Federal' Information Processing Standards.

f. GDP - Generalized Drawing Primitive.

I
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g. GKS - Graphical Kernel System.

h. ISO - International Standards Organization.

1 i. PUB - Publication.

j. SP - Special Publication.

5 k. VDC - Virtual Device Coordinates, the coordinate system
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 conformance3 to this specification.

6.3.4 Computer Graphics Metafile. The specification for amechanism for storing and transferring illustration data. Refer
to FIPS PUB 128.

6.3.5 Conforming basic generator. A metafile generator 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 section 3.

1 6.3.6 Conforming basic interpreter. An metafile interpreter
that at least correctly interprets any conforming basic metafile,
and conforms to any additional interpreter requirements as
explained in section 3.

6.3.7 Draft level. The metafile interpreter level for all3 documents except those for final document production.

6.3.8 Netafile. 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 Netaf ile 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.I

6.4 Subject term (keyword) listina.

Application profile i
CGM
CGM metafile
Digital
FIPS PUB 128
Technical illustrations
Technical publications 3

3
I
I

I
I
I
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Presenttilon date of preoosel: 10 Apnil t987

IS 'ponsoring Authority: I ANSII CIIas of Graphical Item: I LINETYR:

(Name: I single arrow

Descriptlon
A single arrow linotype consists of a solid line terminated by an arrowhead as specified in ANSI YI4.2M-1979
(Line Conventions and Lettering) requirements for dimension and leader lines. The arrow is rendered so that the

arrow tip occurs at the last point of the list of points passed to a polyline and is in the direction of the last

5 vector.

This linotype is intended for use in engineering drawings.

Specific details are implementation dependent The appearance of the degenerate case is implementation

dependent

Such a linetype has the following visual aopearance:I
I ,

I Additional Comments
The requirements stated in ANSI Y14.2M-1979 shall be followed when rendering this linetype.

3 This linetype is not intended to be used as an edgetype.

U Justification for Inclusion
This iinetype is commonly used in engineenrng drawings. It is one of a set of linetypes to Ce registered 1or .seI with computer graohcs standards to enaole compact storage and transfer of engineenng drawings.

I
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 - Lne Conventions and Lettering.I

I
FIGURE 1: Example of linetvye single arrow.
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1Proposai Number: 3

SPresentation date of toposal: 110 Apnil 1987 I
Sponsorin,• Authority: IANSI

(Class of Graphical Item: I LINETYPE

[Name: I sinle dot 3
Descrlption

A single dot linotype consistS of a solid line terminated by a dot as specified in ANSI Y14.2M-1979 (Line
Conventions and Lettenng) 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 polylino.

This linetype is intended for use n engineering drawings. 3
Specific details are implementation dependent. The appearance of the degenerate case is implementation

dependent.

Such a .inetype has the following visual appearance:

I
- II

Additional Comments

The requirements stated in ANSI Y14.2M-1979 snail be followed whien rendenng this finerY"e.

This linetype is not mtended to oe used as an edgetype. 1

Justification for Inclusion 3
7his iýnetype s comrmorivy ,sed 'n engineenng arawings. It s one of a set of linetypes registered for ;se m:n

corrouter graonics standards to enaole comoact storage and !ransfer of engineering drawings. I
S~I

Relationship to Standards

1) ISO 7942 (GKS) Specifies a registered linotype 10 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 - L,ie Conventions and Lettering.

I

FIGURE 2: Example of linetvre single dot.
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3 Proposel Number:J 4

I Presentation date of proposal: 10 Apnil 1987

s ponsorina Authority: I ANSII Clias of Graphical Item: I I.JNETYPE
FN-am*: I doubl* arrow

Oesorlpttlon
A double arrow linotype consists of a solid line terminated by two arrowheads as specified in ANSI
yY14.2M-1979 (Line Conventions and Lettering) requirements for dimension lines. The arrows are rendered so

that the arrow tip occurs at the first and last points in the list of points passe to a polyline.

3 This linotype is intended for use in engineering drawings.

Specific details are implementation dependent. The appearance of the degenerate case is implementation
dependent

Such a linotype has the following visual appearance:

I4

I 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.

I
Justlflcatlon for Inclusion
This inetype s commonly used .n engineenng drawings. !It s one of a set of mnetypes registered for .se w.:r,

computer grapnics standards !O enable compact storage and :ransfer of engineering dirawings.

I
Relationship to Standards

1) ISO 7942 (GKS) - Specifies a registered linetype to supplement those defined in 5.4.1.

2) ISC 8632 (CGM) - Specifies a registered linotype to supplement those defined in 5.7.2.
3) ANSI Y14 2M- 979 - Line Conventions and Lettering.I

FIGURE 3: Example of linetype double arrow.

6
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IProposal Number: 15

Presentation date of proposal: 110 Apni 1187I

Sponsoring AuthoritV I ANSI

Closs of Grap hical Item: LINETYP

Name: fstitch 'ins I
Descript ion
A stitch line linetype consists of dlasries and spaces of equal length as specified in ANSI Y14.2M-1 970 (Line

Conventions and Lettering.)

This linetype is intended for use in engineering drawings. Its definition Contains rendition reouirements oeyond
.hose for :Me dlasned ýinetype already present in the grapnics standards.

Specific details are implementation dependent. The appearance of the degenerate case is implementation
dependent

Such a lire tias the following visual appearance:3

Additional Comments
The requirements stated n ANSI Y14.2M.1979 shall be followed wnen rendening this linetype. In some cases. t
s necr-sary for tMe standard (e.g. GKS) to exercise precise control over the manner in which Iwo 'ines rntersect

m a drawiinrg. In :hese cases it miay os appropriate for he client to simulate this linetype boy Using Sequences Of
correctly ztaced ndividlual irse segments.3

Th15s inetype S not intended !o noe ised as an edgetype.

IJustification 'or Inclusion
7* 'i5 netyps s commoniy .sed *n engineering drawings. it s one of a set of netypes registered 'or .se ~N I.

* orrouter graorics standcards :o enacie comoact storage and *ransfer of engineering Zrawings.

Relationship to Standards
1)I SO 7942 IGKS) Specifies a registered inerype to supplement thoses defined in 5.4.1
2) IS0 8632 (COM) Specifies a registered linet"p to supplement those defined in 5.7 2.

3) ANSI Y14 2M-1979 -L.ne Conventions and Lettering.

FIGURE 4: Example of linetype stitch lineI
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I rp-o osal Number- 16
Presentation date of Prooosei: 110 April 1987

(Sa oneorting_ ut horitY I ANSI
I (Class of Grap hical Item: ILtIETYPE

[-Name: Ichain line

Descript ion
Achain line linotype consists of alternating long anid short dashes as specified in ANSI Y1 4.2M-1 979 (Line
Conventions and Lettering.)

This linetype is intended for use in engineering drawings. Its rendition is different from that of theI dashed-dotted linestyle already present in the grapnics standards.

Specific details are implementation dependent. The appearance of the degenerate case is implementation3 dependent.

Such a line has the following visual aopearance:

UI

I Additionall Comments
The requirements stated in ANSI Y14.2M-1979 small be followed when rendening this linatype. In some cases.t
!s necessary for the standard (e.g. GKS) to exercise precise control over the manner in which two lines ntersec,
in a drawling. In these cases it may ben appropniate 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.I Justification for Inclusion
IThis inerype is commonly used in engineening drawings. It is one of a set of nietypes registered 'or ~se -Vo
compiuter gracinics standards to enacile comoact storage and transfer of engineering Irawings.

Relationship to Standards
1) ISO 7942 CGKS) .Specifies a registered lnetype to supplement those aefined in 5.4 1.
2) ISO 8632 (COM) .Specifies a registered linestype to supplement those defined in 5. 72.

3) ANSI Y14 2M.1979 - Line Conventions and Lettering.

FIGURE 5: Example of linetype chain line.
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Pr •.oloa Number: 7 I

rP resontation data of proposal: I10 Apr l 1987 P

Sonsorlin Authority: 1ANSI

ICtlass of Graphical Item: I LNETYPE

N Nam." I center line ,
Odes.rlptlon
A center line iinetype consists of alternating long and short dashes as specified in ANSI Y14 2M.1979 (Line
Conventions and Lettenng.) 3
This linetype is intended for use in engineenng drawings. The long dashes may vary in length depending on t,.e
size of !Me drawing, Unes drawn in this linetype snail start and end with tong dashes. A very snort ne may oe
jn~roKen.

Specific details are implementation dependent. The appearance of the degenerate case is implementation
dependent.

Such a line has the foilowlnQ visual aooearance:

I
Additional Comments '
The requirements stated in ANSI Y14.2M.1979 shall be foliowed wnen rendenng this linetype. In some cases,
is necessary for the standard (e.g. GKS) to exercise orecise control over the manner in which two center ,r'es
intersect in a drawing. In these cases it may oe aopropnate for the client to simulate this linetype oy using
sequences of correctly placed individual mine segments.

This :inetype is not intended to oe used as an edgerype.

Justification for Inclusion
T71is netylpe s commomny used in engineenng drawings. it :s one of a set of inetypes registered 'or .se i:r I
:onrouter ;raomics standards ,o enaole comoact storage and ranster of engineering 3rawings. I

I
Relationship to Standards
!) ISO 7942 (GKS) Specifies a registered linetype to supplement those defined in 5 4 1

2) ISO 8632 (CGM) Soecifies a registered linetype to supplement those defined n 5.7 2.
3) ANSI Y!4 2M-1979 - Line Conventions and Lettering.

FIGURE 6: Example of linetype center lin. I
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I I ~Pro osal Number" 8

I Presentation date at propose: I10 April 1987 1

(Sponsoring Authority: I ANSI -

class at Gof hi Item: I LINETYPE
- IxeNme: r hicdcen line
__ Description

A hidden line linetype consists of short evenly spaced dashes as specified in ANSI Y14.2M-1979 (Line

II Conventions and Lettenng.)
This iinetype is intended for use in engineenng drawings. The dashes may vary in length depending on the size of
the drawing. Lines, not polylines. drawn in this linetype 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 linetype already defined in the graphics standards.

Specific details are implementation dependent. The appearance of the degenerate case is implementation3 dependent

Such a line has !he following visual ao:earance:

I

I - --- --

Additional Comments
The requirements stated in ANSI Y14.2M-1979 shall be followed when rendenng this ilnetype. In some cases. :
is necessary for the standard (e.g. GKS) to exercise Precise control over the manner in which two lines intersec:
in a drawing. In these cases it may be appropnate for the client to simulate this linetype by using sequences 7f
correctly placed individual line segments.

This linetype is not rntended to be used as an edgetype.

3 :Justification for Inclusion
This linetype s commonly used in engineenng drawings. It is one of a set of :inetypes registered for ise o,,n

computer grapnics standards to enanie compact storage and transfer of engineering drawings.

Relationship to Standards
1) ISO 7942 (GKS) - Soecifies a registered linetype to supplement those defined in 5.4.1.

2) ISO 8632 (CGM) - Specifies a registered linetype to supplement those defined mn 5.72.
3) ANSI Y14.2M.1979 - Line Conventions and Lettering.

I

FIGURE 7: Example of linetype hidden line.
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IProposal Number: 19

FPresentatton date ot troposul: 110 Apnil 1987

s Sonsoring Authotity I ANSI --
FClase of Graphical Item: LUNETYPS _______

I[Name: I hantom ins
Descriptilon
A priantom line linotype Consists of long dashes separated by pairs of Short dasnes a~s specified in ANSI

Y14.2M-1979 (Line Conventions and Lettering.)

This linotype Is nrieded tot use in engineering drawings. Lines, not ciolylinee. drawn in this iinetype snail start
and end mith long dasnes which may vary n length depending on the size of the drawing.

Specific details are implementation cependlent. The appearance of the degenerate case is implementation

Such a line hias the following visual appearance:3

AddItIonal Comments
The requirements stated in ANSI Y1 4 2M-1 979 shall 0e followed when rendening this linotype. In some cases,
is necessary for the standard (e.g. OKS) to exercise precise control over 'he manner in which two lines ntersee'
in a drawing. In mhesai cases it may os appropniate for the client to simulate this linotype 3y using Sequences of
correctly placed individual !in. segments.3

This 'inetype :s not ;ntended to be used as an edgetype.

Justification for Inclusion
1 This nmetype s cormomoy jssed in engineening drawings. it ;s one of a set of nietypes registered 'or .so A. :-ý

:ornouter -graphics standards to enaloie compact storage and :ransfer of engineeirig crawings.

RelatlonshIp to Standards
1) ISO 7942 (GKS) Soecifies a registered linetype to supplement Mhoss diefined in 5,4 1,
2) ISO 8632 (CGM) Specifies a registered linotype to supplement those diefined in 5.7 2.

3) ANSI Y14 2M.1979 -L re Conventions and Lettering.

FIGURE 8: Example of linetype Phantom line.
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SProposal Number:J 1 0

I Presentation date of proposal: 10 Aonil 1987

Sponsoring Authority: I ANSI
tadsa at Grphali Item: I LINEVYPE

[Name: 7 break line - style I

Oescription
A break line linetype - style 1 - consists of either one of two allowable representations as specified in ANSI
Y14.2M-Ag79 (Line Conventions and Lettenng.) This is simply a line having a *freehand, appearance.

This linetype is intended for use in engineering drawings.

Specific details are implementation dependent. The appearance of the degenerate case is implementat:on
dependent.

Such a line has the following visual appearance:

Additional Comments
The requirements stated in ANSI Y14.2M-1979 shall be followed when renderng this linetyle.

"3This hinetype is not intended to be used as an edgetype.

Justification for Inclusion
This linetype is commonly used in engineenng drawings. 4 is one of a sat of :inetypes registered 'or .se A"
conmouter grapnhcs 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 ;n 5.4 1.
2) •S 8632 (CGM) - Specifies a registered linetype to supplement those defined *n 5.7 2.
3) ANSI Y14 2M-197g - Line Conventions andl Lettering.

FIGURE 9: Example of linetype break line. style -
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IProoosal Number:

Presentation date of proposal: 1t1 April 19873

fSoonsoning Authorlt: JANSI
1Class of Graphical Item, LNETYPIE

INa me: 1breax line -style 2U
Oescription
A break line linestyle consists of either one of two allowable representations as specified in ANSI Y 14 2M. 1 979
(Line conventions and Lettening.) rhis is a line consisting of long dashes joined by zigzags.3

This linotype, is intended for use in engineering drawings.

Specific details are implementation dependent. The appearance of the degenerate case is implementation
dependent.I

Such a line has the following visual appearance:

Additional Comments
The requirements stated in ANSI Y14.2M-1979 shall be followed when rendering this linotype.I

This iinetype is not rntendled !o be used as an edgetype.

Justification for Inc',us'on
Th-is iinetype !s commoniy ýised in engineenng drawings. it .s one of a set of linetypes registered 'or ;.se :I

con'outer graphlics standards to enable comoact storage and ,ransfer of engineering drawings.

Relationship to Standards
1 ) iSO 7942 (GIKS) Sweifies a registered linotype, to supplement those defined .n 5 4.1

2) ISO 8632 (CGM) -Soecifies a regis'ered linotype to supplement those defined in 5.7 2.

3) ANSI Y14 2M-1979 - Lir'e Conventions and Lettering.

FIGURE 10: Example of linetype break line. style 2.I
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MIL-D-28003

I
Custodians: Preparing Activity
Army - CR OSD-CL m
Navy - SH (Project ILSS - 0034)
Air Force - 24
DLA - DH 3
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

II
I
I
I
I
I
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EXTENDED CGX MILSPEC PLANNINGI
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 the
following:

o the Accredited National Standards Committee X3H3 on
* Computer Graphics Standards;

o the sub-committee, X3H3.3, Computer Graphics Metafile,
and Computer Graphics Interface (CGI);

0 the U.S. delegation to the International Standards
Organization Working Group 2 (ISO/WG2), Computer

m Graphics Standards;

o the ISO/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
m 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 MIST representative, which serves to properly identify w-heIole that he has played in furthering, under MIST (the National
institute of Standards and Technology, formerly NBS) 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.]I
I
I
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i
II. BACKGROUND

1.0 Introduction

This task was being pursued primarily at the working meetings of i
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 documents 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 U
One consequence of the consensus process for making the CGM
standard is that the standard tended toward being a "least common I
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
functiorality as required by more advanced metafile applications.

1.2 Historical Review I
Two addenda were officially commenced in ISO:

Addendum 1: intended to support the GKSM requirements of I
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
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- 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 positions3 were then taken input into the ISO meetings. The results were:

o acceptance of broadening the scope of Addendum 1 as3 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:

3 1. Internal symbol libraries;

2. Reference to and invocation of pre-defined external
symbol libraries;

3. Advanced geometric drawing capabilities, includ•ng:
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;

5. a completely new text model based on the work of ISO
9541;

I3
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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 I
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 I
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.

I
I
I
I
I
I
I
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III. DISCUSSION

1.0 Project Progress in 1988

The goals for this CALS CGEM task were:

1 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.

I 3. 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.

I 4. 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.

1 2.0 Key Meetings of 1987-88

I 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
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(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 i
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 I
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. I
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 I
extension cannot be standardized in the metafile without
first standardizing it in the API (Application Programmer
Interface) standards such as GKS. This reference model I
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 I
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 I
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 i
the Salt Lake ANSI meeting (January 1988) might be used as the
first ISO working meeting on Addendum 3, with interrational
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. I
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 I

6
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before Salt Lake.

Because all open technical issues had been resolved, and because
the PDAD do;ument 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 Addendum5 text and the original CGM standard.

The response document was approved as planned by X3H3 plenary,
and was sent to ANSI during Fetruary 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 3
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 comment period that expired in April. The
Salt Lake X3H3 empowered an ad hoc group to meet and prepare a I
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 I
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 m
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 I
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, I
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 5
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. I

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:

8
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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 Addendum 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 theU 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 ofI talking about specific projects. Instead there was considerable
discussion of:

o "lessons learned";

o a recognition of the distinction between first and
* second generation standards;

o a determination that first generation standards must
finish quickly (within a year); and

0 a determination that all new work must be structured
differently.

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 scopeI 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.

I Addendum 3 was officially considered to be a second generation
standard. The NIST representative observed a reluctance to deal
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with it. This was for the reasons discussed above (the Berlin I
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. 3
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 I
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. I
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 I
that the normal 5-year timeframe is much too long to wait
for this work. The extensions are needed now. U

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 n
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 I
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

10
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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. 1
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.

I 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.1 is simply
made current with CGI, then CGM should be stable in those areas
of overlap.

I 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
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2, and a summary of voting on PDAD Addendum 1. 5
2.6 The Fairfax X3H3 Meeting 5
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. I
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. 3
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 I
an approval ballot within X3H3. Approval would basically give
the project the standing of an official ANSI project (after some
higher approvals in X3). m
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 m
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 I
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. I
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.

I
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 Addendum 2 and the G'ýS 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
oecame 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 addendum to CGM. The audit trail
portion would progress as an addendum to GKS. According to the
SMRM, 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 g
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 U
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 Addendum 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.1. There is nothing in GKS
Add.1 that is of much importance to the CALS
constituency. 3

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 I
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 S
Add.2.

About Addendum 3: WGI (reference models, user requirements, etc) 5
and the Tucson plenary passed resolutions which finally gave
standing to Addendum 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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I
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.1 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.

I
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IV. SUMMARY AND CONCLUSION 5
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. 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 m
required CALS functionality resides in Addendum 3.

3. Coordinate the CGEM work with registration proposals to
insure maximum compatibility. While awaiting the more I
permanent results from the lengthier CGEM
standardization process, CALS is also pursuing a short
term strategy of submitting some of its required I
functionality for Graphical Registration.

For CGM Addendum 1, progress was excellent in 1988. Addendum 1 n
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 U
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 g
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 I
ballot, final text should be available in about 1 year.

No new CALS functionality was added to Addendum 1, but this was I
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
Addendum 3. On Addendum 3 z sults 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

m 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 untilI final tekt is available. In the balance, ANSI could probably not
have proceeded alone without getting overtaken by ISO at a later
date.

17



V. RECOMENDATIONS i
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 I
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 I
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 I
international CGM meetings on CALS behalf.

Recommendation: Due to the longer than anticipated timeframe of I
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 I
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 andtimeliness 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 a
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 a
superseding MIL-D-CGM (if allowable in DOD).

I18 £
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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 JTCl/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.

Draft 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.

PDAD Proposed Draft Addendum, the same as DP, but for an
addendum as opposed to a standalone project.

Draft 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.

DAD 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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pipeline, nothing remains but possibly the printing. I
CGM Computer Graphics Metafile, ANSI standard X3.122-1986

and ISO standard ISO 8632/1-4 1987.

CGI 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 I
output-only functionality (for picture definition) and
is a picture description protocol (a graphical
database). CGI embeds CGM output functionality as a I
subset.

GKS Graphical Kernel System, an application programmer
interface to computer graphics, now an ANSI and ISO U
standard.

GKSM Metafile for use with GKS. One was proposed in non- 5
standard Annex E of GKS. Work on it was deferred in
favor of CGM, and now of extended CGM (CGEM). I

CGEM Computer Graphics Extended Metafile, a set of addenda
and extensions to ZGM, being processed by ISO,
currently nearing DP stage.

BSI British Standards Institute, the British equivalent of

ASC X3H3.

DIN The German equivalent of ASC X3H3.

AFNOR The French equivdlent of ASC X3H3. i

2
I
I
U
I
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The purpose of this addendum is to extend the COM 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 cequirements of 3
office systems, especially ODA requirements.

This addendum comprises a set of elements which will exrend the
capabilities of CCM as needed to meet additional user requirements in I
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. I
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 I
- Parametric spline curves
- Line attributes of cap, miter, and join
- Composite line primitive
- User-defined line types I
- User-defined hatch styles
- Arbitrary text path
- Conics, and conic arcs

2) Text and font model of ISO 9541, Information Processing--Font and
Character Information Interchange. 3

3) Picture composition and control, to include:
- Arbitrary clipping boundary (general closed curve)
- Shielding
- Alignment

4) Additional color models beyond RGB

- CMYB

- Named colors

5) Additlonal raster graphics (sc.,nned inage) caatiiJities I
6) Symbols: external reCference to -standard" libraries of named symbols

The scope of this addendum assumes that the capabilities of CCM Addenduu i I
and Addendum 2 are availabic.

The remainder of this document ConStitute. - the prelimir y work which Ins

been perform-,ed to eate.
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END COMPOUND TEXT PATH delimits the end of a compound text path
definition.

-- References:

3. 5.X.X BEGIN CLIP REGION

Parameters:

1 none

Description:
BEGIN CLIP REGION delimits the beginning of a definition of a entity
that wiil 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

Lregion 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.

5 References:

15.-.X END CLIP REGION

-- Parameters:

-- none

"Description:

3 END CLIP REGION delimits the end of a clipping region definition.

References:

5.X.X BEGIN SHIELD REGION

5 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: 23



5.X Cotrol Elem.enta

5.X.X BEGIN COMPOUND LINE

Parameters: I
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 I
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>. a

References:

5.X.X END COMPOUND LINE U
Parameters: 3

none

Description: I
END COMPOUND LINE delimits the end of a compound line definition.

References: g
5.X.X BEGIN COMPOUND TEXT PATH

Parameters: i
none 3

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 I
of non-closed line elements such as POLYLINE, DISJOINT POLYLINE,

CIRCULAR ARC 3 POINT, CIRCULAR ARC CENTRE, ELLIPTICAL ARC, or <new
curve elements>. I

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 I
specified in the CHARACTER ORJENTATION 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. 5

References:

5.X.X END COMPOUND TEXT PATH I
Parameters: 3

none

Description: 2
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i 5.Z.X END SHIELD REGION

Parameters:

3 none

Description:

END SHIELD REGION delimits the end of a shielding region definition.

d 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.

IWhen SHIELD INDICATOR is 'on', only those portions of graphical
primitive elements outside of the shielding region are drawn.

3 References:

2
|I
I
U
£
I
I
i

U
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All of the fontmetric elements (FONTMETRIC DEFINITTON LIST, CHARACTER KERNING
MODE, CHARACTER KERNING TABLE, FCS TYPE, FCS INTEGER PRECISION, FCS REAL
PRECISION, and FCS EXTENT) are Metafile Descriptor Elements. 3
5.Z.X FONTMETRIC DEFINITION LIST

Parameters: 3
is 04 :
font index (IX)
character index (C)
left bearing (format to be determined) I
right bearing (format to be determined)
character height (format to be determined)
offset from baseline (format to be determined) S

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. I

References:

5.X.X CHARACTER KERNING MODE

Parameters: 3
character kerning mode (one of: none, pair, sectored) (E)

Description: 3
Defines the kerning style, if any, for the metafile.

References: 3
5.X.X CHARACTER KERNING TABLE

Parameters: I
To be determined.

Description:
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 a
form of kerning is character pair kerning.

References: 3
5.X.X FCS TYPE

Parameters:

Font coordinate type (one of: integer, real, VDC) (E) 3
Description:

The single parameter is an enumerated value that declares the data
type, integer or real, of the font coordinate space. Font coordinate I

26
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I space may be different than VDC space because higher precision may be
necessary to accurately define the fontmetric 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, FCS REAL PRECISION, or FCS EXTENT)
need be specified.

References:

5.X.X FCS INTEGER PRECISION

Parameters:

Encoding dependant.

Description:
The indicated integer precision for fontmetric data. The precision is
defined as the field width measured in units applicable to the specific
encoding.

3 References:

3 5.X.X FCS REAL PRECISION

Parameters:

3 Encoding dependant.

Description:
The indicated real precision for fontmetric d3ta. 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.XAtrbe • Elements

5.X.X Line Type Definition

Parameters: 3
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 (nI)

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: I=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 U
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. I
An "adaptive" linetype is one where every vertex falls on an inked
portion of the line. Th.Ls is accomplished in plotters by temporarily
modifying the duty cycle for each line segment (ceiling function) such I
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). 3

References:

5.X.X Hatch Style Definition I
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) a
duty cycle length (R)

list of hatch elements (nI) - I>-0, n)=2

Description: I
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 I
the first hatch line is matched up with PATTERN REFERENCE POINT, if

implemented. 0 interpreted as thinnest line width available.

2



I
The 'hatch space units selector' specifies the uilts 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 endpoitts (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 tile 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 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, prr lucing 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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I
References:

5.X.X Edge Cap I
Parameters: 3

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: 3

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. 5
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 5
Parameters:

edge join indicator (one of: miter, round, bevel) (E) I
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 I
extended until they meet at a point.

roand 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 3
cap, and the resulting triangular notch is filled in.

References: 5
5.X.X Miter Limit

Parameters: I
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 3
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U 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 bevei join instead of a miter join.

Miter limit is measured as a scale factor applied to the current line3 width. Miter limit applies to line elements and edges of filled areas.

References:

1 5.-.X External Symbol

5 Parameters:

To be determined.

Description:
Reference to external defined symbol libraries is provided. The

mechanism of this element is yet to be defined.

3
!
3
I
I

I
U
i

i

I
I
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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 ICES:

5.6.Z CONIC ARC

Parameters:

start point (P)
end point (p)
A,B,C,D,E,F (6R) 3

Description:
A conic arc is drawn which is defined as follows: I
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: 3

Ae(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 I
CONIC ARC TRANSFORMATION MATRIX element.

To determine the form of the conic arc, the quantities QI. Q2 and Q3 are
defined as follows:

1 A B/2 D/2
Q1 - determinant of : B12 C E/2

D/2 E/2 F 1

Q2 - determinant of A B/2 1
B/2 C I

Q3 - A ÷ C

If Q2>O and (Ql*Q3)<O, then the arc is an ellipse. 3
If Q2<0 and Ql<>O, then the arc is a hyperbola.
If Q2=0 and Ql<>O, then the arc is a parabola.

In the case where the conic arc 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 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: 3
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I 5.6.X CONIC ARC TRANSFORMATION MATRIX

I Parameters:

matrix elements

if the VDC type is 'integer',
RIl,R12,R21,R22 (4I)

if the VDC type is *real',
Rll,Rl2,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:

SR11 R12 : 1 Xin : + 1 TI = ! Xout II R21 R22 1 1 YinI I T2 1 1 Yout I

where :Rij: is the transformation matrix, (Xin,Yin) is the coordinate to
be transformed, (TI,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÷I)R)
X coordinate polynomial list (N sets of four)

AX,BX,CX,DA ((4*N)R)

Y coordinate polynomial list (N sets of four)

AY,BY,CY,DY ((4*N)R)

Description:
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 genpric form. The following curve types have been assigned:

1: linear
2: quadratic
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3: cubic I
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. 3
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-I, the curve is continuous and I
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, 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 3
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) + BXCI)(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) <a 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 - 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+1 or terminate point values. 3

References:

5.6.X RATIONAL B-SPLINE CURVE I
Parameters: 5

K-upper index of sum (I)
M-degree of the basis function (I)
curve-open flag (one of: open, closed) (E)
equation-type flag (one of: rational, polynomial) (E) I
periodic flag (one of: non-periodic, periodic) (E)
T-knot sequence list ((K+M÷I)R)
W-weight list ((K÷I)R) I
control point list ((K÷I)P)start-param,end-param (2R)

Description: 3
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: I
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1
W(O)*P(O)*bO(t) W(1)*P(1).bl(t) W(K).P(K)*bK(t)

W(O)bbO(t) W(1)*bl(t) W(K)*bK(t)

where W(i) are the weights, P(J) are the control points and bi are the3 basis functions.

The bi basis functions are all non-negative piecewise polynomials
determined by the degree M, and the knot sequence I. T is a
non-decreasing list of real numbers TC-M),. . .T(O),. .. T(K~~l). Each
function bi is supported by the knot sequence interval [T(i-M),T(i÷l)].
Between any two adjacent knot values, the corresponding basis function3 can be expressed as a single polynomial of degree M.

The curve Itself is parameterized where:

startparam <= t <= end.param,
T(O) <. start.param < end-param <. T(N)

Thus for any parameter value t between T(O) and T(K*I), the sum of the
basis functions satisfies the following identity:

bO(t) + bl(t) - .... + bK(t) = I.

If the beginning and ending point- of the curve are identical, then the
curve-open flag is set to closed, otherwise it is set to opeTn.

If all of the weights in the weight list W are not equal, then the
equation-type flag is set to rational. OLQerwise. if all of the weights
are equal, then all of the weights cancel, the denominators sum to one
and the equation-type becomes polynomial.

References:

5.6.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: 0 O,270) (E)
S-pel spacing (R)
spacing-ratlo (R)
N-number of pels per line (I)
NL-number of lines (I)
pel array (BS)

Description:SA 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 -T' , the image is
encoded according the one or two dimensional scheme defined in CCITT
Recommendation T. 4 (Group 3 facsimile). If T is "T6". the image is
encoded according to the two dimensional scheme defined in CCITT

I Recommendation T. 6 (Group 4 facsimile).

The pel path parameter, P, is the direction of progression of successive
pels along a line relative to the VDC X axis. This parameter, in
conjunction with the pet spacing, S, and the number of pels per line, N,
implicitly define the line position, length and granularity for each
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line in the decoded pel array. S is defined as the ratio m/n, where "m"
is the lite 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 spacing-ratio and the number of lines. NL,
implicitly defines the size of the decoded image in the direction of L. I
The line spacing (LS) of the lines of pels can be determined as follows:

LS - spacing-ratio * S 3
or rather, the spacing-ratio is the ratio of line spacing to pel
spacing. 3
The pel array itself is stored in either of the formats defined by T,
encoded as a bit-stream.

References: I

5.6.x PEL ARRAY CLIP RECTANCLE I
Parameters:

Xl,Yl,X2,Y2 (41) 3
first corner (P)
second corner (P)

Description: 3
The element defines the rectangular area of pels in the decoded pel
array Lhat is to appear in the picture. l
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 I
coordinate is (0.0). and the default for the second is (N-].L-l). 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 I
element inside or on the boundary of the pel array clip rectangle will
be drawn.

3
I
I
I
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I In addition to the proposed element listed and described on the preceeding

pages, elements to add support for additional color ,nodles (such as CIE,

CMYB, HIS, etc. ) is also under consideration. The form and content of these

new (color inodle related) elements is yet to be determined.

I

I
I
U
I
I
I
I
U
I
I
I
I

I 37

I



I
I

I
I
i

This page left intentionally blank. i

I
I
I

I
U

I

I



I
APEDI

ADEDMI DDTX

I
i
I
I
3|PENI

ADEDM1 DDTX



I
I

ISO/TC97/SC24/N19 3
I

Information Processing Systems -

Computer Graphics - 5
Metafile for the Storage and Transfer

of Picture Description Information I
I

Part I

Functional Specification I

Addendumi I
I
I

November 1987 3

I
3

I
40

I



Sub-claus. 0.1: Add the following at the end of the sub-clause:

This picture description includes static images and graphical session capture requirements.

Pag.1

Sub-clause 0.3: Add the following at the end of item c):

It should also not preclude further extensions to support future standards.

Sub-clause 0.3: Add the following at the end of item d):

It should include the capability to support both GKS picture and graphical session requirements.

,Page 3

Sub-clause 0.8: Add the following at the end of the first paragraph:

The CGM as extended by this addendum also specifies the elements required to support GKS picture and
graphical session capture.

5 Page 4

Clause 1: Add the following at the end of the first paragraph:

This picture description includes statc image and graphical session capture requirements.

Page 4

Clause 1: Addt•he olowing st the end of the second paragraph:

The CGM as extended by this addendum also contains elements that delimit end manipulate groups of
elements within pictures. Capability is provided for dynamic picture regeneration such as Is required for
graphical session capture.

Page 9I Sub-clause 4.1: Add the following at the end of the list of classes of elements:

- Segment Elements. which enable the manipulation and appearance of elements within pictures.I Segments can also appear outside pictures as global segments.

Page 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 and outside pictures.

Page 10

Sub-clause 4.2: Add the followking 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.

41
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I
Page 11

Add the following sub-clauses after sub-dause 4.3.2.2: 3
4.3.2.3 GKSMO Set

The GKSMO set incudes all elements conforming to GKS level Oa in IS 7942. 3
The elements included in the GKSMO set are:

BEGIN METAFILE 3
END METAFILE
BEGIN PICTURE
BEGIN PICTURE BODY
END PICTURE 1
METFTE VERSION
METAFILE DESCRIPTION
VDC TYPE
INTEGER PRECISION
REAL PRECISION
INDEX PRECISION
COLOUR PRECISION
COLOUR INDEX PRECISION
MvA.XIMUJM COLOUR INDEX
METAFLE ELEMENT LIST
METAFLE DEFAULTS REPLACEMENT
FONT UST

CHAACERCODIING ANNOLUNCER
VDC EX
BACKGROUND COLOUR
MAXIMJM VDC EXTENT
VDC INTEGER PRECISION

VOC REAL PRECISION
CLIP RECTANGLE
MAKE PICTURE CURRENT
PREPARE VIEW SURFACE
UPDATE
DEVICE VIE1PORT
DEVICE VIEWPORT SPECIFICATION MODE
DEVICE VIEWPORT MAPPING
MODIFY FONT IST
MODIFY CHARACTER SET LIST
POLYLINE
POLYMARKER
TEXT
POLYGON
CELL ARRAY
GOP

LINE BUNDLE INDEX
UNE TYPE
UNE WIDTH
LINE 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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TEXT AUGNMENT
FILL BUNDLE INDEX
INTERIOR STYLE
FILL COLOUR
HATCH INDEX
PATTERN INDEX
FILL REFERENCE POINT
PATTERN TABLE
PATTERN SIZE
COLOUR TABLE
ASPECT SOURCE RAGS
ESCAPE

page 1 APPLICATION 
DATA

Sub-clause 4.3: Add the following sub-clause after sub-clause 4.3.3:

4.3.4 IMetaflle Categories

4.3.4.1 Introduction

Each metale fall Into a particular metafile category. The metafle category may be announced at the start
of the metaile. This 1ifomifon may be used by the interpreter to decide if the metaflle can be interpreted.
The default metalie category is of the type 'ogm' as defined by IS 8632. The category implies that the
metafloe coofrm.a to the semantics and formal grammar of that category. The metaflie categories may
overlap. The category does not imply particular default settings; thes must be explictity stated using the
METAFLE DEFAULTS REPLACEMENT element.

4.3.4.2 CGMEXT1 Category

This category includes da elements defined for the 'ogmr category plus the elements defined for the first

addendum.i
4.3.4.3 GKSM Category

The GKSM category defines a metafile which conforms to the CGM standard and Includes elements to
support GKS, IS 7942. with appropriate requirements relating to position of elements in the metaffile.

Page 12

3Add the follwoing text to the end of sub-clause 4.4.4

MAXIMUM VDC EXTENT defines the space into which the VOC ooordnate space is mapped for storage.

3 Page 15

Add the following sub-clauses after sub-clause 4.5.2:I
4.5.3 Device Control

The extended CGM may contain information for the interpreter to use in controlling the output of theI graphical information stored in the metafile.

4.5.4 Display Surface Concepts

Display surfaces are classified as being either hard-copy or soft-copy, on the basis of the 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 now image. One that is soft-copy is implemented by means of a medium that may

-3 automatically be cleared (typically my electrical means) for each new image.

I

m0
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I
Examples 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 it is known to have been marked upon (to conserve expensive media) or
to force meda 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.

4.5.5 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: I
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). 5
c) ASTI: The visual effect of each function will be achieved At Some T'ie (ASTI).

4.5.6 Device Vlewport Control I
The device viewport specifies the region of the actual device viewsurface into which the VDC extent Is to be
mapped. I
The position of the device vlewport is specified In ane of three unit systems selected by device viewport
specification mode parameters:

by fraction [0.0 - 1.01 of the available display surface, which allows reasonable placement and
relative sizing of the viewpart, even without negotiation;

in millimetres times a scale factor, w~ch alows absolute s•lng of images, 3
In physical device units.

Another device vlewport 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 is mapped
onto a subset of the specified device vieport. This subset is defined by shrinking either the vertical or
horizontal dimension of the specified viewport as needed to reach the required aspect ratio. This smaller
"*effective vlewport" 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 specified by the third and fourth I
device viewport specification mode parameters: the options are left edge, right edge. e. centred when the
shrinking is horizontal, and top, bottom or centred when it is vertical, these meanings are relative to the
non-inverted viewport. I
The mapping of the VOC 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 specification. This implies that the images of all
output primitives are inverted, including text and markers. 3
Page 17

Add the following at the end of Clause 4.6.3.2

The font list can be modified within a picture using the MODIFY FONT LIST element. This allows all or a part
of the list to be modified. 3
The character set list can be modified in a similar way using the MODIFY CHARACTER SET LIST element.
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I
3 Pae 20

Add the following sub-clausos after sub-clause 4.6.7

4.6.8 Closed figures

The CGM as extended by this addendum provides the ability to construct a compound primitive to be filled.
by a sequence of LINE and FILL AREA functions. EDGE attributes, and special control functions. This
compound primitive or constructed region is referred to as a "closed figure% and is rendered using the same
parity (odd/even) fll algorithm as used for other fill area functions.

The closed figure may be constructed of a combination of straight lines and curves and may contain "holes'
as in POLYGON SET. In addition, the capability is provided to specify different portions of the edge usingU different EDGE attributes.

A closed figure is defined by the following functions:

control BEGIN FIGURE MPLICIT EDGE VIS.
functions: END FIGURE ASF

NEW REGION ESCAPE (Note 1)

boundary POLYLtNE POLYGON
construction DISJOINT PO.YLINE POLYGON SET
functions: CIRC. ARC 3 PT. CIRC. ARC 3 PT. CLOSE

-;! . ARC CTFL CIRC. ARC CTR. CLOSE
CRC. ARC CTM: BACKWARDS CIRCLEI LIPTICALARC ELLIPTICAL ARC CLOSE
GEN. DRAWING PRIM. (Note 2) ELLIPSE

RECTANGLE

II edge atffbute EDGE COLOUR EDGE BUNDLE INDEX
hinctions. EDGE WIDTH EDGE VISIBLITY

EDGE TYPE

Note 1: Whether ESCAPE has meaning with regard to the construction of closed figures is
dependent on the particular escape functionidentifier.

Note 2: Whether GENERALIZED DRAWING PRIMITIVE has meaning with regard to thei construction of dosed figures is dependent on the particular GDP function identifier.

3 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 spdcified in a device independent fashion, but
the appearance of the final image depends directly on the resolution and aspect ratio of the target device as
an MxN array of device independent colour specifiers that are assigned to an MxN array of pixels.

I• Page 22

Sub-clause 4.7: Add the following immediately above sub-clause 4.7.1:

The attribute elements LINE REPRESENTATION. MARKER REPRESENTATION, FILL REPRESENTATION.
EDGE REPRESENTATION and TEXT REPRESENTATION are used to set all of the attribute values in a
bundle table entry at the same time.

Page 40

Add the following sub-clauses after sub-clause 4.11:

4.12 Segment Elements
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I
4.12.1 Introduction

In the COM. graphical output primitives and attribute setting elements may be grouped in segments as well 5
as being invoked outside segments. Each segment is identified by a unique segment identifier. Segments
may be:

a. transformed; 3
b. made visible or invisible;

c. highlighted; 3
d. ordered front to back;

o, made detectable or undetectable; 3
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. I
Only functions stored Inside segments are affected by these operations. II
Segments are the units for manipulation and change. Manipulation includes creation, deletion and
renaming. Change includes transforming a segment, making a segment visible or invisible, highlighting a
segment, and changing the order of overlapping segments.

The appearance of segments Is controled by segment attributes, which Include segment transformation,
visibility, highlighting, and segment display priority. Such segment attributes can be a basis for feedback
during manipulations (for example, highlighting). The pick Input properties of segments are also controlled
by segment attributes, which include detectability and pick priority.

The segment elements are:

REOPEN SEGMENT
COPY SEGMENT
DELETE SEGMENT
DELETE ALL SEGMENTS
RENAME SEGMENT
REDRAW ALL SEGMENTS
IMPLICIT REGENERATION MODE
INHERITANCE FILTER
SEGMENT TRANSFORM
SEGMENT VISIBILITY
SEGMENT lGHUIGHTING
SEGMENT DISPLAY 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 5
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. 3
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 l
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. i
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4.12.2.2 Allowable Elements 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 within 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 all of the segment control elements are allowed in GSO 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 independence of pictures and the ability to randomly access pictures. The only allowable
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
METAF1LE. every element that Is modally defined and bound to primitives (Metafle Descriptor elements
definink modes and precisions, Picture Descriptor elements, ConW elements, and Attributo elements) has
a wel defined value. Conceptually ti set of al of thes. define a *Modal State List.

The Metafile Descriptor Is proiessed sequentially. Throughout the Metaflie Descriptor, modal MD elements
modify the MD entries In the state list and occurrences (possibly multiple) of the METAFILE DEFAULTS
REPLACEMENT element allow manipulation (outside of GSD state) of all of the rest of the model 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 Ust The values of modal
elements that we in effect upon BEGIN PICTURE are the default values, whether they are implicit (defined in
the Standard) or explicit (i.e., via the Metafloe 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 identifier is no longer

associated with the segment and may be reused for another segment definition. The segment identifier
associated 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 implementation-depondent. The segment identifier is used by
BEGIN SEGMENT. REOPEN SEGMENT. COPY SEGMENT. 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 ooened. 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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I
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 I
segment is initially opened. When reopened, all subsequent graphical objects are appended to the open
segment until END SEGMENT.

