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EXECUTIVE SUMMJARY

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. NIST has been funded since
Spring 1986 to recommend a suite of industry standards for system
integration and digital data transfer, and to accelerate their
implementation.

During FY86 NIST tasks for CALS in the area of graphics standards
focused on identification of recommended standards to OSD which
would be applicable to the DoD environment; comparison of graphics
standards among themselves and with product data standards; and the
status of ongoing graphics standards efforts as well as related
validation efforts . CALS' needs for graphics standards were
assessed, and an architecture for their inclusion into specific
CALS programs was created. Finally, a plan was recommended for
accelerating the development, related validation efforts and
implementation of graphics standards into the CALS program.

Building on the knowledge and experience gained during FY86, NIST
tasks for CALS in the area of graphics standards in FY87 emphasized
the particular graphics standard dealing with the transfer of
pictorial data from one system to another, namely the Computer

2Graphics Metafile (CGM) standard (FIPS PUB 128) . Graphics tasks
included an assessment of raster-to-vector conversion technology,
and where the CGM might fit into that process; efforts toward
development of CGM validation routines; injection of CALS
requirements into the Extended CGM (CGEM) standards work, as well
as into the CGM Registration process. In addition, functional
requirements and conceptual design documents were completed for a
reference implementation for CGM; a design specification was
created for an IGES-to-CGM translator; and a preliminary CALS
Application Profile for CGM was formed from the application profile
work of the MAP/TOP organization.

During FY88, NIST tasks for CALS in ths graphics standards area
were in large measure a continuation of those efforts begun the

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

2Kemmerer, S., Editor, "A Collection of Technical Studies
Completed for the Computer-aided Acquisition and Logistic Support
(CALS) Program, Fiscal Year 1987," U.S. Department of Commerce,
National Bureau of Standards, NBSIR 88-3727, March 1988.
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year before3 . Final text was completed for the initial publication
of a Military Specification which is the CALS Application Profile
for CGM. NIST continued to participate in graphics standards work
in support of CALS requirements in the areas of CGM conformance
testing, the CGEM, and CGM Registration. In the particular area
of CGM conformance testing, the needs for testing both to FIPS 128
and to the Application Profile for CGM were identified; existing
commercial implementations of CGM were analyzed and compared
functicnally to both CGM and Application Profile requirements; and
required CGM conformance testing tasks were described in detail,
responsibilities in the testing process delineated, and the impact
of CGM testing was assessed both for CALS and the commercial
marketplace.

This collection of reports represents the continuing efforts of
the Graphics Software Group of NIST/NCSL in FY89 in support of
computer graphics standards for CALS, and in particular CGM4. It
provides a progress report on continuing graphics standards efforts
related to the Computer Graphics Metafile (CGM) standard, includ'ng
the Extended CGM (CGEM), Graphics Registration, and the CGM
Application Profile for CALS (or MIL-D-28003). In addition, the
creation of a Test Requirements Document for MIL-D-28003 is
detailed. This Test Requirements Document will provide the basis
for developing conformance tests to determine compliance with MIL-
D-28003.

This report is subdivided into four separate final CALS
deliverables, entitled as follows:

1. Test Requirements Document for CALS CGM Conforming Basic
Metafiles

2. Injection of CALS Requirements in the Extended CGM (CGEM)

Standards Work

3. MIL-D-28003 Revision Recommendations

4. CGM Registration in Support of CALS Requirements

3Morgan, Roy S., Editor, "A Collection of Technical Studies
Completed for the Computer-aided Acquisition and Logistic Support
(CALS) Program, Fiscal Year 1988, U.S. Department of Commerce,
National Institute of Standards and Technology, NISTIR 4315, 4316,
and 4317.

4The publishing of this collection of reports does not imply
that the CALS Office has endorsed the conclusions or
recommendations presented.
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An additional deliverable completed for CALS by the Graphics
Software Group during FY89 detailed the impact that two other
graphics standards (namely PHIGS, or the Programmers Hierarchical
Interactive Graphics System, and PIK, or the Programming Imaging
Kernel)5 will have on the CALS environment. It was published under
separate cover, and is available through the CALS Policy Office orth:ough the National Technical Information Service.

5Kemmerer, Sharon J., and Skall, Mark W., "Graphics
Application Programmer's Interface Standards and CALS," U.S.
Department of Commerce, National Institute of Standards and
Technology, NISTIR 89-4199, October 1989.
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ABSTRACT

The purpose of this report is to satisfy the requirements of CALS
FY89 Statement of Work Task 4.1.1, which states:

Continue to accelerate the development of CGM validation
routines and ensure the input of CALS requirements.

In previous related tasks, NIST/NCSL has: developed a plan for the
development of conformance tests for both FIPS PUB 128 (CGM) and
MIL-D-28003; compared the variability of commercial CGM generator
implementations and how well they conform to MIL-D-28003; and
assessed the impact of CGM test development strategy with respect
to the CALS environment and the marketplace. Finally, as part of
last fiscal year's work on CALS, NIST/NCSL prepared a comprehensive
list of tasks that must be accomplished in order to put into place
a testing service for both FIPS PUB 128 and MIL-D-28003. This
report is a follow-on to that work, and fulfills one of the most
important tasks identified concerning the development of a Test
Method, i.e. to create a Test Requirements Document.
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I. OVERVIEW AND METHODULOGY

A. Overview

The Computer Graphics Metafile (CGM) standard (ISO 8632;
ANSI/X3.122; FIPS 128) is a data transfer standard. In
particular, it specifies the content of a logical file to be used
in storing and interchanging picture descriptions amc ig
applications. Conformance statements in the CGM standard apply
to instances of CGMs and not to generators (writers) of CGMs nor
to interpreters (readers) of CGMs. Consequently, the standard
specifies mainly syntactic requirements; there are very few
semantic requirements to be met by a conforming instance of a
CGM.

B. Purpose

The purpose of a Test Requirements document is to gather together
all requirements that must be satisfied in order for a given
instance of an implementation of a graphics standard to be in
conformance with that standard. In the case of the CGM standard,
an instance of a CGM whose conformance is in question will be
called a CGM-under-test.

C. Scope

This test requirements document is meant to apply to CGMs that
attempt to comply with MIL-D-28003, the CALS Application Profile
for the CGM. Consequently, the document has gathered only those
requirements that apply to Binary Encoded CGMs; i.e., those that
conform to Parts 1 and 3 of the CGM standard.

D. Use

This document is intended for use by (1) programmers who must
build a testing tool capable of determining whether a given
instance of a CGM is in conformance with MIL-D-28003 and (2)
buyers who need to judge, by whatever means are available,
whether a given CGM is in conformance with MIL-D-28003. In
addition, programmer- responsible for producing products with
capabilities for CGM generation or interpretation will find this
document valuable

Although specifically targeted at CALS-conforming CGMs, the
document presents the CALS-sp zific requirements of MIL-D-28003
separately, so that the documenr is of value to anyone needing to
test Binary Encoded CGMs for conformance to the CGM standard. In
addition, because the Functional Requirements are documented
separately from the Encoding Requirements, this document could
also serve as the basis for a more comprehensive CGM Test
Requirements document that deals with all three standardized
encodings of the CGM.
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E. Methodology

The CGM Functional Description, ISO 8632-1:1987, was
systematically read and all requirements relating to the
conformance of instances of CGMs were extracted. Section III
presents the results of that analysis. A similar approach was
taken for the CGM Binary Encoding, ISO 8632-3:1987, and the CALS
Application Profile, MIL-D-28003. The results are summarized in
Sections IV and V, respectively. In these sections, like
requirements are grouped. (NOTE: Because this document is
intended to be used in the development of an international CGM
conformance testing tool, the requirements were derived from ISO
8632:1987. It should be further noted that ISO 8632 and ANSI
X3.122 are identical except for document layout and style (i.e.,
page numbers may differ).]

From the total set of requirements, three major summary tables
were assembled and ire presented as Appendices. First, Appendix
A contains the description of a finite state machine that
enforces exactly all CGM Element ordering requirements contained
in the standard. Next, Appendix B contains, in tabular form, the
parameter list lengths for all elements in a CALS-conforming CGM.
Finally, Appendix C presents a matrix stating the requirements
that must be met by each parameter of each CGM Element appearing
in a CALS-conforming CGM.

These tables summarize and accoutit for over two-thirds of the
specific requirements statements found in the CGM standard. The
conformance implications of the remaining requirements statements
cannot fruitfully be characterized in a simple table. Instead,
an expository technique has been chosen, which is elaborated in
Section II, based on describing the b&eivior of a hypothetical
"black box," whose task it is to determine whether a given CGM-
under-test is in conformance with MIL-D-28003.

The black box is called a "CGM Parser/Verifier." Its operation
is broken down into six major steps, which can be thought of as
relatively autonomous program modules, plus a reporting step.
Section II gives a complete description of the behavior of the
parser/verifier and assumes that the parser/verifier uses the
information embodied in the summary tables of Appendices A, B,
and C.

To complete the report, Section VI gives a cross reference
between each raw requirement statement and the Table (Appendix A,
B, or C) or Step (in Section II) where the test requirement is
represented for testing.

2



1i. REFERENCE ARCHITECTURE FOR A CGM PARSER/VERIFIER

A. Overview

The CGM standard, ISO 8632:1987, Parts 1 (Functional Description)
and 3 (Binary Encoding), specifies the content and structure of a
conforming metafile. This section describes the high-level
design of a CGM parser/verifier whose objective is to determine
whether a given CGM is conforming. If the CGM-under-test is
conforming, the parser/verifier should produce a conformance
report stating this fact. If the CGM-under-test does not conform
to the standard, the conformance report should include a
description of each conformance violation discovered including
its location (as a logical octet offset from the start of the
CGM).

MIL-D-28003, "Digital Representation for Communication of
Illustration Data: CGM Application Profile," places additional
constraints on the structure and content of a CALS basic
conforming metafile. In the following description of the
parser/verifier operation, CALS-specific tests are separated into
their own paragraphs and preceded with the phrase "CALS".

B. Parser/Verifier Operation

The parser/verifier is divided into a number of relatively
autonomous modules described in the sections that follow.

1. Step 1: Physical to Logical Mapping

The CGM-under-test is opened and the initial information is read
from the file into an internal buffer. Because the CGM is
logically viewed as a continuous stream of bits, organized as
octets and words, according to specific definitions in the
standard, it is in this module that all operating-system and
programming-language-specific matters like byte swapping and
fixed-length and variable-length record structures are dealt
with. For the rest of this discussion, it is assumed that all
subsequent steps are able to get any number of octets from the
logical CGM-under-test in the correct order without worrying
about whether there are file markers, record markers, and the
like embedded in the stream of octets returned to the lexical
phase (step 2).

CALS. MIL-D-28003 specifies that basic conforming metafiles
consist of 80-octet fixed-length records. If transmitted on
magnetic tape in accordance with MIL-STD 1840A, they are blocked
into 800-octet physical records (i.e., 10 records per block).

3



2. Step 2: Lqxical •se

Two octets are obtained from the CGM-under-test. They represent
the command header (short form). The element class and id are
extracted and saved. The length is examined to determine if a
long-form element is present. If so, ancther two octets are
obtained. The parameter length information (short or long) is
saved. Bit 15 is examined in the long form to determine whether
data partitioning is in effect. The starting point of the next
command header (or next data partition) is calculated, taking
into consideration that command headers and partitions start on
word boundaries.

One special piece of processing that can occur here is detecting
when all the elements comprising the parameter data in a METAFILE
DEFAULTS REPLACEMENT element have been picked up. !rior to
getting the command header of the first element following the
METAFILE DEFAULTS REPLACEMENT element, the state should be set to
MDOP.

CA•S. In a basic conforming metafile, the METAFILF DEFAULTS
REPLACEMENT element shall not be partitioned. If partitioning is
encountered, generate an apprcpriate CALS-conformance violation
message, write it to the profile error report file, and increment
the count of such errors.

3. Step 3; Element Recognition

If the class/id is recognized as one of the valid opcodes, a
frequency count for each opcode encountered is incremented.
Then, processing nasses to Step 4 (Element Processing).

Otherwise, a conformance violation message is formulated and
output to an error report file, and the error count for this
category of error is incremented. Then the octet pointer into
the CGM-under-test is positioned to the start of the next command
header, skipping past all parameter data for the illegal element,
including any data partitions that might be encountered. Control
is returned to step 2.

4. Step 4: Element Processing

If this element is the first element in the metafile and it is
not the BEGIN METAFILE element, the parser/verifier immediately
halts processing with an appropriate message.

Each valid CGM element needs its own processing section, because
different specific actions need to be taken for each element.
However, the processing follows a familiar pattern, which is
described in the following paragraphs.

4



It is assumed that the parser/verifier has established a set of
global variables which contain both the current metafile default
values for all Metafile Descriptor, Picture Descriptor, Control,
and Attribute elements and the current parser/verifier values for
all Picture Descriptor, Control, and Attribute elements. It is
also assumed that the parser/verifier is checking element
ordering rules by implementing the finite-state machine logic
according to the description provided in Appendix A.

(Step 4A: Check Element Order) First, the current state of the
parser/verifier is compared against the states allowed for this
element. If the element is not allowed in this state, an
appropriate error message is formulated and written and the error
count updated for this class of error. However, processing is
allowed to continue.

CALS. MIL-D-28003 places some constraints on the use of ESCAPE
elements, and GDP elements are not permitted. These constraints
are shown in the state table summary section (Appendix A).

(Step 4B: Acquire Parameter) The correct number of octets for
each parameter is picked up in turn from the CGM-under-test.
This number often varies according to the current variable
settings. If the number of octets needed would exceed the number
of octets remaining available for this element, processing of
this element is aborted and control passes to Step 2, after an
appropriate error message is formulated and written and the error
count updated for this class of error. During this step, one
must be careful to observe rules relating to byte and word
alignment, where they apply (e.g, in the CELL ARRAY element)--
see Section IV, requirements B2, B13, B14, B15, B18, B19, B32,
and B33.

CALS. MIL-D-28003 restricts the range of allowed precisions to a
subset of all those allowed by the CGM standard. The length (in
octets) of each element in a basic conforming metafile is shown
in a summary table (Appendix B). All valid element lengths are
shown where the basic set permits more than one precision.

(Step 4C: Decode Parameter) The parameter is decoded according
to the data type expected for this element. If any error occurs
upon decoding, an appropriate error message is formulated and
written and the error count updated for this class of error.

5



(Step 4D: Check Parameter Range) The parameter is then checked
against any range constraints that might apply. These
constraints might be universal (e.g., an enumerated type must be
either 0 or 1) or might be dependent upon the current variable
settings (e.g., all colour indices must be non- negative and no
greater than the maximum colour index). If any parameter fails a
range check, an appropriate error message is formulated and
written and the error count updated for this class of error.
Range checks for strings include verifying that the string length
is non-negative and that the strings contain only legal character
codes. This latter check may depend upon the value of the
Character Coding Announcer.

CALS. MIL-D-28003 permits only a subset of the permissible CGM
values for each parameter to be present in a basic conforming
metafile. Appendix C shows the allowable range for each
parameter and is annotated with these additional CALS- specific
range constraints, when the CALS Basic Set is a proper subset of
the permissible CGM values according to the CGM standard.

(Step 4E: Perform Element-specific Special Processing) Once all
the parameters for an element have been acquired, any special
processing for that element can take place. Special processing
for each element or group of elements is described in Step 5.

5. Steip 5: Special Element Processin

BEGIN METAFILE: Set all current metafile defaults to the fixed
defaults specified in the standard. Save the string parameter
contents. Set state to MDOP.

END METAFILE: Set state to MFCL. Go to Step 6 (Final
Processing).

BEGIN PICTURE: Reset all current picture descriptor variables to
the corresponding values for the current metafile defaults.
Save the contents of the string parameter of each picture. Set
state to PDOP. At the first BEGIN PICTURE, examine the frequency
count data to verify that the METAFILE VERSION and METAFILE
ELEMENT LIST elements were present in the Metafile Descriptor.

BEGIN PICTURE BODY: Set state to PBOP.

END PICTURE: Set state to PICL.

CALS. Perform the Colour/Pattern Usage checks described in the
following:

6



The colour index used/set/redefined information and the pattern
index used/set/redefined information shall be compared with the
requirements of MIL-D-28003. CALS conformance violation messages
shall be generated, reported, and counted, under the following
circumstances:

(a) Not all colour indexes used were set, unless none of the

indexes were set.

(b) The colour redefinition list is non-empty.

(c) The pattern redefinition list is non-empty.

Metafile Descriptor Elements (general): Set the corresponding
value in the current metafile defaults global data structure.

METAFILE DESCRIPTION: Save the contents of the string parameter.

CALS. Verify that the description contains "MIL-D-28003/BASIC-
1" as a substring. Verify that some additional text is present-
-text that could serve to identify the company or product.

METAFILE ELEMENTS LIST: Mark the element frequency count global
data structure with the opcodes in the list. Correctly expand
the codes for "drawing set" and "drawing plus controls set".

METAFILE DEFAULTS REPLACEMENT: Set state to MMDR. Set octet
counter (file offset) to correct value so that state can be set
back to MDOP when all the parameters for this element have been
processed (see Step 2 discussion).

CAW. FONT LIST: All the font names encountered in the font list
must match one of the sixteen Hershey font names specified in
MIL-D-28003.

Picture Descriptor Elements (general): Set the corresponding
value in the current variables global data structure if the state
is PDOP and in the current metafile defaults global data
structure if the state is MMDR.

gL BACKGROUND COLOUR. Follow the same processing as required
for colour table elements.

Control Elements (general): Set the corresponding value in the
current variables global data structure if the state is PBOP and
in the current metafile defaults global data structure if the
state is MMDR.

7



Geometric Primitives (general): Check for any special
constraints on the number of entities expected. For example,
check for at least 2-point polylines, 3-point polygons, and
disjoint polylines with an even number of points.

CALS. GDP: Report an error, because no GDPs are registered as
yet.

C The number of colour values shall not exceed 1,048,576 in
a CELL ARRAY element. The number of points in any metafile
element shall not exceed 1024. No string parameter, with the
exception of data records, shall exceed 254 characters in length;
data records shall not exceed 32767 characters.

CAUS. If the default colour index for this type of primitive is
the current colour index, mark the corresponding internal colour
table entry as used. If the entry is not already marked as set,
then generate, record, and count a CALS Application Profile
conformance violation if any other index has already been set.

CALS. If this is a fill-area type primitive, if the current
interior style is "pattern," and if the default pattern index is
the current pattern index, mark the corresponding internal
pattern table entry as used. If the entry is not already marked
as set, then generate, record, and count a CALS Application
Profile conformance advisory (which may become a violation in a
future version of MIL-D-28003).

"not final" TEXT and RESTRICTED TEXT: Set state to TXOP.
"final" APPEND TEXT: Set state to PBOP.

Attribute Elements (general): Set the corresponding value in the
current variables global data structure, if the state is PBOP,
and in the current metafile defaults global data structure, if
the state is MMDR.

CALS. The number of colour values shall not exceed 2048 in a
pattern table and 256 in a COLOUR TABLE element. No string
parameter, with the exception of data records, shall exceed 254
characters in length; data records shall not exceed 32767
characters.

CA.. Colour Value Selection Elements (for indexed colour):
These elements include LINE COLOUR, MARKER COLOUR, TEXT COLOUR,
FILL COLOUR, and EDGE COLOUR. Also included are the colour index
aspects of the corresponding bundles, when the appropriate aspect
source flag controlling the setting of colour is individual.
Mark the corresponding internal colour table entry as used. If
the entry is not already marked as set, record and count a CALS
Application Profile conformance violation if any other index has

8



already been set. This processing does not take place it the
parser/verifier is in the MMDR state (that is, if default colour
indexes are being specified).

CALS. PATTERN INDEX: Mark the corresponding internal pattern
table entry as used. If the entry is not already marked as set,
generate, record, and count a CALS Application Profile
conformance advisory (which may become a violation in a future
version of MIL-D-28003). This processing does not take place if
the parser/verifier is in the MMDR state (that is, if a default
pattern index is being specified).

CALS. PATTERN TABLE: Save the pattern in the internal pattern
table. Mark the entry as "set." If the entry is already marked
as used and the pattern table parameter values are different from
the values already set in the internal table, record this pattern
index as "redefined". This processing does not take place if the
parser/verifier is in the MMDR state (that is, if a default
pattern table is being specified). Note also that no
redefinition of pattern table entries is allowed once the first
primitive has been encountered by the parser.

CAIS. COLO0UR TABLE: Save the colour values in the internal
colour table. Mark the entry as "set." If the entry is already
marked as used and the colour table parameter values are
different from the values already set in the internal table,
record this colour index as "redefined". This processing does
not take place if the parser/verifier is in the MMDR state (that
is, if a default colour table is being specified). Note also
that no redefinition of colour table entries is allowed once the
first primitive has been encountered by the parser.

CALS. ESCAPE: Report an error if the id is not -301, -302, or -
303, because these are the only ESCAPEs authorized for use for
CALS.

6. SteM 6: Final Processing

Once the entire CGM-under-test has been interpreted, there are
still two global checks that remain to be accomplished.

(Step 6A: Required Elements) The frequency count data is
examined to verify that END METAFILE has occurred.

(Step 6B: Correctness of METAFILE ELEMENT LIST) The frequency
count data is compared with the elements marked as a result of
their presence in the METAFILE ELEMENT LIST to verify that every
element actually present in the metafile was mentioned in the
METAFILE ELEMENT LIST.

9



7. Step 7: Reporting

A FIPS PUB 128 conformance report is produced. The report should
contain, at a minimum:

(a) The file name of the CGM-under-test.
(b) The (logical) size of the file in octets.
(c) The contents of the string parameters associated with BEGIN

METAFILE and METAFILE DESCRIPTION (if present).
(d) A count of the number of pictures present and the starting

octet count and content of the string parameter associated
with each BEGIN PICTURE.

(e) A statement of conformance reporting the total number of
elements tested and the number and type of errors found (if
any).

(f) Specific error messages for each conformance violation
detected along with information that permits localization of
the error (e.g., element name and offset into the file).

CAIS. A MIL-D-28003 conformance report supplement should be
appended to the basic conformance report. It should provide:

(a) A statement of CALS conformance reporting the number and
type of Application Profile errors found (if any).

(b) Specific error messages for each CALS CGM Application
Profile conformance violation detected along with
information that permits localization of the error (e.g.,
element name and offset into the file).
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III. REQUIREMENTS EXTRACTED FROM ISO 8632-1:1987

A. Explanation of Contents

The CGM Functional Description, ISO 8632-1:1987, was
systematically read and all requirements relating to the
conformance of instances of CGMs were extracted. Each separate
statement of requirements is assigned a number and quoted. The
requirement numbers are assigned sequentially from one and all
start with the letter "F," indicating that these requirements
come from the CGM Functional Description, Part 1. A suffix--
"a," "b," "c"--is added if the identical requirement is stated
multiple times in different places.

A citation for each statement (shown in boldface) is given
according to the following scheme: The Part 1 clause number is
provided on the first line; on the second line, for Clause 4 and
Clause 6 citations, the paragraph number (p) and sentence
number(s) are specified as "#p/s", followed by the page number on
which the text occurs. For Clause 5 citations, the only
difference is that the second line starts with either a "'P" or
"D", rather than a "#". "P" means that the information is
contained in the Parameters section of the clause and "D" that
the information is contained in the Description section of the
clause.

Any commentary on the requirements statement is shown as a note

enclosed in brackets ([NOTE:...]).

B. Organization of Requirements

The requirements are grouped into eight main categories. Within
each category, the requirements are generally stated in order of
their clause number. The only exception to this rule is when a
requirement is stated in several places in the standard. These
requirement statements are grouped together.

The eight categories of requirements statements are:

Required Elements
Required Order of Elements
Some Global Constraints on the Content of the CGM
Metafile Defaults Replacement Requirements
Non-final Text Requirements
String Contents Requirements
Genera) Assertions about Parameter Values
Specific Parameter Range Constraints
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1. Required Elements

Fl: Clause 4.1
#4/1 p.9

A minimal correct metafile consists of BEGIN METAFILE, a Metafile
Descriptor consisting of METAFILE VERSION and METAFILE ELEMENT
LIST, and END METAFILE.

F2: Clause 5.2.1
D1/3 p.44

BEGIN METAFILE shall occur exactly once in a metafile.

F3: Clause 5.3.1
D1/2 p.47

(The METAFILE VERSION] element shall occur in the Metafile
Descriptor of every metafile.

F4: Clause 5.3.11
D1/3 p.50

METAFILE ELEMENT LIST shall occur in the Metafile Descriptor of
every metafile.

2. Required Order of Elements
F5: Clause 4.2

#1/1 p.9

Every metafile starts with a BEGIN METAFILE element ...

F6: Clause 5.2.1
DI/l p.44

(BEGIN METAFILE] is the first element of a metafile.

F7: Clause 4.2
#1/1 p.9

Every metafile ... ends with an END METAFILE element.

F8: Clause 5.2.2
DI/I p.44

(END METAFILE] is the last element of a metafile.
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F9: Clause 4.3
#2/3 p. 1 0

The CGM contains a single Metafile Descriptor ... [which'
immediately follows the BEGIN METAFILE element in a metafile
(with the possible exception of intervening external and escape
elements).

[NOTE: This implies that Metafile Descriptor elements may appear
only before the first BEGIN PICTURE element in the metafile, if
the metafile contains any pictures.]

F1O: Clause 4.3
#2/4 p.10

External and escape elements may appear anywhere between the
BEGIN METAFILE element and first BEGIN PICTURE element (if one
exists) and after the last END PICTURE element (if one exists)
and the END METAFILE element.

FI1: Clause 4.4
#1/3 p.12

If included in a picture, [Picture Descriptor] elements shall
appear after the BEGIN PICTURE element and before the BEGIN
PICTURE BODY element.

F12: Clause 5.4.1
D1/5 p.56

If used, SCALING MODE shall appear in the Picture Descriptor.

F13: Clause 5.4.2
D2/4 p.56

If used, COLOUR SELECTION MODE shall appear in the Picture
Descriptor.

F14: Clause 5.4.3
D2/3 p.57

If used, LINE WIDTH SPECIFICATION MODE shall appear in the
Picture Descriptor.

FI5: Clause 5.4.4
D2/3 p.57

If used, MARKER SIZE SPECIFICATION MODE shall appear in the
Picture Descriptor.
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F16: Clause 5.4.5
D2/3 p.57

If used, EDGE WIDTH SPECIFICATION MODE shall appear in the
Picture Descriptor.

F17: Clause 4.4
#1/4 p.12

Escape and external elements are permitted in the Picture
Descriptor.

F18: Clause 4.5
#1/2 p.14

Control elements ... may appear in the picture bodies in the
metafile.
F19: Clause 4.9

#1/1 p.39

External elements ... may appear anywhere in the CGM.

F20: Clause 4.10
#Fig. 12 p.41

Control, Graphical Primitive, and Attribute elements can appear
only while a picture is "open," that is, between a BEGIN PICTURE
BODY element and the next END PICTURE element.

F21: Clause 5.2.5
D2/1 p.46

Only external and escape elements may occur between END PICTURE
and BEGIN PICTURE or between END PICTURE and END METAFILE.

3. Some Global Constraints on the Content of the CGM

F22: Clause 4.3
#2/1 p.10

The METAFILE ELEMENT LIST lists at least those standardized
elements that occur in the metafile.

F23: Clause 5.3.11
D1/1 p.50

All of the elements that may be encountered in the metafile and
that are not mandatory are listed [in the METAFILE ELEMENT LIST].
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F24: Clause 4.7.7
#5/2 p.38

There is a Metafile Descriptor element, COLOUR VALUE EXTENT,
which allows metafile generators to specify the minimum and
maximum metafile colour values.

[NOTE: This requirement implies that all colour values should be
checked to ensure that they lie in the range specified in the
COLOUR VALUE EXTENT.]

F25: Clause 5.3.10
D1/1-2 p.49

[For COLOUR VALUE EXTENT] the parameters represent an extent
which bounds the direct colour values that will be encountered in
the metafile. It need not represent the exact extent of colour
values contained in the metafile.

F26: Clause 5.3.9
Di/l p.49

[For MAXIMUM COLOUR INDEX] the parameter represents an upper
bound (not necessarily the least upper bound) on colour index
values that will be encountered in the metafile.

(NOTE: Therefore, the value of this parameter should be greater
than or equal to all colour indices found in the metafile.]

F27: Clause 5.4.2

D2/1 p. 5 6

Only one colour mode may be used within a picture.

F28: Clause 5.4.3
D2/1 p.57

Only one line width mode may be used within a picture.

F29. Clause 5.4.4
D2/1 p.57

Only one marker size mode may be used within a picture.

F30: Clause 5.4.5
D2/1 p.57

Only one edge width mode may be used within a picture.
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4. Metafile Defaults Replacement Requirements

F31: Clause 4.4.4
#3/1 p.12

The default state of the [VDC] extent ... can be changed in the
METAFILE DEFAULTS REPLACEMENT element in the Metafile Descriptor.

F32: Clause 4.4.5
#1/3 p.14

The default background colour [can be] specified in the METAFILE
DEFAULTS REPLACEMENT element.

F33: Clause 5.3.12
P1/l p.50

Picture Descriptor, Control, and Attribute elements [may appear
in the METAFILE DEFAULTS REPLACEMENT element].

F34: Clause 5.3.12
DI/4 p.50

Any subset of the elements given defaults in clause 6 may be
included (in the METAFILE DEFAULTS REPLACEMENT element].

F35: Clause 5.3.12
D2/3 p.50-1

An element [can] occur more than once in the default replacement
list.

16



F36: Clause 6
#all p. 101-103

By implication (all non-Metafile-Descriptor elements entincrxd In
Clause 6), any of the following elements may appear in a METAl:I[
ELEMENTS REPLACEMENT element:

SCALING MODE CHARACTER EXPAN'SON FACTOR
COLOUR SELECTION MODE CHARACTER SPACING
LINE WIDTH SPECIFICATION MODE TEXT COLOUR
MARKER SIZE SPECIFICATION MODE CHARACTER HEIGHT
EDGE WIDTH SPECIFICATION MODE CHARACTER ORIENTATiON
VDC EXTENT TEXT PATi
BACKGROUND COLOUR TEXT ALIGNMENT
VDC INTEGER PRECISION CHA ..... P T INDEX
VDC REAL PRECISION A'.,. E•Ai'E CHARACTER' 5l
AUXILIARY COLOUR FILL BUNDLE IN'DEX
TRANSPARENCY INTERIOR STYLE
CLIP RECTANGLE FILL COLOUR
CLIP INDICATOR 114 C EX

LINE BUNDLE INDEX PATTERIN INDEX
LINE TYPE EDGE BUNDLE INDEX
LINE WIDTH EDGE TYPE
LINE COLOUR EDGE WIDTH
MARKER BUNDLE INDEX EDGE COLOUR
MARKER TYPE EDGE VISIBILITY
MARKER SIZE FILL REFERENCE pOrNT
MARKER COLOUR PATTERN TABLE
TEXT BUNDLE INDEX COLOUR TABLE
TEXT FONT INDEX ASPECT SOURCE FLAGS
TEXT PRECISION

5. Non-final Text Requirements

F37: Clause 4.6.3.2
#2/1 p.17

Changes to the text attributes TEXT FONT INDEX, CHARACTER
EXPANSION FACTOR, CHARACTER SPACING, TEXT COLOUR, CHARACTER
HEIGHT, CHARACTER SET INDEX, ALTERNATE CHARACTER SET INDEX, and
TEXT BUNDLE INDEX, and to the control elements AUXILIARY COLOUR
and TRANSPARENCY are permitted between a non-final text element
and its succeeding APPEND TEXT element.

(NOTE: NB: Clause 4.7.6 and Figure 12 (p. 41) also indicates
that TEXT PRECISION is okay, while the formal grammar (which is
not part of the CGM standard) allows CHARACTER ORIENTATION, which
is not mentioned in Clause 4.7.6 nor in Figure 12.)
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F38: Clause 4.6.3.3
#1/4 p.17

The initiil [text) element is always TEXT or RESTRICTED TEXT;
subseque.., elemcnts may only be APPEND TEXT.

F39: Clause 4.7.6
#3/1 p.24

The attributes in the character representation and placement
group [TEXT FONT INDEX, CHARACTER SET INDEX, ALTERNATE CHARACTER
SET INDEX, TEXT PRECISION, CHARACTF:• EXPANSION FACTOR, CHARACTER
SPACING, TEXT COLOUR, CHARACTER HEIGHT, AUXILIARY COLOUR,
TRANSPARENCY) and TEXT BUNDLE INDEX may be changed within a
string.

F40: Clause 4.10
#Fig. 12 p.41

No elements, other than the following list of elements, may
appear between a "not final" TEXT or RESTRICTED TEXT element and
a subsequent "final" APPEND TEXT element: "not final" APPEND
TEXT, TEXT FONT INDEX, TEXT PRECISION, CHARACTER EXPANSION
FACTOR, CHARACTER SPACING, TEXT COLOUR, CHARACTER HEIGHT,
CHARACTER SET INDEX, ALTERNATE CHARACTER SET INDEX, TEXT BUNDLE
INDEX, AUXILIARY COLOUR, TRANSPARENCY.

F41a: Clause 5.6.4
D3/1 p.63

also

F41b: Clause 5.6.5
D6/1 p.64

also

F41c: Clause 5.6.6
D3/1 p.65

The flag parameter is used to permit changing the following text
attributes and control elements within a string which will be
aligned as a single block: TEXT FONT INDEX, TEXT PRECISION,
CHARACTER EXPANSION FACTOR, CHARACTER SPACING, TEXT COLOUR,
CHARACTER HEIGHT, CHARACTER SET INDEX, ALTERNATE CHARACTER SET
INDEX, TEXT BUNDLE INDEX, AUXILIARY COLOUR, and TRANSPARENCY.
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F42a: Clause 5.6.4

D4/1-3 p.63

also

F42b: Clause 5.6.5
D7/1-3 p.64

also

F42c: Clause 5.6.6
D4/1-3 p.65

If the flag is set to 'not final', ... only the attribute setting
elements listed above are allowed between this element and the
APPEND TEXT element. With the exception of the ESCAPE element,
no other metafile elements of any type are allowed.

6. String Contents Reguirements

F43a: Clause 5.6.4
D1/3 p.63

also

F43b: Clause 5.6.5
D2/3 p.64

also

F43c: Clause 5.6.6
D1/4 p.65

Format effector control characters (such as CR, LF, BS, HT; VT,
and FF) are permitted in a (TEXT] string but their interpretation
is implementation-dependent.
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F44a: Clause 5.6.4

D1/4 p.63

also

F44b: Clause 5.6.5
D2/4 p.64

also

F44c: Clause 5.6.6
DI/5 p.65

Control characters used for character set invocation and
designation (SI, SO, ESC, SS2, and SS3) are permitted according
to the setting of CHARACTER CODING ANNOUNCER.

F45: Clause 5.7.20
D3/1 p.89

If the appropriate CHARACTER CODING ANNOUNCER is selected, the SO
and SI controls and ISO 2022 escape sequences may be embedded
within the string parameters of text elements.

7. General Assertions about Parameter Values

F46: Clause 4.3.2
#1/3 p.10

Two shorthand names for CGM elements are also provided for use
with the METAFILE ELEMENT LIST [element].
F47: Clause 4.3.2.1

#2/1 p.10

The drawing set includes a set of listed elements.

F48: Clause 4.3.2.2
#2/1 p.11

The drawing plus control set includes a set of listed elements.

F49: Clause 4.6.5
#2/1 p.19

The colour values [of a CELL ARRAY element] are either direct
colour values or indexes into the COLOUR TABLE, according to the
current COLOUR SELECTION MODE.
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F50: Clause 5.4.2
D2/3 p.56

All occurrences of colour-setting elements (AUXILIARY COLOUR,
LINE COLOUR, MARKER COLOUR, FILL COLOUR, EDGE COLOUR, TEXT
COLOUR) as well as the colour lists of CELL ARRAY and PATTERN
TABLE shall be in the current (colour selection] mode.

F51: Clause 4.6.5
#2/2 p.19

The colour values [of a CELL ARRAY element] are in the precision
declared by a 'local colour precision' parameter of the CELL
ARRAY element.

F52: Clause 5.4.6
D6/1 p.58

Specification of [VDC] values outside VDC EXTENT in parameters of
CGM elements is permitted.

F53: Clause 5.6.9
D3/4-5 p.69

If the picture uses indexed colour selection, then the form of
the (local colour precision CELL ARRAY] parameter is the same as
that of COLOUR INDEX PRECISION. If the picture uses direct
colour selection, then the form of the parameter is the same as
that of COLOUR PRECISION.

F54: Clause 5.6.32
D3/4-5 p.96

If the picture uses indexed colour selection, then the form of
the [local colour precision PATTERN TABLE] parameter is the same
as that of COLOUR INDEX PRECISION. If the picture uses direct
colour selection, then the form of the parameter is the same as
that of COLOUR PRECISION.

8. SPecific Parameter Ranqe Constraints

F55: Clause 4.11
2/1-2 p.40

Applications therefore shall not use parameter values in the
reserved ranges for implementation or private use. Those
metafile elements that will be affected by registration of
graphical items are: LINE TYPE, MARKER TYPE, HATCH STYLE, EDGE
TYPE, FONT LIST, GE¶ZRALIZED DRAWING PRIMITIVE, ESCAPE.
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F56: Clause 5.1
#11/4 p.43

Non-negative values [of type IX parameters] are reserved for
(future) standardization.

F57: Clause 5.3.1
D2/1 p.47

This version of the CGM standard is version one (1).

[NOTE: This implies that the value of P1 must always be "i".1]

F58: Clause 5.6.1
Di/l p.62

[For POLYLINE] a line is drawn from ... the next-to-last point to
the last point.

[NOTE: This might be taken to imply that the number of points
must be at least 2.]

F59: Clause 5.6.2
DI/I p.62

[For DISJOINT POLYLINE], a line is drawn from the starting point
to the second point ...

(NOTE: This might be taken to imply that the number of points
must be at least 2. Also, that there should be an even number of
points in the point list.]

F60a: Clause 5.6.4

D5/3 p.63

also

F60b: Clause 5.6.5
D8/3 p. 6 4

also

F60c: Clause 5.6.6
D5/2 p. 6 5

Text elements with a null string parameter are legal.
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F61: Clause 5.6.9
DI/I p.69

In the general case, P, Q, and R [--the first three parameters of
CELL ARRAY--] can delimit an arbitrary parallelogram.

(NOTE: This implies that the area specified by the vertices P,
Q, and R should not be zero.]

F62: Clause 5.6.9
D4/1-2 p.69

Legal values of the 'local colour precision' include the legal
values of COLOUR (INDEX) PRECISION. In addition, each encoding
defines a special value, the 'default colour precision
indicator', as an indicator that the colour specifiers of the
[CELL ARRAY] element are to be encoded in the COLOUR (INDEX)
PRECISION of the metafile; i.e., to indicate that the 'local
colour precision' defaults to COLOUR (INDEX) PRECISION.

F63: Clause 5.6.10
D2/1 p.71

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

(NOTE: This implies that 0 is not a legal GDP identifier at this
time.]

F64: Clause 5.6.12

D2/1 p.72

Valid values of [a CIRCLE element's] radius are non-negative VDC.

F65: Clause 5.6.15
D5/1 p.75

Valid values of (a CIRCULAR ARC CENTRE element's] vector
components are those which produce vectors of non-zero length.

F66: Clause 5.6.15
D6/1 p.75

Valid values of [a CIRCULAR ARC CENTRE element's] radius are non-
negative VDC.
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F67: Clause 5.6.16
D7/1 p.76

Valid values of [a CIRCULAR ARC CENTRE CLOSE element's] vector
components are those which produce vectors of non-zero length.

F68: Clause 5.6.16
D8/1 p.76

Valid values of [a CIRCULAR ARC CENTRE CLOSE element's] radius
are non-negative VDC.

F69: Clause 5.6.17
D3/1 p.76

Valid values of the three specifying points of the [ELLIPSE
element] are those which yield three distinct points.

F70: Clause 5.6.18
D6/1 p.77

Valid values of the three specifying points of the [ELLIPTICAL
ARC element] are those which yield three distinct points.

F71: Clause 5.6.18
D7/1 p.77

Valid values of [a ELLIPTICAL ARC element's] vector components
are those which produce vectors of non-zero length.

F72: Clause 5.6.19
D7/1 p.78

Valid values of the three specifying points of the [ELLIPTICAL
ARC CLOSE element] are those which yield three distinct points.

F73: Clause 5.6.19
D8/1 p.78

Valid values of [a ELLIPTICAL ARC CLOSE element's] vector
components are those which produce vectors of non-zero length.

F74: Clause 5.7.1
D3/1 p.79

Legal values [of line bundle index] are positive integers.
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F75: Clause 5.7.2
D5/1 p.79

Values (of line type] above 5 are reserved for registration and
future standardization.

F76: Clause 5.7.3
D4/1 p.80

Valid values of 'line width specifier' are non-negative VDC if
LINE WIDTH SPECIFICATION MODE is 'absolute' and non-negative
reals if LINE WIDTH SPECIFICATION MODE is 'scaled.'

F77: Clause 5.7.5

D3/1 p.81

Legal values [of marker bundle index] are positive integers.

F78: Clause 5.7.5
D6/1 p.81

Values (of marker type] above 5 are reserved for registration and
future standardization.

F79: Clause 5.7.7
D4/1 p.82

Valid values of 'marker size specifier' are non-negative VDC if
MARKER SIZE SPECIFICATION MODE is 'absolute' and non- negative
reals if MARKER SIZE SPECIFICATION MODE is 'scaled.'

F80: Clause 5.7.9

D3/1 p.83

Legal values [of text bundle index] are positive integers.

F81: Clause 5.7.10
D4/1 p.84

Legal values of the font index parameter are positive integers.

F82: Clause 5.7.12
D5/1 p.85

Legal values of the character expansion factor are non- negative
reals.
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F83: Clause 5.7.15
D3/1 p.87

Valid values of 'character height' are non-negative VDC.

F84: Clause 5.7.16
D2/1 p. 8 7

Valid values of the [character up and character base] vectors
include any which have non-zero length and are not collinear.

F85: Clause 5.7.19
D2/1 p.89

Legal values of [the] character set index parameter are positive
integers.

F86: Clause 5.7.20
D2/1 p.89

Legal values of the alternate character set index parameter are
positive integers.

F87: Clause 5.7.21

D2/1 p.90

Legal values of FILL BUNDLE INDEX are positive integers.

F88: Clause 5.7.22
D2/1 p.90

If other non-standardized values of interior style are used, they
shall be given private values.

[NOTE: It is assumed that "private" in this context means
"negative valued."]

F89: Clause 5.7.24
D7/1 p.91

Values (of hatch index] above 6 are reserved for registration and
future standardization.

F90: Clause 5.7.25
D5/1 p.92

Legal values of PATTERN INDEX are positive integers.
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F91: Clause 5.7.26
D2/1 p.92

Legal values of EDGE BUNDLE INDEX are positive integers.

F92: Clause 5.7.27
D5/1 p.93

Non-negative values of the (edge type] index [above 5] are
reserved for [registration and] future standardization.

F93: Clause 5.7.28
D4/1 p.94

Valid values of 'edge width specifier' are non-negative VDC if
EDGE WIDTH SPECIFICOTION MODE is 'absolute' and non-negative
reals if EDGE WInTT SPECIFICATION MODE is 'scaled.'

F94: Clause r.- 32
D2/1 p.90

Legal values of the pattern table index parameter are positive
integers.

F95: Clause 5.6.32
D4/1-2 p.96

Legal values of the 'local colour precision' include the legal
values of COLOUR (INDEX) PRECISION. In addition, each encoding
defines a special value, the 'default colour precision
indicator', as an indicator that the colour specifiers of the
[PATTERN TABLE] element are to be encoded in the COLOUR (INDEX)
PRECISION of the metafile; i.e., to indicate that the 'local
colour precision' defaults to COLOUR (INDEX) PRECISION.

F96: Clause 5.7.33

D3/2 p.96

The pattern size vectors ... define a parallelogram.

[NOTE: This might be taken to imply that the vectors have non-
zero length and are not collinear.]

F97: Clause 5.7.34
D2/1 p.97

Legal values of the colour index are non-negative integers.
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F98: Clause 5.8.1
D1/3 p.99

Non-negative values [of the ESCAPE function identifier] are
reserved for registration and future standardization.

[NOTE: This implies that 0 is not a valid identifier at this
time.]
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IV. REQUIREMENTS EXTRACTED FROM ISO 8632-3:1987

A. Explanation of Contents

The CGM Binary Encoding, ISO 8632-3:1987, was systematically read
and all requirements relating to the conformance of instances of
binary-encoded CGMs were extracted. Each separate statement of
requirements is assigned a number and quoted. The requirement
numbers are assigned sequentially from one and all start with the
letter "B," indicating that these requirements come from the CGM
Binary Encoding, Part 3.

A citation for each statement (shown in boldface) is given
according to the following scheme: The Part 1 clause number is
provided on the first line; on the second line, for Clause 4, 5,
and 9 citations, the paragraph number (p) and sentence number(s)
are specified as "#p/s", followed by the page number on which the
text occurs. For Clause 6 citations, the only difference is that
the second line starts with a Note number, rather than a "4".
This means that the information is contained in a note on the
specified page. Similarly, for Clause 7 citations, the only
difference is that the second line starts with a Code number,
rather than a "#". This means that the information is contained
on the specified page in a note which expands upon the
information in the tables in Clause 7.

Any commentary on the requirements statement is shown as a note
enclosed in brackets ([NOTE:...]).

B. Organization of Requirements

The requirements are stated in order of their clause number.

C. Errors in the CGM Specification

Two errors were noted in ISO 8632-3:1987:

(a) Clause 7.3 Table 4 (p.21): The parameter range for the
first METAFILE ELEMENT LIST parameter should be +IR not
++IR.

(b) Clause 7.3 Table 8 (p.32): The parameter range for
CHARACTER EXPANSION FACTOR should be ++RR (not +RR) to
be consistent with the other Parts of the CGM standard.
However, it should be noted that ++RR is consistent
with GKS (ISO 7942) and the other Parts of the CGM
standard are not!
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BI: Clause 4.3
ti/i p. 6

The binary encoding of the metafile is a logical data structure
consisting of a sequential collection of bits.

B2: Clause 4.3
t3/2 P.6

Metafile elements are constrained to start on word boundaries
within the binary data structure (this alignment may necessitate
padding an element with bits to a word boundary if the parameter

data of the element does not fill to such a boundary).

B3: Clause 4.4
#1/2 P.7

Metafile elements are represented in the Binary Encoding in one
of two forms--short-form commands and long-form commands.

B4: Clause 4.4
#2/1 P.7

The short-form command always contains a complete element.

B5: Clause 4.4
#3/1 P.7

The short-form command only accommodates parameter lists up to 30

octets in length.

B6: Clause 4.4
#3/1 p.7

The long-form command accommodates lengths up to 32767 octets per

data partition.

B7: Clause 4.4
#7/1-2 P.8

The first word of a long-form command is identical in structure
to the first word of a short-form command. The presence of the
value 11111 binary (decimal 31) in the parameter list lengt)-
field indicates that the command is a long-form command.
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B8: Clause 4.4
#7/3-5 p.8

The Command Header for the long-form command ccnsis;ts of twO
words. The second word contains the actual parameter i
length. The two header words are then followed by the parameter
list.

B9: Clause 4.4
#8/1-4 p.8

The long-form command allows the parameter list to Le
partitioned. Bit 15 of the second word indicates whether the
given data complete the element or more data follow. For
subsequent data partitions of the element, the first word of the
long-form Command Header is omitted; only the second word,
containing the parameter list length, is given.

BI0: Clause 4.4
#8/5 p.8

The parameter list length for each partition spc:"fies the length
of that partition, not the length of the complete element.

BI1: Clause 4.4
#8/56 p. 8

The final partition of an element is indicated by bit 15 of the
parameter list lcngth word being zero.

B12: Clause 4.4
#10/7 p.8

Unless otherwise stated, the order of parameters is as listed in
clause 5 of Part I.

B13: Clause 4.4
#11/1-2 p.8

Every command is constrained to begin on a word boundary. This
necessitates padding the command with a single null octet at the
end of the command if the command contains an odd number of
octets of parameter data.

B14: Clause 4.4
#11/3 p.9

In elements with parameters whose precisions are shorter than one
octet (i.e., those containing a 'local colour precision'
parameter) it is necessary to pad the last data-containing octet
with null bits if the data do not fill the octet.
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BI5: Clause 4.4
#11/4 p.9

In all cases, the parameter list length is the count of octets
actually containing parameter data--it does not include the
padding octet if one is present. It is only at the end of a
command that padding is performed, with the single exception of
the CELL ARRAY element.