Consider the following example: 3
LINE COLOUR (blue)
BEGIN SEGMENT (1)
POLYLINE blue lines
UNE COLOUR (yelow)
POLYLINE yellow lines
END SEGMENT
POLYLINE yellow lines 3
LINE COLOUR (red)
REOPEN SEGMENT (1) reopen segment 1 I
POLYUINE red lines

END SEGMENT
POLYLINE red lines i

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, and control I
which conceptually may be used to form graphical objects.

The state list given later in this clause details those elements which are allowed in the segement open state 3
for both locl and global segments.

TABLE XX Func.tons used to form Graphical Objects

Primitives: I
POLYLUNE ELLIPTICAL ARC
DISJOINT POLYLINE ELLIPTICAL ARC CLOSE
POLYMARKER TEXT
POLYGCN APPEND TEXT
P•LYGCN SET RESTRICTED TEXT
RECTANGLE CELL ARRAY
CIRCLE BEGIN FIGURE
ELLIPSE END FIGURE I
CIRC. ARC 3 POINT NEW REGION
CIRC. ARC 3 POINT CLOSE GENERALIZED DRAWING
CIRC. ARC CENTRE PRIMIVE (GDP)
CIRC. ARC CENTRE CLOSE PIXEL ARRAY I
CIRC. ARC CENTRE BACKWARDS ESCAPE (Note 1)

Attributes and Control Capabilities:
AUXILIARY COLOUR EDGE BUNDLE INDEX I
DRAWING MODE EDGE TYPE

TRAANSPARENCY EDGE WIDTH
LINE BUNDLE INDEX EDGE COLOUR
LINE TYPE EDGE VISIBILITY I
UNE WIDTH IMPLICIT EDGE VISIBILITY

LINE COLOUR CHAR. SET INDEX
MARKER BUNDLE INDEX CHAR. EXPANSION FACTOR
MARKER TYPE CHAR. CODING ANNOUNCER I
MARKER SIZE CHAR. SPACING
MARKER COLOUR CHAR. HEIGHT
FILL BUNDLE INDEX CHAR. ORIENTATION
FILL COLOUR ALTERNATE CHAR. SET INDEX
FILL REFERENCE POINT TEXT BUNDLE INDEX
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NTERIOR STYLE TEXT PRECISION

HATCH INDEX TEXT COLOUR
TEXT PATH

PATTERN1FIDEX TEXT ALIGNMENT
PATTERN SIZE ASPECT SOURCE FLAGS

CUP RECTANGLE
CLIP INDICATOR
PICK IDENTIFIER

NOTE: whether or not ESCAPE is a graphical object depends on the escape identifier, and is
implementation-dependent.

U 4.12.3.4 Non-RetaIned Data

Any graphical object passing along the pipeline when no segment is open becomes non-retained data. The
data is displayed in the usual manner. However, it is never redrawn as a result of implicit or explicit segment
display. 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 It Is dosed but not deleted. When a
segment Is opened with the BEGIN SEGMENT function, the segments attributes wre set to their default
values.

Each of the segment attributes wre discussed In detail in the remaining parts of this section.

Segment attributes are associated with the segment rather than the segment identifier. This means that all
segment attributes no longer exist ior the segment when it Is deleted. This also means tha the segment
attributes are not changed when a segment is renamed.

4.12.4.2 Segment Highlighting

Segment highlighting has two states, NORMAL and 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 segments highlighting attribute is changed, all of the graphical objects of the segment
are displayed based on the implicit segment regeneration mode and the segment display priority.

4.12.4.3 Segment Visibility

3 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 implicit segment regeneration mode and the segment
display priority. A segment can be picked only if it is both VISIBLE and DETECTABLE.

1 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 both3 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.

4
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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 segmentsI
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 and 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 VOC EXTENT/DEVICE VIEWPORT mapping, which Is a
transform of VDC space to DC space. The segment transform is a transform of VDC space to VDC space.

The segment transform is applied to reference points and parameters and attributes with significance in VOC;
space. The reference points are defined to be all input parameters of type POINT. Parameters with
significance in VDC space include the radius of a CIRCLE. Attributes with significance in VDC space include
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 include
CHARACTER HEIGHT and FILL REFERENCE POINT.

Transformation of the radius of a CIRCLE Is evaluated by transforming a radius vector aligned in an
Implementation- dependent manner. Similarly, if a rotation transform were applied to a RECTANGLE. the
corners of the RECTANGLE will change, but the edges of t*h rectangle will remain horizontal and vertical. If I
a scaling transform is applied to a PIXEL ARRAY. the location of the PIXEL ARRAY changes, but not its
size. If a transform is applied to RESTRICTED TEXT, its reference points are changed. That is, Its location
and Its extent will change. 3
When the mapping of the VDC space to device or visual space Is 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 direction of the line segment. 3
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), and applied to all line segments independent of the,'r direction.

The rendering of markers Is intended not to be transformed by either anisotropic mapping established by 5
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 3
transformed: a single scale factor between the minimum (scale in X, scale in Y) and maximum (scale in X.
scale in Y) is selected and applied uniformly.

segment transform is represented by a 2x3 matrix. composed of a 2x2 scaling and rotation portion, and a I
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 is mapped the same as non-
retained data (i.e.. the VDC EXTENT/DEVICE VIEWPORT is the only mapping). If the user alters the
segments transform attribute, each of the reference points discussed previously will be transformed by the I
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 U
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 VOC range.
This is handled in an implementation-dependent way.



I
The sequence of transforms is optionally the copy transform followed by the segment transform, then clip to
a clipping area, followed by the VDC EXTENT/DEVICE VIEWPORT transform. For non-retained data there is
no segment transform. For data stored in segments. the segment transform maps VDC to VDC. Clipping
rectangles are not transformed by the segment transform. The last transform, VDC EXTENT/DEVICE
VIEWPORT, is finally applied to map VDC to DC.

4.12.5 Segment Display

4.12.5.1 Introduction

Segment display is the process which 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. Segments can also be displayed
implicity, under some circumstances, without using the above functions.

Several of the segment attributes affect segment display. Segment highlighting determines how a segment
is displayed. It can be set to NORMAL or HIGHLIGHTED. Segment visibility determines whether the
graphical objects within a segment are displayable. it can be set to VISIBLE or INVISIBLE. Segment display
priority determines which overlapping segments appear to be in front Segment transform affects the

position, size, and orientation of the displayed segment. Segment detectability is a segment attribute that3 affects the capability of a segment to be picked.

Primitive attributes which are conceptually part of the graphical object's definition also affect the
appearance of the displayed segment.

3 4.12.5.2 Segment Regeneration

Implicit segment regeneration mode determines when picture changes occur. Operations not immediately
supported by devices may require certain functions to perform an Implicit regeneration. For example, it is
po•eible to create a segment and then modify one of the segment attributes which could cause the picture
to change. Some devices such as plottes are only capable of doing additive output, as is the case with no
segmentation. For example, If such a device received a function to change the segment transform, then It
would have to advance the paper or film and regenerate the entire picture. In order to prevent the waste of
time and paper, the CGM as extended by this addendum has an IMFLICIT SEGMENT REGENERATION
MODE function.

The IMPLICIT SEGMENT REGENERATION MODE function may be used to stop such Implicit actions from
occurring immedately. If the mode Is set to SUPPRESSED then no implicit regeneration occurs. ift is then up
to the user to decide when the picture is complete. At that time the user explicitly Invokes the PREPARE
VIEW SURFACE and REDRAW ALL SEGMENTS functions.

The implicit segment regeneration mode should be SUPPRESSED on devices which must perform a
regeneration to display the result of segment changes. The default setting of implicit regeneration mode is
SUPPRESSED.

It should be noted that not all functions cause implicit 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 implicit segment
regeneration mode is set to ALLOWED, regeneration may take place as graphical objects are added to the
segment The implicit 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 the intention is to delay the visual effect of output then the SEGMENT
VISIBILITY function should be used. Implicit segment regeneration should not be confused with deferral
mode. Segment regeneration takes precedence over the deferral mode.

3 4.12.5.3 Implicit Segment Display

When implicit segment regeneration mode is ALLOWED, segments may be regenerated implicitly. 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. I
4.12.5.4 Explicit Segment Display

The elements REDRAW SEGMENT and REDRAW ALL SEGMENTS can be used explicitly to display visible I
segments, independent of the implicit segment regeneration mode. REDRAW ALL SEGMENTS displays all

defined visible segments without clearing the display surface. REDRAW SEGMENT draws the segment

Identified. It is implementation-dependent whether segments that overlap the identified segment are also

redrawn 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 graphical objects in the identified segment into the open segment.

applying a coordinate transformation as the objects are copied.

The objects copied may be altered In a variety of ways: 5
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 rules

for transformation

An example of the COPY SEGMENT function Is as follows: 5
LINE COLOUR (blue)
BEGIN SEGMENT (1)
LINE STYLE (dotted)
POLYLINE blue dotted One
EN0 SEGMENT
LINE COLOUR (red)
LINE STYLE (dasWed) 5
BEGIN SEGMENT (2)
POLYLINE red dashed line
COPY SEGMENT (1) the copy of segment (1)

POLYLINE still generates
a blue dotted line, unlesschxerd with the inheritance,
filter.

The CGM generator has the capability of setting a copy transform. The copy segment transform is applied to 5
graphical objects before they are copied into the open segment. However, this does not apply to cdipping

rectangles. Graphical objects may be transformed to alter the location, the size. and the orientation of

primitives.

An example of the COPY SEGMENT function with the INHERITANCE FILTER function is as follows:

INHERITANCE RLTER (UNE ATTRIBUTES, STATE-LIST)
BEGIN SEGMENT (1)
LINE COLOUR (blue)

LINE STYLE (dotted)
POLYUINE blue dotted line
END SEGMENT 3
LINE STYLE (dashed)
LINE COLOUR (red)
BEGIN SEGMENT (2)
POLYLINE red dashed line I
COPY SEGMENT (1) 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 segments which have been deleted are
immediately available for reuse.

If an attempt is made to delete the open segment, either by DELETE SEGMENT or by DELETE ALL£ SEGMENTS, an 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 nextSregeneration. Deleting a segment can cause an implicit regeneration if such is allowed.

An existing segment may be renamed at any time. except when open. (When a segment is renamed it is
immediately associated with a new segment identifier.) The segment's old identifier Is immediately available3 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 client to preserve the
state of adl primitive attributes, excluding bundle tables, character set list, font list. 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

3 Add the following to Figure 12:

figure 12 modifications to add segments

I
I
3 Pjeg.41

Add the following table following the state diagram

5 Table 3(a) CGM Elements by their allowed states

CGEM CGEM states3 Element PC MD GS PD PO TO LS FC FO

BEGIN PICTURE X X
BEGIN PICTURE BODY X
END PICTURE X
BEGIN SEGMENT X X
END SEGMENT X
END METAFILE X

METAFILE VERSION X

METAFILE DESCRIPTION X
VDC TYPE 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

5
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METAFILE ELEMENT LIST X
METAFILE DEFAULTS REPL. X
FONT LIST X 1
CHARACTER SET LST X
CHAR CODING ANNOUNCER X
METAF1LE CATEGORY X
MAXIMUM VDC EXTENT X
SEGMENT PRIORITY EXTENT X

SCALING MODE X
COLOUR SELECTION MODE X
LINE WIDTH SPEC MOE X

MARKER SIZE MODE X
EDGE WIDTH SPEC MODE X
VOC EXTENT X X X I
BACKGROUND COLOUR X
VDC INTEGER PRECISION X X X X X
VDC REAL PRECISION X X X X X

UXISARY CC X X X X X X X I
TRANSPARENCY X X X X X X
CUP RECTANGLE X X X X X
CLIP INDICATOR X x x x x
DEVICE VIEWPORT X X 1
DEVICE VIEWPORT MPPING X X
DEVICE VPORT SPEC MODE X X X X
DEFERRAL MODE X X X X
MAKE PICTURE CURRENT X X X X U
PREPARE VIEW SURFACE X X X X
UPDATE X X X X
MODIFY FONT LIST X X
MODIFY CHARACTER SET LIST X X 3
BEGIN FIGURE X X X
END FIGURE X X X X X
NEW REGION X X X X I
IMPLICIT EDGE VISIBILITY X X X X X
SAVE PRITIVE ATTRIBUTES X X X
RESTORE PRIMITIVE ATRIBS X X X
DELETE PRIMITIVE ATT SET X X X

POLYLINE X X X X X
DISJOINT POLYLINE X X X X X
POLYMARKER X X X
TEXT X X X

RESTRICTED TEXT X X X ,
APPEND ET X X X X

POLYGON X X X X
POLYGON SET X x X X
CELL ARRAY X X X
GDP X X X X X
RECTANGLE X X X X
CIRCLE• X X X X
CIRCLAR ARC 3 POINT X X X X X

CIRCULAR ARC 3 PT CLOSE X X X X
CIRCULAR ARC CENTRE X x x x X
CIRC ARC CENTRE CLOSE X X X X
ELLIPSE X X X X
ELLIPTICAL ARC X X X X X
ELLIPTICAL ARC CLOSE X X X X
CIRC XEC CLE S X X X X X
PIXEL ARRAY X X X

LINE BUNDLE INDEX X X X
UNE TYPE X x K I
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UNE WIDTH X X X
UNE COLOUR X X X
MARKER BUNDLE INDEX X X X
MARKER TYPE X X X
MARKER SIZE X X X
MARKER COLOUR X X X
TEXT BUNDLE INDEX X X X X

TEXT FONT INDEX X X X X
==TEXT PRECISION X X X X

CHAR EXPANSION FACTOR X X X X
CHARACTER SPACING X X X X
TEXT COLOUR X X X X
CHARACTER HEIGHT X X X X
CHARACTER ORIENTATION X X X
TEXT PATH X X X
TEXT ALIGNMENT X X X
CHARACTER SET INDEX X X X X
ALT CHAR SET INDEX X X X X
FLL BUNDLE INDEX X X X
INTERIOR STYLE X X X

IFILL C.OLOU X X X

HATCH WEX X X X
PATTERN INDEX X X X
EDGE BUNDLE INDEX X X X X X
EDGE TYPE X X X X X
EDGE WIDTH X X X X X

l EDGE COLOUR X X X X X
EIDGE VISIBILITY X X X X X

FILL REFERENCE POINT X X X
PATTERN TABLE X X X
PATTERN SIZE X X X
COLOUR TABLE X X X
ASPECT SOURCE FLAGS X X X X X
LINE REPRESENTATION X X X
MARKER REPRESENTATION X X X
TEXT REPRESENTATION X X X
FLL REPRESENTATION X X X
EDGE REPRESENTATION X X X
DRWAING MODE X X X

ESCAPE X X X X X X X X X

I MESSAGE X X X X X X X X X
APPLICATION DATA X X X X X X X X

REOPEN SEGMENT X
RENAME SEGMENT X X x
DELETE SEGMENT X X x
DELETE ALL SEGMENTS X
REDRAW ALL SEGMENTS X X

1 COPY SEGMENT x X X
IMPLICIT SEG REGEN MODE X X X
INHERITANCE FILTER x x X

1 SEGMENTTRANSFORM X X X
SEGMENT VISIBILITY x x x
SEGMENT HIGHLIGHTING X X X
SEGMENT DISPLAY PRIORITY X x X
SEGMENT PICK PRIORITY X X X
SEGMENT DETECTABILITY X X X

I PC Picture Closed
MD Metafil. Descriptor

I5
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GS Global Segment
PD Picture Descriptor
PO Picture OpenI
TO Text Open

FC Figure Closed
FO Figure Open

Page 421

Sub-clause, 5.11: Add the following after the ninth paragraph whh starts with the sentence: -The
External Elemnents .... *: I

The Segment Elements (described In sub-clause 5.10) provide for the grouping and manipulation of
elements.

Page 421

Sub-clause 5.11: Add the following at the end ot the table of abbreviations of data type names:

N Name Identifier of type Integer

DIP Device A point expressed In a coordinate system that
Point Is device dependent. DP units are metres or

other appropriate device units.U
ASN Attribute identification of a set of values used with

Set Nwme SAVE and RESTORE PRIMITIVE ATITREJTES
SN Segment Segment Identifier

Nane Realization is encoding dependent Range is Implementation dep.I
VSP Viewport Two values representin the x and y coordinates of a point In

Specification viewport specification space. whose data type and Interpretation

Pg46Point depend on DEVICE V1WPORT SPECIFICATION MODE.3

Add the following sub-clauses after sub-clause 5.2.5:

S.Z6 BEGIN SEGMENTI

Parameters:

Segment Identifir (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 SEGMENT3

Parameters:

None3

Description:

Subsequent elements will no longer be part of a segment.3
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I Page47

Add th. following at the end of the Description secton of sub-clause 5.3.1

3 The CGM as extended by Addendum 1 is version two (2).

Page 50

5 Sub-clause 5.3.11: Add the following shorthand name at the end of the list given in the second
paragraph of the Oescription:

* GKSAW

Page 551

3 Add the following note at the end of sub-clause 5.3.3: FONT LIST

NOTE: It is recommended that a dense font list is used.

Add the following sub-clauses after sub-clause 5.3.15:

5.3.16 METAFILE CATEGORY

Parameters:

category (one c: cgm, gksm, cgmextl) (E)

Description:
This function sets the metafl. category to the type indicated by the parameter.

5.3.17 MAXIMUM VDC EXTENT

Parameters:

low vahu (Point)
high value (Point)

Description:
The parameters define a mapping of a sub-space of the VOC range defined by (low,low) and
(highhigh) and the virtual coordinate space of a graphics systen. e.g. NOC, such that the
(low.low) corner is equivalent to the lower left corner of NDC, and the (high.high) corner with the
upper right comer of NDC. The low value is less than the high value.

1 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

i metafile.

I
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Page 61

Add the following sub-clauses after sub-clause 5.5.6:

5.5.7 DEVICE VIEWPORT

Parameters: U
first corner (OP)
second corner (OP)

Description:
The two parameters define the opposite corners of a rectangular viewport on the device's display
surface.

5.5.8 DEVICE VIEWPORT SPECIFICATION MODE

Parameters: 5
VSU specifier (one of- fraction of default device viewport

milimetres with scalefactor,
physical device urwts)(E)Metric scl factor (R) E

Description
This function determines how subsequent functions using the data type VSU (viewport
specification unit) or VSP (vlewport specificaton 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. 1
When the first parameter is fraction of default device vlewport '. t value (0.0, 0.0) corresponds to
the lower left corner and the value (1.0. 1.0) corresponds to the upper right comer of the default
idewport. (The default device vtewport Is the largest unrotated rectangular area visible on the
display surface.) Numbers outside of the range [0.0..1.01 may be specified (see DEVICE
VIEWPORT). The aecond parameter is Ignored.

When the parameter Is 'millimet"es with ecalefactor', the metric scale factor parameter represents
the distance (On milimotres) 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 and the values increase positively to the right and upwards.

When the parameter is 'physical device units', the native units and handedness of the physical 5
device are used. The second parameter is ignored.

Note - Metric scaling with a scale factor pnrvides a device-independent means of generating output
at a known scale factor. In metric mode, a scale factor of 1.0 indicates that the VSU are in units of I
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. U

5.5.9 DEVICE VIEWPORT MAPPING

Parameters: I
Isotopy flag (one of: not forced, forced)(E)
Horizontal 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. I
The remaining parameters are only significant if isotropy is forced by the first parameter. It so. the
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effective viewport is generally smaller than the specified viewport, and these parameters determine
how it will be positioned within the specified viewport. Left 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.

3 5.5.10 DEFERRAL MODE

Parameters:

- deferral mode (one of: asap. bnlg. bnil, asti) (E)

Description:
Deferral mode cornrols 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) wre:

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 Next Interaction (BNI)

d) ASTI: the visual effect of each function will be achieved At Some Time (ASTI).

5.5.11 MAKE PICTURE CURRENT

3 Parameters:

None

Description:
This function ensures that any buffered data is sent to the device's display surface, such that It Is
visible to dw viewer.

S5.5.12 PREPARE VIEW SURFACE

Parameters:
Force hardcopy advance (one of: force hardcopy. condltional)(E)

Description:
This function discards any pending data, clears the display surface of a softcopy device, and
clears any Internally-stored display list. The cleared region is set to the colour specified by
BACKGROUND COLOUR. IN background colour is supported.

For a hardcopy device. If 'force hardcopy advance' is set to 'force hardcopy', the medium is
advanced unconditionally. If the parameter is set to 'conditional'. the medium is not advanced if it isU known that it has not been marked; if tie 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.

5.5.13 UPDATE

3 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).

S5.5.14 MODIFY FONT LIST
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Parameters:

starting index (I) 3
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 I
Parameters:

starlng Index (I)
list of:

chamacter set type - one of: 94-character G-sat,
96-character G-set. 5
94-character multibyte G-set.
96-character multibyte G-set.
complete code) (E),

designation sequence tail (S)

Description:
This element modifies the list of Character Sets given In the Metaflle Descriptor via the
CHARACTER SET UST element or the default lt. Onit the specified entries are modifid.

5.5.16 BEGIN FIGURE

Parameters: 3
none

Oescription:
The metafile enters the state 'FIGURE OPEN REGION CLOSED', initiating oonstuction of the
compound closed figure primitive.

The receipt of a matching END FIGURE function signals the rendering of the closed figure, and a
transition out of either 'FIGURE OPEN REGION CLOSED' or 'FIGURE OPEN REGION OPEN' statebac'k to 1ACTIVE'.

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, I
the effect is as if the boundary definition was started anew.

5.5.17 END FIGURE 3
Parameters:

none 3
Description:

This function causes transition out of either the 'FIGURE OPEN REGION OPEN' or 'FIGURE OPEN
REGION CLOSED' state, and causes the compound closed figure primitive to be rendered. 3
If the metafile was in state 'FIGURE OPEN REGION OPEN'. and the "ast point* of the last LINE
function is not coincident with the current closure point, then the closed figure has not been
explicitly closed and an implicit closure 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 IIMPLICIT EDGE VISIBILIT`'.

5.5.18 NEW REGION 3
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Parameters:

none

Description:
This function is used only within the 'FIGURE OPEN REGION OPEN' state, for control of subregion
construction within closed figures.

If the current region has not yet been dosed by a preceding NEW REGION function, and th. last
point of the last LINE function is not coincident with the current closure point, then the current
subregion Is cdosed by a line segment connecting the last point of the preceding LINE function to
the current closure point. If the region has been previously dosed (i.e., the metafile is in state
'FIGURE OPEN REGION CLOSED'), is empty, or the last point of the last LINE function is
coincident with the current closure point, then no line segment is generated by this function.

The visibility of this lne segment is controlled by IMPLICIT EDGE VISIBILITY.

The motafille goes to the state 'FIGURE OPEN REGION CLOSED'. The first point of the next LINE
function following a CLOSE REGION function becomes the now closure point, starting a new
subregion.

5.5.19 IMPLICIT EDGE VISIBILITY

Parameters:

implicit edge visibility (one of: off.on)(S)

Description:
IMPLICIT EDGE VISIBILITY specifies whether edges added Implicltly during the construction of a
closed figure are to be rendered as visible or Invisible. It provides control for each edge, that is,
each implicitly added edge obeys the current value of IMPUCIT EDGE VISIBILITY.

Edges are added xnpIkidty when the following situations arise In the ¶figure open" state:

1. The *flrst 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 closure point.

4. An END FIGURE function is invoked, the metafile is in state 'FIGURE OPEN REGION OPEN'.
and the last point' of the preeoding LINE function is not coincident with the current closure 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 closed figure
definition); however. it only effects the rmciening of closed 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 values and no error is generated.
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TABLE XX Functions whose state list entries are saved by SAVE PRIMITIVE ATTRIBI rES ar,4 ' ,.•,ored by
RESTORE PRIMITIVE ATTRIBUTES

AUXILIARY COLOUR (Note 1) EDGE BUNDLE INDEX
DRAWING MODE EDGE TYPE
TRANSPARCY EDGE WIDTH (Note 2)

EDGE COLOUR (Note 1)
LINE BUNDLE INDEX EDGE VISIBILITY
LINE TYPE
LINE WIDTH (Note 2) IMPLICIT EDGE VISIBILITY
LINE COLOUR (Note 1)

CHARACTER SET INDEX
MARKER BUNDLE INDEX CHARACTER EXPANSION FACTOR
MARKER TYPE CHARACTER CODING ANNOUNCER m

MARKER SIZE (Note 2) CHARACTER SPACING
MARKER COLOUR (Note 1) CHARACTER HEIGI4T

CHARACTER ORIENTATION
FULL BUNDLE INDEX ALTERNATE CHARACTER SET INDEX I
FLL COLCUR (Nol. 1) TEXT BUNDLE INDEX
FILL REFERE4CE POI TEXT PRECISION
INTERIO STYLE TEXT COLOUR (Note 1)
HATCH INDEX TEXT PATH

TEXT ALIGNMENT
PATTERN INDEX
PATTERN SIZE ASPECT SOURCE FLAGS

CUP RECTANGLE
CLIP INDICATOR

Note 1: The COLOUR SELECTION MODE in w!dh this value was last set Is also stored. I
Note 2: The corresponding specification mode In which tis value was last set Is also stored.

5.5.21 RESTORE PRIMITIVE ATTRIBUTES I
Parameters:

Attnlbute set nane ASN I
Description

The values saved by the last SAVE PRIMITIVE ATTRIBUTES using the given attribute set name
wre copied into the current State List being used on interpretation.

5.5.22 DELETE ATTRIBUTE SET 3
Parameters:

Attribute set name ASN 3
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 3
5.6.20 CIRCULAR ARC CENTRE BACKWARDS

Parameters: 3
centrepoint (P)

62



I
DX start. DY start, OX.end, DY.end (4VDC)
radius (VDC)

Description:
A circular arc is drawn which is defined as follows:

DX start and DYstart define a start vector, and DX end and DY end define an end vector. The
tails of these vectors are placed on the centrepoint. A start ray and end ray are derived from the
start and end vectors. The start and end rays are semi-infinite lines from the centrepoint in the
directions of the start and end vectors respectively.

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 circie and the start ray (as
obtained by measuring a distance 'radius' along the start ray from the centrepoint) to the
interection of the circle and the end ray.

I The arc is displayed with current line element attributes.

Valid values of the vector components are those which produce vectors of non-zero length.

Valid 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 360 degrees of central angle (see also annex D).

3 5.6.21 PIXEL ARRAY

Parameters:

Sorgin point (P)
ru.ny (21)
valid x range (21)
valid y range (21)

colour specifiers (nx'ny CO)
I Description:

Assigns a row major rectangular array of device independent colour specifiers to a rectangular
array of pixels. nx and ny dimension the rectangular array of device independent colour specifiers.
(Here and elsewhere in this 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 which succeeding pixels aredrawn.)

The origin is the location in VDC space of the drawing bitmap at which 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>O. then the row extends toward increasing VDC X from the origin point. If nx<O. 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>O. then each new row is toward increasing VDC Y. If ny<O, 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 a 0. nothing is drawn.
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Page 98

Add the following sub-clauses after sub-claus. 5.7.35

5.7.36 LINE REPRESENTATION

Parameters: 3
line bundle index (IX)
line type Indicator (IX)
line width specifier, either

absolute line width (VDC)
or

lne width scale factor (R)
line colour specifier, either

ecolour Index (CI) I
or

lne colour value (CD)

Description:

In the One bunde table, the given line bundle Index is associated with the specific parameters.

Line type Is specified and behaves as indicated in the LINE TYPE a#rMbuto function.

Line wkith Is defined In the urret LINE WIDTH SPECIFICATION MODE and Is stored in the bundle
table along with that mode. Thus, the definition Is immune to subsequent changes to the selection
made.

The line bundle table has predefined entioes. 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 appewance from other table enties.

When line funcr•to we displayed the line bundle index refers to an entry in the line bundle table.

Which aspects In the entry are used depends upon the setting of the corresponding ASFs, see the
ASPECT SOURCE FLAGS function.

5.7.37 MARKER REPRESENTATION n
Parameters:

marker bundle index (IX) 3
marker type indicator (IX)
marker size specifier. either

absolute marker size (VDC)
or

marker size scale factor (R)
marker colour specifier, either

marker colour index (CI)
or

marker colour value (CD)

Description:
In the marker bundle table, the given marker bundle index is associated with the specified
parameters.

Marker type is specified and behaves as indicated in the MARKER TYPE attribute function.
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I
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 mods.

i Marke colour Is defined in the current COLOUR SELECTION MODE. and Is stored In the bundle

table aWong 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 withthis function. Redefining a table entry or adding a new table entry may eliminate the ability to
render a distinct appearance from other table entries.

3 When polymarkers are displayed the marker bundle index refers to an entry in the marker bundle
table.

Which aspects in the entry are used depends upon the setting of the corresponding ASFi. see the
ASPECT SOURCE FLAGS function.

5.7.38 TEXT REPRESENTATION

I Parameters:

text bundle index (IX)
text font index (IX)
text precision (one of: string, character, stroke) (E)
character expansion factor (R)
ciwacter s•pacing (R)
text oolour specifier, either

text colour index (CI)
or

SDescription: text colour value (CD)

In the text bundle table, the given text bundle Index Is associated with the specified parameters.

3 Text font Index is specified and behaves as indicated in the TEXT FONT INDEX attribute function.

Text precision is specified and behaves as indicated in the TEXT PRECISION attribute function.

Character expansion factor is specified and behaves as indicated in the CHARACTER EXPANSION
FACTOR attribute function.

Character spacing is specified and behaves as indicated in the CHARACTER SPACING attribute
* function.

Iext 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 text 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 text is displayed the text bundle index refers to an entry in the text bundle table.

Which aspects in the entry are used depends upon the setting of the corresponding ASFs. see the

ASPECT SOURCE FLAGS function.

3 5.7.39 FILL REPRESENTATION
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Parameters: 3

fill area bundle index (IX)
interior style (one of: hollow, solid, pattern.hatch. emptyXE)
fill colour specifier, either

flu colour index (CI)
or

fill colour value (CD)
hatch index (IX)
pattern index (IX)

Description:
In the fil bundle table, the given fill bundle index is associated with the specified parameters. 3
Interior style is specified and behaves as Indicated in the INTERIOR STYLE attribute function.

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.

Fill 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 I
mods.

The fill bundle table has predeflned entrie. Each entry renders a dIstinct appearance 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 eliminate the ability to render a
distinct appearance from other table entries.

When fil areas we displayed the lilt bundle index refers to an entry In the fill bundle table.

Which aspects In the entry are used depends upon the setting of the corresponding ASFs. see the
ASPECT SOURCE FLAGS function.

5.7.40 EDGE REPRESENTATION

Parameters: I
edge bundle Index (IX)
edge type Indicator (IX)
edge width specifier, either

absolute edge width (VDC)
or

edge width scale factor (R)
edge colour specifier, eithe

edge coiour index (CI)
or

edge colour value (CD) 3
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. i
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. I
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The edge bundle table has predefined entries. Each entor renders a distinct appearance 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 eliminate the ability to render a
distinct appearance from other table entries.

When fill areas are displayed the edge bundle index refers to an entry in the edge bundle table.

Which aspects in the entry are used depends upon the setting of the corresponding ASFs, see the
ASPECT SOURCE FLAGS function.

- 5.7.41 PICK IDENTIFIER

3_ Parameters:

pickl dendiwr (1)

Description:
The pick identifier is associated with all of the graphical primitive elements of a segment until the
next PICK IDENTIFIER element.

With pick Input, a structure Is returned consIsting of the picked segment identifier and a pick
Identifier. This pick Identifier represents the graphical elements that were associated with It during
creation of he segmnenL Ths pick structure Is returned only If the picked segment in both VISIBLE
aid DETECTABLE. The defoull pick Idnife Is zero.

3 5.7.42 DRAWING MODE

Parameters:
drawing mod()

Description:
Drawin mode Is an Integer in t range [0..15 which defines the log
operation between the source and destination during al output operations.

TABLE XX. Draw4ng modes

I ~The IS possible oombinwdons wre defined as follows

I (d' m resulting destination bit value,
d - original destination bit value.

-- s = original source bit value):

I Drowing Mod@ Logical Operation

0 d,0
I cr '-s AND d

S2 t = s AND (NOT d)
3 d' sS4 dr - (NOT s) AND d
5 cr-d
6 d' - s XOR d

-- 7 d - s OR d

8 cr - NOT (s OR d)
""9 d' N NOT (s XOR d)• 10 d'. NOTd
11 d' . s OR (NOT d)
12 d' - NOTs

13 d' . (NOT s) OR d

14 d. a NOT(s AND d)
15 d3 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 graphical objects
are appended to the segment.

Issuing a REOPEN SEGMENT with an Identifier which Is not currently in use is an error and the
function is Ignored. I
The display of graphical objects which are added to an existing segment depends on the segment
visibility, the segment highlighting, the ImplicIt segment regeneration mode, and the segment
display priority.

5.10.2 COPY SEGMENT

Parameters: 3
segment identifier (SN)
copy transformation matrix:

scaling and rotation portion 2x2xR
nl portion 2x1xVDC

Description:
All graphical objects In the identified segment wre reentered Into the pipeline and placed Into the
open segmenL 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
unchanged by the COPY SEGMENT function.

The copy transformation is applied to all graphical objects of the copied segment before they are
copied into the open segment. The copy transformation Is 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 functions to define the objects as transformed. I
The display of graphical objects which are copied into the open segment depends on the segment
visibility, the segment highlighting, the implicit segment regeneration mode. and the segment
display priority.

The INHERITANCE FILTER 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 3
graphical objects.

5.10.3 DELETE SEGMENT 3
Parameters:

segment identifier (SNI 3
Description:

The identified segment is deleted.

NOTE - The segment identifier may appear in a subsequent BEGIN SEGMENT element.
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5.10.4 DELETE ALL SEGMENTS

Parameters:

3 None

Description:
All segments are deleted from segment storage. All segment identifiers may be reused by the
BEGIN SEGMENT.

Display changes resuiting from the deletion of aN segments are governed by the implicit segment
_ regeneration mode and dynamic modification aocepted for segment deletion.

,,, If the dlesaiption table entry "Dynamic modification accepted for Segment Deletion" is set to IMM.
the effect of DELETE ALL SEGMENTS happenms immediately, if the dynamic modification entry is

... set to IRG. the effect of DELETE AU.. SEGMENTS depends on thie setting of the "Imp&cIt Segment3 Regeneration Mode" entry in the state list, as follows:

-- If the Impliclt 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

i regeneraton.

if the Implkclt segment regeneration mode is SUPPRESSED. anyf Image modification necessary &.
a result of the DELETE ALL SEGMENTS function wil not take place until some explicit action Is3I performed.

5.10.5 RENAME SEGMENT3 Parameters:

old segment ioenila (SN)3 new segment Idnife (SN)

Description:
Ani existing segment is associated with a new segment Ident•fe.

35.10.6 REDRAW ALL SEGMENTS

Parameters:

None

-- Description:
m ~This function is intended to result in a redraw of aNl defined segjments. 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 display pririty.

I- 5.10.7 IMPUCIT SEGMENT REGENERATION MODE

"3 Parameters:

m imiplicit segment regeneration mode (one of: SUPPRESSED. ALLOWED)(E)

I Description:
E. The implicit segment regeneration mode for picture changes is set to SUPPRESSED or ALLOWED.

w The IMPLUCIT SEGMENT REGENERATION MODE function may be issued at any time.

S~If the mode is ALLOWED then the interpreter may perform an implicit PREPARE VIEW SURFACE

I and REDRAW ALL SEGMENTS depending on the dynamic modification accepted values, in this

I



mode. an open segment (or any other segment) may be redrawn whenever changes affect the
appearance of the view surface. In such cases. all non-retained data are lost,

When set to SUPPRESSED, the interpreter must explicitly invoke PREPARE VIEW SURFACE and
REDRAW ALL SEGMENTS or REDRAW SEGMENT to redraw graphical objects stored in segments.
If a segment is open, it must be closed (END SEGMENT) prior to invoking explicit segment display
functions.

Some devices cannot immediately change 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 and highlighting may also cause the picture to change.

On devices where pictures are additive 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.
Impicit segment regenewaton mod* gives the client th ability to accumulate picture changes. Atsome later time, the client can explicitly utilize PREPARE VIEW SURFACE and REDRAW ALL

SEGMENTS.

The default IMPLICIT SEGMENT REGENERATION MODE is SUPPRESSED. U
5.10.8 INHERITANCE FILTER

Parameters: i
filter selection attribute designator (list of:

{i~d~ual function nareme.)
(ee below) I

MARKI ATTRIBUES.
"TEXT ATTRIBUTES,
CHARACTER ATTRIUTES

EDGE ATTRIBTES.
PATTERN ATTRIBUTES,
CUTP CCNTRCL.
ClUTP CCiTRa..
ALLXnE)

so"in (STATEULST.SEGMENT)(E)

Descrfptlon:
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.

It an attribute or group of attributes designated in the filter selection list is set to STATELIST.
graphical objects inherit that attribute or group of attributes from the current state lists when a
segment is copied. II
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 all graphical objects employing them) by the
corresponding CGI state list when a segment is copied. II
The default inheritance filter setting value is SEGMENT for all 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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i
L1E ATTRIBUTES UNE BUNDLE INDEX

LINE TYPE
UNE WIDTH
UNE COLOUR

MARKER ATTRIBUTES MARKER BUNDLE INDEX
MARKER TYPE
MARKER SIZE
MARKER COLOUR

TEXT ATTRIBUTES TEXT BUNDLE INDEXTEXT FONT INDEX
TEXT PRECISION
CHARACTER EXPANSION FACTOR
CHARACTER SPACING
TEXT COLOUR

CHARACTER ATTFRBTES CHARACTER HEIGHT
CHARACTER ORIENTATION
TEXT PATH
TEXT ALIGNMEN

ALTERNATE CHARACTER SET INDEX
FILL]ATTIBUTES F BUNDLE INDEX

INTERIOR STYLE
FILL COLOUR
HATCH IDEX
PATTERN IDEXEDGE ATTRIBUTES EDGE BUNDLE INDEX
EDGETYPE
EDGE WIDTH
EDGE COLOUR
EDGE VISIBILITY

PATTERN ATRJBUTES FIlL REFERIBNCE POINT
PATT'ERN SIZE

CLIP CONTROL CUP RECTANGLE
CLIP INDICATOR

OUTPUTCONTROL, AUXILIARY COLOURTRANSPARENCY
DRAWING MODE

ALL Al attributes controlled

5.10.9 SEGMENT TRANSFORM

Parameters:

segment identifier (SN)
transformation matrix (4R 2VDC)

Description:
The matrix is stored in the identified segment as a segment attribute. The segment transform
replaces 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 the following matrix

IX'i IMli M12 M131 IXl
II I I IYI
lI1 IM21 M22 M231 III

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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i
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 the identity matrix. The segment transform may be set after a
segment has boon open or created. it is permissible to change the transform of the open segment

5.10.10 SEGMENT VISIBILITY

Parameters: 3
segment identifier (SN)
visibility (one of: visible, invisible) (E) 3

Description:
When the visility attribute is set to 'visible', the segment may be displayed. When this 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)I
higlighthig (one l: normal, higighted) (E)

Description:I
When the highlighting attribute Is set to 'highlighted'. the visual appearance of the segment is

Implementation dependent. When the highlighting attribute I set to normal', the segment is
displayed according to the segment and primitive attributes.

5.10.12 SEGMENT DISPLAY PRIORITY 1
Parameters:

segment identifier (SN)
segment display priority (I)

Description: I
The segment display priort 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 pr*doties. When the segment display priorities of two overlapping segments are the same. I
the order in which they appear is implementation dependent.

5.10.13 SEGMENT DETECTABILITY 3
Parameters:

segment identifier (SN)
detectability (one of: detectable, undetectable) (E)

Description:1
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.

I
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I
5.10.14 SEGMENT PICK PRIORITY

Parameters:

segment identifier (SN)
segmect pick priority (I)

Description:
The segment pick priority for the identified segment Is set to the specified value.

This value is used to determine which segment is to be picked when segments overlap. The
segment with the highest pick priority is picked firstL

U Page 103
Clause 6: Add the following at the end of clause 6:

METAFILE CATEGORY basic cgm

MAXIMUM VOC EXTENT 0,32767 for VOC type integer
0.0.1.0 for VOC type real

SEGMENT PRIORITY EXTENT 0-?

5 DEVICE VIEWPORT l.d.

DEVICE VIEWPORT SPECIRCATION MODE fracdom of display surface

m DEVICE VIEWPORT MAPPING forced,loftbottom

DEFERRAL MODE asp

3 UPDATE

IMPLICIT EDGE VISIBILITY off

LINE REPRESENTATION i.d.

MARKER REP i.d.

TEXT REPRESENTATION i.d.

FILL REPRESENTATION i.d.

EDGE REPRESENTATION i.d.

PICK IDENTIFIER nva

DRAWING MODE 3 (dr-s)

IMPLICIT SEGMENT REGENERATION MODE suppressed

I INHERITANCE FILTER segment

SEGMENT TRANSFORM 1.0,0
0,1,0

SEGMENT VISIBILITY visible

SEGMENT HIGHLIGQi-NG normal

I SEGMENT DISPLAY PRIORITY 0

I
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SEGMENT DETECTABUIITY undetectable

SEGMENT PICK PRIORITY 0

Page 104

Add the following clause after clause 7.4

7.5 Conformance by Metatflie Category

A mnetafll must conform to the motaflle category defined in the Motafile Descriptor. This conformance is to
the absfract 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 end of clause D4.4

SCA.ING MODE and DEVICE VIEWPORT

If both device vlewport and scaling mode appear in the same metafilo then the last specified is used. If
neither appear then the default values for device viewport take precedence where the"e are allowed In theI
same category.

Page 132

Add the following clause after clause D.4.8

D.4.9 Segment Elements

If there is an attempt to open a segment which exists then the OPEN Is ignored.

Page 144

Add the following clauses after sub-clause E.6

E.7 GKS Item Types 3
<This will be the list from AMnex E of GKS>.

EL8 The Relationship of Fonts Between CGM and GKS

The GKS standard includes 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 suggests an approach
to handling these attributes within the GKS environment when the CGM is used as a GKS Metafile.

E.8.1 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 3
between CGM and GKS is not possible in all cases. Specifically:

1. GKS and CGM differ in the way fonts are defined: 3
In the CGM text fonts are defined with the FONT ILIST element that associates font names or
Identiflcatioru with entries in a Font Table. The Font Table can be modified with the MODIFY FONT
LIST element. n
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. 3
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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 FONT INDEX element. The index selects an
inde•vidual font from different fonts in the font list.

In GKS, text fonts are selected with a font number. The font number selects a specific 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 directly associated with specification by a single function.