B16: Clause 4.4
#14/1 p.9

The short form command header with element class 15, element id
127, and parameter list length 0 is reserved for extension of the
number of available element classes in future revisions (of the
standard].

[NOTv: This particular element should not be encountered in
version 1 metafiles.]

B17: Clause 5
#1/1-2 p.10

The Binary Encoding of the CGM uses five primitive data forms to
represent the various abstract data types used to describe
parameters in ISO 8632/1. (These are Signed Integer (SI),
Ursigned Integer (UI), Character (C), Fixed Point Real (FX), and
Float-ng Point Real (FP).]

B18: Clause 5
#5/2 p.10

In general, parameters may align on odd or even octet boundaries,
because they may be preceded by an odd or even number of octets
of other parameter data.

B19: Clause 5
#5/3-4 p.10

Elements containing the local colour precision parameter may have
parameters shorter than one octet. It is possible in such cases
that the parameters will not align on octet boundaries.

B20: Clause 5.1
#1/1 p.10

Signed integers are represented in "two's complement format."
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B21: Clause 5.1
#1/2 p.10

Four precisions may be specified for signed integers: 8-bit, 16-
bit, 24-bit, and 32-bit. Integer coordinate data encoded with
this primitive data form do not use the 8-bit precision.

B22: Clause 5.2
#I/I p.11

Four precisions may be specified for unsigned integers: 8-bit,
16-bit, 24-bit, and 32-bit.

B23: Clause 5.3
#1/1 p. 1 2

Each character is stored in an octet (with the i-th character
occupying the most significant octet of a word].

B24: Clause 5.4
#1/1 p.12

Fixed point real values are stored as two integers; the first
represents the "whole part" and has the same form as a Signed
Integer; the second represents the "fractional part" and has the
same form as an Unsigned Integer.

B25: Clause 5.4
#1/2 p.12

Two precisions may be specified for Fixed Point Reals: 32-bit and
64-bit.

B26: Clause 5.4.3
#1/1 p.13

The values of the represented [fixed point] real numbers are
given by [specific equations in this clause of the standard).

B27: Clause 5.5
#1/1 p.13

Floating Point Real values are represented in the floating point
format of ANSI/IEEE 754.

33



B28: Clause 5.5
#2/2 p.13

Two precisions may be specified for Floating Point Reals: 32- bit
or 64-bit.

B29: Clause 6
Note 3 p.16

Abstract parameter type Enumeration, E, is encoded identically to
abstract type Index, IX, at 16-bit precision.

B30: Clause 6
Note 6 p.16-17

A string is encoded as a count (unsigned integer) followed by
characters. The encoding of the count is similar to the encoding
of length information for metafile commands themselves. If the
first octet is in the range 0..254, then it represents the
character count for the complete string. If the first octet is
255, then the next 16 bits contain the character count and a
continuation flag. The first bit is used as a continuation flag
(allowing strings longer than 32767 characters) and the next 15
bits represent the count, 0..32767, for the partial string. If
the first bit is 0, then this partial string completes the string
parameter. If 1, then this partial string will be followed by
another.

(NOTE: This implies that a null string is encoded as a single
octet with value 0.]

B31: Clause 6
Note 10 p.17

Fixed point reals apply to VDC and to R parameters for the
following elements: line width, edge width, character spacing,
character expansion factor, marker size, vertical continuous text
alignment, horizontal continuous text alignment.

(NOTE: This implies that the metric sc--le factor parameter of
the SCALING MODE element may be represented only as a Floating
Point Real.]

B32: Clause 6
Note 11 p.17

For PACKED (CELL ARRAY] mode, each row of the cell array is
represented by an array of colour values without compression.
Each row starts on a word boundary.
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B33: Clause 6
Note 11 p.17

For RUN LENGTH encoding, the data for each row [of the cell
array] begins on a word boundary and consists of run-length-
lists for runs of constant colour value.

B34: Clause 7.2
Code 0 p.20

A NO-OP has 1 parameter, P1, [which consists of] an arbitrary
sequence of n octets, n=0,1,2,...

[NOTE: This implies that the minimum NO-OP element consists of
two octets each with value 0.]

B35: Clause 7.3
Code 12 p.22

METAFILE DEFAULTS REPLACEMENT has 1 parameter that itself
contains metafile elements. The structure and format is
identical to appropriate metafile element(s).

[NOTE: This implies that all word alignment rules for metafile
elements also apply to these elements when they are part of the
parameter to METAFILE DEFAULTS REPLACEMENT.]

B36: Clause 7.4
Code 1 p.24

[The second) SCALING MODE parameter is a (real) metric scaling
factor which is ignored if [the first parameter] is 0.

[NOTE: In Table 5, the real factor is always expressed as
floating point (FP); fixed point is not allowed for this field or
else the entry would have read R not FP.]

B37: Clause 7.6
Code 9 p.30

[In the eighth parameter of CELL ARRAY when cell representation
mode is 'run length'] each list item consists of a cell count
(integer) followed by a colour value.

35



B38: Clause 7.7
Code 32 p.36

(NOTE: NB: Unlike CELL ARRAY, pattern definitions in PATTERN
TABLE have no "cell representation model'; that is, they cannot be
run-length encoded.]

B39: Clause 9
#2/1 p.41

(A metafile conforms to this encoding if] each metafile element
is coded in the manner described.

B40: Clause 9
#3/1 p.41

[A metafile conforms to this encoding if] private metafile
elements are all coded using the GDP or ESCAPE metafile elements
as appropriate. Opcodes reserved for future standardization are
not used to code private (non-standard) metafile elements.

[NOTE: This implies that a CGM is not conforming if it contains
any opcodes (class/id pairs) not standardized in ISO 8632.]

B41: Clause 9
#4/1 p.41

[A metafile conforms to this encoding if] private values of index
parameters are all coded using negative numbers.

B42; Clause 9
#5/1 p.41

(A metafile conforms to this encoding if] values specified as
being "reserved for registration or future standardization" are
not used unless their meaning has been registered.

(NOTE: Because no new elements have been registere6 or
standardized, no such values should be encountered as yet.]

B43: Clause 9
#7/1 p.41

A conforming metafile may include, within the string parameters
of TEXT, RESTRICTED TEXT, and APPEND TEXT elements, as well as
string parameters within the data records of GDP elements, the
ISO 2022 controls for designating and invoking G- sets. This is
an alternative way, in addition to CHARACTER SET INDEX, by which
character sets for displaying text strings may be selected.
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B44: Annex C

all p. 4 8 -50

These are the codes used in the METAFILE ELEMENTS LIST element:

0/1 through 0/5
1/1 through 1/15
2/1 through 2/7
3/1 through 3/6
4/1 through 4/19
5/1 through 5/35
6/1
7/1 and 7/2.

[NOTE: Note the omission of 0/0 (NOOP). This requirement is
stated in Annex C, but it merely summarizes the contents of the
Clause 7 tables, so it should be upheld as a valid requirement.]
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V. REQUIREMENTS EXTRACTED FROM MIL-D-28003

A. Explanation of Contents

The Military Specification, Digital Representation for
Communication of Illustration Data: CGM Application Profile,
MIL-D-28003 (20 December 1988), was systematically read and all
requirements relating to the definition of a CALS conforming
basic metafile were extracted. Each separate statement of
requirements is assigned a number and quoted. The requirement
numbers are assigned sequentially from one and all start with the
letter "M," indicating that these requirements come from MIL-D-
28003, the Milspec CGM Application Profile.

A citation for each statement (shown in boldface) is given
according to the following scheme: The clause number is provided
on the first line; on the second line, for most citations, the
paragraph number (p) and sentence number(s) are specified as
"#p/s", followed by the page number on which the text occurs.
For a few citations, the only difference is that the second line
starts with a Table number, rather than a "#". This means that
the information is contained in the specified table on the
specified page.

Any commentary on the requirements statement is shown as a note
enclosed within brackets ([NOTE:...]).

B. Organization of Requirements

The requirements are grouped into eight main categories. Within
each category, the requirements are generally stated in order of
their clause number. The only exception to this rule is when a
requirement is stated in several places in the standard. These
requirement statements are grouped together.

The eight categories if requirements statements are:

General CALS
Physical to Logical Mapping
Metafile Structure and Ordering
Parameter Decoding
Parameter Ranges
Size Constraints
GDP and ESCAPE Elements
Colour/Pattern Usage Rules.

In addition, MIL-D-28003 corrects several editorial errors found
in ANS X3.122 adopted by FIPS PUB 128. These corrections are
placed in their appropriate category and marked with the phrase
(CORRECTION) preceding the Clause number on the first line of the
citation.
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1. General CALS

Mi: Clause 3.1
1/5 p.5

A conforming basic metafile shall contain no elements or
parameters outside of the Basic Set.

K2: Clause 3.1.3
1/1 p.7

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

M3: Clause 3.1.4
1/1 p.7

A conforming basic metafile shall use only the CGM Binary
Encoding, as defined in FIPS PUB 128, part 3.

M4: Clause 3.2.1
1/1-2 p.7

The Basic Set shall be defined by the limitations on Basic Values
(noted in subclauses of this clause]. Where an element is not
mentioned, it is implied that the Basic Set shall include all
values permitted in FIPS PUB 128.

M5: Clause 3.2.3
1/1 p.11

The defaults of all elements in this Application Profile shall be
as specified in Clause 6 of Part 1 of FIPS PUB 128.

K6: Clause 3.2.3
1/2 p.11

Conforming basic metafiles are permitted to contain one or more
METAFILE DEFAULTS REPLACEMENT elements to redefine any of these
values.

2. Physical to Logical Mapping

M7: Clause 3.1.5
1/1 p.7

All basic metafiles conforming to this specification shall
consist of 80-octet records.
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M8: Clause 3.1.5
1/2 p.7

When (conforming basic meta]files are being transmitted on
magnetic tape, the 80-octet logical records shall be blocked into
800-octet physical records.

3. Metafile Structure and Ordering

M9: (CORRECTION) Clause 3.1.6
5/1 p.7

Metafile Descriptor elements ... shall not be included in the
METAFILE DEFAULTS REPLACEMENT (element].

K10: Clause 3.2.6.1
1/6-7 p.13

If used, this ESCAPE element (Disable clearing of view surface:
id -301; data record null) must appear in the Metafile
Descriptor. This ESCAPE element shall be a basic capability of
the CGM Application Profile under this sp.cification.

M11: Clause 3.2.6.2
1/6ff p.13

If used, this ESCAPE element (Device viewport: id -302; data
record, a single string of text) must appear in the Picture
Descriptor. This ESCAPE element shall be a basic capability of
the CGM Application Profile under this specification.

M12: Clause 3.2.6.3
1/4ff p.14

This ESCAPE element (Implicit colour table: id -303; data record,
a single string of text) shall be allowed in the Metafile
Descriptor. This ESCAPE element shall be a basic capability of
the CGM Application Profile under this specification.

M13: Clause 3.2.7.1
3/1-3 p.15

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.
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4. Parameter DecodinQ

M14: (CORRECTION) Clause 3.1.6
3/1 p.7

Part 3, p.17, item 11: The fraction numerator which is "Pnx"
should be "pnx -i".

M15: (CORRECTION) Clause 3.1.6
4/1 p.7

Part 3, p.26, VDC REAL PRECISION: "31" should be "E,21".

M16: Clause 3.2.1.3
1/1-2 p.8

Note that the scale-factor parameter of SCALING MODE is always a
floating-point number, even when REAL PRECISION has selected
fixed point for other real numbers. It is not apparent in FIPS
PUB 128 what the precision of this floating point parameter is
when fixed point reals have been selected: its precision shall
be (0,9,23).

5. Parameter RanQes

M17: Clause 3.2.1.1
1/1 p.8

The only constraint on delimiter elements shall be for NO-OP, and
the basic values allowed shall be an arbitrary sequence of n
octets, n=0..32767.

M18: Clause 3.2.1.2
Table I p.8

The METAFILE DESCRIPTION element's string (a) shall include a
substring briefly identifying company or product [and] (b) shall
contain the substring, "MIL-D-28003/BASIC-l".

M19: Clause 3.2.1.2
Table I p.8

INTEGER PRECISION Basic Value is 16.

M20: Clause 3.2.1.2
Table I p.8

REAL PRECISION Basic Values are (1,16,16) and (0,9,23).
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M21: Clause 3.2.1.2

Table I p.8

INDEX PRECISION Basic Value is 16.

M22: Clause 3.2.1.2
Table I p.8

COLOUR PRECISION Basic Values are 8 and 16.

M23: Clause 3.2.1.2
Table I p.8

COLOUR INDEX PRECISION Basic Values are 8 and 16.

M24: Clause 3.2.1.2
Table I p.8

For FONT LIST, Cup to] four simultaneous fonts are supported.
The font names are selected from those in (clause] 3.2.5 (q.v.).

M25: Clause 3.2.5
1/2-4 p.12

All of [the font names in Table VI] shall be considered basic
capabilities of a basic metafile conforming to this
specification. Any of these font (names] may appear in the FONT
LIST element in a basic metafile that conforms to this
specification. Font name shall be the concatenation of the
string "HERSHEY:", to designate one of the Hershey fonts, and a
"name string" to designate the particular typeface.
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M26: Clause 3.2.5

Table VI p.12

The Basic font names are:

HERSHEY:CARTOGRAPHIC ROMAN
HERSHEY:CARTOGRAPHICGREEK
HERSHEY:SIMPLEXROMAN
HERSHEY:SIMPLEXGREEK
HERSHEY:SIMPLEXSCRIPT
HERSHEY:COMPLEXROMAN
HERSHEY:COMPLEXGREEK
HERSHEY:COMPLEXSCRIPT
HERSHEY:COMPLEXITALIC
HERSHEY:COMPLEXCYRILLIC
HERSHEY:DUPLEXROMAN
HERSHEY:TRIPLEXROMAN
HERSHEY:TRIPLEXITALIC
HERSHEY:GOTHICGERMAN
HERSHEY:GOTHICENGLISH
HERSHEY:GOTHICITALIAN

M27: Clause 3.2.1.2
Table I p.8

CHARACTER SET LIST Basic Value is a two-element list:
{(0,4/2),(1,4/1)), which correspond to X3.4 (7-bit ASCII) and
X3.134/2 (8-bit ASCII).

M28: Clause 3.2.1.2
Table I p.8

CHARACTER CODING ANNOUNCER Basic Values are 0 (Basic 7-bit) and 1
(Basic 8-bit).

M29: Clause 3.2.1.4

Table II p.9

VDC INTEGER PRECISION Basic Values are 16 and 32.

M30: Clause 3.2.1.4
Table II p.9

VDC REAL PRECISION Basic Values are (1,16,16) (fixed) and
(0,9,23) (floating point).
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M31: Clause 3.2.1.4

Table II p.9

TRANSPARENCY Basic Value is 1 (on).

M32: Clause 3.2.1.6
Table III p.9-10

LINE BUNDLE INDEX Basic Values are 1-5.

M33: Clause 3.2.1.6
Table III p.9-10

LINE TYPE Basic Values are 1-5 plus those defined in clause
3.2.2.1.

M34: Clause 3.2.2.1
Table IV p.10

(Ten] additional line types specified in table IV shall apply.
Their CGM parameter values are the consecutive integers - 11301
through -11310.

M35: Clause 3.2.1.6
Table III p.9-10

MARKER BUNDLE INDEX Basic Values are 1-5.

M36: Clause 3.2.1.6
Table III p.9-10

MARKER TYPE Basic Values are 1-5.

M37: Clause 3.2.1.6
Table III p.9-10

TEXT BUNDLE INDEX Basic Values are 1-2.

M38: Clause 3.2.1.6
Table III p.9-10

TEXT FONT iNDEX Basic Values are 1-4 and the character set
selected shall be representable in the font selected.

M39: Clause 3.2.1.6
Table III p.9-10

CHARACTER SET INDEX Basic Values are 1-2 and the character set
selected shall be representable in the font selected.
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M40: Clause 3.2.1.6
Table III p.9-10

ALTERNATE CHARACTER SET INDEX Basic Values 1r!- i- ,•n;iý t(ý
character set selected shall be representable in the !e
selected.

M41: Clause 3.2.1.6

Table III p.9-10

FILL BUNDLE INDEX Basic Values are 1-5.

M42: Clause 3.2.1.6
Table III p.9-10

HATCH INDEX Basic Values are 1-6 plus the hýtch styles (indexes)
defined in clause 3.2.2.2.

M43: Clause 3.2.2.2
Table V p.11

(Eighteen] additional hatch styles specified in table V shall
apply. Their CGM parameter values are the consecutive integers -
11401 through -11407 and -11.D9 through -11418.

M44: Clause 3.2.1.6
Table III p.9-10

EDGE BUNDLE INDEX Basic Values are 1-5.

M45: Clause 3.2.1.6
Table III p.9-10

EDGE TYPE Basic Values are 1-5.

M46: Clause 3.2.1.6
Table III p.9-10

PATTERN TABLE Basic Values are (Starting Index: 1-8; nx, ny: I-
16).

M47: Clause 3.2.1.6
Table III p.9-10

COLOUR SABLE Basic Values are those with start index in the range
0-255.

M48: Clause 3.2.1.8
1/1 p.10

The "action required" flag of the MESSAGE element shall be
restricted to the value "no action required".
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6. Size Constraints

M49: Clause 3.2.8.3
3/1 p.18

The basic value for the number of colour values that can appear
in a colour array or colour list parameter shall be: 1048576 for
CELL ARRAY (one 1024xi024 image); 2048 for PATTERN TABLE (eight
16x16 patterns); 256 for COLOUR TABLE (entries 0-255).

M50: Clause 3.2.8.3
5/1 p.18

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

M51: Clause 3.2.8.3
7/1 p.18

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

7. GDP and ESCAPE Elements

M52: Clause 3.2.1.5
1/1 P.9

Conforming basic metafiles shall not contain any Generalized
Drawing Primitive (GDP) elements.

M53: Clause 3.2.1.7
1/1 p.10

CGM application profiles conforming to this specification may
contain only those ESCAPE elements that are defined in 3.2.6.
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M54: Clause 3.2.6.2
3/iff p.13-14

(For ESCAPE -302 the] escape data record (is] 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 zeros of the real fraction
shall be optional. There are four parameters:

P1: First corner x-coordinate. Real fraction of the default
device viewport, in the range (0.0,1.0].

P2: First corner y-coordinate. Real fraction of the default
device viewport, in the range (0.0,1.0].

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

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

M55: Clause 3.2.6.3
1/5 p.14-15

The single integer parameter of the (-303] ESCAPE shall [be in
the range] 0-2. The default value shall be 1.

M56: Clause 3.2.6.3
9/1-2 p.15

The [single] integer (parameter of the -303 ESCAPE shall be]
encoded as "clear text," (e.g.,] value 2 is encoded as the string
comprised of (or containing) the ASCII character "2".

8. Colour/Pattern Usage Rules

M57: Clause 3.2.1.6
5/1-3 p.10

For indexed colour selection, either all colour indexes used in
the metafile shall have their representations defined by use of
the COLOUR TABLE element, or none shall. A colour index is
"used" if it occurs in an element selecting a colour value to be
applied to a primitive (LINE COLOUR, CELL ARRAY, etc.). A colour
index is also "used" if it is the default for a primitive
att-ibute and the default applies to a displayed primitive.
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M58: Clause 3.2.7.1
7/2 p. 1 6

If a COLOUR TABLE element defining the representation of a given
colour index appears in a picture, it shall appear before
reference to that index by an attribute element or use of that
index by a graphical primitive element (included in the latter
shall be implicit use of default colour index attribute values by
the first occurrence of an associated primitive).

M59: Clause 3.2.7.1
7/3 p. 1 6

Once a given colour representation is defined and used, it shall
not be redefined.

M60: Clause 3.2.7.1
9/2 p.16

If a PATTERN TABLE element defining the representation of a given
pattern index appears in a picture: (a) it shall appear before
explicit reference to that index by any PATTERN INDEX element; or
(b) in the case of the default PATTERN INDEX, it shall appear
before any implicit reference caused by the first occurrence of
an associated filled primitive.

M61: Clause 3.2.7.1
9/3 p.16

Once a given pattern representation is defined and used, it shall
not be redefined.
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VI. CROSS REFERENCE TABLE BETWEEN REQUIREMENTS AND TESTING

Reauirement Section Where Requirement is Represented for Testing

Fl II, Step 6A

F2 II, Step 6A

F3 II, Step 6A

F4 II, Step 6A

F5 II, Step 4

F6 II, Step 4

F7 II, Step 5

F8 II, Step 5

F9 Appendix A

F1O Appendix A

FII Appendix A

F12 Appendix A

F13 Appendix A

F14 Appendix A

FI5 Appendix A

F16 Appendix A

F17 Appendix A

FIB Appendix A

F19 Appendix A

F20 Appendix A

F21 Appendix A

F22 II, Step 6B

F23 II, Step 6B

F24 Appendix C, COLOUR VALUE EXTENT
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Reauirement Section Where Requirement is Represented for Testing

F25 Appendix C, COLOUR VALUE EXTENT

F26 Appendix C, colour index setting elements

F27 II, Step 5

F28 II, Step 5

F29 II, Step 5

F30 II, Step 5

F31 Appendix A

F32 Appendix A

F33 Appendix A

F34 Appendix A

F35 Appendix A

F36 Appendix A

F37 Appendix A

F38 Appendix A

F39 Appendix A

F40 Appendix A

F41 Appendix A

F42 Appendix A

F43 Appendix C, string parameters of text elements

F44 Appendix C, string parameters of text elements

F45 Appendix C, string parameters of text elements

F46 Appendix C, METAFILE ELEMENT LIST, & II, Step 5

F47 Appendix C, METAFILE ELEMENT LIST, & II, Step 5

F48 Appendix C, METAFILE ELEMENT LIST, & II, Step 5
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Recquirement Section Where Reguirement is Represented for TestinQ

F49 Appendix C, METAFILE ELEMENT LIST, and
II, Steps 4B and 4C

F50 Appendix C, CELL ARRAY, and II, Steps 4B and 4C

F5l Appendix C, colour setting elements, CELL ARRAY,
PATTERN TABLE, and II, Steps 4B and 4C

F52 Appendix C, VDC EXTENT

F53 Appendix C, CELL ARRAY, and II, Steps 4B and 4C

F54 Appendix C, PATTERN TABLE, & II, Steps 4B and 4C

F55 Appendix C, LINE TYPE, MARKER TYPE, HATCH STYLE,
EDGE TYPE, FONT LIST, GDP, and ESCAPE

F56 Appendix C, index parameters

F57 Appendix C, METAFILE VERSION

F58 Appendix C, POLYLINE, and II, Step 5

F59 Appendix C, DISJOINT POLYLINE, and II, Step 5

F60 Appendix C, text elements

F61 Appendix C, CELL ARRAY

F62 Appendix C, CELL ARRAY

F63 Appendix C, GDP

F64 Appendix C, CIRCLE

F65 Appendix C, CIRCULAR ARC CENTRE

F66 Appendix C, CIRCULAR ARC CENTRE

F67 Appendix C, CIRCULAR ARC CENTRE CLOSE

F68 Appendix C, CIRCULAR ARC CENTRE CLOSE

F69 Appendix C, ELLIPSE

F70 Appendix C, ELLIPTICAL ARC
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Requirement Section Where Reauirement is Represented for Testin

F71 Appendix C, ELLIPTICAL ARC

F72 Appendix C, ELLIPTICAL ARC CLOSE

F73 Appendix C, ELLIPTICAL ARC CLOSE

F74 Appendix C, LINE BUNDLE INDEX

F75 Appendix C, LINE TYPE

F76 Appendix C, LINE WIDTH

F77 Appendix C, MARKER BUNDLE INDEX

F78 Appendix C, MARKER TYPE

F79 Appendix C, MARKER SIZE

F80 Appendix C, TEXT BUNDLE INDEX

F81 Appendix C, FONT INDEX

F82 Appendix C, CHARACTER EXPANSION FACTOR

F83 Appendix C, CHARACTER HEIGHT

F84 Appendix C, CHARACTER ORIENTATION

F85 Appendix C, CHARACTEi SET INDEX

F86 Appendix C, ALTERNATE CHARACTER SET INDEX

F87 Appendix C, FILL BUNDLE INDEX

F88 Appendix C, INTERIOR STYLE

F89 Appendix C, HATCH INDEX

F90 Appendix C, PATTERN INDEX

F91 Appendix C, EDGE BUNDLE INLEX

F92 Appendix C, EDGE TYPE

F93 Appendix C, EDGE WIDTH

F94 Appendix C, PATTERN TABLE INDEX

54



Requirement Section Where Reauirement is Represented for Testing

F95 Appendix C, PATTERN TABLE

F96 Appendix C, PATTERN SIZE

F97 Appendix C, COLOUR TABLE

F98 Appendix C, ESCAPE
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Requirement Section Where Requirement is ReDresented for Testing

B1 II, Step 1

B2 II, Step 2

B3 II, Step 2

B4 II, Step 2

B5 II, Step 2

B6 II, Step 2

B7 II, Step 2

B8 II, Step 2

B9 II, Step 2

B10 II, Step 2

BlI II, Step 2

B12 II, Step 4B

B13 II, Step 4B

B14 II, Step 4B

BI5 II, Step 4B

B16 II, Step 3

BI7 II, Step 4C

B18 II, Step 4B

B19 II, Step 4B

B20 II, Step 4C

B21 Appendix C, signed integers

B22 Appendix C, unsigned integers

B23 II, Step 4C

B24 Appendix C, fixed point reals

B25 Appendix C, fixed point reals
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Recuirement Section Where Requirement is Represented for Testing

B26 Appendix C, fixed point reals

B27 Appendix C, floating point reals

B28 Appendix C, floating point reals

B29 Appendix C, enumeration type parameters

B30 Appendix C, strings

B31 Appendix C, fixed point reals

B32 II, Step 4C, for CELL ARRAY

B33 II, Step 4C, for CELL ARRAY

B34 Appendix C, NOOP

B35 Appendix C, METAFILE ELEMENT LIST, & II, Step 4

B36 Appendix C, SCALING MODE

B37 II, Step 4C, for CELL ARRAY

B38 II, Step 4C

B39 II, Step 3

B40 II, Step 3

B41 Appendix C, index parameters

B42 II, Step 4D

B43 Appendix C, string parameters

B44 Appendix C, METAFILE ELEMENT LIST
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Requirement Section Where Requirement is Represented for Testing

Ml II, Steps 3 and 4B

M2 II, Step 4D

M3 II, Steps 1 and 2

M4 II, Step 4D

M5 II, Step 5

M6 II, Step 5

M7 II, Step 1

M8 II, Step 1

M9 Appendix A, METAFILE DEFAULTS REPLACEMENT

M10 Appendix A, ESCAPE

MIl Appendix A, ESCAPE

M12 Appendix A, ESCAPE

M13 II, Steps 2 and 5

M14 Appendix B, CELL ARRAY

M15 Appendix B, VDC REAL PRECISION

M16 Appendix B, SCALING MODE, and II, Step 4D

M17 Appendix C, NOOP

MI8 Appendix C, METAFILE DESCRIPTION

M19 Appendix C, INTEGER PRECISION

M20 Appendix C, REAL PRECISION

M21 Appendix C, INDEX PRECISION

M22 Appendix C, COLOUR PRECISION

M23 Appendix C, COLOUR INDEX PRECISION

M24 Appendix C, FONT LIST

M25 Appendix C, FONT LIST
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Requirement Section Where Requirement is Represented for Testing

M26 Appendix C, FONT LIST

M27 Appendix C, CHARACTER SET LIST

M28 Appendix C, CHARACTER CODING ANNOUNCER

M29 Appendix C, VDC INTEGER PRECISION

M30 Appendix C, VDC REAL PRECISION

M31 Appendix C, TRANSPARENCY

M32 Appendix C, LINE BUNDLE INDEX

M33 Appendix C, LINE TYPE

M34 Appendix C, LINE TYPE

M35 Appendix C, MARKER BUNDLE INDEX

M36 Appendix C, MARKER TYPE

M37 Appendix C, TEXT BUNDLE INDEX

M38 Appendix C, TEXT FONT INDEX

M39 Appendix C, CHARACTER SET INDEX

M4J Appendix C, ALTERNATE CHARACTER SET INDEX

M41 Appendix C, FILL BUNDLE INDEX

M42 Appendix C, HATCH INDEX

M43 Appendix C, HATCH INDEX

M44 Appendix C, EDGE BUNDLE INDEX

M45 Appendix C, EDGE TYPE

M46 Appendix C, PATTERN TABLE

M47 Appendix C, COLOUR TABLE

M48 Appendix C, MESSAGE

M49 Appendix C, CELL ARRAY, PATTERN TABLE, and
COLOUR TABLE
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Requirement Section Where Requirement is Represented for Testing

M50 Appendix C, point lists

M51 Appendix C, string parameters

M52 Appendix C, GDP, and II, Step 5

M53 Appendix C, GDP, and II, Step 5

M54 Appendix C, ESCAPE

M55 Appendix C, ESCAPE

M56 Appendix C, ESCAPE

M57 II, Steps 4B and 4C

M58 II, Step 5

M59 II, Step 5

M60 II, Step 5

M61 II, Step 5
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APPENDIX A

CGM ELEMENT ORDERING REQUIREMENTS
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Explanation of Contents

The CGM Functional Description, ISO 8632-1:1987, contains
requirements regarding the permitted order of elements in a CGM.
These requirements can best be summarized by describing a finite-
state machine.

In the following, the states of the finite-state machine
representing a CGM conformance-checking par:er are listed,
elements which cause state transitions are indicated, and which
elements are valid in which states are indicated.

Seven states are needed:

MFCL Metafile closed.
MDOP Metafile Descriptor open, but first picture not yet

open, and not processing a METAFILE DEFAULTS
REPLACEMENT element.

MMDR Metafile Descriptor open, but first picture not yet
open; howeer, are processing a METAFILE DEFAULTS
REPLACEMENT element.

PDOP Picture Descriptor open, but not in Picture Body yet.
PBOP Picture Body open, but not processing a "not final"

TEXT or "not final" RESTRICTED TEXT element.
TXOP Processing a "not final" TEXT or "not final"

RESTRICTED TEXT element.
PICL First or subsequent picture closed, but metafile not

yet closed.

In the following, all CGM elements are listed along with the
states in which it is valid for them to occur. Any elements
causing state transitions are annotated as (***) , and are in
Doldface. The binary encoding element class and id codes are
also provided.

MIL-D-28003, the CALS CGM Application Profile, places a few
additional constraints on GDPs and ESCAPE elements. These
cons-raints are noted with the phrase (CALS) in the left margin
and highlighted in boldface.
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0, 0 NO-OPERATION MDOP MMDR PDOP
PBOP TXOP PICL

0, 1 BEGIN METAFILE MFCL

(***) Causes transition from MFCL to MDOP.

0, 2 END METAFILE MDOP
PICL

(***) Causes transition from MDOP to MFCL.
(***) Causes transition from PICL to MFCL.

0, 3 first BEGIN PICTURE MDOP

(***) Causes transition from MDOP to PDOP.

0, 3 second or later BEGIN PICTURE
PICL

(***) Causes transition from PICL to PDOP.

0, 4 BEGIN PICTURE BODY PDOP

(***) Causes transition from PDOP to PBOP.

0, 5 END PICTURE
PBOP

(***) Causes transition from PBOP to PICL.

1, 1 METAFILE VERSION MDOP

1, 2 METAFILE DESCRIPTION MDOP

1, 3 VDC TYPE MDOP

1, 4 INTEGER PRECISION MDOP

1, 5 REAL PRECISION MDOP

1, 6 INDEX PRECISION MDOP

1, 7 COLOUR PRECISION MDOP

1, 8 COLOUR INDEX PRECISION MDOP

1, 9 MAXIMUM COLOUR INDEX MDOP
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1,10 COLOUR VALUE EXTENT MDOP

1,11 METAFILE ELEMENT LIST MDOP

1,12 METAFILE DEFAULTS REPLACEMENT MDOP

(***) Causes transition from MDOP to MMDR.

(***) completion of last element contained
in the METAFILE DEFAULTS REPLACEMENT
parameter list causes transition
from MMDR to MDOP.

1,13 FONT LIST MDOP

1,14 CHARACTER SET LIST MDOP

1,15 CHARACTER CODING ANNOUNCER MDOP

2, 1 SCALING MODE MMDR PDOP

2, 2 COLOUR SELECTION MODE MMDR PDOP

2, 3 LINE WIDTH SPECIFICATION MODE MMDR PDOP

2, 4 MARKER SIZE SPECIFICATION MODE MMDR PDOP

2, 5 EDGE WIDTH SPECIFICATION MODE MMDR PDOP

2, 6 VDC EXTENT MMDR PDOP

2, 7 BACKGROUND COLOUR MMDR PDOP

3, 1 VDC INTEGER PRECISION MMDR
PBOP

3, 2 VDC REAL PRECISION MMDR
PBOP

3, 3 AUXILIARY COLOUR MMDR
PBOP TXOP

3, 4 TRANSPARENCY MMDR
PBOP TXOP

3, 5 CLIP RECTANGLE MMDR
PBOP
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3, 6 CLIP INDICATOR MMDR
PBOP

4, 1 POLYLINE
PBOP

4, 2 DISJOINT POLYLINE
PBOP

4, 3 POLYMARKER
PBOP

4, 4 "final" TEXT
PBOP

4, 4 "not final" TEXT

PBOP TXOP

(***) Causes transition from PBOP to TXOP.

4, 5 "final" RESTRICTED TEXT
POP

4, 5 "not final" RESTRICTED TEXT

PBOP TXOP

(***) Causes transition from PBOP to TXOP.

4, 6 "not final" APPEND TEXT
TXOP

4, 6 "final" APPEND TEXT

TXOP

(***) Causes transition from TXOP to PBOP.

4, 7 POLYGON
PBOP

4, 8 POLYGON SET
PBOP

4, 9 CELL ARRAY
PBOP
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4,10 GENERALIZED DRAWING PRIMITIVE
PBOP

(CAIS) This element is not permitted in a basic conforming
metafile.

4,11 RECTANGLE
PBOP

4,12 CIRCLE
PBOP

4,13 CIRCULAR ARC 3 POINT
PBOP

4,14 CIRCULAR ARC 3 POINT CLOSE
PBOP

4,15 CIRCULAR ARC CENTRE
PBOP

4,16 CIRCULAR ARC CENTER CLOSE
PBOP

4,17 ELLIPSE
PBOP

4,18 ELLIPTICAL ARC
PBOP

4,19 ELLIPTICAL ARC CLOSE
PBOP

5, 1 LINE BUNDLE INDEX MMDR
PBOP

5, 2 LINE TYPE MMDR
PBOP

5, 3 LINE WIDTH MMDR
PBOP

5, 4 LINE COLOUR MMDR
PBOP

5, 5 MARKER BUNDLE INDEX MMDR
PBOP
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5, 6 MARKER TYPE MMDR
PBOP

5, 7 MARKER SIZE MMDR
PBOP

5, 8 MARKER COLOUR MMDR
PBOP

5, 9 TEXT BUNDLE INDEX MMDR
PBOP TXOP

5,10 TEXT FONT INDEX MMDR
PBOP TXOP

5,11 TEXT PRECISION MMDR
PBOP TXOP

5,12 CHARACTER EXPANSION FACTOR MMDR
PBOP TXOP

5,13 CHARACTER SPACING MMDR
PBOP TXOP

5,3.4 TEXT COLOUR MMDR
PBOP TXOP

5,15 CHARACTER HEIGHT MMDR
PBOP TXOP

5,16 CHARACTER ORIENTATION MMDR
PBOP

5,17 TEXT PATH MMDR
PBOP

5,18 TEXT ALIGNMENT MMDR
PBOP

5,19 CHARACTER SET INDEX MMDR
PBOP TXOP

5,20 ALTERNATE CHARACTER SET INDEX MMDR
PBOP TXOP

5,21 FILL BUNDLE INDEX MMDR
PBOP
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5,22 INTERIOR STYLE MMDR
PBOP

5,23 FILL COLOUR MMDR
PBOP

5,24 HATCH INDEX MMDR
PBOP

5,25 PATTERN INDEX MMDR
PBOP

!5,26 EDGE BUNDLE INDEX MMDR
PBOP

5,27 EDGE TYPE MMDR
PBOP

5,28 EDGE WIDTH MMDR
PBOP

5,29 EDGE COLOUR MMDR
PBOP

5,30 EDGE VISIBILITY MMDR
PBOP

5,31 FILL REFERENCE POINT MMDR
PBOP

5,32 PATTERN TABLE MMDR
PBOP

5,33 PATTERN SIZE MMDR
PBOP

5,34 COLOUR TABLE MMDR
PBOP

5,35 ASPECT SOURCE FLAGS MMDR
PBOP
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6, 1 ESCAPE MDOP MMDR PDOP
PBOP TXOP PICL

(CALS) Only the following three ESCAPEs are permitted
in a basic conforming metafile and only in the
specified states.

-301 Disable viewsurface clear MDOP
-302 Device viewport PDOP
-303 Implicit colour table MDOP

7, 1 MESSAGE MDOP MMDR PDOP
PBOP PICL

7, 2 APPLICATION DATA MDOP MMDR PDOP
PBOP PICL
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APPENDIX B

CGM ELEMENT LENGTH REQUIREMENTS

FROM

ISO 8632-3:1987
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The CGM Binary Encoding, ISO 8632-3:1987, Clause 7, contains tables
showing, for each CGM element, the lengths of their parameter lists.
Length is expressed as the number of octets occupied by the entire
parameter list, but excluding the command header and any padding needed to
provide word alignment.

The length of each parameter list is expressed as a function of a number of
variables--among them are the various types and precisions allowed for each
parameter. For an arbitrary combination of types and precisions, the table
is rather complex to read and interpret. However, MIL-D-28003, the CGM
Application Profile for CALS, greatly restricts the number of types and
precisions that are permitted to occur in a basic conforming metafile.
Consequently, it is feasible to develop a parameter length table with many
elements having a fixed length and others limited to only a few variations.

Variability in length is due to five major causes:

(1) VDC Type: If integer (I), all VDCs are 2 octets in length; if real
(R), 4 octets in length.

(2) Colour Selection Mode and Precision: If indexed, colours are 1 or 2
octets in length; if direct, they are 3 or 6 octets, depending upon the
value of colour index (CX8/CXI6) and colour precision (CDB/CDI6).

(3) String Length: Strings are either n+1 or n+3 octets long (depending
on whether they are coded using the short form or the long form); because
all strings in CALS (except the APPLICATION DATA data record) must contain
fewer than 255 octets, for the purposes of this table it is assumed that
all strings are coded with the short form.

(4) Number of Items in List: Several. of the geometric primitive elements
and some of the other elements (e.g., FONT LIST and ASPECT SOURCE FLAGS)
consist of a list of elements, whose count is not directly available. The
length is clearly a function of the number of items in the list.

(5) Local Colour Precision: The numerous values allowed for local colour
precision in the CELL ARRAY and PATTERN TABLE elements make for great
variation in the length of the parameter list for these elements.

In the following, all CGM elements are listed along with their lengths in
octets. Where the length is a function of other variables, an expression
giving the length in terms of these other variables is shown and a code is
appended to shown the source of variability. In the table that follows, n
is consistently used to represent the number of characters (octets) in a
string and m to represent the number of items in a list; e.g., for the
number of points in a "poly" geometric primitive. The binary encoding
element class and id codes are also provided in the table.
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0, 0 NO-OPERATION m

0, 1 BEGIN METAFILE n + 1

0, 2 END METAFILE 0

0, 3 BEGIN PICTURE n + 1

0, 4 BEGIN PICTURE BODY 0

0, 5 END PICTURE 0

1, 1 METAFILE VERSION 2

1, 2 METAFILE DESCRIPTION n + 1

1, 3 VDC TYPE 2

1, 4 INTEGER PRECISION 2

1, 5 REAL PRECISION 6

1, 6 INDEX PRECISION 2

1, 7 COLOUR PRECISION 2

1, 8 COLOUR INDEX PRECISION 2

1, 9 MAXIMUM COLOUR INDEX 1 (CX8)
2 (CX16)

1,10 COLOUR VALUE EXTENT 6 (CD8)
12 (CD16)

1,11 METAFILE ELEMENT LIST 4m + 2

1,12 METAFILE DEFAULTS REPLACEMENT variable

1,13 FONT LIST m * (n+1)

1,14 CHARACTER SET LIST m * (n + 3)

1,15 CHARACTER CODING ANNOUNCER 2
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2, 1 SCALING MODE 6

2, 2 COLOUR SELECTION MODE 2

2, 3 LINE WIDTH SPECIFICATION MODE 2

2, 4 MARKER SIZE SPECIFICATION MODE 2

2, 5 EDGE WIDTH SPECIFICATION MODE 2

2, 6 VDC EXTENT 8 (I)
16 (R)

2, 7 BACKGROUND COLOUR 3 (C08)
6 (CD16)

3, 1 VDC INTEGER PRECISION 2

3, 2 VDC REAL PRECISION 6

3, 3 AUXILIARY COLOUR 3 (CD8)
6 (CD16)

3, 4 TRANSPARENCY 2

3, 5 CLIP RECTANGLE 8 '1)
16 ;R)

3, 6 CLIP INDICATOR 2

4, 1 POLYLINE 4m (I)
8m (R)

4, 2 DISJOINT POLYLINE 4m (I)
8m (R)

4, 3 POLYMARKER 4m (I)
8m (R)

4, 4 TEXT 7 + n (I)
11 + n (R)

4, 5 RESTRICTED TEXT 11 + n (I)
19 + n (R)

4, 6 APPEND TEXT 3 + n
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4, 7 POLYGON 4m (I)
Sm (R)

4, 8 POLYGON SET 6m (I)
10m (R)

4, 9 CELL ARRAY 20 + colour values

(I)
32 + colour values
(R)

4,10 GENERALIZED DRAWING PRIMITIVE 5 + 4m + n (I)
5 + 8m + n (R)

4,11 RECTANGLE 8 (I)
16 (R)

4,12 CIRCLE 6 (I)
10 (R)

4,13 CIRCULAR ARC 3 POINT 12 (I)
24 (R)

4,14 CIRCULAR ARC 3 POINT CLOSE 14 (1)
26 (R)

4,15 CIRCULAR ARC CENTRE 14 (I)
28 (R)

4,16 CIRCULAR ARC CENTER CLOSE 16 (1)
30 kR)

4,17 ELLIPSE 12 (1)
24 (R)

4,18 ELLIPTICAL ARC 20 (I)
32 (R)

4,19 ELLIPTICAL ARC CLOSE 22 (1)
34 (R)

5, 1 LINE BUNDLE INDEX 2

5, 2 LINE TYPE 2

5, 3 LINE WIDTH 2 (I)
4 (R)
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5, 4 LINE COLOUR C

61 C X 1li I3 ~CD8)
6: (CDIQ

5, 5 MARKER BUNDLE INDEX 2

5, 6 MARKER TYPE 2

5, 7 MARKER SIZE 2 (1)

5, 8 MARKER COLOUR 1 CXE3)
2 ~C>162
3 (CDP)
6 ( CD 16)•

5, 9 TEXT BUNDLE INDEX

5,10 TEXT FONT INDEX 2

5,11 TEXT PRECISION 2

5,12 CHARACTER EXPANSION FACTOR

5,13 CHARACTER SPACING 4

5,14 TEXT COLOUR 1 (CXS)
2 (CX16)
3 (CD8)
6 (CD16)

5,15 CHARACTER HEIGHT 2 (I)
4 (R)

5,16 CHARACTER ORIENTATION 8 (I)
16 (R)

5,17 TEXT PATH 2

5,18 TEXT ALIGNMENT 12

5,19 CHARACTER SET INDEX 2

5,20 ALTERNATE CHARACTER SET INDEX 2

5,21 FILL BUNDLE INDEX 2
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5,22 INTERIOR STYLE 2

5,23 FILL COLOUR 1 (CX8)
2 (CX16)
3 (CD8)
6 (CD16)

5,24 HATCH INDEX 2

5,25 PATTERN INDEX 2

5,26 EDGE BUNDLE INDEX 2

5,27 EDGE TYPE 2

5,28 EDGE WIDTH 2 (1)
4 (R)

5,29 EDGE COLOUR 1 (CX8)
2 (CXI6)
3 (CD8)
6 (CD16)

5,30 EDGE VISIBILITY 2

5,31 FILL REFERENCE POINT 4 (I)
8 (R)

5,32 PATTERN TABLE 8 + colour values

5,33 PATTERN SIZE 8 (I)

16 (R)

5,34 COLOUR TABLE 1 + 3m (CX8,CD8)
2 + 3m (CX16,CD8)
1 - 6m (CX8,CDI6)
2 - 6m (CX16,CDI6)

5,35 ASPECT SOURCE FLAGS 4m

6, 1 ESCAPE 3 + n

7, 1 MESSAGE 3 + n

7, 2 APPLICATION DATA 3 + n (short DR)
5 + n (long DR)
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APPENDIX C

ALLOWABLE PARAMETER RANGES

FOR

BINARY ENCODED CGM ELEMENTS

79



Element Parameter Parameter Range

NOOP number of null-valued octets >= 0

(CALS) <= 32767

BEGIN METAFILE length of string (P1) >= 0
contents of string (P1) iset of legal

character codesý

(CALS) length of string <= 254

END METAFILE n/a

BEGIN PICTURE length of string (P1) >= 0
contents of string (P1) iset of legal

character codes,

(CALS) length of string <= 254

BEGIN PICTURE n/a
BODY

END PICTURE n/a

METAFILE version number (P1) 1
VERSION

METAFILE length of string (P1) >= 0
DESCRIPTION contents of string (Pl) (set of legal

character codes)

(CALS) length of string <= 254
contents of string contains

"MIL-D-28003/BASIC-I"
and a product name

VDC TYPE type (P1) t0,1)

INTEGER precision (P1) {8,16,24,32)
PRECISION

(CALS) (16)

REAL format (PI) (0 9 23,0 12 52,
PRECISION field width 1 (P2) 1 16 16,1 32 32)

field width 2 (P3)

(CALS) (0 9 23,1 16 16)
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Element Parameter Parameter Range

INDEX precision (P1) (8,16,24,321
PRECISION

(CALS) (161

COLOUR precision (P1) (8,16,24,32)
PRECISION

(CAIS) 18, 16)

COLOUR INDEX precision (Pl) (8,16,24,32)
PRECISION

(CALS) (8, 16)

MAXIMUM index value (PI) > 0
COLOUR INDEX

(CALS) <256

COLOUR VALUE minRed minGreen minBlue >= 0
EXTENT maxRed maxGreen maxBlue > corresponding

minimum values

METAFILE number of elements (P1) > 0
ELEMENT LIST for each (class/id) One of the valid

in the list of elements class/id pairs or
-1/0 or -1,1

METAFILE n/a; however, within the span of the MDR element only
DEFAULTS completely specified Picture Descriptor, Control,
REPLACEMENT Attribute, and Escape elements are allowed.