4. GKS and CGM differ in character orientation capability

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 always equal to positive 90 degrees from the Character Up Vector. Skewed specification
is not possieble.

5. Some CGM Elements have no counterpart as GKS functions

These include: character set related elements, such as CHARACTER SET LIST. CHARACTER
CODING ANNOUNCER. CHARACTER SET INDEX. ALTERNATE CHARACTER SET INDEX; and
Auxilary Colour related elements, such as AUXILLIARY COLOUR and TRANSPARENCY that
affect the presentation of text.

"This- additional functionality of the CGM causes no special problems for a GKS environment
Interpreting a CGM of category GKSM since the category restricts the occuw•eno of the elements
assocated with this additional functionality. Thus, the Interpretation by GKS of a CGM of
categorm GKSM is wal defined.

L8.2 Suggestion for Interpretation of CGM Font Information by GKS

GKS environments interpreting a CGM specify fonts with a font number. It is assumed that GKS maintains a
list associating positive font numbers with a GKS registered font name or identifier. Private font numbers
(i.e. ngative values) must be maintained in an implementation dependent fist of associations. As the FONT
LIST element is interpreted, an addltaional list must be maintained that associates indeividualfont names
specified in the CGM with a font index. The subsequent interpretation of the MODIFY FONT LIST element
will result In changes or additions to this list. When the TEXT FONT INDEX element is interpretted, the font

name associated with the font index is determined from the list of currently used fonts. the font name is
used to determine the GKS font number associated with this font from a list of GKS registered fonts. This
;ont number Is used as the font parameter of the TEXT FONT AND PRECISION function. The value of theprecision parameter is taken from the TEXT PRECISION element that directly follows each TEXT FONT
INDEX element in a CGM with category GKSM.

E.9 Character Vectors

A metafile of GKSM category writes the CHARACTER HEIGHT and CHARACTER ORIENTATION as a pair in
the CGM in that order. One 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'Characder Base Vector

I Character Up VectM1 Phmactsr Up Vectorl
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Pao14The following annex formis a new annex F.I

F Formal Grammar of the Functional Specification of the CGMEXT1
Category5
NOTE -This annex is not part of the Standard; it Is included for information purposes only.

F.1 Introduction

This gramnmar Is a formal definition of a standard CGM extended syntax. The encoding-independent and the3
encoding-dependent productions are separated, and there are subsections showing the syntax of each ot
the standardized encoding schemes. Details on the encoding of terminal symbols can be found in parts at
this Standard that deal with the particular encoding schemes.

F.2 Notation Used

<symlbol> - nonterm11inal
<SYMBOL> - terminal
< bc6yil0b - 0 or moreocurns
<csymbol:,- - or orrweocurce
<symbob-o - optional (0 or 1 occurrences)
<csymbol,.(n) . exactly n occurrences. n-2.3,....I
<symbol-1 >. ::= cymbol-2> - symbol-i has the syntax of symbol-2
<symboil12o <symbol-2> - symbol-i or alterntivel symbol-2
<csymbol: meaning> - symbol with the stated meanin

(comment) . explanation of a symbol or a production
F.3 Detailed Grammar

F.3.1 WWIIfll StructureI

<metaflle> <: ~BEGIN METAFILS,.

<metafile descriptor>
-ametafile contents>
<cEND ME17AFLE>

<metafile contents> <: extra element>*
-cpicture>
<extra elemenb.*

<extra element> w <external element>
I <escape element>

<picture> :: <BEGIN PICTURE>
'<identifier>

'<picture descriptor element>
<BEGIN PICTU.RE BODY>
<picture contenb>'
<END PICTURE>

'<picture content.> :-<picture element>
I <segment>5

<picture element.> :-<control element>
I <graphical element>
<attribute element>
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I
I <escape element>

<external element>
I<segment element>

<segment> ::- <BEGIN SEGMENT>
<segment name>

cigble picture element>
<END SEGMENT>

<Segment name> ::,.<integer>

<elgible picture element> ::. <eligible local segment picture element>
I <eligible global segment picture element>

<eligible local seg picture elem> ::. <expand from state table>
<eilgible global seg picture elem> :: <expand from state table>

3 F.3.2 Metafole Descriptor Elements

<metaflle deecriptor> :: <idenliflcatlon>
<characteristics>

<udentficaton> ::d AETAFLE VERSION><v•r>
<metafile descrlptlon>o

cmeta#ile catego'ypo

<metsffie category> :: M <METAFILE CATEGORY>
<category enumerated>

mcmetaflle description> ::- JAETAFLE DESCRIPTION>

- <category enumerated> :: <OGM>
I <CGMEXTI>I<GKSM>

<characteristfics> ::- <element list>
<optional descr elmt>

<element list> ::. <METAFILE ELEMENT LIST>
<element name>*

<optional descr elmt> ::W <VCC TYPE:-
<vdc type>

i <MAXIN.JM COLOuR INDEX>
<colour index>

<CaCLUR VALUE EXTENT>
<red green blue>(2)i ~<MET'AFTLE DEFAULTS REPLACEMENT>

<element default.+
<FONT LIST>

<font name>+
n <CHARACTER SET LIST>

<character set definition>+
<CHARACTER COOING ANNOUNCER>

.ccoding technique enumerated>
<scalar precision>"
<escape element>
<external element>
<MAXIMUM VOC EXTENT>

<point> (2)
I <SEGMENT PRIORITY EXTENT>

<minimum extent>
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I
<maximum extent>

<vdc type> ::= <INTEGER>
I <REAL>

celement default> ::m- celigible control *foment>
I <picture descriptor element>

< <attribute element>
I <escape element>

<font rnme> :: <string>p

<charscter set definition> ::. <char set enumerated>
<designation sequence>

<Indox> ::- <standw' Index value> U
I cprivate index value>

<standard Index value> :: on-negative Integer> I
<non-nesgative Integer> ::-dntge> (greater or equal to 0)
<poste integer> ::=ivegef> (greater Uwi 0)
<prlvate Index value> ::. <negative integer>
<ngative Itogr> :: teger> (tlow tn 0)
<poal•vo Index value> :: <poutlve Integer>

<dila sot enumerated> :: <94 CHAR>
<W CHAR>
<4I.TML1-BTE 94 CH-AR>

I<MLL11-YTE 96 CHAR>
<COMPLEMrOE;.o

<coding technique enumerated> ::- <BASIC 7-BIT>
I <BASIC 8-BIT>
I <EXT"NJDED 7-BrT>

<designation sequence> ::= <string>

<scalar predsion> ::a <INTEGER PRECISION>
<cntger precision value>

J<REAL PRECISION>

<teal precision value>
<INDEX PRECISION>

<index precision value>
(<COLOUR PRECISION>

<colour precision value>
<COLOUR INDEX PRECISION>

<col index precision value>
(these elements have encoding)
(deoxnid,,nt parameters J

<eligible control element> :: <VOC PRECISION> I
<AUXILIARY COLOUR>
<TRANSPARENCY>
<CUP RECTANGLE>
<CLIP INDICATOR>
<VDC EXTENT>

<DEVICE VIEWPORT><DEVICE VIEWPORT SPECIFICATION MODEI

<DEVICE VIEWPORT MAPPING> 3
<SET DEFERRAL MODE>
<UPDATE>
<IMPLICIT EDGE VISIBILITY>
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<polinb :: cdc value> (2)

<minimum extent :-Cinteger>

4maximum extent> ::-.itogsr>

F.3.3 Picture Descriptor Elements

<picture descriptor *foment> <: SCALING MODE>
cacaling spec mode>
<metric scale factor>

<COLOUR SELECTION MODE>
<coolour seledt mode>

LINE WIDTH SPECIFICATION MODE>-
cepec mode>

<MARKJER SIZE SPECIFICATION MODE>
cpec mode>

<cplrwb(2)

d&ACKGRCUND COLOUIR>

<wcalin spec mode> <- ABSTRACT>
-&IETRIC:P3mf scale faclor> ::m a&at

<sp ~~:: cNie ABSOLUTE>
<SCALED>

<point> ::<vdc value>. (2)

F.3.4 Control Elements

<control elemnent> :: vdc peiin
<AUXILIARY COLOUR>

<colour>
I<TRANSPARENCY>

con-off Indicator entumerated>
I<CUP RECTANGLE>

cpomnb42)
<CLIP INDICATOR>

con-off indicator enumerated>
< VDC EXTENT>

<poirib(2)
<DEVICE VIEWPORT>

<device pacsnb42)
<DEVICE VIEWPORT SPECIFICATION MODE

<DEVICE VIEWPORT MAPPING>
<isotropy flag>
<horfzontai alignment flag>
<vertical alignment flag>I I <SET DEFERRAL MODE>
<deferral mode enumerated>
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IMA"KE PICTURE CURRENT>
I<PREPARE VIEW SURFACE=-

<force hard copy advance>
I<UPDATE;.

<update regnermatlln flag enumerateod>
I 4MODFY FONT LIST>

<starting index>
<font name list.

4 <ODIFY CHARACTER SET LIST>
<starting Index>
<character set definition list

I 4EW REGION>

I<SAVE PRRIMATVE ATTRIBUTES>
<attribute set name>

I<RESTORE PRIMITVE ATTRIBUTES>

<on-off indicator enumerated. ::w <ON>
f<OFF>

<colour. :-<coolour Index>
-w~ed green bbae.-

<vdc precision.:: <VDC INTEGER PRECISiON>
<vdc integer preeoiso value>

W <OC REAL PRECISION>
<vda real precision value>

{twese element have encoding)
(dependeit parameters I

<device point> =-creai.(2)

<VSU specifier enumerated> ::w <FRACTION OF DEFAULT DEVICE VIEWPORT.
<M1ILLRIMETRES WITH SCALE FACTOR.

I <PHYSICAL DEVICE UNITS>

<metric scale factor.> <real>

<isotropy flag enumerated. :: <NOT FORCED.
I<FORCED.

<horiz align flag enumer. : <LEFT>
<CENTRE>

I<RIGHT>

<vert align flag enumer. : <BOTTOM.>
I<CENTRE>

c TOP>

<deferral mode enumerated. ::w <ASAP>
I<BNI>
I<ASTI>

<force hard copy advance
enumerated> : <FORCE HARDCOPY>

<CONDITIONAL>
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3 <update regeneration flag
*ntwverated> ::<PERIFORM>

< POSTPONE>

<utaftlng Index> :-<index>

<font name list> <f- ont nwnel>4+

<character set def. list>. : <character set definition>+,

<implicit edge vis enumer> :-<OFF>

3 cattbibute set name> ::cs~ing>.

F.3.5 Graphical Elements

<graphical element> :: polypoint element>
<text element>
&=eI element>

I<rtagle element>

<cP"e Wray elemont:>

-polypcnt element> :- <POLYUNE;.

<0POLYN POAYKER,

cpoln pair

< POLYGON>
cpointb(3)

<cpointbst

5 <oit :- <point edaeir>.3
: - cpoinb( dg pirfit

3<point edge pair> ::m <Poinb-cedge out flag>

<point edge pair fist> :-<point edge pair>*

3 <edge out flag> ::ANVISIBLE>
< VISIBLE>

I<CLOSE INVISIBLE>
I CLOSE~vISlBLE>

I <text element> :-<TEXT>
<cpoint>
<text tail>

-restricted text element>

<restricted text element> <:-RESTRICTED TEXT>
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.cextent>
<Cpoint>
<text tailG

<e xtent>:: <vdo vulue>42)

<text tail> :-<final character list>
<nonfinal character fist>

<fina~l character list> :-<FI4AL>
<character Istb

<nonfinal character list> ::- 40T FVIAL>

<character attribue element>*
<spanned text>U

<spanned text> ::cAPPEND TEXT>
<text tail>I

-cool eloment>:: <CELL ARRAY>
4:on3)
dnrt~ger>(2)

<local colour preclslon> I
(hselement has an enwoding)

<local colour precision> :: <colour precision value>
-codl Index precision value>

I<default col precision Indicator>I

<gdp element> :-<GOP>
<0dp identfler>

<data record>I

<gdp identifier> ::a <Integer>3

<rectangle element> :-<RECTANGLE>

<circular element>:: <CIRCLE>

<radius>
I CIRCLLAR ARC 3 POINT>

-<point>{3)1
<CIRCULAR ARC 3 POINT CLOSE>

<cclose type>

<vdo vaiue$(4)

-cradius>
I<CIRCULRAR ARC CENTRE CLOSE>

<IRUAAC CENTRE BACKWARDS>U
<point>
<vdc vaius>{4)I

<radius> :-<non-negative vdc value>3
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3 <non-negative vdc value> : <vdc valuet. (greater or equal to 0)

<close type.>:: <PIE.>
I<CHORD>

I <e*Mpdloa elemenb : <ELLIPSE>
<pont-3)

<ELLIPTICAL ARC.
<pont-3)

I<ELLPTICAL ARC CLOSE:,-

<vdc value.(4)

<pIxel array elerneri c: PIXEL ARRAY>

<mTay dimenskxon.

<x scale.

<ckx -efos
<rary dimenaion.o ::- tcfger>$2)I ~<void x nege :-.ntsger(2)

<vald> yege ::-> 4iteger.42)I CX scalei:: <irnteger.

<y scale. 4:- Mngr

I ccolour speciflers:. :-<army>

3 F.3.6 AttrIbute Elements

<Mimftlve attribute elem., ::-cwn attribute olemenb.
<marker attribute elowement
<text attribute element>
<filled area attribute element>
<colour table elemnobt

I<aspect source flags>
I<representation elemerib

<pick identlfier>

I <line attribute element>:: <LINE BUNDLE INDEX>
<LINE TYPE>

4wnex.
I<LINE WIDTH:.

<LINE COLOUR.

S<size value> <non-negatIve* vdc value.
I<non-negative real.5 <no~n-negative real.:: <real, (greater or equal toO0)

<marker attribute elemenb . <MARK(ER BUNDLE INDEX>
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I
<positive index>

<MARKER TYPE.
<index>

I <MARKER SIZE>
<size value;,

I <MARKER COLOUR3
<colour.

<text attribute element> ::- <char attibute element>
<sting attribute element> 5

<char attribute elemont> :: <TEXT BUNDLE IJNOEX>
<positIv~e Index>

I<TEXT FONT INDEX>
<postire index> i

<CHARACTER EXPANSION FACTOR>
<real.

<CHARACTER SPACING>

<TEXT COLOUR.
<coiour: .

<CHARACTER HBGHT> IN
<non-negative vdc value>

<CHARACTER ORIENTATION>
<vdo value.(4)

<CHARACTER SET INDEX
<ALTERNATE CHARACTER SET INDEX.>

<positive Index>

<st"ng attribute element> ::- <TEXT PATH>
<path enumeated.

I <TEXT PRECISION.4
<ext predision eumerated>

I <TEXT ALIGNMENT ued<hrzni alin*n umeratad>
<vwtleal aggn enufflatecl>
<oandnuous align va3u> (2)

<path enumerated> ::, <RIGHT>
<LEFT>
<UP>.< DO•WN> I

<text precision enumerated> ::- <STRING.
<CHAPACTER>

I<STROKEzo
<horizontal align enumerated> ::- <NORMAL HORIZONTAL>

<LEFT>
<RIGHT>

<CCNTMI'JS HORIZONTAL.>

<vertical align enumerated> ::w <NORMAL VERTICAL> 3
<TOP>
<CAP>

I<HALF.
<BASE>

<CoN' OUS VERTICAL>

<continuous align value> ::w <real> 3
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i
<fl1led area attribute olam> ::- cFILL UNMOLE INDEX>

cpositive index>
IN*TERIOR STYLE:

<interior style enumerated:>
<cFUL COLOUR>U <cclour>
<HATCH IJOEX;-

icindex>
cPATTERN INDEX><positive index>
<EDGE BUNDLE INDEX>

S <positive indlex>

<EDGE WIDTH>
i <size wdlue>

<EDGE COLOUR>
<colour>

cEDGE VISIBILITY>
i<oaoff indicator enumerated>

cFULL REFERENCE POINT>' <pdnt>
<PATTERN TABLE>

<poslhv index>
c<,ftger>(2)40ow ook•w precisio>

(Oni element has an encoding)Idoad •m.. r -
cPATTERN SIZE>

S<PATTERN>
.-cATC4>
<EMPTY>

<olour tabo element> ::<C.OLOUR TABLE>
<starting index>
S <red green blue>+

<starting index> ::w <coolur index>

j <aspect source flags> ::, <ASPECT SOURCE FLAGS>5 cast pair>+

<asf pair> ,:w <asf type>
.cast>

<casf type> :: <LINE TYPE ASF>
<LINE WIDTH ASF>
<LJNE COLOUR ASF>
cMARKER TYPE ASF>
<MARKER SIZE ASF>
<MARKER COLOUR ASF>

I<TEXT FONT ASF>
cTEXT PRECISION ASF>
cTEXT FONT AND PRECISION ASF>
<CHARACTER EXPANSION FACTOR ASF>
<CHARACTER SPACING ASF>
<TEXT COLOUR ASF>
<INTERIOR STYLE ASF>
cFILL COLOUR ASF>

I
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1
<HATCH INDEX ASF>

I <PAITERN INDEX ASF>
I <EDGE TYPE ASF>
I <EDGE WIDTH ASF>

<EDGE COLOUR ASF>

<asf> ::- <INDIVIDUAL>I <BUNDLED>

<representation element> ::- <LINE REPRESENTATION> 3
<posite index>
<index>
<size value>
<colour>

I <MARKER REPRESENTATION>
<positive index>
<index>
<size value>
<colour>

<TEXT REPRESENTATION>
<positive index>
<index> ("ot)'
<text pre•lsion enumerated>
<real> (character epedk})
<real> (expansion factor)
<cdolow>

<I<LL REPRESENTATIOls&
<Positive Index>

<interior style enumerated>
<idex> (atQch kidex)
<PositIve Index> (pattern Index)
<cdour>

<EDGE REPRESENTATION>
<Positive kxdex>
<index:,
<size value>
<codour>t

<PATTERN TABLE>
<positive index>
<lnteger>(2)
<iocal colour precision>
<coiour>(integerl "integer2)

(this element has an encoding)
(dependent parameter)

I <COLOUR TABLE>
<starting index>
<red green blue>+

<pick identifier> ::- <PICK IDENTIRER>
<integer> 3

<draywing mode> ::- <DRAWING MOVE>
<integer> (0-15)

F.3.7 Escape Elements

<escape element> ::, <ESCAPE>
<identifier>
<data record>

<identifier> ::a <integer>

I
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F.3.8 External Elements

<external eismenb :: <MESSAGE>
-caction flag><srig

<APPLICATION DATA>
<Integer>
<cdata. record>

-caction flag> : <YES.-

F.3.9 Segment Elements

<segment element>:: <REOPEN SEGMENT>
<segment name>

ft segmeft name>
<DELETME SEGMENT>

<cemed- name.I <DELETE ALL SEGMENTS>

<RENHEIAME SEMET>R
-colde segmetion atbbue dý lnao-
cnwsegment.

<RERWALSEGMENT TA S :-,

aSEGMENT SEGMENURGETNGRTO.MD*

<highligtin segnwnmeated.oumrtebK, I ~<SEMERTNTE DISLATERIOIY
<fgrseglecint display t priority. o

<SEGMENT DTECABILITY.-
4segmentnae

<dvtisibiity enumerated.
c SEGMENT PICK PIOI-flY.G

<segment name.

'csegmenvt dipicy priority.

3 <old s~~<egment name.>: itgr

<new segment name.>: <integer>

<implicit seg regen mode enum. > <SUPPRESSED.

I<ALLOWED>
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<filter selection att des enum> : <LINE ATTRIBUTE=-
I<MARKER ATTRIBUITES>

<TEXT ATTRIBUTES>
I<CHARACTER ATTRIBUTES>
<FILL ATTRIBUTES>
-<EDGE ATTRIBUTES>

I<PATTERN ATTRIBUTES>
I<PATTERN ATTRIBUTES>
I<CLIP CONTROL.

<CUTPUT CONTROL.
<lALL>

seattlng enumerated.o ::<STATE.UST.
c SEGMENT.

<transformation matrix> ::<reabo$6)

<visibility enumerated. <: VISIBLE>
I<INVISIBLE>

.chigtightlng enumorated.o <: NORMAL>
I -ll-LlG4TED>

<segment pick ::-dt <Wntger>

FA4 Terminal Symbols

The Wlowing are Owe termkals fin fis grammar.
Their reporesentation Is dependent on the enoodin scheme used.
In annex A of the subsequent parts of this Standard, thes
encoding-dependent symbols are further described.

<element name>
<Integer.
<real>
<vdc value.
<string.

-aed green blue.

<real proc value.>
<index prec value.
<colour prec value>
<cccl index prec value.
<default col prec indicator.>

cvdc real prec: value>
<colour list>
<data recod.

<namne.
<s~egment name.
<sttribute set name.>
<vieWPOil specification point.

The 0GM extended opcodes are encoding dependent. A complete list of them can be found in the

productions for <element name enumerated> below.
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I The enumerated types:
<CGFA>

<CGMEXT1>
"<SM>
<INTEGER>
<REAL>

<OFF->
<INDEXED>
<DIRECT>
<ABSTRACT>
<METRIC>
<ABSOLUTE>
<SCALED>
<94 CHAR>
<96 CHAR>
&AVULTI-BYTE 94 CHAR>
<MULT1-8YTE 96 CHAR>
<COMPLETE Cr-ODE.
<BASIC 7-BIT>
<BASIC "-BIT>
<EXTEN4DED 7-.rr>
<EXTENDED S-Bff.
<FRACTION OF DEFAULT DEVICE VIEWPORT>
<MIJLLMETRES WITH SCALE FACTOR>
<PHYSICAL DEVICE UNITS>
<NOT FORCED>

<FORCED><dEFT>o
<RIGHT>o

<CENTRE>
<BOTTOM.
<TOP>
<ASAP>

<FORCE HARDCOPY>
<CONDITIONAL.
<SUPPRESSED>
<ALLOWED>
<POSTPONE>
<PERFORM>
<CONDMONALLY>
<ALWAYS>
<INVISIBLE>
<VISIBLE>
<CLOSE INVISIBLE>
<CLOSE VISIBL,.
<CPIE>
<CHORD>
<FINAL.>
<NOT FINAL.
<INDIVIDUAL>
<BUNDLED>
<HOLLOW>

<SOLID>
<PATTERN>

H-IATCH>

<EMPTY>
<STRING>
<CHARACTER>
<STR8KE>
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I
<cRIGHT>
<LEFT>
<UP>
<DOWN>
<NORMAL HORIZONTAL>
<CENTRE-,.
<CONTINUOUS HORIZONTAL>
<NORMAL VERTICAL.
<TOP>
<CAP>
-cHALF>
<BOTTOM>b
<cowous VERTICAL>

<YES>
<NO>
<LINE TYPE ASP>
<LINE WIDTH ASF>
<LINE COLOUR ASP>
<MARKER TYPE ASP>
<MARKER SIZE ASP>
<MARKER COLOUR ASF>
<TEXT FONT ASP>.
<ATEXT PRECISION AS><TEXT FON AND PRECSION ASF>
<CHARACTER EXPANSION FACTOR ASF> i

<CHARACTER SPACING ASF>
<TEXT COLOUR ASP>
<MNTERIOR STYLE ASF>
<IHATCH INDEX ASP>
<PATTERN INDEX ASP. 5
<FULL COLOUR ASP>
<EDGE TYPE ASP>
<EDGE WIDTH ASP>
<EDGE COLOUR ASP>
<LINE ATTRIBUTE:*
<MARKER ATTRIBUTES>iI

<TEXT ATTRIBUTES>
<CHARACTER ATTRIBUTES>
<FILL ATTRIBUTES>
<EDGE ATTRIBUTES>
<PATTERN ATTRIBUTES>
<PATTERN ATTRIBUTES>
<CLIP CONTROL.
<OJTPUT CONTROL>
<ALL>
<STATE LIST
<SEGMETNT>
<VISIBLE>
<INVISIBLE>
<NORMAL.
<HIGHLIGHTED>
<DETECTABLE.<UNDETECTABLE>i

<element name enumerated> ::- <BEGIN METAFILE>
<END METAFILE>
<BEGIN PICT'JRE> I
<BEGIN PICTURE BODY>
<END PICTURE>
<BEGIN SEGMENT>
<END SEGMENT>
<METARLE VERSION>
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I
i <METAFILE CATEGORY>

<METAFILE DESCRIPTION>
S<VDC TYPE>
<INTEGER PRECISION>

I <REAL PRECISION>
<INDEX PRECISION><COLOUR PRECISION>
<COt.OUR INDEX PRECISION>

<MAXIMUM COLOUR INDEX>
<METAFLE ELEMENT uST>
cMETAFILE DEFAULTS REPLACEMENT>
<FONT LIST>

I <CHARACTER SET LIST>
<CHARACTER COOING ANOUCER>
Awa VI:C ExTE•r>
<SEGMENTr PRIORITY EXTENT>

I <SCALING MODE>

<COLOUR SEECTION MODE>
<LINE WIDTH SPECIFICATION MODE>
<MARKER SIZE SPECIFICATION MODE&
<EDGE WIDTH SPECIFICATION MODE:,,
<V)C EXTENT>
<BIACKGROUND COLCXJR>
<VDC ITEGMER PRECISION>1

i <VDC REAL PRECISION>

<AUXLIARY COLOUF.
<TRANSPARNBCY>
<CUP RECTANGLE>
<CUP INDICATOR>
<DEVICE VIEWPORT>
<DEVICE VIEWPORT SPECIFICATION MODE
<DEVICE VIEWPORT MAPPING.>
<SET De:ERRAL MODE>

I<UPDATE>3 I ~~<MOOFY FONT LIST. E UT~~4"Y ... ,1••:CHARACE SET LIST>
i <BEGIN FIGURE>

<END FIGURE>
<NEW REGION>

<IMPLICIT EDGE VISIBILITY>
-<SAVE PRIMITIVE ATTRIBUTES>
<RESTORE PRIMITIVE ATTRIBUTES>
<DELETE ATTRIBUTE SET>
<POLYUNE>
<DISJOINT PO.YLINE>
<P•LYMARKEF6.N I <TEXT>
<RESTRICTED TEXT>
c<APPEND TEXT>
<POLYGON>
<POLYGON SET>
<CELL ARRAY.
<GDP>
<RECTANGLE>
<CIRCLE>
<CIRCULAR ARC 3 POINT>
<CIRCUILAR ARC 3 POINT CLOSE,>
<CIRCULAR ARC CENTRE>

<cCIRCULA.R ARC CENTRE CLOSE>
<CIRCULAR ARC CENTRE BACKWARDS>

<ELLIPSE>
I <ELLIPTICAL ARC>

<ELL;PTICAL ARC CLOSE>
<PIXEL ARRAY>

I
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I
<LINE BUNDLE INDEX>
.LNE TYPE>
CLMWIDTH-
dJNE COLOUR>
&AARKER BUNDLE INDEX>
<MARKER TYPE> ;
I<MARKER SIZE>
<MARKER COLOUR>
<TEXT BUNDLE INDEX>
<TEXT FONT INDEX>
<TEXT PRECISION> I
<TEXT FONT AND PRECISION>
<CHARACTER EXPANSION FACTOR>
<CHARACTER SPACING> I
<TEXT COLOUR>

I .dHAAACTER HEIGHT>-
I CHARACTER ORIENTATION>
I<CHIARACTER VECTORS>

<TEXT PATH:
<TEXTAL NEN>
<CHARACTER SET INDEX>
<&UTERNATE CKARACTER SET INDEX>

<FLL BUNDLE INDEX> .
ANTERIOR STYLE)
<I<LL COLOUR>
<4ATCH INDEX>
<PATTERN INOXDL<EDGE BUNDLE INDEX>

<EDGETYPE>
<EDGE W[LO11>
<EDGE VISIBILITY>

<FILL REFMERCE POINT>
I<PATTERN TABLE>=
'cPATTERN SIZE>

cCI .OUJ R TABLE>;-
<PICK IDENTIFIER>
dIN REPRESENTATION'
<MARKER REPRESENTATION>

<TEXT REPRESENTATION>
<FILL REPRESENTATION>
<EDGE REPRESENTATION'>
<PICK IDENTIFIER>
<DRAWiNG MODE>
<REOPEN SEGMENT>
<COPY SEGMENT>
<DELETE SEGMENT>
<DELETE ALL SEGMENT>
<RENAME SEGMENT> I
<REDRAW ALL SEGMENTS>
<AMPUICIT SEGMENT REGENERAT10N MODE>
<INHERITANCE FILTER>
<SEGMENT TRANSFORM>:-
<SEGMENT VISIBILIT>
<SEGMENT HIGHLIGI-TING>

<SEGMENT DISPLAY PRIORITY>
<SEGMENT DETECTABILfT'>
<SEGMENT PICK PRIORITY>
<ESCAPE>
<MESSAGE>
<APPLICATION DATA>
<DRAWING SET> I
<DRAWING PLUS CONTROL SET>
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Annex G Formal Grammar of the GKSM Category

3<to be added-his will be a subset of Annex F>

Annex H

H.1 The mapping of GKS functions to CGM elements

The table below shows a mapping between the GKS functions and CGM elements. The elements are those
contained in the CGM as extended by this addendum.

Table XX The Mapping between QKS functions and CGM elements.

GKS Function CGM Sement

OPEN WORKSTATION BEGIN METAFILE
Metsile Descriptor

(set motaflle category)
BEGIN PICTURE
BEGIN PICTURE BOOY

CLOSE WORKSTATION END PICTURE
END METAFLE

ACTIVATE WORKSTATION Attribute Settings
CUP RECTANGLES•Eable Output to Metafl

DEACTIVATE WORKSTATION Disable Output to Metaffio
CLEAR WORKSTATION MAKE PICTURE CURRENT

PREPARE VIEW SURFACE
DELETE ALL SEGMENTS

REDRAW ALL SEGS ON WORSATION MAKE PIC"TURE CURRENT
PREPARE VIEW SURFACE

RSOREDRAW ALL SEGMENTS

UPDATE WORKSTATION UPDATE
SET DEFERRAL STATE DEFERRAL MODE

IMPLICIT SEGMENT REGENERATION MODE
(BNIG and BNIL map to BNI
{Maps to BNIG on interpretation)

MESSAGE MESSAGE
ESCAPE ESCAPE

SPOLYt 11 17 POLYLINE
POLYMAIHKER POLYMARKER
TEXT TEXT
FILL AREA POLYGON
CELL ARRAY CELL ARRAY
GOP GDP

SET POLYLINE INDEX UNE BUNDLE INDEX
SET LINETYPE UNE TYPESSET UNEWlOTH SCALE FACTOR UNE WIDTH
SET POLYLINE COLOUR INDEX LINE COLOUR
SET POLYMARKER INDEX MARKER BUNDLE INDEX
SET MARKER TYPE MARKER TYPE
SET MARKER SIZE SCALE FACTOR MARKER SIZE
SET POLYMARKER COLOUR INDEX MARKER COLOUR
SET TEXT INDEX TEXT BUNDLE INDEX
SET TEXT FONT AND PRECISION TEXT FONT INDEX

TEXT PRECISION
SET CHARACTER EXPANSION FACTOR CHARACTER EXPANSION FACTOR

9
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I
SET CHARACTER SPACING CHARACTER SPACING
SET TEXT COLOUR INDEX TEXT COLOUR
SET CHARACTER HEIGHT CHARACTER HEIGHT I
SET CHARACTER UP VECTOR CHARACTER ORIENTATION
SET TEXT PATHTEXT PATH
SET TEXT ALIGNMENT TEXT AUGNMENT
SET FILL AREA INDEX FlLL BUNDLE INDEX I
SET FILL AREA INTERIOR STYLE INTERIOR STYLE
SET FILL AREA STYLE INDEX HATCH INDEX

PATTERN INDEX
SET FILL. AREA COLOUR INDEX FRLL COLOUR
SET PATTERN SIZE PATTERN SIZE
SET PATTERN REFERENCE POINT FLL REFERENCE POINT
SET ASPECT SOURCE RAGS ASPECT SOURCE FLAGS
SET PICK IDENTIFIER PICK IDEITIFIER I
SET POLYLINE REPRESENTATION LINE REPRESENTATION
SET TEXT REPRESENTATION TEXT REPRESENTATION
SET FILL AREA REPRESENTATION FILL REPRESENTATION
SET PATTERN REPRESENTATION PATTERN TABLE
SET COLOUR REPRESENTATION COLOUR TABLE

SETWINDOW as current CGM Annex E
SET VIEWPORT
SET VIEWPORT INPUT PRIORITY
SELECT NORMALZAllON TRANSFORMATION
SET CUPPING INDICATOR CUP RECTANGLE
SET WORKSTATION WINDOW VDC EXTENT
SET WORKSTATION VIEWPORT DEVICE VIEWPORT

CREATE SEGMENT BEGIN SEGMENT
CLOSE SEGMENT END SEGMB•NT
RENAME SEGMENT RENAME SEGMENT I
D.ELTE SEGMENT DL.ETE SEGMENT
DEETE SEGMENT FROM WORKSTATION DELETE SEGMENT
ASSOCIATE SEGMENT WITH WORKSTATION BEGIN SEGMENT

primItIve and attributesBEO SEGMENT
COPY SEGMENT TO WORKSTATION COPY SEGMENT
INSERT SEGMENT COPY SEGMENT
SET SEGBIENTTRANSFORMATION S SEGMEJTTRANSFORM
SET VISIBILITY SEGMENT VISIBILITY
SET HIGHIJGHTING SEGMENT HIGHLIGHTING
SET SEGEMENT PRIORITY SEGMENT DISPLAY PRIORITY

SEGMENT PICK PRIORITY
SET DETECTABILITY SEGMENT DETECTABILITY

WRITE ITEM TO GKSM APPLICATION DATA 3
On interpretation the reverse mapping wiU occur with item types being returned to the GKS application as
indicated in Annex E of this addendum. 3

I
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I
Pop 10

I Add the following to the end of sub-clause 5.3:

3/8 for Segment Control Elements and 3/9 for Segment Attibute Elements

3 Pae11

Add ft following to table 1:

opood 7bit coding S bit coding

BEGIN SEGMENT opoode 3/0 2/5
END SEGMENT opoode 30 2/6

METAFLE CATEGORY opoode 3/1 3/0
MAXIMUM VDC EXTENT qopod. 3/1 3/1
SEGMENT PRIORITY EXTENT opoode 3/1 3/2

DEVICE VIEWPORT opoode 3/3 2/6
DEVICE VVPORT SPEC. MODE opoo 3/3 2/7
DEVICE VIEWPORT MAPPING opoTd 3/3 2/8
DeFERRA. MODE apoode 3J3 2(9
MAKE PICTURE CURRENT 30 2/10
PREPARE VIEW SURFACE q3/3 2112i UPDATE xx 303 2t12
MOIOFY FONT UST opoe 3/3 2/13
MODIFY CHARACTER SET UST opoode 303 2/14BEGIN FIGURE qde313 2/15
ENO FIGURE opode3 3/0
NEW REGION opood 3/3 3/1
IMIPUCIT EDGE VISIBLITY opood 3/3 3/2
SAVE PRIMITIVE ATTRIBUTES apoode 3/3 3/3
RESTORE PRIMITIVE ATTRIBUTES op. 3/3 3/4
DELE ATTRIBUTE SET opoods 3/3 3/5

CIROULAR ARC CENTRE BACKW op. 3/4 2/8
PIXELARRAY opoe3/4 2/9

LINE REPRESENTATION o1o:d 3/5 2/8
MARKER REPRESENTATION opoode 3/5 2/9
TEXT REPRESENTATION opoode 3/5 3/12
FILL REPRESENTATION opoode 3/6 2113
EDGE REPRESENTATION opoode 3/6 2/14
PICK IDEN'TFER op, de 3/6 3/2
DRAWING MODE opood 36 3/3

REOPEN SEGMENT opoode 3/8 2/0
COPY SEGMENT opoode 111 2/1
DELETE SEGMENT opcode 3/8 2/2
DELETE ALL SEGMENTS opoode 3/8 2/3
RENAME SEGMENT pode 3/8 2/4
REDRAW ALL SEGMENTS oqode 3M 2/5
IMPUCI SEGMENT REG. MODE 341 2/6
INHEIETANCE FILT"ER opob318 2(7

SEGMENT TRANSFORM opoode 3/9 210
SEGMENT VISIBILITY opolde 3/9 2/1
SEGMENT HIGHLIGHTING opoode 3/9 2/2
SEGMENT DISPLAY PRIORITY opoe 3/9 2/3
SEGMENT DETECTABILITY opoode 3/9 2/4
SEGMENT PICK PRIORITY opoode 3/9 2/5

9
I
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Page 27

Add the following sub-dause after sub-clause 6.12: 3
6.13 Attribute Set Name parameters

Atnbute Set Name parameters are coded as integers (Basic format) at INTEGER PRECISION. 3
6.14 Device Point parameters

Device Point parameters we coded as integers (Basic format) at INTEGER PRECISION.

6.15 Segment Name parameters

Segment Name paramete are coded as integers (Basic format) at INTEGER PRECISION.

Paoe 315

The following form sub-causes 8.1.6 and 8.1.7

6.1.6 BEGIN SEGMENT 3
<cBEGIN-SEGMENT-opoode: 3/0 2/5>
<integer: segmeot-ldendfler>

8.1.7 END SEGMENT

<END-SEGMENT-opoode: 3/0 2/6>

Poge 36

The following form sub-causes 82.16 to 8Z.18 i

8.2.16 METAFILE CATEGORY

<METAFILE-CATEGORY-OPCOOE: 3/1 3/0> 3
<enumerated: metafile category>
<enumerated: metafile category> i <integer: 0> (cgm)

I <integer: 1> {gksm)

I <integer: 2> (cgmext¶)

6.2.17 MAXIMUM VDC EXTENT

<MAXIUMUM VDC EXTENT-opcode: 3/1 3/1 >,
<point.first corner>
<pointe'cond corner>

8.2.18 SEGMENT PRIORITY EXTENT

<SEGMENT PRIORITY EXTENT op-code: 3/1 3/2>
<integer: minimum-segment-priority value>
<integer:maximum-segment-priority-value> a

Page 40

The following form sub-clauses 8.4.7 to 8.4.22 1
8.4.7 DEVICE VIEWPORT

<DEVICE-VIEWPORT-opcode: 3/3 2/6> 3
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<device-point: first comrnerif rdevice-pomnt : second corner>)

8.4.8 DEVICE VIEWPORT SPECIFICATION MODE

5 .cOEVICE VIEWPORT SPECIFICATION MODE op-code: 3d3 217>
-cenurmrsted.-iewport-speclflcatlon-4Jnlb
-creal: metric scale factor>
-cenumerated: vieport-specificatlon-unib> - ntoegr,0> {fractni of def.dev vpt)

I cntogef:l1> (mm with scale factor)

I ifltoger2> (physical dev units)

NOTE: Default not consistent with GKS

8.4.9 DEVICE VIEWPORT MAPPING

<DEVICE VIEWPORT MAPPING op-code: 3/3 2/8>
<enumerated: Isotropy-flag>Iconumeratod: ozna-igmtflg
ýcenumerated: vertical algriment-flag
-cenmirerated: isotropy-flag> nee0 (not forced)

<I nter:1> (forced)
cenmerated: horlzontal-allgnment-fiag> cilotgerO. (left)

<idntoger:1> (Comte)
I knteger:2 (ri^t

cenumeratod~vortical-alignment-flag> - ckiegerO> (bottom)
dinteger121 (centro)-noor:b (to)

58.4.10 SET DEFERRAL MODE

,cSET-DEFE-RRAL-MOOEod : 313 2&>.
cenumerated: deferral. moe3 cenurnorated: deferral mode> 47hnower 0> (map)

cI < egrl.> (bnl)
I idger: 2> (asti)38.4.11 MAKE PICTURE CURRENT

<MAK~E PICTUJRE CURRENCT op-code: 313 2t(0>

38.4.12 PREPARE VIEW SURFACE3-

,cPREPARE VIEW SURFACE ocd: 3/3 2/11 >
<enumerated: force-hard-copy-advance.
cenumeratedflorce-hard-copy-advance> < int*ger0 (force hardcopy)

<i cteger:1.> (conditional)58.4.13 UPDATE

cUP'DATE-opcode: 3/3 2/12>
-cerumerated: update-f egeneratIon-flag.
<enumerated: updat*-regeneratlon-fag:. a cintoger 0. (perform)U I cinteger: I> (Postpone)

8.4.14 MODIFY FONT LIST

'3 <MODIFY FONT LIST-opcode: 3/3 2/13>
<Intoger: starting-index>
cfont-declaration..
cfont-declaration> a .csring: name of font.

8.4.15 MODIFY CHARACTER SET LIST
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<AMODIFY CHARACTER SET UIST-opoode: 3/3 2/1 4>
-cinteg.4: starting-index>
<csrctasr-t-declaratlon.. 3
<cdesignation tail sequence:*
.ccharacter-set-deciaration.) - intwer:O> (94-character G-set)

< integer:1> (96-character G-set)
<i ntegqt2. (m'byt. 94-charG-set)

I cintegor:3. (m'byt. 96-charG-set)I cinteger:2. (comtplete-code

6.4.16 BEGIN FIGURE 
character set))

.cBEGIN FIGURE-opoode 3/3 21152-1

8.4.17 END FIGURE

-cED FiGURE-opoode: 3/3 3/0>

8.4.18 NEW REGION

<NEWRE-GION-opoode: 3/3 3/1>

8.4.19 IMPLICIT EDGE VISIBILITY

<IMPLICIT EDGE VISIBIUITY-opoode: 3/3 3/2>
-cenumerated: implcdt-.dg.o-viuibllty.
<onumerated: knpilcit-.dg.o-viadbility <b.dntgsrO. (oft)

I lrtee>1 (on)

8.4.20 SAVE PRIMITIVE ATTRIBUTES

<$AVE PR1JITVE ATTRMBLTES-opoode: 3/3 313.
dntleger amllbute-eet-naern*I

6.4.21 RESTORE PRIMITIVE ATTRIBUTES

<RESTORE PRIMITVE ATTRIBUITES-opoode: 3/3 3/4>
<integer. afttrbute-set-name.

8.4.22 DELETE ATTRIBUTE SET3

<DEL.ETE ATTRIB3UTE SET-opoode: 3f3 3/5>
.drteger: attjibute-set-name.

Page 45

Add the following clauses after clause 8.5.1 91

8.5.20 CIRCULAR ARC CENTRE BACKWARDS

<CIRCULAR ARC CENTRE BACKWAROS-opcode: 314 2/8>
<point: oenlrepoitnb
.cVDC: DX start.
<VDC: DY..start>
<VDC: DX...nd.
<VDC: DY end.

.,VDC: radus.

8.5.21 PIXEL ARRAYI
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<PIXEL-ARRAY-opoode: 314 Z%~
<polnt odgln-pon
<kftr: nx>s
<ireger: ny>I ~ ~ drinege: min-x-rang.>
citioge: max-x-rang..
<Inegr: min-y-range>.
<Integer: max-y-ang.>D
dntogerE-cW:
.dnteg~r~ x-wale
c<ocai-oolour-precslalm~ cdofault-colour-precmiun-ndlcator

<defauft-colour-preclslon-indicator> * ntg"r0D>

The following form sub-dlausee 8.6.36 to S.&.42I8.6.36 LINE REPRESENTATION

<LINE REPRESENTAT1ON-opode: Ui 218.v
clndex. Ine-type>

dlne~V-ispeclller>m
<colour-qmpHellr>

<dntge: Nne-bundl.-lndox> q cosfltl Integer->
<index: le-type> - dntsger 1> (SO"d

I cinlger 2> (dash)
<b o *tgr3> fdot)

<integer 5> (ahdtdt
cintee: negative> (private Ihk. type)I dne-wkdi-spoctfler> creel: line width-scale-fackor
(If LINE WIDTH SPEC MODE is -scaledl)

I cVDC: lneidbI (it LINE WVIDTH SPEC MODE IS 'absolutel
<coolour-speolfier> <Witegr: colour Index>

(If COLOUR SELECTION MODE is Indexedi
I RGB>

(If COL SELECTION MODE IS 'direcfl
<intege: colour-index> - .nown-ngativo integer>

8.6.37 MARKER REPRESENTATION

<MARKER-REPRESENTATION-opcode: 315 29-
<integer: marker-bundle-index>

ilndex: marker-type>
<Index: marker-type>
<marker-size-specifler>
<colour-specfifer>

<imteer: marker-bundle-Index> = cpositive Intfoger>
<I index: marker-type> =- cinteger: 1 > (dot)

I dcnteger: 2> (plus)
I <integer: 3> (asterisk)

I cinteger: 4> (circle)I. I nteger: 5> (cross)
I irteger: negative> (private marker type)
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<marker-size-specifier> - <real: marker size-scale-f actor>I
(it MARKER SIZE SPEC MODE Is 'scaled'

I <VDC: marker size>
(if MARKER-SIZE SPEC MODE IS 'abeolutel

<colour-specifier> - <integer: colour index> '
(iH COLOUR SELECTION MODE IS Indexed')

I <RG8>
(it COLOUR SELEC MODE is 'direct)

<Integer: colour-index> - <non-negative integer>

8.6.38 TEXT REPRESENTATION

<TEXT-REPRESENTATION-opcode: 3/5 3/12>1
<integer~ text-bundle-4ndex>
<Intege: text-font-Index>
<enumerated: text-precision>
<real: chaacter-spacing>p
<real: expansion-factor>
<colour-specifier>

<integier: text-bundle-Index> - <positive Integer.
-dnteger text-font-Indx> = <po0site Integer>
<enumerate: text-precision> - <inegrOD> (string)

I <fnteger:1 (character)
<lnteger2> (stroke)

<creal: expansion-factor> - <non-negative real.

8.6.30 FILL REPRESENTATION

<st ILL-REPRESENTATION-opoode: 3/6 2/13>
<integ~er ffilbundle-index>
<enumerated: Inerork-styl>
<index: hatchi-Index.
-idexJx: pattern-Index>I
<coor specifier>

<Wntgerfli1-bundle-Index> = <positive Integer>U
<enumerated: interior styl> = <intger-O> (hollow

I<integor:1.> (solid
I<iriteger2> (pattern

<mntegeri (hatch
I<integer,4. (empty

<integer:negatlv*> (private style)

<index: hatch-index> - <integer:1 > (horizontal)
<integer2. (vertical)

I <integer:3> (positive slope)
I <integer:4> Inegative slope)

<integer:5> (horiz/vertical cross)
<iwiteger-6> (positlvelneg cross)

I <integer1ngaftiv> (private styles)

<index; pattern-index> = <positive integer>
<colour specifier> = <integer:colour index>

(if COLOUR SELECTION MODE is -indexed'
I <RGB>

8..4 EG RPRSNTTIN (it COLOUR SELECTION MODE is direct'5

<EDGE-REPRESENTATION-opcode: 3/6 2/14>
<integer: edge-bundle-index>
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3 oge-width-specifier.
.ccolour-sp~cifier>

4Intger: edge-bundlewlndex. - <positive integer.
<hndx: edge-typ.. <integer: I> (solid)

<integer: 3. (dash)~
<integer: 4> (dash-o)

3<integer: negative> (private edge type)

<edge-width-specifier. <real: edge-width-scale-factor.
(If EDGE WIDTH SPECI MODE Is 'scaled')

I <VDC: edge width.
(Nf EDGE WIDTH SPEC MODE is 'absdute'

<colour-specifier. <integer: colour-Indexc:.5 <RGS.
(if COLOUR SELECTION MODE is drect')

<Integer: colour-Index. <nonl-negative Integer.

8 .6.41 PICK ID

<PICK-ID-opoode: 3/6 3/2>3 ~<integer: plck-id.

8.8.42 DRAWING MODE

,cORAWING MODE-opoode: 3/6 3/3>I clnftegerraw"n-modo.
4ditegedrawlng-ode r intoger.-O> (d' - 0)

<klnegr:1> (d - aANDda)
1 <weger2> Id' - 9 AND (NOT d))

<kfiteger:3.*( -$
<i nteger:.4> (d' = (NOT a) AND d)

I .integer:5> (d - A
<fntogerS> (cr-s9XOR d)I I cinteger:7> (cr sOR al
-i <nteger-S. (d'u-NOT (s ORd))

I <integer.9> (din = NOT (s XOR d))
<integer:l 0> (cr -NOT ol

I <intege.-:1 1 > {'s OR (NOT d))
I <integer:1 2> p(d-NOTs9)

<i .lteger: 3> (d' w (NOT s) OR d)
I <integer:1 4> (d' w NOT (s AND d))

Pag 56<integer:1 5> (d' - 1)

5 ~The following forms sub-causes 8.9 and 8. 10

8.9 Segment Elements

8 .9.1 REOPEN SEGMENT

<REPOPEN-SEGMENT-opoode: 3/8 Z/03 <integer: segment-identifier.

8.9.2 COPY SEGMENT

<COPY-SEGMENT-opcode: 3/8 2/1.

<transformation matrix>
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<transformnation matrix> < real: all1>
<real: a21
< real: a 2 >

I<rpai: a22 >
I <vdc a 3 >

<vdc a23 >

8.9.3 DELETE SEGMENT

<OELETE-SEGMEIT-opoode: 3/8 212>
<intege: segment-ldenttflier.

8.9.4 DELETE ALL SEGMENTSI

.cOSErETEALL-SE-GMENTS-opoode: 3/8 2/:3>5

8.9.5 RENAME SEGMENT

<RENAME-SE-GMBIT-opoode: 3/8 2/4>
cinteger~ neW-egment-ldentfler>
cinteW. erwa-segment-kdentifier>

8.9.6 REDRAW ALL SEGMENTS3

<REDRAW-ALL-SEGMENTS-opoode: 3/8 ±13>

8.9.7 IMPLICIT SEGMENT REGENERATION MODE3

dIMPLICrT-SE-GMENT-REGENERATION-opwde: 3/S2r*2>
<oenumeirated: hImpllcit-eegment-fegnerationomode>
<emnumrated: sgl&9qregeniMbd*> - ineger:0O> (suppressed)

< i~nteger:1> (aklwved)

8.9.8 INHERITANCE FILTER

<INERITANCE-FiLTER-opeode: 3/8 217>3
<enumerated: filttr-seiectiorn-attribute-designator>
<enumrnated: setting,
<enumerated: filter-selec-att-deslgnator> - <integer :0> (lines attributesl

< iriteger:l >o (mark~er atirubute)
< integer2> (text attributes)
<incteger:3> (character attributes)
< integer:4> (fill attributes)
cintegerS5> (pterne attributes)
cinteger.6> (ptedge attributes)
< integer:7> (clip control)
cinteger:&ý (output control)

<enumerated: setting, <state-list>

I <imteger:l > (segment)

8.10 Segment Attrlbute Elements

8.10.1 SEGMENT TRANSFORM

<SEGMENT.TRANSFORM-opcode: 319 210>
<integer: segment-identifier><trasforatin marix
<transformation matrix> <el l
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I <real: a2l >
< real: al2 >

\ real: a22 >
I .vdc:a13 >I I vdc :a23 >

8.10.2 SEGMENT VISIBILITY

<SEGMENT-VISIBULTY-opcode: 3/9 2/1 >
ýdritger: segment-donllfler>
<enumerated: segrment-visibillty
.cenumerated: seirnert-vwlblhty <kfmt~ger: 0> (visible)

< integer: 1. > invisibil.)

8.10.3 SEGMENT HIGHLIGHTING

<SEGMENT-HIGHUIGHT1G-opecode: 3/9 2/2>
cinteger segment-ldentifier
<*enumrated: segmen-~h~h~g
.cenumerae: segm nthghlghtlng> < irfteger: 0:, (normal)

<integer.1 hglgtd

8.10.4 SEGMENT DISPLAY PRIORITY

<SEGMENT-PRIORITY-opoode: 3M9213>
dnbWge: segment-ldenuflen

-dn"egr: segmeat-dieplay-priortty> < positive integer>

6.10.5 SEGMENT DETECTABILITY

<SEGMENT-DETECTABITfY-opoode: 319 2/4>
dnieger, segmontientifier

6.10.6eraemgmeritedotabilty> ckfteg~r 0> undetectable)

<SEGMENT-PICK-PRIORITY-opcodo: 319 215>
ilnteger: segment-Identfifer>

udntoger: pick-priority>

<integer: pick priority-> - pouilie integer>
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Page 16

Add the following to table 1:

ASN SI at Integer BASN ASNR {-2"(15)
Pecisio() P') to

2--(15)-1)

DP (U,) BOP DPR {-2--(15)
{(-rq to

2-'(15)-1)

SN SI at Integer BSN SNR {-2-(15)
precision (Ip) (-0ipS) to

2-(1 5)-i)

VSP (R.R) BVSP {,2"BR) VSPR - {RR)
or
(1,1) BVSP (.-2B} VSPR - OR)
or
oP BVSP (-SOP) VSPR - (DPR)

Page 17

Add the following to Item 10):

h) metrio scale factor

Page 19

Add the foowing to Table 2:

8 Segment Control elements
9 Segment Attrvbute elements

Page 20

Add the following to table 3:

BEGIN SEGMEIT 6 SN BSN SNR Va
ENDOSEGMENT 7 n/a 0 rva n/a

Code Description

6 0EGIN SEGMENT: has I parameter:
P1 : (segment name) segment identifier

7 END SEGMENT: has no parameters

Page 21

Add the following to table 4:

METAFTLE CATEGORY 16 E BE ER 0
MAXIMUM VDC EXTENT 17 2P 28P VDCR VDC EXTENT
SEG PRIORITY EXTENT 18 21 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.)

Code Description
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16 METARLE CATEGORY: has I parameter: 5
P1: (enumerated) category: the following values are standardized:
0 ogm
1 gkam
2 cgmextl

17 MAXIMUM VOC EXTENT: has 2 parameters:
P1: (point) first point
P2: (point) second point

is SEGMENT PRIORITY EXTENT: has 2 parameters:
P1: (integer) minimum segment priority value
P2: (Integer) maximum segment priority value

Page 26

Add the folowing to table 6: 1
DEVICE VIEWPORT 7 2VSP 29VSP VSPR see below
DEVICE VIEWPORT
SPECIFICATION MODE 8 E.R BE+SR 10.1.2) 0.-

RR

DEVICE VIEWPORT
MAPPING 9 3E 3BE 40.1) 1

(0.1.2) 0{0.1.2) 0
DEFERRAL MODE 10 E BE (0.1.2) 0
MAKE PICTURE CURRENT 11 n/a 0 n/a n~a

PREPARE VIEW SURFACE 12 E BE (0,1) ra We
UP(ATE 13 E BE {0,1) na
MODIFY FONT LIST 14 IX~nS BIX4918S +IXRSR n/a
MODIFY CHAR SET LIST 15 IX. BIx+ +.:L rVaa

n(E.S) n(BE+SS) (O..4jSR 1
BEGIN GRE 16 rVa 0 Wea na
END FKJRE 17 ea 0 n/a nra
NEW REGICN is rVa 0 rVa n/a
IMPLICIT EDGE VISIBILITY 19 E BE {0.1) 0 I
SAVE PRIMTVE ATTS 20 ASN BASN ASNR n/a
RESTORE PRIMITIVE ATTS 21 ASN BASN ASNR n/a
DELETE ATTRIBUTE SET 22....

Code Description
7 DEVICE VIEWPORT: has 2 parameters:

PI: (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 se"n by the
viewer.

S DEVICE VIEWPORT SPECIFICATION MODE: has 2 parameters:
P1: (enumerated) viewpcrt specification units: valid values are:
0 fraction of default device viewport 1
I millimetres with scale factor
2 physical device units
P2: (real) metric scale factor, ignored if P1-0 or P1,2 2

9 DEVICE VIEWPORT MAPPING: has 3 parameters:
P1: (enumerated) isotropy flag: valid values are:
0 not forced
1 forced S
P2: (enumerated) horizontal alignment flag: valid values are:
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0 loft
I centre
2 right
P3: (enumerated) vertical alignmnt fiaTp valid values are:
0 bottom
I centre
2 top

10 DEFERRAL MODE: has 1 parameter
P1: (enumerated) deferral mode: valid values are:
o asti
1 wn
2 asap

I1I MAKE PICTURE CURRENT: has no parameters

12 PREPARE VIEW SURFACE. has 1 permeter:
P1: (enumerated) force hardcopy advance: valid values are
o force hardcopy
1 conditonal

13 UPDATE: has 1 parameter:
P1: (enumerated) update regeneration flag: valid values are:
o perform

14 MODIFY FONT LIST: has a variable parameter 1st.
P1: (Index) starting font Bse index
P2-Pn: n font names (strigs

15 MODIFY CHARACTER SET LIST: has a variable parameter 1st:
P1: (Index) starting charaerw set Edt Index
For each of toe variable number of parameter pairs:
Pi: (enunmerted) CHARACTER SET TYPE. valid values awe:
0 94-character 0-set
1 g6-character 0-set
2 94-character mufltbyte 0v-set
3 96-character multibyte 0v-set
4 complete code
negative for private use
P0k.1) (s"rn) designation sequence tail; soe part 1, 5.3.13.

16 BEGIN FIGURE: has no parameters

17 END FIGURE: has no parameters

18 NEW REGION: has no parameters

19 IMPLICIT EDGE VISIBILITY: has 1 parameter:
P1: (enumerated) implicit edge visibility: valid values are:
0 Off

I on

20 SAVE PRIMrITIE ATTRIBUTES: has I parameter:
P1: (attribute set name) attribute set name

21 RESTORE PRIMITVE ATTRIBUTES: has 1 parameter:
P1: (attribute set name) attribute set name

22 DELETE ATTRIBUTE SET: has 1 parameter;
P1: (attribute set name) attribute set name



I
Page 28 5

Add the following to table 7:

CIRCULAR ARC CENTRE
1ACKWARDS 20 P.4VDC, BP+4BVDC+ VDCR.VDCR, n/a I

VOC BVDC ++VDCR

PIXEL ARRAY 21 P.61, BP+68I+ VDCRIR. n/a
21, 2BI +iR. l

CLST nBCO COR 3
Code Desciption
20 CIRCLLAR ARC CENTRE BACKWARDS: has 6 pawnera:

P1: (point) Centre of circle
P2: (vck) delta X for tart vector
P3: (vdc) delta Y for start v•-tor

P4: (vdc) deft X for end vector
P5: (vdc) delta Y for end vector 5
P6: (vdc) radi•k of circle

21 P(XEL ARRAY: has 10 parameters:

P1 : (point) origin pointIP=2: (kn*,er) nx
P3 : (Integer) ny
P4: (Integer) minimum of valid x-range
PS : (integer) maximum of valid x..ange
P6: (integr) minimum od val•d y-range
P7: (integer) maximum of valid y-range
Pe : (Integer) x caeie
P9 : (Integer) y scale
Pl0: (colour lst) array of colour specifiers

Pago 33 3
Add the following to table 8:

LINE REPRESENTATION 36 21X. 2IX+ +IXR.IXR. rVa U
(VOC or (BVDC or e-iVDCR or
R).CO BR).BCO ,+RRPCOR

MARKER REPRESENTATION 37 21X. 2BIX+ +IXR.IXR. rVa
(VOC or (9VDC or .+.VDCR or
R),CO BR)+BCO .4.RR.COR I

TEXT REPRESBETATION 38 21X 2BIX+ +IXR. rVa
E. BE+ (0.1.21.
2R,CO 28R+BCO RR.COR

FLL REPRESENTATICN 39 IX. BIX+ +IXR, n/a
EXCO. BE+SCO+ {0..4}.COR,

21X 2BIX IXR,+IXR
EDGE REPRESBETATION 40 21X. 2BIX+ +IXR.IXR. n/a

R),CO BR)+BCO .- sRR.COR

PICK IDENTIFIER 41 I EN IR n/a

DRAWNG MODE 42 I B1 .- IR 3 3
Code Description

36 LINE REPRESENTATION: has 4 parameters:
P1: (index) line bundle index
P2: (index) line type: the following values are standardized:
I solid
2 dash
3 dot
4 dash-dot
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5 dashi-dot-dot
negadve for private use
P3: (vdc or real) absolute line width or line width scale factor
P4: (colour) line colour its form depends on COLOUR SELECTION MODE.

37 MARKER REPRESENTATION: has 4 parameter:
P1: (Index) marker bundle index
P2: (index) marker type: the followin values are standardized:

I dot
2 plus
3 asterisk
4 circle
5 crass
negatve for private use
P3: (vdc or real) absolute marker width or marker size scale factor
P4: (colour) marker colour. lb form depends on COLOUR SELECTION MODE.

38 'TEXT REPRESENTATION: has 6 parameters
P1: (Iindex) text bundle index
P2: (Index) text font index
P3: (enumerated) text precision: valid values are:
0 s*AVn
1 character
2 stroke
P4: (real) characer spacing
PS: (real) characer expansion factor
P6: (colour) text clour, lbs form depends on COLOUR SELECTION MODE

39 FLL REPRESENTATION: has 5 parmetesm:
P1: (Index) fll area bundle

P2: (Inidex) interior style: valid values awe:
P3: (Inidex) hatch index: the follwing values wre standardIzed:
I horizontal
2 Vertical
3 positive slope
4 negative Slope
5 combined vertical and hcnzontal slant
6 combine left and right slant
negative for private use
P4: (Index) pattern index
P5: (colour) fill colour lbs form depends on COLOUR SELECTION MODE

40 EDGE REPRESENTATION: has 4 paraernters:
P1: (index) edge bundle index
P2: (Index) edge type: fth following values are standardized:

I solid
? dash
3 dot
4 dashi-dot
5 dash-dot-dot
negative for private use
P3: (vdc or real) absolute edge width or line width scale factor
P4: (olocur) edge colour: lb form depends on COLOUR SELECTION MODE.

41 PICK IDENTIFIER: has I parameter:
P1: (Integer) pick identifier

42 DRAWING MODE: has 1 parameter:
P1: (Integer) drawing mode: valid values are:
0 d.0
1 crsAND d
2 d-eAND (NOT d)
3 d..s
4 d`-(NOT9) AND d
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5 d-d 3
6 d-s XOR d
7 am OR d
a d-NOT (s OR d)
9 d-NOT (9 XOR d) 3
10 a,-NOT d
11 c,.9 OR (NOTd)
12 a..NOT s
13 d-(NOT s) ORd d
14 c'-NOT (s AND d)
15 a-s1

(d - resulting destination bit value.
d - original destination bit value, I
a a original source bit value)

Page 39 5
The foloikng forms sub-clause 7.10

7.10 Segment Control Elements I
Table 11 - Encoding of segment control elements

Element a Paruin Parameter Parameter Default I
clams8 Id Type Ust Range

REOPEN SEGMENT I SN am SN nsa
COPY SEGMENT 2 SN,4R. BSN+48P+ SNRRFR Va

2(DC 2WVDC VDCR

D.ErE SEGMENT 3 SN BSN SNR rya
DELETE ALL SEGMENTS 4 rVa 0 Va rna
RE]NME SEGMENT 5 2SN 28SN SNR N~a I
REDRAW ALL SEGMENTS 6 nsa 0 nVa rVa

IMPUCfI SEGMENT
REGENERATION MODE 7 E BE (0,1) 0

NI-ERITANCE FLTER 8 nE.E (n+I)BE {0..9},(0,1} -.1

Code Description

REOPEN SEGMENT: has I parameter: 3
P1: (segment name) segment identifier

2 COPY SEGMENT: has 7 parameters:
P1 : (segment name) segment identifierm

The remaining 6 parameters are components of a 3x2 matrix of the form:

'-Z P3 P6I
JP4 PS P7

whwe

P2: (real) x scale component
P3: (real) x rotation component
P4: (real) y rotation component
PS: (real) y scale component
P6: (vdc) x translation component
P7: (real) y translation component

3 DELETE SEGMENT: has 1 parameter:
Pl: (segment name) segment identifier

4 DELETE ALL SEGMENTS: has no parameters 3
5 RENAME SEGMENT: has 2 parameters:
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P1: (segment name) old segment identifier

P2: (segment name) new segment identifier

6 REDRAW ALL SEGMENTS: has no parameters

7 IMPLICIT SEGMENT REGENERATION MODE: has I parameter:
P1: (enumerated) implicit segment regeneration mode: valid values are:
0 suppressed
1 slowed

8 INHERITANCE FILTER: has up to 11 parameters. corresponding to each of the 10 inheritance filter
function groups plus the setting:
(enumerated) filter selection attribute designator: valid values are:
0 line attributes
I marker attributes
2 text attributes
3 character attributes
4 fill attributes
5 edge attributes
6 pattern attributes
7 cp oontrol
8 output control
9 all

(enumerated) setting: valid values are:
0 state-list
1 segment

Pae 39

The following forms sub-clause 7.11

7.11 Segment Attribute Elements

Table 12 - Encoding of segment attribute elements

Element a Param Parameter Parameter Default
Clae 9 Id Type List Range

Length

SEGMB'ITTRANSFORM 1 SN.4R. BSN+4BR+ SNR.RR, n/a,1,0,0,1.
2VDC 2BVDC VDCR 0,0

SEGMENT VISIBILITY 2 SN.E BSN+BE SNR.(0,1) n/a.0
SEGMENT HIGHJLIGHTING 3 SN.E BSN-BE SNR.(0.1) n/a.0
SEG DISPLAY PRIORITY 4 SN,I BSN+BI SNFIR n/a.see below
SEGMENT DETECTABILITY 5 SNE BSN+8E SNR.(0,1j n/8,0
SEGMENT PICK PRIORITY 6 SN.I BSN+BI SNR.IR nia.see below

Code .U9erption

SEGMENT TRANSFORM: has 7 parameters:
P1: (segment name) segment identifier
The remaining 6 parameters are components of a 3x2 matrix of the form:

JP2 P3 P61
JP4 P5 P71
where
P2: (real) x scale component
P3: (real) x rotation component
P4: (real) y rotation component
PS: (real) y scale component
P6: (vdc) x translation component
P7: (vdc) y translation component
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I
SEGMENT VISIBILITY: has 2 parameters: U
P1: (segment name) segment Identifier
P2: (enumerated) visibility: valid values are:
0 visible
1 Invisible

3 SEGMENT HGI.IGHTING: has 2 parameters:
P1: (segment name) segment Identifier
P2: (enumerated) highighting: valid values are:
0 normal

I hUed

4 SEGMENT DISPLAY PRIORITY: has 2 parameters:
PI: (segment name) segment Idetier
s-'2: (Integer) segment dispay prioity
The default of te segment display prioity Is equal to tie
minimum segment priority value (see sub-clause 7.3)

5 SEGMENT DETECTABIIJTY: has 2 parameters:
P1: (segment name) segment identiler
P2: (enumerated) det.ctablity: valid values re:
0 undletectable
I detectable

6 SEGMENT PICK PRIORITY: has 2 parameters:
P1: (segment name) segment iefer
P2: (Integeir) segment pick priorty
The defauft of t.e segment display prikoi Is qual to the
minimum segment priority value (sme sub-clause 7.3) 3

I
I
I
I
I
I
I
I
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3 Page 11l

Add the following to the end of sub-clause 5.3.5

3 ASN : <6> {attribute set name)

SN <I> (segment name)

VC ::. R>1< (dependng on DEV VIEWPORT SPEC MODE)

VSPOINTREC : <VC,.SEP>cVC>

VSP ::- .CVSPOITREC* <LEFT PAREN>.cOPTSEP>cVSPOINTREC><.cO'SEP>
<RIGHT PAREN> •>

(COORDINATE in viewpnrt specification space. Parentheses we optionaL 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 readeblilty of the metafile)

TM .- <R E>SVDC><SEP><R><SEP><S VDC>
{2"3 real trwsomation matx in mw-maoor order)

Page 12

Add the following to the end of sub-clause 5.4.3

ALL H:ARDCOPY
CATEGORY MAKE
CONDIIONAL NEW
COPY PICK
DELETE PIXEL
DEVICE PREPARE
DISPLAY REDRAW
DRAWING REGION
FIGURE REOPEN
FILTER SAVE

SURFACE
FORCE UNITS
FRACTICN UPDATE

VIEW

Pagoe 12

Add the following to the end of sub-clause 5.4.4

ATTRIBUTE(S) ATTR
BACKWARDS BACK
CURRENT CUR
DEFERRAL DEFER
DETECTABLE DET
DETECTABILITY DET
HIGHI-GHTING HIGHLIGHT
IDENTIFIER ID
IMPLICIT IMPL
H-IERITANCE INH
MAPPING MAPMILLIMETER MM

MODIFY MOOPHYSICAL PHY
PRIMITIVE PRIM

PRIORITY PRI
REGENERATION REGEN
REPRESENTATION REP
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RESTORE RES 3
SEGMENT SEG
TRANSFORM TRANS
UNDETECTABLE UNDET

Pbg 14 1
Add the following to the end of sub-dause 5.4.5

BEGIN SEGMENT BEGSEG
END SEGMENT ENJDSEG

METAFLE CATEGORY MFCATEGORY
MAXMM VOC EXTENT MAXVDCEXT
SEGMENT PRIORI:Y EXTENT SEGPRIEXT

DEVICEVIEWPORT DEVICEVIEWPORT S
DEVICE VIEWPORT SPECIFICATION MODE DEVICEVEWPORTMODE
DEVICE VEWPORT MAPPING DEVICEVIEWPORTMAP
DEFERRAL MODE DEFERMODE
MAKE PICTURE CURRENT MAKEPICCUR
PREPARE VIEW SURFACE PREPAREVlEWSURFACE
UPDATE UPDATE
MODIFY FONT LIST MODFONTUST
MODIFY CHARACTER SET LIST MOOCHARSETUST
BEGIN FIGURE BEGFIGURE
END FIGURE ENDFIGURE
NE#REGION NEWREI•ON
IMIPUCIT EDGE VISIBILITY IMPLEDGEVIS
SAVE PRIMITIVE ATTRIBUTES SAVEPRIMATTR
RESTORE PRIMITIVE ATTRIBUTES RESPRIMATTR
DELETE ATTRBUTE SET D.ELTEATTRSET

CIRCtULAR ARC CENTRE BACKWARDS ARCCTRBACK
PIXL.ARRAY PIXELARRAY

LINE REPRESENTATION LINEREP
MARKER REPRESENTATION MARKERREP
TEXT REPRESENTATION TEXTREP
FILL REPRESENTATION FILLREP
EDGE REPRESENTATION EDGEREP
PICK IDENTIFIER PICKID U
DRAWING MODE DRAWINGMOOE

REOPEN SEGMENT REOPENSEG
COPY SE-GMENT COPYSEG
DELETE SEGMENT DELETESEG
DELETE ALL SEGMENTS DELETEALLSEG
RENAME SEGMENT RENAMESEG
REDRAW ALL SEGMENTS REDRAWALLSEG
MPUCIT SEGMENT REGENERATION MODE IMPISEGREGENMODE

-INERITANCE FILTER INHFILTER

SEGMENT TRANSFORM SEGTRANS 3
SEGMENT VISIBILITY SEGVIS
SEGMENT HIGHLIGHTING SEGHIGHLIGHT
SEGMENT DISPLAY PRIORITY SEGOISPLAYPRI
SEGMENT DETECTABLITY SEGDET I
SEGMENT PICK PRIORITY SEGPICKPRI
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<TERM>t

I DEFERRAL MODE :-DEFERMODE
.cSOFTSEP>

<TEF#b.
Note: (31( has SNIG "n BNIL insteadof 8N1. In addition the dxmoen CGI

default Is not fcoasmstent with GKSI5

MAKE PICTURE CURRENT :-MAKEPICCUR
* <TE~hol

PREPARE VIEW SURFACE :-PREPAREVIEWSURFACE
.cSOFTSEP>
,FORCaIADOPY1CONDMCN.AL>ITR~

UPDATE :-UPDATE
cSOFrSEP>.
<PERFORI4POSTPONE:

<TERMt-3 MODIFY FONT LIST :-MOOFONTLIST
4<SOFTSEP>P
.dZSTARTINDEX-w (Posltiv*j
.cSEP>I cS:FONTNAME>
.cSEP'> .cSTFNTNAME,.

ICTERI&

MODIFY CHARACTER SET UIST :mMOOCHARSETUIST

<SOFTSEP~p
-ciSTART1NDEX> (posilive)
<cC3ARSET!DESlGNATOR>..

CHARSETDESrGNATOR <: SEP>

~STDW4
STDg4MULTIBYT19

SD96MUL~TIBT
COMPLETECOOE>.
<<OPTSEP>kcHARDSEP>>
<S.TAILb

BEGIN FIGURE :-BEGF1GURE <TERM>

ENJD FIGURE :: N~DFIGURE <TERM>

NEW REGK*4 : NEWREGION <TERM:>I IMPLICIT EDGE VISIBILITY :-IMPLEDGEVIS
<SOFTSEP>

<OFFION
<TERM>,

SAVE PRIMmTVE ATTRIBUTES :-SAVEPRIMATTR
.cSOFTSEP>3 <ASN:ATTRIBUTESETNAME>

-cTEIF4b.

RESTORE PRIMITIVE ATTS :-RESPRIMATTR
cSOFTSEP>

cASNATTRIBUTESETNAME,
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Add the following to the end of sub-clause 6.2

BEGIN SEGMENT :-BEGSEG
.cSOFTSEP>
<1I:SEGID>

ENJOSEGMENT .:N2DSEG

PV 7Add the following to the end of sub-clause 6.3

METAFI.E CATEGORY :-MFCATEGORY

<CQ4GKSMICGMEXT1>
.cTESW

MAXMJMA VDC EXTENT :-MAXVDCEXT
<SOFTSEP>
<P:RRSTCORNER>
<cSEP>
cP'SECONDCORNER>

.cTEF&P

SEGMENT PRIORITY EXTENT :-SEGPRIEXT
<SOFTSER>
<IMINSEGPRI,
<SEP~o
CI.MAXSEGPRI>

Pape 19

Add the following to the end of sub-clause 6.53

DEVICE VIEWPORT :-DEVICEVIEWPORT
.cSOFTSEP>
<VSP'FIRSTCORNER,

-cVSP:SECONDCORNER>

DEVICE VIEWPORT SPEC MODE :.DEVICEVIEWPORTMODE
ýcSOIFTSEP>
<FRACTIONIMMIPHYDEVICEUNrrS>
<cSEP>
<cR*SCALEFACTOR,>

<TERh4>

Note: The chosen CGI default is not consistent with GKS3

DEVICE VIEWPORT MAPPING :-DEVICEVIEWPORTMAP
<SOFYSEP>
cNOTFORCEOIFORCED>I

<&EFIJCTF4RIGHT>
<cSEP>
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DELETE ATTRSUTE SET' ::-O2ETEATTRSET
.cSOFTSEP>
<ASNATTRIBUTESETNAME>

<TRM-
Pape 24

Add the folowing to the end of sub-claus. 6.8

CIRCULAR ARC CENTRE 6A04' :: ARCCTRBAfZK
.cCTRARCSPE-C>

PDXB..ARRAY :-PIXELARRAY
<SOFrSEP,
,cP:ORIGIN POINT>

<SEP>
cl:NYý,
,cSEP,
<IIN.XRAGE
<SEP>
.cI:MdAXX RANGE,

<SEP>I
AcMAX_)y RANGE,
<SEPý,

<cSEP>

<"_YSCALE>
-cSEP,>

<LOCLCOLRSPEC>

<TERl&,

pawe 28

Add the following to the end of sub-clause 6.7

LINE REPRESEN4TATION :-LINEREP
.<SOFrSEP,
<I9UNDLEINDEX, (positive)
cSEP>

<I:LINETYPE,>
(I1wsolid. 2-dash
3=dot. 4wdash-dotI 5-mdash-do-dot
<0 implement'n dependent)

.cSEP~s
<ViLINEWIDTh, (non-negative)
.cSEPo
,cK.LINECOLR>

-<TERM,>

MARKER REPRESENTATION :-MARKERREP
<SOFTSEP>
<I:BUNDLEINDEX, (positivel
<SEP>I cI-MARKERTYPE,
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(1 -dot. 2-plus
3-asterisk, 4-circle
504voss (X)3
<0 iinplwemnrn dependent)

<SEP>
.cV 1ARKERSIZE> (non-negaWve)3

<K(M4RKERCOLRz'
.cTEI&*tb

TEXT REPR~ESENTATION :-TEXTREP
<SOFTSEP>
d9iUNDLEINDEX6 (POW"lv)

.cIF(T*VNDEX' (pos~ie) Un
CSEP>
<STRWCHACRASTROKE-
<SEP>
<R-SPACtNG>'
<SEP>
.cRFACTOR,
.cSEP>'
-cK.TEXTCOLR~ 3

.cTEItv6

FILUL REPRESENTATION :-FILLREP
<SOFTSEP>

-cISUNDLEINDEX> (positiv)U
<HOLLOWMSCUCIPATjHATCIjB.U1Y.
<SEP>

414ATCHMNEX>'

4ugvesic".
Swozvncrass

<0 hImplmenL d~epenent
.cSEP>
<I:PATINDEX> {positivlve
<SEP>
<K:FILLCOLR>-cTEF&I

EDGE REPRESENTATION :-EDGEREP
<SOFrSEP>
-ciSUNDLEINDEX> (posltive}
<SEP>
.cI:EDGMTPE,

(1 -solid. 2-dash
3-dot. 4mash-dot

SE,5-dash-dot-dot

-cSEP>i

<SOFTSEP>
<I:SEGID>

<TEF#Ab
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DRAWING MODE :.DRAWINGMAOOE
<SOFTSEP,>
.cMRAWINGMO0E>

2 cr-sAND (NOT d)

4 c-(NOT s N

6 da XOR d
7 c-e OR dI8 d'.NT (s XOR d

12 d'-NOT ( ORd

13 d'm(NOT *)OR d
14 d'uNOT (aAND d)ITFA 1s dm-1)

The following forms sub-clause 6.10

6.10 Encodlng Segment Control Elements

REOPEN SEGMEN4T :-REOPENSEG
<SOFTSEP>
-cSN:StEGUD,

OOPV SEGM4ENT :-COPYSEG
<cSOMTEM,

-cTM-TRANSMATRDX,

DEL.ETE SEGMENT :-DELETESEG
<SOFITSEP,>
<SN:SEGID,2,

<TERA

DELETE ALL SEGMENTS :mDELETEALLSEG .cTERW~I RENAME SEGMENT :-RENAMESEG

-SOFTSEP>
<SNflL.DSEG1D>
<SEPý,

cEbcS1N:NEWSEG1D>

REDRAW ALL SEGMENTrS :-REDRAWALLSEG cTERMW

IMPLICIT SEG REGEN. MODE :-IMPLSEGREGENMODE
<SOFrSEP>
.cSUPPRESSEDIALLOWED->

<TERM>b

FIH1ERITANCE FILTER :-INHFILTER

<SOFTSEP>
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<UNEATTRI
MARKERATTRI3
TEXTATTRI
FLLATTRI
EDGFEATTRg
PATATTR 3
CUPCONTROL4
OUTPUTCONTROL4
ALL>
<cSEP>i
<STATEUST1SEGMENT>

<TEII6:

page 1
The followng forms sub-dause .6.11

6.11 Encoding Segment Attribute Elements

SEGMENT TRANSFORM :-SEOTRAN
.cSOFTSEP>
<SN:SEGID,
<SEP,>
<7M:.TRANSMATRIX,

<TEFIlb.
SEGMENT VISIBLITY :-SEGVIS

4:SOFTSElPl

.<SN:SEGID,
<SEPý,

SEGMENT DISPlAYPI~lY : SEGOlGISPLYPR
<SOFTSEP>
<SN:SEGID>
<SEP,>

SEGMENT DITEPLAYBPIRITY :: SEGOETLAPR
-cSOFrSEP>
<SN:SEGID>
<SEP>

SEGMENT PITCK P ~RORIY :-SEGPICKPR
.cSOFTSEP->
<SN:SEGID>
<SEP>I

.cTEFWA>

SEGMNT PCK RIORTY EGPIKPI
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3
U.S. Response to CCM DPAD 1 Part 1

The U. S. disapproves -of Part 1 of CCM PDAD 1 (SC24/N19). with the
following comments. The part I comments are organized in 3 sections: The
first section contains all comments except segmentation and formal grammar: I
The second section t•ontains segmentations comments; And the third section
contains formal grammar comments.

1/Ti) Global comment: How much discussion of errors is appropriate for
the metafile? Most errors are a function of the semantics of the .J
interpreter. Since CKS thoroughly specifies its errors and

associated reactions to them, it is not necessary to repeat this in

this document. I
l/T2) Page 2: Is there supposed to be a 'CKSM' shorthand for the Metafile

Elements List? 1
l/T3) DEVICE VIEWPORT MAPPING is not needed in the GKSMO set, since CKS

only requires the default of (isotropic, left, bottom). I
1/T4) 4. 12.4.7 and page 31, SECMENT TRANSFORM: Needs to be rewritten to

reflect output of Valbonite CCI that the locus is transformed, not
just the reference points. 3

1/T5) A complete description of the two mutually exclusive ways of
mapping VDC to the devlce (using SCALING MODE 'metrLc 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
prLmitives and attributes. Page 10, section ;.12.4.7, paragraphs 3
and 4: These paragraphs need to be reworded to reflect the change
to CCI regarding segment transformattons applying to the locus of 1
graphical objects. rather than reference points. State the
appearance of CIRCLE. RECTANCLE, PIXEL ARRAY, and RESTRICTED TEX7
under locus transformation. 3

1/T7) RENAME SECMENT and DELFTE SECMENT should not be permitted in global
segments. These do not appear to be necessary or useful. 3

l/T8) COLOUR SELECTION MODE, LINE WIDTH SPECIFICATTON MODE, EDGE
WIDTH SPECIFICATION MODE, and MARKER SI1E SPECIFICATION MODE should
be permitted in global and local segments as well as picture open.
Even though CKS does noc make use of these functions, a non-CKS
client could assemble a "library- of global segments from different
metafiles, to he referenced in the pictures of the metafile. CZ2
has concluded that there is no difficulty in mixing these modes
within a single frame or session.

l/T9) The CCM currently does not specify the order of thq metalt!e'
descriptor elements, althriigh the formnl grimmar seems ro hive iicre I
restrictions in this regard than the body of the standard l-rlull

indicite. We believe it would he 3 good idea if the first fotr 4D
elements were the METAFTLE VERSION. METAFILE ELEMENT LIST, MErAFTLE
CATECOR(, and METAFILE DESCRIMTION. If the Addendum does make this l
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a requirement, it cannot be extended to basic category CCM for
reasons of backward compatibility (although it can be noted as

-/ "advice to generatorsa).

SNote: This does not match the formal grammar of the CGM-IS text.

1/T10) 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.

1/Tll) In Table 3(a), END FIGURE and NEW REGION should only be permitted3 in FO and FC.

1/T12) In Table 3(a), APPEND TEXT should be permitted only in state TO.

3 1/T13) BEGIN METAFILE should appear in the state table (Table 3(a)) or in

an associated note.

1/T14) Annex D needs to be completed for the new elements. In particular.I- what is a vector device recommended to do with a PIXEL ARRAY?

1/T15) page 33: The DEVICE VIEWPORT should default to (0,0)(1,l) rather
than implementation dependent (since the default VIEWPORT3 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 fitsI on the workstation display surface.

l/T16) page 33: PICK IDENTIFIER's default should be zero.

1 1/T17) 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.

3- 1/T18) E. 8.2 needs a corresponding paragraph for generating the correct
CCM font information from GKS.

3 1/T19) 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.

l/T20) 5.10.13: The order of the enumerated parameters should be
(undetectable. detectable), by the "null value rule".

1 /T21) COPY SEGMENT shouild be permitted in state PO. to accomplish what

CKS does with INSERT SEGMENT (co'pying n segment from WISS to
nonretained data). Table 3(a) would need to be updated as well.

Note: This is a resolved CCI issue out of the San Diego meeting

i
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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 SEGMENT is not allowed in the metafile descriptor,
only in global and local segments.

1/T24) Annex H: Only the mapping of CKS functions to CCM is given.
Reference is made to Annex E for the reverse mapping, but such is I
not provided in Annex E. A reverse mapping should he given. The
mapping should be from CGM element to GKSM item, rather than GKS
function, since (for example) the correspondence between the two-
vector CHARACTER ORIENTATION of CCM and the one-vector "character
up vector" of CKS is not clear.

Teehniesl/Editorigl a s I

1/TEl) GLOBAL: Readability would be enhanced by defining pseudo-data
types such as "CC: C1 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; CCI, and also CCG Part 3.

1/TE2) GlobAl comment: All or almost all occurrences of the word
"function" should be changed to "element".

1/TE3) ClobAl 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 I
terminology is preferred.

1/TE4) GlobAl comment: The phrasing throughout about "'primitive) is
drawn" needs to be modified to take global segments into account,
where it is actually not drawn until referenced in a picture.

1/TES) page 2: METAFILE CATEGORY was omitted from the list. 3
I/TE6) TM'e 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 I
information, the diagram greatly aids comprehension.

l/TE7) We suggest renaming category CGMEXT1 to CCMADD1, since this is
officially an Addendum rather than an Extension.

1/TEg) 4.5.6. paragraph 3: -Another device viewport specificattion moeic
should be DEVICE VIEWPORT MAPPING (see marktip for other editori.ii I
changes Ln this paragraph).

1/TE9) The concepts section on Closed Figurps (4.A . ) needs to nse m,,rnI
more of the t:-:t from CCI: It is currettly incomprehensible to
those who don t nlready know it. At 1c..st one c::..1mie 'iith
accompnnying picture is needed as well.
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1/TElO) 4.6.9: Use -spatial sapping" to distinguish this from mapping of
colour spaces or mappings of elements from CKS to CCM.

I/Till) 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 open/active state to capture just the last frame in
an interactive session.