FONT LIST for each string in the list:
length of string (P1) >= 0
contents of string (set of legal

character codes)

(CALS) number of font names in list <= 4
length of each string <= 254

CHARACTER for each item in list:
SET LIST type >= 0 AND <= 4 or

negative
1ength of string (P2) > 0

(CALS) ((0,4/2),(1,4/1))

82



Element Parameter Parameter Range

CHARACTER coding technique <= 3
CODING
ANNOUNCER

(CALS) (0,1)

SCALING MODE mode (P1) (0,1)
metric scale factor (P2) (> 0.0 if Pi=1ý

(CALS) metric scale factor (P2) must be represented
as Floating Point it
mode is 1

COLOUR mode (P1) {0,I1
SELECTION
MODE

LINE WIDTH mode (PI) (0,1)
SPECIFICATION
MODE

MARKER SIZE mode (PI) (0,1)
SPECIFICATION
MODE

EDGE WIDTH mode (Pl) ý0,1I
SPECIFICATION
MODE

VDC EXTENT n/a

BACKGROUND Red Green Blue each component >=
COLOUR corresponding min.

colour extent AND
<= corresponding
max. colour extent

VDC INTEGER precision (PI) J16,24,32)
PRECISION

(CAI•S) (16, 32)

VDC REAL format (P1) J0 9 23,0 12 52,
PRECISION field width 1 (P2) 1 16 16,1 32 32)

field width 2 (P3)

(CALS) (0 9 23,1 16 16)
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Element Parameter Parameter Range

AUXILIARY colour index (PI) <= maximum
COLOUR or colour index

Red Green Blue each component >=
corresponding min.
colour extent AND
<= corresponding
max. colour extent

TRANSPARENCY indicator (Pl) (0,1

(CALS)

CLIP n/a
RECTANGLE

CLIP indicator (P1) {0,1)
INDICATOR

POLYLINE n/a [would like number
of points >= 27

(CALS) number of points <= 1024

DISJOINT n/a [would like number
POLYLINE of points to be

even AND >= 21

(CALS) number of points <= 1024

POLYMARKER n/a

(CALS) number of points <= 1024

TEXT flag (0,1)
length of string (P1) >= 0

contents of string (set of legal
character codes)

(CALS) length of string <= 254

RESTRICTED flag (0,1)
TEXT length of string (Pl) >= 0

contents of string (set of legal
character codes)

(CALS) length of string <= 254
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Element Parameter Parameter Ranqe

APPEND TEXT flag (0,1)
length of string (P1) >= 0
contents of string fset of legal

character codes)

(CALS) length of string <= 254

POLYGON n/a [would like number
of points >= 31

(CALS) number of points <= 1024

POLYGON SET for each pair of values in list:
edge out flag (0,1,2,3)

for each polygon in set [would like number
of points >= 3"

(CALS) number of points <= 1024

CELL ARRAY P, Q, R (P1, P2, P3) RQ x RP /= 0
nx (P4) >= 1
ny (P5) >= 1
local colour precision (P6) 0 0, 1, 2, 4,

8,16,24,32)
cell rep. mode (P7) (0,i)
for each cell colour value:

colour index > 0 AND <= max.
or colour index

Red Green Blue each component >=
corresponding min.
colour extent AND
<= corresponding
max. colour extent

(CALS) nx (P4) <= 1024
ny (P5) <= 1024

GDP identifier (PI) <= m, where
m = highest
registered id.
[m=-l now]

number of points (P2) >= 0
length of data record string >= 0

(CALS) No GDP is allowed.

RECTANGLE n/a
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Element Parameter Parameter Range

CIRCLE radius (P2) >= 0.0

CIRCULAR ARC n/a

CIRCULAR ARC n/a
3 POINT

CIRCULAR ARC close type (P4) (0,1)
3 POINT CLOSE

CIRCULAR ARC Start vector (P2) P2 /= 0
CENTRE End vector (P3) P3 0

radius (P4) >= 0.0

CIRCULAR ARC Start vector (P2) P2 1 /0
CENTRE CLOSE End vector (P3) P3 0

radius (P4) >= 0.0
close type (P5) (0,1)

ELLIPSE Center (P1) P1 /= P2
First CDP (P2) P2 /= P3
Second CDP (P3) P3 /= Pi

ELLIPTICAL Center (PI) P1 /= P2
ARC First CDP (P2) P2 /= P3

Second CDP (P3) P3 / P1
Start vector (P4) P4 i /= 0
End vector (PS) P5 /= 0

ELLIPTICAL Center (P1) P1 /= P2
ARC CLOSE First CDP (P2) P2 /= P3

Second CDP (P3) P3 /= P1
Start vector (P4) P4 0
End vector (P5) P5 P5 0
close type (P6) (0,1)

LINE BUNDLE index (P1) > 0
INDEX

(CALS) (i..5)

LINE TYPE type (PI) < 0 OR (l..m)
where m = highest
registered or
standardized line type,
[m=5 now).

(CALS) (1..5 and
-11301..-11310)
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Element Parameter Parameter Range

LINE WIDTH VDC width or scale factor >= 0 or >= 0.0
depending on
VDC type and
specification mode

LINE COLOUR colour index <= maximum
or colour index

Red Green Blue each component >=
corresponding min.
colour extent AND
<= corresponding
max. colour extent

MARKER BUNDLE index (P1) > 0

INDEX

(CAtS) (1..5)

MARKER TYPE type (P1) < 0 OR {l..m)
where m = highest
registered or
standard marker
type. [m=5 now].

(CALS) f J.

MARKER SIZE VDC size or scale factor >= 0 or >= 0.0
depending on
VDC type and
specification mode

MARKER COLOUR colour index <= maximum
or colour index

Red Green Blue each component >=
corresponding min.
colour extent AND
<= corresponding
max. colour extent

TEXT BUNDLE index (P1) > 0
INDEX

(CALS) (1,2)

TEXT FONT index (PI) > 0 [perhaps AND
INDEX <= number of

fonts in
font list]
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Element Parameter Parameter Range

(CAS) (1..4)

TEXT PRECISION precision (P1) t0,1,2,

CHARACTER expansion factor (P1) >= 0.0
EXPANSION
FACTOR

CHARACTER n/a
SPACING

TEXT COLOUR colour index <= maximum
or colour index

Red Green Blue each component >=
corresponding min.
colour extent AND
<= corresponding
max. colour extent

CHARACTER VDC height (P1) >= 0 or >= 0.0
HEIGHT depending on

VDC type

CHARACTER character up vector (P1) P1 i = 0ORIENTATION character base vector (P2) P2 /= 0
up x base /= 0

TEXT PATH path (PI) (0,1,2,3)

TEXT horizontal alignment (Pl) 10,1,2,3,4)
ALIGNMENT vertical alignment (P2) (0,1,2,3,4,5,6)

CHARACTER index (Pl) > 0 [perhaps AND SET
INDEX <= number in

character
set list]

(CALS) (1,2)

ALTERNATE index (Pl) > 0 [perhaps AND
CHARACTER <= number in
SET INDEX character

set list]

(CALS) (1,2)

FILL BUNDLE index (P1) > 0
INDEX
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Element Parameter Parameter Range

(CALS) (1..5}

INTERIOR style (Pl) <= 4
STYLE

FILL COLOUR colour index <= maximum
or colour index

Red Green Blue each component >=
corresponding min.
colour extent AND
<= corresponding
max. colour extent

HATCH INDEX index (Pl) < 0 OR (I..m}
where m = highest

registered or
standard hatch
index. [m=6 now].

(CALS) (1..6 and
-11401..-11407,
-11409..-11418)

PATTERN index (PI) > 0
INDEX

EDGE BUNDLE index (PI) > 0
INDEX

(CANS) ( 1-.5)

EDGE TYPE type (PI) < 0 OR (l..ml
where m = highest
registered or
standardized edge
type. [m=5 now].

(CALS) (1..5)

EDGE WIDTH VDC width or scale factor >= 0 or >= 0.0
depending on
VDC type and
specification mode
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Element Parameter Parameter Range

EDGE COLOUR colour index <= maximum
or colour index

Red Green Blue each component >=
corresponding min.
colour extent AND
<= corresponding
max. colour extent

EDGE visibility (Pl) {0,l1
VISIBILITY

FILL n/a
REFERENCE
POINT

PATTERN index (PI) > 0
TABLE nx (P2) >= 1

ny (P3) >= 1
local colour precision (P4) ( 0, 1, 2, 4,

8,16,24,32)
for each cell colour value:

colour index <= maximum
or colour index

Red Green Blue each component >=
corresponding min.
colour extent AND
<= corresponding
max. colour extent

(CALS) index (Pl) 1 <= and <= 8
nx (P2) I <= and <= 16
ny (P3) 1 <= and <= 16

PATTERN SIZE pattern height vector (P1) pi 0
pattern width vector (P2) P2 0

height x width /=0

COLOUR TABLE starting colour index <= maximum
colour index

for each colour to be loaded:
Red Green Blue each component >=

corresponding min.
colour extent AND
<= corresponding
max. colour extent
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Element Parameter Parameter Range

also
tcDtal-number-of
colours-loaded
plus starting-
colour-index - 1
should not >
max. colour index

(CAIS) starting colour index < 256

ASPECT for each pair of values:
SOURCE FLAGS type (0 .. 17}

value {0,li

ESCAPE identifier (P1) <= m, where
m = highest
registered id.
[ia=-l now]

length of data record string >= 0

(CALS) identifier (-301..-303)
content of data record is prescribed

MESSAGE action flag (Pl) {0,i)

len. of message string (P2) >= 0

(CALS) action flag (1)

APPLICATION length of data record string >= 0
DATA

(CALS) length of data record string <= 32767

KEY:

I Px II means the mathematical NORM of the vector specified
in parameter Px.

vectorl x vector2 means the vectot cross product

[ ... ] text in the square brackets contains additional
information for the tester.

means not equal to

<= means less than or equal to

>= means greater than or equal to
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1. Foreword

NISTiNCSL has in the past participated in the CGEM work through
the CALS representative, Lofton Henderson, on the ANSI and 1¢C
committees, and has continued this participation in FY89. I.
FY89, which ended on September 30, 1989, the work for this
project had three principle aspects: the working meetings of the
gr3phics and metafile experts of ANSI and ISO; inter-meeting work
of preparing and coordinating position papers, baseline standards
documents, and ballot responses; coordination and iiaison wlt
the Graphical Registration work.

This final report summarizes the progress that was made 3t thc,
working meetings, the current status of CGM extensions work,
projected timetables for completion, and recommendations fcr
future work. This report also presents details of key domestic
and international meetings for CGM extensions during FY'8.
Finally, key documents such as standards drafts, study reports,
and US position papers which are a result of work under this
contract are included as attachments.

2. Summary and Conclusions

Previous work has focussed on defining the CALS requirements for
CGEM, getting those requirements endorsed by ANSI, and
introducing those requirements into the ISO CGM addenda
processing. The requirements definition and ANSI X3H3
endorsement were largely accomplished. Getting functionality
into CGM Addendum 1 that meets some of the CALS needs has been
largely accomplished. The major uncompleted work at the start of
this fiscal year was getting ISO endorsement of the need for
further extensions, the Addendum 3 project, and getting technical
work underway on the project.

Specific goals for FY89 were:

1. Complete processing of CGM Addendum 1.

2. See Addendum 3 through the ISO NWI (New Work Item) process
and expedite technical work on it.

3. Coordinate the CGEM work with registrat.on proposals to
insure maximum compatibility.

It appears that CGM Addendum 1 will complete soon, and it will
have intact the capabilities that CALS has been working to put in
and keep in. The final ISO balloting occurred early in the year,
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and there were few significant changes as a result. This is as
desired; NIST/NCSL wished the content to be stabilized and
"frozer" and the processing wrapped up.

Most of the extensions identified by CALS requirements studiie:
are addressed in Addendum 3. At the start of the fiscal year a
formal ISO process was beginning, under the leadership of the
NIST representative, to initiate Addendum 3 as an ISO project.
This process went exactly on schedule, and with the desired
results, and is just completing as this fiscal year completes.
(NOTE: There is one last step, which has gotten delayed, but it
is hoped that this is a formality.)

Slightly ahead of schedule a Working Draft for Addendum 3 has
been produced, circulated for ISO comment, and the US has had a
letter ballot and formulated extensive technical comments.
Assuming adequate resource commitments and no serious dissensicn
among the member nations, the project is on track. According tc
the schedule in the New Work Item, final text should be available
in April 1991.

There is a potential problem looming, however. NIST/NCSL cannot
be sure, despite the apparent ballot results, that the European
members of SC24 share the same priorities and are willing to
commit resources sufficient to complete the work, with the
required content, in a reasonable timeframe. This should become
apparent at the SC24 meeting in October 1989. ASC X3H3 will have
to continue to have a fallback or contingency - possibly quice,
domestic processing as a US standard - if it is estimated that
the project might bog down in ISO.

In addition to working on the CGM addenda, the NIST/*'4CSL
representative reviewed and coordinated with the CALS Graphical
Registration proposals during this fiscal year.

3. Recommendations

Further work is required if the Addendum 3 project is actually to
complete expeditiously (or at all). It has been principally the
NIST/NCSL representative who has been keepinq the work alive and
on track in both ANSI and ISO. Continued participation is
essential.

NIST/NCSL will be monitoring and assessing the study work which
is just commencing to define what, if any, 3D metafile
requirements exist for effective support of the emerging product
data standards (PDES and STEP in particular).
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4. Activities in FY89

The remainder of this report contains details of the working
meetings and progress on the CGM addenda during this fiscal year.
Attachments containing key documents are included at the end.
The material in the next two subsections is condensed fro-
previous final reports on this subject and is repeated here ior
reference.

4.1 Motivation for CGEM

The CGM standard upon which MIL-D-28003 is based, ANS
X3.122-1986, was completed in 1986. It is a "least common
denominator" graphical file interchange standard. That is, it
provides a suitable basic picture interchange format for diverse
application areas. Its scope and content were not derived frin
any particular application area, but rather more from the content
of other general purpose computer graphics standards.

This expedited the processing of the standard, at the cost of
efficiency of usage in some application environments. The CALS
application areas of technical illustration, technical
publications, and compound document exchange comprise such
environments. While experience shows that even the current CGM
is more efficient than specifications such as page description
languages (e.g., PostScript) and engineering data specifications
(e.g., IGES) for graphical interchange, nevertheless CALS
requirements studies show that the efficiency and fidelity of
interchange could be improved with a well designed set of
extensions to CGM.

For these reasons an extension process was commenced in 1986
within ISO SC24 to extend CGM functionality as required by its
more advanced metafile application constituents.

4.2 Historical Overview

Two addenda were officially commenced in 1986:

"o Addendum 1: originally intended to support certain needs of
GKS, and replace the non-standard specification in Annex E
of GKS (i.e., provide a GKSM, workstation session capture
metafile, to replace Annex E of GKS);

" Addendum 2: originally intended to support the metafile
requirements of GKS-3D, and replace the non-standard Annex E
of GKS-3D.
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Due in part to the successes of the work done in previous years
for this task:

"o ASC X3H3 endorsed and supported the CGM extensions sought
for CALS.

"o The scope of Addendum 1 was expanded to include some of
these extensions: internal symbol libraries, additional
geometric primitives, and basic raster primitives.

"o Addendum 3 was commenced, to extend CGM further as required
by technical illustration, engineering drawing, -ind
publishing environments.

"o Requirements statements and baseline technical documents !or
Addendum 3 were produced within ANSI and circulated with,4n
ISO as well. These materials were largely derived from CALS
requirements studies and CALS activities.

"o A Metafile Reference Model was devised within ArSI,
submitted to and accepted by ISO, with the result that the
content and targets of the various addenda -wýere
significantly reorganized and redefined. Relatively
uninteresting GKS-related content, which would have caused
unnecessary and undesirable complication as a CGM addendum,
was thereby split off and attached to GKS.

The impact of CALS participation in the ANSI and ISO work under
this and previous contracts is significant. The NIST/NCSL
representative was the document editor of CGM (both the ANSI and
ISO documents), has led and continues to lead the CGM work within
X3H3.3, has led and continues to lead the US delegation at ISO
metafile meetings, and is the ISO leader of the Addendum 3 Study
Period. Without this participation the CGEM work would have
progressed moxch more slowly, and in fact Addendum 3 might not
have happened at all.

At the start of FY89, Addendum 1 was well advanced in its
processing and was expected to change little (see the detailed
activity reports following, however). Addendum 3 was entering a
study phase in ISO, during which the requirements were to be
studied and agreed upon. This work was largely based on US work
in the previous year.

The following list summarizes the requirements which were
identified and designated as the scope of Addendum 3 at the start
of this Addendum 3 Study Period, which corresponded roughly with
the start of this fiscal year.

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

3. Advanced drawing capabilities, including:
o user defined line type;
o user defined hatch style;
o a number of additional line types;
o a number of additional hatch styles;
o several types of spline curves;
o conics and conic arcs;
o closed figure primitive;
o arbitrary clipping boundary:

4. A number and variety of fonts;

5. A completely new text model based on the work of !SO 9541,
Information Processing--Font and Character Informaticn
Exchange;

6. Additional raster primitives (and associated attributes for
image processing);

4.3 Review of Goals for FY89

The goals for the FY89 CALS CGEM project were:

1. Addendum 3: completion of the formal New Work Item (NWI,
procedures for Addendum 3 within ISO and resumption of the
technical work, including:

o endorsement of the need and content of CGM Addendum 3
by the CGM Extensions Study Period;

0 production of the necessary NWI and supporting
Requirements Document;

0 initiation of SC24 NWI ballot and processing of
results;

0 technical work on the initial draft of the functional
content, which was a US contribution that was a year or
so old.

2. Addendum 1: Finish it by: circulation of Addendum 1 DAD
(Draft Addendum) text in X3H3 and generation of a US
position on the SC24 DAD ballot; processing the SC24 ballot
results and producing final text.
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3. Addendum 2 (3D): Prevent the project from draining
resources from the Addendum 1 and Addendum 3 work until the
project gets a well-defined and useful scope. This may in
fact happen now as a consequence of liaison with product
data standards committees within ISO. A 3D graphical file
format may be defined to serve the needs of STEP/PDES. ThiE
would be a development of interest to CALS. However, the
current Addendum 2 proposals are relatively unfocused and
uninteresting.

4.4 Key Activities of 1989

These subsections, describing the key meetings and other
activities during the task period, are organized first by
addendum and then chronologically within each addendum section.

4.4.1 Addendum 1

4.4.1.1 Initial Status and Goals

At the close of work in FY88 the Addendum 1 project had been
split into two pieces: a static picture capture Addendum 1 to
the CGM standard; and a dynamic audit trail metafile Addendum 1
to the GKS standard. This was in consequence of Metafile
Reference Model work developed within X3H3.3/CGM (the US metafile
group) under the leadership of the NIST/NCSL representative, and
carried to the ISO SC24 meeting (Tucson, June 1988). The split
separated the parts of interest to CALS - CGM Addendum 1 - from
functionality to provide a GKSM capability for GKS (which is of
no interest to CALS). At the same ISO meeting it was also agreed
to skip a second round of PDAD (Proposed Draft Addendum) ballot
and go straight to DAD status (DAD is the final processing stage
for an ISO addendum). This was largely due to the position of
the US delegation, which was being lead by the NIST/NCSL
representative, and it saved a potential 9 month delay in
completion of CGM Addendum 1.

At the beginning of work in FY 1989 then, the DAD text of CGM
Addendum 1 was being circulated for a 6-month ISO SC24 ballot.
With proper handling of voting and processing this ballot would
be the last processing step for CGM Addendum 1 and its completion
would be expected in late 1989 or early 1990.

4.4.1.2 Houston X3H3 Meeting

There was a meeting of the ANSI X3H3 committee in Houston, 17-21
October 1988. There was no activity of interest to CALS on the
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CGM Addendum 1 project at this meeting. The DAD text had not yet
been received from ISO. There was only announcement and planning
for an X3H3 letter ballot on the DAD text when it arrived in late
1988.

4.4.1.3 DAD Ballot & ANSI Letter Ballot

The DAD text was received by the NIST/NCSL representative in
December 1988 directly from the document editor in England. An
X3H3 letter ballot was prepared and mailed with the CGM DAD.1
text for a 30-day ballot, to collect and formulate the US
position for the SC24 DAD ballot. The ballot period was 6
January 1989 to 6 February 1989. The DAD.1 document is similar
to the text in Attachment 8 (Attachment 8 is the draft final text
for CGM Addendum 1, which is the result of applying the DAD.!
ballot results to the DAD.1 text). Note that the GKS Addendum 1
document was being balloted simultaneously, but has not been
included as it is of little interest to CALS.

4.4.1.4 X3H3 Milpitas Meeting

There was a scheduled X3H3 meeting in Milpitas, CA, February 6-
10, 1989. The agenda for CGM work was mostly devoted to
processing the comments from the DAD.1 letter ballot. The goal
of NIST/NCSL for the US position was two-fold: there should be
absolute minimal change in the DAD.1 text, to avoid forcing a
second DAD ballot; and the CALS content of Addendum 1 should stay
intact. A second DAD ballot at the ISO level would cause 9-12
months delay in the completion of processing. The ISO rules as
traditionally interpreted by SC24 would require a second DAD
ballot if there were any technical change.

One point in the US position deserves explanation. The US voted
to remove PIXEL ARRAY from Addendum 1. This function (as
reported in 1987) was one of the CALS functions and was supported
by CALS requirements studies. The NIST/NCSL representative
supported the removal because the function had been formulated in
a way which did not meet CALS requirements. The function was
taken straight from the CGI (Computer Graphics Interface)
standard, and had a parameterization which was device dependent,
could not be coordinated with the other geometric primitives of
CGM, and was conceptually different from the PEL ARRAY GDP which
had been promoted for Graphical Registration.

This technical deficiency alone was sufficient reason for removal
of PIXEL ARRAY. Opposition and negative votes were anticipated
from at least UK and France as well.
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Attachment 1 contains the US vote and comments on the ISO ballot,
which was formulated at the Milpitas meeting under the leadership
of the NIST/NCSL representative. Note that the PIXEL ARRAY
comment urges that it be reformulated and properly included in
Addendum 3. Note also that the US voted "no". This is
procedurally required by ANSI if a technical (as opposed to
editorial) comment is being made. As delegation leader to the
!SO editing meeting on Addendum 1, the NIST/NCSL representative
was empowered to change the US vote to "yes" if the US comments
were adequately addressed at the meeting.

The ISO DAD ballot was scheduled to end 15 June 1989, and results
were scheduled to be processed at an SC24/WG3 MRG (Metafile
Rapporteur Group, the sub-group of WG3 responsible for CGM
maintenance and CGM extensions) editing meeting 20-25 June 1989
in Waikoloa, HI.

4.4.1.5 Between Milpitas and Waikoloa

Private communication by electronic mail took place between the
NIST/NCSL representative, who is the principle US metafile
delegate to the SC24/WG3 MRG, and the principle metafile
delegates of the UK and Germany from February through June. It
became clear that there were a number of "no" votes on the CGM
DAD.1 text, and there were a number of technical issues. This
raised the possibility that technical changes would force another
DAD ballot. The UK delegate thought it inevitable. The US
thought it must be avoided at all costs, in part because the SC24
metafile workers had to be freed up to work on Addendum 3.
Germany agreed with the US. The UK finally agreed that the US
could make technical changes and avoid a second DAD ballot if
there were consensus on all of the changes as per ISO rules. For
this reason the US circulated and debated the various national
positions quite a bit during the months before Waikoloa, and were
in substantial agreement before the meeting commenced.

4.4.1.6 Waikoloa MRG Meeting

The MRG met in Waikoloa, HI, 20-25 June to process the results of
the DAD ballot. The US delegation consisted of one person, the
NIST/NCSL representative. The goal was to resolve all negative
comments and get unanimous approval, amend the document as
agreed, and thereby finish work or. CGM Addendum 1.

The initial count on the DAD ballot was: 8 approve, 5
disapprove. Disapproving were Austria, France, Germany, UK, and
US, in other words all the key countries. The minutes of the
meeting are not yet available, so cannot be included with this
report. A summary is presented below.



The negative comments fell into a few categories:

"o Unhappiness with PIXEL ARRAY (nearly unanimous);

"o Divergence between the specifications of Addendum 1 and CGI
where they overlapped (much of the functionality of Addendum
1 was borrowed from CGI and the two standards were to remain
identical);

" Misunderstanding of the meaning of some of the items in
Addendum 1 (a number of French comments fell into this
category).

The biggest problems during the six days of ssues reconciliation
and editorial work came from attempting to keep Addendum 1 and
CGI (and CGM itself!) identical where they overlap. CALS does
not consider CGI an important standard at this time; however, in
the original model of the relationship between the standards CCM
is basically identical to the output functions of CGI. Many
still believe that this is a critical principle, and that
abandoning it will impose unnecessary burdens on the computer
graphics industry and other industries which rely on graphics
standards. So effort is always expended to keep the two
together. However, there seem to be those working on CCT who
have forgotten this principle or no longer believe in it, and
this creates conflicts such as occurred at the Waikoloa editina
meeting. The CGI committee was meeting in parallel to process
the results of its 2nd DP ballot and attempt to advance it to DIS
stage.

The worst of the compatibility problems came when it was realized
that CGI had changed the method by which cl'pping behaved under
the Copy Segment function and its transformacion. This issue is
important to CALS, because one of the main pieces of
functionality of interest to CALS is the Global Segment feature
which was built into Addendum 1. In some cases (the default case
in fact) the new CGI model had a tedious and complex scheme
whereby clipping rectan.gles could accumulate and become arbitrary
convex polygons. This is not the way CALS wants to use Global
Segments. The CGM committee was unanimous in not wanting to have
this functionality. After much debate with the CGI committee,
the best compromise that could be achieved was: repackaging the
functionality in such a way that an application profile can
easily exclude the features that it does not want.

As a result of the editing meeting, all negatives but Austria's
were resolved on CGM Addendum 1. Germany, UK, and the US
participated in the editing meeting, with occasional input from
France and Austria. The remaining negative from Austria was
based on a single technical objection.
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The editing meeting produced markup for complete final text, 1"A'
the document editor (Anne Mumford of t'K) will have fn.• i t•
around late August.

France wanted a second DAD ballot because of the •h ..... -
were r'ade. The US, with support of UK and Germiany.. prc4:.,
methodology that is somewhat unconventional for SC24 . -ut
save another ballot round. The five nations represented
CGM meeting woulj agree that the Addendum was acce~ tbiL>
those modifications agreed to at the meetIng, and the ,
editor would circulate the document for a six week re,
verify that the agreed changes were properly implemented. A z
that review the document would go to ISO Central 'e, .
the recommendation that it be made an internation, Ctr1,r.
is hoped that the Secretariat will progress the dcunce.t
this is not certain because there is an outstinr.; vo.;
(Austria).

Except for PIXEL ARRAY, no signiticant func•'t;C•na°. ',- ta; - ,
added to or deleted f rom Addendum 1 but soC -
functionality was repackaged. The processing 7,:> on
resulted in the following changes to CGM Addendun 1:

I. PIXEL ARRAY is removed; improved raster capab it '•: w.i 1e
revisited in Addendum 3 and treated in a coherent tanner.

2. METAFILE CATEGORY is removed: the current Vis•z ,•, .
category is preserved by allowing "VERSION I" to app',eIr ir
the Metafile Descriptor. Annex A is corrected and na..

a new normative Annex J (to define VERSION1' .

3. In a repackaging of functionality, clipping js remove-1 rcrr
INHERITANCE FILTER: the exact same clipping features are now
selected by a new function CLIPPING INHERITANCE,

4. The IMPLICIT EDGE VISIBILITY (a feature of Closed Figures)
was discovered not to work properly, so was removed and Its
functionality replaced by CONI:ECTING EDGE.

5. A new datatype NAME, with its own NAMF PRECISION, will
replace datatypes ASN, PN, and SN.

Although GKS Addendum 1 (the other half of the original CGM
Addendum 1 after the split at Tucson) is not of interest to CAIS,
there was one result on its processing which is related to the
CGM Addendum work. The UK took the position that a standard GKSM
is not needed, and that its standardization will confuse the
marketplace. They wanted the project dropped altogether.
Although sympathetic, the US would not vote this position because
of agreements made earlier with GKSM supporters to support the
work (in return for them not holding up CGM).
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Instead changes were made to GKS Addendum 1 to make -1t conlorm
much more closely to the GKS notion of a sesslon-captre
metafile, and to make it much more distinct from CGM a n
hopefully less likely to be confused with CGM in Zhe real worid
The delimiters of the GKSM (GKS Addendum 1) were renamed, to
reduce the chances of metafile interpreters confusing a GKSM with
a CGM. In particular, the BEGIN METAFILE element was renamed
BEGIN GKS SESSION METAFILE, and given a unique encoding.
Similar changes were made for BEGIN PICTURE and END METAF1IK.
BEGIN PICTURE BODY and END PICTURE were removed. Thus in any
encoding the GKSM becomes structurally different and
introduced by different delimiters.

One final note of interest for the Waikoloa meeting: this was the
last meeting for Eckhard Moeller, of Germany, the rapporteur of
the WG3 Metafile Rapporteur Group. Anne Mumford of the UK
assumes the rapporteur position starting at the Brazil meeting.
The NIST/NCSL representative could probably have had this
position. However, chairing the group compromises the chair's

ability to influence the technical content of the work. The
latter role is more important for CALS, on the Addendum 3 work,
on which the MRG should henceforth be spending most of its
effort.

4.4.1.7 Nashua X3H3 Meeting

An X3H3 meeting took place in Nashua, NH during the week of
September 25-29, 1939. There was no significant activity on
Addendum 1 at this meeting.

4.4.1.8 Status & Remaining Work

The revised CGM Addendum 1 document, the draft final text, was
received directly from the document editor in England in
mid-September. Some 20 copies have been distributed to US
experts for final review and accuracy checking.

It is clear that some parts of the text have not been completed
as evidenced by the document editor's cover memo. In addition, a
new annex containing a formal grammar was overlooked altogether.
For these reasons, the text may have to be circulated again after
these parts are supplied. If this is not done, then final text
will not be reviewed by anyone except the document editor. This
decision to circulate will be made at the SC24/WG3 MRG meeting in
October. If another round of review is required, the final
acceptance of the text will be delayed by another 2 months.
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4.4.1.9 ANSI Processing of Addendum 1

As shown in the preceding sections, all work that has occurred is
ISO work towards an Addendum to the ISO version of CGM (ISO
8632), with all US activity contributing to that work.
MIL-D-28003 is based on FIPS PUB 128, which is identical to the
US version of CGM (ANSI X3.122). The US and ISO versions of CGM
are in fact identical in content, but differ in editorial style.

An addendum (see Attachment 8) is an editing script. As such, it
is not a complete standalone document but consists of change
directives against the base document. To adopt Addendum I in the
US would require a document editor to revise the ISO text.

Consequently, ANSI has devised new procedures which make it much
easier to adopt ISO work automatically as ANSI standards, and to
designate ISO standards as ANSI standards. The NIST/NCSL
representative is seeking such a change on status for ANSI CGM.
Thus, the current ANSI document would be withdrawn and replaced
by the ISO document. The ANSI and ISO versions of CGM would then
be the same document. After this change, ISO Addendum 1 could be
adopted directly. The implications on MIL-D-28003 should be
minor, since it would only have to be checked to make sure that
page references are correct, and that the proper base document is
referenced.

4.4.2 Addendum 3

4.4.2.1 Initial Status and Goals

At the start of FY89, the US had been working on Addendum 3
project for a year. In prior CALS work, the metafile
requirements of CALS which were not met by CGM and not met by
Addendum 1 (or Addendum 2) were identified. An Addendum 3 was
proposed, and its approximate contents were defined. A strategic
choice was faced: should this be expedited as an ANSI project, or
should it be pursued as an ISO project? Although the former
would probably be more expeditious, past experience has shown
that if ISO undertook such work, and if it did so before ANSI
completed, then it would be likely that the ANSI work would be
put aside and ANSI would join the ISO effort. For this reason,
it was decided to pursue the work aggressively in ISO.

The US first proposed the project at the initial SC24 meeting in
December 1987. The project was not accepted at that time,
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because SC24 procedures and priorities were in flux, and there
was some dispute within ISO about which committee should lead on
the Addendum 3 content. Consideration of the project was
deferred to a special study meeting of SC24 procedures which took
place in April 1988. Primarily due to lack of time, the meeting
did not address Addendum 3, but the NIST/NCSL representative did
get the point across that the US would undertake the project on
its own if ISO did not move on it. At the SC24 plenary in June
1988 a study group was established, lead by the NIST/NCSL
representative, to initiate the project under new SC24
procedures, get consensus on its scope, and coordinate with
parallel study groups for Improved Graphical Text Model and for
Product Data Geometry (PDG).

The parallel study groups were formed because their two
technology areas would be important for all new graphics
standards. The text model of all first generation standards
(CGM, GKS, PHIGS, CGI) was acknowledged to be inadequate for
modern typographic, engineering, and presentation requirements.
The purpose of the text study group was to identify a new common
model for the second generation of standards, which would include
Addendum 3.

The PDG group was formed for a similar reason. The set of
geometric primitives in most first generation standards was
rudimentary. CGM was better, including some conics, etc. But
modern practice requires a more substantial set, including such
primitives as various sorts of splines and full conics. The PDG
group was charged with defining the relationship between product
data standards (PDES, STEP, etc) and graphics standards. From
this relationship might be deduced further geometric primitives
which should be in the graphics standards in order to fully
support product data standards.

The Addendum 3 study group was to report at the next SC24
plenary, October 1989, and was to complete all of the required
New Work Item (NWI) processing steps and produce a Working Draft
(WD) Addendum 3 by then. The initial meeting of the study group
was scheduled at the beginning of FY89, and was arranged so that
the two technology groups (Text and PDG) would meet immediately
before the Addendum 3 group at the same location.

4.1.2.2 Redondo Beach Text Meeting

An ad hoc meeting of several US experts, including the NIST/NCSL
representative, was held December 1-2, 1988 in Redondo Beach, CA.
The purpose of the meeting was to write a position paper for the
upcoming meeting of the text study group. This paper listed all
the features that an improved text model should have. It may be
found in Attachment 2 of this report.
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4.4.2.3 Munich Study Group Meeting

The first set of study group meetings was scheduled for January
16-20, 1989 in Munich, West Germany. Text and geometry groups
were to meet in parallel during the first half of the week, and
CGM extensions (Addendum 3) during the second half. Thus,
metafile experts would be able to participate in one of the
technology meetings, and the technology specialists would be able
to participate in the CGM extensions meeting. The meetings were
held as scheduled, despite last minute attempts of PDG to move
its meeting to a later date. The NIST/NCSL representative, who
is the leader of the CGM extensions group, was unable to attend
due to a family emergency. Peter Bono, chair of X3H3, chaired
the meeting in his absence.

US input to the CGM extensions meeting consisted of a draft New
Work Item (NWI) proposal and supporting material for producing a
Requirements Document (these were listed as base documents in the
meeting call, which was written and submitted by the NIST/NCSL
representative). The supporting requirements material included
previous CALS requirements studies and parts of earlier Addendum
3 proposals.

The meeting resulted in the group endorsing the need for Addendum
3, and advising that it be expedited. A draft NWI and
Requirements Document were produced as required by new SC24
procedures. These were substantially the same as the input
documents - all of the important CALS requirements were endorsed
and not many more were added. Details can be found in the
attachments.

Several milestones in the NWI schedule should be noted:

1. SC24 ballot on the NWI and Requirements to complete by the
June 1989 Waikoloa meeting;

2. processing results at that meeting;

3. JTC1 ballot to complete by the October 1989 SC24 plenary;

4. substantially complete Working Draft of Addendum 3 to be
done by the end of that meeting;

5. final text for Addendum 3 in April 1991.

The minutes of the Munich meeting are found in Attachment 3 of
this report. Attachment 4 contains the final NWI and
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Requirements Document for the project. These were actually
produced at the Waikoloa meeting in June 89, but included here
because they are so similar to the drafts from the Munich meeting
that the difference is negligible (there are a couple additions
to the bibliography and a couple additions to the list of liaison
projects).

The output of the meeting also included three 1-page letters, to
the rapporteurs of the SC24/WGl Reference Models group,
Requirements group, and the rapporteur of SC24/WGI himself.
These letters basically asked the recipients to carry out the NWI
processing steps required under the new SC24 procedures.

4.4.2.4 Milpitas X3H3 Meeting: Liaisons and Drafting

There was a scheduled X3H3 meeting in Milpitas, CA, February 6-
10, 1989. The agenda for CGM work was mostly devoted to
processing the comments from the CGM Addendum 1 letter ballot
(see the above section on Addendum 1). There was little time for
Addendum 3 work. However:

o there were extensive liaison meetings between CGM people and
experts from other technology areas: text, CGI, geometry,
image storage, etc.

o the NIST/NCSL representative leading the CGM meetings made
interim writing assignments to the X3H3.3 CGM people with
the goal of assembling a new Addendum 3 baseline document
prior to the Waikoloa meeting.

4.4.2.5 Between Munich and Waikoloa

Many of the details of processing the Addendum 3 NWI during this
period are found in the final report of the rapporteur of the CGM
Extensions Study Period (the NIST/NCSL representative), which is
in Attachment 5. To summarize briefly:

1. As per the new SC24 procedures, the NWI and Requirements
Document went to the SC24/WG1 Reference Model meeting the
week following the Munich meeting. No changes were
requested by that group.

2. As per the new SC24 procedures, the NWI and Requirements
Document went to the SC24/WGl Requirements rapporteur for
their late February meeting. That meeting was cancelled and
so no changes were requested by that group.

3. The SC24/WGl group at its February meeting endorsed the
Munich results and asked the SC24 Secretariat to circulate
same immediately for a SC24 NWI ballot.
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4. This was done, and the ballot closed June 15, 1989.

In order to form the US position on this ballot, the NIST/NCSL
representative prepared an X3H3 letter ballot. This was sent to
the X3H3 mailer in early April for a 30-day ballot period.
Mailing problems with that X3H3 officer resulted in the ballot
being delayed until early June. This was too late, so the ballot
was scrapped and the US voted "yes without comment" on the NWI.

In this period, the NIST/NCSL representative had to prepare and
circulate the call for the next CGM Extensions Study Period
(Addendum 3 study group) meeting. SC24 procedures require that
this be done at least 2 months in advance of the meeting, which
was scheduled for Waikoloa in late June.

Finally in this period, the NIST/NCSL representative coordinated
the assembly of the Addendum 3 draft by X3H3.3 CGM people. In
early June this draft was mailed to the international attendees
of the Waikoloa meeting.

4.4.2.6 Waikoloa Meeting

The final scheduled meeting of the CGM Extensions Study Period
took place in Waikoloa, HI, June 26-28, 1989. This was
immediately following the CGM Addendum 1 editing meeting. The
meeting was chaired by the NIST/NCSL representative. The goals
were:

"o process the results of the NWI ballot;

"o revise the NWI and requirements if necessary and send to the
SC24 Secretariat for immediate JTC1 ballot (JTCl is the
parent organization of SC24);

"o continue technical work on the baseline document;

"o begin work on the final report of the study period.

All of these goals were met. The study period final report in
Attachment 5 contains details. This final report was actually
produced subsequent to the meeting.

One point in the final report deserves note. It is clear that
SC24/WG3 MRG is facing a resource crunch. After all of this work
to get the project through the ISO procedures, the question of

16



whether ISO has the resources to deliver the project on schedule
must be seriously looked at. This will be determined at the
October meeting. The US will need to develop a contingency
strategy in case ISO cannot deliver.

4.4.2.7 Post Waikoloa & ANSI Letter Ballot

The work done at Waikoloa on the Working Draft of Addendum 3 was
incorporated by the document editor. This document is contained
in Attachment 6. In late July, it was sent to the SC24
Secretariat for SC24 circulation and comment. This is normally a
3-month period, but early comment had been requested so that
technical work may take place at the SC24 plenary 15-30 October
1989. An X3H3 letter ballot had been drafted and circulated as
well. The purpose was to solicit comments on the Working Draft
of Addendum 3 and use them during the X3H3 meeting of September
25-29, 1989 in formulating the US position.

It has since been learned, that the JTC1 ballot period had not
even commenced, although the Addendum 3 schedule showed it being
complete by the SC24 meeting in October. The reason for this
delay is disorganization within the JTC1 Secretariat and lack of
communication between it and the SC24 Secretariat. The
consequence is that Addendum 3 is still not an official ISO
project. Although JTC1 approval is usually considered a
formality it is nonetheless the last required step in the
process.

It is also at the JTC1 voting stage that the member nations
formally indicate their levels of participation and of resources.
This will be a key issue to the success of the project in SC24.

4.4.2.8 Nashua X3H3 Meeting

The X3H3.3 CGM subgroup had 6 attendees at the Nashua meeting,
25-29 September. With the exception of a two-hour liaison
meeting with 3D and product data experts to define a response to
an outstanding Addendum 2 ballot, the entire meeting was devoted
to processing the substantial X3H3 comments on the Addendum 3
Working Draft (WD) and forming a US position for the ISO comment
period.

The US position is contained in Attachment 7. In summary, the WD
has significant omissions and in other respects is very rough.
This is to be expected at this stage in the standards process.
The WD will require significant improvement, however, before the
first official voting can commence in ISO. This is the PDAD
ballot. It is possible that these improvements can be made at
the SC24/WG3 meeting in October.
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The us position also makes clear what the priorities of the work
should be. Private communications with other national delegates
indicate the possibility of other prioritizations which may
seriously slow the project (see next section).

The key technical problems can be briefly summarized:

1. the geometric primitives are incomplete with respect to what
was specified in the NWI and Requirements documents;

2. the formulation of some of the geometric primitives, as well
as the image primitives, needs improvement;

3. numerous technical and editorial details concerning the
additional attributes, color models, etc need to be
corrected;

4. the improved text capabilities need a thorough overhaul,
including: clarification of how external font resources are
accessed; better glyph access methods; clarification and
improvement of font callout and substitution techniques;
removal of glyph definition primitives from the metafile.

4.4.2.9 Status & Remaining Work

It appears that the Addendum 3 project has been accepted by ISO,
but the final round of balloting in JTC1 has not yet taken place.
There is a procedural possibility that this can be skipped, that
SC24 can issue a resolution that this is a simple revision of an
existing standard and so JTC1 (SC24's parent body) need not vote
on it. This will have to be explored at the October SC24
meeting.

Although the formal acceptance seems likely, there is still
danger that the project will not progress adequately. This comes
from views of some of the other national delegations about
metafile extensions. The US view is that CGM relates to other
computer graphics standards, but relates more to "current
practice" in engineering, publishing, and graphics arts. This
means that users in these areas are retro-fitting CGM import and
export filters to existing proprietary products. In the process,
they care little about the other work of SC24; they just want to
exchange graphical information between heterogeneous systems. In
other words, in the view of US users, Addendum 3 has more to do
with IGES, PDES and PostScript than it does with GKS.
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The view in Europe tends to be less pragmatic and more academic.
There is high interest in Europe in a new Application Programmer
Interface standard (API) - a revision to or replacement of GKS.
Comments have already been heard and seen to the effect that the
Addendum 3 work must go no faster than the new API work, that
they must work out access to all new technology in compatible
(meaning identical, to the commenters being referred to) ways.
These sentiments seem to echo similar conflicts that occurred
during CGM standardization, and which slowed the standard down by
1-2 years.

There are also indications that some think the scarce resources
of SC24/WG3 should be split between Addendum 3 and Addendum 2
(3D). NIST/NCSL believes there are barely sufficient resources
to do the Addendum 3 work. Any attempt to carry on Addendum 2 as
well, without additional staff, would have serious impact.

The US may thus face an important and strategic decision in the
October SC24 meeting: should it continue to support the Addendum
3 work as an ISO project; or should it attempt to block further
ISO work on metafiles for a couple of years and go back to ANSI
processing? The latter is clearly a drastic resort. It has been
the US position that the work belonged in ISO. ISO endorsed
this, and the tentative schedule, in the NWI process. US
companies definitely will fare better in international markets if
their standards are international standards. However, if the
other ISO member nations do not actually have the will to follow
through with the commitment to constituency and schedule that was
indicated in the NWI process, then the US must consider
withdrawing the project.

4.4.3 Addendum 2

Since the Waikoloa meeting a version of the Addendum 2 (the 3D
addendum) document has been circulated for PDAD ballot within
SC24. The US had to respond to this ballot. So a second X3H3
letter ballot was put together and circulated. This was
processed at the September meeting in Nashua.

The US position was defined at the Nashua meeting in liaison with
PHIGS experts and those interested in product data standards
(STEP/PDES). It appears that the PHIGS extension project in X3H3
will take interest in this project, as a means of providing
support for STEP, and will help to define a useful scope. There
is the possibility of additional staff and help from the 3D
subgroups, in which case there could be sufficient staff to
process both Addendum 3 (which is important to CALS), and
Addendum 2 (which is not).
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These points are speculative, however, as the necessary
preliminary liaison between the 3D experts and the product data
standards committees has not yet occurred. Accordingly the US
position on the Addendum 2 PDAD ballot contained four simple
points: no further effort should be expended on the Addendum 2
as currently specified; the need for a 3D metafile should be
defined by 3D experts and metafile experts in liaison with TC184
(the ISO committee working on STEP); any resulting metafile
project should be jointly executed by 3D and metafile experts;
WG3 must have additional resources to execute its part of any
resulting project. Should a 3D metafile project result, it is
anticipated that the 3D experts would principally Aefine its
functional and semantic content, as well as its position in the
reference model, and metafile experts would design the metafile
and write its encodings.

4.4.4 Coordination between CGM Addenda and Graphical
Registration

NIST/NCSL has been sponsoring registration of graphical items for
CALS. These are intended to provide a short term solution to
functions needed by CALS that are being pursued through the
slower formal standards process (Addendum 1 and Addendum 3).

Because these are addressing the same needs, the formulations in
Graphical Registration and the addenda should usually be very
similar (there are cases where the different mechanism of the GDP
and ESCAPE elements which are registered justify some difference
in formulation).

During this fiscal year there has been frequent liaison between
the NIST/NCSL representative and NIST/NCSL to coordinate the
content of CGM Addendum 3 with the registration proposals. The
results have been adjustments to proposals in Registration Batch
2 and Registration Batch 3 (see the final report titled FINAL
REPORT, CALS FY89 SOW TASK 4.3.2, MIL-D-28003 REVISION
RECOMMENDATIONS) as well as reformulation of Working Draft
Addendum 3 and additional specifications for the pending revision
of MIL-D-28003. The effect of the adjustments is generally a
convergence of the proposals and the draft addenda.
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Attachment 1:

US Vote and Comments on CGM Addendum 1 DAD Ballot
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X3H3/89.37

U.S. Comments on ISO 8632.1/DAD.1 (CGM Add.!)

The US. disapproves ISO 8632-1/DAD.1 with the following technical comment:

PDCEL ARRAY should be removed from CGM Addendum 1 and should be

considered as part of the Addendum 3 project. Theie are several reasons: 1) image
storage and transfer capability is being studied for Addendum 3 and the PIXEL
ARRAY capability should be included in this more comprehensive study;, 2) The
current PIXEL ARRAY formulation is based on the Ci1 formulation and the latter
is considered unstable at this point; 3) The current formulation of PIXEL ARRAY is
device dependent and apparently does not zidst in the reference model at the same
level as other CGM elements; its relationship to the other elements at least needs to
be more carefully defined before being included in CGM extensions.

In addition, we note the following inconsistancy with the 2nd DP text of CGI and request that this
inconsistancy be addressed jointly by the CGM and CGI RGs of WG3:

The behavior of CLIP RECTANGLE under COPY transformation dE--- between
the CGI and CGM. We believe the CGM specification is more compatible with API
standards. We understand that the CGI specification is still subj-ct to change in this
area. In any case, this must be resolved between CGI and CGM.

Editorial Comments:

El: The discussion of the effects of anisotropic transofrmation in 4.12.4.5 has been clarified in the
CGI. CGM should adopt the clarified wording.

EZ: Section 4.12.4.4 should point out that SEGMENT PICK PRIORITY has no gpaphical effect
and is avalable for application dependent cmmuckation between interpreters and generators. The
same should be pointed out for PICK IDENTIFIER in section 4.7.9.

E3: In 5-•tioms 4.12.5 and 5.10.1.2, PICK IDENTrIFER and AS's have been omitted from the
descripuon of INHERITANCE FILTER. CGM is intended to be the same as CGI in this area.

E,: Page 1, sub-clause 0.3, item c) should be deldeted. It is not possible to anticipate what fiurc
standards will require. Ln any case, it does not add any useful information to the standard.

ES: Page 41, Table 3.L The entries for SCALING MODE are wrong. The entire table should be
carefully checked for correctnm.

E6: Pages 56-57, sub-clauses 5.42-5.4.5. Reword these three sub-clauses along the lines of, Tlbt
COLOUR SELECTION MODE may be changed only within the picture description in category
'basic-static". It may be allowed in the picutre body in some of the other categories.
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E7: Page 58, sub-clause 5.4.6. This sentence is not useful and should be deleted.

E& New sub-clause 5.5.15. There seems to be a remant of an old verson (stacked attribute sets)
indicated here. If annrbutc sets arc named, is it not the case tb• the NAMED attribute set be the one
restored, not the LAST one?

E9: Page 103, new element defaults. SEGMENT DISPLAY PRIORITY and SEGMENT PICK
PRIORITY should not be encoding dependent, but rather the default should be zero.

E10: The grammar has not been carefully reviewed in the past and we request that a careful
examination is done before IS text is produced.

Ell: For Note 1 under H 6.7, *action required* flag and 'no-action" do not seem to be referenced
anywhere else in the document.

E12: There is an inconsistancy in the usage of phrases 'view surface- and 'display surface'. To be
.onsistant with itself and with CGI, the phrase 'drawing surface' might be a better choice.

E13: AUl references to a CGM 'function' should be replaced by 'element'.

E14: In the definition of anisotropic mapping, we suggest replacing 'to physical device units- with
"distance units on the physical drawing surface'.

EIU: In the definition of edge, we suggest replacing 'The rendering of the boundary' with The
rendering of the perimeter' to avoid confusion about interior style HOLLOW (rendering of the
boundary) versus EMPTY with edges visible (rendering of the edges or perimeter).

.16: In the definition of isotropic mapping, we suggest replacing 'device coordinates' with 'distance
on the drawing surace".