1/TEl2) 4.12.3.2 and elsewhere: All references to the "CCI 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 elements allowed in
state PO can also occur in the METAFILE DEFAULTS REPLACEMENT, but
are correctly listed as not being permitted in state MD. Perhaps
another column should be considered for this table, for state DR

(defaults replacement).

1/TE15) Table 3(a), formatting: Please repeat the column headings fnr
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 CKS should be
specified in Annex E and/or Annex H.

l/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 C31 s

5.3.5, including the discussion of mirroring, so that the element
has enough information specified.

l/TEl8) 5.5.10: The parameters bnig and bntl should be condensed to bnI,
1 to match the description and resolved issue.

l/TE19) 5.5.12: CCI 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,
conditional).

I/TE20) 5.7.38: The parameters are not in same order as CCI: they should
be.

I/TE21) 5.7.42: "All output operations- should become -rendering of
primitives".

1/TE22) page 35, point 4: Although 3 user cannot specify skewed characrer
up vector and character base vector at the CKS API, skewed vectors
can result at the OKS WSI If the segmentation trnnsformation is
applied before writing the information into the nmett•ile.

l/TE23) page 1: The objective of sgrphical nession cmpture does nnt. on
the surface, appear to justify the inclusion of elements such as
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PTCK IDENTIFIER and PICK PRIORITY. If the intent is to provide
the ability to replay from CCM the beginning of an interrupted
session In CKS and then continue from thAt point, this shliild be 1
made explicit. Graphical session capture should be defined in the
glossary.

1/T£24) Page 3, 4.4.4: This line should instead state what the element 1
specifies: how CKS uses it shnuld appemr in Annex E or Annex H in
a full discussion of how the mapping takes place. 1

1/TE25) Page 16: What Is -Figure Closed- state? This doesn't match CCI
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 ofstrings) rather than S.

1/TE28) 5. 5.16: -ACTIVE- state should be replaced by -the state of the 3
metafile prior to the most recent BECIN FIGURE."

1/TE29) 5.5.17: lst sentence, add -except in global segments, where
rendering is deferred until the segment is referenced.-

1I/TE30) In the description of Closed Figures. we should probably not
capitalize line and fill area functions: It would also help to 3
state at the start that these refer to classes of primitives
rather than specific ones.

l/TE31) 5.5. 19, last sentence, -picture-: Add -or global segment I
1/TE32) 5.5.20, notes 1 and 2: Add -for use in restoring the valle:

however, the current mode is not restored.- Also. -escape
function identifier- should be 'escape element identifier".

1/TE33) page 17, note for page 51 of CCM: 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 ;s
so, it should be deleted. 3

1/TE35) page 30. 5. 10.8 - The description is clear in the context of Cz:.
but needs to be rewritten to be clear in the context of CCX.

l/TE36) 4.5.4. second paragraph. lne 1: "' eady to accept groohics -02: I
be clearer as "ready to accept SrnjphLcnl otlitut-'

l/TE37) 4. 6. 8: "curves" should he "'rcs" 1
1/Tr38) Page ,.. 1st sentence: These ipper to be eý:amples of 'ofr•-..

devices: h.irdcopy devices are typically pri.nters. ploticib:
filmi recorders.
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Following are the U.S. comments on segmentation, Part 1.

1/T25) Page 6, section 4.12.1, list of segment elements:

REOPEN SEGMENT should be a delimiter,
REDRAW SEGMENT is absent,
IMPLICIT RECENERATION MODE is missing the word "SECMENT-,
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 CCI.

1/T27) page 29:
Add a new sectiorn for REDRAW SEGMENT, which was omitted. Renumber
the following sections appropriately.

"'Parameters:
seg,,ent identifier, (SN)

Description:
This element Is intended to result in a redraw of the

idenrified existing segment, unless the segment's visibility
attribute is INVISIBLE. The resulting display is implementation-
dependent. Any segment overlapping the Identifted 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."

LL~ni&AI~aZLa CQmmmnt&

1/TE39) page 1. last paragraph, add:
Segments mnay be appended using REOPEN SECMENT and END SECMENT.

I/TE4O) page 6. section 4.12.1, insert:

Throughout section 4. 12 and Irs stibsertions, the concepts
Involving segments are described ti the cotite:xt of an

intezpreter's handling thereof. The CCM simply stores the
elements fror nn interpreter's tise. Interprotntinn of elenmcniý
that do iot affect fital picture appearance is impleme~tiatiun-
dependent. e.g. PICK IDnNTIFTER. This implementation dependrnr-.

may be derermined hY other Standards (e. z. OKS. PHICS. etc. )
used by the implementation of an interpreter.

I/TE41i) page 6. sectloti 4.12.1, original first paragraph:
Rephrase "Segments may be:" to -Segments may have elements
3ssociated with them to controe interpretation thereof:"
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Rephrase list items a-f to be non-verbs, e.g.: transformation.
visibility or invisibility, highlighting, front to back ordering,
detectability or undetectability, and deleting.

Following the list, change "within a picture. They can..." to read
"Segments may...*

1/TE42) page 6, section 4.12.2:
The phrase "Local Segments ... are local to that picture." is a
circular definition. Rephrase to T.ocaJ Segments ... have no ,l
existence beyond the bounds of that picture."

1/TE43) 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
"COPT SEGMENT". 3

I/TE44) 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 stote to CSD. 3
REDRAW SECMENT is missing from the list of segment control
el enent s. 1
REOPEN SEGMENT should not be a segment control element, but rather
a delimiter like BEGIN SEGMENT.

Change the last statement of the second pnragraph to a 1
parenthetical comment on the first StaLement of that paragraph.
e.g.. "(see Table 3(a) . .. . ). ,

1/TE45) page 7. section '..12.2.3:
Add the parenthetical comment "(see Table 3(a)....)" to the end
of the first sentence. 1

1/TE46) page 7. section -. 12.2.4:
The statement "every element th.it is modally defined and bound -t

primitives ... hns a well defined value." is not clear. Reword to
state that there are "'defaults".

1/TE47) 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. ind
the present section 4,. 12. 3. 3 nhoild sertioi 1. 12. 3. 1. sliru . 3 U
defines terminology used by ... I a'nd ... 2.

I/TE4R) pnge 7. pronent sect ei 1#. ?12. 3. 2:
Rephrase "passinp alons; the CCI pipeline are stored in" to read

"-ire .idded ro".

I/TE• ) page q. section 4. 12. 3.': 3
Reword liong the lines nf:
"Nnn-ret Ined dt.n arre 1hose &Iomvnr q presefit in 1 rirtire. bItt

not within locni segments. Any handlLin of non-retained dati byU
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an interpreter is Laplementation-dependent, beyond the requirement
that simple display of a metafiLe picture must dlirlay tnat non-
retained data."

I/TE50) page 11, section 4.12.5.2, first paragraph:
Change "prevent the waste of" to "permit an interpreter to save"

1/TE51) page 11, section 4.12.5.2, third paragraph:
Remove the first sentence, as it is inappropriate to a metafile
specification.

1/TE52) page 12, section 4.12.6, first paragraph:
Change "open segment" to -picture definition in its present
state

1/TE53) page 16. section 5.2.6, Description, first sentence:
Rephrase to read: "This element delimits the start of a segment.

1/TE54) page 27, section 5.7.41, ftrst paragraph:
Add: "Usage of the pick identifier is interpreter-dependent.

1/TE55) page 27, section 5.7.41:
Remove the second paragraph as it is Inappropriate for a metafile
specification.

1/TE56) page 28, section 5. 10.1:
Remove the thLrd paragraph as it is inappropriate for a metafile
specification.

1/TE57) page 28. section 5. 10.2. fourth paragraph:
Add to the last sentence: *"' or whether the current state list
attributes are applied.-

l/TE58) page 28, section 5.10.2:
Remove the third paragraph as it is Ilnappropriate for a metaftle
specif ication.

1/TE59) page 28. section 5.10. 3:
Remove **NOTE - and make a single oaragraph. Change "BECIN
SECMENT" to Include "or RENAME SECMENT.

1/TE60) page 29. section 5. 10.4:
Delete the second through last paragraphs ,as they are
Inappropriate for a metafLle specification.

1/TE61) page 29. section 5.10.5. Description:
Add: "Subsequent references to the segment must ,tse the new
segment identifier. The old segment tdent ifer is freed for use
in a subsequent BECIN S•cIENT or RENAMr, SEC!IENT.

1/TE62) page 29. sertion 5. 10. 7:
Delete the second paranr.iph throtgh the i.ist. Revise the ;CceI
sentence of the first paragraph to rend: "The IMPLICIT SEZMIF1T
RECGNFRATION MODE element mny ocrur In the PICTU1RE OPLEN- tate
only.' A dd n f inai sciience to the f Lrst p:tr:ut iph: 'The

interpreter itself determines the actions required to support ths
3 element.
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1/TE63) page 31, section 5.10.9:

The specification for the 'transformation matrix* parameter -
differs from that for COPY SECMENT, and from the corresponding C -
specification.

1/TE64) page 32, section 5.10.10: 3
Delete the "NOTE- as it is inappropriate for a metafile
specification.

1/TE65) page 32, section 5.10.13: U
Add to the end of the first senterce: ", depending on the
functionality of the metafile interpreter."

1/TE66) page 33, section 5.10.14:
Delete the second paragraph as it is inappropriate for a metafLIle
specification. 3

1
1
1
U
1
1
1
1
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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-recursive metafile contents production.

i As written, the non-terminal <metafile contents) production (page
36) defines a production for a single pi:ture 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 4 of the standard (specifically section 4 1.
page 9) which defines the minimally correct metafile as:

BECIN METAFILE
METAFILE VERSION
METAFILE ELEMENT LIST
END METAFILE

Whereas, according to the addendum 1 formal grammar, the minimally
correct metafile would be:

BECIN METAFILE
METAFILE VERSION
METAFILE ELEMENT LIST
<picture>
END METAFILE

The source of this inconsistency is the non-terminal production
(met3file). which is defined as:

<metafile> :: B<ECIN MFTAFII.E>

<identifier>
<metafiLe descriptor>
emvtaftle contents>

(END METAFILE>

According to the CCM standard, the <metafile contents> production
should be an optional production, as follows:

<metafile) ::a <BECIN METAFILE>

<identifier)Umet.file descriptor>
(metafile contents>.
<END METAFILE>

Undiciting that the (metnftle contents) prrduiction cin occur 0 or
monre limes in the mCtjf lie het-eci t he i'netal ile desct iptor> uzad
the <FND MFTAFILF) component.

The ,:cpv.4rcd rhri•ceq hinve been hi;hli hed.
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1/TE68) <metafile contents) production changed from the CCH standard.

The production (metafile contents) has been altered from that I
which is defined in the current CCM standard. Currently,

(metafile contents) is defined as:

<metafie contents) :: ( (extra element>*

( (picture)
: (extra element)*

Addendum I defines the (metafile contents) production as:

(metafile contents) ::a (extrn element>,

(picture)
(extra element>*

According to the CCM standard, the variation of <metafile i
contents) defined in addendum 1 is correct and the variation in
the standard is incorrect. I

l/TE69) Inconsistencies between formal grammar and CCI standard/addendunm

The following list of Lnconsistencles between the formal grammar
and the CCM standard or the CCI addendum =1 text were found:

I. Section 4.12.2.2 specifically allows for the CLORAZ. SECM!NT1
state to be entered from the METAFILE DESCRIPTOR state. but I
the grammar does not reflect this. Due to the fact that

Clobal Segments cnnnot accept the same class of elements as
Local Segments, the definitions of the <picture element) and
<opttonal descr eimt) productions -ll1 have to be modified.
and the two new productions wtIll be defined (<local seg:ie:!i

clement> and <gloh~il Aeglent clement)).

2. Section it.3 of the stnidard specifically allows interveninr I
escape or external elements between the (8ECIN METAFII.E, ardi
(metaflic descriptor) components. According to CCM addenduim
I formnl ;rnmmar (,.td also the CCI st-.ndards formil grammnar I
no escape or external elements can occur between <BECr;•
METAFILE) and (metifiie descriptor>.

3. The formal gr.ammar Indicates in ordering of elements within 1
the Metafile Descriptor State that is not defined by the C;4

standard or addendum 1. The specific problems (i.e.

differences between the grammar and the text of addendum 1)
•.;ithin the Metafile Descriptor State -re listed helow. 7n

each case. the Statement mAde is the interprcettion of ilio

fcornial grimmar ' iddendum I and lit sonie CJses the CCIM :,t ,,u.:
s• , "ell) and is nor i rortrici io ief, incLd b'. the 'e::i ef I

either iddendum I or the stand.ird:

i. <MLrAFILE VERSIfON- nlt,,t, he rho ;ccnnid oicnient in .1
syntirticily co t'r, tcvi fiI

h. (MFTA,\ 1.1: U1FSCR['rlorN ran onlv r•ccur if tcr <M.,i ? IVL:. I140
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c. <METAFILE CATEGORY> can only occur after <NETAFILE
DESCRIPTION).

d. <METAFILE ELEMENT LIST, (which is a reqiiired element for a
syntacticly correct metafile according to the standard)
must occur before any of the optional metafile descriptor
elements.

e. (MFTAFILE CATEGORY) is a dependent production associated
with (METAFILE DESCRIPTION).

4. The REOPEN SECMENT 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 SECMENT
state can occur on either a BEGIN SECMENT element or a REOPEN
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 I formal grammar to conform to
the text of the CGM standard and addendum 1:

<metaflle descriptor) :: ( <optional descr elmt,.
<element list)
<optional descr elmt>,,
(version>
<optional descr e]mrn,,

1 (optionnil descr elmt>,.
(version>
<optional descr elmt,-
<element list)
<optional descr elmt>,,

<optional descr elmt) :: ( (VDC TYPrt
(vdc type>

<MAXIMUM COlOUR INDEX)
<coloutr inlex)

<COLOUR VALUE EXTENT)
<red green bluje, (2)

(METAFILE DEFAULrS REPLACEMENT>

<element default>-
(FONT LIST>

(font name>.
<CHARACTER SET L.IST)

(character set definition)-
(CHARACTER CODINC ANNOUNCER>

<coding technique enumerated)
<scailar precision,

S(escnpo clemenr-,
< (ex:t ernnl I Ieme-i Y
(MAXIMUM VUC r.XTr.1T)

(p~ifv) (2)

<SI;C41 I IT RIRIO I" FZ;'TEENT)

< "11'.: llll • .f• l

(METAFILE CATEGORY,

<category enumerated,
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(version) : (METAFILE VERSION>

(integer)

(picture element> : (. <control element>
<graphical element>
(attribute element) I
<escape element>

( <external element>
(local segment element) 3

(local segment element> ::w (BEGIN SEGMENT)
(segment name)I
(eligible local seg picture elem>

(END SEGMENT>
I (REOPEN SEGMENT)

(segment name>
(eligible local esg picture elem>

(END SEGMENT>

(global segment element)::- <BECIN SECMENT>
(segment name)

<eligible global seg picture elem>
(END SEGMENT>

The suggested changes have been highlighted.

The above grammar will accomplish the following modifications to 3
the interpretation of a given metafile:

1. The CLORAL SrCMENT DEFINTTION state can be entered from the
METAFILE DFSCRIPTOR state withoit allowing the elements
specifically prohibited from occurring In the CLORA.L SECM!"1T
DEFINITION state from nppearing. Tr.nsition from, the METAr:LE
DESCRIPTOR state to the CLOSAL SECMENT DEFINITION will occur
on a <BECIN SEGMENT> element.

2. The LOCAL SEGMENT DEFTNITION state can he entered from the
PICTURE OPEN state withotit the restrictions that apply only to
global segments. Transition from the PICTURE OPEN stare to
the LOCAL SFCMr.NT DFFINTTTON state can occur on either BECGA
SEGMENT or RFOPFN SECMFNT.

3. The modified <met;lflle descriptor> production requires both
(METAFILE VERSION> and cMETAFILE ELEMENT LlST) to appear in
the Metaftle Desrrtptor state, but does not imply any srec Iric
ordering of nny of the Mitafile Pe!qrripror elemcnts. tnriridin
the tweo required ?-etaftle Descriptor elements. The prr ,ic-ir:w ti
,13so allows for e:x:ternal or escnpe clements to appenr befortv
:itv MetifiLe Descriptor elemenit. Io'-evvr. -.e recronmfi d rhit
the .iddundum te:xt be modif led to specify the o5 t lrotiL¶ ,)r

(MFTAFII.E VFRSTON>. MFTArTI.E FI.FMENT I.1iT). 011T.\F[I.F
DE•:SCRTPTIOrN)> tid • METArrLE crrcGORY 1his. i)f rnitrv,. I

i~.~tthait tile above gr~imus.ir is .iA no lie inverrcct. 1)
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implement the US proposal, the <metafile descriptor> and
<optional descr elmnt) productions would have to be changed
to:

<metafile descriptor> ::a <extra element>*
<METAFILE VERSION)
(NETAFILE ELEMENT LIST>
<METAFILE CATECORY>o

<METAFILE DESCRIPTION>o
(optional descr elmt>,

<optional descr elmt> ::a <VDC TYPE>
(vdc type>

(MAXIMUM COLOUR INDEX>
<colour Index>

<COLOUR VALUE EXTENT>
<red green blue> (2)

<METAFILE DEFAULTS REPLACEMENT>
<element default>-

(FONT LIST>
<(font name>-

(CHARACTER SET LIST)
<character set definitton>-

(CHARACTER CODTNC ANNOUNCER)
<coding technique enumerated)

<scalar precision>
<escape elemeet>
<external element>
<MAXIMUM VDC EXTENT>

<point> (,2)
<SECMENT PRIORITY EXTENT>

<minimum extent)
(nLamitmr exePnt)
l<81obal segment element>

4. The modified <optional descr elmnt, produrclon allows the
transition to the GLOBAL SrCMENT DEFIN1TIONJ state from the
METAFILE DESCRIPTOR stite, and also removes the restric:.:zs
on the METAFILE CATEGORY element.

The non-rerminal productions identiricarton). <cmetaftie
category). <metaflie description). <characteristics>. <segme1t,,
and (eligLble picture element> productions have been deleted.

Some of these errors also occur In the current CCM standard's
formni grammar. The Ahove prodtuctions must be modified to r'--::
the current, formal grammar.

I/TE70) Undefined non-terninl i produrt len <.it,rihliti element).

The non-termin.,l production €element dct11 '' (nai cc
,ddendtim 1) rcf[ rcntccs .i noii-t•rtnr n.il rý,tiii,' oti 1•,ri[,i' c

cecmciti . ;et no+.here in i cddenchim I tr f hv CCf vl� .inrfir
dettined ;1 non-,ermin.,l prndi•cfit .it , trthlitte C I• .i'cv r ;: r-

h:ir this is .1 simplc edltd or li I rohlCio. itnd vh:t. h- . t .hnt
intended e.S 'pr min t ive .ittrihxitv c eitvict , I ithCr the r tc -.....
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to <attribute element> must be changed to <primitive attribute
element> or the non-terminal production <primitive attribute

(attribute element>.

This error occurs in the CCH standard as well as CCM addendum 1.

I/TE71) Multiple definition of non-terminal production (point).

The nnn-terminal production (point> is defined identically in both /
sections r.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 CCH standard.

1/TE72) Violations of the CCM standard in PARTIAL TEXT state.

The PARTIAL TEXT state is entered by the following production:

<nonfinal character list> ::) <NOT FINAL> )
<string>
<character attribute list>
<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 attribite list> Is not

defined in the grammar. A production <char attr~hute llstý 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 thv synta:< specified by the
standard, a new non-terminal production <partial text
.ittributes> should be crented and the <nonfinal character Iis:t)
production modified as follows:

<nontinal character list> ::a 01OT FINAL)(string)
(partial text attributes>.

-;p:nnncd tea~t >

<patrti I tc:.: i.ttribhites> :: - <T['.:T rCIT Ttirt rx) li
,losit i':e int eger>1

<TExr PtuCISIOnb
<tc'-t prccision e,iun t'c tv .i

C11.'R \CTT 1 /.x:'in
(ral.>1

ecII,\R,\c1*rR sprcIric)
<r*T COl3
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<coJour)
<CHARACTER uIEr:"-,

<non-negtive vdc value>
:<CHARACTER SET :'1:yU)

<positive index>
:<ALTERNATE CIIARACTrR SET INDEX)

(positive index)
:<TEXT BUNDLE INDEX)

<positive index>
:<AUXILIARY COLOUR>

<colourt)

:(TRANSPARENCY)
<on-off indicator enumerator>

The suggested changes have been highlighted.

The elements which are permitted to mccir in the PARTIAL TEXT
state are defined in the CCM standard by both Figure 12 (page 40.
State diagram) ,nd section 5. 6. 4, (p.ge 6,,. APPEND TEXT).

This error occurs in the CCM standard as well as CCM DPAD 1.

1/TE73) Editorial inconsistcncy in (TEXT RERENTATONb production.

The comments for the character expansion factor and the character
spacing components of the dIFXT REPRESENTATION> alternative of the
<representition element production (page (4A) are associated ý .'I
the "ronr components hbacd on the descrint ion or TEXT
REPRESENIATION in secLion 5.7.38 (page 25). The production re.4ds

<represcntnt ion niode> ::a

(TEXT REPREgENTATIOVI
<positi•ve inciew)

<itde:.:> tfont
<tezt precision enumerated)

I (real) (character spacing)

(real> (expansion factorl
<colour>

I
yet the tex.:t of the idd edidtrm Inldic.ites the ;'rodttc tioi ,hrmiii -c-

<n r pro•s.'rtr it lorill ;1dL :

<Tr"T ri r, r !:r n r riC,:
, ic i'.'o ,Ii lldc. ) I 01 (11
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(real) (expansion factor)
(real> (character spacingi

(colour>

The suggested changes have been highlighted.

1/TE74) Editorial inconsistency in (FILL REPRESENTATION) production.

The fill colour specifier component of the (FTLL REPRESENTATION)
alternative of the (represqntation element) production (section
F.3.6. page 46) Is in a conf1Leting position with respect to the
definition of FILL REPRESENTATION (section 5.7.39, page 25) in the
addendum 1 text. The production currently reads I
(representation mode) ::=

(FILL REPRESENTATION)
(positive Index)
(interior style enumerated)
(indam) thatch indemi
(positive index> (pattern itide:-'
(colour) j

According to the description of FILL REPRESENTATIONI in section
5.7.39, the production should read:

(representation mode) ::a I

<FILL REPRESENTATION)
(positive index) i
<interior style enumerated>
(colour)

BEST (index) 1hitch index)
AAIABLE<COPY (positive index> ,pattern index)

The .st•gg bLVd CI.111jt5i I .lh 'c hievyi hiih :hlll.,teI.

II/TF75) ,sr'T U£F RR.AL HOIr.> pro)deir'l, on .stih.st ittlitvd f r ,-tal-rERR;L fle~ljl:,

Thv noi-}t- erm|tl rrmle I• 1 * vt I~ im!lt~t ,i i ..-jeet ci(•li f "

pr-ne T ). <eI Lgibio ra tcil,, 1 is, 'iti t ln•l r p. 2. j ; ,
tolornent n:ime citlimer ntedN sec t I oti F. pi p e 51) 51 l rq ifit asar,

termilil ptrodthctLon (SrT EF.TFRRAI. mOI "hh Is I ' tiv
It .ippe.ars thnt the I nt ended t crfrtit :i I prod trt ,I.t -- i c rrr, :\ I
HOOF'.. Ihe tIefltenti i 11 h0 ta:*:t i Lthe ,idduvtditnit is ur.fRRAI. tu10 ..
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l/TE76) (metric scale factor) mistyped.

The (metric sc3le factor) production (section F.3.4, page 40) was
mistyped as:

S(metric scale factor) (real>

which is a semantically null production. as well as incorrect
syntax for a BNF grammar. The correct BNr for this production is
the same as was specified in the CCM standard:

(metric scale factor) ::- (real)

The suggested modification has been highlighted.

II/TE77) Complete the productions for those elements not yet defined.

The producttmns <eligible local seg picture elemi and <eligible
glob.,l seg picture eiem) must be completed from the state table.

I
I
I

I
I
1
I
I

I
I

14

I
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U.S. Response to CCN DPAD 1 Part 2

The U.S. disapproves of Parr 2 of CG4 PDAD 1 (SC 24 N 20) wich the following

comments:

Tephnica± rattnrill Comments

S2/TEl) Pale 1, "Add the following to table 1:"

Add the 8 bit opcodes.

S2/TE2) Page 2, 8.2.16

GLOBAL: Add a blank line before the production of a non-terminal
as the CCM-IS text does. For example:

(METAFILE-CATECORY-opcode: 3/1 3/0>
(enumerated: metafLle-category>
**** blank line goes here ****
(enumerated: metafile-category> a (integer: 0) (cgm)

(integer: 1) (gksm)3 (integer: 2> (cgmaddl)

Use "cgmaddl" instead of -cgmextl'.

S2/TE3) Page 2, 8.2.17

(point: first corner> and (point: second corner) should be called
(point: high value) and <point: low value> as in the functionalI specification (5.3.17).

2/TE4) Page 3, 8.4.8

3 "NOTE: Default not consistent with CKS" is not appropriate here.
Perhaps it should be in Clause 6.

S2/TES) Page 3, 8.4.10

"SET DEFERRAL MODE" should be called -DEFERRAL MODE- as in the
functional specification.

2/TE6) Page 3, ý.4.14

(font-declaration) is inconsistant with the functional
specification and the other encodings. Replace <font-declaration)
with <font-names,.

S2/TE7) Page 4, 8.4.20

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-
name> instead of <integer: attribute-set-name>.

2/TE8) Page 4/5, 8.5.21

The last four parameters are not in the functional specification
or in other encodings and should be removed.
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2/TE9) Page 6, 8.6.38

The order of character spacing and charatrer expansion is reversed
from the functional specification (5.7. 38).

The non-terminal (colour-specifier) should be expanded.

2/TE10) Page 6. 8.6.39 1
The order of the parameters is not consistent with the functional
specification (5.7.39).

<integer: colour-index> should be expanded.

2/TE11) Page 7, 8.9.1

SN is shown as a data-type in the functional specification
(5.10.1). (integer: segment-identifier> should be <sn: segment-
identifier). This comment applies to all occurences of segment-
identifier in this part.

The non-terminal production of (enumerated: setting> should be:

(enumerated: setting> a (integer: 0) (state listi
(integer: 1> (segment) 3

2/TE12) Page 8, 8.9.8

The order of undetectable and detectable Is teversed from the
functional specification.

I
I
I
I
U
I
I
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The U. S. disapproves of Part 3 of CGM PDAD 1 (SC 24 N 21) wich the folloving

comments:

Teehnical Cnmment

3/T1) Page 1, "Add the following to table 2:"

There should be only one class. Having two classes is
inconsistant with the rest of the addendum. This also uses a
class unnecessarily.

Technical Z~ttnrisl CammeLU

3/TEl) Page 1, -Add the following to table 1:"

Replace all of the 15's with Ip-l's as In the CGM-IS text.

3/TE2) Page 1, "Add the following to item 10:"

The Metric Scale Factor parameter in the CCM-IS text is restricted
to be only in IEEE floating point format. If Scale Factor in
Device Viewport Specification Mode in CC1 Addendum 1 is allowed to
be fixed point format, then the distinction between the two
separate scale factors must be clearly stated in Item 10.

3/TE3) Page 1, "Add the following to table 3:"

There should be a blank line between "BECIN SECHENT: has 1
paiameter" and "'Pl: (segment namfe) segment identifier-.

31/T!) Page 1/2, "Add the following to table 4:", note 16

Replace cgmextl with cgmaddl.

3/TE5) Page 2. -Add the following to table 6:'

DELETE ATTRIBUTE SET Is incomplete.

3/TE6) Page 2, "Add the following to table 6:-, note 7

"first point" and "second point" should be called "first corner'
and "second corner" as in the functional specification (5.5.7).

The discussion of the default DEVICE VIEWPORT should be moved,
removed or added to Clause 6.

3/TE7) Page 4, -Add the following to table 7:"

Add the discussion for each possible colour mode as in the CICM-:S
text.

3/TES) Page 4/5, 'Add the follo'win; to table 8:'. note 38

P4 and PS are reversed from the functionml specification (5.7 3S'
3/TE9) Page 4/5. 'Add the following to table 8:", note 39

The values are missing for P2.
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The order of the parameters is inconsistant with the functional

specification (5.7.39).

3/TEl0) Page 6, 7.10, Table 11

INHERITANCE FILTER default should be: n/al.

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:I

See GLOBAL note at the beginning of the comments on the binary
encoding as to whether there should be two :lasses.

3/TE14) Page 8. 7.11, Table 12. note 2

The order of -visible- and "'invisible- is reversed from the EDCE
VISIBILITY element in the CCM-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...

II
I
I
I
I
I
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The U. S. disapproves of Part 4 of CGM PDAD 1 (SC 24 N 22) with the following
commentS:

I ~4Tl) Page 8, 6.11

As per the notes in previous encodLngs, combine 6.10 and 6.11 Into

one group of elements.

3 Zahnteal Editorial CmmenL

4/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 5.4.3:"

Suggested abhreviation changes: DEV Instead of DEVICE, VPORT
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 5.4.a:

BACK is the abbreviation for BACKGROUND in the CCM-IS text. The

U.S. suggests that BKWD be used as the abbreviation for

BACKWARDS. The U.S. also suggests using HILTTE instead of

HICHLICHT as the abbreviation for HICiILICHTINC. The U.S.

I suggests not abbreviating RESTORE.

4/TEk) Page 2, 'Add the following to the end of sub-clause 5.4.5:'"

I CIRCULAR ARC CENTRE BACKWARDS ARCCTRBACK should be consLstent

with whatever is chosen for BACKWARDS in sub-clause 5.4

Suggested ARCCTRBKWD.

.4/TES) Page 3, 'Add the following to the end of sub-clause 6.3:"

Replace CCMEXT1 with CCMADDl.

SHICH 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.

34/TE7) Page 3/(. "Add the following to the end of sub-clause 6.5:,

DEFERRAL MODE

3 DEFERRAL MODE has no parameters so It does not need <SOFTSP?>
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4/TE8) Pase 3/4, "Add the following to the end of sub-clause 6.5:-, I
MIODIFY FONT LIST

There should be <OPTSEP) instead of <SEP> before <S:FONTNA>E).

(SEP)(S:FONTNAMtE) should be ((SEP) (S:FONTNAME£>.

4/TE9) Page 3/4, "Add the following to the end of sub-clause 6.5:" 1
CHARSETDESICNATOR

First (SEP) should be <SOFTSEP> as in the original encoding. The
<HARDSEP> should be replaced with <SEP) as in the original
encoding.

4/TElO) Page 5, -Add the following to sub-clause 6.6:", PIXEL ARRAY 3
Remove (LOCLCOLRSPEC>.

4/TEll) Page 5/6. -Add the following to sub-clause 6.7:-, TEXT I
REPRESENTATION

The order of (SPACINC) and (FACTOR> is reversed from the
functional specification. 1

4/TE12) Page 5/6, "Add the followLng to sub-clause 6.7:-, FILL
REPRESENTATIONI

Parameter order does not match functional specifications.

4/TE13) Page 8, 6.11 , SECMENT VISIBILITY I
Reverse the order of VIS:INVIS 3

I
I
I
I
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APPENDIX 4

I SU�OIARY ARTICLE OF THE BLAXENEY MEETING OF

THE SPECIAL WORKflIG GROUP ON FUTURE PLANNING
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I Grcaphics Standards-I
The Future of ISO Graphics Standards

Janet Chin of Chin Associate a Lessons learned Options for progressing SC24
regular contributor to this column, The group spent some time work

asked that George Carson, who enumerating lessons learned since The Special Working Group
chaired the meeting discussed the formation of SC21/WG2. These defined and considered sevenhere, contrbute his knowledge to lessons are options for progressing SC24 work:

the column. "I think that the CG 1. There should be fewer imple- 1. Produce a basic reference
community should know about mentation dependencies in model by the 1989 SC24 meet-
this important work as soon as SC24 standards. ing and suspend all SC24 work
possible," said Chin. We thank 2. Precise scope and goals must be not at the DIS (draft interna-
George Carson for his time and agreed to before development tional standard) stage by that
effort in bringing us up to data starts on a New Work Item meeting.

(NWI). 2. Start work on a new framework

At its first plenary meeting in 3. Allowing enhancements to for describing computer

Berlin during December of 1987, occur during the standardiza- graphics standards and use this

ISO/IEC JTC1/SC24 (the computer tion process thwarts timely model to restructure all work

graphics committee) recognized the standards. not at the DIS stage by the 1989

need to evaluate the work under- 4. Continuity of staffing cannot be meeting.

taken by its predecessor committee assumed throughout a stan- 3. Improve existing procedures
(SC21/WG2) and to plan for the dards activity, based on lessons learned.
future development of graphics 54. Suspend all work until a newstandards. SC24 authorized the for- 5. Timely development is re.qusedullwokunieade
statindaofs SpCi4altorkingd Gorop if standards are to be useful. reference model for computer
mation of a Special Working Group graphics standards is developed
on Future Planning with the char- 6. A single reference model would and reaches the DIS stage.
ter to recommend a five-year strate- have expedited current stan-
gic plan for organizing the work of dards activities significantly. 5. Go on in the usual way and dis-

regard all lessons learned fromSC24. The group was also to 7. The text model in the current the past.
address the feasibility of developing generation of computer
a unified structure for relating com- graphics standards is 6. Abandon graphics standardiza-
puter graphics standards, to iden- inadequate. tion development.
tify new areas of computer graphics 8. The input model adopted for 7. Acknowledge, evaluate, and
that should be covered by a stan- GKS, GKS-3D. and PHIGS is recognize de facto standards.
dard, and to make appropriate state- inadequate to specify quality
ments regarding the relationships user interfaces,In evaluating these seven options.
of computer graphics standards the group considered a number of
with standards in other areas. In criteria. These included
addition the group was chartered to Trends * the impact of adoption of the
define areas in which computer The group reached consensus option on the timeliness of corn-
graphics standards need to be that the following trends exist and puter graphics standards
reevaluated or extended or where should influence future work of * the quality of standards
new standards need to be developed SC24:
to meet user requirements. produced

The Special Working Group met 1. Windowing technology cannot 0 the possible increase or decrease
at Blakeney. England. from April 11 be ignored, in staffing of Rapporteur Groups
to April 13. 1988. Sixteen delegates 2. Integration with standards in * the risk involved to the eventual
from six national bodies were in other areas has become production of a family of high-
attendance. The group was able to essential. quality computer graphics
reach consensus regarding how 3. Domain specific standards are standards
graphics standards should be devel- becoming more necessary.
oped in the future and how the The Special Working Group con-
present work of SC24 should be 4. There is increasing use of cluded that options I and 2 repre-
concluded. This consensus was graphics. sented the most realistic ways to
presented to SC24 at its plenary 5. De facto "standards" have proceed. Option 3 was considered a
meeting held earlier this month in begun to influence computer rather poor fallback option. The
"Tlcson. Arizona. graphics standards work. group recommended that a strategy

82 027247161156107r0.0•06251.00 198 IZEEZ IEEE Computer Graphics & Applications
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be devised based on ;in appropriate I
combination of options 1 and 2 that Frameworks
would synthesize their best I
features.
Component/framework model sees
for the development of standards

The Specia Wo~rking Group con-
cluded unanimously that a refer-
ence model is needed to unite SC24
standards, and that standards
should be developed in a different -.. op -.manner in the future from that usedin the past. The group recommen~ded {J 0 (]• J] • •
an approach to developing standards th p T
which they called the "Compo. 

-.nent/Framework Process." In this ". " ,J . " e oapproach components might be, for V Set of Componentsexample. data types, operations, or a -Cmwmm Q3 -Prmmw
attributes, and frameworks might be
considered the "glue" that takes a Components and Frameworks.
set of data types and operations andconstructs a standard from them. the component framework model and as components of an OpenThe group recognized that con- for developing standards and a five- Distributed Processing (ODP)siderable technical work is needed year planning document for SC24. environment.to decide the best way of structur. The principal recommendations of Conclusionsin, the SC24 standards in terms of the Special Working Group were the If the recommendations of thecomponents and frameworks and to following: Special Working Group aredefine necessary formal methodolo-

gies and interface techniques to 1. SC24 should adopt a new struc- endorse I by all of SC24. they willallow portions of standards to be ture for the next generation of have a profound impact on thedeveloped independently as compo- computer graphics standards, future of computer graphics stan-
nents and subsequently integrated which will require a new devel, dards. They should force workby frameworks. opment process. already under way, which has beenThe group suggested the follow. 2. SC24 should suspend or severely delayed by "creeping feating items that might be components restructure under the new turesh" either to be completedwithin the next year or to bein SC24 standards: development process any dropped. SC24 will have the oppor-0 primitive data types projects for semantic standards tunity to develop a second genera-0 rendering attribute data types not at the level of DIS or DAD tion of standards based on anI transformation operations (draft addendum) by the 1989 integrated reference model. thereby0Cstorage data types th24 meomm The effect of avoiding many of the "compatibil-sthis recommendation is to ity" problems which have been per-

A framework might include divide SC24 standards into a ceived in the first generation of9 data types first generation of semantic computer graphics standards. Rstandards, including GKS.* sequencing of operations GKS-3D, PHIGS, CGM, and- George . Carson is
deferred modes assuming work can be corn- president of CSC
display timing and control plated in time--CCl and CGIM ! Associates, a systemns

engineering consultingThe figure illustrates how corn- addenda, and a second genera- firm specialzing in real.ponents relate to frameworks in the tion of semantic standards time signal and informa.
development of standards. Sets of developed under the new com- tion processing systems.components are tied together into ponent framework process.) He has mn,-e than :5a ~ m years experience build-
one or more standards by a frame- 3. SC24 should consider window- ing systems incorporat-
work structure. Compatibility is ing and imaging as part of the in% multiple processors, computer networks.
achieve' among various standards, next generation of graphics and interactiv graphical user interfaces. Car-since they incorporate common standards. son was vice convenor and chiefliaison offi-sinceneyints 

cer for [SO TC97/SC21/WG2. where he wascomponents. 4. SC24 standards must interwork also the Rapporteur for Formal Description.with standards in the areas of He is the convenor of the ISO/IEC rTI/SC24Special Working Group on Future PlanningThe Special Working Group made office systems, image capture. and serves as document editor for SC24 refer-a number of recommendations to and Standards for the Exchange ence model work. In ANSI X3H3 he is chairSC24 and its working groups. Five Product Model Data (STEP). of X3H3.2. with responsibility for work onoutput documents were produced SC24 standards must also func- formal descriptions, reference models. userrequirements, and X3H3 external liaisons,for considetation. These output tion ia an Open Systems Inter- Carson received a PhD in mathematicsdocuments include a description of connection (OSI) environment from the Uniwrsety of California at Rierside.
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Towards a Five Year Plan 3
SWG FP/14

1. Introduction 3
This document describes deliberations of the SC24 Special Working Group (SWG) on Future
Planning, which met at Blakeney, UK on 11-13 April 1988. This group was chartered by SC24 to
make recommendations on how best to proceed with the development of Computer Graphics I
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
GrpiEs, 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 pursuit3
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 n
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 ;numerate 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 impiementarion
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 I
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 3
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 Iagreement 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 I
timely standards

All current standardisation activities have sufferred from creeping enhancements that appeared 3
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Towards a Five Year Plan

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.

t 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 currentpractice which could be standardised more quickly. The alternative is to make a new standardprogressive 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 Ftandard activities by asignificant amount

5 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.

•1 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 SC 18.I.
8) Deficiencies with graphics input

The Input Model adopted by GKS, GKS-3D, and PHIGS is inadequate to specify quality user
intefaces. and development of a more powerful model is required.

1
I
I
0
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Towards a Five Year Plan 3
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 3
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. 3
There is an urgent need for some windowing facilities to be included in the current generation of

standards. The next generation of standards must include windowing management. 3
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 I
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 I
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 3
application areas. The resulting increase in user population will make standards more important in
the future.

5) Influence of de facto "standards" on our work I
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 I
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."

1I
0
I
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Towards a Five Year Plan

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

1 3.1 The seven options considered

Option 1 - Bt option, see SC24 N Ill

produce a Basic Reference Model by the 1989 SC24 meeting;
all work not at DIS stage by the 1989 SC24 meeting will be suspended;

i completion of the CGM 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) accept no new work items at all;
b) accept 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"

t- smrt work on Component/Framework (CFW) project;
- all work not at DIS stage by the 1989 SC24 meeting will be restuctured using the CFW

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 NWIs as usual;

Option 4 - Suspend all work until Reference Model DIS
I 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

3 165
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3.2 Evaluation of the options

The SWO 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. 3
CRITERIA

Options Time Quality Staffing Risks

1 6 7 7 8

2 8 7 7 5

6 5 5 8

4 2 8 10-2 3 !

5 5 4 4 2 !

6 10 -tj

I
7 8 2 9 3

Table 3-1 Assessment of options

Having discussed and assessed the seven options, the SWG believed that options I 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 I and 2 might produce a superior option to all seven I
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:

ft Option 3 (Improve Existing Procedures)

The major advantages to this approach would be continuity, the ability to respond to NWI quickly,
and pmrduction of compatible standards.

U 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) Work in the Reference Model area will tend to be located with the Work Items leading to
incompatible reference models between standards.

4) It is unlikely that the current approach will produce a set of standards that easily fit into a
distributed or rendering environmenL

5) JTC1 has requested work on a Reference ModeL This approach is unlikely to satisfy them.
6) The GKS Review is unlikely to attract CGM 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 model in a vacuum with no
parallel practical work might detract from the quality, resulting in no better quality than Options I or
2.

I 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 would continue on de facto standards inside ISO and in other SCs. This wouid have an
adverse effect when work is restarted.

3 Option 5 (Business as usual)

The SWG was very concerned with applying past techniques to future work. Current SC2-t
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. Consequentlyleverage in the marketplace is poor.3) Current process strains relations between delegations due to incompatability of objectives.

I 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 relatively quickly (less than 2 years).
2) Staffing may well be easier.
3) Standards will already have been implemented with a defined user base. Consequently,

acceptance will be high.

The disadvantages which override the advantages are: 3
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) Compatability 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. 3
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3 Towards a Five Year Plan

4. Recommended 5 year plan

£I 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 thefollowing semantic definition projects will be advanced enough and will not be affected:

CGI
CGM Addendum I
(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.

4.2 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 I 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 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, COM, 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.

SThe majority felt that the rst was better - as it would allow the development of NWI work, limited
to WD stage.
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Towards a Five Year Plan 1

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 before the cutoff date.

2) reviews: review of GKS, CGM, 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 I
advanced sufficiently and the NWI were given frameworks.

4.3 Structuring work after 1989 3
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
first option, work would continue to ' organised according to the first 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 1
decomposition. First generation standard revision would be carried out by "mapping" these
standards into the new framework.

Figure 4.1 illustrates a likely progression of work 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 90 91 92 93
SI I I Il

GKS

GKS-3D ----.--.
PHIGS4.3

CGM

NW Standards ............................................................................ ,/-

Figure 4.1 Progression organised according to Current Work

1
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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 89 90 91 92

tamributes primitdiv com n

Reference Model +: p pon-
tartsfoarms wd opefanom jompmonents

3 t

Windowing Component ....... .............. .......

Imaging Componcnt .. . ....................... ................

New Components -0

New Frameworks -- 40

GKS Framework ,
(test case)

GKS-3D Framework
PHIGS framework ._ ,__

CGM framework

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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ISO/IEC JTC 1/SC 24 "Computer Graphics"

'P' National Bodies SC 24 Approve Approve with Disacrzve -Os:aln 3
Comments

Austria I

Belgium

Brazil x I

Czechoslovakia

Denmark

Fran ce 3 X

Germany, F. R.

Hungary 1

Italy

Japan

Netherlands

Sweden

Switzerland

United Kingdom 3

United StatesX1

USSR
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I
Minutes of ZSO/IEC/.•TCI/SC24IWG3 C GEM Meeting

18th April 1988

Ilakeney Hotel. Norfolk. England

Present

E Moeller, L Henderson, W Brandenburg. A Francis. A Mumford. D Arnold (part
of day)

1 1. Welcome

E Moeller thanked D Arnold on behalf of the group for organising the
I meeting in such pleasant surroundings.

2. Report of Rapporteur

E Moeller thanked A Mumford for preparing Addendum I for the SC24
meeting.

Addendum 2 was produced later than had been hoped and SC24 have no:
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 -nat -'e
document may not meet this deadline.

i Addendum 3 was not discussed in detail. The need for the work was
discussed implicitly.

The SWG had discussed the way that future work might progress. -he
work may be split up into groups which discuss componenss zf
standards.

4. Tucson meetýng - stratery for addendum orocessing - f'-ecuenc" :-F
meetings

"The meeting at: Tucson for CQI4 work is 4 days. It is hoped t"hat
editing work and CG liaison may continue till the Tuesday of t.esecond week.

The frequency of meetings was discussed. The balance between :he
"different proJects, the amount of work. good representation causes
problems.

i An interim meeting on all 3 addenda might attract good attendance. A
week long meeting possibly in early 1989 maybe in the U.S.
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Possible schedule - :igntest

mid September document out
end September distributed
end December comments in
end Feb/start March editing meeting

This is the tightest schedule possible. The advantages anad
disadvantages of producing a draft out of an inter-m meeting were
discussed. A March meeting seems favourite.

5. Discussion of Comments to Addendum 1

(i) General

Relationship CGI/COM

It is a major problem that the group do not have the new CC0
document. It was agreed that we would have to accepttne t
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 clarificat:-.
note may be required. An alternative is to make UPDA;,_ -

just UPDATE 'perform'.

Agreed it is desirable to remove redundancy.
Alternatives: I
a. UPDATE only allowed for 'perform'
b. remove MAKE PICTURE CURRLNT I
There was discussion on CCI liaison. There is need c-
liaison at the CGF-M meeting at Tucson. This is =aini-for technical assistance. It .s hoped that a numberz' I
delegations could have experts available.

It was agreed we wished to be close to CG7 and that ie
would have an element for update with oerform'. CC- 'as
access -o the flag 'new frame necessary at update'. IDq=AT- PCSPOE)=aps -o MAKE PKCTU'RE :URRENT

UPDATE(P-OIRFCRM) - i 4: s proposed that a new eleen:
?ERFORM DEFER.RED ACTIONS 's included in Addendum I -c
replace the current UPDATE.

:n IMPLUCIT SEGMENT RECENERAT:ON MODE need to describe
:he actions wnich can be deferred (page 29). I
A paper is to be written cn the update issue. I

(b) REGION OPENiCLQSE to be removed as in CGI.

(c) Use inheritance filter for REOPEN - in CC: this onl.
applies to CCPY. Agreed we should do same as CC:.
Believe that effect can be achieved with SAVE and RESTCRE
attributes.
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I
Discussion on COPY. DOES COPY need to be Lncluded in :he
metafile? Is it just for Global Segments. I: depends
where the CGM is in the CGI pipeline. Metafiles would be
larger if COPY is not there. Agreed that COPY should be
retained.

I $SSR Comme.nts

CGI has to be technically stable now if it is to meet the
deadline (assuming SC24 accepts SWO recommendations).

Should the 2 addendum be merged? Straw vote - 3 NO 2I ABSTENTIONS.

Technical comment 4 - description on segments needed.

Technical comment 8 - REDRAW SEGMENT is missing - to be
included.

UK Commrents

These were discussed in full while A Francis was present.

1. Re MODIIY FONT/CHARACTER SET LIST. These were
included at Valbonne because there is no start
index for the lists. There was concern that a hign
numbered font might be used in GKS and mign-t cause
a sparse font list.

It was suggested that the GKS font number might
have a high value but that the regrs tered name
would be included as the next font in the font
list.

f T'he use of the modify prevents the generator
writing the descriptor last.

1 Straw vote

3 in favour of removing the ele'3en:s
2 against

2. SEGMET ?R:0R:--:

Integer or real - agreed that shCuld foll:w zo:.
Whatever decision chat is.

-s CGI ?art 6 stable enough for incluslon of ?PXEL
ARRAY and DRAWING MODE?

If still within =I then we will leave then in.

I US comment suggests adding local colour precision
this was agreed.

Should there be a compressed encoding for P.XE.
ARRAY?

S4. Segment elements should be split to segment zontrol
and attributes. At Valbonne they were .o-.ned tc
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allow just one class in the binary encoding. 6
was agreed to separate these.

5. DRAWING MODE - should use enumerated types - follow

6. UPDATE - discussed. 1
7. DEVICE V'PORT SPEC UNITS - should have same default

as GKS - follow CGI.

8. Elements in Figure Open State - CGI allows more I
flexibility than CCM regard.ing the appearance of
events in states such as text open. 3
Agreed that we should maintain the CGM philosophy

and make Figure Open Similar to Text Open.

Allow the fill attributes as well. 3
9. SAVE PRIMITIVE ATTRZ3UTES saves all attributes but

INHERITANCE FILTE allows selectivity. Needs to be a
consistent. Need to check current CC! text.

Metafile Categories and Element Sets 5
It is necessary to complete the following table:

Element Set Category I
cgm cgmaddl gksm

DRAWINGSET X
DRAWING PLUSCCN7ROL X x

SGKSMO

France have suggested a category for static structurer 1

pictures.

There is an individuai US positlon sugges:-ng a s-a:;:-_ r_ 1
plus global segments and the new primi-.ves. I
The US have suggested that there should be an elemen: se: fcz
GKSM (as well as CKSMO). Should the shorthand have a
name?

: was agreed that there was no need for a GKSMO category.
was also agreed tnat the GKSMC element list would rema_.. I
France have suggested 5 categories. :t was felt that 4 were
possLble via category or shorthand now. The static image :s.
the current COM plus the element list. It was felt it could te I
extended for structures as global segments but just used as a
symbol library. i.e. A static picture plus structures wh-ch
cannot be handled dynamically plus other additional elements.The French proposal suggests that this structured image cou=; z
also be modified using bundle table modifications.
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The French proposal for the structured image would be in :he
GKSM category. The static structured picture would be in the
CGMADDI 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 catecories and more element lists were
required.

All categories therefore include structures and the subsets are5 element lists which conform to a category.

Defer decision on Tucson recommendation until Tuesday.

I France

France note CLIP INDICATOR and CLIP RECTANGLE have been =ade a
single function. This is incompatible with C'M - raise w.-n
CCI group.

Pixel array is in Part 6 of CCl which implies a differen:
encoding class from output primitives as used in Addend,_m " for
this element.

France ask for clarification of relationship between '3KS and
CG M. The mapping will be included. It was agreed that the
precisions do not need to be passed to the application layer.

RGermany
T1-2 to Tl-4 - agreed to move DP, change description of VSP and
add VSU to be closer to Cal.

Uni.•ed States

Discussion (based on U.S. T8) on the rigorous s".--,c'ure to a
metafile. There has been a move of VDC EXIN7. This :ommen:
suggests the majority of Picture Descriptor elements shculd oe
allowed in other states. -7hs is not Justified _.nder :-e s::e-
and goals of the addendum work.

Page 1-7 T253 REOPLN should be a delimiter element - agree.

Page 1-7 T27

REDRAW AL. SEGS - missing - agree

T26 - agree change

£ TIO - agree, as 3S: comment addressed earlier

TI1 - agree

3 T12 - agree - error in text

T13 - agree - add a note to the table indicating Me.afile
Closed State can exist with BEGIN METAF:..E being the only
element allowed.
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T19 - document should follow "null value rule" e.g. invis.ible. I
visible - agreed this should be done. also ensure that CC: is
the same.

T20 - as T19

T21 - agree - modify table. 3
T22 - agreed - see earlier discussion.

TE52 - agreed - wording should be changed. 3
TE63 - transformation matrix for SEC TRANS is different in CC:
- agreed to edit. 5
Japan T5 - copy segment as US comment - agree

USA/T1 General comment on errors - most of this is r-elated to I
the CGI text copying for this draft.

USA/T9 - does the grammar imply an order which is not in :he
functional description. Ordering is sensible in the Meta!i-e 3
Descriptor. This is not the case in the CM4 :S text.

Germany/Ti suggests the Met Elem List and Met Category shculd
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' (defaul:)
also have this implied category.

1U
I
I
I
U
I
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l
1 19th April 1988

3 Present

E Moeller, L Henderson. A Mumford. T Hewitt, W Brandenburg. D Arnold (par:
of day)

1. Addendum I - Continuation of Technical Work

g Category and Element Sets

Austria

Comment A1/T1 refers to element sets and metafile categories - it was
agreed that we now had a clearer definJ non 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 the3 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.

Zt was noted that making the category and element list orthongonal
results in a large number of 'profiles'. Should we allow a.:-
possible combinations of element class and category?

It may be useful to indicate in the standard which 'profiles' are
particularly useful.

CGI Related Issues

3 .Arno.d clarified the si-uation of the CCI documenz. 2oc'zen-.: ::u:
April/May. Tucson w1ll be first to pass over comments. Aug, S•e_-:
editing meeting to produce second DP which will be cut by end
year.

?4xel array has been redefined as a bl:bl" operation. This may
therefore not be relevant for Addendum : as 4t Is no longer 3r, outputSpri-mi-tve.
Most of major issues have been addressed by the CGI group.

GKS Related Issues

A/T16 - 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
and not be COPY SEGMENT. 181



Other Commwents3

United Statzs

US/T5 Scaling 'Mode and Device Viewpoint. it was agreed tnat the tex:
needs to be changed.

US/T7 RENAME and DELETE should not be in global segments. :: was
agreed at Valbonne that DELETE should not be allowed. RE-NAME was no:
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 CS state. I
Agreed with Valbonne decision on DELETE and extend to RENAME as US/T7
comment.

T14 - agree - Annex D to be extended. I
T15 - DEVICE VIEWPORT default should be (0,0) (.,1) not i d.Need
check CGI.

T16 - PICK ID default - agree, as CGI
T17 - agreed to make edit. Should the grammar be part c,-he I
standard if we are defining conformance via the grammaz.

This may be a problem for backwards compatibility with CM4 verso:n ".

T!8 - Annex E needs paragraph re generating correct CCM fzn-
information - agreed. I
T23 - END SEGMENT is not allowed in MD - needs to be.

A.El - no we cannot define new data types because of backwards fl
compatibility. Maybe an amendment? U

T71" - request for text on the differences between pC:",;res and
frames'. it was agr-eed this would be useful. No support, for aC_.ddZ 1

information on capturing frames in W'4SS.

TEI14 - new state Defaults Replacement (DR). I
6- also Austra) need to rewrite text for MAX-MUM "it C EX-E-7.

2. Parts 2-4 3
Mainly relate to Part I changes. Decided to leave this.

Amendments to CZM is Text I
i" was agreed that amendments would be useful. These are :z :e
listed by Tucson and cne procedure for fcr=alf.stng tnese scr:e-' :u:
-by ScC2U.

Addendum • 5
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 :or 1
SC24 could recognise the value of the work. The components of t"e
work could be working on in SC24.
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It was agreed that there was interest in the work progressing. The
SC24 deadline causes problems for the split of the work. The US has
people interested in the work. There are problems for the metafile
group in discussing new functionality for graphics standards. T.here
is a need to discuss these elements across application interfaces and
metafiles etc.

Group to recommend to SC24 that the work is interesting and relevant.
Although the group is aware of the SWG recommendations the group
feels that this work should be progressed in some form at SC24.

5. Addendum 2

Need to sort out the scope and purpose that can be achieved given the
f, SWG recommendations on timescale.

SC24 has approved GKS-3D extension. The London meeting found that it1 was straightforward to use global segments to extend the
functionality towards PHICS.

E Moeller noted the good quality of the document and tharnked T
Hewitt. Terry noted that the document was a team effort.

The timescale was such that no comments are available. There are
therefore no national comments.

There was clarification of the technical reasons surrounding the
current draft.

GKS-3D metafile is stored NDC

SWC

Normalization Trans
metafile - I NDC

View Modelling
L NIPC

Workstation Trans
L DC=VDC

Polyline

5 API

I1

Traverser

To access a workstation in PHIGS - open .t and post structures. A
metafile outout workstation can be defined. :f an elemen: is
ceplaced what 's wr-t-:en on the metafile.
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Functions are written to the archiver explic4t:y and :-.s Is
therefore cleaner than a metafile.

If CGM is written below API then need to store EXECUT"VE S7TRUC7URE. I
if below traverser then this is a flattened structure. -7n Addendum 2
theses are categories PHIGS and PHICSMO. The PHICS category could be
used as an archiver. U
There are only a few elements need to go from PHICSMO to PHIGS.

The metafile workstation has to handle continuous traversal. 1
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 mix.ng 2D and
3D coordinates in a metafile. All coordinates going to the I
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 archiver is not adequate for a hard copy capture mechanism. ine
metafile workstation is (probably) too flexible for this. Need z.:c
open, post and close.

The archive file format is based on the CGM. The need for a
consistet.t line format across the API standards is important. 3
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 -gham and Valbonne to do at least GKS-3D suppor- I
were reaffirmed. :t was agreed that any functions now witndrawn :f:m
OKS-3D and PHIGS will be removed from Addendum 2. 3
Allocation of Work

a; Addendum 2 descripcicn, scope and goa's 1
b UPDATE clarification

,c; C"I questions 1
(d) Mapping CGM Elements to ýKS Z-em Types E-M /AM

Iýe) 'KS Grammar Wa

(f, CM Amendments _H/AM

(g) Statement for SC24 on Addendum 3 LH

(h) op-codes I
(i) Technical changes to Addendum 2
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1 -. Co-codes

The BSI have produced a draft CC: character encoding. They have

I suggested some changes on the op-code tables in Addendum I.

Agreed to use one class for segment func:ions and that a single class
should also be used in the binary encoding.

SC2/WG8 - suggested PICK ID should be in the segment class ratt..er
than the attributes. The group felt that it was more appropriate cc
keep it with the primitive attribute elements.

It was agreed to move BEGIN FIGURE to 3/3 3/0 and to move the rest of5 the elements following that element.

The 'device viewpoint' data type referred to by SC2 has been
addressed by the German technical comments.

I
I

I
I
I
I

I
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CLUTU7 OOCUMEN1S

I. Minutes SC24/'ý-G/ ,' IS

2. Addendum 2 clarification SC24 /L.:Gf/ p..n1 i
3. Addendum 3 recommendation SC24 /(czct/ , -T •

4. UPDATE clarification SC24 I / & ,16l'

5- Draft disposition of comments SC24/WG3/CGM 1
6. Amendments to IS text SC24/WG3/CGM

7. GKSM Grammar j
8. Mapping GKS Elements to item types

I
I
I
I
I
I
I
1
I
I
I
I
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ARCHIVES AND METAFILES - very rough draft
I W.T. Hewitt

Introduction

This document will clarify the functionality supplied in CGM Addenda 2 for
the support of metafiles and archivers. of PHIGS. The 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/IEC/SC24IN1 9 CGM Addenda 1 Functional Specification
ISO/IEC/SC24/N23 CGM Addenda 2 Functional Specification

I PHIGS and .Archiving

PHIGS has explicit support for Archives via functions such as OPEN ARCHIVE,
ARCHIVE STRUCTURE NETWORKS etc, as specified 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 NETWORKS and
a copy of the appropriate structures are despatched to the file. While this
is good and satisfies a large user requirement NO workstation decendant
information is stored, e.g. the view representations or bundle representations.
PHIGS Part 2 The Archive File Format states:
0.2 Reasons for this Standard
The main reasons for introducing a Standard PHIGS archive file are:
a) :o allow structure definitions to be stored in an organised way on a
Q.rapnical software system.
:)) to facilitate transfer of structure definitions between different
gracnical software systems.c) to enable structure yefinitions to be transferred between different

Scomouter graphic installations.I.8 Relationship to otDe Standards
This standard draws extensively for its model of an archive file format on
ISO 8632....
It appears the intent is to support metafile type functionality! But if
exchiange between sites etc is required there srould also be a cnaracter
encoding and binary encodings.

PHIGS Metafile

PHIGS also has a metafile workstation facility. Again to extract from PHIGS
DIS 9592
4.9 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 forý
a) transporting grapnicai information between systems:
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b) transporting graphical information from one place to another (for example I
by means of magnetic tapes);
c) transporting graphical information from one graphical application to
another (for example, between P.HJGS applications and applications using other I
graphical standards);
d) storing accompanying non-graphical information..

The major difference to the archive above is that workstation dependent I
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 I
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? I
Does it go to all open workstations?

CGM, and CGM Addenda 1 3
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: I
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
graohical 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 support GKS and hence the introduction of addenda 1

CGM Addenda 2 5
This addenda was added primarily to support GKS-30. At that :ime it was very
likely that namesets etc would be added to GKS-3D. The implication of that
was taken into account at the London Meeting. It became clear at that time 1
that by adding three functions to the CGM a great deal of suoport for PHIGS
could be supolied. Those functions were EXECUTE STRUCTURE. SET LOCAL
TRANSFORM and SET GLCBAL TRANSFORM. All the other functions necessary to
suoport GKS-3C and .HIGS were aireacy in the document. The acdition of these I
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 'he
structuring features of PHIGS) - session caoture I
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. 3
Discussion

Clearly for a PHIGS implementer there is now the choice of three standards to 3
help him develoo his iolementation:

188 3



I
I

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 a5 family of compatable 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 EXPUCITLY 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 workstation(hardcopy device)post structure network(fred~hardcopydevice)

close workstation (hardcopy device)
The disadvantage of this functionality is that if the user forgets the close
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 addedl For example the following instructions would be provided:
open archive
output structure network and representations to archive (call this XYX)
close 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 acton of XYX
is:
1) NEW PICTURE
2) Output bundle reps
3) Output structures
4) end frame

3 That is XYX explicitly creates a frame in the archive!

Options

I Follows are a list of options to rationalize the situation. There are extremes
and the expectation is some more moderate solution 's feasible

J ~a) Orop PHIGS part 2 and cart 3, use CGM adldenda 2

a) o0rop the PHIGS sections of CGM Addenda 2. Add a character and binary
encodings to PHIGS ArchiverIC) Upgrade CGM Addenda 2 to be a suoerset of CGM. CGM Addenda 4, CGM Addenda 2
(GKS-30 support) and PHIGS pan 2 and pan 3.
d) Remove the PHIGS workstation category MO and Mi.

5 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 ou Addendum 3

The CGEM Rapporteur Group within SC24/WG3 has reviewed the proposed .WI
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 g•apaics
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 metaffles, but to API and other areas
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,.

1I
I
I
I
I
I
I
I
I
I
I
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Information Processing Systems -

Computer Graphics -

!letafile for the Storage and Transfer3

of Picture Description Information

Scope Of SpecificationI

Addendum 31

Draft Document 1.1

June 21, 1988
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P
The purpose of this addendum is to extend the CCM to effectively fulfill
the picture transfer requirements of:

3 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 of3 office systems, especially ODA requirements.

5 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.

The following preliminary list of capabilities is identified as necessary
to meet these requirements.

1) Advanced 2D graphics, to include:
- Sezier curves
- Rational S-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 9541, Information Processtng--Font and
Character Information Interchange.

3) Picture composition and zontrol, to tnclude:
Arbitrary clipping boundary 'general closed curve)
Shielding
Alignment

4) Additional color models beyond RC3

- CIE
- CMY3

- Named colors

5) Additional rister graphics (scanned image) :aoabtilttes

3 Symbols: external rqference to 'standard- libraries of named symbols

7he scope of this iddendum assumes that the capabilities of :ZM addendum L
and addendum 2 are available.

3 193

I



I

CCM 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, 1
the preperation of graphic arts quality presentation materials, and
technical publishing.

A recent workshop sponsored jointly by the NBS and Eurographics, entitled I
"The CCM in the Real World", examined this issue and concluded that the
CCM lacked capabilities to effectively meet some advanced user needs. As
an example, for engineering drawingsm It is difficult if not impossible to
effectively represent some higher-level constructs, e.g. splines and
curves. Though such constructs can be simulated with simpler primiti'es
amn the CCM at present, it is Lmmposiblr to maintain accuracy and 'tsua.l
continuity and still retain device independence.

In all cases, there Is a requirement to expand CCM text to include font
definition capabilities that are consistent with the ISO DP954l font
standard. The font definition as it exists In ISO 8632 (CCM) is too
general for practical use. Even though several fonts are identified In
the TOP V3.0 CCM applicationProfile, these fonts are not adequate for
publishing and graphics arts applications.

Many publishing and graphic arts systems use color models other than RG3.
For efficiency and ease of implementation In these areas, for example,
additional color models are needed, It also became apparent at the I
workshop that the Cell Array primitive in the CCM is not adequate for most

applications that use raster graphics. Thus, this addendum will also
provide additional raster graphics capabilities. I

1
I
I
I
I
I
I
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yAavneaA 2L=z Reguiraments LJL cCM

- ----------------: : : (CALS)

User Future Eng Tech Business Office Publishing
Requirmentl Need Drw Man Graphics I Systems

--------------------- --------------------------------- :-------------------------------
Advanced Bezier X X X X X
2-0 Rqts. Curves

Path X X X X a
IPen - ? ? -

Closed. I X X X X
SaFigures

User-defined X X X a X X
1linetypes

Cap, join, X X X X

miter
B-Splnes X .

I ----------------------------------------------------
Text / ISO DP 9541 - K K X
Fonts a aa

Compatible X- XX X

Text and
Fonts

Arbitrary - X X X X
Path

"";---------------------------------- -------

:omoound Arbitrary X X
Documents ;Clipping bdy

Alignment X K - X

SShielding K X X -X

holor :nterpoiated - X -

Fill

:MY3

I I E

lamne :zne - -- a -

I :oiors
-------------------------------------------------------------------------------------

I
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Advace Us= Reqirg~ment L= =CM (cntnued)

i g (CALN) I I
User : Future Eng Tech ! Business Office 1 Publishing

Requirmentl Need 1 Drw Man 1 Graphics I Systems : I
- --------- ---- -- -- --- ------------------- -

: Edita- Application X X X

1 bility structures

Segmentation X X I X X X

1 Efficient X X K - x
Random
Accesss
Macros XI

*----------------------------------*------------------------

Compact- Storage X - X -

ness
: :Transfer X X X--

--------*----------------------------*----------------------

Image Raster X X X K
I Attributes

Device K KX X
1Independant I

Raster Data

Symbols 1 External X K K K
Named I
Libraries
User Defined XX
internal1

Libraries
----------------------------------------------------------------------
?atterns/ User Defined X
Hatches

Additional K X
Standardized Some Some
'Carson) I

l
I

3
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3etaflie for the Storage and Transfer
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I
Part 1U

I Functional Specification

3 (Clause 3)

I Addendum 3

Draft Document 1.1

5 June 21, 1988
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CGH Addendum 3 Clause 3 Specification VI.0 June 20, 1988 3
Page 6

Subclause .3: Add or change che following entries: 
1

colour model: A specification of a 3D colour coordinate system and a 3D
subspace In the coordinate system within which each displayable colour ts 1
represented by a point. Some colour models include a fourth. redundant,
dimension to allow the independent representation of black. For the purpose
of ISO 8632 colour model refers to one of ROB, CIE L*uwv*, or CYMK. 3
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
(ROB, CIZ L.uwv*, 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. 1
RCS: An additive colour model, well matched to colour display monitors.
whose values are defined by the normalized weights of Red, Creen, 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 u-,. ll
(Chromaticness). 1
CTMK: A subtractive colour model, common In the printing industry, which has
cyan, magenta, yellow, and black components. I
spot colour: An exactly defined colour with a registered name.

1
I
I
I
I
3
I
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CGM Addendum 3 Clause 4 Specification V1-0 June 20, 1988 1

Page 10

Subclause 4.3: Add the following to tre list of elements given in 3
the first paragraph of thzs clause:

COLOUR REPRESENTATION METHOD 3
Page 10

Subclause 4. 3. 2. 1: dd the following elements to the list. 3
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 101

Subclause 4. . 2. 1: Add the following to the list of elements gi'en
in the second paragraph of this clause: I
COLOUR REPRESENTATION METHOD

I
Page 12

Subclause 4. 4. 2, first line: I
Change "direct (RGB) colour'"

into "'direct colour" 1
Page 14

Subclause 6. '.6, second paragra3ph. frst 2.ne:

Change RC3

nto'a direct colour"

Page Z 4

Subclause . .5. 2: add the following to :.he end of -the subclause: 1
7he PEL ARRAY CLIP RECTANGLE is not affected by the setttng of :he :L:?
INDICATOR eLament. ?eL array clipptng Is assumed to je always on The
•.efault PEL ARRAY CLP? RECTANGLE 1s Lsted ýn clause 6.

.=age ,5 3
Subclause 3. 6: add "-he {olor'ng to .he .s•:

CONIC ARC
PARAMETRIC SPLINE CURVE
RATIONAL 3-SPLDNE CURVE
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RATIONAL B-SPLINE CURVE CLOSED
COMPRESSED PEL ARRAY
COMPRESSED PEL ARRAY TILED

3 Page 15

Subclause 4.6: add the following to "The line elements ire:- lis:

I CONIC ARC
PARAMETRIC SPLINE CURVE
RATIONAL B-SPLINE CURVE

Page 16

SSubclause 4.6: add the following to "The filled-area elements are:

li st:

3 RATIONAL B-SPLINE CURVE CLOSED

Page 16

P Subclause 4. 6: change "'The cell array element is:" to '.e cell

array elements are:- and add the following to the list:

3- COMPRESSED PEL ARRAY
COMPRESSED PEL ARRAY TILED

1 -Page 16

Subclausa e. 6. 1. 1. change subclause to read .,he following:

1 •,. ,."I .escr.ip.ion. There are two general line elements - .OLTL:!1E and

OISJOINT POL'iLINE - four line elements relatLng !o circles, ellipses and3 conic arcs, and two elements that relate to spline curves.

'age 16
P Subclause Q 6. 1i.1: change the end of :.te subclause:

:0N:C ARC generates a parabolLc, hyperboiLc or ell'nttza,
arc: the -araametertzation of the arc(s) Is

descrLbed trn 5. 6. '.

2Xx 3PLI:,E :UR'VE generates a sLngle spLtne cr"e: :-.o seoarat-
oar'mecertzaclons of :fte soline :'jr-ve are

Possible. these are desc-tbed tn 5. a. ( and
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Page 26

Subelause 4. 6. .1. -7: change the last sentence of the subclause to
read:

"The ARC and SPLINE primitives...3

Page 17Subclause 4. 6. 4. 1: change the second sentence of the subclause to
read:

"In addit ion there are seven elements that...-I

Page 18

Subclause 4. 6. 4.1: add the following to the end of the subcla&,se:

RATIONAL 3-SPLINE CURVE CLOSED ginerates a closed 8-spline curve:3
the set of styles is the same as
for POLYGON.

Page 18

'Subclause 4..6.4~.J 2nd paragraph: change the sentence to read:3

"The circular, elliptical and B-spline fill primitivres..."

Page 213

Subclause 4. 1. 5: add the following to thýe list:3

C~oMPRESSED PEL ARRAY XXX represents a rectangular binary tmage
compressed according to the CCITT 74 or
'16 facsimile recommendations: two
parameterizations are possible, one
corresponding to the normal facsimile-
size 4mage, and a tiled format for large
Images: the elements are described inI
5. 6. X and 5. 6. X-..

?age -'31

Subclause .4. 6. 5: idd th-e following it :-he dnd of :the subt:lause:

i Z-i o Cllfloifl of th pen l arra elmeants Ls Icooihd -s.th~e ?EL ARRAf CUP6 RECTANCLEE. Since the pel array clipoing 'mode is 3 a-.,as
assum~ed to be 'on , all pei array elements to be displayed Can be consi'dered
:lipped. The default Pei array clip rectangle is listed in Clause o; 7ýe
PEL ARRAY CLUP RECTANCLE element affects the pel a~rray element ~-natimmediately follows it in the metaflite, or if no Pei array eiameitt
immediately follows, it affects the last Pei array Previously edthis way, multiple clipped pel arrays can be created by 1mvi; Ireferencing just one occurence of a pel array element.
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4.6.5.2 Positioning. The position of a clipped pal array element is defined
by the PEL ARRAY 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 immediately before It, the array is positioned at the last

reference point previously defined. The effect on whatever might already be

positioned at a given reference point Is implementation-dependent. If a

reference point appears with no p.l array Immediately following Lt. a

duplicate of the last pel array previously defined is postioned and displayed

at the reference point.

4.6.5.3 Tiling. For further work, will be based on the Tiled Raster

interchange Format specification (TRIF 2.0). The state of this specification

within CALS and 8613 part 7 is too unstable to begin work yet.

Page 19

Subclause .6.67: add the following after the subcliuse:

4.6.8 Conic Arc Element

***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 CCM. 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 UX3, ICES provides a mechanism to

concatenate matrices to eventually arrive at the desired orientation 4.n model
space. The CCM has no such mechanism. In addition, the entire specification
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 some more time investigating other possible
algorithms.

4.6.3.1 . eowetrfc Concepts. The conic arc is defined by the star: zoint. end
point and the six parameters A-F. To determine the form of :he :oniz arc,
the quantities QI. Q2 and Q3 are defined as follows:

A 3/2 D/2
QI - determinant of 3/2 C E/2

3!2 7-2 F

'.2 - determinant of A 3,Z :

3,2

1f Q2>0 and (Ql-03)<0. then tne arc ;s et!•tlcal>
.f Q2<0 and 0l(. then the arc Ls hvoerbolic:

tf Q2-0 and QI<)0, then the arc Ls zarabolLc.

rn the case where the conlc arc Ls ejILtLcal. to disti~nuish •he ar: .i

question from Its comoiiment. t!e direction of the arc 'with rescec! -o "TC
space must be from start point :o end ooint in a counterciock-wise ect;o.'

In the case where the conic arc is zarabolLc or hyperbolic, :he
par3meterization defines a unique portion of tne parabooa cr a Lue -' -

of a branch of the hyperbola, tnus the direction is irrelevant.

1 203

I



CGM Addendum 3 Clause 4 Specification Vl.0 June 20, 1988 3
4.6.8.2 Paramecerization. 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:

ACX**2) - OXY - CC(Y.2) - DX - EY - F - 0

This parameterization assumes that VDC space is 4 quadrant cartesian I
coordinant space. The CONIC ARC TRANSFORMATION MATRIX element is then used
to properly position the arc in the CCM one quadrant VDC picture space. 3
4.6.9 Spline Curve Elements

4. 6. 9. 1 Parametric Spline Curve. The parametric spline curve Is a sequence I
of parametric polynomial segments. The definition of this class of curves
generalized to allow for the representation of many different parametri:
spline curves using only one element. The following curve types have been
assigned:

1: linear
2: quadratic
3: cubic
4: Wilson-Fowler
5: modified Wilson-Fowler
6: 3 spline

4.6. 9. 1.1 Parameterlzation. The degree of continuity parameter indicates -he
smoothness, or continuity of the curve with respect to arc length. The curv,•e
can either be continuous at all break points, continuous and have slope
continuity at all break points, or be continuous and have both slope and
curvature continuity at all break points. 3
The number of segments parameter is the number of polynomial segments to be
used to define the curve. Each XY polynomial segment is evaluated using :he
eight polynomial coefficients associated with that segment
(AX,3X,CX,DK,AY,3Y,CY,DY). Each segment is delimited by its respective I
breakpoint.

4.6. ý. 1. 2 Ceomecric Concepts. The following cubic polynomial equations
return the coordinates of the points of the i-th segment of the curve. No:e
that the coefficients 0, or C and 0 wilU be zero if the polynomials 3re 0_
degrees 2 or 1, respectlvely: 3

X(u) - AX(L) . 3K(i)(s) - X(I)(s..2)
7(u) - AY(L) - BY(L)(s) - CY(i)(s.w2)

where T~i) In u -Ti-l),i... and s u - T(i). I
The terminate point and derivatives are derived without zomputlng -he
polynomials by evaluating the Nth polynomials and derivatives at u - -''1.
Ii. These data, divided by tne 300roDriate factorial ,..e. :he secona I
derivative divided by Z! , the thi!,d by 3!). are used as the N-.I or -erinae'13
point values.

I
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4.6.9.2 Rarlonal S-Spline Curve. The parametric equation governing the
definition of the rational 8-spline curve is shown in the following
expression:

w(0)*P(0).b0(t) w(1).P(I)*bl(t) W(K)*P(K)*bK(t)

-- --- - - -- - -- - - -- --- - -- - -- - -- -

W(O)*bO(t) W(l)*bl(t) w(K).bK(t)

where W(i) are the weights, P(l) are the control points and bi(t) are :he
basis functions. The basis functions are all non-negative pLecewise
polynomials determined by the degree and the knot sequence. The knot
sequence is a non-decreasing list of real numbers T(-M), ... T(O), ... T(K-l).
Each basis function is supported for the knot sequence interval IT(L-
M),T(i-I)], where M Is the dgree of the basis function. 3etween any two
adjacent knot values, the corresponding basis function can be expressed as a
single polynomial.

The curve Itself is parameterized where:

startparam <a t <- end.param,
T(O) <- start-param < end-param <. T(N)

Thus for any parameter value t between T(O) and T(K-1), the sum of the basis
functions satisfies the following identity:

bO(t) - bl(t) * .... . bK(t) - 1.

:f all of the weights in the weight list are not equal, then th4 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.XX Compound Line

The comocund line elements consist of the two elements. 3EC:N =MPCUND .:IN
and END COMPOUND LINE. These elements permit the definition of a :ine that
consists of a number of distinct elements, such as straight lines and arcs.
which is treated as if it were a single line element. Thus. for example.
Line style would apply without change or interruption past a straight line

segment onto a following arc segment. Likewise. the ends of the tartous
:omoonent elements of the compound line are not treated as line end.cans bu:
rather as line joints.

4.X.X Compound Text Path

The comoound text path elements consist of the two elements. 3ECTNI COMPOUND
TEXT ?AT11 and END COMPOUND TEXT PATIT. t: ;s functional>y identical to
Comoound Line, except that It -s used as a base Line for text placement.
ratner tnan irawn by an interpreter.

The Zomoound Text Path permits arbitrary. complex placement of text. Each
aont symbol Is placed with its reference point ind alignment according to

tangent to the Compound Text Path. This LmollcLt rangent is the logical base
line for each character cell. If 1 symbols reference point aligns -;tti -ýe
,unction of two line elements of the Compound Text Path'. the logcal base
line Is the line perpendicular to the perpendicular hisector of ?he tangents
of both elements, passing through the reference point. ?ositionLn13 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 is1
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 3
REGION, BEGIN SHIELD REGION, END SHIELD REGION, CLIP INDICATOR, and SHIELD
INDICATOL

The concepts of clip and shield regions are complementary. The clipping 1
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 I
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. 3
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.

Page7 1
Subclause o. 7. 7: replace che currenr rexr body wirh the : o. aw'ez

The CCM must be able to represent colours in a manner suitable to a broad I
spectrum of graphical devices and systems. Towards this goal, the =M uses
three colour models (RC3, CIE L.u*v*, CYMK) and spot colour. The Metaf Lie
:escrtptor element. COLOUR REPRESENTATION METHOD, allows metaf!le ;enera:ors
to specify which one is being employed.

The XG3 additive colour model uses a 3-tupie of values providing :he
normalized weight of the red (R). green (C), and blue (3) components of the
cesired colour. This model is used in colour tonitors. film writers, and
inout scanners. The source and destination graphical devices must be
":orrectly' calibrated in order for a point in this model to be perceived as

:he same colour on both devices.

The E L,,u.,'* uniform coLour modei uses a 3-tupLe of values provlding :he
normalized luminance c-). red-green chromaticness luu,). and blue-vellow
chromaticness (v'w components of the desired colour. The advantages of :he U
iodel over the others are (1) tt separates chromaticness from Luminance

(allowing for easy monochrome display). (2) it is a uniform space for small
colour differences (the Euclidean distance between t'.;o points in :his
iodel is more or less proportional to their perceived difference,, and (2) I
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-tuple of values providing the

normalized weights of the cyan (C), yellow (Y), magenta (M), and black (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 RCB 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 with

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 theI 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*uiv* coordinates.

The CCM provides two mechanisms for colour selection: 'direct' and
I indexed'. In 'direct' colour selection, the colour Is specified by
providing values for its normalized components (colour model) or by provtding
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 :olour
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 :ae colour table. This eeemen: may
appear throughout the picture body. However, the effect of thanges Ln tie
colour table on any existing graphical prtmittve elements that use tieaffected indices is not addressed in this Standard.

Direct colour model values are either a 3-tuple or 4-tuole of values
providing the normalized weight of the desired colour comoonen:s. :n :he
aostract. eacn :omaonent is normalized to :ne zoncinuous range of :eal
numbers [0.11. In a metafile, direct coiour model value :omoonents are
integers, and the MetafiLe Descrtptor element, COLOUR 'IALUJE aX7ENT aows
metafile generators to specify the minimum and maximum metafl~e direct
zolour iodel values for normali:ation.
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Pase 41

I 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.

Iwith

MD Model Direct Three-tuple or four-tuple of non-negative
real values for colour definition within
one of the three supported colour models.

CD Colour Direct String or Model Direct (as determined by
COLOUR REPRESENTATION METHOD).

- Pages 47-48

Sub-clause 5. 1. 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 fLeld width
measured In units applicable to the specific encoding.

Although the form of the parameter is encoding dependent, the paramecer is a
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 element.

Pages 8-4g9

Sub-clause 5. 3. 10: Replace the descriprion as follows:

The parameters represent an extent which bounds the direct colour model
values that will be encountered in the metafile. It need not represent the
exact extent of colour model values contained in the metafile.

Page 54

Subclause 5. 3: Add the following meraf.le 7escrjpcer Elements:

5.3.X COLOUR REPRESENTATION METHOD

?arameters:

:oiour reoresentation method (one of: .C3, ':E

:"MK, spo t colour) (E)

Description:

Four methods of colour representation are supported: by one of three
colour models (RC8, CIE L,,uv-,, CYMK) or by spot colour (n3mes).

Only one zolour cepresentatlon method nay be used 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, 1
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 Metaftle Descriptor, after 3EG:N 1
METAFILE and before BEGIN METAFILE BODY.

References:

4.7.7 1
5.3.X FONTMETRIC DEFINITION 3

Parameters:

font index (IX) I
character index (C)
left bearing (format to be determined)
right bearing (format to be determined) I
character height (format to be determined)
offset from baseline (format to be determined)

Description: 3
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 metaftle may also be specified, I
but are not required.

References:

5.3.- CHARACTER KERNING MODE 3
Parameters:

character kerning mode (one of: none, pair, sectored) (Z) 3
Description:

DefLnes the kerning stele, if any, for the metaftle.

References:

5.3.X CHARACTER KERZING TABLE 1
Parameters:I

7o be determined.

Description: 3
The data defined by this element will be dependant upon which. Lf anv'.

kerning styles are supported. rn general, however, the information
will be that which is required to kern characters. 3

References:
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5.3.Z 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 VDC space because higher precision may be
necessary to accurately define the fontmetric data. However, if 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, FCS REAL PRECISION, or FCS EXTENT)
need be specified.

References:

5.3.x FCS INTEGER PRECISION

Parameters:

Encoding dependant.

Description:
The indicated integer precision for fontmetrtc data. The precision is
defined as the field width measured in units applicable to tne specLf£z
encoding.

References:

5.3.X FCS REAL PRECISION

Parameters:

Encoding dependant.

Description:
.The indicated real precision for fontmetrtc data. The precision is
defined as :he fLeld width meas'ured Ln .inl:s aopL:able 'o :noe s f-
encoding.

References:

5.3.x CAP HEICHT

Parameters:

.0 oe determined.

Description:
To be determined.

References:
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5.3.X FCS EXTENTS

Parameters:

first corner (P)
second corner (?) 3

Description:
The two corners define a rectangular extent in font coordinate space
that demarcates a two-dimensional Cartesian coordinate system. Each
character definition within a font must be defined completely -ithin U
this coordinate system.

*** NOTE .*. The need for this element is specified In ISO 9541-5, I
clause 4. The intent of this element is to address the needs outlined
by ISO. Additional works must be done.

References: 1

Page 55

Sub-clause S. 4. 2. first paragraph of description:

Change "red, green, and blue** Into "direct" 3
Page 571

Sub-clause 5. 4. 7, first line of second paragraph of descr.ýc'on:

Change "R3'" into "a direct colour ýalue" 3
Page 60 1

Subolause 5.5Y: .4dd the !oi~or~ng :ont.-oi !.eserr:s:

5.5.1 BEGIN COMPOUND LINE 3
Parameters:

none

Description:
3EC:N COMPOUND LUNE delimits :he beginning of a deflni:ion of a
:hat -il have consistent iLne attrjbuces and wil 6e :reazed as 3
single "compound ortmltive. The elements :nat mawe up :he comoouna
lLne can be any combLnation of non-closed Line elements sucn as
?OLYLINE, C:RCULAR ARC 3 ?OrNT. C:RCULAR ARC CENTRE. EL-:?o:,AL ARC,
(new curve elements>. 1

References:

5.5.X END COMPOUND LINE

Parameters: I
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none

SDescrlpConri:
END COMPOUND LINE delimits the end of a compound line definition.

3 References:

3 5.5.1 BEGIN COMPOUND TEXT PATH

Parameters:

i none

Description:
SBEGIN 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 POLYL:NE,
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:

5.5.X END COMPOUND TEXT PATH

Parameters:

none

Description:
-- END COMPOUND TEXT PATH delimits the end of a compound text path

definition.

3 References:

5.S.X BEGIN CLIP REGION

?arameters:

none

Description:
BECIN CLIP REGION delimits the beginning of a deflnt:ton of a entt:y
that will provide the clippLng region. When CLIP INDICATOR Ls on
only the portions of graphLcs elements inside or on the boundary of --e
clipping region are drawn. The elements that make up the Clippi' ig
region can be any combinatton of closed or non-closed elements such as
POLYLINE, DISJOINT POLYLINE, POLYGON, POLYGON SET. CIRCULAR ARC 3
POIINT. CIRCULAR ARC 3 ?OINT CLOSE, CIRCULAR ARC CENTRE. ":RCULAR 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. END CLIP REGION

Parameters: 3
none

Description: 3
END CLIP REGION delimits the end of a clipping region definition.