E17: In the definitrion of size specification mode, we suggest replacing 'the state list' with 'the
Modal State lst'. Use of the terms stata list' and "rrent state listW need to be looked at. The
concept of 'Modal State List' was introduced in dause 4.12.2.4 More needs to be said about this
concept earlier so that it can be used and refered to where needed. Als, mome could be said about the
general states of the metafile intercter. Table 3.1 is great, but there needs to be some more general
discussion.

ElS: The definition of graphic object should be added to the definitions. It is used in many places,
e4 the object dippmg mode concepts. Also, we suggest usng only the term 'graphic object" and -iot
variations such as "graphical object'.

E19: In clause 5.49, the parameter should be called 'device viewport specification mode'.

E20: Page 42. sub-clause 5.1 Abbreviations. The meaning of PN should be:
PN Pick Name Pick Identifier

Realization is an integer.
Range is implementation dependent.

E21: Page 12, sub-clause 4.2 - The reference should be to sub-clause 4.4.2.
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E=: Page 2,6tk parWaph. *compound tca': Canp Ien that conmans" to ",M tChay ma , eZ "
(a compound ten string need not conlta awrbute changes, it's compound if it was specified wuth
multiple teni/append tent elemcats).

E23: Pap 4. Section 4.32.5: This should be CaL&u Something other than *kSzUM' Dow. We suggest
"Add.l-static-gks. GKSM should be rtserved for the audit tra that is deusibed in the other (GKS)
addendum.

•,24: Page 6, 43.43, end of 4.4 paragraph: It is very axduiing, perhaps inapproprite., to keep

refering to categories which ae not static piC rc-capture maefile There aret any dered in this
addendum- Standards should not be written in such a way that they imply or assume wry much about
future r~ensioms. Ther should be a single paragraph that says WVanos nxtriarons (stach as whe=e
elements are permitted) arc permitted to be different in caegorias to be defined ian future €ensaon&
or in metAfiles defined in other standatds which at based on this on"eo and lee it aZ• that

E25: Page 7, Section 4.4.7, end of 3rd paragaph. "r,'LWjw to the non.inverted vewport" does not
convey the necessary information. 5.4.10 has the prop-- wordng and it should be repeated here or
reference.d here.

E26: Page 8, paragraph 7: Under LOCUS THEN SHAM it should also be noted that a thick line
whose locus i outside of the clip window will am have may portion visible even if its lIe width would
carry some portion of the rendering into the clip rectangle (same as LOCUS clippi).

£27: Page & Section 4.5.2 paragraph &8 'When a width or sie spexiflcatiou mode is 'saled', the
reznderin of shape procceds in DC space after the VDC-to-Device Mapping, I is undew whether
this simply applies to the &nisuopitcmappinLand wide lines quacso, or whether this is implying
that SHAPE CLIPPING doesn't work with scaled specification modes. Wtout sing CGIs pipeline,
much of the wording is uncdw. SHAPE Ca-PPING cips the same egardles of the specificauion
mode (thAt the whole point), and the wording simply needs to be clarified.

£28. Pap 15, Section 4.12_4.5, 4th paragraph from the bottom, last sentnce Since the segment
transformation is VDC->VDC, the VCD- >DC mapping (se up by VDC EXTENT and DEVICE
VIEWPORT etc.) is applied afterwards. Th last sew of this paragraph could be read as meanng
that the latter trmsformAtion is omny app•ied if the SEGMENT T7RANSFORJMATION was not
applied. We think the work "ony is needed after the ward uming.

E29: Section 432.4 and 4323- refer to "GKS', Please change this to the *IS 0-year form of
reference.

E30: 4.113.1 'Each sempent has a unique klentifier.' This is "ot cc what is inteaded We
advocate 'No two global segments may have the same idenfier and no local segments may have an
identifier the same as other local segment in the same pictue or the same a global sement.

E31: 4.12.32. This clause does not actually state how a sapient is opened. More generally, it
seems sloppy to use the GKS words of 'OPEN* and 'CLOSED' to refer to static picture capture CGM
files. It seems more natural to use terms like 'elements delimited by a BEGIN SEGMENT element
and an END SEGMENT elemen" when ta&ing about CGMs.

E32: Defining a local segment in a pictare automatically includes that segme=t in the picture's
image. This needs clarification.
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£33: What ame the highlighting, pick priority, and display priority for primitives outside segments?

T~his needs clarification.

E34: 5.1a0.L2, 6th line. To what does *(se below) refer?

E35: Under 'Pap 6 clause 3' object clippi- ; mode needs to specify what 'LOCUS* and 'SHAPE"
dipping impiy and how they differ. 'OCUS THEN SHAPE' appears to be the logical concatenation
of the other two modes. Also, the definition of *global segments" should read these are segments
which-*

E36: Page 10, sub-clause 43 Note. Use "wihin the definition of a global segmenr rather than the
present "when' constrtuicL

E37: Last addition to Pap 10, sub-clause 4.3: Finish first sentence with 'in a metafic of any
category other than-'

398: Clause 43.4.1 should re-iterate that only a metaffle of category basic-static is premitted to
omit the metafie category element as impled by the first paragraph of Addendum 1, page 3 (sub-clause
4.3).

E39: Clause 4.4 first paragraph: Strike the last sentence or rephrase. All IS 8632 metafiles
(regardless of Addenda work) are static picture-capture metafiles.

E40: Page 14, 4.4.7 rephrase, since no CGM categories may be other than static picture-capture
metailes. See also item 7.

Ea£: Page 14, 4.4s same as 9 above. See Aso item 7.

£42: Pagp 15, sub-clause 4.5.2, 3rd paragraph does not adequately explain the difference between
"LOCUS' and *SHAPE'.

£43: Page 15, sub-clause 4M.5, paragraph 7 does not adequately explain how 'LOCUS THEN
SHAPE" may produce any difference from 'SHAPE' alone.

£44: Pae 15 sub-clause 4.6 There are several lists in the sub-clause. To which one(s) should the
element be added?

E45: Papg 20, 4.6..L The phrase *A closed figure is opened-* is worded too much- ike segments.
Use *started" rather than *opened'. Likewise, use "fmished" rather than dclosed' for F-ND FIGURE.

£46: Pag 20, 4.83 - StaLe explicitly whether the saguence 'New Region; End Figure is vg' d.

E47: Paue 40,4.12.2.1 Provide a reference to 4.12.5 for behavior of COPY SEGMENT.

E£4: Pape So subelause 53.11 - The existing shorthand names do not include hyphens, even for
multiple word names. Should the addendum have them?

E49: Page A8. sub-clause 5.4.6 - elimitate the 'double negative' for clarity.

E50: Section 4.12.2.2. Here and elsewhere, references are made to CGM states not included in
Table 3.1. In particular, this sections mentions state GSD which is not in Table 3.L
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ESI: Section 4.12.2.2 The lat sentence in this section implies that only the stated elemen' are

allowed in the segment. This is dearly not the case.

ES2: Section 4.12-5 In the example, the multiple attribute changes described by the right column
for a single COPY SEGMENT (2) instance should be more explicitly mapped to actions which are
taking place. More explanation is needed to clearly illustrate which actions in the segment being
copied actually cause the change of state.
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U.S. Comments on ISO 8632-2/DAD.I

The US. disapproves ISO 8632-2/DAD.1 with the following technical comment:

The technical changes to ISO 8632-1/DAD.1 must be reflected in this part.

Editorial Comments:

None.
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U.S. Comments on ISO 8632-3/DAD.I

The U.S. disapproves ISO 8632-3/DAD.1 with the following technical comment:

The technical changes to ISO 8632-1/DAD.1 must be reflected in this part.

In addition, we note the following inconsistancy with the with the proposed binary encoding of CGI and
request that this inconsistancy be addressed jointly by the CGM and CGI RGs of WG3:

CGM and CGI Are inconsistant in the specification of precision of integers
representing the data types SN, PN, and ASN. The CGI specification uses fixed sized
16-bit integers, which limits each of SN, PN and ASN to 64K unique identifiers.
CGM uses integers subject ot integer precision.

Editorial Comment:

Clause 7.10, COPY SEGMENT. The enumerated values do not follow the null-value
rule that is used in CGM. They should be:

0. no
k: yes.

Page 17, new item h). Why is metric scale factor allowed to use fixed format real
when scaling mode is not? The text should highlight this difference.
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U.S. Commients on ISO 8632-4/DAD.1

The U.S. disapproves ISO 8632-4/DAD.1 with the following technical comment:

The technical changes to ISO 8632-1/DAD.1 must be refleced in this part.

Editorial Comments:

None.
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Attachment 2:

US Contribution to the Improved Graphical Text Model
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2 December 1988

US Contribution to the Improved Graphical Text Model Study

This is a US contribution to the first meeting of the SC24 Study Group on
an Improved Graphical Text Model. This contribution is divided into several
parts. These are:

ý1 Interpretations and Clarifications of the Tjrms of Reference (SC24

N72).

2) Goals for the Improved Graphical Text Model.

3) Requirements for an Improved Graphical Text Model.

4) Supporting material.

5) Identified Issues.

Several annexes provide input documents that may be difficult to obtain
otherwise. These are:

Annex 1. SC18/WG1 N616 User Requirements for TCSS (DSSSL) and TPM
(SPOL)

Annex 2. ISO DIS 9541, Parts 1-6, Font and character information
Interchange, 6 June 1988.

Annex 3. ISO DIS 10036, Procedures for registration of glyph and glyph

collection identifiers

Annex 4. Examples of "registered" glyphs and commercial "fonts"

Annex 5. Xerox Interpress Electronic Printing Stand•r•, Version 3.0, Xerox
Corporation, Stanford, CT, December 1985.

Annex 6. SC18/WG8 N715 Standard Page Description Language, Working
Draft 4, December 1988.
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We interpret the tlrst paragraph of N172 this way:

Conduct a study to develop an Improved Graphical Text Model that will
meet the graphical text requirements of a wide range of applications
including, but not limited to:

- Office document Creation, printing and exchange;
- The creation, printing and exchange of published documents:

Technical drawing and Illustration creation, printing and exchange;
- Graphics arts and presentation graphics; and

Presentation entities within product data.

Furthermore, this study should consider the requirements for Interworking
between Implementations of graphics standards and standards In other
areas. As far as text Is concerned, these other areas Include, but are not
limited to:

- Office and publishing systems,
- External representation of product definition data, and
- Open systems.

We suggest that the list of documents given In N172 be clarified as
follows:

1) In the area of current computer graphics practice, the following
document describing the 'Hershey Fontsa should be considered:

- Hershey, Alan, A Contribution to Computer Typesetting Techniques,
NBS Spec;al Publication 424, April 1976.

2) In the area of related SC18 work, the material in Annexes 2, 3, 4 and 6
should be considered, as well as the ODAlODIF Draft International
Standard (DIS 8613), especially Part 6, Character Content Architecture.

3) In the area of available descriptions of commercial systems, the
material in Annex 5 on the Xerox Interpress "sstem Integration standard
and the following published (and widely available) documents should be
considered:

- Adobe Systems Incorporated, PostScript Language Reference Manual,
Addison-Wesley Publishing Co. Reading, MA, July 1985.

- Adobe Systems Incorporated, PostScript Language Reference
Tutorial and Cookbook, Addison-Wesley Publishing Company, Reading
MA, December 1985.

- Harrington, Steven J. and Robert R. Buckley, Interpress; The Source
Book, Brady, New York, NY, 1988.

- Knuth, Donald E., Computers A Typesetting, Volumes A-E, Addison
Wesley, Reading MA, 1986
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- Karow, Peter, Digital Formats for Typefaces, URW Verlag, Germany,
1q87.

The SC18 user requirements documents in SC24/WG1 N7 are out of date.
The updated versions In Annex I should be substituted.

The last paragraph of N172 discusses schedules. The US notes that only
one meeting of this study group is listed in the resolutions of the last
SC24 plenary, while the terms of reference calls for 3-4 meetings. To
accomplish the work assigned to this study group the US believes that a
total of 3 meetings Is needed. The additional two meetings might be
scheduled as follows:

- a meeting In conjunction with the April 1989 meetings of the
Product Data Geometry and CGM extensions study groups; or

- a meeting in late July 1989 in conjunction with Reference Model
Rapporteur group or early August 1989 In conjunction with the New
API study group.

The US interprets the dates given in N172 for output document availability
as requiring that the output documents produced by the study group be
circulated to SC24 for review prior to the October 1989 SC24 meetings.

2. Goals for the Improved Graphical Text Model.

1) The model should support the Identification and specification of
Important attributes of fonts, characters and text for the purposes of:

al font selection and substitution, and
b text rendering accuracy,

as further described in Clause 4.

2) Fallback guidelines for font selection should be possible.

3) The model should accomodate all information in DIS 9541. Individual
standards based on the model may adopt only appropriate parts of DIS
9541.

4) The model should have as much compatibility as possible with the
existing text model used in current computer graphics standards without
compromising DIS 9541 compatibility.

5) The model should distinguish between different types of attributes. At
least three categories appear useful:

aJ font attributes,
character display attributes, and
text string attributes.

6) Clients of the new model must have a way to determine the extent of
text objects at the time that such objects are defined.

7) The model must be available for the next generation of standaris.
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8) 1he model must be available for use in CGM Addendum 3.

9) A description of the model at an appropriate level of abstraction should
be merged with the SC24 Reference Model work.

10) The model should support the development of standards for all uses of
computer graphics. Such uses include graphics arts, publishing and
pre-press systems, as well as traditional business graphics, CA0/CAM,
and other scientific, technical, and mathematical applications.

11) There should be a single unified model for our entire family of SC24
standards. The model should also support the needs of all application
areas that incorporate computer graphics. Graphical text within
individual standards should be based on, but need not include all of, the
model.

3. Requirements for an Improved Graphical Text Model.

Future API and metafile standards have the following requirements which
the Improved Text Model must support:

1) It should be possible to have text objects whose text extent is
workstation independent. (See subclause 4.2 for additional details.)

2) It should be possible to determine the extent of a text object at the
time it Is defined.

3) Attribute changes within text objects should be allowed. For example,
It should be possible to underline part of a text string. (See clause 4.1 for
additional details.)

4) The model should allow exact font selection by standard (registered)
font names.

5) The model should support additional attributes and characteristics,
including:

a scoring (e.g., underline, overstrike);
b kerning control;
c weight (e.g., bold, medium, light);
d posture (e.g., italic);
e subscripting/superscripting;

Stypeface design classification (e.g., serif, sans-serif, Latin);
font family (e.g., Times, Garamond, Helvetica); and
others, the need for which may be determined in the future.

6) The model should allow the construction of complex compound objects,
such as those required for mathematical equations.

7) The model should allow shielding/clipping to text images

8) The model should support 3D text and fonts.

9) The model should support multi-line text (for example, by defining the
interaction of control characters with the text model.)

10) The model should allow explicit control over width as well as height
of text. (See clause 4 for additional details.)
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11) The model should allow standards to provide successive le.els of
complexity in their text models. These are needed to enable simple things
to be done Pasily while giving advanced applications access to more
powerful features. The current single-level model is too complex-for some
and too simple for others.

12) The model should allow the layout of text along arbitrary paths.

13) The model should allow automatic font substitution.

14) The model should allow application-definable glyphs.

15) The model should allow access to font metric information.

a) average or global metrics, and
b) metrics for each characte'.

16) The model should allow the specification and application of
user-defined transformations at various points in the transformation of
text and characters.

4. Supporting material.

4.1 Attribute changes within text objects

It should be possible to construct a single text object that consists of
parts with different attributes. In .existing API standards this can only be
accomplished by Interspersing different output primitives, such as Text
and Append Text, with attribute change elements. This makes it difficult
to edit compound text objects and to Identify and control the impacts of
change- to edited structure elements. It may be appropriate to provide
this functionality within the context of a more comprehensive object
definition facility. (See subclause 4.5 for further Information.)

4.2 Workstation independent extent for text primitives

The association of font indices to fonts and the realization of fonts are
workstation dependent. Unfortunately, the extent of text primitives must
be known for some operations performed above the Workstation Stage of
the Reference Model. One example is the PHIGS modelling clip which
cannot be properly performed on text primitives today since their extents
are not available at this stage of processing. In metafile standards, blind
interchange of quality text requires that generators be able to determine
text extent and rely upon it being interpreter independent.

4.3 Specifying the relative Importance of attributes

Some applications attach more importance to some text attributes than to
others. There are at least two reasors for emphasizing some attributes
over others:

- indicating font selection and substitution criteria, and

- specifying control over the accuracy of the rendering.
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Current standards provide some support for the second of these goals
through use of the TEXTPRECISION attribute. however, no support is
provided for font attribute specification which would assist in font
substitution or font selection by off-line or downstream text
manipulation and/or generation services which maý need to emulate the
requested textual effect with the most closety matching available
facilities.

The following proposals for accomplishing these goals are provided to
initiate discussion:

4.3.1 Font Attributes

A function should be provided which associates font names and dttributes
with the font Indices used during font selection. This is analogous to
specifying colours with colour selection indices. The function could also
be used to download fonts or oth'rwise make them accessible. One way
this facility could operate would be to specify a font name in a font table
as the CGM now does. The font name (Times Roman, New Century
Schoolbook, etc.) itself Implicitly define a set of font attributes which
could be used as substitution criteria if the requested font name is not
available. Such a font table would be workstation and device independent
since It only depends on information about fonts whose characteristics
are independently known.

Automatic font substitution has implications for both font resources and
the font selection process:

- adequate descriptive information in the foit resource; and
. mechanisms to allow applications to specify allowable variations
on a font request or to specify requests with varying degrees of
precision.

For example an application program that is attempting to do automatic
font substitution must have access to enough information from font
resources to enable it to determine the characteristics of available fonts
and compute appropriate "best-approximations." Such approximation
algorithms will vary from application to application.

Furthermore, application programs and metafiles need ways to explain the
user's intent and desires where font substitution might be performed. For
example, a user may desire only a specific named font (e.g., ITC Bookman),
may be willing to settle for similiar fonts when the requested one is not
available (e.g., use Adobe System's version of Allied Corporation's Palatino
if available; if not, substitute Adobe's version of ITC Times-Roman; if
that isn't available, the use any modern serif font; if there are no serif
fonts available, then use any modern font; otherwise...) The depth of the
substitution list should not be restricted by the model.

4.3.2 Rendering Accuracy

The current Text Precision attribute was introduced so an application
could provide guiaance to the graphics system on the trade-off between
accurate rendering of text and efficient generation of text. It is
appropriate to provide such guidance to the system. However, the current
attribute Is inadequate for modern , braphics systems since It does not
allow the application to indicate the relative importance of various text
attributes in achieving its desired effect.
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"One way of providin ad,*na! ccmn'oi over fence.*'.g acc Iacy rr:ht te
to introduce a technique analogous to that used by the PHIGS Element
Seatch function Thus, a special, type of name set could define an
association between text attributes any names An application could then
provide one such name sets which has members whose associated text
attributes are to be accurately rendered Members rot specified indca!e
text attributes whose values the system is aWowed to modify as
necessary for efficiency or to nsure text fits w.:hn the exterlt of i2e
text object.

4.4 Text-related terminology

4.4.1 Definitions from DIS 9541

Text-related terminology is evolving rapid!y Some traditional names.
such as character, have been found to be too easily misýjnderstood and are
being replaced by more precise terms, such as glyph Some terminology is
motivated by administrative considerations, such as the need to deveiop a
clear separation between the traditional *codes and character sets* work
of SC2 and the *font* work of SC18 Many of the de!initions in the DIS text
of DIS 9541 (Annex 2) were reworked at a Specia! Working Croup meeting
held in London in September 1988 to harmonize the treatment of fonts
among SC2, SC18, SC21, and SC24 The latest defintions are:

font: A Collection of images having the same basic design, eg. Bookman

Italic.

font family A set of fonts of common design, e g Bookmai.

glyph collection, An identified set of glyphs

glyph. An abstract graphical symbol independent of any actual image,

glyph Image The set of information defining the image of a glyph in a
particular font resource.

glyph shape. The set of information in a glyph representation used for
defining the shape.

glyph metrics: The set of information in a glyph representation used for
defining the dimensions and positioning of the glyph shape.

font resource. A collection of glyph representations together with
descriptive information and font metrics which are relevant to the
collection as a whole.

score: A line drawn through a glyph shape parallel to the baseline [over,
under, or through the shape.)

40



4.4.2 DefinItions from ISO 2022

The following definitions are extracted from ISI 2022:

bit combination: An ordered set of bits that represents a character or is
used as part of the representation of the character.

character: A member of a set of elements used for the organization,
control or representation of data.

coded character set; code: A set of unambiguous riles that establishes
a character set and the one-to-one relationship betweern th characters of
the set and their bit combinations.

4,4.3 Concerns

The definitions in subclauses 4.4.1 and 4.4.2 are not well reconciled. One
goal of the study group should be to do such a reconciliation

4.5 rlationship of Text to Other Graphical Primitives

The following model of graphical primitives explains the relationship of
text to other graphical objects.

1 Linear Polyline polyline, arc, ellipse, splines,
compound lines

2 Area Interior filled polygons, filled circles,
Edge cell arrays, spline surfaces,

compouno areas (such as triangle
strips and quadrilateral meshes)

3 Volumetric ?7 cylinder, sphere, block. CSG,
compound volumes

n High-Order ?? blinking primitives in which lime
is the 4th dimension

1-n Composite per prim. markers, text, annotation text,
symbols

In this context, compound primitives are primitives which are composed
of multiple instances from the same category. For example, a compound
line could be defined in terms of polylines and arc segments with the
linetype pattern being applied continuously along the entire compound

rimitive. Similarly, compound areas are enclosed areas whose
boundaries are defined by instances of linear primitives. This would
provide, for example, easy delinition of boxes with rounded corners.

Composite primitives are primitives comprised of examples from any of
the categories. For example, the shape ir'orrration of text glyphs could be
defined in terms of line, enclosed area, or compound volume information
depending on the needs of the particular font.

Many typefaces today are defined as compound areas whose interiors are
then filled. Stroke fonts are defined in terms of polylines. Similarly,
bit-map fonts are defined in terms of cell arrays.
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It should be noted that the current Cell Array primitive is constrained to
have all cells rendered. More powerful-capabilities could be provided by
introducing cell array attributes which would specify an 'auxiliary* colour
and a flag for Indicating whether "auxiliary colour"-ed cells are to be
rendered or the background is to show through. A cell array can also be
considered as a compound primitive composed of a grid of cells with each
cell being a filled polygon.

Composite primitives can be defined in terms of primitives from any
category. Thus, symbols could be defined hierarchically and user-defined
or system-defined glyphs could reference other glyphs to produce glyphs
for logos or mathematical expressions.

Graphical transformations apply to all primitives uniformly. Lighting and
shading information can be applied using standard rendering techniques.
Since composite primitives are composed of other primitives they need
not be excluded from realistic rendering operations.
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Issue: T4
Should font attributes such as italics be part of a font name, a font attribute, or
both?

History:
12-02-1988, Raised by U.S.

Keywords:
Improved Graphical Text Model

Alternatives:
i1 part of a font name.
2 a font attribute.
3 both.

Arguments:
a) Prol: All necessary resources known before interpretation.
b Prol: Consistent with typographic usage.
c Pro 2,3: All possible combinations in a font name would soon
become unwieldy.
d) Con 3: May result in ambiguity if different values are specified in
the name and the attributes.

Issue T5:
Should text facilities allow access to attribute gioups appropriate
to their shape defining primitives?

History:
12-02-1988, Raised by U.S.

Keywords:
Improved Graphical Text Model, glyph shape

Hlstorý
1 ~-02-88

Alternatives:
1. yes
2. no

Arguments:
a) Pro 1: The possible special effects in displaying text would be
enhanced.
b) Pro 2: Text usage Is inherently different from that of other
primitives.
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Attachment 3:

Minutes of the Munich CGM Extension Meeting
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Datc 1989-02-24
Project. 1.2-4.5
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International Organization for Standardization

International EPectrotechnical Commission

ISO/IEC JTC1/SC24/WG1
Computer Graphics Architecture

Secretariat: National Computer Graphics Associatior
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Extensions to CCM Static Picture Capture Capability
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SourceI: Meeting Secretary (A. Mumford)

Status: WGI Output Document
Member Body Position
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ISO/IEC JTC1/SC24 Study Period Meeting for:

Extensions to CGM Static Picture Capture Capability
18-20 January 1989 - Munich, F.R. Germany

Minutes of the Meeting

Liaison Meeting

The meeting began with a joint rneeting between the CGM group and the other groups who
were meeting dwing the same week. These groups were the Product Dam Ge.orneuy study
group and the frnproved Text Model study group. The minus of that meeting are appende.
to these minutes.

Participants

The participant in the COM meeting were:

Geanan : Moeller, Brandenburg (till 19th pm), Zapomuel (part of the meeting), Schuur (till

UK: Mumford, Francis, Thomas (part of the meeting)

USA: Bono (till 19th pmn), Laris, Stoll, McConnell (part of the meeting)

Apologies were received from the Rapportaur, Lofton Henderson. Peter Bono chaired the
meeing until Thursday pm.

Alms of the Meeting

These were to follow the new SC24 guidelines (SC24/N 171) and to produce a draft
requirements docume and a draft new work iem for consideration by W01. The
Require=es Documet and the draft Now Work Item will gto the e Model
meedng in Pads tfe week aft this mneetin iand to WO 28th Feb in Dmu The new
work -- eoz PmiofSC4qtiremnS ballot prior to the JTCl ballot.

Relevant Documents

SC24/N9 - RequjmmmsA. Stud
SC24/NI5. Propsal for a CQM Addendum 3
SC24/N-2. An itidaf Draft of Addendum 3 produced by ANSI
TC188ISC4iN2s4 - STEP
SCI8/WGR/N715 (Rev) - SPDL
SC24/N177 - SC24 Proposed Reference Model

There were no official inpuus to the meeting.
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The Way Forward
It s• hard t dfie h precse, nat.; ".of -the .wr .as it is so closely tied in with the othe sr',-y
groups. They need to nor before the final requirements can bW drawn up. There was -conicern that this maiy dlY the work wAhich is needed in the market place. A revision of theCWtt AdW will not be ciculated with tde NWI as it may confuse and pre-rMnP,ecommendaons of the othe•r..study groups. This would not pre .t work on the documcntbeing caried out by a national body taking account of thee discussdons in Munich. thedocument when it was eventually produce taking account of all study group report wouldberxet by review at this early stage.
It was agreed that the purpose of the meeting was not primarily to develop the Addendum 3work based on previous drafts. The aims were far wider and the purpose to recognisem,, een rather than to defne precisely how these might be met.

Timescales

When drawing up the timn.scales account was taken of the fact that some countries hadd m arcipaing in so many meetin S. It was agreed that a tight schedule which tookaccount .fr meetinds held them at te same tite was preferable to holding .k.Ser-I
meeting which reurdthe sam experts to attend. Particujar attention was paid to theC.- S adena editing e rf eetn; in June/July in Hawaii and the SC24 meeting in Octoberin Brazil. The flowing tieable IS propose-a
28 Feb 89 SC24/WOI approve output fiom Munich meeting
3 March SC24 armve NW! Ballot
15 March NW! il~ot stat15 June NWI Ballot doses
3 July Meedn in Hawaii to revise NWI - faxed to SC24
5 July SC24 = ballot to JTC1
15 JIly JrcI balot tars
15 Oct Irc1 Ballot ands16-29 Oct W king ft prepared at SC24 meeting
April 90 DP/PDAD m pSpt90 DIS/DAD e=apra
April 91 IS t prepare -d
This is a very tiapt schedule. It was considered that it was necessary at least for the first fewstages to ensure mproved participation.
Liaison is needed between SC24 and SC18 at their meeting in Munich and a the STEPmeeting in Son Antonio. We need an SC24 rep not necessarily a member body representative.
Action for the Rapporteu to request liaison at these rneetings and to ensure participation.
Discussion on the Requirements

The Tucson meeting discussed the relationship with SCI 8. The recommendations
(SC24/N 186) include the need for SPULto tOransiate a CGM into SPDL in a standard way.
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ODA allmw this and includes CGM in its specification. Areas of overlap need to be solved
in a comon way.

There was agreement that extensions zo the CGM ininj inc1u.& publishing engineeringdrawing. business, grqhIcas included in doc. N9. a phic e re are also
neede. When do we know when to stop adding ty? The e-quuernents .document
must state this. 7

It was agreed that Addendum 3 (or whatever it becomes) should not be 3D and that it should
bebuilt on COM plus Addendum 1. Then possibly extend to 3D for adde capabilities.

it was agreed that a closed list of elements might.be better for etting a standard produced
less clearly defined us. Th precse l shoulb e when.the stud

periods coae to an and (October 89) It is hard_ dthte work going on in ,,, ll
within SC24 and outside in other ISO groups. 7hbeT work is in early stages (DP) of
standardisation and their timescale is less agressive.

The discussions as to the pre•ise requirements were based on a consideration of NIS. 6
ar=as of exension were recognsed:
1. Advanced 2D require:m

curves - note STEP line extension might be of interest

fine control over line appearance

composite line primitive

user defined line types, hatch styles, markers - also symbols required with the same
definition techniques as markers - and lyphs

additional sndarXed hatch styles

arbitary t=t path

are Smfin methods sufficient? theme is a need to make up styles from
the other primitives - note COT Bim'ap fill too but this is not device independent

general linear rmnsonnation - need for 3*3 matrices

2. Text and Fon Model

take the reqjuiremens from the study group on text

3. Arbtrary Boundaries

There was concern as to the number of stan-end boundary sequences there are in the doc
N52 (plus closed figures in Addl and CGI). It would be better to have a general path element
which would the hIave its action applied to it.
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4. Colour MLjeIs

Th-s is definitely a requirement and close study is needed of the ODA colour Addlendum.
Colour interpolaion 5 also needed.

Image.
SC2/W• 8 have work in the area of corne•p sian techniques. Their documents are at DIS
level and should be used. Can cell array toe inproved by making it more compact in its
encoding

6. Symbols

There is a need for defining symbols and also for external referencing - this is a general
requirement for other areas e.g. fonts.

Another requirement might be for diectories of pictures to be stored.

(Alignment (N15) left out as nobody could explain it)

There was some concern that a third addendum to COM might not be the best way toprogress the document. Addenda are confusing. This woul also be difficult if there isanother colour model as RGB is described in = y places. A revision would be better butdtis would have many implications e.g. doing 3D fully.

It was agreed that the exlensions Work Iwas to address storage capabilities at the same level of
the rdeferece model as COM and Add I.

STEP/CGM Reference Models
le nt discussed he diagams presented in N257 The discussion was led by Mr

pacicagresentanon entifes are on the border of the CAD system and the graphics

Some commen were made on the specifics of the diagrna COM and CGI am not
necessarily at the tightplace relative to the new C0I m1odeL the gphc packa can also tewide or narrow depe .n on the imp (thoggcn clsoonc puly s om e laye
may still exist). it wouadbe usefnul to add the PHIGS archive and GKSM . It was agreed
that this was one example of how things fited together rather an being a defitive
statement.

The bell curves an the second diagram were felt to be a useful tainof the positionOf the varous standards. McCon•nel to take this daralm to the-Rezence Model meeting.
STP should end where COM starts. STEP and CGM should r.ace. GESgivingno
overlap between the standards. There needs to be a definition of the differences between a
drawing and a document.
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Reference Model

The Refenmce Model draft (N 177) was presented by John McConnL. The group discusscd
the model in relation to the COM and GlUM and t commnms am t be fedbac to the
Reference Model group.

The COM is j sin# workstaton witbe coordinates stored in virtual device coordinates. The
Workstation level is thus the most lie•ly point for the CGM to lie. Elements such as pixel
array are Probably lower and th is hke-ly to be a point of concern in some of the comments
on the Add I ballot. iV we are to sa that the COM extensions are at the same level as CGM
can raster ops be added (as proposed).

There was some concern that the model could have multle .coordinate systems at the samc
leveL This makes it harder to place CGM.. Could CGMbe a list of elements which rane
aczrss a mwer of levels of the- M ,imle with the Meta.ile bein; used to idet,, a
partcular sort of metafile and thus where it lay in the model. This is not m line with the idea
that COM is well demed in the model

It was noted that the COM extensions work is a pan of the first generation of standards and
thus this model does not necessarily apply. Also there will not necessarily be standards for
all levels.

Discussion on the Initial Draft (N32)

The document N52 which was produced by ANSI some time ago was discussed with the
expets making points which can be fed into the next daft. The comments are appended to
the maes.

Output from the Meeting

1 These minutes

Action: Mumford to draft and send to Bono for circulation

2 Draft q Document

Action: Grou= to drafL McConnell to take to Ref Model meetings and then to arrange
Srcuulian iWG I via Bono

3 Draft New Work It=

Action: Group to draft. McConnell to take to Ref Model meetings and then to arrange
cirulation in(WG1 via Bono

4 Lmers from the Rapporteur to Reference Model and Requirements groups in WG I
and to WG I convenor requesting action on the documents.

Action: Bono to draft and send to Hlenderson
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A ,pendlx I

Comments on The Initial Draft for Addendum 3 (SC241N52)

This was a very brief discussion but the following points emerged:

1. Advanced 2D Requirements

a) curves

STEP Geomen'y has the following 2D primitives (Presentation also needs to be checked)

conic: circle, elLipse, hyperbola. parabola

bounded curve: polyline, B-spline, trimmed curve, composite curve

SPDL must be checked to see if the representation of the curves defined in N52 is the most
efl•cin for SPDL

b) ine appearance

STEP parametrises the end point of the line which can be user definable (4.12.5 in STEP
presentanon)

STEP also has rounded asymmetric line join. These considerations also apply to edges.

c) composit Unenprimitive

Thr was a general e that the same method should be used for shieldn[ing and
clipping. Too many begin-d i appear in N. Should this also be _dV for closed
figure? Tbere are differnce hee thugn, Need to look as SPDL paths. Trere may be
conflict with COM aid Addl though.

d) user defined line styles etc.

Thmre was a feeling that the needs of cartography had not been addressed and that they should
be.

e) additional batch styles

There is a need for styles to be defined from the other primitives. We need a wider capability
for fiMing of areas than just cross hatching. How shoild this be addressed - what is a batch'.

) arbitm =extpath

the begin-end path comments addressed above apply here too.

g) Mllng
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PostScript has the non-zero winding rule as well as the odd/even filling. (pg71 red
PostScrfpt book). Interpolated ffling (going from one colour to another) aIso seems
Unpormnt.

h) general linear wanormations

These are not in N52 but would be useful.

2. Improved Text and Font
Strong feeling that the work of SC18 and the work of the study group on the improved text
model must be the main driving fore for the elements in this section.

3. Clipping and Shielding

What does text shielding apply to - the character box orthe shave? This needs to be
addressed in relation to the discussions on glyph definition in tie improved text study group.

4. Colour Models

Tiere is nothing in N5. This needs to be addressed but it will be one of the hardest things ro
add in if the text is to be an addendum. RGB is mentioned very many times in the CGM text.
The ODA colour model and PHIGS should be used as base docuents for the elements.

5. Imaging
Mm•erence model makes this a problem. How can the CGM+Add3 be at the same place in
the reference model if these more device de.pendem elements are added in? It was
recommended that the work on picture coding standards in SC2 shoul be the basis for any
definition. Do we need PeI Array Clip Rectangle? Does genea clipping apply to raster?
Arbiutray clipping of raster might be usefu too.

6. Symbols

Has Add I dealt with ris? If not, why not?
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Attachment 4:

Addendum 3 New Work Item Proposal

Addendum 3 Requirements Document
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CGM ADDENDU,," NEW WORK ItEM PROPOSAL

Scope

This work comprises a set of elements which will extend the cpabilines of the CGM (IS 8632)
and CGM Addendumn I (ISO 8632/DAD. 1) to etr additional user nquircments-

The following list of capabilities will be addressed by this work

1) Advanced 21D graphics, to include:

- Curves
- fine control of line appearance
- composite line •mrizinves
- use derined line types, hatch styles, and m-arke types
- additmW sandardizd hbb styles
- a'bihty t= path
Sdlling mechanisms

- gneral linear unMsf~rmarions

2) lmprved text and font support

3) Arbitrary bound=e: for ca ng and shielding

4) Additional color models beyond RGB

5) Additional rats Faphics (scanned image) capabilities

6) Symbols: extenial r'efrer-ce to "stndard libraries of named symbols

The prse list of elements to be included in this goup will rake account of the work of the SC4
su..y groups in the following arm: Improved Grphic Text Model. Product Data Gemmea.,
new API for graphics. PHIGS BR. Reference Model for Compuer Graphics. and also the GKS
Maintenance work

Purpose and Justification

The purpose of this work is to extend the CGM and CGM Addendum I to fulfll additional 2D
picture s, rage and rcmeval req um. CGM users have found tha in; some arplicaxion as
the present standard provides a genpmal fraomewozt that is smdzah but Lacks stume f'untonaliry
required by these applications. These areas include en i driwing, the prepatnon of graphic
arts quality presentaton matrials cartgraphy, pud techical ishing-

SC4 has rOp=dze the need to seve these applicaimn areas and to meet the requirements which
beyo thse cmly sp=ied in the standards developed, and eng developed. withn

C4. be rode muir~ncim illbe the reult of the delibmrijon of the study groups set up try
SC=4 to ccmuidier an Impruved Graphical Text Model, Produta Data Geometry, sad a new
Applicatn Progamming ln fo rCruphic. iscosmer thameeting these renquirnets
is essential if the CGM is to contnue to be used in the areas reognized above.

It is essential that this work uses some of the soluions adopted within relaxed ISO Standards
activities, for example font definition standwrds. colour models. and pmrduct dam exchange
standards.
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Co-operation and Liaison

Wok win progrss within ISO/TEC JTCI/SC24 in liaison with:

ISO/IEC JTC=jSC18
ISO TC184,C4
ISO/IEC JTC1/SC2

Relevant Documents to be Coidered

CM. IS 8632 (Parts 1-4)
CGM Addendum 1. IS 832/DAD--I (Pans 1-4)
Font and Charactr Iformanoo Exc*hange, 1SO DIS 9541 (Parts 1-6)
ODA. ISO DIS 8613 Colour Addendum
PHIGS BR
Refrece Mode. for Computer Graphics
STEP, ISO TC184/SC4/N284

Program of Work

The following schedule is proposex for this work

Oct. 1989 - NWI asmvedL WD pmepsnr
April 1990 -DP or PDAD text prepue4
Scpt. 1990 - DIS or DAD =n prepared
April 1991 -final tx prepared

Assignment of Work

SC.4 requis that tns work um if approved, be assigned to SC24/WG3.
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Requiremeuns hUocumnft for o t . to

The Computer Graphlo Metafi

LO Introducdon

It has been r zed t+ t the cmimt COM Standard needs be exld iW order to c "c "--vly
fum the picture sn, and 6nsequilnms es of enpning dawings, ami u and
technical publishin. The purpose of this document is to identify the zqbn o xeso
explicidy, as speci*ed by the Focedues stipulated in ISO4EC =T1C SC24 N171.

2.0 Applicadons

2J AppUlcioa Arear WiuA FuThze R:eqwrme:

a) Eunginering Drawings

The CGM is currntly being used in engineering applicaions to soeand exhnePitr
information. This a= of use has found the (X3M lacdung in functionality which, if prsn.would
ic the dfiency of sr.sage• xamp ofrequired ezsun include curve defnidons, such as
B-spine and conics, and im-proved'tx aaiiis In other areas moe iotroI is required.
Examles of this include cOnrol Of line apearnc Such as line ends. Thene are also teureei
for specifying and refenrcing symboL

b) Graphics Arts

For grphic am quality a highmrdege of control am the rendering of grphical and text objects
is requflXdL Line andbom am required to connuD the rendering of line endings and line joins and
user-defined line s am also required. Ther is a requiernt to be able to prim e=x almg an
arbitrary path and t sp fonts and a smibures in amore preciemanner. Further colour
models and ---erM encodings am also required.

c) Technical Publishing and musmtos

One of the mai intnon of the COM Standard is to support the requmuri,-- of this application
mu. Though the COM has been used SccesubIly in the t•rs nical publishing and illustration
envbvomet it is ft tz 11= of the inherent limition in the CGM Sumldai have curtailed its
acceptance in die mzk spl - Several enhancements to the COM have beo identified to address
these lhimitaions, includig but nor Unl~ to: line appearance coruol, abirnrzy text path, enhanced
=ea cpabilities a2d additional cola models.

2.2 Shidia ofApp&lion Rquirwniv.n

a) Product Dam Geometry Study Group Report - PDG SG

Teurose of this study go is to look at the melationships between Pmduct Data GO•metr
(D)and Computer Gmuphicm ina membership should be ckawn froim expes frc the computer

Graphics Standards and Product: Data Geometiy Stamlatts Alne .=I icsing these
relatonsiips at the firet meng in Munich, it was foyud isthere exis•s some avedap between the
stated goals of• • DG Standards and t•e CGt e SG con ded t in cumin maa •th C
if extended could be utiized w &M thotse ltSame of the n ns for exension
included comp=cres, additional altributes, additional functionalifun ty,
and symbol fi ks

b) Text Study Group Report - Text SG

Given that SC24 has re cognized that the cmirn test model needs review, ths Study group has
been chartered to look at what enhancenienti; am necessary mid/or desised for the exsring gmphica
text modep4s Te mmn conclusion of tins SG at the Munich meemg was that the Font Standard
work taidng place in SCI 8/WG8 should be the primary source of technical input for umpoving the
gaphicW text model. The SG also uncovered some addidonan requirements for text in studying the
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STEP stxand.x Sami of fte aihanemCUS 'dewdd for th COM iwld-AW MOM denlnoa and

reerencicng. fmr substiwrion, and rendeting~.

c) cam in th Real Wcadd Workshop - CRWW

TINS Werkshop, involving iplenentors of the COK a, in Septmber of 1987 to discuss the
successes and difxmfiine wwitd Ve lenmentng %be CM Swudstd. At this workshop
several cmumi problezs and hmCM we identCfied. Som e of these included.
but were not limized to: the inadequacy of the mt modd, the lack of advanced 2-D graphics
primives, and the need fcr additional colour del.

d) User Requirements Study ofPublishing and Technical Drawinp -WGI N9

This ,repo was udn the a of de U.S. DoD CAxnp,=. Aided Acquisition
Logiscs Support.(CALS) o CAS i,.amajrn vc eded too m the ,
exchange and publishing of arduc Mupotinftrnadne.. Poduzsuppor information in CALS
inclde -dn dan, re raphics, tecnical dnvw and u= This study (W I N9)

spciicll adrsssthe exteeto eqiz- for he A to spp the technical fflusuzzion
e ge and srge needs far CG S. Sceveal needed anements a= idenified, i•cluding
heaer caves, line cap and join, enhanced tex, helding. iarpolated MLl, and additional colour
models.

e) Irapt into the CKS Review - CarMographi Reaquiement (CR)

This documnen is a I q izn s stannuezt put together b p fo h atgahcidsr
rtgading the cabnhazem nede to GKS tospmcua capiain.These
enhancemenrt ame also required for the CIML and include- gj~ y speifid pattens,
zftn~ay clipping regios, and externa1 symbol Mmlue.

3.0 Required Capabmties

The foMowing table provides a list of the features that were identified as requirements in the studiess
mentioned in Secton . The feares ar listed along with the study fom which they originated

-FEAT'URE- -REQUIREMENT SOURCE-Avne 2-D cp !

- curves PDG SG, CRWW, WGi NI, Text SG
- line appeanace conrol PDG SG, CRWW, WGI N9

- coposte lne linavesWGl N9, CRWW
." sednd=eatypes WG , N9, P)DG SO, CRWW
- additional andutdized hatch styles WGi1 N9, PDG SG
- aiuy text pusb PDG1) SG, Text SO, WGI N9
- geometrically qweified pawns P1)0 SO, CR
. - umnsfor-an- .sPDG SG

Euhamced text sad That cavie•l- f gyph defi n Text SO, PD0 SG, CRWW WG 1 N9

- font rdenxng and substitution we above
- rendring ee above
- additional tex bt e ma=ee above

-c.pping WGO N9, CR. CRWW
- shieldcng PDG SG, WGI N9

Colour models-
- CM CMYB. nmed colours. ec. WGI N9, CRWW
- intepolated fill WGI N9
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- odigfc s thniques WGI N9

SymlxkLV.
-XeSmalib. WG1 N9, PUG SG, CR
-usC ,ef, e intmd al Jib. we above

4.0 Eumples

43 Advwced 2D Graphi/c

"The CGM in the Real World Workshop examined the isse of advanced 2D graphics and
concluded that the COMAlce aaiiist ~nt w eey wmz advanced ume needs. Fmr
example. for enonecrinq dmwings i is difficult. if :o impossible. to efectively represet somte
higher- level cofsffC mi the stuch a aSS v Though sc constucts can be
lmulamed with siplarmmnem Ithe CG4is is f-reetly. imosible to min~inif aWccuay anid
visual canty ad retain device .d,=cenzu Lc A list of addidoal fiactiotnl mquiSCM0nts
for adva• h ics follows, with examples of the realizaton teqW nls:

a) Curves

Craves includ the general class of curved line elements that am more complex than the exsting
chvilx and elliptical = elements, suh as:

- Beiz-vires
- Rational B-splines
- Parnmtic spline cMves
- Conics, and conic arcs

b) Fi Contol of Line Appearance

This includes the additional line atibutes of cap, mine, and join.
c) Composie Lim Primiive

T= consists of a line composed of both msaight ard curved line segments.

d) User Defined Line Types, Hatch Styles, and Marke Types

An example would be the ability to define a line type. such as the stitched, center, or phantom line
p sfrquently used by engineering drawing applications.

e) Aritiary Text Path

Text drawn along a composite line path.

t) Filling Machanisms

Interpolated Fill, which is a Ul comprised of colours interpolated linearly between two rderence
colours.

z) General Linear T sfmaons

3 x 3 (and 2 x 3) uu.sformation matrices to allow for affine and projecdve arions

4.2 Enhanced Text and Font Capabilities

The enhanced text and font capabilitie should accoamoda ost of the infomastion in the ISO DIS
9541 Font and Qiauter Information Interchange Standard. This standard defines a font rusource
architectre to support text generation. interchange and presentation. A font rsource has to provide
sufficient information to charactere and identify a font in order to allow font referencing and font
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sutinuion. In the lanr ase. machnisms to specify allobwal vuisiins on a fant reques or

request with vayng de• =~C of prCtaxon should be pwiid&

FMn and glyph di.idn requires attibutes in additin to thome usd in the Mte_

to suppc4M feanms such as rbinuty ý pate , in ISO DIS 9541
would have to be provided.

Techniques used in modem grhics syste ms w=be provided to guide the of a
meafle, as to the desired rendring accurcy to indicai the retie inpv unce of vaious =ca
a&nibutes for achieving a desimz effect.

S0 Constmints

Me wca hc is proposed to rueet these requuuzirmnts will be hused an the CGM standard and
CGM Addendum 1. kis intended tha this exesiom will aocupy the sI:t point in th SC

Rernce Model as the stial dad This men that the ==zan will produc a metafile
suiable fir the smrage and reuieval of 2-D picture inftcxn, and will not address 3-D cr
dynamic capabilities. Iis the Fol af this w that it will be useebe by related standards including
the fout swutdardizi effort. ODA, and STEP.

Clse wordng with the (=KS "Mintmanc up is essential. Whbe this Stoup defines
ftNm onalky which is the same as that proposed for this ezmded t aIe k. then the Sprs
should wak towgtheto produce functitamly identical specifaoios and encodings. The progress
of this work will be menssomu by is relationship to these othe sadads and their resultng
-optblty.

The New Weuk lImn pmasl dkfines the areas of extension and notes th need to adopt the reults
of the study groups SC24. t is swmgiy rmcomdedt thdme fndomnl i are
turned into realization equiremnents as defined by SC24/N171 OR adm oa the NWI a a te
working draft is being paed. This means that if the ppmd sedule is adhe , then
l•eri ~requirements Wll be tuned into a list: oef'a to be icludbe in the new work at the
C24 meetng in Ocobe 1989. This does limit this' wk to coand the bý w include only tose

Y k Wh hae .been a at that um. Thas should eure that pr ss can e
motniore, problem zmas .ienied early n the projecr, and these urgent needs for C users me
in a timely fasin.
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Final Report of CGM Extension Study Period
Lofton Henderson, Rapporteur

10 August 1989

I. INTRODUCTION

At its July 1988 meeting, ISO/IEC JTCI/SC24 passed a number of resolutions
establishing study groups and study periods on future computer graphics standards
work within SC24. Resolution 9 established a study period to examine the need for
further extensions to the Computer Graphics Metafile standard (CGM, ISO
8632/1987). Further extensions had been proposed in order to meet the require-
ments of application areas such as engineering drawing, technical publishing, and
graphic arts, and had commonly been referred to as "Addendum 3."