References:

5.5.Z BEGIN SHIELD REGION 3
Parameters:

none 3
Description:

BEGIN SHIELD REGION delimits the beginning of a definition of a ent•7
that will provide the shielding region. When SHIELD INDICATOR is on I
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 POLYLTNE, DIS.:•C:J7
?OLYLINE, POLYGON, POLYGON SET, CIRCULAR ARC 3 POINT, C:CCULAR ARC l
POINTr CLOSE, CIRCULAR ARC CENTRE. CIRCULAR ARC CENTRE CLOSE, ELL:?T ZAL
ARC CLOSE, or <new curve elements). The entity thus defined is
essentially a closed figure whose boundary is used as the shielding
boundary.

References: 3
5.5.X END SHIELD REGION

Parameters:

oneI

_TND SHIELD REGION delimits the end of 3 shielding region ýeflnitton,

References:

2
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5.S.X SHIELDING INDICATOR

Parameters:

3 shield indicator (one of: off, on) (E)

Description:
When SHIELD INDICATOR is 'off*, shielding of graphical primitive3 elements is not required.

When SHIELD INDICATOR is 'on', only those portions of graphical
primitive elements outside of the shielding region are drawn.

I References:

Page 6d

Sub-clause 5. 6. 9: Add the following at the end of the :hird3 paragraph of the description:

Note that COLOUR PRECISION only applies to direct colour model values.

I Page 77

5 Subclause 5.6: Add the following Graphical Primitive Elements:

5.-.X CONIC ARC *.*PRELIMINARY***

3 Parameters:

start point (P)
end point (p)

-- A,3,C,O,E,F (5R)

Description:I] 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 'y the six parameters fn the foJw4_g

equation:

A(X*-2) - BXY - C(Yww2) * DX * EY - F a 0

:n order for the conic arc to be processed correctlZ by :he recetv~ng
system given :he above rearesentarion. the conic arc entity iust be
posLtLoned such chat each of iLts aa s L arallel to either ")e :X •xis
or fT axis. The arc Is then positioned correctly in IDC soace ty usLng
.ne 7alue of the :CNrC ARC 7RANSFORMAT:GN MATR:X ejement.

To determine the form of the conic arc. tne quantities ^L. 02 and Q3 are
defined as follows:

B , /2 D/2
Q1 a determinant of 3/2 C E/2

D/2 E/2 F
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Q2 - determinant of : A 3/2
3 /2 C 1

Q3 - A - C 3

If Q2>O and (Ql*Q3)<O, Lhen the arc is an ellipse.

If Q2<O and Ql<>O, then the arc is a haperbola. 1
If Q2-0 and Ql<>O, then the arc is a parabola.

In the case where the conic arc is elliptical, to distinguish the arc Ln 1

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. 3
In the case where the conic arc Is parabolic or hyperbolic, the
parameterization defines a unioue portion of the parabola or a untiue
portion of a branch of the hyperbola, thus the direction is irrelevant. 3
The direction of the conic arc with respect to VDC space is determined
by the original direction of the arc in definition space. in conJunctionr
with the action of the CONIC ARC TRANSFORMATION MATRIX element.

References:

5.-.X CONIC ARC TRANSFORMATION MATRIX -w*?RELIMINART***

Parameters: i
matrix elements

if the VDC type is 'Integer',
RII,R12,R21,R22 (41)

if the 7DC type is real,

R11, R12,R21.RZ12 (4R)

coordinate offset (P) 1
Oescriptton:

This element is Intended to work Ln conjunction withi the A RC
element to transform the conic arc from definition soace to 12C space.
The Transformation Matrix entity transforms the definition space Zoin:
coordinates by means of a matrix multiplication and then the aadlt4ion of
an offset.

The notation for this transformation is as follows:

RI.I ;U2 Kin . 2. (ouc I
R21 p22 'fin 72 out

where !RiB! is the transformation matrix. (Xin,'ln) is the ccordinate :o
be transformed, (TI.T2) is the offset, and (.out.'out) Is the coordna:e 1
resulting from the transformation. 3oth the input and output coordinate
systems are assumed to be orthogonal, cartesian and rtght-handed.
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References:

1 5 .6.6 PARAMETRIC SPLINE CURVE

Parameters:

3 curvetype (IX)
H-degree of continuity (1)
N-number of segments (I)
T-break point list for polynomial ((N-1)&)
X coordinate polynomial list (N sets of four)

AX,BX,CXDX (0*4A)

Y coordinate polynomial list (N sets of four)

AY,BY,CY,DY (N*4R)

U Description:
The parametric curve to be drawn Is defined as follows:3 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 curvetype parameter indicates the type of parametriccurve as it was represented in the sending system before being convertedto this generic form. The following curve types have been assigned:

1: Linear
2: quadratic
3: cubic
4: Wilson-Fowler
5: modified W4Ison-Fowler
6: a spline

Values above 6 are reserved for registration and future standardization,
and negative values are available for Lmplementation-dependent use.

The degree of -.ontlnuity parameter. 9, indicates the smoothness, or
continuity of the curve with respect to arc length. If H-O. -he curve
is continuous ac all break points. If H-I, the curve Is contt'-;uous and
has slope continiuity 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, N, is the number of polynomial
segments to be used to define the curve.

The parametric spline curve is displayed with the current line

attributes.

*** Additional info. on degeneracies required ...

References:
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5.6.X RATIONAL B-SPLINE CURVE

Parameters: 3
K-upper index of sum (1)
M-degree of the basis function (I)

equation-type flag (one of: rational, polynomial) (E)
periodic flag (one of: non-periodic, periodic) (E)
T-knot sequence list ((K-M-2)R)
W-weight list ((C--)R) U
control point list ((K-l)P)

start..param,end..param (2R)

Description: 3
A rational spline curve is drawn which is defined as follows:

.*. Additional info. required. **. I

Valid values of the upper index and degree paramenters are non-
negative Integers. 3
Valid values of the control points are such that no two adjacent
points are coincident.

If all of the weights in the weight list W are not equal, then the 3
equation-type flag is set to Rational, otherwise the equationt:ype flag
is set to Polynomial.

References:I
4.

5.6.x COMPMESSED PEL ARAY i
Parameters: 3

T-encoding type (one of:T4,7T) (E)
P-pel path (one of:O,90,180,270) (E)
L-lIne progression (one of:40,270) (E)
S-pel spacing (R)
spacing-ratio (R)
M-number of 3els oer line (7)

4L-number of lines (.) I
pel array (3S)

Description:
A comoressed pel array image is defined as follows:

7he encodLng type parameter. T, specifies the CC:TT compression form:
used to encode the image. rf 7 is specifled as *T7', the image 'Ls

encodea accordLng the one or :*o dimensional scheme defined in •C7
RecommendatLon 7. 4 (Grouo 3 facsimLle). f 7 is '76", the Lnage .s
encoded 3ccordLng :o the two dimensional scheme defined in ::..7

3ecommendarton T. 6 (Group , facsimile).

The position of the upper Left-hand corner of the clipped nel array ;s
defined by the reference point (See ?EL ARRAY CLUP RECTANGLE). I
The pel path parameter, P, is the direction of progression of successi:e
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pals along a line relative to the VDC X axis. This parameter, in
conjunction with the pal spacing, S, and the number of pals per Line,. M,

implicitly define the line position, Length and granularity for each
line in the decoded p.]. array. The spacing...ratio Is defined as the
ratio MIS, where *M" is the distance in Basic Measurement Units 13MUs -

1200 BMUs per inch) between two successive lines of pels, and 'S* is ti~e
distance In BMUs between tw.o adjacent pals in a line.

The line progression parameter, L, Is the direction of progression of
successive of pal lines and is expressed as a direction relative to P.
L., in conjunction with the spacing..,ratio 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 pals can be determined as follows:

LS = spacing...ratio w S

The pel array itself is stored in the formats defined by T. encoded as a
bIt-stream.

References:I 4.

3 ~5-6.x PEL A.RRAY TILED ... PRELfIMINART*.*

Parameters:

T-encoding type Cone of:bitmap,T4,T6) (E)
P-pei path (one of:O,90,180.270) CE)
L-line progression (one of:90,270) CE)
S-pei spacing CR)U ~spacing...ratio CR)
NIT-number of tiles (1)
N-nuinber of pels per line (1)
MIL-number of lines (Z)

Tfl-tile dimensions (21)3 pal array (3S)

30scriptIon:

A t..led pa1 array image Ls defined as follows:

*** Additi.onal specifeation required. .

3 References:

5.6-x ?EL ARRAT =?P 1EC'TANCLE

I P2arameters:

I. first corner (?)
second corner()

Descript ion:
The element defines the rectangular area of pals in the lecocded zei
array that is to aopear in the metaf L~e picture. This element shou-.1
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immediately precede the COMPRESSED 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. wnere
Xl<sK2 and Tl<-?2. 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 Ln 3
VDC space. The first pel defined by (Xl.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 I
Inside or on the boundary of the pel array clip rectangle are to berendered.

References: 3

5.6.X PEL ARRAY REFERENCE POINT I
Parameters:

reference.point (P)

Description:
The pel array reference point defines the upper left-hand corner of :he
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:

pige 97

Subclause 5. 7: Add the followl'.g atri.bute alezen:s: 3
5.7.X LINE TYPE DEFINITION 3

Parameters:
lirtetype r:x) 3
dash unit selec:or (one of: 7DC, -nm. nati've dertce n.nts, abstract z,
dasn repeat lengtn (R)
adaptive flag (one of: no. -es) •E)
!'s: of lash aeements ,.rI'

Description:
This element defines a linetvpe and associates Lt wt:n an index -or
future reference. Parameter LinetLoe is the index of llnetvoe beinI
defined. The parameter list of dash elements is the definiiocn to -e
associated with the index. The first element is a dash, second a soace,
etc. -- the defined linetype is solid for II units. gap for i. units.
solid for 13 units, etc. 11 'lust be positive, and each dash e;emen:
non-negative. 4=i reans a solid Line: I-O Interpreted as a dot.
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The units of the 'dash repeat length* are specified by the 'dash unit
selector* parameter. The value of 'abstract' indicates that :he
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 gapsarray defined such that they begin and end with
inked or "pen down" portions).

References:

5.7.X HATCH STYLE DEFINITION

Parameters:

hatch index (MX)
style indicator (one of: parallel, crosshatch) (E)
hatch space units selector (one of: VDC. mm, device units, abstract)
angle (2R)
duty cycle length (R)
list of hatch elements (nl) - 1>-O, 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 def-Lnes
alternating line width and gap width -- L.e. , the width of a natch ?L.e
followed by the width of the space to the next hatch line. The center -f
the first hatch line is matched up with PATTERN REFERENCE PCVIT. if
implemented. 0 interpreted as thinnest line width available.

The 'hatch space units selector* soecifies the units of 'duty :vc-e
length'. :t also controls the manner of t:ransformation of tne na:zn-•:
:f 7DC, then the hatching transforms with segment tcansform ana
anisotropic transforms (as if hatching had done ?OLYLNES): otchervitse.
the hatching is like "wallpaper- that shows through the polygon-snaoea
hole -- everything is defined in device units and hatching performea ;
device space. The 7alue of 'abstract' Indicates that :he Lmplementa:":
nay normalize and map the sum of the list of hatcn elements at Lts
iiscrctlon. The 'duty cycle length' ;s menstired perpendicular to -ne
hatch line. The sum of hatch elements in the hatch element !Lst :s
normalized to this distance before presentation of :he hatch on :nesurface.

The 'angle' parameter is me3sured in the units soecifLed by :he ha::-
space units selector'. tt consists of two components. dx and d-.
defining a vector.

221



CCM Addendum 3 Clause 5 Specification V1.1 June 21, 1988

5.7.X LINE CAP

Parameters: 3
line cap indicator (one of: butt, round, projecting square) (T)

Description:
The line cap style is defined for subsequent line elements. The line :a;
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 endpoLnt, there is no
projection beyond the endpoLnt. 3
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, 3
projecting square cap: the line is squared off at a distance equal :o
half the line width beyond the endpoint.

References: 1

5.7.X LINE JOINI

Parameters:

line join indicator (one of: miter, round. bevel) (E) l
Description:

The line join style is defined for subsequent line elements. 7he 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 Ls filled
in, producing a rounded corner.

bevel join: the adjoining line segments are :erminated -i:n a bur:
cap, and the resulting triangular notch Ls ftiled in. I

References: 1

5.7.X EDCE CAP

?arameters: 1
edge cap Indicator 'one of: outt, round. projec:ý.ng square)

Description:
The edge cap style is defined for subsequent edge elements. The edge •z
style determines the appearance of ocen endpoLnts of fll:ed area edges
,such as may result from a mixture of visible and tnvisibie edge I
segments). The defined st7les are:

222 3
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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 LnterLor 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 vtdth 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 .n.

References:

5.7.X MITER LIMIT

Parameters:

f3itter .Lmit (R)

Description:
Mitered corners can extend very far beyond the Line vertex if -he ang-e
between the adjoining line segments is small. Miter length is de,"nec :o
be the distance from the point at wmich the Inner edges of the ad:oLn. n

Line segmencs meet to :he ;oLnt ac which :ne outer edges meet. :f
length exceeds :ne 'miter Limtt oarameter. then :te joinLng *Lne
segments are renaered wtth'; eve.L oin instead of a miter jo1n.

Miter LLmit is measured as a scale factor appLied :o the :urren : ne

w wLdth. Miter Limit apoLies to Line elements and edges of f L ed 3r13S

References:
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5.7.X EXTERNAL SYMBOL

Parameters:

To be determined.

Description:
kreference to external defined symbol Libraries is provided. •he

mechanism of this element Is yet to be defined.

Page 95

Sub-clause 5. 7. .2: Add the following at the and of the fhird 3
paragraph of the descr-ption:

Note that COLOUR PRECISION only applies to direct colour model values. 3
I
i
i
I
I
I
i
I

I
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Page 12

Clause 5, Table 1: Add the following opcodes ^o Table I: 3
TABLE I. Opcodes for Metaftle Elements.

Opcode 7-BLt Coding 3-BLt Coding 3
FONTMETRIC DEFINITION opcode 3/1 3/0 0311 03,0
CHARACTER KERNING MODE opcode 3/1 3/1 03/1 031".

CHARACTER KERNING TABLE opcode 3/1 3/2 03/1 03,2
FCS TYPE opcode 3/1 3/3 03/1 0.3/3
FCS INTEGER PRECISION opcode 3/1 3/4 03/1 031,16
FCS REAL PRECISION opcode 3/1 3/5 03/1 03/5 I
FCS EXTENT opcode 3/1 3/6 03/1 03,6

ZAP HEIGHT opcode T7D 73D

BEGIN COMPOUND LINE opcode 3/3 3/6 03/3 03 1 1
END COMPOUND LINE opcode 3/3 3/7 0313 03,
BEGIN COMPOUND TEXT PATH opcode 3/3 3/8 03/3 03,8
END COMPOUND TEXT PATH opcode 3/3 3/9 03/3 03e9 I
BEGIN CLIP REGION opcode 3/3 3/10 03/3 03 '-
END CLIP REGION opcode 3/3 3/11 03/3 )3111
BEGIN SHIELD REGION opcode 3/3 3/12 03i3 03 2
END SHIELD REGION opcode 3/3 3/13 03,'3 03 U I
SHIELDING INDICATOR opcode 3/3 3/14 03/3 03,':

CONIC ARC opcode 3/4 3/0 03/4 031011
CONIC ARC TRANSFORMATION oocode 3/4 3/1 03/1 03!1
PARAMETRIC SPLINE CURVE opcode 3/4 3/2 03/4 03;2
RATIONAL B-SPLINE CURVE opcode 3/4 3/3 03/1 03i3
COMPRESSED PEL ARRAY opcode 3/4 3/4 03/1 03,. I
PEL ARRAY CLIP RECTANGLE opcode 3/4 3/5 03/c, 03,5

LINE TYPE DEFINIT:ON opcode 3/6 3/4 03:6 03,.
HATCH STYLE DEFINITION oocode 3 6 3/5 03,6 '33 5
7INE CAP opcode 3,6 3/6 03.6 1 3 i
LINE OIN opcode 3.6 3/1 03,6 03
EDGE CAP opcode 3/6 3'3 03i6 '318
EDGE JOIN opcode 3/6 3/9 03.6 '33
MITER LIMIT occode 3/6 310 03.'6 03,30
EXTERNAL S74BOL oocode 3.6 3,'" 336 '33

Page 33

Subclause 3. 2: Add :.Ie following el, e1r

3.2.x rONTMETRIC DEFINITION

,.t-'NTMET?:C-OEFTN[TN-oocade: 3/1 3,')> I
,tnteger: font-Lndexý
.xxxx: cnarac:er-index>
<xxxxx: ieft-beartnp>
<xxxxx: rtgnt-beartng>
<xxxxx: character-heLght>
<xxxxx: baseLine-offset>
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8.2.x CHARACTER KERNING MODE

<CHARACTER-KERNING-MODE-opcode: 3/1 3/1>
<enumerated: character-kerning-mode>

<enumerated: character-kerning-mode> - <Integer: 0> (NONE)
S<Integer: 1> (PAIR)

S<integer: 2> (SECTORED)

8.2.x CHARACTER 
KERNINC 

TABLE

<CHARACTER-KERNING-TABLE-opcode: 3/1 3/2>
<xxxxx: to be determined)

8.2.x FC3 TYPE

<FCS-TYPE-opcode: 3/1 3/3>
<enumerated: FCS-type>

<enumerated: FCS-type> <integer: 0> (INTEGER)
<integer: 1> (REAL]

S<integer: 2> (vDC)

8.2.x FCS INTECE: PRECISION

<FCS-INTECER-PRECISION-opcode: 3/1 3/4>
<Integer: largest-irteger-code - 1>

The largest-integer-code tells how many bits occur in the largest posible
magnitude for an integer. For example, if integers In the metaf Le can
range from -32767 to -32767, the largest-Lnteger-code is 15. One
adittonal bit is required for the sign, and so is added to obtain the
proper precision. Thus in this example the parameter would be 16.

8.2.z FCS REAL ?RECISIOm

<FCS-REAL-PRECISION-opcode: 3/1 3/5>
<integer: largest-real-code . j>
<integer: smallest-real-code>
<integer! default-exponent-for-reals>
<enumerated: exponents-allowed>
(enumerated: exponents-allowed, * <integer: 0> 'allowed)

<integer: 1> (forbidden}

See 3. 2. 3 of ANSI '(3. 122-1986 for a description.

8.2.x FCS EXTENT

(lCS-EXTIENT-opcode: 3/1 3/6>
.. Cs~oont: sfrst-corner)
.fcspoint: second-corner)

S~<fcspotnt> ::a <tnte~er)<tnteger)

: <rea~l><r~al>

where a point list is encoded such that the first point ls absolute
font coordinate space and each of the following points is relati':e to .:s
previous one.

3 227

I . ... ......... l



CCZI Addendum 3 Character Encoding Spec. V1.O June 20, 1988

8.2 .X CAP HEICTS

<TBD>I

Page '40

Subclause 8. 4: Add Che following elemenr cepresenrations:

8.4.X BEGIN COMPOUND LINE

<BEGIN-COMPOUND-LINE-opcods: 3/3 3/6)

8.4.X END COMPOUNr LINE

<END-COC1POUND-LINE-opcods: 3/3 3/7>

8.4.X BEGIN COMPOUND TEXT PATH

<3ECIN-COMPOUND-TEXT-PATH-opcode: 3/3 3/8>

8.4.X END COMPOUND TEXT PATH

(E-ND-COtIPOUND-TEXT-PATH-opcode: 3/3 3/9>

8.4.X BEGIN CLIP REGION

(BECIN-CLIP-RECION-opcode: 3/3 3/10)

8.4.Z END CLIP RECION

<ZND-CLIP-RECION-opcode: 3/3 3/11>

3.4.X BEGIN SHIELD REGIONI

<3ECIN-SH1ELD-&EC:ON-opcode: 3/3 3i12>

8.4.X END SHILD REGION

1-4-SH'TL:-R.EZCION-opcode: 3i3 3/!:3)

3.4.X SHIELDING INDICATOR

<SHIELDrNC-rND1CATOR-ovcode: 3/3 3/14>
<enumerated: shield~ng-LndLcator>I

*cenumerated: shieldiaig-ixdicator) - (integer: 0> ioff,
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paeI. Subclause 8. 5:- Add rte following elem emr represenrarion~s:

8.5.X CONIC ARC

<CONIC-ARC-opcode: 3/4 3/0>
<point: start-point>
<point: end-point>I<real: first-param>
<real: second-param>
<real: third-param,
<real: fourth-param><ra:Ifhprm
<real: sifth-param>

3 ~8.5.X CONIC ARC TRANSFORMIATION

<CONIC-ARC-TRANSFORMATION-opcode: 3/4 3/1>
MzVC: all>
MVC: &12>
<VDC: R21>

<VDC: R22)

8.5.X PARAMIETRIC SPLINE CURVE

<PARAMETRIC-SFLINE-CURVE-opcode: 3/4 3/2>
<integer: curve-cype,
<integer: H-degree-of-continuity,
(integer: N-number-of-segments,

I 8.5.X RATIONAL 3-SPLINE CURVE

<RATIONAL-3-SPLINE-CURVE-opcode: 3/4 3/3>
<integer: upper-index-of-sums,>
<integer: M-degree-of-the-basts-functton,
<enumerated: curve-open-flag>
<enumerated: equatton-type-flag)I <enumerated: periodic-flag>

I r'e'a: start-'paraal,
(real: end-pararn>

(enumerated: curve-open-flag, <4.nteger: 0Q OPEN)

/enumerated: equation-type-flag, <integer: 0) (.RA7,CNJALI
<Lnteger: 1> (?OL*Y,,!CMrAL

<enumerated: pertodic-flag> <L(nteger: 0>. 'INC-PE~tODIC;3 ~<Integer: L> ýPERIODIC:.
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8.5.X COMPR.ESSED PEL ARRAY

<COMPRESSED-PEL-ALR.AY-opcode: 3/4 3/4>1
<enumerated: T-encoding>
<enumerated: P-pel-path)
<enumerated: L-1.ine-progression>

<real: S-pci-spacing)
<real: spacing-ratio>
<integer: N-number-of-pels-per-line>
<Integer: NIL-number-of-llnes I
<enumerated: T-encoding> -<integer: 0> ITt.J

<Integer: 1.> (T6)

<enumerated: P-pel-oath> -<Integer: 0> f0-DECP.EES)
<integer: 1> (90-DEGREES)

<Integer: 2> (20DCES

<enumerated: L-line-progression - <Integer: 0> (90-DECREES)
<integer: 1> (270-DECREES)

3.5.K PEL ARRAY CLIP RECTANGLEI

<PEL-AR.RAY-CLIP-RECTANCLE-opcode: 3/4 3/5)

<Integer: XI>I

<integer: X2>
<integer: Y2)

<point: first-corner>
<point: second-corner>

Page 4
Subclause d. 6: Add thle following elemene z-epresencar.ons:

8.6.X LINZ TYPE DEFINITION

<r-?!E-TYPE-OEIINIT:0N-opcode: 3/'6 3/4)
<integer: line-type> <enumerated: dasih-unit-selec~or>
<real: dash-repeat-length>
<enumerated: adaptive-flag>
<tnteger: iist-af-dash-elements-.3

(enuimeraced: dash-unIt-selector) <tnteger: Ob (VOC)
ýinteger: 1.) Itimi
<Lnteger- -) fnative levice -.nt4z- I
<Integer: 1> (3ostract,

<enumerated: adaptive-flag> a c.nteger: 0) rNC)

(l~nteger: 1) (YES;
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8.6.X HATCH STYLE DEFINITION

<HATCH-STYLE-DEFINITION-opcode: 3/6 3/5>
<integer: hatch-index>
<enumerated: style-tndicator>
<enumerated: hatch-space-units-selector>
<real: OX-vector>

<real: DY-vector)
<real: duty-cycle-length>
<Integer: ILst-of-hatch-elements>-

<enumerated: adaptive-flag> <Integer: 0) (parallel)I <integer: 1> (cross-hatch)

<enumerated: hatch-space-units-selector> - <integer: O (MDCI
I<integer: 1> (mm

<Integer: l> (native device
units)

<integer: i> (abscract)

8.6.X LINE CAP

<L:NE-CAP-opcode: 3/6 3/6)
<enumerated: line-cap-indLcator>

<enumerated: line-cap-indlcator> = <Integer: 0> (butt)
S<integer: 1> (round)

<Integer: 2> (projecting square)

1 8.6.Z LINE JOIN

<LINE-JOIN-opcode: 3/6 3/7>
<enumerated: line-join-Indicator>

<enumerated: lilne-joln-indlcator) - <integer: 0> (mlter)
<integer: 1. fround)
< Integer: 2> lbevell

8.6.X MDE! CAP

<ED0E-CAP-opcode: 3/6 3/8>
<enumerated: edge-cap-Lndlcator)

"<enumerated: edge-cap-indicator, <(nteger: 05 1butt)
<integer: L) :round)3- : <integer: 2 :projec:ng Sauare

3.6.X ETGE JOIN

IEDCE-JOIN-opcode: 3/6 3'9'
<enumerated: edge-join-Lndicator)

(enumerated: edge-join-Lndicator- <integer: O> utterl
1 (integer: L) (round!
* <Lnteger: 2> tbeveDl
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8.6.X MITER LIMIT

<MITER-LIMIT-opcode: 3/6 3/10>

<real: miter-limit>

8.6.X EXTERNAL SYMBOL

<EXTERNAL-SYMBOL-opcode: 3/6 3/11)>

??~?????23 I
I
I
I
I
I
I
I
I
I
I
I
I

232 I

I



I
i
I

S•ANSI X3E3

Information Processing Systems --

I
Computer Graphics --

iet~af ie for the Storage and Transfer

g of Picture Description Information

I
Part 1

//

Functional Specification

(Clause 6)

UAddendum 3

Draft Document 1.1

Juno 21, 1988

1 233

I



CGM Addendum 3 Clause 6 Specification V1.0 June 20, 1988 1
Page 100

Clause 6: Add the following default specifications: i
CONIC ARC TRANSFORMATION MATRIX: identtty matrix

PEL ARRAY CLIP RECTANGLE: (0,0) upper left, (N-L,L-l) lower I
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 VOC extent I

Compound Line No default
(BEGIN/END COMPOUND LINE) U
Compound Text Path Right
(BEGIN/END COMPOUND TEXT PATH) i
Clipping Region VDC Extent
(BEGIN/END CLIP REGION)

Shielding Region VDC Extent
(BEGIN/END SHIELD REGION) i
CLIP INDICATOR On

SHIELD INDICATOR Off

I
COLOUR REPRESENTATION METHOD RGB

2I
I
I
3
I
I
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P3ge 21

Subclause 7. 3: Add the .following notes (on Table *): 1

nn FONTMETRIC DEFINITION: has 6 parameters:

?1: (integer) font index I
P2: (xxxxx) character Index
P3: (xxxxx) left bearing
P?: (xxxxx) right bearing
PS: (xxxxx) character heightP6: (xxxxx) baseline offset

nn CHARACTER KERNING MODE: has I parameter:

?!: (enumerated) character kerning mode: valid values are:

0 NONE !
I PAIR
2 SECTORED

nn CHARACTER KERNING TABLE: format :o be determioed.

Fx: (xxxxx) to be determined 1
nn FCS TYPE: has i parameter:

PI: (enumerated),FCS type: valid values are: 3
0 INTEGER
I REAL
2 VDC

nn FCS INTEGER PRECISICN: has i parameter:

?1: (Integer) 7CS tnteger prectston: 3, 16, Z4, or 32 are :he on!'- -a7
values.

nn FCS REAL PRECISION: has 3 parameters: 1
?!: 'enumerated) form of representazLon for real values: vail/ vaL>es

are:

,) floating point form
I fLixed point form

P2: (Integer) field width for exoonent or whole part (tncludlng 't:I
for sign)

?3: (Integer) fLeld width for £raction or fracrtonaL oart

eaga" :omoinations of values 3re:

Ft ?2 ?3 lesul:

0 9 23 !'-bi! f!oat;ng PoLor
0 12 52 ;--bit floating coint
I 2-bit fL:'.d point
1 32 - )--bit ftxed Point
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nn FCS EXTENT: has 2 parameters:

?I: (fcspoint) first corner
P2: (fcspoint) second corner

If FCS TYPE is real, default FCS EXTENT Is (0.0, 0.0),
(0. 9999. . ,. 0. 9999.....

3 If FCS TYPE is INTEGER, default FCS TYPE Is (0,0), (32767, 32767).

nn CAP HEIGTH: Parameterization to be determined.

*.. Additional work required *..

3 ?age 26

Subclause 7. 5: Add che following notes (on 7able 6):

nn BEGIN COMPOUND LINE: has no parameters.

nn END COMPOUND LINE: has no parameters.

Snn BEGIN .,' OUND TEXT PATH: has no parameters.

nn END) ._MPOUND TEXT PATH: has no parameters.

nn BEGIN CLIP REGION: has no'parameters.

rn 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:

1 PI: (enumerated) shielding Indicator: valid values are:

0 OFF
I ON

'aSe 28

Subclause 7. 6: Add the following notes (on :able

nn CONIC ARC: has 8 parameters:

3 P1: (point) start point
?2: (potnt) end ooLnt
P3: (real) ftrst param
P4: (real) second param
P5: (real) third param
P6: (real) fourth param
?7: (real) fLfth param
PB: (real) sixth param

1 237
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nn CONIC ARC TRANSFORMATION: has 4 parameters:

P1: (VDC) Ru
P2: (GDC) R12
P3: (VDC) R21
P4: (VDC) R22

an PARAMETRIC SPLINE CURVE: has 6 parameters:

P1: (integer) curve tyPe 3
P2: (integer) H degree of continuity
P3: (integer) N number of segments
P4: (?????????!)
PS: (?77?7??7??)

P6: (???77777)

nn RATIONAL B-SPLINE CURVE: has 10 parameters: I
P1: (integer) upper Lndex of sums
P2: (integer) M degree of the basis function
P3: (enumerated) curve open flag: valid values are:

0 OPEN
I CLOSED 5

P4: (enumerated) equation type flag: valid values are:

0 RATIONAL I
I POLYNOMIAL

PS: (enumerated) periodic flag: valid values are:

0 NON PERIODIC
1 PERIODIC

P8: (??????????1?)
P9: (real) start param £
P10: (real) end param

nn C=MPRESSED PEL ARRAY: has 8 parameters:

P1: (enumerated) T encoding: valid values are:

0 74
1 T6

?2: (enumeraced) P pel path: valLd values are: 3
0 0 DECREES
L 90 DECREES
2 1aO DECREES I
3 270 D.ECREES

2
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?3: (enumerated) L line progression: valid values are:

0 90 DECREES
1 270 DECREES

1 P4: (real) S pel spacing
P5: (real) spacing ratio
P6: (Integer) N number of pels per line
P7: (integer) NL number of lines
P8: (xxxxxxx) pel array

a nn PEL ARRAY CLIP RECTANGLE: has 6 parameters:

Pl: (integer) KX
?2: (integer) TI
?3: (Integer) X2
p4: (Integer) Y2
PS: (point) first corner

P6: (point) second corner

Page 32

5 Subclause 7. 7: Add the following notes (or? Table g):

nn LINE TYPE DEFINITION: has 5 parameters:

1 P1: (Integer) line type
P2: (enumerated) dash unit selector: valid values are:

0 VDC
='1 MM

S2 NATIVE DEVICE UNITS

3 ABSTRACT

P3: (real) dash repeat length
P4: (enumerated) adaptive flag: valid values are:

1 0 NO
I YES

? PS: (Integer) List of dash elements

in HATCH STYLE DEFINITION: has 7 parameters:

P1: (Lnteger) hatch Index

P2: (enumerated) style indicator: valid values are:

PARALLELU ROSS HATCH

?3: 'enumerated) hatch space InLtS selec:or: :a :a3ues ire:

10 'IDC

MM

2 NATIVE DEVICE UNITS

3 ABSTRACT
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P4: (real) DX vector
P5: (real) DY vector
P6: (real) duty cycle length ,1
P7: (Integer) list of hatc'! elements

nn LINE CAP: has I parameter:

P1: (enumerated) line cap Indicator: valid values are:

0 BUTT 3
1 ROUND
2 PROJECTING SQUARE

nn LINE JOIN: has I parameter: 3
P1: (enumerated) line join indicator: valid values are:

0 MITER I
1 ROUND
2 BEVEL

nn EDGE CAP: has I parameter:

PI: (enumerated) edge cap indicator: valid values are:

0 MITER
I ROUND
2 BEVEL

nn EDGE JOIN: has I parameter:

Pl: (enumerated) edge join indicator: valid values are: 3
0 MITER
I ROUND
2 BEVEL

nn MITER LIMIT: has I parameter:

P1: (real) miter limit i
a n EXTERNAL SYMBOL: has I parameter:

(T2????4?0

I
I
£
I
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CGM Addendum 3 Clear Text Encoding Spec. Vl.0 June 20, 1988 1
Page 1l

Subclause 5. 4. 0: Add the following words to the deleted words list:

CURVE
MATRIX

Page 11

Subclause 5. 4. 3: Add the following words to :he unabbreviated words 1
list:

CAP 3
CONIC
EXTERNAL
JOIN
LIMIT
MITER

PEL
REGION
SHIELD
SPLINE
SYMBOL

Page 12

Subclause 5. 4.4: Add the following abbreviations: 3
COMPRESSED CMPRSD
COMPOUND CMPD
DEFINITION DEF
KERNINC KERN

RATIONAL RATNL
TRANSFORMATION TRAN 3

Page 13

Subclause 5. 4. 5: Add the following derived element names:

Metaftle Name Element Name votes
1

3ECIN COMPOUND LINE BECCMPDL:INE
END COMPOUND LINE ENDCMPDLINE
3ECIN COMPOUND TEXT PATH 3ECCMPDTEXT?ATH
END COMPOUND TEXT PATH ENDCMPDTEXTPATH
3ECIN CLIP REGION 3ECCLIRECICN
END CLIP RECION ENDCLIPRECICN
3ECIN SHIELD RECION 3ECSHIELORZCON
END ;HIELO REGION ENDSHIELDRE,:CN
SHIELDING -NDICATOR SHIELD
FONTMETRIC DEFINITION FONTMETRICDEF
:HARACTER KERNING MODE CHARKERNMODE I
CHARACTER KERNING TABLE CHARKERNTABLE

FCS TYPE FCSTYP E
FCS INTEGER PRECISION FCSIITECERPREC
FCS REAL PRECISION FCSREALPREC
FCS EXTENT FCSEXT
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CAP HEIGHT TED

ILINE TYPE DEFINITION LINETYEDEF
HATCH STYLE DEFINITION HATCHSTYLEDEF
LINE CAP LINECAP

LINE JOIN LINEjOIN

MTRLIMIT MITERLIMITIEXTERNAL SYMBOL EXTERNALSYMBOL

CONIC ARC CONTCARC
CONIC ARC TRANSFORMATION MATRIX CONICARCTRAN
PARAMETRIC SPLINE CURVE PARAMETRICSPLINE
RATIONAL B-SPLINE CURVE RATNLBSPLINE

COMPRESSED PEL ARRAY CMPRSDPELARRAY
?EL ARRAY CLIP RECTANGLE PELARRAYCLIPR.ECT

I Page 15

Subclause, 6. 2: A4dd the following jwe Ca! ile oescri peer elemenr

ancodings:

FONIMETRIC DEFINITION * FONTMETRICDEF

<I: FONTINDEX, (po's L- .:.re)

Iformat to be determined)

<TERM>

CHARACTER KERNING MODE CHARKERNMODE
<SOFTSEE>
<NONE PAIR: SECTORE0,>

<TERM>

CHARACTER KCERNINC TABLE a CHARKERNTABLE

I(format to be ermnd

71"STYEFCSTYPE

<SOFT SEPN
INT!'CEPR:RAL:7DC>

<SOFTSEP>

<SEP-,

1: MAXINT>

FCS REAL PRECISION F: CSREALPREC

1 243
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<SOFTSEP>

(F: MINREAL>
<SEP>
(F: MAXREAL>

<I: DICITS>5
<T ERM>

FCS EXTENT - FCSZXT
'<SOFTSEP>

<F: FIRSTCORNER.)
<SEP>
<P: SECONDCORNER>3

<TERMI>

CAP HEIGHT :- TBD<TERM>

page 18

Subclause 6. .5: A4dd the following Con trol element encodings:

BEGIN COMPOUND LINE : BEGCMPDLINE<TERMb

END COMPOUND LINE :- ENDCMPOLINE<TERM>

BEGIN COMPOUND TEXT PATH : BEGCMPDTEXTPATH<TERII>

END COMPOUND TEXT PATH :- ENDCMPDTEXTPATH<TERZI>£

BEGIN CLIP REGION :- BEGCLIPREGION<TER.M>

END CLIP REGION :- ENDCLIPRECION<TERM>

BEGIN SHIELD REGION : 3EGSHIETLDRZGI0N<TERM>

END SHIELD REG:ON ZNDSH:E1L'REC:0N<7ZRM>

SHIELDING INDICATOR * SHIELDI
<SOFTSEP>
(OFF:ON)

Page 19

S'ubclause 6,6: Add :he following Cr3D~nfcal Prm:/ lement
encodings:

:-'NIC ARC : = CNIC.ARC3
SOF-SEP
P. S7A&7?0::1T,

<SE?)

<F: FIRST?ARAM)
mSEP>
<F: SECOND PARAM I
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<F: THIRDPARAM>

<SEP>
<F: FOURTHPARAZI>
<SEP>5 ~<F: FIFTHPARAM>
<SEHP>
<F: SIXTHPAR.AM>I <TERM>

CONIC ARC TRANSFORMATION MATRIX :- CONICARCTRAN
<SOFTSEP>
<7DC:RllI>V. <SEP)
<SEP)
<VDC: R21>
<SEP>
<VDC: R22>
<SEP)

?: COORDOFFSET>

ft PARAMETRIC SPLINE CURVE :: PARAMETRICSPLINE
<SOFrS HP>
<I: CURVETYPE>
<SEP?>
<I: CONTINUITYDECREE>
<SEP>
<I: NUMSECZIENTS>

1 <SEP>

< <T ERM,>

R.ATICNAL 8-SPLINE CURVE X ATNLBSPLINE
<SOFTS HP)

<r: rPPERINDEXOFSUM>

<OPENICLOSED>

j <RATIONAL: ?OLTNOMIAM.>
<SEP-,
<NONPER1ODIC:?ER:ODZC>I (SE?)

<F: STARTARAM>
<SE?>
<F:TENOPARAM>

(TERM>

COMPRESSED PET. ARRAY u CMPRSDPELARRAY

(SOFTS HP)I <T4s:T6>
<SF.?>
(0:90t 180: 270)
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<SEP-
<90: 270)
<SEP>I
<F: PELSPACINJG>
<SEP)'

<F: SPACINGRATIO>

<I: PELSPZRLZýJE>
<SEP>

<I: NUMBEROFLINES)

<T ERM)>

FEt. ARRAY CLIP RECTANCLE :- PELARRAYCLtPRECT

<I: xl>
<SEP>

<SEP>

<I: X2)
<SEP>
<I: Y2>
<SEP>
<P: FIRSTCOELNER)
<SEP>
<F: SECONDCORNER)

Page Z4 

<EM

Subclause 6. 7: Add the following .4ceri*bute element encodin':gs:

LINE TYPE DEFINITION L:- NETYPEDEF
<SOFTSFP>
<I: LINETYE>
<SEP>
<7DC:MM: NDU: ABST>
<SE?>
<F: DASHREPEATILEN I
(SEP)
<NOt YES,
<SEP)

H!ATICH STYLE DEFINITICH :: HATCHSTYLE-nEF
<SO FTSZ?.

<SEP>
<PARALLEL!CROSSHATCH ,
<SEP)

<VDC:MM:NL)U: ABST',
<SEP>
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<F: DX>
<SEP>
<F: DY>
<SEP>
<F: DUTYCYCLE>

1 <TERM>

LINE CAP .- LINECAP
<SOFTSEP>
<BUTTIROUND SQUARE>

SLINE .OI14, L:NEJOIN
<SO FT SEP
<MITERL ROUND: BEVEL>

<TERM>

EDGE CAP? EDGECAP
<SOFTSEP>
<BUTT:ROUNDISQUARE>I <TERM>

EDGE JOIN u EDGEJOIN
<SOFTSEP>
<MITER!&OUND:BEVEL>

<TERM>

3 r7ER LIMIT : MITERLINIT
<SOFTSEP>
<F: NITERLIMIT>'3 <TE.RI>

EXTERNAL SYMBOL : EXTEM.NALSTMBOL

(to be determinied)

<TERM>
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X3H3/88-77

A Reference Model3 to Aid in Understanding
the Role of Multiple Metafile Types

i U.S. Position

3 17 May 1988

3 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.

I 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.

11. 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 intimately3bound to the semantics of a particular interface, as defined in a semantic
standard. This kind of metafile is frequently referred to as an audit Lrii.
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.

IThe state capture variety of metafile need not be as tightly bound to the
semantics of the generator of the metafile as the irce,,'ce 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 sufficientI. 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 clients other than PHIGS
implementations.

B. Reference Model. Diagram 2 illustrates the overall metafile
reference model, showing all possible locations of both types of metafiles
(session capture and state capture) within the context of the current3 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 explicitly

Spresent in an implementation, which 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
model.

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
separate metafile standards can be harmonized through use of common
encoding techniques, deliberately choosing to encode identically those3D elements which 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 issueso log which is applied to all

-- language bindings, and by a commitment to harmonize closely related
bindings through conscious application of consistent binding techniques,£ 253



I
Metafile Reference Model

Session Capture Metafiles Static Sca,'d Capture Metaf'fs
("Audit Trail") ("Snapshot") 3

user interface

I Application State
S Application Capture, or data U

base capture

API-level I I
Session I Application Programming Interface
Capture F3

fu WS-lndependent
functionalityur3

Workstation Object Capture

Session .
Capture Workstation Interface

API Workstation I
Workstation State Capture

DI/DD I I
Session DI/DD Interface
Capture

Virtual Device Picture Capture

Device_ __ E
Session Physical Device Interface
Capture

Device-Dependent
Display Image Capture3

Diagram 2 m
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1 An instance of a Layered Architecture

Based on the Reference Model
(Diagram 3)

! ! user interface

ICDCAA PDES, IGES

Capplcation (Application
I aplicaionCapture)

i PHIGS API

pHIGS • '%M'Arc hive File

tPHIGS MO Im plem entatio (Object Capture)

Audit Trai El Workstation Interface
S~ (Session

Capture) PHIGS

I Workstation

DI/D Interface

Data StreamCM

" 'U nm.ýriginal
F Virtual Devi~ce IS 8632)

~(Picture Capture)

tPhysical Device Interface

I ~~ ~[ D i sc p I a y •-\\\\\\•I F F f ile

(image capture)

I NOTE: there is no implication that PHIGS need be built

on top of CGI, nor that CGM be generated through CGI.
S~This is only one possible arrangement, for illustration only.
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naming and abbreviation conventions, and deliberate reuse of components. I
Towards this end, we encourage the WG3 Metafile Rapporteur Group to 3
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 3
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 I
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 S
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 I

* 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 I
corresponding PHIGS elements into the PHIGS structure store (as
described in Annex H of the PHIGS standard). More than one such mapping l
can occur for any given pair of metafile and consumer of the metafile.

I
I
I
I
I
I
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3 X3H3/88-79

!
3 U.S. Position on

Structuring and Pwogr wion
of CGM AddendaI

I I . Introduction

The US•. 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 a3 NW ballot to agree upon scope and goals has created more problems than it has solved.

The US.. 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 as a general means of building quite different graphics standards under the3 guise of a modification to an existing standard.

I n . Consideration of Addendum I

The Metafile Reference Model helps clarify the relationship of addendum I to ISO 8632. There are at

least two goals in addendum 1 (there may be more):

S 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 8632: 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 I and the desirability of not incurring further
delay in progressing the 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 thedesired schedule.
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i. Considetation of Addendum 2 1
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 I
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 8832. The
US supports progressing this work as an addendum to CGM (SO 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).3

However, much benefit can be realized by utilizing the encoding techniques, and as tar 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.

2I
I
3
I
I
I
I
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3 X3H3/88-78

I
U.S. Comments on SC24 N23:

Working Draft for ISO 8632 3D Addendum
(CGM Addendum 2)

I 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 SC2l/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 I).

3 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

i 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 the3 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

I The latter 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 metarile
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 MLM. A set of target metafiles should be identified and the scope of
each metafllc clearly defined. Work overlapping other active ISO projects should be
discontinued or consolidated with the other work. I
IlL Addendum 2 Comments= Imues of Organization of Work

The US believes that it is inappropriate to use an addendum to CGM to progress I
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 8632). To standardize metafiles
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 st- "3rd; 1
3. as a new part of an existing metarile standard.

ISO metafile experts should play a major role under any of the options, and already 3
developed element sets and encoding techniques should be reused to the maximum extent
possible.

I
I

I
3
U
I
U
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3 Delegation Report

WG3 Metafle Rapporteur Group at the Tuson
Meeting of LSO/IEC JTC1/TCO7/SC24, June 1988

Lofton He'ner..n, Head of Sub-delegation,

SI1. Overview

In early 1988 CGM Addendum 1 wes circulated for PDAD ballot, and CGM .Addendum 2 Working Draftwas circulated for comment. In April SC24 had a Special Work~ing Group (SWG) meeting whkich 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
tasks were to advance the status of CGM Addendum I and Addendum 2. For Addendum 1, 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.

U.S. positions were generated recommending splitting Addendum I into a static picture capture portion
t and a GKS audit- trail portion. The E-rst would continue as an addendum to ISO 8632 CGM. and the

second as a normative annex to GKS. For Addendum 2 it was proposed that 3D metaffles not be pro-
gressed an addenda to ISO 8632 but as parts or annexes of their respective 3D standards.

I 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.S. position. papersI (X3H3/8-.7, 78, 79).

2. foeting Schedule

2- 28 June, Metaflle Rapporteur Group convenes.

I- July, Metadle Rapporteur Group adjournes.

I-- 2 July, liaison meeting with SCIS (no R.G. activity).

- 3-4 July, drafting and document maricup.'I - I July, liaison meeting with CCI.

- 7 July, WG3 plenary.

S- 9- July, SC24 plenary.

I .Almo :ook place during R.G. meeting, and during plenaries.

3 3. Attendance

Attendance included:

- US: Lofton Heoderson, Andrea Frankel, Barbara Lurvey, Peter Bono-
- LX: Anne Murnford (Addendum I document editor), Alan Francis;
- France: Bernard Troucherie;
- Germany: Eckhard Moeller (rapporteur), Peter Egloff;

Austria: Emaneul Wenger:
Denmark: Kurt Aistrup;
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- Japan: Ichiron Nishioka 3

4. Administrative Noses

Eckhard Moeller, the rapporteur of the Metafile Rapporteur Group within WG3, will not be continuing
due to a change of job responsibility. He will continue through the next R.G. meeting, which will be an
editing meeting to process the results of the next ballots on Addendum L and Addendum 2. in June-July
1989. 1

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. A& one time there was a Metafile Maintenance R.G., but it lapsed.
At that time Andrea Frankel and Lofton Henderson were the R.G. members for the U.S. It is not clear
what if anything need be done to reestablish membership in the group.

S. Teehnical Action List tor the Mnting

The following comprised the major technical activities of the meeting. 3
I. Discuss US Metaffle Reference Model (MRvM), similar UK positions, and other national positions;

split and restructure both CGM addenda accordingly, into two CGM addenda and annexes to
GKS(3D). 3

2. Addendum I 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

5. Liaison with VTR on conformance topics of extended CGM and GKSM, as well as registration
topics.

6. Resolutions, including position on "addendum 3', etc. 3
7. CGI liaison on areas of overlapping functionality.

9. Liaison with SC18 (not an R.G. activity per se). 3
9. Schedule and Future Work

These list items are dealt with in the following sub-sections.

5.1 Reference Model.a nd Structure of Work

5.1.1 The MRM After 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 M.N.M recognized that there are, in a typical graphics architecture, very many
different types of metadle thar could be defined and standardized. These be divided roughly into two
classes: static (state capture) and dynamic (session or interface capture). Within each class there can be
netafles defined at many different levels.

According to this modei, the CGM 'ISO 3832) is lesignated as a static picture capture metadile it
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. U
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 metafles, e.g., GKSM, ..). 1

5.1.2 Nationai Responses, 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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3 and the idea of restructuring.

513.S Splittint the Work - Conceptu"l There was no objection to continuing to progress the static por-
tion of Addendum 1 as a CGM addendum, to form a "static structured picture capture" metadle.

Mo•t of the problems and discussion were related to what to do about the GKCSM content of Addendum
i. From a practical standpoint, two categories of concerns were raised:3 1. the restructuring should not slow down the GKSIM (France);

2. is a standard GKSM (similar to annex E of GKS) needed at all; is there a more useful dynamic
metafile (U.K., Germany, Austria).

S The U.S. proposed making the GKSM a normative annex to GKS, to replace the current annex E. To
avoid delay, we recommended doing this under the authority of the Egham resoLations, 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 (N•WI was not required, and that the work should be progressed at the
same pace as Addendum I and be done by the metafe experts in the Mecafile 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 U.K. on the proposition that the GKSMIcould simply be attached to GKS - within the UK. delegation (though not necessarily the R.G.
members) there was the belief that SC24 would not allow the GKS annex without a NW!.

Further confusion arose concerning due to the uncertain scope and timetable of GKS revision. Would it
be a fast, minima maintenance effort to fix problems in GKS 85? Or would it be a more general revision
to produce the new API, GKS 9x? Should GKSMZ be an ammendment to GKS 85 or should it track
what was happening in maintenance and revision to the APT? The Metaffie R.G. consensus was that
the fastest possible GKSM addition to GKS 85 was the only realistic way that progress could be made.

The bigsgest issue, however, was not how to progress GKSM but whether a standard GKS&M audit
metafile was needed at all. The U.K. 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 ocher
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
GK.-M. All GKS control functions that explicitly commanded clearing or regeneration (CLEAR.
UPDATE, REDRAW ALL SEGIv_?NTS, ..) would be mapped to new pictures and would not be written
to the mecafile. 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 WGI OKS
R.G. liaison meeting - see below.

The resolution (by meeting's end) was that we would progress the static structured metafle and the
Egham-mandated GKS)M audit trail. Dynamic picture metafiles could be undertaken later after the
requirement is studied and demonstrated. (The extensibility is built into the amrnmended CGM to make it
relatively easy).

1 5.1.4 Pzrticular 7echnical [sawes Arining from the Split Splitting the addenda reopened some issues.
The split of the static and dynamic portions of Addendum L and the progression of the GKSM"N1 audit
metadle as a part of GKS led to some technical issues and resolutions.

1. Lsue: What shouid be done with Color '.able and Pattern Table. which are potentiaily dynamic
and are allowed in the picture body n CGMM?

I Resolution: It was acknowledged that CGM IS 8832 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.) CGNM Add.1
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, &nd if it is static, then the MNOM might imply that segments
should not be in the mecafle. 265
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Resolution: Segments can be considered as a shorthand, for data compression, at this level of the
MR,. Furthermore, they even exist in GKS at this level (the device level), as WDSS. Segments are I
useful and are not inconsistent with txe VMNL However they must be static segments - the gram-
mar of static mecahles will not allow segment control functions such as DELETE, and will not
allow segment attribute functions to be used in a way that would imply picture dynamics. In static
metahles segment attributes a.-e only allowed within segments, at the beginning, before any primi-
tives. The CGI segment control functions that are eliminated from CGM Add.1 are DELETE SEG-
yN=T, DELETE ALL SEGMENTS, RENAME 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
metafle. It was decided is that local segments caused no problem, as long as dynamic effects were I
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 U
appropriate that GKSM still be expressed in terms of these elements and the existing elements of
CGM if GKSM2 is to be a GKS annex?

Resolution: it the elements were still to be a part of static CGM, such as separate T= FONT
IDEX and TEXT PRECISION elements, then they would be used in GKSM; if the elements would
no longer exist in static CGM - the PREPARE VIEW SURFACE, MAKE PICTURE CURENT, ..
from which the GKSM CLEAR, REDRAW SEGMNTS, .. had been built - then they would be I
eliminated also from GKSM and the GKS functions CLEAR, UPDATE, REDRAW, .. would be
encoded as GK&S elements. I
The basic principle is to maintain as much overlap as possible in metafile specifcations, and only
invent and add new 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 1
elements and encodings for sdme specific functions are still being sorted out.

4. Issue: What do category and element set mean and what values should be standardized? 3
Resolution: Better definition of NfETAFILE CATEGORY and META•FLE EL"vNENT 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 I
is implied in some cases. The following categories are currently defined (these are probably not the
anal aames):

"* basictscatic - the current CGM; I
"* structured.static - the grammar of the structured static CGM;
"* gkswmaudit - 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-plus-control - the shorthands of the current CGM.
"* structured.staticall - all elements in the structured static CGM.
"* ;ksm.static-2ll - those .lemencs that would exist in a GKzM static picture capture: s.ec:ai

;eometric primitives like circles ind arcs ire not included (see next);
"* extended&primitives.,set - ail those primitives in CGM plus Addendum I which are beyond :he

basic primitive set of GKS.
"* gksm..3udit..all - those elements (less the extended primitives) that would be used in a GKS-.

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. I
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3 5. Issue: what should happen to CGI pick related functions in the static uascadle?

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 efim-3 inated.

6. Isue: Should Pixel Array and Drawing Mode remain in?

Resolution: There were arguments that this was below the static picture level in the MILM. There
was further concern over its (in)stability 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

Sconsistently incorporate functionality from a lower level (comparison to OSI was used to support
5this 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 I PDAD Teehnical Issum 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.IMuch of the technical issue resolution done at Blakeney became moot after the splitting of CGM Add.1
and GKS Add.l. For example, many of the CGI control functions were removed, so issues related to3 those disappeared. Significant Blakeney results that remained intact include:

1. The METAFILE CATEGORY and METAFILE ELEMIENT SET elements are made orthogonal as
much as possible - category refers on to grammar (but may imply a maximum element set).3 2. MODIFY FONT LIST and MODIFY CHARACTER SET LIST elements are removed.

3. The grammar for Addendum I 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 GKSM0 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 meta~.e 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.a was accomplished at Tucson. Much (most) of the
drafting for GKSMi remains to be done. A number of particular technical problems are being sorted out
according -o he principles we derived for how Io accomplish the spilt.

3 5.4 Liaison with GKS

On the afternoon of 30 June there was a liaison meeting with -he GKS maintenance group. CGM was
seeking some 3uidance as to what types of meetafles were perceived as needed for GKS (refer above. to
the doubts over whether a standard audit trail GCKS). is needed). CG'M also wanted guidance on pro-
cedural issues for attaching a GK3-M annex to GKS. McConneil added to the agenda the topics of stan-

iard items types ror GKS, and putting the additional primitives of the metadie into the GKS API.

Considerable time at the meeting was spent reviewing the current status and plans of metaffle adaenda.
A. aew type of :netadle oii ncerest to some OKS constituents was proposed - an audit trail of -h~e AI.?!
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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5.5 Liaison with VTR

On I July there was a liaison meetia; betwa-en Metafiles and VTR. Tc-pi.-s included:I

- Conformance testing and formal grammars;
- The role of Application Profiles (APs);
- Current status of conformance Lesting for CGM;
- Registration procedures.

On the first point, it was agreed thtt 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). I
It is generally agreed that APs provide the basis for testing generators and interpreters. 1n CGM Add.i
there will still be no specification of genera.or and interpreter behavior (although the formal grammar
does give something to test the generator on). There is work going on in ISO on standardizing .. s. I
This, it was generally agreed, wouid 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 GM,) A set of test metadles is being I
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 I 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.

5.8 Liaison with CGI

Barbara Luurvey (WG3 Head of Delegation) met with and worked with the Metadle R.G. for its entire
official 4-day meeting. Her efforts were invaluable in bringing CGI positions and issues into CGM. and 1
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 1. There was particular concern over Pixel Array and Drawing Mode, and the appear-
ance of the new clipping mode functions. COM intends to go to DAD ballot with Addendum 1. whereas I
CGI is going to 2nd 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.1 to DAD, with inclusions of those CGI functions that still made
sense in a static structured metaile. CGI recommended that P,xei Array and Drawing .Mlode be
removed (see the discussion above). It was not until the WG3 plenary that it was resolved to !eave

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 bailot3 on CGM Add.1 and GKS Add.1 and the PDAD ballots on CGM Add.2 I
and GKS Add.2. CGI will be processing the 2nd DP ballot on CGI.

S.7 Liaison with SCIS 1
On 2nd Juiy tnere was 3 :iaion =eetinq between SC24 and SC1. lasting from 9:00 o . Al30. Athoughn
".his was SC24 liaison. not unst CGMv or WG3 liason, 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 SCiS 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

268 1



£
S and resolutions.

6. About Addendum 3

The Metafile R.G. did not deal with "Addendum 3", CGM extensions for technical drawing, publishing,
and graphic art quality pictures. At Blakeney the position was taken that the work is important and
should be progressed, possibly by a group comprised of experts from metafiles. CGI, .AP1s, etc.

WGI 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 - see the WG I 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 drs is tentatively
scheduled for Germany, December, meeting in conjuction with geometric and text groups.

3 The U.S. should prepare positions on both scope & goals and technical content ror this initial meeting.

7. Status and Schedules

Both CGM Add.i and GKSM (GKS Add.I) will be forwarded for DAD ballot. Both CGM Add.2 and
GKSM-3D (GKS Add.2) will be forwarded for PDAD ballot. The tentative schedules are:

CGM Addendum I and GKS Addendum I:

- Oct 88: DAD ballot commences.
-- Apr 89: DAD ballot closes.

- Jun 39: Editing meeting.
- Aug 89: LS text forwarded to LSO Central Secretariat.

CGM Addendum 2 and GKS Addendum 2:

- Nov 88: PDAD ballot commences.
- Feb 89: DAD ballot closes.
- Jun 89: Editing meeting.
- Aug 99: DAD text itroduced.
- Oct 89: DAD ballot commences.
-- Apr 90: DAD ballot closes.

- Jun 90: IS text forwarded to [SO Central Secretariat.

i
I
i
I
I
a
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RESOLUTION 1-Appointment of SC24 Convenors

SC24 approves the appointment of these Working Group Convenors for a three-year
term of office:

3 WG Number Title Convenor
WG1 Architecture P. Bono
WG2 Application Programming Interface J. Bettels
WG3 Metafile and Device Interface D. Arnold
WG4 Language Bindings B. Shepherd
WG5 Validation, Testing, and Registration B. Kirsch

RESOLUTION 2-SC24 Structure and Terms of Reference

I SC24 approves the working group structure and terms of reference in document SC24
N213.

I RESOLUTION 3-SC24 Procedures for Preparing NWI Proposals

SC24 instructs its Secretariat to forward SC24 N171 for 3 month letter ballot. The
comments will be resolved by the Requirements RG at the WGI meeting in March 1989.
WG1 will report to the SC24 Chairman whether the comments have been satisfactorily
resolved and will recommend to the Chairman whether the document (as revised)
should be accepted by the Chairman on behalf of SC24 or circulated for another ballot.

3 ! RESOLUTION 4-implementation of Requirements Procedures

SC24 requests its National Bodies and experts to assist its Working Group 1 in the
implementation and maintenance of the procedures as described in Document SC24
N1i71 as revised by the results of the ballotting period described in Resolution 3.
National Bodies and experts are encouraged to cooperate in this endeavcur and inI finding sponsors for computer-aided assistance of this process.

RESOLUTION 5--Establishment of SC24 Advisory Group (AG)

I SC24 establishes an Advisory Group which consists of one delegate appointed by each
P-member's National body, SC24 Working Group Convenors, SC24 Chairman and

I Secretariat. The SC24 Chairman presides as Chair of the Advisory Group.

I
I

I,
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RESOLUTION 6-SC24 Advisory Group. Area of Work I
The SC24 Advisory Group provides advisory and management supcrt for the SC24
Chairman and Secretariat. The AG is also concerned with cccrdination of liaisons with
Organizations outside SC24 (e.g. SC2, SC1 8, SC21, SC22, TC1 84, TCO 0) on all tooics
of concern to SC24. The AG helps formulate the Strategic P!an for SC24 and gives
procedural guidance to Working Groups.

RESOLUTION 7-SC24 Advisory Group-Terms of Reference I
SC24 AG should operate ccns;isentfy with SC24 prccedures and resolutions and snail I
report in writing to SC24 P!enary Meetings.

I
RESOLUTION 8-SC24 Advisory Group-National Point of Contact

SC24 requests its National Bcdies to nominate a national point of contact for the SC24
AG in writing to the SC24 Secretariat by 1988-10-01. This will facilitate direct contact
with the AG participants and aid continuity in AG membership.

2
I
I
I
I
I
I
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I RESOLUTION 9-Approval of Study Periods

SC24 approves the commencement of study periods to provide the basis for develcping
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.

I Windowing Environments

3 An API for Imaging

Extensions to the CGM Static Picture Capture Capabilities.

I Extensions to PHIGS

I Each study period should consider at least these items in conjunction with the indicated
Group:

Requirements [WG1 ]

RA:erence Model [WG1

Encodings [WG3]

I Language Bindings [WG4 J

Rr-gistration [WG5]

Validation and Testing [WG5]

I
I

I
I
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RESOLUTION 10--Approval of Study Groups 1
SC24 appoints Special Rapporteurs to study the following topics according to the

Terms of Reference in the indicated documents:

Topic Source Terms of Reference

Improved Graphical WG1 SC24 N172 1
Text Model

Impact of Windowing WG1 SC24 N174 U
on Graphics Standards

Improved Graphical WG1 SC24 N173
Input Model 3
Product Data Geometry WG1 SC24 N175

Extensions to PHIGS WG2 SC24 N211 3
RESOLUTION t1-SC24 Program of Work I
SC24 approves the items of work, target dates, and document editors in SC24 Ni 87. 1

I
I

I
I
I

I
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E RESOLUTION 12-Appointment of SC24 Rapporteurs

I SC24 approves these rapporteurs:

Rapporteur Topic
I G. Grinstein Requirements

J. Poller Reference Model of Computer Graphics

I J. McConnell GKS-3D

I J. settels PHIGS

K. Vecchiet CGI

E. Moeller* CGM

I J. Pink Validation and Testing

I M. Skall Registration

K. Bro•dlie GKS Maintenance

J. Rix New APIs for Computer Graphics

P. ten Hagen Windowing Environments

G.S. Carson Imaging API

IL Henderson Extensions to CGM for enhanced static picture capture

I H. Stenzel Improved Graphical Text Mcdel

N. H~bner Impact of Windowing on Graphics Standards

S R. van Uere Improved Graphical Input Mcdel

E. Jungmann Prcouct Data Geometry

A. Fancis Metafile Maintenance Racporteur

S W. Clifford Extensions to PHIGS
(ad hoc)

BE. Moeller" CGM for GKS Workstation audit trail
temporary
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RESOLUTION 13-SC24 External Liaisons 3
SC24 approves the following external !iaison representatives:

Name* Liaison to Subject
G.S. Carson SC21 Open Systems

R. Fairbaims SC21 [WG5] FTAM document types for CGM

0. Arnold SC21 [WG5O Terminal Management 3
L Kctsch SCi8 Text and Office Systems
J. McConnell incuding SPOL I
J. Rix TC184/SC4 Industrial Automation Systems/

Standard for the Exchange of 3
Product Model Data

A. Ducrot SC2 Character Sets and Coding I
E. Jungmann JTC1 SG-FS Functional Standardization 5
G. Schaeffer SC22 C Language'

M. Sparks SC22 Language Binding Techniques I
G. Cuthbert SC22 Ada Language 5
I. Grieger SC22 FORTRAN language

0. Larson SC22 Pascal Language I
RESOLUTION 13A-Advisory Group Meetings I
SC24 approves the following meeting for its AG: 3
Date Place Topic Category Purpose

1989-03 FRG AG
(Sch&nhut) [adjacent to WG"I
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3 RESOLUTION 14-Working Group 1 Ad Hoc.'Rapporteur/Editing Meetings

SC24 approves the following schedule of meetings for its Working Group 1 for the
i period up to the next SC24 plenary meeting:

Dates Place Topic Category Purpose

88-11 Boston, USA Imaging API RG Evaluate
(Grinstein) Requirements RG National Bcdy3 Input -set

drafting tasks

3 88-11 Copenhagen Windowing Environment RG Evaluate
Denmark Impact of Windowing SG RG National Body
(Kom) Input - set

drafting tasks

88-12 FRG CGM Extensions RG Evaluate
(Jungmann) Improved Text SG RG National Bcdy

Prcduct Data Geometry SG RG Input - set
draffing tasks

89-01 Paris, France Reference Model RG Produce 2ndS(Ducrot) of CG Working Draft

between ??, GKS Maintenance RG Produce NW!
88-12 and UK VT & R Liaison and base
89-02 (Brcdlie) (with WG51 document

??89-02 Amsterdam, New API RG Evaluate
NL Improved Input SG FG National Body
(ten Hagen) Input - set

drafting tasks

??89-•03 FRG Requirements FG ConsiderS(Encamagac) ?? WGI National Body
Comment on
SC21 N1713 and revise

??89-04 FRG Imaging API RG Evaluate
(Krdmker) National Body

Input - setI drafting tasks
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89-05 Copenhagen Requirements RG Planning fcr

Denmark implementation
(Kam) of N171. ReviewfCrMs. Begin

processing 1
requirements.

??89-04 USA Product Data Geometry SG RG Agree utputSkall (Jcint meeting with CGM Doccurnents
ex~ensicns]

?789-06 Amsterdam, Windowing Environments RG Agree cutut
Netherlands Impact Of Windowing SG RG Occuments
(ten Hagen) I

??89-07 ??, New API RG Examine new
UK API in light of
(Cartledge) other study

groups.
Improved Input SG RG Agree otpt I

Dccuments
??89-08 FRG Reference Model RG ' Take 2rd WD I

(Poller) comments.
GKS Maintenance RG Revise bas

d•cuments in
light of Natfinai
Bcdy comments

89-07 Bcstcn, USA Requirements RG Examine andI
(Gnnstein) reevaluate

im.lementatcn 3
of N171. Review
and revise
fcrms. P-cc-ss 5
requirements.

??89-Cs ??,Japan Imaging API RG Agree Cut.ut
(Kawaji) Dccument

II
I
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I RESOLUTION 15-Working Group 2 Ad Hoc/Rapporteur/Edlting Meetings

SC24 approves the following schedule of meetings for its Working Group 2 for the
period up to the next SC24 plenary meeting:

I Date Place Topic Category Purpose

between FRG PHIGS Extn. ad hoc RG Prepare init. draft
U 88-10 and (Rix)

88-11

3 between Switzerland PHIGS Extn. ad hoc RG Study SC24 ballot
89-01 and (Bettels) and WG results and revise
89-02 NWI proposal for JTC1

letter ballot

between UK PHIGS Extn. RG Study comments on
89-06 and (Stapleton) Initial draft and
89-07 prepare PDAD

I
I
I
I
U
I
I
I
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RESOLUTION 16-Working Group 3 Ad Hoc/Rapporteur/Edlting Meetings I
SC24 approves the following schedule of meetings for its Working Group 3 for the I
period up to the next SC24 plenary meeting:

Dates Place Topic Category Purpose 3
19-23 Norfolk, UK CGI Drafting To implement
Sept. (D. Arnold) Meeting resolutions of issues 1
1988 from Valbonne,San

Diego, and Tucson 3
CGI RG meetings ard
preparation of 2nd OP
text. 3

May Berlin/St. Augustin CGI Pre- Preliminary analysis
1989 FRG Meeting of comments on the

(C. Egelhaff) [Laison with.VTR] 2nd OP

I
June /July Hawaii CGM Add Editing To prepare responses
1989 USA GKS Audit Meeting to CGM DAD1 ballot

(0. Larson) Trail and to prepare final
CGM A01 text; to
review comments on
CGM PDAD2 ballot;
to prepare responses
to GKS DAD1 ballot 3
and to prepare final
GKS A01 ter. I

CGI Editing To prepare rescnses
Meeting to 2nd OP ballot anrd

to prepare DIS text.

WG 3 Ad Hoc 7o restive icint-rcbilems withM

CGI,'CGM addenda
drafting.

2
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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:

U Dates Place Topic Category Purpose

Sept. Ft. Collins Address comments on: Editing Meeting Produce IS

13-15 USA DIS PHIGSiFORTRAN PHGSiFORTRAN
19883
Nov. Amsterdam Address comments on: Pre-meeting Prepare draft

11-12 Netherlands DP PHIGSiC & Pascal responses on

1988 WD GKS-301C & PHIGSiC & Pascal
WD GKSlC GKS-3D/C & GKSiC

I Nov. Amsterdam Address comments on: Editing Meeting Recommend DIS

14-15 Netherlands OP PHIGS;C & Pascal PHIGSIC & Pascal

Nov. Amsterdam comments on: WG Recommend dp

16-21 Netherlands WD GKS-3D/C, Ada GKS-3D/C & Ada

3 1988 WD GKSiC GSC

£ March Sheffield Address comments on: Pre-meeting Prepare draft

1989 UK GKS-3D FORTRAN responses on
GKS-3CIFCRTRANU

March Sheffield Address comments on: Editing Meeting Produce IS
1989 UK GKS-3D FORTRAN GKS-30 FRTRAN

March Sheffield Address comments on: WG Recommend CP

1989 UK GKS-3D Pascal GKS-30/Pascal

[adjacent to WG1 and AG]

June Melboume Address comments on: Pre-meeting Precare draft

I6-8 USA PHIGS,'Ada resccnses on

.C89 F H IGS,'Aca

S June 9 Melboue Address comments on: Editing Meeting Produce IS

1989 USA PHIGS/Ada PHIGSiAda

2
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June Melbourne Address comments on: Editing Meeting Recommend DIS U
9-10 USA GKS/C, GKS-30/C & Ada GKSIC,
1989 GKS-30/Ada&C 3
June Melbourne Address comments on: Ad Hcc WG Register OP
12-15 USA CGI]C & FORTRAN CGU/C&FORTRAN 3
1989

RESOLUTION 18-SC24 Documents for Comment and 3 Month Letter Ballot

SC24 instructs its Secretanat to circulate the following documents for a 3 month letter 3
ballot:

Document Title Comment Processing 3
SC24N171 Procedures for preparing Comments resolved at Requirements

NWI proposals meeting, FRG, March, 1988 1

SC24N211Rev NWI proposal for Extensions Comments for WG2 meeting
SC24 N224 to PHIGS Switzerland, Jan or Feb 89.

SC24N227 NWI proposal for GKS Comments for GKS Maintenance RG
Maintenance between 88-12 and 89-12

SC24 N 176Rev GKS Maintenance NWI Comments for GKS Maintenance
Proposal RG between 88-12 and 89-12

RESOLUTION 19-Working Group 5 Ad Hoc!Rapporteur/Editing Meetings U
SC24 approves the following schedule of meetings for its Working Group 5 for the
period -,o to the next SC24 plenary meeting: 3
Dates Place Topic Category Purpose
between Dec UK Registration WG Review comments.
88 and Feb 89 (Pink) Validation ard Produce OP Text

Testing iaison GKS maint
Study PICS I

acoficatility
Alcrg 'ith GKS maintenarce (WG1)] Study -rcfile

applicabiiity 5
June - July ??,VTR WG Review comments.
1989 FRG Review reg.

(Kirsch) proposals
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3 The WGS meeting between December 88 and February 89 will be held in parallel with
the WG1 GKS maintenance rapporteur group meeting.

RESOLUTION 20-New Structure for the Next Generation of Graphics3I Standards

SC24 believes that the current way of producing standards will not lead to coordinated.
integrated, timely standards with international scope and influence. SC24 instructs its

i Working Group 1 to investigate the feasibility of adopting a component/framewcrk
structure, as described in SC24 N139 for its next generation of graphics standards and3 notes that the adoption of this structure may require a new development process.

mII
i
I
I
I
I
I
I
I
I
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RESOLUTION 21-Deadline for Finishing Semantic Standards 3
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, I
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 NW! 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 NW! will besubmitted to JTC1 for ballotting and assignment of the project to SC24/WG2.

4) Simultaneously with step 3, the SC24 Secretariat will issue a conditional ballot to
register the base document as a OP.

5) Subsequent to OP registration, the SC24 Secretariat will issue a OP ballot on the
OP text.

6) Upon the close of the OP ballot, the SC24 Secretariat will schedule an Editing
Meeting to discuss the comments received on the OP ballot and to prepare a
disposition of comments and a new text. U

I

I

I
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U 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:

Comments Comments
Doc. No. Title To Whom Due
SC24 N177 Working Draft SC24 Secr. 1988-10-30

Reference Model for SC24/WG13 Computer Graphics Ref. Model Rapp.

SC24 N178 The Use of Comccnent/ SC24 Secr. 1988-10-303 Framework Description WG1 Cony.
Techniques in the
Specification of Computer3 Graphics Standards

SC24 N179 Sample Forms Used to SC24 Secr. 1988-10-30
Acquire and Record SC241WG1
Requirements Requirements

Rapporteur

SC24 N175 Terms of Reference SC24 Sect. 1989-01-15
for Product Data Product Data3 Geometry Special

Rapporteur

SC24 N185 Working Draft Conformance SC24 Sect. 1988-11-30
Testing of Implementations WG5 Cony.
of Graphics Standards VT Rapp.

SC24 N2C9 CGI character enccding ID SC24 Secr. 1989-03-01
3 SC24WG3

SC24 N210 CGI binary encoding ID SC24 Secr. 1989-03-013 SC24MWG3

SC24 N 180 GKSXC WD with the changes SC24 Sect. 1988-10-31
i agreed in Tucson. SC24/WWG4 for Amstercam

SC24 N 181 GKS-MD/C WD with :he cnangesSC24 Sect. 1988-10-313 agreed in Tucson. SC24,WG4 for Amsterdam.

SC24 N 189 GKS-3D/Ada WD with the SC24 Sect. 1988-10-313 changes agreed in Tucson. SC24/WG4 for Amsterdam
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SC24 N 190 GKS-3D/Pascai WO with the SC24 Sect. 1988-12-31
changes agreed in Tucson. SC24NWG4 for Sheffield I

SC24 N 191 CGIIC WD with the changes SC24 Sect. 1989-04-15
agreed in Tucson. SC24/WG4 ' for Melbourne

SC24 N 192 CGI/FORTRAN WD with the SC24 Sect. 1989-04-15
changes agreed in Tucson. SC24/WG4 for Melbourne I

SC24 N 193 List of Approved Abbreviations SC24 Sect. 1989-04-01 1
for Bindings SC24/WG4

SC24 N 194 CGI Language SC24 Sect. 1989-04-01
Bindings issues list SC24/WG4

SC24 N 223 Applicability of Static Picture SC24 Sect. 1989-04-01
Capture Files to GKS-3D and SC24/WG3
PHIGS

SC24 N229 Reponsibilities of Liaison SC24 Sect. 1988-11-30
Officers

SC24 N228 Explanation of Test SC24 Sect. 1988-11-30

Requirements SC24/WG5

RESOLUTION 24-Registration Letter Ballot

SC24 instructs its Secretariat to circulate a 90 day letter ballot on document SC24 I
N226 regardless of the status of ISO/TR 9973 (SC24 NI 32).

Comments Comments i
Doc. No. Title To Whom Due
S%24 N184 Registration Proposals SC24 Sect. 1988-11-30

WG5 Ccnv.

Reg. Rapp.

I2
I

I
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I RESOLUTION 25-SC24 Meeting Plan for 1989 Plenary

SC24 approves the following meeting schedule for its WGs in conjunction with SC24
Plenary in Brazil in 1989:

X= plenary

SC24 Plenary _(;2 days) I I a_____
\adisory Grcu- Lhours) x X ix \ X! X ,

'ena'

I - - I

WG2: Plenary (:1/2) 1 ,

C3M, Ad d 1(5) .I
I GKXS A-n) ()X (

CG:AC (a) K

CW ix !

WG4: 72,Lenay (:a )"
W orking group (3) x PX

WG5: P•.enary (1)VT(3) x x x,

(2) xIx I

I I
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RESOLUTION 26-Liaison Statements 3
SC24 approves the following liaison statements and instructs its secretariat to forward
them to the indicated liaison organizations: 3
Doc. No. Title To Whom
SC24 N208 Liaison Statement to SC1 8 Regarding SPDL SCI8 3
SC24 N198 Response to TC10 and UK Comments on TC10

Proposal for Registration of Graphical Items 3
(ISO/IEC JTCI/SC24 N132)

SC24 N216 Response to SC18 N1383 (SC24 Nl18) SC18 3
SC24 N 217 Comments on SC22 N466, SC22

Guidelines for Language Bindings. 3
SC24 N212 Liaison Statement to SC22 SC22 3
RESOLUTION 27-Documents for OP Ballot 3
In recognition of the substantial progress made with the CGI at the Tucson meeting
SC24 instructs its Secretariat to circulate the text resulting from the September 1988
CGI Drafting meeting for 2nd OP ballot. The Document Editor is instructed to make the
text resulting from the September 1988 Drafting meeting available to the SC24
Secretariat by 15 November 1988. 3
RESOLUTION 28-Structure of Work on 20 Metaflles 3
Whereas it was decided at the SC21/WG2 meeting at Egharn in 1986 that a GKSM
should be produced in a timely fashion by an addendum to CGM, and 5
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 Rapoorteur Grouo believes for the reasons detailed in SC24
N154, SC24 N156 and SC24/WG3 N32, that there are technical prcblerns with I
continuing to progress the GKS Metafile portion of Addendum 1 as an addendum to
CGM, I

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

290 I
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3 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-30
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 SC241WG3 N32, that there are technical problems with
continuing to progress the GKS 3-D Metafile portion of Addendum 2 as an addendum3 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-30, ISO/IEC DIS 8805 and progressed in the same timescale as CGM addendum
2.I

I
RESOLUTION 32-Withdrawal of DP Registration for GKS/C

I SC24 withdraws the aporoval for OP 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.

I RESOLUTION 34-SC24 Delegation of Authority

SC24 approves the delegation of authority to SC241WG4 to forward documents for
registraron as draft proposals and instructs its Secretariat to register the following
dccuments for OP !etter ýallct:

Document Title Meeting to register

GK,-30/Ada November 1988 meeting in Amsterdam
GKS-3D/C November 1988 meeting in Amsterdam
GKSiC November 1988 meeting in Amsterdam

GKS-3D/Pascal March 1989 meeting in Sheffield, UK
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CGI/C June 1989 meeting in Melbourne, USA
CGUFORTRAN June 1989 meeting in Melbourne, USA

RESOLUTION 35-Prompt Circulation of Comments to Document Editors I
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 I
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 3
required to originate language bindings for proposals when these bindings are missing.

RESOLUTION 37-SC24 Documents for DiS Registration 1
SC2,4 instructs its Secretariat to forward the following document to ISO Central 3
Secretariat for registration as a Draft International Standard:

The PHIGS binding to Ada (ISO 9593-3), with the changes agreed in Tokyo and I
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.

U
RESOLUTION 38-Simultaneous Development of Semantic Standards and
Language Bindings 3
SC24 adopts the following policy:

That all functional scecifications which reach the stage of DIS or IS should be I
accompanied by at least one language binding or encoding for that functional
soecification. Specificaily, if the funczicnai specification Is at :he stage of DIS, at east
one language oinding ,r enc-ding should Ze at the stage of CP, and if the functicnai
scec:fication is to beccre an IS, at least one language binding or encoding snoculd eat the stage of 0IS. 1

I



3 ISO/IEC JTC1ISC24 RESOLUTIONS DRAFT 3 ISO/IEC JTC1ISC24 N188

U RESOLUTION 39-Progression of PHIGS C and PHIGS Extended Pascal

SC24 instructs its Secretanat to check that the C language standard is at DIS stage
before registering the PHIGS C Language Binding as a DIS, and that the Extended
Pascal language standard is at DIS stage before registering the PHIGS Extended Pascal
Language Binding as a DIS.I
RESOLUTION 40-Conformance Testing Standard Progression

I SC24 approves the progression of project JTC1.24.7 as a single part standard. The
standard will contain general concepts and guidelines for conformance testing of the
complete range of graphics standards. Specific details for each standard will be
produced in a Test Requirements document for each standard.

I RESOLUTION 42-Conformance Clauses

SC24 approves the following 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) shouldIbe consulted.

2. The SC24/WG5 Convenor and the Validation and Testing Rapporteur should be
notified of the place and time of discussions relating to the Standard conformance
sections and WG5 experts should be invited to participate in these discussions.

3. The text for the conformance sections shall be developed jointly by the WG5
Validation and Testing Rapporteur Group and the Standard Group.

RESOLUTION 43-PICS Proforma

SC24 instructs its Working Group 5 to investigate the use of PICS (Protocol
Implementation Contormance Statement) proformas to assist in the development of
conformance requirements and the application of conformance test suites for grapnics
standards. WG5 is instructed to oroduce a report by 15 March 1989 for circulation to
SC24 National Bodies for comment by 15 July 1989. The SC24 Chair will write c the
SC21 Chair to request SC21 paricipation in this work.

I RESOLUTION 44--Application Profiles

SC24 instructs its Working Group 5 to investigate the applicability of Application ard
Constituency Profiles and their relationship to graphics standards and registration. In
particular, WG5 should examine whether the profiles can assist in the definition of
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. I

RESOLUTION 46-Appreciation to GKS Binding editors 3
SC24 unanimously expresses its appreciation to 0. Larson, editor of GKS Pascal
(ISO/IEC 8651-2) and J. McConnell, editor GKS FORTRAN (ISO/lEC 8651-1) cn
publication of the standard and completion of their work.

RESOLUTION 47-SC24 Five Year Meeting Plan I
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 3
15 Oct. - 15 Nov 1989 Iguassu Fails, Brazil
April 1991 U.K. 3
October 1992 Germany, F.R.
April 1994 France

RESOLUTION 48-EEC Standardisation Activities Within JTC1/SC24 U
Scope of Work [Denmark, FRGJ

Whereas

1) SC24 is aware that the EEC Commission is developing standard activities which 5
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).

II
I
I
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RESOLUTION S--SC24 Appreciation for Meeting

I SC24 unanimously expresses its appreciation to the meeting organizers and
contributors:

I Organization Peter R. Bono Associates, Inc.
Secretarial Support Susan Bonde, Diane Bono, E!aine Bono, Brenda Carson,

Gillian Hall
Financial Support National Computer Graphics Association

Advanced Technology Center3 Apollo Computer
Digital Ecuicmen. Corporation
Hewiett-Packard Company
International Business Machines
Lcckheed/CalComp Corporation
National Semiconductor Corporation
Pansophic Systems, Inc.
Precision Visuals, Inc.
Tektronix, Inc.
Unisys Corporation

Computer Support Chin Associates
Geri Cuthbert
GSC Associates Inc.
Sun Microsystems, Inc.

3 SC24 unanimously expresses appreciation to its Chair, Dr. Jtrgen Schanhut, the
Secretariat, and the Drafting Committee (G.S. Carson, C. Cartledge, I. Kom, and J.
Rix) for their work in support of the meeting.

RESOLUTION 51-Appreciation to Janet Chin

I SC24 unanimously expresses their appreciation to Janet Chin for years of unstinting
effort as leader of the US delegaticn.I

I RESOLUTION 52-Larguage Binding Issues Librarians

SC24 notes that WG4 has established the position of issues !ibrarian for each
'anguage binding. The dutIes of issues ibrarans are to record issues, nc'uding their
arguments and resolutions, and maintain and circulate the library. SC24 directs its3 Working Groups to identify to the WG4 convenor those individuals from their
membership who can participate in the activities of WG4 in this role, on a part time
basis.

2
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RESOLUTION 53-SC24 Documents for DP/PDAD registration 3
SC24 instructs its Secretariat to circulate the following documents for parallel PDAD
registration ballot and conditional PDAD ballot: 3
Document no. Title Condition

SC24 N219 CGM Addendum 2, part 1 As amended by decisions taken at
Tucson

SC24 N22C CGM Addendum 2. part 2 As defined by decisions taken at
Tucson

SC24 N221 CGIM Addendum 2, part 3 As defined by decisions taken at
Tucson

S024 N222 CGM Addendum 2, part 4 As defined by decisions taken at
Tucson

RESOLUTION 54-SC24 Documents for DIS/DAD registration 3
SC24 instructs its Secretariat to forward the following documents to the JTC1

Secretariat for DAD ballot: 3
Document no. Title Condition

SC24, N230 CGM Addendum 1, part 1 As amended by decisions taken at I
Tucson

SC24 N231 CGM Addendum 1, part 2 As amended by decisions taken at
TucsonSC24 N232 CGM Addendum 1, part 3 As amended by decisions taken at
Tucson 3

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 I
addendum 1, following the decsiors
taken at Tucson

RESOLUTION 55--SC24 Document for Registration Sponsorship

SC24 directs its Secretariat to circulate the registration prcocsals in Occument S%24
N225 for a 3 month letter ballot to approve S024 sponsorship cf them for registration 3
as graphical items.
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RESOLUTION 56-Extended Scope of the Register of Graphical items
I SC24 cirects the WGS Reg.;straticn Ra:-crceur Grcu; -: cc.rrs;cer ways :n whic.h :,e

registraticn procedures can 'e extended ,o cover the adc::cr cat gra ;hical 1: -6s

i requiured for registration by SC24 stancarts.

I
I
1
I
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