One set of extensions, Addendum 1. was already in an advanced state of processing.
A second set, Addendum 2 (fur 3D), was technically an active project but was
without a document editor and was not progressing. Both of these projects were
being processed under ISO rules for addenda, according to resolutions at the SC24
plenary in September 1986. These resolutions established the addenda projects
without New Work Item review and ballot.

It was determined by SC24 that the proposed Addendum 3 would be progressed
according to the new NWI procedures in N171. Under these procedures the need
for such a project would be studied by a study period, a requirements document
would be generated and re, iewed by the requirements rapporteur group within
SC24/WGI, the position of the proposed work in SC24 reference models would be
reviewed by the reference models group within WGI, and finally an N'NVI would be
geneiated and balloted.

Key technology areas of Addendum 3 include advanced graphical text capabilities
and advanced geometric primitives. Because these technology areas are expected to
be shared among several of the next generation of SC24 standards, study groups
were established to examine each of the areas. The Addendum 3 study period was
directed to coordinate closely with these two groups.

2. SUNMMARY OF RESULTS

The Study Period concluded that the extensions referred to as "Addendum 3" are
needed and must be expedited if CGM is to continue to be an important standard.

The provisions of N171 were followed. A requirements document and reference
model statement were produced and submitted to WG1. A New Work Item propo-
sal was drafted and submitted to SC24 for a three month ballot. The ballot passed
with no negatives, and a slightly revised NWI is currently being balloted in JTCI.
A Working Draft of Addendum 3 has been produced and is currently undergoing a
three month comment period in SC24.
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3. HISTORY

3.1 Munich Meeting

The first meeting of the Study Period was held in Munich, F.R. Germany. 18-20
January 1989. It was held in parallel with the initial meetings of the Text Study
Group and the Product Data Geometry Study Group. These two groups met for
the first half of that week, and the CGM group met for the latter half. Many of
the attendees participated in one or the other of the technology study groups and
then the CGM meeting.

The goals of the meeting were to ascertain the need for CGM Addendum 3 and
execute the first steps in the new NWI procedures as detailed in SC24/N171 -

produce a requirements document, a Reference Models statement, and a draft NWI.
and forward these documents to the appropriate groups.

The CGM meeting was attended by:

Germany: Brandenburg, Moeller, Schuur, Zapomeul.

UK: Francis, Mumford, Thomas.

US: Bono, Laris, McConnell, Stoll.

The meeting was chaired by Bono in the absense of the rapporteur Henderson.

There were no official inputs to the meeting, but base documents referenced in the
meeting call included some requirements studies and a draft NRArI proposal.

The output of the meeting consisted of:

- Minutes (WG1/N36).

- Draft Requirements Document;

- Draft New Work Item proposal;

- Letters to the WGI Reference Model RG and the Requirements RG requesting
action on these documents;

The detailed results of the meeting are contained in these documents. The final
versions of the NWI and Requirements Document are included as an attachment to

this report. Significant points of the meeting are summarized here.

The dependence of the final output of this Study Period on the outputs of the Text
and Product Data groups was recognized. Concern was expressed that this depen-
dence could slow the work down considerably. It was agreed to progress the work
as much as posible, but there would be need for looking at the final outputs of the
two groups when they become available.

There was some discussion of how to progress the project - should it be an adden-
dum? The general feeling is that it should not, because this would be too unwieldy.
Decision on the exact method of processing will be deferred until a later date.
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A schedule was derived which would result in IS text in April 1991. This included a
tight schedule to complete all of the required NWI processing before the SC24
meeting in October 1989. By the end of that meeting there should be a complete
list of requirements and a closed list of elements.

The next and final scheduled meeting was set to be in Waikoloa, Hawaii. 26-28
June. If the scheduwe were kept this meeting would process the results of the SC24
ballot on the NWI proposal.

3.2 Between Munich and Waikoloa

The Draft NWI and Draft Requirements documents, with cover letters from the
rapporteur, were sent to the Reference Model Rapporteur Group and the Require-
ments Rapporteur Group as per N171.

The Reference Model group responded informally. Because there are no formal
liaison documents, that response will be reviewed here. The Reference Models RG
pointed out that there could be some problems with asserting that the proposed
CGM Addendum 3 occupies the same 'level" in the reference model as CGM. This
problem was seen during the processing of CGM Addendum 1, which at that time
contained a low-level device dependent formulation of the Pixel Array element (it
was removed from Add.1 for this reason).

The Reference Model RG felt that the same problem could arise in Add.3, particu-
larly if care is not taken in formulating the additional imaging capabilities. They
pointed out that if the realization of the proposed functions of Add.3 straddled
stages or levels in the Reference Model, then CGM would have to make a choice:
either CGM-plus-addenda is at a well defined stage in the pipeline and any func-
tions to the contrary would be proscribed and removed; or that principle no longer
pertains and CGM-plus-addenda would be viewed as a set of encoding techniques to
be applied to objects at different stages in the pipeline.

The general consensus of the CGM Study Period and the WG3 CGM Rapporteur
Group is that the CGM standard should remain as a static picture capture mechan-
ism whose features can be placed at approximately the current CGM level in the
pipeline. This is an issue that CGM must keep in mind while progressing any
addenda. Neither CGM nor Reference Models have been able to precisely specify
what criteria determine whether functions are at the same level or stage. This
question is bound to be subject to some interpretation, and will likely always gen-
erate differing opinions. But at least there should be some clustering around a stage
in the pipeline, and elements which create recognizable technical problems (such as
the CGI PDCEL ARRAY that was originally included in Add.1) should be avoided.

The Requirements Rapporteur Group of WG1 did not generate a formal response
to the Draft NWI and Requirements documents either, apparently due to schedul-
ing difficulties. There is in the WG1 document register (WG1 N41) a U.S. position
paper. A couple of comments in this paper seem pertinent. In the area of con-
straints, the CGM requirements document does not adequately express: requirement
for the availability of resources; requirement for timeliness (must be done by
YYMM). These points must be kept in mind by the Metafile Rapporteur Group.
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Because there were no requirements for change from either of the WG1 rapporteur
groupe, the same two documents that were produced by the CGM Study Period at
Munich therefore went to the WG1 plenary meeting in late February. Recommen-
dation 3 of that meeting recommended that the SC24 Secretariat immediately con-
duct a three month ballot on the NW1 so that the results could be processed at the

final scheduled meeting of the Study Period, 26-28 June in Waikoloa, Hawaii.

The three month ballot was commenced as planned, and terminated on 15 June.

3.3 Waikoloa Meeting

The Waikoloa meeting was the last 3cheduled meeting of the CGM Extensions
Study Period. Its purposes were to:

- process the results of the NWI ballot;

- revise, if necessary, the NWI and the Requirements Document;

- express these to the SC24 Secretariat, to be forwarded for a 3-month JTCI bal-

lot to close before Brazil.

- do technical work on the Working Draft.

The meeting was held in parallel with a meeting of ANSI X3H3. It was attended
by:

Germany: Eckhard Moeller.

UK•: Alan Francis, Anne Mumford.

US: Bruce Garner, Lofton Henderson (Rapporteur), Mike Laris (provisional Docu-

ment Editor), Lori Pearce, Harold Schechter.

Anne Mumford is succeeding Eckhard Moeller as rapporteur of the WG3 Metafile
RG, which will be processing Addendum 3.

There were no formal inputs to the meeting. The U.S. produced and circulated to
attendees a baseline document to serve as a starting point for a working draft. The
SC24 Secretariat sent NWI ballot results by Fax. The results: g approve, 2 approve
with comments, 0 disapprove, 0 abstain. Comments were received from:

U.K. - stressing importance of liaison and harmonization with closely
related groups;

Japan - making suggestions that the NWI and Requirements Document be
improved by providing more details.

The comments of the U.K. were thought to be addressed adequately in the current
document. Some time was spent discussing the comments of Japan. The additional
detail suggested was deemed to amount to a justification of the requirements that
had been generated from various sources. While such more detailed information
would in fact be of interest, it was thought to not be a necessary component of the

documents required by N171. In any case the group concluded that it did not have
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the resources to develop the additional information, as that information would
esentially have to come from the source of the requirement. As can be seen from
the Requirements Document, those sources are diverse and were not generally
present at the meeting.

Conse( -:ently, minor improvements to the documents were inade and the rappor-
teur sent these on to the SC24 Secretariat for commencement of the SC24 ballot.

By the time of this meeting there had been no further activities in either the Text
Study Group or Product Data Study Group, and so the NWI and Requirements
Document still contain references to the work of those groups as the source for
specific functional requirements.

There was a liaison meeting between the CGM group and a number of outside
experts interested in STEP, PHIGS, PHIGS+, and reference models. The topic was
metafile requirements that are derivable from STEP and PHIGS(+). As far as
Add.3 is concerned, there appear to be few new requirements, or at least few con-
crete requirements were generated, because Add.3 is explicitly a 2D metafile. The
model for STEP, computer graphics standards, and metafiles that seemed to get the
greatest consensus involves a 3D file. PHIGS+ is seen as serving presentation and
graphical requirements of STEP, and it was felt that a PHIGS+ workstation state
capture file (as opposed to purely graphical capture) was the sort of metafile sup-
port needed. Meeting the metafile requirements of STEP would be accomplished
through Addendum 2, and would involve some modification of the scope of Add.2.

The group discussed resources. It is agreed that there are not sufficient resources to
process two projects (Add.2 and Add.3). 'he current WG3 Metafile RG members
tend to be more interested in the 2D work (Add.3) than 3D work. This was not an
official position, but an informal survey. It is clear that both projects cannot be
progressed satisfactorily if more people are not available. A solution could involve
collaborative work with WG2 for 3D metafiles.

It was generally agreed by the group that Addendum 3 should not be progressed as
an addendum, at least not beyond the earliest stages. Rather, it and Add.1 should
be folded into the CGM standard to produce a complete new document. This issue
will be addressed by the WG3 Metafile RG when it commences work on the pro-
ject.

There was time to work on the Add.3 baseline document during the meeting. The
group divided into technical subgroups examining particular topics. As a result the
baseline document was advanced sufficiently that the group feels it is suitable for
the status of Working Draft. It was sent to the SC24 Secretariat for immediate cir-
culation, with the hope of getting early comments that could be processed at Brazil.

4. CURRENT STATUS & PENDING MATTERS

The NW[ and Requirements Document are before JTC1 for a 3-month ballot. It is
hoped that this will close before Brazil. Unfortunately some long delays have been
reported in getting previous items through JTC1, and this may adversely affect the
Add.3 schedule.
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The WG3 Metafile Rapporteur Group will have to ascertain the level of resource

committment for Add.3, presumably at the Brazil meeting.

The NWI and Requirements Document commit Add.3 to a certain level of coordi-
nation with the output of the Text Study Group and the Product Data Geometry
Study Group. The final reports of these two groups will have to be examined to see
if any further specific requirements for Add.3 are implied.

Before the Working Draft stage is complete, the Metafile RG must finalize the
agreed set of functions for Add.3 - this should be done at Brazil.

A Working Draft is currently being circulated for NWI comment. Early comment
is hoped for by Brazil, so that work may take place at Brazil.

5. COMMENTS ON THE STUDY PERIOD

Herein are personal comments and observations of the rapporteur, both on the new
procedures and on this Study Period.

The procedures outlined in N171 are excellent in principle. Some improvement was
absolutely needed over the processes by which CGM itself was standardized, and by
which Add.1 and Add.2 were undertaken. In the case of CGM perhaps 1-2 years of
delay was incurred by fundamental disagreements over what was being standard-
ized. In the case of Add.2, the scope and purpose have shifted several times, the
effort is has not been sufficiently driven by agreed requirements, and in consequence
little progress has been made. In the case of Add.1, these problems were potentially
present again, but fortuitously there was reasonable consensus among those working
on the project and good progress was made.

The result of the procedures is that 11 voting nations have endorsed the scope and
purpose, and the high level functional definition of Addendum 3, and no voting
natirns are opposed. The hidden disagreements that have interferred with previous
metafile work should not be a problem for Addendum 3.

There have been problems with the process however. The main problem isthat it
has taxed participants' resources too heavily. There were too many meetings and
too much requirement for liaison for the resources available.

As a secondary effect of the resourL! shortage, certain steps specified in N171 were
missed or passed as formalities. No formal input ever came back to the Study
Period from the Requirements RG or the Reference Model RG before the Require-
ments Document and NWI went out to SC24 for ballot. This was due in one case
to a liaison that was missed for lack of time and in the other case to a meeting
which had to be cancelled.

The content of the Add.3 project was made dependent upon the output of two
technology study groups. All three groups started off with a high activity level.
One of the technology groups resulte,! in specific items that could be adopted by
the Add.3 NWI; the other did not generate such. In both cases, the work of Add.3
Study Period cannot be complete until the final reports of the two groups are avail-
able, at Brazil, 16 months after the process commenced.
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The Add.3 Study Period was somewhat fortunate in the timing of events. Once the
initial meetings happened in January, the meetings of the Reference Model group,
the Requirements group, WG1 plenary, and the SC24 AG happened very soon
after. Other projects following the procedures of NI/I could be less fortunate and
could incur significant delay. If all of the dependencies, those required by N171 and
those required by technical liaison, had been rigidl. observed it is easy to imagine
that the proces could take significantly longer than this Study Period.

In the balance the process was beneficial. New standards should be driven by
agreed requirements and should have consensus on scope before work begins. How-
ever given the current environment and presure on resources the procedures need
to be simplified and streamlined.
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Attachment 6:

Addendum 3 Working Draft

73



ANSI X3H3

Informacon Proce~ng Systems

Computer Graphics -

Metwaie for the Stuerag and Transfer

of Picture Dcsciption Informaucn

Pan I

Funcuonal Spccificauon

(Clausc 3)

Addendum 3

Draft Document 2.0
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Page 6

Sub-clause 3: add or change the following entries:

colour model: A specification of a 3D colour coordinate system and a 3D subspace in the coordinate
system within which each displayable colour is represented by a point. Some colour models include a
fourth, redundant, dimension to allow the independent representauon of black. For the purpose of ISO 8632
colour model refers to one of RGB. CIE L*u"v¶0. or CYMK.

colour selection mode: Indicator as to whether colour selection is to be direct (by specifying a colour
value) or indexed (by specifying an index into a table of colour values). See COLOUR VALUE.

colour representation method: Indicator as to which of Wthee colour models (RGB. CIE L'u'v',
CYMK) or spot colour is being used to represent colour values. See COLOUR VALUE, SPOT
COLOUR.

colour value: The characer sting (for spot colour) or values of the point components (for colour model)
describing a colour.

RGB: An additive colour model, well matched to colour display monitors, whose values are defined by the
normalized weights of Red. Green. and Blue components.

CIE L'uev*: A colour model defining an absolute colour space based on colour matching expenrments
whose components ar LQ (Lightness) and u*. v* (Chromaticness).

CYMK: A subt'acuve colour model, common in the printing industry, which has cyan. magenta, yellow,
and black components.

Reference Colour Model: Basic colour model within CGM relative to which relationships to
specifiable colour models (RGB, CYMK, and CIE Louev) are calibrated. The reference colour model is
defined by the CIE 1931 standard colorimetic system (XYZ).

spot colour: An exactly defined colour with a registered name.
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ANSI X3H3

Iformaton Prcessing Systems -

Computer Graphics -

Metarile for the Storage and Transfcr

of Picture Descnption Information

Pan I

Functional Specificaion

(Clauwe 4)

Addenduwn 3

Draft Document 2.0
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Page 10

Subclause 4.3: Add the following to the list of elements given in the first paragraph of this
cmlause

COLOUR REPRESENTATION METHOD
:ONT DEFINITION

FONT ATTRIBUTES
CHARACTER KERNING MODE
CHARACTER KERNING TABLE

Page 10

Subclause 4.3.2.1: Add the following to the list of elements given in the second paragraph of this
danse

COLOUR REPRESENTATION METHOD
CONIC ARC
CONIC ARC TRANSFORMATION MATRIX
PARAMETRIC SPLINE CURVE
RATIONAL B-SPLINE CURVE
RATIONAL B.SPLINE CURVE CLOSED

Page I I

Subclause 4.3.2-.1 Add the following to the list of elements given in the second paragraph of this

COLOUR REPRESENTATION METHOD
FONT DEFINITION
FONT ATTRIBUTES
CHARACTER KERNING MODE
CHARACTER KERNING TABLE

Page I I

Add the following as subclause 4.3.4

43.4 Font Elements

The FONTMETPJC DEFINITION element is provided to all permit ezact typographic placement of the
charcter glyphs specified within a text sting. Using FONTMETRIC DEFINITION, the initial character in
a text suing would be placed at the specified coordinates. and each subsequent chxacter would be offset by
the width and right side bearing of the previous character and by its own left side bearing. If character
kemnmg is also in effect, then the inter chancter space would also be adjusted by fh specified kern value.
The character height and offset from the baseline se used to determe int lin string placement. aswet,
adx des

The FONT ATTRIBUTES element can be used to select a best fit font if an exac match is not available on
a spedf! devi

Page 12

Subclause 4.42. first line:
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Change "dir (RGB) colour"

into "direc colour"

.age 14

Subclause 4A.6, second paragraph, first line:

Change "RGB"

into 'a dire colou"

Page 14

Subclause 4.5.2: add the following to the end of the subclause

The IMAGE APERTt'RE is not affected by the setuing of the CLIP INDICATOR element. Aperture
setting for pel army elements is assumed to be always on'. The default IMAGE APERTURE is listed in
clause 6.

Add the following as subclause 4.5.3:

4.5.3 Aperture.

Selecton of the region of interest within a pcl array, whether clipped by the CLIP RECTANGLE or not, is
accomplished using the IMAGE APERTURE. Since the IMAGE APERTURE 'mode' is always assumed
to be 'on'. the display of all peJ array elements is always considered to be controlled by an aperture setung.
The default image aperture is listed in Clause 6. The IMAGE APERTURE element thus affects all
subsequent pel aray elements that follow in the metafile until the aperture is overridden by the appearance
of the next IMAGE APERTURE element.

Page 15

Subclause 4.6: add the following to the list:

CONIC ARC
COMPRESSED PEL ARRAY
TILED PEL ARRAY
PEL ARRAY REFERENCE POINT
PARAMETRIC SPLINE CURVE
RATIONAL B-SPLI34E CURVE
RATIONAL B-SPI.N'E CURVE CLOSED

Page IS

SubcLause 4.6. add the following to The line elements are" list:

CONIC ARC
PARAMETRIC SPLINE CURVE
RATIONAL B.SPLINE CURVE

Page 16
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Subclause 4.6: add the following to "The filled-area elements are:' list:

RATIONAL B.SPLINE CURVE CLOSED

Page 16

Subclause 4.6: change "The cell array element is:- to "The cell array elements anr:" and add the
following to the list

COMPRESSED PEL ARRAY
?LED PEL ARRAY
PEL ARRAY REFERENCE POINT

Page 16

Subclause 4.6.1.1: change subclanse to read the following:

4.6.1 Da.cription. There a two general line elements - POLYLINE and DISJOINT POLYLINE - four
line elements relating to circles, ellipses and conic arcs, and two elements that relate to spline curves.

Page 16

Subclause 4.6.1.1: change the end of the subclausc:

CONIC ARC generates a parabolic, hyperbolic or elliptical arc, the
parazneterization of the arc(s) is described in S.6.X.

XXX SPLYE CURVE generates a single spline curve; two separate parameterizazions of
the spline curve are possible; these are described in 5.6.X and
5.6.X+ I

Page 16

Subclause 4.6.13: change the last sentence of the subclause to read:

"The ARC and SPLINE primitives...

Page 17

Subclause 4.6.4.1: change the second sentence of the subclause to mad:

"In addition thae we seven elements tha.."

Page 1s

Subclause 4.6.4.1: add the following to the end of the subclause:

RATIONAL B.SPLINE CURVE CLOSED gSa-aes a closd B-sp•le curve the set of
styles is the same as for POLYGON.

Page 18
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Subclaus 4.64.3 2nd paragraph: change the sentence to mad:

"The circular, elliptical and B-spline fill primitives..."

Page 18

Add the following as subclause 4.6.5.1:

4.6.5.1 Pel An'ay Elements

COMPRESSED PEL ARRAY represents a rectangular binary image compressed according
to the CCITT T4 or T6 facsimile recommendations: two
parmneterizations are possible, one corresponding to the
normal facsimile-size image, and a tiled format for large
images; the elements am. described in 5.6.X and 5.6.X+ I.

TILED PH. ARRAY represents a series of equally sized, contguously positioned
individual raster images, or iles'. The frst tile is placed at
the PEL ARRAY REFERENCE POINT, and then the tiles
we placed in sequence in the direction of the pel path and
line progression as shown in figure X. The tiles are
numbered by the tile index contained in the pel array
identifler paramze of each tile.

Reference Point

PEL Path

1 2 3 4

5 6 7 8

2 9 10 11 12

S13 14 15 16

17 18 19 0
- - -- L

Figure X Ordering and layout of tiles by index

4.6-.51.J Atftibwes. The orientation and dimensions of the pel array elements is contolled by the PSI
ARRAY ORIENTATION and PEL ARRAY DIMENSIONS elements. The PEL ARRAY
ORIENTATION clement spwire the the &rtion of the layout of pels, i.e. the pel path, in 90 degree
imremmeS, relative to the VDC us This element also specifies de dirtion of the layout of lines of
pels, ie the line progresion. in 180 degree increments relative to the pel path direction. we pea path and
line progressim am constrained to be at rght ogles to one another.

4.6-5.1.2 Posidoniag. The position ofa pel array element is defined by the PEL ARRAY REFERENCE
POINT element. The reference point element affects the position of all pel arry elements that follow it in
the metaflie, until it is overridden by a subsequent PEL ARRAY REFERENCE POINT ELEMENT. The

83

I



visual effect on whatever might al ready be positioned at or near a given reference point by the overlay of a
pel army element is impleMenmadon-dependenL

4.65.1.3 Tiling. The tiling mechanism specified is based on the Tiled Raster Interchange Format work
that has been developed relative to MIL-STD-1840 and ISO 8613 Part 7. The TILING MODE control
eclement, when "on*. indicates tbh-- all subsequent COMPRESSED PEL ARRAY elements are U. oe
considered individual tiles within the bled image until the a subsequent TILING MODE element sets the
mode to "ofd. If the number of "tiles defined while tiling mode is *on* is less than the number indicated
by the TILED PEL ARRAY element, then the missing tiles are reated as encoded as *null background".
The tiling offset parameter defines the position of the actual pe array within tile space1 relative to the PEL
ARRAY REFERENCE POINT. All tiles cover a porion of the pel array, the portions of the tile space
outside of the tile May are itifacts of tiling and conain no information.

Page 19

Subclause 4.6.7: add the following after the subclause:

4.6.1 Conic Arc Element.

A Conic Arc is a bounded connected portion of a parent conic curve which consists of more than one point.
The parent arc is either an ellipse, a parabola. or a hyperbola.

4.6.8.1 Parameterivarion. A conic arc is defined by the end points and the six parameters. The conic arc
itself is defined by the six parameters in the following equation:

A(X 2 ) +, BXEY + C(Y2) + DX + EY + F a 0

This parameterization assumes that VDC space is 4 quadrant cartesian coordinant space. The CONIC ARC
TRANSFORMATION MATRIX element is then used to properly position the arc in the quadrant of VDC
space defined by the VDC EXTET element.

4.6.8.2 Geometric Concepts. The conic arc is defined by the start point, end point and the six parameters
A-F. To determine the form of the conic arc, the quantities Qi, Q2 and Q3 are defined as follows:

IA BM2 Dt21
Ql - deermninant of I B/2 C E/21

ID/2 E,2 FI

Q2 deterinann of I A B/2 I
IB/2 C I

Q3 a A + C

If Q2>0 and (QI Q3)<O. then the ar is elliptical;
if Q2•O and Qlo.O. then the arc is hyperbolic;
if Q2-0 and QloO. then the arc is parabolic.

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 VDC space must be from start point to end point in a counterclockwise

In the case wher the conic arc is parabolic or hyperbolic, the pume defines a unique portion of
the parabola or a unique portion of a branch of the hyperbola, thus the dwction is irrelevant.

4.6.9 Spline Curve Elements
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The elements described in this section were derived from IGES V3.0. and ar specialized for the case of two
dimensions.

4.6.9.1 Parametric Splint Curve. The paramnctic spline curve is a sequence of parametric polynomial
segments. The definition of this class of curves is generalized to allow for the repmsentatioi of many
different paramnenic spline curves using only one element. The following curve types have been assigned:

1: linear
I quadratic
3: cubic
4: Wilson-Fowler
S: modified Wilson-Fowler
6: B spline

4.6.9..1 Parameterizaton. The degree of continuity parameter indicates the smoothness, or continuity of
the curve with respec to =ar length. The curve can either be continuous at all break points, contnuous and
have slope continuity as all break points, or be continuous and have both slope and curvature continuity at
all break point.

The number of segments parameter is the number of polynomial segments to be used to define the curve.
Eac X,Y polynomial segment is evaluated using the eight polynomial coefficients associated with that
segment (AXBXCXDXAY.BY.CYMDY). Each segment is delimited by its respective breakpoint.

4.6.9.12 Geometric Concepts. The following cubic polynomial equations will return the coordinates of
the points of the i-th segment of the curve. Note that the coefficients D, or C and D will be zero if the
polynomials ame of degrees 2 or I, respectively:

X(u) - AX(i) + BX(i)(s) + ÷X(i)(s() + DX(iXs3)

Y(u) - AY(i) + BY(i)(s) + CY(i)(s2 ) + DY(iXs3)

where T(i) ca u <= T(i÷I)i- I,....,N and s a u - T(i).

The werminate point and derivatives are derived without computing the polynomials by evaluating the Nth
polynomials and derivatives at u = T(N + 1). These data. dividcd by the appropriate factorial (i.e. the second
denvatve divided by 2!, the third by 3!). are used as the N+1 or terminate point values.

4.6.92 Raional B-Spline Curve.

4.6.92.1 Parametrizaion. The Rational B-Spline curve is parameterized where:

uars..param 4 t <m endparu-am.
T(O) 4m sw.pmam c end..pwrm <a T(N)

Thus for any parameter value t between T(0) and T(K+1). the sum of the basis functions satisfies the
following identity:

b0(t) + bl(t) + .- + bK(t) - 1.

If all of the weights in the weight list an not equal, then the equation type is rational. Otherwise, if all of
the weights are equaL then all of the weights cancel, the denominaus sur to one and the equation type is
polynomial.

4.6.92.2 Geomwric Concepts. 11e parametric equation governing the definition of the rational B-spline
curve is shown in the following eapression:
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W(o)-P(o)'bo(t) + W(l)-P(I)-bl(t) ._÷ W(K)*PC)*bK(1)

W(O)*b0() + W(1)Ob1(t) ... W(K)*bK()

where W(i) are the weights. P(i) are the control points and bi(t) are dte basis functions. The basis functions
awe all non-nertive piecewise polynomials determined by the degree and the knat sequence. The knot
sequence is a non-decreasing list of real numbers T(-M),...T(0),...T(K+I). Each basis function is supported
for the knot sequence interval (T(i-M),T(i+l)], where M is the degree of the basis function. Between any
two adjacent knot values, the corresponding basis function can be expressed as a single polynomial. The
basis functions am defined as follows:

Let N(tdi-m,..4.I+) denote the B-Spline basis function of degree m supported on the interval (ti.m,i+ 1.
The funcuions of degree d are defined with respect to those of d- 1, as in the following:

(NttO)N(lttO0,.-d- d) (__N(t0,--._d)

td-l-) id-tl

Since the denominators will be zero (0) in some cases. the convention 0/0 a 0 is adopted for this definition.

4.X.X Compound Line

The compound line elements consist of the two elements. BEGIN COMPOUND LINE and END
COMPOUND LINE. These elements permit the definition of a line that consists of a number of disunct
elements, such as saraight 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 various component elements of the compound line are
not treated as line end caps but rather as line joints.

4.X.X Compound Text Path

The compound text path elements consist of the two elements, BEGIN COMPOUND TEXT PATH and
END COMPOUND TEXT PATH. It is functionally identical to Compound Line, except that it is used as
a base line for text placement. rather than drawn by an interpreter.

The Compound Text Path permits arbitrary, complex placement of text. Each font symbol is placed with
in reference point and alignment according to a tangent to the Compound Text Path. This implicit tangent
is the logical base line for each character cell. If a symbol's reference point aligns with the junction of two
line elements of the Compound Text Path. the logical base line is the line perpendicular to the
perpendicular bisector of the tangents of both elements, passing through the refernce point. Positioning of
subsequent symbols is based upon the distac between symbols assuming a smight hba line, but wrapped
along the generalized cmve of the Compound Text Path. If there is more ext than path. the path for the
ece ta is the aight line desaibed by the taigent to the last element of the Compound Text Path.

4.X.X Picture Composition

The picture composition elements consist of BEGIN CLIP REGION, END CLIP REGION, BEGIN
SHIELD REGION, END SHIELD REGION. CLIP INDICATOR, and SHIELD INDICATOR.

The ocnepts of dcip and shield regions we complementry. The dipping proces1 discars everyhing that is
visually outside the c•ip region whereas the shielding process discards everything that is inside the shield
region. Whether clipping and shielding are in effect is determined by the respenive settings of the CLIP
INDICATOR and SHIELD INDICATOR (each is either ON or OFF).
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Due to being able to define what amounts to closed figures for these regions, the cdip region and shield
regpins Cam each provide a clipping and a shielding capability at the same time. For example, a *polygon
with a bole has an outer boundary and an inn boundwy. The "filled aa" of such a clipping region would
be prserved with the area outside the "filled area" (including the contents of the bole") being removed from
the pitue The shielding region has a complementary inwrpretation: the "filled area" itself is removed
from the pzive.

Note tha 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 CLP INDICATOR.

Page 37

Subclause 4.7.7: replace the current text body with the following:.

The CGM must be able to represent colours in a manner suitable to a broad spectrmm of graphical devices
ind systems. Towards this goal, the COM uses three colour models (RGB, CE L'u'vo, CYMK) and spot

colour. The Metafile Descriptor element, COLOUR REPRESENTATION METHOD, allows metamile
genesraz to specify which one is being employed.

The RGB additive colour model uses a 3-uple of values providing the normalized weight of the red (R),
green (G), and blue (B) components of the desired colour. This model is used in colour monitors, film
writems, and input scanners.

The CIE Luov" uniform colour model uses a 3-wple of values providing the normalized luminance (L'),
red-green chromaticness (u*), and blue-yellow chromaticness (v') components of the desired colour. The
advantages of the model over the others are (1) it separates chromaticness from luminance (allowing for easy
monochrme display), (2) it is a uniform spvce for small colour differences (the Euclidean distance between
two points in this model is morm or less propnrtional to their perceived difference), and (3) it is an absolute
colour model based colour matching experiments (thus being device independent and not requiring colourcmaecicr).

The CYMK subtractive colour model uses a 4.tupfe 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 AMs drum scanners. In theory, cyan, magenta, and yellow are meant to correspond to
the red, green, and blue of the RGB model. In practice, actual inks used for colour printing only
approximate this criterion. Black ink is added to attain a greater dynamic range than is possible 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 metfile ransporability, because registration ensures
unique naming of colours. Spot colours are registered in the ISO Intenmional Register of Graphical Items,
which is maintained by the Registration Authority. When a spot colour has been approved by the ISO
Working Group on Computer Graphics. the colour name will be assigned by the Registration Authority.
Each regissted colour will be specifed in terms of is CE• Luvo coordinats

The COM pmvides two mechanism for colour selection: 'direct' ad 'indexed'. In 'direct' colour selection.
fte colour is specified by providing values for its normalized components (colour model) or by providing

the chract sing defining its name (spot colour). Mahe term 'direct colour value' will refer to any direct
colou specifier, and the term 'direct colour model value' will refer only to a direct Colour specifier of a
coour model (as opposed to spot colour)). In "ndexed' colour selectimn the color is specified by an index
ito a table of direct =olour values. Selection of one of these mechanisms may be done by an elJeme in
mhk Mccar De~ptcr.

For 'dexed' colour selection, the COLOUR TABLE attribute element is provided for changing the contents
of the color table. This element may appeaw throughout the picture boad'. However. the effect of changes
in the colour table on any existing graphical primitive elements that use the affected indices is not addressed
in this Standard.

87



Direct colour model values are either a 3-tuple or 4-tuple of values providing the nomalized weight of the
desired colour components. In the abstract, each component is nr--nalizec' to the continuous range of real
numbers [0,11. In a matafile, direct colour model value compcnents are integers, and the Metafile
Descriptor element, COLOUR VALUE EXTENT, allows metafile generators to specify tc minimum and
maximum metaille direct colour model values for normalization.

To address the problem of colour matching physical devices, the COM provides a mechanism for colour
calibration. The device space for a particular input/output device consists of the quantities that device uses
for the measurement or the rendition of colour. Typical examples of devices and their associated device

0 colour monitors - this space is the intensities of the Red. Green, and Blue phosphors;

0 colour film rcorders - this space is the Red, Green, and Blue command values used for exposing the
film:

"0 colour input scanners - this space is the values measured through the Red, Green. and Blue filters of the
scnner

* ink jet writers and thermal printers - this space is the ink values Cyan, Magenta, Yellcw, and Black
deposited onto paper,

"0 colour printing press - this space is the ink %alues which appear on separation films, which are later to
be rendered on presses or proofing systems

For all the kinds of devices listed above., it is imponrt to apprciate that each of them has a well-defined
meaning only in terms of the particular device with which it is used, but only an approximate meaning in
terms of appeauance. For example, if two pictures specified in terms of RGB are displayed on different
monitors, the colours of the resulting images will not look identical. This is because no two
monitor/display processor combinations are identical. If the two display systems of the same space are
supplied by the some vendor, the images can be close enough for all but the most exacting applications;

netheless, the diffrence does exist and must be taken into accounL Similar considerations hold for the
input scanner and ink spaces, with the extra problem that the viewing environment also affects the

Calibration is achieved by the imaging system converting a colour in the specified colour model to a colour
in the reference colour model, and then converting to from the reference model to the device space for its
imaging device. This applies for both input and output devices. Although this is conceptually two
operauons, it can be implemented as one transformation. These transformations require calibration data.
The COM does not allow for the interchange of calibration data. Instead. default values have been chosen to

eprsent recognized smandds for devices which use these models
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Page 41

Sub-clause 5. 1: Table of ±jU typ-e abbrtviauons:

Replace

CD Colour Direct Three-cple of non-negative real values for red. Wrn•, blue colour .nu.eC.

with

MD Model Direct Three-tuple or fou-.tupie of non-negauve mal values for ,
definition within one of the ee i =ppxrled colour models

CD ColourDirct String or Model Direct (as deter-nmed by CCLOL'R
REPRESENTATION METHOD).

Pages 47-48

Sub-clause 53.7: Replace the descnption as follows:

The prtcion for operands of data type model direc D) is specified for subsequent dau of ty-pe MD ,"hr
precision is defined as the field width measured in units applicable to the specific encoding. A~lhCig4 2ýt

form of the paanmeter is encoding dependent, the parmeter is a single specificauon that applies eaLa,7
all of the thr or four components of parameters of type CM. The precisions of the tndividual, corpcnent.u
mae not independently and differendy specifiable by this element.

Pages 48-49

Sub-clai.e 51.10: Replace the descrnpuon as follows:

lfe panieters represent an extent which bounds the direct colour model values tha wiiU be encc•. :r•
the metafile. It need not represent the exact extent of colour model values contained in the meteiae.

Page 54

Subclause 5-3: Add the follo-ing Meafile Descriptor Elements:

5.3.X COLOUR REPRESENTATION METHOD

Parameters:

colour representaon method (one of: RGB, CIE L'uOv",CYMK. spot colour) (E)

Description:
Four methods of colour reprtentauon are supporwd by one of thne colour models (RGB, CIE
L'u-ev¶, CYMK) cc by spa colour (names).

Only one colour representation method may be used within a metsaile. The method may be
defaulted or expticidy set ,ith the COLOUR REPRESENTATION METHOD element. All
occienmces of colcr-seWng elements (AUXILIARY COLOUR. LINE COLOUR. MARKER
COLOUR. FILL COLOUR. EDGE COLOUR, TEXT COLOUR) as well as the colour lists of

MLL ARRAY and PATTERN TABLE shall be in the current method. If used. COLOUR
REPRESENTATION METHOD shall be in the Metaf•le Descriptor, after BEGIN METAFILE and
before BEGIN METAFILE BODY.
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References:
4.7.7

S.3.X FONT ATTRIBUTES

Parameters:

font number (IX)
number of atibute paus (1)

List of: pairs of
Amibute type, Attibut value (S)

where atibute values must be on of:

typeface name (5)
family name (S)

-WC - Class (D)
ty- std.cass (Do-a speif Voup (DO
posntrc (one of: posuzms defined by ISO/IEC/DIS 954 -5. 6.6)
weight (one of* weights defined by ISO/IEC/DIS 9541-6.6.7)
poportionate width (one of: see ISO/IEC/DIS 9541 -5, 6.8)

Description:
The order of the attribute values indicates the relauve importance of the attbute for font
substitution. A missing value indicates no importamce to be placed on the value. The following
atWtibut types have been assignd-

typeface name
family name-wa gc-a class

typeface secific goup

weight
priporona2t width

The font awrbutes provide a more detailed description of the fonts defined in the FONT LIST
clement so as to enable rauonal font matching in the event of the inability to exactly match a font
from the font name specified in the FONT LIST dement.

The font number will correspond to the font index defined in the FONT LST elemenL

The tpefMace name is the name of the font typeface. Note that a typefac name implies parucula,
values for the family name, weight. posture, and proportionate width.

The typeface generl class is the most general grouping of fonts with similar characteristics.
Typefac• b-classes are groupings that identifies the less general chacteristics and starts to
categmize ty aes i similar designs. Typeface specilic groups m typeface goupings with
very distm=a ard unique characteristic Typefac csteghzed to the typeface me•cc group level
mn to sbow stmilar dazwissts that makes them reasonably eligible w be sustitded for each
other. The auigned fonts groups. and their amihues, am defined by the normative ann= A of
ISO 9541-5.

The posture of a font may be one of the following:
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1: upright
2: obliquely slanted clockwise from the venrcal. with no other design adjusunents
3: obliquely slanted counter-clockwise from the verucal, with no other deign adjustments
4: halic, slanted clockwise and the desgn adjusted for ber appearance

The font weight is a measure of the boldness of the fonL Assi.'d values ar:

1: ulta light
2. extr liht
3: light
4: semi light
5: medium
6: semi bold
7: bold
8: era bold
9: ulta bold

The prpottionae width Ls an indication of the ramo of character height to character width, and may
be one of the following:

1: ultra condensed
I extra condensed
3: condensed
4: semi condensed
5: medium
6& semi expnded
7: expanded
8: extra expanded
9: ultra expanded

In the preceding list. ultra condensed has the highest rauo of character height to character wid•h.
and ulta expanded has the lowest muo of character height to character width.

References:

5.3.X FONTMETRIC DEFINITION

Parameters:

font index (DX)
chauc index (C)
left bring (VDC)
right bearing (VC)
dwa wift (CVDQ
caact heght (VDC)
ofsez from baeseine (VDC

Description:
T7e fommenic infonrma for each character used in each font spcifrd is defined by this element
If this element is used, then the fontmeusc data for each character ued in the mestafile must be
spXfied. Chauacters not used by the meafile may also be specfied, but am not nrured

References:
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$.3.X CHARACTER KERNING MODE

Parameters:

charcter kerning mode (one of: none, pair. sectoire na) (E)

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

References:

S.3.X CHARACTER KERNING TABLE

Parameters:

To be determined.

Description:
The data defined by this element will be dependant upon which, if any, kerning styles are
sipporwd. In general, however, the information will be that which is required to ker characters.

References:

S..X BEGIN GLYPH DEFINITION

Parameters:

caacter index (IX

Description:
BEGIN GLYPH DETIN'TIION delimits the beginning of a definition of a enuty that will be trea.cd
as a sngle "compound primiuve". The elements that make up the compound figure can be any
combinauon of non-closed line elements such as POLYLIN.•. CIRCULAR ARC 3 POIN•.
CIRCULAR ARC CENTRE. ELI.PTICAL ARC. <new curve elements>, BEGIN REQUIRED
FEATURE, END REQUIRED FEATURE, and CLOSE FEATURE.

The figure defined by the component line primitives will form a character gl)ph. and will be
assigned to the characmr code referenced by the value of the character index parameter.

The interor of the glyph (see 4.6.4A) is filled according to the c1--ni filled-area atributes. The
compositm figure will be eidthe a single figure or a set of figures. which is idled according to the
parity (odd or even) algorithm described under the POLYGON element, with the exeption that the
tmnsauon frno a vertex marked as a 'closure vertex' to the next point specifiled in the definition
does not consttut a boundary to the fill a.orthm. A vreax is marked as a 'closure ve-ex' by the
ue of the CLOSE CONTOUR lement.

The individual figurcs of the set ae not filled individually. The figures in the set my be disjoint
(as in the 'dot' in the letter 1), may create 'holes' (as in the interior of thi leaer 'V'), or may
overlap.

References:
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#3.X END GLYPH DEFINITION

Parameters:

None

Description:
END GLYPH DEFINTIOPN delimits the end of a compound outline definiuon of a cha,'cIer
glyph.

References:

S3.X BEGIN REQUIRED FEATURE

Parameters:

None

Description:
BEGIN REQUIRED FEATURE defimits the beginning of a definition of a enuty that will bc
treated as a single "compound primitive". The elements thau make up the compound figure can be
any combination of non-closed line elements such as POLYLINE. CIRCULAR ARC 3 POINT.
CIRCULAR ARC CENTRE, ELLIPTICAL ARC. CLOSE CONTOUR. and <new curve
edcrnents>. The figure may be a disjoint figure.

If used, BEGIN REQUIRED FEATURE shall occur within the scope of a BEGIN GLYPH
DEFINITION block. The resulting composite figure will be a specific feature of the characier
glyph being defined which is required for proper rendenng of the glyph (such as a serif).

References:

3.3.X END REQUIRED FEATURE

Parameters:

None

Description:
END REQUIRED FEATURE delimits the end of a compound outline definition of a specific
feature of a charcter glyph required for proper rendering of the glyph.

References:

3J.X CLOSE CONTOUR

Parameters:

None

Description:
CLOSE CONTOUR dr. mits the end of a compound oudine of a characm glyph. The last point
specified is marked as a 'closure vertex.

References:
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Page 55

Sub-cLause 5.4.2, first paragraph of description:

Change "red, green, and blue" into "direct

Page 57

Sub-clause 5.4.7, rimr line of second paragraph of description:

Change RB" into "a direct colour value"

Page 60

Subclause 5.5: Add the following Control Elements:

5.S.X BEGIN COMPOUND LIN:E

Parameters:

None

Description:
BEGIN COMPOUND LINE delimits the beginning of a definition of a entity that will have
consistnt line atributes and will be treated as a single *compound primitive". The elements that
make up the compound line can be any combination of non-closed line elements such as
POLYLINE. CIRCULAR ARC 3 POINT. CIRCULAR ARC CENTRE. ELLIPTICAL ARC, or
<new curve eJernenms

References:

S.S.X END COMPOUND LINE

Parameters:

None

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

References:

S.$.X BEGIN TEXT PATH

Parameters:

Nam

Description:
BEGIN TEXT PATH delimits the beginning of a defrition of a entity that will provide the path
in which a text sting will be drawn. The elements thaz make up the compound text path can be
any combination of non-closed line elements such as POLYLIN., DISJOINT POIYLINE,
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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 CHARACT7 7. ORIENTATION elements. The skew of the characters is
still relative to that specified in the CHARACTER ORIENTATION element, but the placement of
subsequent chartrs is along the compound text path instead of in a line along the character up
vector character base vector.

References:

S.S.X END TEXT PATH

Parameters:

None

Description:
END TEXT PATH delimits the end of a compound text path definition.

References:

S.5.X BEGIN CLIP REGION

Parameters:

None

Description:
BEGIN CLIP REGION delimits the beginning of a definition of a entity that will provide the
clipping region. When CLIP INDICATOR is 'on' only the poruons of graphics elements inside or
on the boundary of the clipping region are drawn. The elements that make up the clipping region
can be any combination of closed or non-closed elements such as POLYLINE. DISJOINT
POLYLNE. POLYGON, POLYGON SET. CIRCULAR ARC 3 POINT. CIRCULAR ARC 3
POINT CLOSE. CIRCULAR ARC CENTRE. CIRCULAR ARC CENTRE CLOSE.
ELLIFTCAL ARC CLOSE. or <new curve elanents>. 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
RECTANGLr.

References:

S.5.X END CLIP REGION

Parameters:

None

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

References:
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S.S.X BEGIN SHIELD REGION

Parameters:

None

Description:
BEGIN SHIELD REGION delimits the beginning of a definiton 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 cin be
ary combination of closed or non-closed elements such as POLYI1NE. DISJOINT POLYLINE.
PI)LYGON, POLYGON SET. CIRCULAR ARC 3 POINT, CIRCULAR ARC 3 POINT
CLOSE, CIRCULAR ARC CENTRE. CIRCULAR ARC CENTRE CLOSE, ELLIPTICAL
ARC CLOSEM or <new curve elements>. The entity thus derfied is essentially a closed figure
whose boundary is used as the shielding boundary.

References:

S.3.X END SHIELD REGION

Parameters:

None

Description:

END SHIELD REGION delimits the cnd of a shielding region dcfnition.

Refernces

.3-.X SHIELDING INDICATOR

Parameters:

shield indicator (one of: off. on) (E)

Description:
When SHIELD INDICATOR is 'ofr, shielding of graphical primitive elements is not required.

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

References:

S.$.X TILING MODE

Parameters:

tilng mode (one of: off.on) (E)

Description:
When TILING MODE is loll", subsequent COMPRESSED PEL ARRAY elements ae to be
Vested as independent images displayed per the corespondmg PEL ARRAY ORIENTATION and
PEL ARRAY DIMENSIONS attribute elements, and positioned in VDC space via the PEL
ARRAY REFERENCE POINT elenenL
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When the TILING MODE is "on". each subsequent COMPRESSED PEL ARRAY element is
azed as a single tile in a tiled image and indexed by the Pei Array Identifier parameter. The PEL

ARRAY ORIENTATION and PEL ARRAY DIMENSIONS elements describe the sizing and
rientation of the entire tiled image. The dimensional information for the tiles in the image is

contained in the TILED PEL ARRAY elemen.

References:

Page 68

Sub-clause 5.6.9: Add the following at the end of the third paragraph of the description:

Note that COLOUR PRECISION only applies to dirct colour model values.

Page 77

Subclause 5.6: Add the following Graphical Primitive Elrnemns:

5.6.X CONIC ARC

Parameters:

suan point (P)
end point (p)
A.3,C.D.E.F (6R)

Description:
"A conic arc is drawn which is defined as follows:

"A conic arc is defined by the end points and the six parameters. The conic arc itself is defined by
the six parameters in the following equation:

A(X 2) + BXvYv + C(Y2) + DXv + EYv + F = 0

where (Xv.Yv) are the horizontal and vernWal axes, respectively, of VDC space. In order for the
conic arc to be processed correctly by the receiving system given the above representation, the
conic arc entiy must be positioned such that each of its axes is parallel to either the Xv axis or Yv
axis. The arm is then positioned correctly in VDC space by using the value of the CONIC ARC
TRANSFORMATION MATRIX CleMen.

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

IA 1/2 D/21
Q1 ade--ihnant of I B/2 C 21 I

ID/2 E/2 F I

Q2adeterminantof I A B/2 1
1B/2 C I

Q3 m A + C

If Q2>0 aid (QI-Q3)iO. tn the arc is an ellipse.
If Q2U.O and QloO. then the arc is a hyperbola.
If Q2=0 and Q IoO. then the arc is a parabola.
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In the case where the conic arc is elliptical, to distinguish the arc in question from its Complement.
the directon of the =rc with respect to the definition space must be from stan point to end point in
a cotmterclockwise direction.

In the case where the conic arc is parabolic or hyperbolic, the parm•eterization defines a unique
portion of the parabola or a unique portion of a branch of the hyperly !a thus the direction is
inCevanL

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 eleme.nL

References:
4.

3.6.X CONIC ARC TRANSFORMATION MATRIX

Parameters:

maamx elements

if the VDC type is 'integcr'.
RI1.RI2,R13.R21.R22.R23 (61)

if the VDC type is 'real'.
R11,R 12R3,R21.R22,R23 (6R)

Description:
This element is intended to work in conjunction with the CONIC ARC element to transform the
conic arc to its final position and orientation in VDC space. The Transformation Matrix enuty
transforms the defining point coordinates by means of a matrix multiplication. This
transformation is achieved by applying the matrix multiplication to the coordinates of the conic

The notation for this transformation is aw follows:

IRIIR12R131 IXinI - IXoutI
I R21 R22 R231 I Yin I I Yout I

I 11

where IRij1 is the transformation matrix. (Xin.Yin) is the coordinate to be transformed, and
(XouLYout) is the coordinate resulting from the transformation. Both the input and output

tinae systems are assumed to be onhogonal. cariesian and right-handed.

References:
4.

5.6.X PARAMETRIC SPLINE CURVE

Parameters:

coerf (IX)
H,-degree of cLnuniry (I)
N-number of segments (I)
T-brna point list for polynomial ((N+ I)R)
X coordinate polynomial list (N sets of four)
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AX.BXCX.DX ((N,4)R)

Y coordinaw polynomial list (N sets of four)

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

Description:
The parmimemic curve to be drawn is defined as follows:

The parametric spline curve is a sequence of parametric polynomial segments. The
paritmaeerizauon shown above is generalized to allow for the representaton of many different
piramet'ic spline curves using this one elment. The curve_type parameter indicates the type of
pmameraric curve as it was represented in the sending system before being converted to this generic
form. The following curve tpes have been assigned:

1: linear
2. quadtatc
3: cubic
4: Wilson-Fowler
5: modified Wilson-Fowler
6: B-Spline

Values above 6 are reserved for registration and future standardization, and negative values are
available for implementation-dcpendent use.

The degree of continuity parameter, H, indicatp the smoothness, or continuity of the curve with
respect to arc length. If H-0. the curve is...,nuous at all break points. If H-1, the curve is
continuous and has slope continuity at all break points. If H=z, 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 segment is defined by a cubic polynomial in X and Y that is evaluated using the
eight polynomial coefficients associated with that segment; Ax,BxCx.Dx.Ay.By.Cy.Dy. Segment
i is delimited by is knots. T(i) and T(I+l).

The parametric spline curve is displayed with the current line attributes.

References:
4.

3.6.X RATIONAL B-SPLINE CURVE

Parameters:

K. uppaindex ofsum (1)
M.degpe of the basis function (I)
equation type flag (one of: rational, polynomial) (E)
T-knot sequence list ((K÷M. I)R)
W-weight list ((K+I)R)
contol point list ((÷+I)P)
rnpuwnnd•pmn (2R)

Description:
A two dimensional raional B-spline curve is drawn. The realization of this element is based upon
the Pauonal B-Spline Curve entity of IGES V3.0. The specifications are identical except that the
curve is constrained to two dimensions. i.e. the Z Polynomial is assumed to be zero (0).
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Valid values of the upper index and degree parAmeters are non-negative integers.

Valid values of the control points are such that no two adjacent points are coincidenL

If all of the weights in the weight list W are not equal, then the equauon-type flag is set to
Rational, otherwise the equation-type flag is set to Polyr imial.

References:
4.

5.6.X COMPRESSED PEL ARRAY

Parameters:

PID-pel way identifier (1)
T-oncoding type (one of.T4,T61.ZW, Biunap, null backgroundnuIl foreground) (E)
P-pxI path (one of:0.90.180.270) (E)
L-line progression (one of:90270) (E)
S-pci spacing (VDC)
spacinLTatio (R)
N-number of pels per line (T)
NL-nunber of lines (I)
Pi aray (BS)

Description:
A compressed pec array image is defined as follows:

The pal array identiller, PID. is used as the tiling index when Tiling Mode is ON. When the
Tiling Mode is OFF. the PID is used as an identifier to uniquely label the pel array for
manipulation or access purposes.

The encoding type parameter.,T" specifies the compression format used to encode the image. If T
is specified as "T4. the image is encoded according the one or two dimensional scheme defined in
CCITT Recommendation TA (Group 3 facsimile). If T is "T6", the image is encoded according to
the two dimensional scheme def'ned in CCITT Recommendation T.6 (Group 4 facsimile). T
specified as "null background" or "null foreground" is used mainly when in tiling mode to indicate
that all pels in the tile are known to be background or foreground and the tile has no encoded
content, If either of these are specified, then the Pei Array itself will be a zero length or "null'
bary suing.

The pel path parameter. P, is the direction of progression of successive pels along a line relative to
the VDC X axis. This pamneter, in conjunction with the pel spacing. S, ad the number of pels
per line, N, implicitly defme the line position, length and gnularity for eac line in the decoded
pei amy. The spacngratio is defimed as the ratio M/S. where M is the dismnce in VDC units
between two successive lines of pels, and S is the Pei SpAcing, which is the distance in VDC
between two adjacwe pels in a line. Note that even if the VDC TYPE is Integer, the values of the
Pei Spacing S mid the line spacing M will be of type Real.

The line progression p umues. L. is the direction of progression of successive of pcl lines and is
eapresved as a direction relative to P. L. in conjunction with the spacingraio and the number of
lines, NL, implicitly defines the size of the decoded image at the direction of L. The line spacing
(LS) of the lines of pels can be determined as follows:

LS - spacinwt~io * S

The psl amy itself is stored in either of the formats defined by T, encoded as a bitsucam.
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References:
4.

S.6.X TILED PEL ARRAY

Parameters:

TID-Wed piarmry IM ()
TD-de pci may dimensions (21)
NP-number of pels per tle line (1)
NL-number of lines per tile (1)
TO-ting offset (21)

Description:
A tied pei array image is defmed as follows:

The tiled pel array. TID, uniquely identifies the tiled image. Valid values of this ID are positive
integers.

The died pci array dimensions parameter, TD, consists of two positive integers corresponding to
the number of tiles in the direction of the Pei Path and Line Progression parameters., respectively,
of the PEL ARRAY ORIENTATION element. Multiplying the two TD integers together will
give the total number of tiles contained in the tiled image.

The number of pels per tile line parameter, NP, specifies the tile dimension in units of Pei
Spacing found in the PEL,, ARRAY DIMENSIONS element, in the Pei Path direction of the PEL
ARRAY ORIENTATION element, for each tile of the iled image.

The number of lines per tile parameter, N., specifies the tile dimension in units of line spaces.
derived from the Spacing Ratio of the PEL. ARRAY DIMENSIONS element, in the Line
Progression direction of the PEL ARRAY ORIENTATION element, for each tile of the tiled
image.

The tiling offset paramerter, 70, specifies the location of the pel array image within tiling space by
defining the offset of the frist pel of the pe arry from the PEL ARRAY RE1ERENCE POINT.
The offset is specified by two positive integers corresponding to the number of pel spaces in the
Pei Path direction and line spaces in the Line Progression direction, respectively.

References:

3.6.X IMAGE APERTURE

Parameters:

XI,YIX2,Y2 (41)

Description:
The element defines the rectangular area of pefs in'the decoded pel array that is to appear in the
metafile picture. This element should immediately precede the Pei ArrAy element to which it
applint, as this Aenent will affect all subsequent Pei Array elements until aother Image Aperume
is esplicitly derined..

The four integers form two coordinate pairs, (XIYI) and (X2,Y2) corsponding to the first and
last pets to appear, respectively, where XI <.X2 and YI<=Y2. For example, (6.2) would specify
the seventh pel in line 3. given that (0,0) specifies the furst pel on the first line.
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These two corner pels, (X1,Y1) and (X2,Y2). Aefine the recngular portion of interest of the Pcl
Army image to be positioned in the met;adde I -re. The fust pcl defined by (Xl,YI) above is to
be positioned at the reference point of the Pe Army element, with the remainder of the image
realized as per the Pel Spacing. Spacing Ratio, Pel Path, and Line Progression paramce of the
Pei Array element. Valid values of the IMAGE APERTURE paramet.ers z non-negative integers.

References:
4.

3.6.X PEL ARRAY REFERENCE PCINT

Parameters:

refa-ce...point (P)

Description:
The pel array refenmce point defines the position of the upper left-hand corner of the pel array
element to be displayed. If the pcl path and line progression are thought of as vectors the uppcr
left-hand corer is defined as point of origin for the two vecom

References:
4.

3.6.X BOXED TEXT

Parameters:

two points (2P)
flag (one of. not final, final) (E)
sting (S)

Description:
The two points specified reprsemt diagonally opposite corners of a rectangle oriented parlel to the
VDC axes. BOXED TEXT behaves as does fEXT, with the except on that the text is consmatncd
to be within the rectangle defined by the two points.

The chracter codes specified in the sting are interpreted to obtain the associated symbols from the
currently select character set. Characters are displayed on the view sLr'sce as specified by the &ex-
ambutes. Format effeco control characters (such as CR. LF, BS. HT, VT, and FF) are permitted
in a swing but their interpretation is implemnemation dependent. Control characters used for
chau= set invocation and designation (SI. SO, ESC, SS2, and SS3) am permitted accow ng to
the setting of CHARACTER CODING ANNOUNCER.

The characters we dimensioned according to the height and width of the bounding box and ame
oriented according to CHARACTER ORIENTATION. The direction of chrct placement in the
sting relative to CHARACTER ORIENTATION is acording to TEXT PATH.

All te•t ino •t ring is displayed within the specified bounding box. If necessary, the values of the
twt ralbutes CHARACTER HEIGHT, TEXT PREC3SION, and TEXT FONT INDEX which are
used to display the sting are varied to force the text t covripietely fill the bounding box.

The flag parameter is used to permit changing the following text atibues and control elements
within a swing which will be aligned as a single block: TEXT FONT INDEX. TEXT
PRECISION, CHARATER EXPANSION FACTOR. CHARACTER SPACING, TEXT
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COLOUR. CHARACTER HlEGHT. CHARACTER SET NDEX. ALTERNATE CHARACTER
SET INDEX. TEXT BUNDLE INDEX. AUXILIARY COLOUR. and TRANSPARENCY.

If the flag is So o 'not fnal'. the caacter codes in he swing parameter am acunmulatd. Along
wih the curent attribute seings. In Otis can. only the auibuem sing elements listed above are

alBowed between tiis element ad the APPEND TEXT dlmeL With the e1Cepion of !he
ESCAPE, no othr maelli elements of amy type am a•lowed. ESCAPE is painiutid but has no
zadttie ci~em

If the flag is set to 'fna'. the sring parameter corssutes the awx swing to be displayed. It is
tus complte swing to w•ch the tu bound box applies. T1 piaton of the swing is determned
by the bounding box. Ten elements with a null swring paameter am legal and may be followed by
the a&Bowed tesatraibutes and APPEND TEXTras descibed abome

NOTE- TEXT PREI ION is included in the ariubue which may be changed to achrs.ve the ie
meStictiOn because TEXT PRECISION conrols the relationship between carren• y set vaum.s of

text a•ibuxes and the values actually used for display of a suing (the "rtaliz• vailuts). The
waliwion of the =t restriction required by the BOXED TEXT elements may mandate another
mapping from requested to reali, suibute vsle than would be allowable under the curent TEXT
PRCISION. He=nc the requirements of the current TEXT PRECISION may have to be ignored to
achieve the prope display of the BOXED TEXT ecmeniL

When the flag is 'not final' this element causes a suit uansi6on in the state dap=n of figure 12.
into the PART7AL TEXT szate.

References:
4.

S.6.X PATH TEXT

Parameters:

flag (one of: not final. frina2) (E)
wing (S)

Description:
The PATH TEXT element shall be immediately preced•d by a compound line defiznion. The
aignment point of the swing will be a point along the defined te=t path coesponding to the
ciurem TEXT ALIGNMENT value.

The hxa codes speciiled in the suing are interpreted to obtain the associa symboLs from the
gwenmty selected chracter se Charac= am displayed on the view =a as svp ed by the =t
ambutes. Forma effectr control characwts (such as CR, LF. ES. HT, VT. ad FF) M e perautted
in a -wing but their inu-pmeauon is implemenutaion dependent. Control chiacters used for
charac set invocanon end designaion (SI. SO, ESC. SS2 mad SS3) am pernitted accm ling to
the setting of CHARACTER CODING ANNOUNCER.

The chac= am dimensind according to the CHARACE HEIGHT and CHARACTER
EXPANSION FACTOR and an oriented according w CHARACTER ORIENTATION. The
dirmion of chact plaement in the string relative to CHARACTER ORIENTATION is along
dt pb def•ned within dh =ope of the preceding BEOGIN TEXT PATH and END TEXT PAT4
element. If the sting length exceeds the length of the path. the characters of the string will
continu w be placed along fth path defined by a vecto whose tail is doe las pointi of the path and
whose dhrion is ae direction of the p ath the last polnL

The flag parameter is used to permit changing the following teat attributes and control elements
within a string which will be aligned as a single block: TEXT FONT INDEX. TEXT
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PRECISION, CHARATER EXPANSION FACTOR. CHARACTER SPACING. TEXT
COLOURCHARACTER HEIGHT. CHARACTR SET 24DEX, ALTERNATE CHARACTER
SET INDEX, TEXT BUNDLE INDEX. AUXILLARY COLOUR, mad TRANSPARENCY

If the •a is set '- fial, the rWk-w codai. t u me a a eng
ish the cum= aSuntuescuinp. hI this ae wonly The awibunt sesi cn u kni d :vve ia

allowed beween this element and the APPEND TEXT @k=CnL With the txc9puon of the
ESCAPE. no otti metaffle eleme of any ty ut alaowe ESCAPE is pannied t his no

If the flag is set W fn''. the swing pruxueuc con€u•u the i suing to be diplaye It is
hi*s complte swing to which the wt bound box pplim TMe posa of et suting is determined
-y the bodng box. Text elements with a null siag pawn= we legal and may be followed by

tbe allowed 1= ex trmbis and AMEND TEXT as described abve.

NOTE- When tf flag is 'am finar this eemert caus a am transiiuon in fth sate dagrii of
figure 12. into the PARTIAL TEXT sme.

References:
4.

S.6.X RESTRICTED PATH TEXT

Parameters:

Sag (one of: not final. final) (E)
sting (S)

Description:
The RESTRICTED PATH TEXT bchaves as does PATH TEXT. with the xcepu-on Lhat the text
is cons-aincd to be the same length as the path along which it is to be drawn.

The dthmct codes specified in the swing ai interpretd to obtain the assocaawd symbols from the
curnly selected cbactc set. COaactcrs am displayed on the view srfa= as speciied by te text
wlbus. Format eetr control characutes (such as CR. LF, BS. HT. VT. and FF) we pe•miued
in a sing but tir interpemation is implementtion dependent. Control characters Ue for
ch•-Acr set invocation and desigition (SI. SO. ESC. SS.. and SS3) we permited according to
the setting of CHARACTER CODING ANNOUNCER.

"The characters dimensioned according to the CHARACTER HEIGHT and CHARACITR
EXPANSION FACTOR and are oriented according to CHARACTER ORIENTATION. The
direction of character placement in the stzing relative to CHARACTER ORIE1NTATION is along
the path defined within the scope of the preceding BEGIN TEXT PATH and END TEXT PATH
elemnt.

All tut in the •wing is displayed along the specified COMPOSITE TEXT PATH. If necessary.
od only if neces='y. the values of the tat aibutins CHARACTER HEGHT. CHARACTER
EXPANSION FACTOR, CHARACTER SPACING. TEXT PRECISION, and TEXT FONT
INDEX which we noed to display the smng i vsed to (ree fte txt so be ft so k u ft
defining cmpmim pubL. I is only the realized values of these amttruib , utsd an display this
ing saWrg. which we vuied. The method of vrying fte attibses is m4 ; 1 1 atiom degpndenL

The Mlg pamew is used to permit changing the foll*on tat awibm mwd cmtul elements
within a swing which will be aligned as a single block: TEXT FONT INDEX. TEXT
PRECISION. CHARATER EXPANSION FACTOR, CHARACTER SPACING. TEXT
COLOUR. CHARACITE HEIGHT. CHARACTER SET INDEX. ALTERNATE CHARACTER
SET INDEX, TEXT BUNDLE INDEX, AUXILIARY COLOUR. and TRANSPARENCY.
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Ithb (Iag ts se to'not r"Wa. the chanci code in the szrmg pa.,er am OCCtg d. mAlong
with the currn a•abute s=ngs. In this case. only the awuibw sestng dlernew Ustod above arc
allowed between this eemet and the APPLND TEXT element With the sce:iM on of IDC
ESCAPE, no oher metarfilte lemenu of any type r aowed. *ESCAPE is permiuad but has no

If the flag is set to'lsnA'. the sing parameter cosus the ene swing to be d#Uycd. It is
t complete sring to whch the w=a bound box appli The posum of the srug is detem4n d
by the boumding bx. Text clem= wuh a maull am parameuu are lega and may be followed ty
the allowed u= awmbuis and APPLND TEXT as dscribed agoe.

NOTE- ITEXTI PRECISION is included to the awbwes which may be climed to achiev the =et
remmcion because TEXT PRECISION conmals the reiazionship betwe cwveany set values of
mt mlbutes and the values acully tsed ftr display of a string (the "reslized values) The
rawization of tht text restrcton required by the RES IC7T.D PATH TEXT tdaens max
mandate another mapping from requested to resize attribute values than would be allowable under
the cm t t TEXT PRCISION. Hence the nqwsemenu of the current TEXT PRECISION may
have to be ignored to achieve the rope display of the RESTRICTED PATH TEXT elekmnt.

When the flag is 'not 'f ' this clement causes a state utnsiucn in the state diagram of figure 2.
into the PARTIAL TEXT sute.

References:
4.

Page 95

Sub-clause 5.7-32 Add the following at the end of the thi•d p=ZTrph of the descnpuon:

Note that COLOU'R PRECISION only applics to direct colour mode) valucs.

Page 97

Subcause 5.7: Add the following auibute elemenw

$.7.X LINE TYPE DEFINITION

Parameters:

Umiftype (IX)
dash unit seilcur (one of: VDC. mm. native device units, absuac) (E)
dash v Pp Pat lenrt (R)
dapdve flag (one of: no. yes) (E)

IlU of dash elements (nl)

Description:
This eleimem defines a linetype and associas it with an index for futue referene Parnmetex
lbeype' is the index of linetype being defined. The paanmeter ist of dua elaments' is the
defino•tn to be auwciazn with fhe index. TIh fra elemmit is a das. •omd a space. etc. - the
defn lpe is ilid far 11 units. plp for 2 umts. solid for 3 unks,,etc. N must be positive.
and eech dash element (I) non-negadve. NoI means asolid line: 1=0 iwm as a dot.

The units of the 'dash repeat length' are specified by the 'dash unit seleuwr palramer. The value
of 'abswacs indicates that the implementation may normalize and map the sum of the dash pattern
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elements at us discruon. The 'dash repeat len ' defines the ltngth of amn complete cycle of Lhe
dash patm. measurd in the uis of 'dash unit selec=,.

An *adaptive linetype is one where every 'iuiex falls on an inked poruon of the line. This is
accomplished in ploucts by temporarily modifying the duty cycle for ,ach line segment (ccding
fwtnx.i) such that themr is always an integral number onrepeats (and ah predefined hmetypes h3%c
the"ir ps-array defined such that they beV ard end with inked or "pen down" puons).

References:

5.7.X HATCH STYLE DEFINITION

Parameters:

hatch index (IX)
style indicaor (one of: paralel. crosshatch) (E)
b space units selector (one of: Vt)C. mm. device unitsm absu•wt) ('E)
angle (2R)
duty cycle length (R)
list of hatch elemenu (aM)

Description:
This element defimes a hatch style and ws s it with an index for future reference.

Tb., atch index' paramnetr defines Lhe index of hatch style being defined. The list of hatch
elements' is an array that deimnes alternating lin width and Mp width - i.e.. the width of a hatch
line followed by the width of the space to the next hatch line. The center of the first hatch imne is
matched up with PATTERN REFERENCE POINT, if implemened. 0 interpretcd as thinnest line
width available-

The haUtch space units selector' spccifics the units of 'duty cycle length'. It also controls the
manner of innaormation of the hatching: If VOC. then the hatching transforms with segment
transform and anisotropic transforms (as if hatching h~d done POLYLINES); otherwise. the
hawthng is like *wallpaper that shows through the polygon-shaped hole - everything is defined in
device units and hatcJing perfor•ed in device spice. The value of 'absact' indicates that Ltc
implementation may normalize and map the sum of the list of hatch dements at its disrtuon.
The 'duty cycle length' is measured perpendicular to the hatch line. The sum of hatch elements in
the hatch element list is normalized t this distance before presentation of the hatch on the view
surfame

The 'angle' parameter is measured in the units specified by the 'hatch space units selector'. It
conssts of two components. dx and dy. defining a vector.

Reference•:

S.7.X LINE CAP

Parameters:

line cap indicatr (one of: but. round. projecting square) (E)

Description:
The line cap style is defined for subsequent line elements. The line cap style determines the
appeance of open endpoints (as opposed to interior vertices) of line elements. The defined styles
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bun cap: the line is squared off ai the etpoint. ther i5s UO PrOCUOfn
lbý,vnd the endpoint.

round ca. a micxttulaw arm with diameter equal to the line width is
d-awn around the endpoint and filled in. The drawn line thus
piojects beyond the edpomine

proe=ing square cap: Lhe line is squared offai a diuance equal to haf he line width
beyond the endpomnt.

References:

VA.X LINE JOIN

Parameters:

line join indikator (one of: miter. round, bevel) (E)

Description:
The line join style is defined for subsequent line elements. The line join style defines -he
appeance of interior vertices of polylinc elements and of compound line elunents. The defined
styles am:

miter join: the outer edges of the two adjoining line segments wre
i und til they man at a point.

round join: a circular arc with diameter equal to the line width is d&3"-n
around the venex between the adjoining segments and is filled
in. producing a rounded cornrr.

bevel join: the adjoining line segments am terminated with a butt cap.
and the resulting triangular notch is filled in.

References:

3.7.X EDGE CAP

Parameters:

edge cap indicafor (one of. butt. round. projecting square) (E)

Description:
The edge cap style is deeined for subsequem edge elements. The edge cap style determnines the
appewatce of open endpoints of filled area edges (such as may result from a mixture of visible and
invisble edge segments). The defined styles arm

bua cap: the edge is squared off as the verex. there is no pojecuon
beycond the endpoimt

mund capr. a sicircular a•, with diameter equal to th edge width is
drawn wound the endpoint iad filled in. TMa drawn edge thus

Sbeyond the endpoint.

projcting square cap: the edge is squared off at a distance equal to half the edge
width beyond the endpoint.
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S.7.X FONT SCORE TYPE

Parameters:

score type (one of stikeou, undearine ovusco•. or none)

Description:
The scr type is set the the value specified by the parameter.

The following r -e type we assigned:

1: wikeout
2:
3: ovuimce
4: none

Thc sote tryP 'sikeout' s a line drawn through e.ch ciaractr in the stuing au the %air vexu=
Alignment position.

The score type 'mderscore is a Line drawn beWow each chai= in the sring at the bottom vetuca'•j
Alignment position.

The score type 'overscore' is a line drawn above each chamcv, in the string at the top v-.z.i
aligment position.

The sconrMe tp ne' rernove all scoring.

References:
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Page 100

Claus 6e Add the following default spcifications

CONIC ARC TRANSFORMATION MATRIX: identity matrix

PEL ARRAY CLIP RECTANGLE: (0.0) upper left. (N-h1L-1) lower nght. wher
N i the number of pels per line, and L is
the number of lies in the last
COMPRESSED PEL ARRAY elemenL

PEL ARRAY REFERENCE POINT: upper Jctft4ad crne puu of the defawl
VDC exaent

Cupping Region: VDC Exent
(BEGIN/END (.? REGION)
Shielding Region: VDC Extent
(BEGIN/LED SHIELD REGION)

CIP INDICATOR: On

SIVUM INDICATOR: Off

COLOU-R *.EPRESENTATION METHOD: RGB
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Attachment 7:

US Comments on Addendum 3 Working Draft
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,2 Oi..ummen $s

CGM Addendum 3 Working Draft

1. Introduction

This document contains the US comments on the Working Draft of Addendum 3,
document version dated 8g/07/18. The commen , are divided into three sections:
the overall comments of the next section; a checklist comparing Add.3 Working
Draft content to the NWI and requirements documents; and a section of detailed
technical comments. In addition the US intends to bring contributions of revised
text to the Olinda Metafile RG Meeting.

2. Overall Comments

2.1 Schedule

The schedule must be considered a requirement at least as strong as any of the
other requirements. This may force compromises on technical content. In particu-
lar attempts to develop technical areas which will likely be lengthy, or will require
liaison with other standards work which has a significantly longer timetable. should
be postponed. The US believes that the work can and should be completed on the
timetable projected in the NWI.

2.2 Completeness of the draft

The US believes that the current Working Draft is not sufficiently complete for DP
registration. The functionality is incomplete with respect to that detailed in the
NWI and Requirements documents, as pointed out below in 'NWI/Requirements
Checklist." The defaults are missing for many elements that need them. With the
correction of these omissions, and the addition of the encodings, the Working Draft
will be complete enough for DP registration and ballot.

2.3 Compatibility with other SC24 Work

As stated in the NVI the Addendum 3 work should coordinate with the SC24 work
in APIs and Reference Models. However the Add.3 metaffle has strong ties to com-
mon practice which is outside of the scope of SC24 standards as well - proprietary
CAD databases, desktop publishing systems, page description languages, and
graphic arts workstations to name a few. The US believes that there should not be
arbitrary differences between this work and work on existing or new APfs. How-
ever the US defines the following priorities for possibly resolving conflicting require-
ments: schedule and identified functional requirements must have the highest prior-
ity.

2.4 Document form

Addendum 3 should ultimately be processed as a complete document, i.e., CGM
plus Addendum 1 plus Addendum 3 should be merged into a single document for
review and advancement. Because this is going to be fairly unwieldy, we think that
this should be done at the stage that DP text is prepared and the DP ballot ini-
tiated. At the Working Draft stage it is easier to focus on functional completeness
and correctness (and ignore document completeness and consistency) in the current
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format. If two DPs are anticipated, then the consolidation should happen at the
second DP stage.

2.5 Relationship to Addendum 1

Addendum 3 should be a proper superset of Addendum 1. A legal Add.1 rnetafile
should be a legal Add.3 metaffle.

2.8 Further Coordination with Improved Text Model Study Group

The US recommends that any further work on Improved Text Model shouid take
place in the Reference Models RG of WG1. In the meantime the work done so far.
and useful extensions from current practice in the industry, should guide the
improved text facilities of Add.3.

2.7 Further Coordination with PDG Study Group

No specific requirements for Add.3 have derived from the work of the PDG study
group. The US believes that such requirements are most likely to be applicable to
Addendum 2, the 3D metafle, when and if the scope of such is defined. If any,
specific requirements for 2D metafile support can be stated, then those should be
observed in the work on Add.3.
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3. NWI/Requirements Checklist

The following list is extracted from the NWI and the requirements document for
Addendum 1. Each item is examined and the state of the Working Draft is
categorized for that *tem. All MISSING and INCOMPLETE ccnditions must be
corrected before DP registration. The text and font facilities need significant work,
and we have dealt with them in a separate section later in this document.

3.1 Advanced 2D drawing capability

a. curves

- Bezier curves: MISSING.
- Rational B-splines: OK.
-- Parametric spline curves: OK.
- Conics, and conic arcs: OK.

b. additional line attributes

- line cap: OK.
- line join: OK.
- mitre limit control: OK.

c. composite line primitives: OK.

d. user defined

- line types: OK.
- hatch styles: OK.
- marker types: MISSING.

e. arbitrary text path: OK.

f. filling mechanisms

- additional standardized hatch styles: MISSING.
- interpolated fill: MISSING.
- geometrically specified patterns: MISSING.

g. general transformations: 3x3 (and 2x3) transformation matrices to allow for

affine and projective transformations: MISSING (except for conics).

3.2 Improved text and font support

Much work needed.

3.3 Arbitrary boundaries for clipping and shielding

OK.

3.4 Additional color models beyond RGB

a. CIE: OK (but check against latest draft of ISO 8613 Color Addendum).

b. CMYK: OK (but check against latest draft of ISO 8613 Color Addendum'.

c. spot colour: OK (but check against latest draft of SO 8613 Color Addendum).
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3.5 Additional image st-orage and trazisfer capabilikies

Coding'/coznpre-mion Itechniques: LNCOMPLETE. (cleanup raztitr.a:
local color precision, imn.rove descriptions, addre-z th.r~t~ lw&; :rp)f m
color).

3.8 Symbola

a. externai reference to libraries of namned syn bxohs: NIJS-SING.

b. user-defined internal librawries: OK (adequately covertd by Addendum 1
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4. Specifie Technical Comments.

4.1 Bundles

It is not described anywhere how the new attributes (line attributes, text/font attri-
butes, etc) relate to the bundle concept of CGM and other SC24 standar,' They
should not be bundled. Predefined bundles are used for distinguishability where
exact appearance does not count, and this is contrary to the whole reason for these
"precise control" attributes. Settable bundles in static CGM only provide a macro
mechanism, and the utility of such a mechanism does not justify the complexity of
adding these to bundle definitions.

4.2 Clipping to Arbitrary Boundaries

The Add.3 requirements identify the need for clipping to arbitrary boundaries, and
also the need for arbitrarily specified geometric fill (the latter has not been defined
yet). The latter can provide the same capability as the former. Clause 4 should
have text comparing and contrasting the features, and should furthermore address
(and proscribe) possible recursive situations that could arise with the filling feature.

4.3 Compound Clip Indicator

There should be a COMPOUND CLIP INDICATOR which controls the clipping to
arbitrary boundaries.

4.4 Line Types and User-defined Line type

a. Are the interior endpoints of a dashed line capped? Options are: yes, no, or
selectable by a new option setting element.

b. The need for 'millimeters' and 'native device units' as modes for dash unit
selector of user line type needs to be justified.

c. There shou.-i be a 'line width relative' mode for dash unit selector for line type
definition.

d. There should be a LINE STYLE CONTINUA- TION function, which applies
to both user defined and predefined dashed lines. The 'adaptive' parameter
should be removed from user defined linetype. LINE STYLE CONTINUA-
TION should minimally have the values "continue", "restart", or "adaptive con-
tinue". This parameter might be subject to registration of values as well, as
some of the target application areas of Add.3 have very specific requirements
for how a dashed line is drawn with respect to dash lengths and inking of ver-
tices.

e. There should be an INITIAL DASH OFFSET element, which specifies how far
into the line pattern to start drawing a new polyline.

f. The text of User Linetype needs much clarification and improvement including
definition of missing terms such as '"N", "gap-array" and "duty cycle".

g. Which of the new Line Type functions affect edges. Is it intended to have
equivalent functions for edges?
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4.5 Shielding

Multiple disjoint shield regions are needed. This could be achieved in a number of
ways.

-The defin;tion of a single region could allow for islands, muc'" 3s POLYGON
SET does for filled areas.

-- or there could be multiple definitions of regions, each associated with an index
and tied to its shield indicator by the index.

4.8 Additional line caps

A Line Cap style of 'triangular' is needed.

4.7 Conics and conic arcs

a. Section 5.8.X states "the conic arc entity must be positioned such that each o f
its axes is parallel to either the Xv axis or Yv axis". Clause 4 does not have a
similar restriction. If the latter is correct, is there need for the conic arc

transformation matrix?

b. The assertion has been made, but not yet demonstrated, that the conics can all
be represented by relatively simple splines. If this can be demonstrated then
the conic arc entity should be removed in favor of a non-normative note
describing how parabolas and hyperbolas can be realized with splines.

4.8 General transformations

The need for this was stated in the NWT and requirements. It is not addressed in
the Working Draft, and it is not clear exactly what was intended by the require-
ments statement. This needs to be studied and clarified. In particular, do Segment
and Copy transforms provide whatever capability is needed?

4.9 Splines

a. Unified Formulation. If formulations can be demonstrated which are con-
sistent with the work of STEP, PHIGS+, and other related areas, and if these
can be shown to easily subsume and support the formulations in the Working
Draft, then these formulations should be wsed. Such claims have been made
but not demonstrated.

b. Description. Tutorial information on the various splines and curves should be
included in an annex.

c. The "curve.type" and "'H" parameters of the Parametric Spline curve are
meaningless for the definition of the curve and should be removed.

d. The "equation type" flag should be removed - to get a polynomial one may
put in an array of weights that sum to zero. A void array should be degen-
erate or illegal.

e. Closed curves. Clause 4 indicates a RATIONAL B-SPLINE CURVE
CLOSED element, which is a Filled Area element. This is missing from
Clause 5.
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4.10 PEL ARRAY

a. The compresion parameters should be separated out as a distinct (control or

attribute) element.

b. Line spacing and pel spacing should be real values specified as PELS/VDC.

c. lae DMAGE APERATURE serves no useful purpose that cannot be met with
CLIP RECTANGLE - it should be removed.

d. There should be a 'local colour precision' parameter for PEL ARRAY. It
should also be explicit that not all combinations of compression and I.c.p are
legal (e.g., l.c.p must be 1 for CCITT).

e. The document needs more work on colour compression techniques.

f. There is no definition of what a PEL is, and how it differs from a cell or a
pixel.

4.11 TILED PEL ARRAY

It is not clear that this is not in fact a graphical primitive but a "tiling control func-
tion"t . Better explanation and a name like PEL ARRAY TILING CONTROLS
would help.

4.12 Color Models

The terminology "Color Model" is commonly used and should replace the terminol-
ogy "Colour Representation Method" of the Working Draft.

The color models HLS and HSV are missing. There seems to be no good reason to
exclude them, particularly since the are in use in the API standards now.

4.13 User Defined Marker Types

These are stated in the requirements, and are missing from the Working Draft. It
should be evaluated if the need for this is can be satisfied by applying the segment
mechanisms of Add.1 *

4.14 Additional Hatch Styles

These are stated in the requirements, but there are none in the Working Draft.
The requirements have not been specific on what styles were anticipated. The US
simply notes this omission and has no styles to suggest at this time.

4.15 Interpolated Fill

This is stated in the requirements, but is missing from the working draft. There
are very many ways to do smooth shaded fill. The activity in PHIGS and current
practice in the industry should be examined for guidelines for a base proposal or ini-
tial set of methods.

4.16 Transformation of Hatches

There should be a HATCH TRANSFORM DESIGNATOR element. For engineer-
ing practices hatches do not transform, but for other applications they do. There
should be a control or attribute element to control this behavior.
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4.17 References to External Symbols

This capibility is stated in the requirements, and is missing from the Working
Draft. This capability is useful in engineering practice and for "clip art" in graphics
arts. The issue of referencing external resources which are not part of or defined by
this or another standard is the key issue which needs to be solved in order to
include this capability. Once that issue is resolv I it appears promising that the
existing segmentation facility of Add.1 can be used to provide a complete mechan-
ism.

4.18 Improved Text and Font Capability

Aside from the many specific issues identified below, the US questions the level of
font resource information which is being carried in the metafile. The information
can be grouped into levels of detail and preciseness. These are based on the font
resource subsets of ISO 9541:

- Font Description; resource name itself, family name, design class, weight. pos-
ture, etc.

- Font metric information

- Glyph metric and kerning information

- Glyph shape definition.

There should be some amount of the highest level information in the metafile. as
part of the font callout procedure. There should be none of the lowest level. How
much of the intermediate levels of information should be included is an open issue.

We note that the latest draft of ISO 9541 has dropped the font information subsets
concept, which we considered useful information to application commumities -such
as computer graphics metafiles.

Following are specific technical topics relating to text.

a. Available glyphs for TEXT primitives. The repertoire of glyphs available with
the current CGM character set mechanisms, and means to access glyph collec-
tions, is not adequate. A companion standard of ISO 9541 - ISO 10038 -
establishes the Association for Font Information Interchange (afli) as the regis-
trar for glyphs and glyph collections. Aflh estimates that 25000 glyphs will be
registered in the next 2 years. It appears that each will have a unique 4-byte
identifier. Add.3 must have a way to access glyph collections that do not fit
into the traditional model of "C-sets" and character set switching defined by
ISO 2022. At the least a new value of CHARACTER CODING
ANNOUNCER is needed. Then the metafile might tre ail 4-byte identifiers
and/or mapping tables to convert 4 byte ID's to I or 2 byte codes.

b. Inclusion and formulation of glyph definitions. There are many technical prob-
lems with the formulation of glyph definitions. It is the US position, however,

that glyph definitions do not belong in the metafile. There are two reasons:

- Glyph shape descriptions do not belong in the metafile; they should be part

of the external font resource, which may accompany the metafile but is not
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a part of it.
-The work is premature with respect to work on ISO 9541/3, which is just

commencing.

Note: the US believes that CGM (Add.3) technology should be used to define
an encoding of glyph shape definition, as part of an external font resource, foi-
lowing the functional guidelines established in ISO 9541/3, when work on that
part is sufficiently advanced.

c. BOXED TEXT should be dropped and a RESTRICTED TEXT METHOD
element added such that the RESTRICTED TEXT element can function in
the manner described for BOXED TEXT. The new mode element should
standardize at least some text fitting options such as: as-now, text simply is
adjusted not to violate box; exact-fit, the CHARACTER HEIGHT is super-
ceded by the box height and the string width is adjusted to exactly fit the box
width; width-fit, as previous, but CHARACTER HEIGHT is not altered
regardless of its relationship to the box; isotropic-scale, in which the text is
scaled without distortion until both dimensions fit and at least one dimension
fits exactly; etc. These are just some possibilities. This should be a parameter
subject to registration. There may be other desirable values which give more
detail about layout algorithms.

d. Acces to ISO 9541 font resources. Methods to access all information in 0541
format font resources external to the metafile are needed. Precisely what the
practical implications are remains an open issue. The shape description infor-
mation must be easily accessible. At least one of the technologies used to
describe the shapes in the font resource should be compatible with the CGM.

e. Font scoring. The current wording should be clarified to indicate that the
score character and the exact score position are defined in the font resource for
the current font.

f. Font Terminology. Add.3 terminology should be aligned better with 0541.
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Attachment 8:

Draft Addendum Text for CGM Addendum I
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Page I

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

This picture description includes the capabiLify for descrbing static picturu. Sums picues are those where elements
which may lead to dynamuc effects (for example those leading to remeration) am prohibuted within the picri body

Pagt I

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

It should also not preclude further estaiskons to support fure stadads.

Page I

Su,-clause 0,3: Add the following at the end of item d):

It should include the capability to support ISO *7942 (GKS) static ptcrure-capture.

Page 3

Sub-clause 0.8: Add the following as the end of the f=lzt paragraph:

The CGM specifies the elements requred to support ISO 7942 (GKS) static picna e-capnzun.

Page 3

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

There is a very close relationship between many of the elements in ISO 8632-1987/ADD.I and a subset of the funcuons
in the CGI (Computer Graphics Interface • ISO DP 9636).

Page 4

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

This picture description includes the capability for describing static images.

Patg5

Cause 2- Add the foUowing to the list of reenices:

ISO OP 9636 Information processing systems . Computer Graphics - Iterfacing tedniques for dialogues with graphical
devices (CGI). Pats 1-6.

Page 6

Sub-clause 3.1.2.6: Definition of graphical elienems

Insert n•pUriiive' between "graphical- arid "element'.

P 6 c(

Clausc ._: Add the following to thh list of definitions and abbreviations:

anisocropic mapping: A mapping in which the scale factors applied along each axis are not equal This is often
used in reference to the mapping from VDC to distance unit on the physical drawing surface. Set "isoa'opic mapping"
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boundary: The mathematical locus that defines. bi abairacit VDC space. the limits of a region to be filled (for rill
primitives aid closed figures). The visual appearane of interice style 1loow, consists of a depticon of the !3oundary
obtained a&her clipping has been taken into accou. noe boundary is distinct from the edge as it includes the intersecuon
of the region with the pertmiter of the effective clipping regmion-

character set: The set at dispisyijie symbols mapped to individual characters in a TEXT, APPEND T-EL r. or
RESTRICTED TEXT string. This corresponds to the -G-se defljsed'in ISO Z=22 A chascte set is independent of the
font or typetface; examples of chwarme am ASCII (X3.4).Gemnnus. Katakarta.

clipping mod*: A generic term referring to amt of Line Clipping. Marker Clipping or Edge Clipping Modcs. Mu
object clipping may be either locus% 'shape'or locus. then shape.

closed figure: A compound primitive LIat behaves as a fill Primitive of more general shape. It is formed by
bracketing a sequence of line or fill primitives, edge attributes. and certain controls. with the elements BEGIN FIGUR E
and END FIGURE.

compound primitive: A compound primitive is specified by a sequence of CGM elements. as opposed to prtmitivcs
represenlted by a single element. Compound test xan closed figures are examples of compound pnmiuvc% in the COM

compound text: A compound primnitive: fon-ned through the uae of APPEND TEXT. There may be attrbute chanigcs

between portions of the resulting complete text suing.

device coordInatm The coordinates native to a device; device-dependant coontinstes physical device coordinates.

device viewport: A rectangular subset at the physical drawing surface into which VDC EXTENT is mapped See
-effeciuve viewpotc.

edge: The rendering of the perimiter of a filled region. controlled by edge atnibutes. Edges are clipped after being
applied to the boundary. as distinct from the rendiuion of the boundary obtained from interior style 'hollow See
bounaruy'-

effective vl~wport: The actual viewport resulting from forced isotropic mapping from the VOC extent to the
viewpoit.

foreground colour. The colour used in the rendering proesns in which primitives are rendered on the drawing surface.
at opposed to the BACKGROUND COLOUR or AUXILIARY COLOUR. The foreground colour is set separately for
each class of primittives.

global segment: A segment that is defined in the Metaillic Description (see segm~ent). It may be referenced 'Tom

within any picture

graphic object: ... CG eOS.ss.s.ise.eese......

Isotropic mapping: A mapping which is invariant with respect to direction: equal scaling in all orthogonal
renmsrtational dimensioms Often used to describe the mappinig from VtDC to distance units on the physical drawing
surface (see uVusovopic mapping').

local segment: A segment that is local wo the picistre in which it appears.

region: Ins thes context of closed figures or the POLYGON SET elemertL as we that is explicitly or implicitly closed.
that is a subset of the full ame being filled. Regions can be nested, disjoint or overlapping. The boundaries of all
regions are considered together w!u applying thet interior test for f(Ming a cloued figure or POLYGON SET.

segment: A collection of primistives. primitive atitibuties and sneadditional attributes associated with the segment as
a whole. See "segment attrbutes'.

segment attribute: An attribute associated with a segment as a whole as opposed to attributes of individual
primtuves.

sire .ýpviriclio~in mode: A generic term for Line Width Specification Mode. Edge Width Specification Mode. or
M.&rkci Sizc S~*cificauon Mode. A siz~e specification mode may be VOC or scaled,.ithe tatter being rcferencedl to a
nontininl mi.i device coordinate space.
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skewed: Used to describe stroke precision test when the CHARACTER ORIENTATION vectors are non-
perpendicular. CELL ARRAYs when the three defining points form a paralelogram which is not a rectangle, or a
sepe tansfortnaton that causes rmctagles to become nn-cectngular par&Ulograins.

Page 9

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

Segment Elements. which enable the grouping and manipulation of elements.

Page 9

Sub-claue 4.1; Add the following after tLh third paragraph:

Graphical output primitives and attributes may be grouped in segments. Segment attribute elements control the
appearazce of segments.

Page 10

Sub-clause 4.2- Add the following at the end of the sub-clause:

Groups of elements. called sgmensi. are delimited by BEGIN SEGMENT and END SEGMENT. Each segment is
uniquely idented by a segment identifier. Segments may be defined in the Metafile Descriptor or within picnxe bodies.

Page 10

Sub-clause 43: Add the following to the ist after the first paragraph:

NAME PRECISION
MAXIMUM VDC EXTENT
SEGMENT PRIORITY EXTENT

NOT: ' Odth elmtL as defined in this standard. may appear within the Metauile Descriptor within the defziniton of

a global segmnftL

Page 10

Sub-clause 43: Add the following at the end of the sub-clause:
NOTE: It is recommended that the following elements: METAFTIL VERSION. METAFTE ELEMENT LISt and

METAF.LE DESCRIPTION appear first in the Metaile Descriptor and in the order listed.

PaetlO

Sub-clause 43.2: Add the following at the end of the sub-clause:

Further shorthands at defined for groups of COM elements.

Page I I

Sub-clause 43.2- Add the following clauses at the end of the sub-clause:

4.3.2.3 Ver.2.static-all set

The Ver.2.static-ail set may be used to indicate all the elements in the drawing-plus-control set and all the additional
elements defined in ISO 86321- 1987/Add.1.

4.3.2.4 Extended-primitives sot
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The Extended.primitives set may be used to indicate those pinutves which are not de.ined in ISO 7942 (GKS). These
elemeans aref

DISJOINT POLYLUIE
RESTRICTED TEXT
APPEND TEXT
POLYGON SE,
RECTANGLE
CIRCLE
CIRCULAR ARC 3 POINT
CIRCULAR ARC 3 POINT CLOSE
CIRCULAR ARC CENTRE
CIRCULAR ARC CENTRE CLOSE
CIRCULAR ARC CENTRE REVERSED
ELLIPSE
ELLIPTICAL ARC
ELLIPTICAL ARC CLOSE
CONNECTING EDGE

4.3.2.5 Ver.2-static-gksm set

The Ver.2.stauic-gksm set includes elements for 150 7942 (GKS) static picture capture. The elements included in the
Ver.2-suatic-gksm set are:

BEGIN METALE
BEGIN PICTURE
BEGIN PICTURE BODY
END PICTURE
BEGIN SEGMENT
END SEGMENT
END METAF.LE
METAFILE VERSION
METAFILE DESCRIPTION
VDC TYPE
INTEGER PRECISION
REAL PRECISION
INDEX PRECISION
COLOUR PRECISION
COLOUR INDEX PRECISION
NAME PRECISION
MAXIMUM COLOUR INDEX
COLOUR VALUE EXTENT
METAFILE ELEMENT LIST
METAFILE DEFAULTS REPL
FONT LIST
CHARACTER SET LIST
CHAR CODING ANNOUNCER
MAXIMUM VDC EXTENT
SEGMENT PRIORITY EXTENT
VDC EXTENT
DEVICE VIEWPORT
DEVICE vIEWPORT MAPPING
DEVICE VPORT SPEC MODE
LINE REPRESENTATION
MARKER REPRESENTATION
TL\T REPRESENTATION
FILL REPRESENTATION
VDC INTEGER PRECISION
VOC REAL PRECISION
CLIP RECTANGLE
POLYUKt
POLYMARKER

134



POLYGON
CELL ARRAY
GOP
UNE BUNDLE INDEX
UNETYPE
LINE WIDTH
LINE ,OLUR
MARKER BUNDLE INDEX
MARKER TYPE
MARKER SIZE
MARKER COLOUR
TEXT BUNDLE INDEX
TEXT FONT WDEX
TEXT PRECISION
CHAR EXPANSION FACTOR
CHARACTER SPACING
TEXT COLOUR
CHARACTER HSEGHT
CHARACTER ORIENTATION
TEXT PATH
TEXT ALIGNMENT
CHARACTER SET INDEX
ALT CHAR SET INDEX
FILL BUNDLE INDEX
I2TERIOR STYLE
FILL COLOUR
HATCH INDEX
PATTERN INDEX
FILL REFERENCE POINT
PATTERNTABLE
PATTERN S=~
COLOUR TABLE
ASPECT SOURCE FLAGS
PICK IDENTIIER
ESCAPE
MESSAGE
APPLICATION DATA
SEGMENT TRANSFORMATION
SEGMENT HIGHLIGHTING
SEGMENT DISPLAY PRIORITY
SEGMENT PICK PRIORITY

Page 12

Add the following text to the end of sub-clause 4.4.4

MAXIMUM VDC EXTENT defines an extent which bounds the VOC extent values which may be found in the
metafile. It may be. but need not be. a closest bound in the sase that it exactly equals the union of the extent rectamglcs
i the metafile.

P4ge 14

Add the following sub-clause alter sub-clause 4.4.6

4.4.7 Device viewport control

The device viewport specifies die region of the actal device drawing surface into which the VDC extent is to be mapped
on interpretation. VDC.to.Device mapping is dcmerminiod by the VDC extent, device viewport. and device viewport
mapping. This type of transformation is restricted to allow only translation and scaling. No rotation or skew is
possible.

"The position of the device viewport is specified in one of three unit systems selected by DEvICE VIEWPORT
SPECIFICATION MODE element:
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c. spot colour: OK< (but check against latest draft of ISO 8613 Color Addendum).

119

* by fraction [0.0. 1.01 of the available drawing surface, which allows reasonable placement anid relative sizing
of the viewportr

inu millimetres times a scale factor. which allows absolute sizing of images;

in pysical device units.

The DEVICE VTEWPORT MAPPING element may be used to force isovopie mapping even if the spec~ifed VDC extent
and device viewport would not otherwise have led to one. In such a case the VDC extent is mapped onto a subset o(
the specified device viewpers on intesprewion. This subses is defined by shwrtining either the vertica or horizontal
dimension of the specified viewport as needed to reach the tauiured asec ratio. This smaller "effective viewpont is then
used to definei the coordinate mapping front VOC to the devices cootdinanes. The placement of the e-ffective viewport
rectangle within the original one can be specified. This placement can be one of left right or centred when the
shrinking is horizontal, and top, bottom or centred when it is vertical. tefe and 'bottom' are interpreted as being
towards the first corn&r of the specified DEVICE vIEWPORT regardless of any mirous g or rotation of the viecv,-rt an
the physical device. Thene memanngs are relative to the rectangle defained by the nan-inverted viewprt.

For VDC Extent the coordinatecs can increase or decrease &=oi the firm to the second corrnar. If decreasing coiordinates are
chosen, this -ill lead to mirroring or rotation of primitives.
The behaviour of primitives arid geometric attributes under trunsformtina, irs furthiler described in rub-clause 4 6.

If both device vicwport and scaling mode appea in the same metafle~ then the last specified is used. It neither appear

then the defaullt v alucs; for device viewport take precedence.

4.4.3 Representations

The elements LINE REPRESENTATION. MARKER REPRESENTATION. TEXT REPRESENTATION, FILL
REPRESENTATION and EDGE REPRESENTATION are used to set all of the accribute values in a bundle table entiry
at the same time. The attributes, which may be bundled. am described in 4.7.

Page 14

Add the following at the end of sub-clause 4.5:

Some of the control elements may appear in the Picrtie Descriptor if this is permitted by the formal grammar for the
metanile version.

Page 15

Add the following text to the end of sub-clause 4.5.1

There ae three different clipping modes for lines. masker, and edges. The required clipping mode is recorded in the
instant e with the elements: LINE CUIPPING MODE. EDGE CLIPPING MODE. * id MARKER CLIPPING MODE-
When the CUIP INDICATOR associated with a giraphical pimnitive isa'n'. orly those pairts of a giraphical primitive that
ame considered inside the effective clipping region art rendiinid on inteprictaticn. 11a object clipping modes allow precise
specification as to how clipping is applied to primitives on intaiprezation.

Clipping may be either locus~.'shape' or locus then shm;e. Conceptualy, a lace is a mathematical object like a point
or line segment. while a&shape is an &arain 2-dimesisionial space. Loci 0.. I-or 2.dinsmional subsetsof rea-valued
2-spare. For markers and teat they are points. For line theyana the inidividual line segments or portons of arm. The
locus of an area is the shape and the boiundary. Shapesi reflect thes realization of geometric attibutes and ane generally 2.
dimensional subsets of real-vaiued spae.

1ocus' lipping is applied for each portion of a graphic object based att its mathematical location and is independent of
the area it will occupy after rendering. For example, no portion of a Line segn~tiat is rendered if the ideal mathematical
tinec lies outside the effective clipping region. (even if its line width would carry smaie portiont of the rendering of it into
the clipping n~ctangle): no portion of a marker is rendered if its location lies outtside the clipping rectangle.

If'L~x-us c!;-1'rnL is uqed, the rendering iq 3ppliod to the locus of the graphic object. The resulting rendered shape areas
mar lbarc-ftrec tcr~d nutzm.dc- the cffective chirpping region.
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'Shxp clipping ts applied aft= fth abstract i vdaring of ships, LM devtMc~a c tLaw $Wae, iMs 24UrWUisona, plont Wt
associatd with th praphac ob)*ct is truarAad wndf t.W effecmve clIMpA region, *Wht. hais Domrar t orrnw1 ii Ic-v,
=oardaws qlc.

t1ocuj then shape clippug allows the sponfksium this both locu and shape cli~pog be applied to grapftc oti~c U
described above. In th cau Mwevu. the tnmdcrd ship " noi cause d oats iA~do uth eltiv clappm CIIvU5 I5o. A ýfic
lmi who"e locu~s is ougsde uth clip wwtdo- will not have any pimuon visible "ena if .u ~Ie widjh vroud carry somre

poniov of Ohs ricldoerm ouazid the clip mangxw

Figun 411aw" Q hows $a"*e examiples Of the etfoci ot tie clipping mocs

When a widthat orsmz specifk~Awn modint~ Us LM~d' h ravicruig of shape proceesa in DC space after qsppical ion of the

VDC4O.DvMFK msputg.

Fill and text prmi•ves do not hsve s mcte obct cliimg modes. ("ugh ;he edge of a fil pfnmiuve and •,t
boundary edgs of a closed filgui do). Clipptng for MIll pumauves is aJswly consauztsi with shape cij:Ppng tat ,ub-
clause 4.6.4.5). For ta t prtirtivs. the typ of clhVpg is desrtrima• d ty the ocuawpd text prtcisison

For "stng precision text. clipping procees. a" a p"r sanng beits. in a Marny Con•i•tent -wý 1ocus
climmsi.

For 'chuancier PfMci~n 191L Clippng Proceeds. On a per Character basis. in¶ a m~rnticr cnlucr.is: -r#l t
clipping.

Foi, *stoke pmocsion text. the cw ai-ays prvcrqds zn a mimics co1istsciic wiith sitat Opurg

Note tha shape clippng for all *at preciiSon us always aowed by his Standad,

Clip rectang~les appled to vspmcsJ primtuýLJ-mer wituhin sagments may be nibject wa ranstforratons in VDC
spaice. Ins muoo of clip rtaglies tuncui'sformed or uwansformed! may lead to tesitiwg polygonai clspptng boundartea
(si, 4.12.5).

page 15

Add the followvng to 4ie lit of gaphical spuuve elenemus and to the list of hne elements in sub-.<a sus

CIXCULAR ARC CLIME REVERSED
CONNECTING EDGE

Pa4 , 16

Add UNe following before sub-clu.e 4.6. 1:

In aIddtin to ite graphcl, pnnutive elemets li•teud above, this Stairnda define~s elements prov•dmng the de-nuiuon of
=nP W pruinnd ive 'frm several of fte othe grphiical prm'rve The following classes of compound pnmim3ves am

dmiizut'mirtusmd t'" and ciosed figures. The elements thi may be usem to speiy comn widd rumiu-s ame Ated in
Table 0*00000

Table m"'- Compound Primitive

Object First Pimins 0#14 Final
Clas Enent bhkwi Elemenus Element

Comp TEXT APPED TEXT APPEND TEXT
Tex RESTRICTED (NoU2 (Noe 3)

TEXT (Now 1) GDP (Now 5) GDP (Note 5)

Closed BEGIN Une Primitives NEW M,')
Fig=re RGGURE Fill Primitives REGION FIGURE

(Now 4)
GDP (Note 5)

Notes:



TheN uunlot finauflag is 'not rinA; the primitive defines the refernce point of the entire compound Lext

prmivse; the text of the primive is enerd in the buffer.

2 The i•t/no final (1% is "rt firt r.

3 The riaL-•t flal flag is 'not firar: the sxt of the pimitive is enucd in the buffer before the compound
prmitive is closed.

4 Afl primitives of the identified classes may be included.

5 Whether a GDP may coertbuua to compound text or closed figures. and whether or how it specifies that the
compouand state ora cosed figus• slaut be opened ma cc close& is specified with the definiton of
the GDP in the d marznsicnal Registr of Graphical has.

GrapiCal printiitive s1nents ad compou•d primitive elements may he subject to raansformation in VDC space
(segment and copy aasfoeination 4.12.4.2 mad 4.12.5). Such a trsformation may change the shape of some
primitives. If thaet is a skew, a Ipimitive initially specified as a rectangle may become a parallelograim. If there is an

isotstopic scaling. a prmitive initially specified as a circle may become an ellipse. Note that the shape of markers is
exempt &om such trarisnamdnu.

Page 16

Sub-clause 4.6.1.1 add the following text to the paragraph descibing CIRCULAR ARC xxx

A reverse drection we can also be specified. this is descibed in 5.6.20

Page 16

Add the following at the end of sub-clause 4.6.1.1

CONNECTING EDGE A line sepment comnectng the Ilat point of the preceding line element to the next point is
generated duinig the conscruction ofa closed figure. The net point is either the iust point of the next line element or
the acu4 dosure point.

Pope J6

Add the following at the end of sub-clause 4.6.13

In vasion two metafles. line clipping is controlled by the LINE CLIPPING MODE element. which can have one of
the followmg values: locus'. 'shape'. or locus then shaps'. However. clipping only applies if the CUP I4DICATOR is
'on.

For locus' clipping, the madhmatical locus of the line is clipped at the intersection with the clip rectangle before shape
rendering is applied. Henc. pan of the shape of a line may appear outside the clip rectangle.

Fo "shape clipping, the shape of the rendered line is dipped to th intesection with the clip rectangle. that is nothing is
dawn ouwick ths clip ructangle.

For locus then shape' clipping, the mathematical locus of the line is clipped, as with locus clipping, and then
subseuently the renderd shape of the dipped locus is again clipped. lNow tht. since the mathematical locus of the line

may have changes a result of locus clipping. subsequuu shape rendering and clipping may produce a different
8F -'xe of a line frm either of the otheir tw clipping modes.

If the line width is measud in VDC units it is subjc = VDC.w.Dvice mapping (4.4.7) as well as to both segment
and capy nmsformation (4.12.4.5 ad 4.12.5). Note that the more locus of an an: is subject to these transformautions.
In cae of an s mapipbi ora uuformation the nrda width of the line will change with :.he direction of the
line segment. It the line width is specified as a scale factor it is not affected by amy ransformations.

Page 17

Sub-clause 4.6.2.3: Add the following at the beginning of the sub-clause:

The following discussion applies to version I metafile.
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Page 17

Sub-clause 4.6.2.3: at the eid of the fast paragraph change 'is not sandardized.' to the following:

is not stxndardized for verion I mueia1es.

Page 17

Sub-clause 4.6.2.3: Add the following at the end of the sub-clause:

In version 2 metafies marker clipping is controlled by the MARKER CLIPPING MODE eleaneno, which can have one
of the following values: locus* "shape or locus then shape'. However. clipping applies only if the CUP INDICATOR
is *on'.

For locus' clipping, the mathematical locus of the markers (that is the specifying points), we clipped at the intersection
with the clip rectangle before shape rendering is applied. Hence, pan of the shape of a marker may appear outside the
clip rectangle. However the marker is visible if. md only if. its specifying point is within the clip rectangle.

For 'shape' clipping. the shape of the rendered marker symbols are clipped to the intersecton with the clip rectangle. that
is nothing is drawn outside the clip rectangle. Portions of the marker symbol may appear inside the clip rectangle even
though the marker's locus is outside.

For locus then shape' clipping, the mathematical locus of the markers are clipped, as with locus clipping, and Lhen
subsequently ths rendered shape of the markers am again clipped.

If the marker size is measured in VDC unlits it is subject to VDC-1o-Device mapping (4.4.7) as well as to both segment
said copy ransformation (4.12.4.5 and 4.12.5). The shape of markets is never affected by rmasforrnmaons. for example a
circle used as a mnarer type shall always appear as a circle- Only the marker size may be transformed. For this purpose.
conceptually, vectors with the length marker size and arbiamy orientations we tansformeck the resulting marker size is
determined by the orientation of the ve• which mnamizes the length under the tmrsformation (euclidean norm of 2z2
Tasfonnenon mati).

If the marker size is specified as a scale factor it is not affected by any ransfonautions.

Page 18

Add the following as the end of sub-clause 4.633

Clipping of text strings is described in 43.6.

The vectors specified by the CHARACTER ORIENTATION element (4.7.6) are subject to the VDC-to-Dcvice mapping
as well as to both segment mad copy =ia=formation.

Page 19

Add the following st the end of sub-clause 4.6.4.5

Edge clipping is controlled by the EDGE CLIPPING MODE element, which has the same enumerations as LINE
CLIPPING MODE. Edges we clipped in the sane way that lines am clipped, see 4.6.1.3

Page 19

Add the following sub-clause after sub.clause 4.6A.5:

4.6,4.6 Transformation

The entire locus of rectangles. circular mid elliptical nilled-are elements is subject to VDC-.uoDevice mapping (4.4.7).
segment and copy transformations (4.12.4.5 and 4.12-5). These elements may not therefore retain their specifted
geometry after transformatuon.

The vectors of the PATTERN SIZE element ae subject to all transformations.

The edge widths are crEed in exactly the same way as line widths (4-6.1.3).
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Page2O

Add Lhe following sub-clause after sub-claui 4.6.7

"*"*'"*'*"a'suaa"to be changed I1 llne with CGI this Is the Kona CGI text 0==*

4.6.8 Closed figures

3.9.5.1 Construction of closed figures. A closed figure is a fill type compound graphic
object which the client constructs on the device side of the interface by invoking BEGIN
FIGURE, an ordered sequence of line and fill primitives (and optionally attributes and NEW
REGION functions), and END FIGURE. Edge attribute values are associated locally with the
edge portions, and fill attribute values associated globally with the complete graphic object:
in addition, certain general attribute values are associated locally with edge portions and
globally for the interior of the fill object. The entire graphic object then travels through the
CGI pipeline, and is rendered as a single unit with the parity fill algorithm described
elsewhere.

3.9.5.1.1 Closure Point. The first point of the first line primitive in a new region is the
closure point for that region. The Virtual Device retains this closure point for use in closing
the region. When the region is closed (with a NEW REGION or END FIGURE function, or by
invoking a fill primitive which begins a now region), a line segment from the last point of the
last line primitive in the region to this closure point is added by the Virtual Device to the
figure, unless these points are already coincident.

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

The NEW REGION function may appear anywhere in the dosed figure. If the current region is
closed, the function is ignored. If the current region is open, an implicit boundary portion is
added from the last point of the last primitive to the current closure point unless
CONNECTING EDGE has been invoked after the last line primitive, in which case an explicit
boundary portion and edge portion is added instead.

3.9.5.2 Boundaries and Edges. Each region consists of a combination of implicit boundary
portions and edge portions.

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

- for fill primitives otter than POLYGON SET, the complete edge becomes an explicit
boundary portion and edge portion in the closed figure.

- for line primitives, those portions which would be rendered outside of state FIGURE OPEN
become explicit boundary portions and edge portions.
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* For DISJOINT POLYUNE, in particular, only the segments from the first point to the second
point, from the third point to the fourth point, and so on. become explicit boundary portions
and edge portions when incorporated into closed figures.

- A CONNECTING EDGE prmitive which precedes an action which would ,normally have added
an implicit bIundary portion to the figure either to close a region (including closing the figure
itself) or to connect tWo line primitives results in the portion added being an explicit
boundary portion and edge portion. CONNECTING EDGE preceding or following DISJOINT
POLYLINE or POLYGON SET does not affect the interpretation of those functions with respect
to boundaries and edges.

Edge portions take associated edge attribute values from the state list: as these state list
entries can be changed between the primitives that result in edge portions in FIGURE OPEN
state, each edge portion has a distinct set of attribute values associated with it.

3.9.5.2.2 Implicit. Edge attributes are never associated with implicit boundary portions.
Implicit boundary portions are only rendered for interior style hollow and are a special
representation of the interior, not a representation of any portion of the edge.

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

• invocation of NEW REGION, END FIGURE. or a fill primitive when the current region has not
been explicitly closed and CONNECTING EDGE has not been invoked since the last line
primitive: an implicit boundary portion is added from the last point of the last primitive to
the current closure point to close the region.

• when the last point of the preceding line primitive is not coincident with the first point of
the current line primitive, an implicit boundary portion is created to connect the last point of
the preceling line primitive to the first point of the current line primitive.

; the portions of a DISJOINT POLYLINE which would not normally be rendered (i.e., from the
second point to the third point, from the fourth point to the fifth point, and so on) result in
implicit boundary portions. (These are additional to the ones which may be added to connect
to a preceding or following line primitive or to effect region closure after the DISJOINT
POLYLINE.)

- the portions of polygon set as described below.

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

3.9.5.3 Contribution of Primitive Functions to the Figure.

3.9.5.3.1 Contribution of Line Functions to the Figure [continue with what was 3.9.5.1.1
Add this before final paragraph of the section:]

CCNNECT"INGEDGE
if the region is open. the start point of the connecting edge is the last point of the last line
primitive. and the end point of the connecting edge is either the first point of the following
primitive or the current closure point as described above. If the connecting edge would be of
zero length (i.e.. if the two points it connects are coincident), the function is ignored. As
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with other line primitives. the edge attribute values in effect at the time it is invoked are
associated with any edge portion generated by this function.

If the current region is not open, invocations of the CONNECTING EDGE function are ignored
(Le., CONNECTING EDGE cannot be used to connect regions).

CONNECTING EDGE is a primitive, not a modal setting: it must be invoked once for each
connecting edge desired in the figure, and once used, no longer applies to subsequent
opportunities for explicit connection.

Invoking CONNECTING EDGE multiple times after a line primitive results in the last instance
(with its associated attributes) being used.

[continue with last paragraph of section]

3.9.5.3.2 Contribution of Fill Functions to the Figure. (replaces 3.9.5.1.21 Each fill
primitive contributes a complete region to the figure (POLYGON SET may contrbute more
than one), after first closing the current region if it is open. The CGI device performs an
implicit NEW REGION before and after a fill primitive invoked in FIGURE OPEN state (i.e.. a fill
primitive leaves the current region closed, and the next primitive begins a new region),

The unciipc-id boundary of each fill primitive contributes to the unclipped boundary of the
closed figu':; the locus of its interior does not affect the boundary definition.

Contribution of POLYGON SET to figure construction:

- A POLYGON SET is considered to. contriute one at more complete regions. If the current
region has not been closed, an implicit NEW REGION is performed before the POLYGON SET is
added to the figure definition. If the POLYGON SET does not end with a point whose edge-out
flag is Oclose visible" or "close invisible" . an implicit NEW REGION is performed after the
POLYGON SET.

* Sequences of points' with edge-out flag ^visible' are treated as if they were polylines.
terminating with the first point with a different edge-out flag. Each such polyline becomes
an edge portion of the boundary of the figure. The edge attribute values in effect when
POLYGON SET is invoked are associated with any edge portion added in this way.

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

* Points with edge-out flag "close invisible" generate the equivalent of a NEW REGION,
generating an implicit boundary portion from this point to the current closure point if these
are not coincident, and closing the current region.

* Points with edge-out flag "close visible" generate the equivalent of a CONNECTING EDGE
followed by a NEW REGION. resulting in an edge portion from this point to the current closure
point if these are not coincident The edge attribute values in effect when POLYGON SET is
invoked are associated with any edge portion added in this way.

• POLYGON SET does not affect the value of the edge visibility value in the state list.

3.9.5.3.3 GOP. A GOP which is defined as a line type primitive must specify which is the
first point and the last point in its point list, with respect to closed figure construction.
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Such GDP's are assumed to contribute to a closed figure a boundary corresponding to the

unclipped locus which would be rendered if the function Were invoked when not in FIGURE

OPEN state, any other behaviour shall be documented explicitly in the GOP description. A

GDP which is defined as being a fill type primitive function is treated as in the previous

section; any variation or special handling in state FIGURE OPEN shall be explicitly documented
in the GDP description.

3.9.5.4 (replace 3.9.5.1.4-61 Association of attributes.

3.9.5.4.1 Local attributes are those associated with each edge portion. which can vary from

edge portion to edge portion within the compound object. The local attributes for closed

figures are the set of edge attributes.

3.9.5.4.2 Global attributes are those associated with the compound object as a whole rather
than its component parts. The functions which set their state list values may be invoked

during FIGURE OPEN state, and have their usual effect on the corresponding state list entries.

The values associated with the closed figure are those in the state list when END FIGURE is

invoked to complete the object formation (even in the event of figure buffer overflow during

construction). Global attributes of closed figures are the set of fill attributes. CLIP-

INDICATOR, CLIP RECTANGLE, EDGE CLIPPING MODE. and PICK ID. In particular, note that Clip

Rectangle and Clip Indicator are associated with the compound object, but not applied during

graphic object formation (the graphic object is formed from the unclipped locus of each

primitive function invoked in FIGURE OPEN state).

3.9.5.4.3 There is a set of attributes which are local attributes with respect to the edge

portions, but which are associated globally with the interior. This set consists of AUXILIARY

COLOUR (and its corresponding colour selection mode in which set), TRANSPARENCY, and

DRAWING MODE. In order to use a different value for the interior from that for any of the

edge portions, the appropriate attribute function should be invoked just prior to invoking END

FIGURE with the value to be used for the interior.

.......... *end CGI text . ......................° "
.. 00o00o60..al examples need redoing. -iaison with CM! needed

4.6.8.8. Examples

Now: The cear tox= e-coling is used hem for illustrLon purpose.

000e0e*oS00eed updating 004Ioo*O0000000oo

Example 1.

143



This examnple uses he Arc Centre conmmand wo crease a doughnut shape. The followuig commands are used:

Begins;
ArcCzr 50.50 1.0 1.0 45:
ArcCr 50.50 1.0 1.0 40.
EndFig;

Noe tha th:3 figure can also be obtamed by the sequmcwA-

Begin Fig;
Cjrcle 50.50 45:
Circle 50.50 404
E~ndFlg;
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Example 2

This example uses the Elliptical Arc command to cref' a bo1 with rounded conmc. The following commands are .Ased:

BeginFig:
% All smight edges connecting the elliptical 2cs fe
9e ae drawn as implicit edges %
EllipArc 75.82 90.82 75.110 1,0 0.1;
EllipAz' Z5.82 Z.•110 10.82 0.1 .-. 0:
E.lipArc Z5.38 10.38 25.10 -1.0 0.-1:
EllipArc 75.38 75.10 90.38 0.- 1.0:
EndFig:

Example 3.

This example uses the Elliptical Arc commzncl. showing how CDP order can be used to change the sweep direcuon. The
lines indicat the short angles between the CDP's. The foflowing commands am used:

BeginlFig:
% All straighl edges connecting the elliptical arcs %
96' ar drawn u implicit edges 16
96 The frut uc is swept in a counterclockwise direction 9'.
ElipArc 60.50 60.100 -10.50 0.1 0.-I:
9e The second arc is swept in a clockwise direction %
EllipArc 60.50 60.10 0.50 0.-I 0.1.
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Endfig:

Page 39

Add the following sub-clatses after sub-. "mse 4.7.8

4.7.9 Pick Identifier

The Pick Identifier is associated with graphical primitive elemnts within segments (see clause 4.12). It is the only
atibute element which does not affecs the app ance of a graphical primitive elemnt. It merely establishes a means of
identification of pnritives within segments at meuaile inepetation. PICK IDENTIFIER has no graphical effect and is
available for application depandem comunication betweae inresan and geam, un.

4.7.10 Global and local attributes and controls

For the purpose of compound primitive definition (se 4.6) a further classification of attributes and control elements into"global' and locau attibut and contol elements is ina'duced. Global elements apply to compound pnmitives as a
whole, while local elements apply separa/y to the oomponent graphical primitives of a compound pruniuve.

Page40

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

4.12 Segment elements

4.17-1 Introduction

In the CGM, graphical primitive elements or compound primitives. atwibute setting elements and certain control
elements may be grouped in segments as well as being invoked outside segments. They may also be dcftraed as global
segments. within the Metafile Descriptor. and can then be copied into a pictre. Each segment is idenutifed by a unique
segment identifier. Segments may have the asibuts:

a. sfoN mation:

b. highlighting-

c. display and pick prioriry-,

"rhese may be defined at segment definition time. before the first primitives of the segment. and shall not be changed
thereafter for suic picte-captue mestales. 0

Only elements stored inside segments am affectei by the segment attibues.

The segment elements am

COPY SEGMENT
WHRFANCE FILTER
CLP INHERIrANCE
SEGMENTrTRANSFORMATION
SEGMENT HIG HII. JNG
SEGMENT DISPLAY PRIORrrY
SEGMENT PICK PRIORITY

BEGIN SEGMENT and ED SEGMENT we delimiz.,r elements rather than segment elements.

4.12." Global and local segments

There are two types of segments: local segments and global segments. Both contain phimitdies and attributes which can
be manipulated in the manner described above. Local Segmets have no existence beyond the bounds of the picttue body
in which they ae defined. Defining a local segment in a picrure automatically includes that segment in the picture s
image. In contrast. global segments can be referenced by any of the pictures in the metafile in which they are dcfined.
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4.12.2.1 Location of and access to global segments.

A global segment is delimited by the BEGIN SEGMENT and END SEGMENT elements. Global segments are defined
in the Metarde Desciptor. They we not a pan of any picres within Lte metare. They must be accessed from within
individual pictures by the COPY SEGMENT (4.12.5) element. The COPY SEGMENT element incorporas the
segment into the open picture in the ..ne way for both local and global segments.

4.12.L2 Allowable elements In MD and GSS states

BEGIN SEGMENT is the only sent-related element that is allowed within the MetartIc Descriptor State (MDS) (see
Table 3(a). the Meutall Sua Table). BEGIN SEGMENT changes the state to Global Segment Ste (GSS).

4.12.3 References to global segments

Within pictures. no elements are allowed that would modify the contents or default appearance of global segments (see
Table 3(a)). This restiction preserves the logical independence of pictures and the ability to randomly access pictures.
The only allowable references to global segments within pictures we by using the COPY SEGMENT element.

4.12.2.4 Association of control and attribute elements and attribute elements with primitives
inside segments

The current modal values of control and att'ibute elements are associated with the primitives inside local segments. The
modal values established by setting control or atribute elemens within a segment remain outside the segment until hey
me explicitly chi-e

Cona,• ma atribute elements are bound in global segments as they are in local segments. Upon the occurrence of
BEGAY .4ETA'LE. every element that is modally defined and bound to primitives (Metani c Descriptor elements
dfrinin modes and precisions. Picture Descriptor elements, Conrol elements Attibute elements and Segment Control
elements) has a ddank valu Conceptually the set of all of thesa define a "Modal Stt Liu'.

The Metafil Descriptor is processed sequentially. Throughou the Metafile Descriptor, modal MD elemens modify the
MD atis in the state list and occurrences (possibly multiple) of the METAFRLE DEFAULTS REPLACEMENT
element allow manipulaton (outside of GSS state) of the rest of the modal elements (as well as explicitly cLanging the
defaults). Within GSS state the allowable modal elements (control. antribute. and segment aztibute) also alter the
cnents of the Modal State List. The valum of modal elements that ae in effect upon BEGIN PICTURE we the default
values for that pk-ie whether they we implicit (defined in the Suandard) or explicit (that is by values setin the Metafile
Defaults Replacement).

4.12.3 Delimiting and naming segments

The contents of a segment are delimited by the elemens BEGIN SEGMENT and END SEGMENT. The elements in
between these two delimiters we a parn of that segment. Each segment has an identifier associated with it. No two
global segments may have the same idenuirr and no local segment may have an identifier which is the same as either a
local segment in the same picture or the same as a global segman.

4.12.4 Segment attributes

4.12.4.1 Introduction

The segment atmibuea associated with each segment control is' display. Segment attibutes can be so only while the
segment is open. Thmn may be defrned at segment definition tinm only before th irnt primitives of the segment. and
may not be changed thereafter. When a segment is opened with the BEGIN SEGMENT element, the segment's attibutes
an set to d" default values. Segment sunbuts. if set. shall be set immediately after the BEGIN SEGMENT element
and before my other type of lmaent. This structure is shown below.

BEGIN SEGMENT (Segment identifier)
Segment attribues
Allowed primitives. atributes and control elements in any order
END SEGMENT

4.12.4.2 Segment transformation
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The segment wasflom, n1am is a coordIrJa transformation associated with each segment and applies to all graphical
pimiives in the idntified segment and will be used on umprtuon. Clipping rectngles am not transfomed by the
segmem tms.ormnadon. It allgw scaling. translatmo, aWd roeaaon of segmirn to be defined during segment darnion

The segmemt •aaformation is a mtnsformation of VDC spece to VDC spma And is distinct from the VDC-to.Devitce
maIppig which is a musfonnataon of VDC space to device coordinates.

The vaisformauior attwb of a smepm may be defind by the SEGMENT TRANSFORMATION element drzing the
segmaen definition. A segment t•nsformation is represented by a 2x3 matix. composed of a 2a2 scaling and rotation
potion. and a 2x traonslation portio. The default segmentruansformation is represented by the identity tansfoation.
If the SEGMENT TRANSFORMATION element is not stored in the metaflie. then all coordinate data is mapped using
only the VDC-to-Device mapping. If the SEGMENT TRANSFORMATION is stored in the metaile., it is applied
before the application of the VDC-w-Device mappng.

The use of segment transformations may produce coordinates that cannot be expressed within the VDC range. This is
handled ian interpretation dependent way.

4.12.4.3 Segment highlighting

Segment highlighting can take one of two values. NORMAL and HIGHLIGHTED. The setting of this attbute selects
one of these two states for the segMenL

4.12.4.4 Segment display priority

The display psiority attribute of a segment determines how overlapping segments am displayed. Segments with higher
display priorities will be displayed as if they were in front of segments with lower display priorities. The segment
display priority may be normalized to the continuous range of real numbers. = to one, by applying the minimum
extumt and maximinn exime values provided by the Metalle Descriptor element SEGMENT PRIORITY EXTENT.
Interpretation of SEGMENT PICK PRIORITY has no graphical effect. Its generation and interpetation are
impleunon dependmia.

412.4.3 Segment pick priority

The pick priority attribute of a segmt is used to resolve the picking of segments which overlap. The segment pick
priority may be normalized to the cotinuous range of real numbers, zwo to one, by applying the minimum extent and
maximum extent values provided by the Metafile Descriptor element SEGMENT PRIORITY EXTENT.

4.12.5 Copy segment and Inheritance

The COPY SEGMENT inserts the elements of the referenced segment into the picture as the point of occurrence of the
element.

The elements copied may be alvd ian a viety of ways:

a. The inheritance fiter mechansm controls whethe individual amibue values ame reapplied to the elements

b The clip inheritance mnichian controls whether the primitives in the segment we clipped to the current clip
rectangle or to a combination of Ulm cmten and the segment clipping rectangles.

C. The primitive elem•nm am transfoned by the copy segment afomation and optionally by the segment
musfowmatima of the copied saement according to the rms for ransformation

COPY SEGMENT haa a mmufomaumr manix as a pwarnem. The copy segment nansfaemation is applied to graphical
primitives before they wm copied. This also applies to clipping rectangles in the segment (see below). Graphical
primitives may be utritformed to ale their location, size. and orieneuaon.

A segment may be referenced by the COPY SEGMENT element, either within a picture or in a global segmenL The
atibutes associated on interpretation can be those bound to the segment being copied, or can be imposed by the
inclusioh of the INHERITAN'CE FMLTER element.

The clipping associated with a segment can be that associated with the picture at the time of the copy or can be a
combination of the current clipping and the segment clipping when the CIUP INHERITANCE element is used.
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ThA inhwimace flter mechanism allows the use of the cw=m value of atribes and comnols to be associated with thecopied segment in place of the attributes and contrls bound to the primitives when the segment was caed. The
attibutes and controls to be associated with the segment can be all attbutes or can be a subset of attributes. The
atibutes and controls am sele•t- using the INHERITANCE FILTER element. The Attributes and controls can beselected using individual or group namnes for attributes. contris and AsFs. The elemnts hich can be selected are
shown in Table " `4 for aributes aid controls mid in Table so- for AS•s.

The individua element names 3 well a the group names are Ose in the table showing aibute groups below.

If an attribute or group of aributes designated in the rilte selection list is seo to "hie ist. graphics objects Lnhent that
attribute or group of atributs 15om the ciurau moda values when a segpent is copied

If an atrute or group of awtbutes designated in the filter selection list is set to segmen'. dt attribute or group of
atibutes is unaffected (in all graphics objects employing them) by the coreponding cunre state list when a segment
is copied.

The default inheriunce filter setting value is *segment' or all auributes and controls.

Table ... *,.,'.,.,. ., Inheritance Filter Selection Names for Aunbutes

Attribute Group Name Individual Attribute Name

LINE ATTRIBUTrES LNE BUNDLE INDEX
LINE TYPE
LINE Wt=
LINE COWUR
LINE CLIPPING MODE

MARKER ATTROIBTES MARKER BUNDLE INDEX
MARKERTYPEMARKER SIZE
MARKER COLOUR
MARKER CLIPPING MODE

TEXT ATTRIB UTES TEXT BUNDLE INDEX
TEXT PON(T INDEX
TEXT PRECISION
CHARACTER EXPANSION FACTORCHARACTER SPACING
TEXTI COLOUR

CHARACTER A•T-RIBUTES CHARACTER HEIGHT
CHARACTER ORIENTATION
TEXT PATH
TEXT ALIGNMENT

FILL ATTRIBUTES FILL BUNDLE INDEX
INTERIOR STYLE
FILL COLOUR
HATCH INDEX
PATTERN INDEX

EDGE ATrRIBETES EDGE BUNDLE INDEX
EDGETYPE
EDGE WDT
EDGE COLOUR
EDGE VISMaY
EDGE CLIPP•NG MODE

PATTERN ATTRIBUTES FILL REFERENCE POINT
PATTERN SEZEOUTPUT CONTROL AUXILARY COLOUR

PIC D TIER TRANSPARENCY
PICK IDENTIFIER

ALL ATTRUTES All atmbutes
ALL All attrbutes and control elements
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Table )OXX Inhertance FiI•eg-'Sejon Names for Asp=c Souwe Flaps

ASF Group Name Individual ASF Name

LINE ASFS LINE TYPE ASF
LIN'E WITDTH ASF
L04E COLOUR ASF

MARKER ASFS MARKER TYPE ASF
MARKER SIZE ASF
MARKER COLOUR ASF

TEXT ASFS TEXT FONT INDEX ASF
TEXT PRECISION ASF
CHARACTER EXPANSION FACTOR ASF
CHARACTER SPACING ASF
TEXT COLOUR ASF

FILL ASFS INTERIOR STYLE ASF
RILL, COLOUR ASP
HATCH INDEX ASP
PATTERN INDEX ASP

EDGE ASFS EDGE TYPE ASF
EDGE WIDTH ASP
EDGE COLOUR ASF

ALL ASFS All aspect sotuc flags

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

BEGIN METAFILE"..."

,BEGIN SEGMENT (I)
LINE COLOUR (blue)
POLYLINE (blue solid line)

END SEGMENT

BEGIN DEFAULTS REPLACEMENT
L2NE TYPE (dash)

END DEFAULTS REPLACEMENT

BEGIN SEGMENT (2)
LINE COLOUR (red)
INHHERITAN4CE FILTER (LIKE ATirRIBUTES.STATELIST)
COPY SEGMENT (1) (red dashed lin)
POLYLINE (el dashed lin)
INHERITANCE FILTER (LINE ATRrRIBUTES.SEGMENT)
COPY SEGMENT (1) (blue solid line)
POLYLINE (red dashed line)

END SEGMENT

BEGIN PICTURE%'
BEGIN PICTURE BODY
LINE COLOUR (pm)
INHERITANCE FILTER (INE ATTTISBUTE.SEGMENT)
COPY SEGMENT (2) ed dashed thi

red damhl Ihie
blue solid line
red dashed thim

POLYLINE gem dashe lire
INHERITANCE FILTER (LIVE ATTRBUTES.STATELIST)
COPY SEGMENT (2) geene dashed line

grow dashed line
grem dashed line
Igro dashed line

BEGIN SEGME •-"3)
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LINE COLOUR (rod)
COPY SEGMENT (1) te d I=
INHEYRrTANCE FILTER (LLNE ATTRIB M`TES.S EGM FXT)
COPY SEGMENT (!) blue soiid law

END SEGM LNIT

UJE COLOUR (Vecn)
COPY SEGMENT (3) jd dJO lz

blue solid lin~e
INHERITANCE F•LTER (LUNE ATTRfBUTES.STATELST)
COPY SEGMENT (3) ga dsuhW 1g,

lcmen dwwd, I=,

END PICTURE
END METAFILE

Clipp•ng is not ,icluded t he LIiHERITANCE FILTER, Thee is a epwste element .tu conotois ciMng! b)eMv,our
CUP IN'HERITANCE. Its values may be either "suwe;%st or imerucin

It the value is 'suae i. LhJ the clip rectangle associated with Primitives in the copsed segmemt iis that of ,,ý'si C' P
RECTANGLE awouered in the metu.aile element s.quence prio to the COPY SEGMEN'T ciement. ziau is the value ..
the modal stale lst'.

If the valus is 'ingmcton'. nd i both ,he modal stua list clip trdicatm of Lhe %eept are't aon. then the interct,-on of
the copied segmemi is the intenecuon of the modal itae lat rectangle s'd the prmaive i associated -lip recienge. IJ
aitha insdicator is 'oft. thea Ure Ls no co ntbuton from its as.socisied rectangle. To dilustate: if TA is ,he aopy

BEGIN SEGMENT A
CLIP RECTANGLE RI
POLYLINE PI
END SEGMENT

CLIP IHERITANCE -I.NTERSECTTON"
CUP RECTANGLE R2
POLYLINE P2
COPY SEGMENT (A.TA)
POLYLDTE P3

P2 md P3 me cransformed by R2. P1 is nrwisformod by R2 fcomtited wi•-h TA(RI). This may be in 8-sded convex
polygon, if TA causes rotation end ske-ing.

This composidon of clipping rectangles continues. however many levels deep the segment hierarchy is rested For

BEGIN SEGMENT A
CLIP RECTANGLE RO
POLYLINE PO
CLIP RECTANGLE RI
POLYLINE Pi
END SEGMENT

BEG24 SEGMENT B
CLIP RECTANGLE R2
CLIP INHERITANCE "UlTrERSECTION'"
COPY SEGMENT (A.TA)

?2D SEGMENT

CLIP RECTANGLE R3
CUP INHERITANCE "INTERSECT1ON"
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COPY SEGMENT (B.TB)

POLYL• E P3

The effective clipping reCtmnIle" We:

for Ph: TB(R2 intsectionTA(Rl)) inmection R3
far P2. TB(R2) maieuonR• 3
far P3: R3
frc P0 TB(R2 intesecion TA(RO)) intre~on R3

From this ezample it can be seen tha the effective clipping "rectngle- can in fact be an arbitrary convex polygon.
Annex D conains rommuuended fallback for iintepr which cxuwt pa'form such clipping.

Segment Trmsformasions awe never applied to clipping boundaries. The default value for CLIP INHERITANCE is'suLielist'.

4.12.6 Save and Restore Primitive Cuistext

Two elements ate p"ividad to save and restore a cntext. tha is aztbubes and control elements. This capability allows a
list of actbutes and conrol elements to be stored in the metafile which can be referenced by name a a lazer point in the
metarile. This capability can be used to save and restore atibutes and control dear ents in conjunction with opening and
closing segments-

""""''''"'should we put more details and table in here for the save and restcre?"e.664

Page 41

Add the following text after the state diagram

NOTE: Many elements allowed in state PO can also ocmt in the METAFILE DEFAULTS REPLACEMENT.
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Page4I

Add the folowing table following the state diagram

Table 3.1: CGM Elements by their allowed states

CGM CGM Stume

Elemou PCS MDS DR GSS PDS POS TOS LSS FOS

BEGIN METCFILE (note 1)
BEGIN PICTSURES X
BEGIN P ECXURE BODY X
END PICTURE X
BEGIN SEGMENT X X
END SEGMENT X X
END METAFILE X

METAFILE VERSION X

METAFILE DEACRIPTION R X
vDCTYPE X X
INCTEGER PRECISION X X
REAL PRECISION X X
INDEX PRECISION X X
COLOUR PRECISION X X
COLEUR INDEX PRIION X X
NAME PRECISION X X
MAXTUMUM COLOUR INDEX X X X
COTOUR VALUE EXTENT X X
METAFLL ELEMENTALIST rx
METAFILE DEFAULTS REPL X
FONTRLPST ES X X

C.•ERAL SETC IST IOX X
CHAR CODING ANNOUNCER X X ii

METAFILECATEGORY X XMAXIM UM vDc E €'r-•rr X• ... .
SEGMENT PRIORITYEXENTr x x

SAIGMODE . ,X X
COLDUR SELECTION MODE ,, x X X ....

LINE WIDTH SPE MODE X X X X X
MARKE.R s' SPEC MODE .X X X X XEDGE,.W. DT, SPEC MODE X x= ... X X ' X,
VIXC EXTENT X X
BACKGROUND COLOUR ,.X ,,X ,

DEVICE VIEWPORT X X
DE'VICE VIEWPORT MAPPING X X
DEVICE VWORT SPEC' MODE "X X '
LIK REPRSEN'TATION ,, xxi
.MARKER REP R~ESENTATIN x x ..
TEXT REPRESENTATION X X
FL REPRESENTrATnON " x x ..
EDG;E REPRES$ENTATION X' x

VDC INTEGER PRECISION. X X X X X
VDC RE.AL PRECISION ,, .. X X X X"' X
IAUXILIARY COLOUR . ... "X, X ,,X 'x x x
ITR ANSPARFINCY x X X X X X
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CGM CGM Suma
Elaew PCS MDS DR GSS POS POS TOS LSS FOS

CLIP RECTANGLE X X X X
CLIP INDICATOR X X X X
LINE CIIPPfl.j MODE X X X X
MARKER CLIPPING MODE X X X X
EDGE CLPPMG MODE X X X X
BEGITN FIGURE X X X
END FIGURE X
NEW REGION X
IMPLICrr EDGE VISIBILITY X X X X X
SAVE PRIMITIVE ATTS X X X
RESTORE PRIMITIVE AT.S X X X

POLYLINE X X X x
DISJOINT POLYLINE X X X X
"POLYMARKER X X X
TEXT x X X
RESTRICTED TEXT X X X
APPEND TEXT X
POLYGON X X X X
POLYGON SET X X X X
CELLN ARRAY X X X
GDP X X X X
RECTANGLE X X X X
CIRCLE X X x X
CRCULAR ARC 3 POIN' x X x x
CIRCULAR ARC 3 PT CLOSE x x X x
CIRCULAR ARC CENTRE X K K X
CIRCR ARC CENTRE CLOSE X X X x
EoilSE x X X X
ELLIPTICAL ARC X X X X
ELLFTCAL ARC CLOSE X X X X
C7RC ARC CENTRE REV'D X X X X
CONNECTING EDGE X
L2E BUNDLEINDEX . x x x
LINE TYPE K X X K
LDNJE WIDrH X x X x
LINE COLOUR X X X X
MARKER SB LINDEX X X X X
MARKER TYPE' X X X X
MARKER SIZE x x X x
MARKER COLOUR X X X X
1EXT BUNDLEINDEX X X X X X
TEXT FONT INDEX X X X X X
TEXT PRECSION X X x Km X
CHAR EXPANSION FACTOR x X x X X
CHARACTER SPACING X X x x x
TEXTCOLOUR X X X X x
CHARACTER HEIGHT X X K X K
CHARCER ORIE-TATION x x X X
TEXT PATH X K X X
TEXTALIGNMENT X x x x
CHARACTER SET INDEX X X X X X
ALT CHAR SET INDEX X X X X X
FILL BUNDLE INDEX x X x x
'UTERIOR STYLE x x x X
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CGM CGM Sums
El8ment PCS MDS DR GSS PDS POS TOS LSS FOS

FILL COLOUR X X X X
HATCh iNDEX X X X X
PATTERN INDEX X X X X
EDGE BUNDLE INDEX X X X X X
EDGETYPE X X X X X
EDGE WIDTH X X X X X
EDGECOLOUR X X X X X
EDGE VISJBILrY X X X X X
FILL REFERENCE POINT X X X X
PATTERN TABLE X X X
PATTERN SIZE X X X X
COLOURTABLE X X X
ASPECT SOURCE FLAGS X X X X X(2)

PICK IDENTIFIER X X X X

ESCAPE X X X X X X X X

MESSAGE X X X X X X X
APPLICATION DATA X X X X X X X

COPY SEGMENT X X X
INHER1TANCE FILTER X X X - X
CLIP INHERITANCE X X X X

SEGMENT TRANSFORMATION X X X
SEGMENT MGHUGHTING X X X
SEGMENT DISPLAY PRIORITY X X X
SEGMENT PICK PRIORITY X X X

PIXELARRAY X

PCS Picture Cased State
MDS Metafile Descrtion State
DR Defauhts Replacement Mode
GSS Global Segment State
PDS Picture Description State
POS Picture Open State
"TOS Text Open (Partial text) State
LSS Loc9 Segment Sta
FOS Figure Open State

No=:

I: BEGIN METARtLE is the only elemen allowed in the stun 7Metwile Closed
2. Only Edge ASFs an alowed in Figure Open Stae
3: Use o(TEXT PRECISON ian text open state is peunnnad. howmver the imended result is nt well defined ant

such usage is likely to lead to uapredictable resuilt.
4: Defaults replacerment mode is not actually a mezafile state, but is included an this table for completeness.

Pdqe42

Sub-clause 5. 1: Add the following after the ninth paragraph which starts with the sentence: "The E.xtCrns
Elements,..."*

The Segment Elements (sce 5.10) provide for the grouping and manipulation of elements.
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Page42

Sub-clause 5.1: Add the following at the end of the table of abbreviations of dau type names:

N Name Identifier for segments. pick, - * so of values
used with SAVE and RESTORE PRIMITIVE CONTEXT
Realizaton is integer, range is depaidmu on NAME PRECISION

SN Segment Segment Identir•
NAm Realization is ai integer.

VP Vlewport Two VSC values represen•gn the a and y coordbutes of a point in
POW •vwport specfmon spaoe

VC Viewpovt Single real or integer value as detemnined by the
Coordinate DEVICE VIEWPORT SPECIFCATION MODE.

R fraction (0-1.l of defaul vicwport
I millimetes (scaled)
I native device units

Page 46

Add the following sub-clauses after sub-clause 5.2.5:

5.2.6 BEGIN SEGMENT

Parameters:

Segment identifier (N

Description:
This element demarcates the start of a segment. All subsequent elements until dhe next END SEGMENT will
belong to this seag-nt.

Reference:
4.2
4.23

5.2.7 END SEGMENT

Parameters:

Nam

Description:
Subsequenr elements will no longer belong to a segment.

Reference:
4.2

Page47

Add the following at the end of the Description section of sub-clause 53.1

The COM as dermed in ISr) 863211-1987/Add.1 is version two (2).

Page .O

Sub-clause 53.11: Add the following shorthand names at the end of the list given in the second paragPaph of

the 'Description':

VER.2.STATIC.ALL SET
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EXTENDED.PRIMrTIVES SET
VER.2.STATIC-GKSM SET

PageS5

Add the following sub.clases after subwclause 5.3.15:

S.3.16 NAME PRECISION

Parameters:
The form of the pwarnma depenis on the specific 'oding.

Description:
The prWisiOn for Opermxd of data type Mmte (N) is specified for subsequent data of type N. The precision is
defined as the field wicdh measured in unsts applicable to the spclflc encoding.

Reference:

43

S.3.17 MAXIMUM VDC EXTENT

Parameters:
fim coma• (P)seond Come (P)

Description:

The two corners deorm, a rectangular extent in VDC space which bounds the values of the VDC EXTrENT
leannm which may be found in ft meuiile. It may be, bt need not be. a closest bound in the sense that it

exactly equals the union of the extent reocangles in the metafe.

Reference:
4AA

5.3.13 SEGMENT PRIORITY EXTENT

Parameters:
minimum extent (I)
maxuimu exuet (I)

Description:
The parmeters represem an extant which bounds the segment display and pick prionrty values which will be
encoumtered in the metalfle. It need not represent the exact prionties m the metafile. The lowest display

tiority is zm.

References:
4.12.43
4.1274.4

PqeS6

Add the following not to the aid of sub-clause 5.4.1 (SCALING MODE)

NOTE: If both device viewport a•d scaling mode sppear in the same metafile then the last specified is used, If neither
appear then the default values for device vicwport take precednce..
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Page58

Add the following sub-clauses after sub-clause 5.4.7:

$.4.8 DEVICE VIEWPORT

Parameters:
first coaler (VP)
smoond comner (VP)

Description:
The two parameters defme the opposite corners of a rectangular viewport on the device's drawing surface.
These parameters am specified by the unit system selected by DEVICE VIEWPORT SPECIFICATION
MODE.

The effective viewport is that area of the drawing surface onto which the VDC extent rectangle is mapped. If
the current DEVICE V1EWPORT MAPPING forces isotropic mapping, and the aspect ratio is not equal to
that of the device viewport, the effective viewport will be smaller than the specified viewport on one or the
other axis (but not both).

If the current DEVICE VIEWPORT MAPPING does not force isotropic mapping. the effective viewport will
be the same as the specified viewporl. If the Device Viewport exceeds the available drawing surface. the
Device Viewport is still used to determine the VDC-&*-Device mapping.

Mirroring or 180 degree rotation of the image may be achieved by specifying the comers in some way other
than that the first is below and to the left of the second.

NOTE If both device viewpon and scaling mode appear in the same meta-1e then the last specirted is used. If neither
appear then the default values for device viewport take precedence where these are allowed in the same category.

Reference:
4.4.7

5.4.9 DEVICE VrEWPORT SPECIFICATION MODE

Parameters:
VC specifier (one of: ftaction of drawing srface

minllime'es with scalefactor.
physical device wuntsaE)

Metrc scale factor (R)

Description
This element detemines how subsequent elements using the data type VC (Viewport Coordinate) or VP
(Viewpon Point) wiUl be deined.

These pramneter may be specified in one of thee modes: fraction of drawing surface- millimetres with scale
factor or physical device imina.

When the VC specifier is 'action of drawing surfia', the value (0.0. 0.0) corresponds to the lower left corner
and the value (1.0. 1.0) Fmn Ipos to the Wernhin mon of the defauk device viewport. (The default device
viewpoar is dho largest uimmtkid rmetgular ma visible on the drawing surfa•.) Numbers outside of the rnge
[0.0-4.01 may be spacified (see DEVICE VIEWIPORT). In this cam the memc scale factor is ignored.

When the VC specifier is 'iMete with scalefacl'r. the mmem scale factor pmmnete represents the distance
(in millimeures) on td drawing surfaue coeespending to omeunt in VP space. One unit in VP space
represents one millimete 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 VSC specifier is 'physical device units', the native units and handedness of the physical device are
used. In this case the memo scale factor is ignored.
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Metric scaling with a scale factor provides a device-independent means of generating output at a known scale
factor. IA metric mode, A scale factor of 1.0 indicates dha the VC are in units of millimetres: a scale factor of
0.0254 would imply a VSC of one thousand per inch The only allowed data type for physical device units is
newger.

Reference:
4.4.7

S.4.10 DEVICE VIEWPORT MAPPING

Parameters:
boompy flag (0n1 of: -not famed. forced)(E)
Horizorad alipnment flag (one of: Lef Centre. RightXE)
Vetical aligrmm flag (one of: Bottom. Centre, TopXE).

Description:
This element determines how the coordinate mapping is derived from the VDC EXTENT and the specified
DEVICE VIEWPORT. The remaining parametes are only significant if isotropy is forced by the first
paameter. If so. the effectve viewpon is generally smaller than the specified viewport. and these parameters
determine how it will be positioned within the specified viewpon. left' and "bottom' are interpreted as being
towards the first carnar' of the specified DEVICE VIEWPORT. regardless of any mirroring or rotation of ieh
viewport on the physical device.

Reference:
4.4.7

$.4.11 LINE REPRESENTATION

Hne bun•le index (IX)
line type indiao (IX)
Ine width specifier

f(line width specification mode is 'absolue',
absolute line width (VDC)

it line width spioiricauion mode is 'scaled'.
line width scale factor (R)

Line colour
if the colour selection mode is 'indexed'.
line coloiur index (CI)

if the colour selection mode is direct'.
line colour value (CD)

Description:
In the line bundle table. the give line bundle idex is associated with the specific parameters.

Lin type is specified oxd behaves as indicated in the lNE TYP attribute elemen.

Line width is dertned in the cuerret LJNE WIM SPECIFICATION MODE aid is stored in the bundle table
along with dta mod. Thus the defitition is imnmme to subsequent ctangms in the specification mode.

Line colour is deemed in the cumrn COLOUR SELECTION MODE. anid is stved in the bundle table along

with that mode. Thus dte definition is immune to subsequent changes to the selection mode.

Which aspects ae used depends on the eomsponing ASFs. see the ASPECT SOURCE FLAG element.

Reference:
,.4.8

5.4.12 MARKER REPRESENTATION
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Parameters:

mark bundale ina (DO
marker qp indicto (DO
marker size specifier

L nark•r siz ecification mode is 'absolu•e,
absolute marker size (VDC)

if marker size specification mode is 'scalad;
marker sirn scale factor (R)

markcor
if the cokoir selection mode is indexed,
marker coklo index (Cl)

if the nlotur selection mode is "direct'.
markercmlnus value (CD)

Description:

In the marker biudle table. the given marker bunmde index is associated with the specified paramete.

Marker type is specified and behaves as indicated in the MARKER TYPE a'ibute element-

Marker size is defined in the cumrnt MARKER SIZE SPECIFICATION MODE and is stored in the bundle
table along with thai mode. Thus the definition is immunme to subsequent changes in the specification mode.

Marker mlour is defued in the cuirsst 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.

Which aspects us used depends on the onrresponding ASFs. see the ASPECT SOURCE FLAG elemenL

Reference:
4AS

S.4.13 TEXT REPRESENTATION

Parameters:
test bundle index (DO
text font index (DO
text precision (one of: stuing, charUter. stoke) (E)
haacter spacing (K)

character expansion factor (R)
text colkn

if do cosr, selecuom mode is 'indexed.
wA colour index (C)

if the colour selection mode is 'direa,
tat colour value (CD)

Descriptlon:

In the text bundle table. the given text bundle index is associated with the specified parameters.

Text font index is spocifed mad behaves as indica& in the TEXT FONT INDEX aibute elemelnt.

Text precision is specified and behaves as idmica•ed in dhe TEXT PRECISION attrbute element.

Character spacing is specified and behaves as indicated in the CHARACTER SPACING atutbute elccM.nL

Character expansion facor is specified and behaves as indicated in the CHARACTER EXPANSION FACTOR
aimbuIe element.
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Text colour is defined in the cmurent COLOUR SELECTION MODE. and is stored in the bundle table along
with that mode. Thus. the definition is irnmune to subsequent changes to the selection mode.

Which are used depend on the corresponding ASFs. see the ASPECT SOURCE FLAG elunenL

Reference:
4.4.8

S.4.14 FILL REPRESENTATION

Parameters:

fill ara bndle index (DC)
interior style (one of: hollow, solid. paaern.hauch. emply)(E)
fill colour

if the colour selection mode is indexed7.
fill colour index (CI)

if the colour selection mode is direct.
fill colour value (CD)

haich index (IX)
pattern index (DC)

Description:
In the fill bundle table, the given ill bundle index is assiaed with the specified paranmetes.

Interior style is specified and behaves as indicated in the INTERIOR STYLE attibute element.

Pill colour is defined in the cument COLOUR SELECTION MODE, nd is stored in the bundle table along
with that mode. Thus, the definition is immune to subsequent changes to the selection mode.

Hatch index indicator is specified and behaves as ind. -&d in the HATCH INDEX atibute element.

Pattern index indicator is speckied and behaves as indicated in the PATTERN INDEX atribute element.

Which aspeca are used depends on the corresponding ASFs. see the ASPECT SOURCE FLAG element.

Reference:
4.4.8

5.4.15 EDGE REPRESENTATION

Parameters:

edge brite idex (D
ge type inkamor (XX)

edge width spmfier
if edge width specification mode is 'absolute.
absout edge width (VDC)

if edge width spciication mode is *scale•.
edp width scale actor (R)

edge clair
if the colour selection mode is indexod'.
edge colour index (Cl)

if the colour selection mvde is 'diect.
edge colour value (CD)

Description:
In the edge bundle table. the given edge bu~e in mdcx is associated with the specified parametcrs.
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Edge type is specified and behaves as indicaiad in the EDGE TYPE awibuw elCmiIT.

Edge width is defined in the cwrmt EDGE WIDTH SPECIFICATION MODE u'd is stored in the bundle table
along with tha mode. Thus the detinition is immme to subsequent changes in dth specification mode.

Ed-- colour is defimed in the current COLOUR SELECTION MODE mad is ---ad in the bundle table along
with thas mode. Thus, the def'iiuon is immune to subsequmu changes to the selecton mode.

Which aspects ae used depends on the coiresponding ASKi. see the ASPECT SOURCE FLAG element.

Reference:
4.4.8

Page 61

Add the following sub-clauses after sub-clause 5.5.6

5.5.7 LINE CLIPPING MODE

Parameters
mode (one of. locus, shape. locus then shape) (E)

Description
The Line Clipping Mode is set to the value specified.

Reference:

4.5.2

5.5.5 MARKER CLIPPING MODE

Parameters
mode (one of: locus, shaMe, locus then shape) (E)

Description
The Markcr Cipping Mode is set to the value specified.

Reference:
4-5.2

5.5.9 EDGE CLIPPING MODE

Parameters
mode (one of- locus, shape, locus then shape) (E)

Description
The Edge Clipping Mode is set so the value specified.

Reference:
4.5.2

S.5.10 BEGIN FIGURE

Parameters:

none

Description:
This is the f"rst element of a closed figure. AU subsequent elements unil the next END FIGURE will be parn
of the closed figure.

Reference:

4.6.1
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5.S.11 END FIGURE

Parameters:
none

Dose ptlon:
This element termintues the cumem closed figure.

If the current region has not yet been closed by a preceding NEW REGION or CONNECTING EDGE element.
And the last point of the last line element is not coincident with the current closure point. then the current
subregion is closed by a line segment co=mecting the last point of the preceding line element to the current
closure point. This lin beon-es a pa of the boundary specification. If the region which has been previously
closed is emnxy. or the lasn point of the last line element is coincident with the current closure pot= then no
line segmem is generated by this element.

Reference:
4.6.8

5.5.12 NEW REGION

Parameters:
none

Description:
This element is used for control of subregion constucion within closed figures.

If the current region has not yet been closed by a preceding NEW REGION or CONNECTING EDGE elemcnt.
md the last point of the lat line element is not coincident with the current closure point. then the current
subregion is closed by a line segment connecting the last point of the preceding line element to the current
closure point. This line becomes a par of the boundary specificaton. If the region which has been previously
closed is empty, or the last point of the last line element is coincident with the current closure point. then no
line segment is generated by this element.

The first point of the nest line element following a NEW REGION element becomes the new closure point.
strting a new subregion.

Reference:
4.6.8

S.5.13 SAVE PRIMITIVE CONTEXT

Parameters:
Context name (N)

Description:
This element allows for the grouping and identificauion of the set of current values of the auribute and control
elements listed in the list below as a single named mtity.

Groups of elements may be saved in a picture or segment using the context name.

The atribuu mmd contrl elements which may be saved by SAVE PRIMITIVE CONTEXT and restored by
RESTORE PRI]rThIVE CONTEXT am

• "*RE-ORDER TABLE o

CHARACERI CODING ANNOUNCER
AUXILIARY COLOUR (Note I)
EDGE BUNDLE INDEX
CLIP RECTANGLE (Note 3)
EDGETYPE
CLIP INDICATOR
EDGE VW#DTr (Note 2)
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TRANSPARENCY
EDGE COLOUR (Note 1)
LINE BUNDLE INDEX
EDGE VISIBILrrY
LIE TYPE
EDGE CUPPIUNG MODE
LINE WVATH (Nate 2)
LINE COLOUR (Noat 1)
LINE CLIPPING MODE
CHARACTER SET INDEX
MARKER BUNDLE INDEX
CHARACTER EXPANSION FACTOR
MARKER TYPE
CHARACTER CODING ANNOUNCER
MARKER SIZE (Note 2)
CHARACTER SPACING
MARKER COLOUR (Note 1)
CHARACTER HEIGHT
MARKER CLIPPING MODE
CHARACTER ORIENTATION
FILL BUNDLE INDEX
ALTERNATE CHARACTER SET INDEX
FILL COLOUR (Note I)
TEXT BUNDLE INDEX
TEXTFONT INDEX
FILL REFERENCE POINT (Note 3)
TEXT PRECISION
INTERIOR STYLE
SEX COLOUR (Note 1)
HATCH INDEX
TEXT PATH
TEXT ALIGNMENT
PATTERN INDEX
PICK IDENTIFIER
PATTERN SIZE
ASPECT SOURCE FLAGS

NOTES:

1: The COLOUR SELECTION MODE in which this value was last set is also recorded.

2- The corresponding specficauon mode in which this value was last set is also recorded.

3. The VOC TYPE in effect whe these values a saved is also recorded

Reference:
4.12.6

S.S,14 RESTORE PRIMITIVE CONTEXT

Parameters:
Contet name (N)

Description:
The attribue and control set recorded in the metafile with the last SAVE PRNITIVE CONTEXT element we
recalled on inturpreutuon.

Reference:
4.1..6
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F_,1 6J

Add lw folowig uet to the of the sewd pPalpgiah of sub<-clam 5.6

These =srucuoru for the actual displayed possuon ofa mutt, indy apply Lo MARKER CUPPING MODE -oc.s

Pae •8

Add the followin subclam" ae nktaclaum 5.6,19

S.6.20 CIRCULAR ARC CENTRE REVERSED

Parameters:

czenteoint (P)

DX_samr. DY_sts DX cn. DYmend (4VDC)
radius (VOC)

Description:
A circular arc is drawn which is deelFid as follows:

DX-sr and DY-stan define a sun vactor, &A DXenid and DYend define ma end vector. The -Vs cf .a :ez
vecors we placed on the cenu'•oint. A start ray mid end ray am derived from the start and end vec:or- Te
start and end rays are smt-infinate Lines from the cenutpoint in the directions of the start and end 'ecwrs
respeively.

The specified radius and ýrnrepotnt define a circle. The ar is drawin ithe negative angulal ±rec;€c ,, as
defined by VDC EXTE.NT from the inte'ectior of the circle and the suns ray (as obtatrbe, bty ,reiur!g a
distx= "radius aloing th sutn ray from the cenrepouu) to thei .r lctmo of the cimle and the end 3ay

Th arc is displayed *uiii ctren line ceane'm acibutms.

Valid values of th vactor components am diose which produce vafm, of nonz-o length.

Valid values ofradius' are nonnegave VDC.

If the start ray and end ray am coincident. it is ambiguous whether the defined arc subtends 0 deg-ees or "60
degirees of caenral angle (we the spec1,ficanwns for the CIRCULAR ARC CENTRE i aunex D01

Reference:
4.6

S.6.21 CONNECTING EDGE

Parameters:
nonle

Description:
During the constsUition of a closed figure a line segment connectng the last point of the preceeding ine
element and the next point is added to the boundary deitiomn. The next point, which must be different from
the last point. may be:

I. the frst point of the next line element. or

the current closure poin tha is in cases where CONNECTNG EDGE is followed by eter NEW
REGION or END FIGURE.

"The appearance of the cornecting edge is fully determined by the edge stmbutes and EDGE VISTBULrTY

References:

... .. 6......
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Pqe 98

Add the following sub.lawm after sub-clause 5.735

S.7.36 PICK IDENTIFIER

Parameters:
pick identifier

Description:
The pick identifier v"a is associated with all of Ow graphical primitive elements of a segmer unul the next
PICK IDENTIFIER element. Usage of the PICK IDENTIFIER cn interpation is dependent upon the
application and on the caugory of the metauke.

Reference:
4.7.9

Page 100

Add the following sub-clause after sub-clause 5.9

5.10 Segment elements

5.10.1 Segment control elements

5.10.1.1 COPY SEGMENT

Parameters:
segment identifier (SN)
cc"y ~Marformation Matrix

scaling Mad taQon poruon (Z%2xRI
aslation P (2xlxVDC)

segment rimsfom'ationt applicaton (one of: NO. YES) (E)

Description:
The segment which is indicated by the segment identifier is referenced at this in the metal'e for copyig
iuno the picairt, or into a segment when referenced from a senmen. on imawetasion. With the eacepuon of
the segment uussformanou associatad with the copied segmen, the idmtified segment is referred to as the
copied segmen. The segment attibutes of the copWed segment am ignored. Whether or not this segment is
ignored is co•trolled by the 'segment. trsformaton applicazion parameter. The segment atibutes of the
segment in which the COPY SEOMENT' may occi are unchanged by this eltneI.L

The copy ransformnaion is applied to all primitive elements of the copied segmnta before they ae copied into
the open segmen. The copy wmurfonmnason is also applied to cipping recutagles undaer some cgcumstances.

The INHERITANCE FILTER element allows for contol of the amtibuti values which at used when copying
segments. This filer cortoLs whether indivitual amibue values ae repplied to the grphical primitives. The
effects of INHER]TANCE FILTER am decribed in Clause 4. The way in which clipping is applied to
prinutives within a copied sinesit is ommlled by CLIP HERITANCE (see Clamse 4).

The -segment trnsformastmi applicatixon pj, ami conutols wheth or not the segment transformation

associated with the copied segment will be applied as = effect of the copy process. If it is. the application of
the segmente u-formation is rawer applied to a clip recuirgle asociaed with a copied object.

Reference:
4 12.1•.12.15

5.10.1.2 INHERITANCE FILTER

Parameters:
ftlhcr seiccuon attibute designator (list elements or groups from:
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LIE BUNDLE INDEX
LINETYPE
LINE WIDTH
LINE COLOUR
LINE CLIPPING MODE
MARKER BUNDLE INDEX
MARKER TYPE
MARKER SIZE
MARKER COLOUR
MARKER CLJPPING MODE
TEXT BUNDLE INDEX
TEXT IPONT INDEX
TEXT PRECISION
CHARACTER EXPANSION FACTOR
CHARACTER SPACING
TEXT COLOUR
CHARACTER HEIGHT
CHARACTER ORIENTATION
TEXT PATH
TEXT ALIGNMENT
FILL BUNDLE INDEX
INTERIOR STYLE
FILL COLOUR
HATCH1INDEX
PATTERN INDEX
EDGE BUNDLE INDEX
EDGErTYPE
EDGE WDTH
EDGE COLOUR
EDGE VISIBUITY
EDGE CLIPPING MODE
FILL REFERENCE POINT
PATTERN SIZE
AUXInlARY COLOUR
TRANSPARENCY
LINE ATTRIBUTES
MARKER ATTRIBUTES
TEXT ATTRIBUTES
CHARACTER ATTRIBUTES
FILL ATTRIBUTT.S
EDGE ATTRIBUTES
PATTEPN, ý'-RIUTES
OUTPIUT CiGsT'ROL
PICK IDEITU"IR
ALL ATTRIBUTES
ALL
LINE TYPE ASF
LINE VWT ASF
LINE COLOUR ASF
MARKIER TYPE ASF
MARKER SIZE ASF
MARKER COLOUR ASF
TEXT FONT INDEX ASF
TEXT PRECISION ASF
CHARACTER EXPANSION FACTOR ASF
CHARACTER SPACING ASF
TEXT COLOUR ASF
INTERIOR STYLE ASF
FILL COLOUR ASF
HATCH INDEX ASF
PATTERN INDEX ASF
EDGE TYPE ASF
EDGE WIDTH ASF
EDGE COLOUR ASF
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L24E ASFS
MARKER ASFS
TEXT ASFS
FILL ASFS
EDGE ASFS
ALL ASFS

Description:
The seting of the inheriance lUter is modified for those atn'butes i the filter selection list. According to the
setting. ts-ibuws we inhha-itl from the cment state lists or from the copied segment.

Reference:
4.12.5

S.10.1.3 CLIP INHERITANCE

Parameters:
clip inheritance (one of: sum list. intersection)

Description:
The behaviour of clipping as applied to primitives in copied segments is defined. Simple clipping against the
cturt rectangle in the modal state list is selected by the value "statejlist'. The value 'intersection' not only
selects the clip rectangle to come from the segment but also enables an 'object clipping- feature. The
transformation of clip rectangles and accumulation or composition of multiple transformed rectangles is
enabled. depending upon the settings of CLIP INDICATOR. See Clause 4 for a descnripuon of the mechanism.

References:
4.12.1
4.12.5

5.10.2 Segment Attribute Elements

Segment Atribute Elements. if used. shall all appear irmrnediately after BEGIN SEGMENT. before the first element of
another type. The segment idWenuer shall refer to the segment =n which the elements we contained.

S.10.2.1 SEGMENT TRANSFORMATION

Parameters:

segment identiier (N)
u'nsfotnastion mam.i~

scaling and rotation portion (2x2xR)
imslation portion (2aIxVDC)

Description:

The segmen t uwsfrmion matarix for the identified segmen is set to the specified paraneter.

The default segment causfomrianon is the identiy ma-ix.

Reference:
4.12.4-5

S.10.2.2 SEGMENT HIGHLIGHTING

Parameters:

segment identifier (N)
highlighting (one of: normsL. highlighted) (E)

Description:
The segment highlightling for the identified segment is set to the specified value. When the highlighting
attbute is set to 'highlighted. the visual appearance of the segment is interpretauon dependent. When the
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highlightig attibute is set to 'nomal'. thw segment is displayed according to the segment and prunuive

aunbuta.

Reference:
4.12.4.2

5.10.2.3 SEGMENT DISPLAY PRIORITY

Parameters:

segment identidru01
segmet dispay priority )

Description:
The segment display prionty 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 d€spiav
prionties. When the seqgment display priorities of two ovedrapping segments are the same. the order in whic;,

they appear is p dCpendenL

Reference:
4.12.4.3

5.10.7.4 SEGMENT PICK PRIORITY

Parameters:
segment idetiafier (N)
segment pick priority (I)

Description:
The segment pick priority for the identified segment is set to the specified value. The pick pnonty does not
affect the display of segments.

Refereuce-
4.12.4.4

Page 103

Clause 6: Add the following at the end of clause 6:

NAME PRECISION encoding depawdent

MAXIMUM VDC EXTENT VDC EXTENT

SEGMENT PRIORITY EXTENT 0...255

DEVICE VIEWPORT 0..1 .. 0..1.

DEVICE VIEWPORT SPECIFICATION MODE fatimo odrawing surface

DEVICE VIEWPORT MAPPING forcedle.t.boaom

LNE REPRESENTATION in de d ent

MAF.KER REPRESENTATION dependent

TEXT REPRESENTATION k dqepien

FILL REPRESENTATION w dependent

EDGE REPRESENTATION dependent

LINE CLIPPING MODE locus

MARKER CLIPPING MODE locu
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EDGE CIPPING MODE locus

PICK IDENTIMIER 0

f 1HERfrANCE FILTER sapnt

CIUP INHERrrANCE stae Hu

SEGMENT TRANSFORMATION 1.0 0.1 0.0

SEGMENT HIGHLIGHTING nomal

SEGMENT DISPLAY PRIORITY 0

SEGMENT PICK PRIORITY 0

Page 104

Add the following clause after sub-clause 7.4

7.5 Conformance for Version 2 metafliles

"This conformance section dermas conformance foro metafiles which are 'version 2. A Computer Graphics Meteile
(CGM) is said to conform to the standard if it implements precisely all the elerntsu required for a version 2 metafile as
defined in this sudwd. W ren dewmining conformance of a CGM. the formal grnmunir shall take precedence.

Page 12J

Add the following to the end of sub-clame D.1h

In a static pictue-captu, e meie potuially dynamic effects we avoided by limiting the position of elements with such
poentially dynamic effects. Thas bundla table definitions may only appear in the picture descptor. In a mcutile the
effects of COLOUR TABLE and PATTERN TABLE me unspecified when they occur in a location with potentially
dynamic implicatmis. In uietafles which have a version number which is greater than one these elements may appear
in the Picture Descriptor. Use of thes elements in the picnat body is discounged in order to unprove the portability
and predictability of CGM exchange.

Page 125

Add sub-clam D32.3

It is rmcomninded that the midam-vry elements in the Metaffle Descriptor are written first in the desnptor and in the
following orde

METAFZLE VERSION
METAFTLE ELEMENT LIST
METAFILE DESCRIPTOR

Page 127

Sub-clamu DA3: replace the swame with the following tex

DEVICE V1EWPORT. DEVICE VIEWPORT SPECIFICATION MODE. DEVICE VIEWPORT MAPPING
In the cm where the VC specirm in DEVICE VIEWPORT SPECIFICATION MODE is set to either millimena with
scale factor 'orphysical device tnts' en all interpreters may be able to interpme the DEVICE VIEWPORT element as
specified. and the imerpmean becomes implementation dependmt Since the CGM does no specify the behaviour of an
interpete•r an application may wish to control the VDC-todevice mapping by mechanisms external to the CGM picture
description, for example to include CGM picture in documents
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Paop 127

Add the following text to die &id of the sub-chusm D.4.4:

Clipping Modes
If inteprets cariot handle the locus' clipping mode for LINE CLIPPING MODE. MARKER CLUPPING MODE or
ET -.E CUPPING MODE. thin locus plus shape' should be used as a fallback

Page 127

Add the following text to thi end of sub-clause D.4A

If intop er cannot hadla clippuig to "hw Pvla logmrm that could result from using CLIP INHERITANCE value
'intersection' the suggested fAllback is to clip to the minimal circurnscribing rectangle. In cases where multiple
paallelograms might be composed (by intersecon) to form a gaenral convex polygon. interpreters should intersect the
chucbtms'bg rectarngles to daive at effec've clip rectangle.

Page 127

Add the following text to the end of the APPEND TEXT recommendations:

Changing the TEXT PRECISION in pattial text state is likely to lead to unpredictable results. Generators aWe
dicouaged from doing this. Interpreters which can otherwise handlc text attribute changes ti partial text state should
ignore dtis element in tha state as a fallbak.

Page 128

Sub-clause D.4.5: Add the following text between CIRCULAR ARC CENTRE CLOSE and Elliptical
elements:

CIRCULAR ARC CENTRE REVERSED
If the start ray and end ray coincide. it is recommended that the muaw'eter draw the full circle.

"*eseclalis D.43 - usytjhiri oan closed fip 0*000*6""'"0

Page 132

Add the following sub-clause after sub-clause D.4.8

D.4.9 Segment elements

The restrction of segment aceibutes to be set only immedially after the BEGIN SEGMENT element and before any other
element avoids any dynamic effects. If the output device cannot adjust segment prionry on interpretation, segment$
should be displayed in orde of prioity.

Page 133

Sub.ciaue D5. OCmpn the sentenc to:

.. capabilitu listed in the tables below, appropriate to the version of the metafile they want to support.

Page 133

Sub-clause DS. Change the tide for Table 5 to:

Table 5(a) Suggested minimum capabilities for version I metatiles

Page 133

Sub-clause D.5 Add t•:e following table after Table 5(a)

Table 5(b) Suggested additional minimum capabilities for version 2 metafles

Capability Minimum Suggested Interpretr Support
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DEVICE VIEWPORT SPECIFICATION MODE bami of dn(wmg sutraceDEVICE VIEWPORT MAPPING no faed. forced
Wet. cewe. right
bom cencm topLNE REPRESENTATION 5

MARKER REPRESENTATION 5 eanuiTEXT REPRESENTATION 2 simm
FILL REPRESENTATION 5
EDGE REPRESENTATION 5 mmLINE CLIPPING MODE locus, shape, locus thin shapeMARKER CLIPPING MODE locus. shape. locus thin shapeEDGE CUPPING MODE locus. Asa locus thni shape
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Page 144

The foUowing annex forms a new mmex F.

F Formal Grammar of the Functional Specification of the CGMADDI Category

F.! Introduction

This grammar is a formal definition of a standard CGM extended syntax. The ncoding-indcpendent and the encoding-
dependent productions are separated. and there are subsecttons showing the syntax of each of the standardized encoding
schemes. Details on the mecoding of trminal symbols can be found in parts of this Standard that deal with the parucuiar
aecoding schemes.

F.2 Notation used

<symbol> nontrmnal
<SYMBOL> - terminal
csymbol>* -0 or more occurrences
<symbol>-. or more occurrences
<symboL'o optional (0 or I occurmn=es)
<symboL>(n) - exactly n occurences. n=2.3....
<symbol-I> ::= <symbol-2> - symbol-I has the syntax of symbol-2
<symbol-I> I <symbol-Z> - symbol-I or altemruively symbol-2
<symbol: meaning> . symbol with the stated meaning
(commnt I - explanation of a symbol or a production

F.3 Detailed grammar

F.3.1 Metaflle structure

<Metafi]> .= e<BEGIN METAFILE>
<snetafile idenurjef'

<met-le descriptor>
<cmetafile contns>*
<END METAFTLE>

<mnctLaile idcu5cr> = <string>

mrnctafilc contents> c'aecxra clcrnecn>
<picture>
<excra elemaen>0

<excra element> - <e rutil element>
I <escape elaneat>

<pictaue> • <BEGI PICTURE>
<picture idendfiar

.cpictwur descripar ceelnaio
<BEGIN PICTURE BODY>

icrnictur amtenO
<END PICTURE>

S<pcrure tdwaifie> - <string,

<picrure cantenc> • <picture element>
I <segment>

<pIc'urc clement> ::= <eligible control element>
I <graphical element>
I <closed figure>
I <primitive attribute element>
i <pattern table element>
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I =0lM table elemenc:.
I <specflcation ekament
I <sement/ cotl element>
I <extra /emen

<segrment> cBEGIN SEGMENT>
4sqmau identtfiela

<segment attibute, elemnesici
<eligible picture elemenro*
<END SEGME2NT>

<segment idenufierl ::> <name>

<eligible picture element> z- <eligible contol clement
I tgaphical elemeno.
I cclosed igure>
I <ptimitive attibute element->

<specifcation element>
I <segment conrol element>
I <extra eiement>

F..3.2 Metaflie descriptor elements

<metalle descripwr> c <esta elemnt>*
cidenmtcation>
<optional descriptor element>*

z"'change next bit to be likc CGM ie no order mandated - how to do this?*"*''"

<idena•ican> • <ME•AF.LE VERSION>

<exta elemaent
<element listD
<extraelenentm4
<meti dewron>o

<netanile descnpuonrk> <METARLE DE.-CRTPTION>

<element list.;-, <METAFILE ELEML,'-T L'ST>
<element name>*
I eenemat name short.-- -A cnit-raiedr *

<elenmet name shorthand
enumerated> < CDRAWING>

j <DRAWING PLUS CONTROL>
I cVER.2 STATIC ALL>
i <EXTENDED PRIMITIVES>
I <VER.2 STATIC GKSM>

<optqoial descr elm[> m cVDC TYPE>
<vde typU inmraii>

i <MAXIMUM COLOUR INDEX>
<relut index>

<COLOUR VALUE EXTEN7>
<nW Smet blun $2)

I <M ETAFILE DEFAULTS REPLACEMENT>
<element default>+

<FONT LIST>
4ont name>+

<CHARACTER SET LIST>
<characer set deCmidon>-,

I<CHARACT-R CODING ANNOUNCER>
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I <MAXIMIUM V'DC EXTENT>
<poinco (2)

< S EGMENT PRIORITY EXTENT>
rjminimmum extent>
-cuaxium extent

<segment>
I<extr element>

<Vdc type enwnwaiad> <IN4TEGER>
I <REAL>

<~element default> < eligible control element>
I<pinzxe descripior element>

<primitive attribute element>
<segment attribute elemet'C>

< extra element>

in is8632 only escape allowed above not extra - what is right?**..

<font name> <string>

<characte set derunzuon> <~char set ermenrnted>
<dsgidnsequence>

<mdcjL <stndard index value>
I <priate index value>

<3tidm~d 41dex Value> qcnn-negative iniegct>
.cmo-negaluve integci9 <integer> (greatrc or equal to 0)
4vosiuive tnteger' < uiege> (Sireatrc than 01
(pFlVa uinex value> m .oegatuva imtger>
,cgative imegcr' <integer> (less than 0)
<positive index> < 'positive integer>

<~char set ernumeatied> 4 <4 CHAR>
I<96 CHAR>
I<MULTI-BYTE 94 CHAR>

<MULTI-BYTE 96 CHAR>
I<COMPLETE CODE>ý

<coding techlmique enumracnd> -x <BASIC 7-BIT>
I <BASIC &-BIT>
I <EXTENDED 7-BIT>
I <EXTENDED 8-BIT>

<designaaion sequence> <String>

<.calae prncsion> <IN'TEGER PRECISION>
<integer precision value>

I<REAL PRECISION>
rasl precision vahwue>

I<MNEX PRECISION>
<index preeziort value>

I<COLOUR PRECISION>
<colour precision value>

<COLOUR INDEX PRECISION>
<ccolou index precision value>

<NAME PRECISION>
<name precision value>

these elemntsa have encoding)
dcpendent purnezrs 1
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<point> -~cu~,(~

,Ciinumum extent :uvngr

-cmaximum extent> ~

F-3.3J Picture descriptor elements

<cpicoe descriptor elemnent> =x cSCALING MODE>
<=110111 Sim Mode enmerated
,cmeaw scale facto,>

I -cVDC EXTENT>,
<lPojno.t (2)

I <DEVICE VIMWPORT>
<viewporn poim,.(2)

1<DEVICE vIEWPORT SPECIFCATION MODE
<VC Sapeirmw anowngeaat>
q1netmc scl (amw>

< DEVICE VMlWPORT MAPPING>
-cSUMn fag umrmaod>

<hriWWIzna afipmau flag eurnerated>
<Cvar*:a alignment flag esmneraaod>

, BACKGROUND COLOUR>
,CW green bluez,

I <Upecifleauion alernent.

I cazzan table elemnt>o
I <colour table clanatc>
I <ewa cklem>

<epcification elcment> <COLOUR SELECTION MODE>
, colour selec mode enumsazte&

I<LINE WIDMh SPECIFICATION MODE>
qmpe modwe cWAnwzad

< MARKER sEM SPECIFICATrON MODE>
<q mnode aunmwaul

I<EDGE WWIWT SPECIFICATION MODE>
apec Mode cnumawad

<c=lour select mode enumerated> ::a <INDEXED>
I<DIRECT>

<scaling spec.-mode entoneratd> u<ABSTRACT>

I <METRIC>

<seneac scale factor> <Mal>

<13oVOPY flag enumerated>u <NOT FORCED>.
I <FORCED>

<isoriz ahpg flag enumer, <LEF:T>
<CENTRE>

I<RIGHT>

<Ven align nlag enumer, <BOTTOM>
I<CENTRE>
I<TOP>

<spec mod,. cnunaeratd> <ABSOLUITEý,
I<SCALED>

<VIewrtpowr>'mz :-a<p
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<VP = <integer> (2)
, <=UA> (2)

<VC sPecifier ecumerated> <FRACTION OF DEFAULT DRAWrNG SURFACE>
I <MILLIMETREc WITH SCALE FACTOR>
I <PHYSICAL DEvICE UNITS>

<'epresenuuion element> <LINE REPRESENTATION>
<Positive index>

<sie vaJue>
<iolowr>

I <MARKER REPRESENTATION>
<cpsiuve index>

<size value->
<colour,

<TEXT REPRESENTATION>

<positive index><patiive index> ([fon)

.Clt prtcsion enumuerut•>
4leak> (chara spacig)
,mal> (expmnsion fatorJ
4calow.>

I <FILL REPRESENTATION>
<positive index>
<me'ior style rtwumerued>
<colour>
<index> (hatch index
<positive index> Ipaaern index)

I <EDGE REPRESENTATION>
<,positive index> s<kndel>

<size value>
<,colour>

<s=ze value> w auon.negative vdc value>
I -non-negaunve reaL>

<non-negauve vdc value> <vdc value>, I geater am or equal to 0)

<Qon-negastve real <rel> (greater than or equal to 0)

<colour> = <=olou index>
I aed psen blue>

<text precision enumruma> = <STRING>
I <CHARACTER>
I <STROKE>

<mtcror style enumeraed> < cHOLLOW>
I <SOLMD>
I cPATTERN>

<HATCH>
<EMPTY>

F.3.4 Control elements

<control clement> . <eligible control element>
<BEGIN FIGURE>
<END FIGURE>
<NEW REGION>
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<eligible control elemeii> -- vdc preisiorz'
--<AUXILIARY COWOUR>

I<TRANPARENCY,

I<CLIP REC-ANGLE.-,

I CULP flNDICATOR,
4mn-ff bkmor auammme

I<LINE CLIPPING MODE>

I<MARKER CLIPPING MODE>
AMUP madle wwnnMd>

-c:EDGE CLIPPING MODE,
<Ci mad. Wwerwd

I<SAVE PRIMITIV CONTEXT>
4context name>

-,<RESTORE PRIMrT[E CONTEXT>
<context =ame>

<=n-off indiatr enurnerstd> <ON,
I <cOFF>

<VDC INTEGER PRECISION>
4vdc imager precision value-,

e VI)C REAL PRECISION>

<vdc real precision value,(thae elements have oncoding)

<clip mode cmwnmerat> .n<LOCUS>
I<SHAPEi>
I LOCUS-.THEN-SRAPE,

<Context name,ý <a m,

F-3.5 Graphical elements

<graphical elemnent> =a polypomin elenemt,

I<calel ernaenD
I cgdP eiwmgno
4 mcungle dwmera

<Ccww~ia ekfneaD

'Poiztwes elemenp

q~lPoi~nt elemernt- <POLYLUqlE,

voipau is
I<DISIOMF POLYLD(F>

Voint psir lism,
I <POLYhIARKUR

<point liso.
I<POLYGON>

<Point>(~3)
<Point list>

I<POLYGON SET>
<point edge paiz,(3)
<Point edge pair list>
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<point lL1L, ~Z=<lt

<pont pazz !urL> ::u pmr FpliD

<point Pau-> <pqolAno.2)

<pinti edge Pau-> < pomc'<atgc out flag,>

cpont edge Pair li3L) u .pogm edge pear>

<edige out nag <LWMIBS~LE.,
<VISIBLE.>
CCLOSE-D1MSIB LE>
<CLOSE-MERILE>

<u it Laji>

~ .et~ 'e~' ~ RE-MSTEl~D TEXT>
<catan9.

<1*1: Lail>

<vdc vae~o0,)

c~ex~ ai> -~<fintal chiwcter I W>

<nofinaw charact" i ht>
'fL-,al chzuara.j=-s <FINAL>.

<string

gmonJ~aj -~araceT ýst> <NOT FTINA L>

'<pwu&a text: ucibute clermeint,

<ce:I C:emc-.:> <CELL. ARRAY>

'cpouug43

Cco~iauuegrIx mleger2)

t'his ciaiveu hi atn awdn~g)

<locaI caouir vrwuunu, zoxw pvmw vdue>
I<,Iokw ndi pmucimn vaiua>
I<4ef&Wli caulms pisxm uxiwmor

<gdp elernertD < GDP'>
<gdp idenfia>

<duA m=u

<recunv~c cemcmcrc .- = <RECTANGLE,
<point Pair>
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<ciu~ar clanenc- <CrCLb:)

I<CIRCULARf ARC 3 POINT>'

<CIRCULAR ARC 3 POINT CLOSE>

'Mime type,
I<CIRCULAR ARC CENTRE>

<Poino.
<V& vahxp,4)

I<CIRCULAR ARC CENTRE CLOSE>'

<vdc vahwjej$4)

<close type>
<MICULAR ARC CENTRE REVERSED>

<point>
<vdc vdSt(A)

<radius> iown-negauve vdc value>

<c1c2c ?vpe.> z- <PIE:'
I <CHORD>

<e~lpticl eeT".~c><ELLIPSE>

I <ELLIPTICAL ARC>

c<wk vahx:<4)
I<ELLIPTICAL ARC CLOSE.>

<vdc vWaw-v4)
<close tye

<pulemss eiemnenl > <CONNJECTING EDGE>

F-3.6 Attribute elements

<pnrmuiv e azicbu te element> 4- iue: attibute elaemai
I ýQiwrlan 1Wlbuw ckrncn

t <Mt utribuxi temenai

I<W=oa sewm nap>
I<pick iclntdemc,

<lne; attribute elaneno <LIN~E BUNDLE INDEX>
<cPositive indez

I<LINE WYP,

I<LINE COLOUR,

<jnarker awrbute elcmme> <MARKER BUNDLE INDEX>
<positive inde>

<MARKER TYPE>
<Videx,

<MARKER SIZE>
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<j= vg ...
<'MARKER COLOUR>

4molow>

<txt utwbuw cl~enca : <TEXT FONT INDEX>
130sacvo axse:>

<TEXT PRECISION>

<CHARACTER EXPANSION FACTOR>

<CHARACTER SPACING>

<TEXT COLOUR>
<cclour>

<CHARACTER HEIGHT>
4=m -negative vdc value>

I <CHARACTER SET INDEX>
<Positve idex>

I <ALTERNATE CHARACTER SET LNOEX>
<positve mdei.

<TEXT BUNDLE INDEX>
Imposiuve indea,

<AUXILIARY COLOUR>

<TRANSPARENCY>
<on-off izidicauw ieauzcwe.

<text ambute clmo ..r-- <chart acibuc eJeen• >
I <st'nwg atmbu- element>

<char accribuw element> <EXTIUNDLEI•NWDEX>

'positve idxS<TEXT FONT INrDEX>

positive inci.>
<CHARACTER EXPANSION FACTOR>

<CHARACTER SPACING>
<zeal>

<TEXT COLOUR,
<coiow,>

<CHARACTER HEIGHT>
,con-nqative vdc value>

<CHARACTER ORIENTATION>
<ck vsbUW,4)

I<CHARACTER SET INDEX>
q<ositive inda>

I <ALTERMATE CHARACTER SET INDEX>
<posit index>

<sang aum t cemenE <TEXT PATH>

I <TEXT PRECISION>

I <TEXT ALIGNMENT>

<Vatical alpig cmnrw
4cubus alig value, (2)

<path cnmwncrawd> - <RIGHT>
<LEFT>
<UP>
<DOWN>

<ihonzonul aligir enumerted> <NORMAL HORIZONTAL>
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I <LEFT>
I <CENTRE>
I <IGHT>
I <-'ONTINuOUS HORIZONTAL>

<vericalI slip e enid> - <.NORMAL VERTICAL>
I <TOP>
I <CAP>
I <HALF>
I aBASE>
I aBOTTOM>
I <CONTINUOUS VERTICAL..>

<continuous a=ii v.Jue> -az'ea

<fiMed.area auibuw- elem> :.- rFILL BUNDLE INDEX>
<positive index>

<04TERJOR STYLE>

<inter or style enum'racia><FILL COLOUR>
<colour>

<HATCH INDEX>

<'fwex>
<PATITERN INDEX>

Cpostive index>
<EDGE BUNDLE INDEX>

<posstive %ndex.>
-,EDGE TYPE>.

<in~dex>
I EDGE WtDTH,.

<sift valuc>
I <EDGE COLOUR>

ccolotw>
I <EDGE VISIB'rIY>

c<M-off indicator wnumerand>
<FILL REFERENCE POINT>

<paatter table elemanD
I <PATTERN SIZE>

<Vtc vaiuc,(4)

<colour table lcmnement> <COLOUR TABLE>
<stlmg index,
<ed pem blue.-

<patrn table eement> < PATTERN TABLE&
4cpOtidve index
4*fta2)
4ocal coitu precision>
coolour(intuarl x integor2)

(di eilam tnJium an encodingI
(depuideapmiuw

<suwng index> <co"uw iudezx

<aspect source flap> z- <ASPECT SOURCE FLAGS>
<uf pa-..

<uf paa,> : <as' type emzmcrmod,
<Asf cnw=Vrs>

<csfr'pe enurneratcd> " <UNE TYPE ASF>
<LINE WIDT- ASF>
C<LINE COLOUR ASF>
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<MARKER TYPE ASF>
<MARKER SIZE ASF>
<MARKER COLOUR ASF>
<TEXT FONT ASF>
<TEXT PRECISION ASF>
<CHARACTER EXPANSION FACTOR ASF,
<CHARACTER SPACING ASF>
<TEXT COLOUR ASF>
<INTERIOR STYLE ASF>
<FILL COLOUR ASF>
<HATCH INDEX ASF>
<PATTERN INDEX ASF>
<EDGE TYPE ASF>
<EDGE WIDTH ASp>
<EDGE COWUR ASF>

<as' cr.LumCraCd> <flJDIVTDUAL><BUNDLED>

<pick. :•nticr>: <PICK IDENTIFIER>
<namne>•

F.3.7 Closed rlgure element

<ccosed ,gure>-• . <BEGIN FIGURE.>
`-eligible elemenu wiuhin closed figures>
<END FIGURE>

<eLgible elemems withn
closed figures> :.a <VDC REAL PRECISION>

<VDC INTEGER PRECISION>
<,AUXILIARY COLOUR>
<TRANSPARENCY>
<END FIGURE>
S<NEW REGION>
<POLYUINE>
<DISJOINT POLYLINE>
<POLYGON>
<POLYGON SET>
<GDP>
<RECTANGLE,
<CIRCLE>
<CIRCULAR ARC 3 POINT>
<CIRCULAR ARC 3 POINT CLOSE>
<CIRCULAR ARC CENTRE>
<CIRCULAR ARC CENTRE CLOSE>
<CIRCULAR ARC CENTRE REVERSED>
<ELLIPSE>
<ELLUTICAL ARC>
<ELLIPTICAL ARC CLOSE>
<EDGE BUNDLE INDEX>
<EDGE TYPE>
<EDGE WIDTH>
<EDGE COLOUR>
<EDGE VISIBILITY>
<EDGE ASPECT SOURCE FLAGS>
<ESCAPE>
<MESSAGE>
<APPLICATION DATA>

F.3.8 Escape elements

<escape eicMren <ESCAPE>
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<1da~ti><inteUger>

F-3.9 External elements

<Wexiaal elemient> <MESSAGE,>
<aUion flag,
4uwing>

< APPLICATION DATA.>

-dmtca r,

<action flag> < <YES.>

F.3.10 Segment elements

<Segment control elemenc> <COPY SEGMENT>
<sevmnat idenui~a>
<'Copy transormawn murixs>
<Segment Tuufowmauon applicauon.>

I dNHERrrANCE- RL.TFlb
<filter selection list enmeraatedj>*

I<CLrP MEOrANCE.>
cliP inhuntancA enumeated>

<Segent att cmbut element> < SEGMENTT. -4SP-OR.MATT0N>

<sema,. nmfamx

< SEGMETlflHIC tuGHTING.>
w-Segment idenuria,
4tighlighting enuzmeratced

I<SEGMENT DISPLAY PRIORITY>
Aarevnt~ itlendujfi
<Seprintu display oonary.>

<SEGMENT PICK PiuRORIy.>
<csepnant name>
'CsePnast pick priortty.>

<copy trarformigton mauix> 'Ciransfoffnagion maix.>

<Wmsrisfmauon mactx, <2 x2 matrix atreals,
,Cx1I matri of vdca,

<Segmentt T=I. application>CN>
C YES.>

14Utae selection list
enumerted>: "tuaibum and cotmetl name enumeated>

I 'catuibutc VOuW aid comrl enmeraated.>
I<ASP name emuanaawcbt
I <ASP group enunmeraedl>

<azmrbute and control
name enumerated.> '~CLJNE BULNDLE INDEX.>

<LINE TYPE>
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<LINE Wrilb
<LINE COLOUR>
<L•NE CIMPG MODE>
<MARKER BUNDLE INDEX>
<MARKER TYPE>
<MARKER SIZE>
<MARKER COL "•U,>
<MARKER CLIPPING MODE>
<TEXT BUNDLE INDEX>
<TEXT ONT INDEX>
4TEXT PRECISION>
<CHARACTER EXPANSION FACTOR>
<CHARACTER SPACUING>
<TEXT COLOUR>
<CHARACTER HEIGHT>
<CHARACTER ORIENTATION>
<TEXT PATH>
<TEXT ALIGNMENT>
<FILL BUNDLE INDEX>
<INTERIOR STYLE>
<FILL COLOUR>

I <HATCH INDEX>
<EDGE BUNDLE INDEX>
<EDGE TYPE>
<EDGEWIDTH>
<EDGE COLOUR>
<EDGE VISIBIITY>

I <EDGE CLUPPING MODE>
<FILL REFERENCE POINT>
<PATTERN TABLE>
--PATTERN SIZE>
<AUXRIARY COLOUR
<TRANSPARENCY>

<a=.bue group enurnnted.> L-INE ATTRIrUTES>
<MARKER ATTRIBrUTES>
<TEXT ATTRrMUTES>
<CHARACTER ATrRIB UTES>
<FILL ATTRIB UTES>
<EDGE ATTRIBUTES>
<PATTERN ATTRIBUTES>
<OUTPUT CONTROL>
<PICK IDENTIFIER>
<ALL ATTRIBUTES>
<ALL>

<setung enwieraad :: <STATE-LIST>
I <SEGMENT>

<.sr name emam:aaw1> .<LINE TYPE ASF>
<LINE WIDTH ASF>
<LINE COLOUR ASF>
<MARKER TYPE ASF>
<MARKER SIZE ASF>
<MARKER COLOUR ASF>
<TEXT PONT INDEX ASF>
<TEXT PRECISION ASF>
<CHARACTER EXPANSION FACTOR ASF>
<CHARACTER SPACING ASF>
<TEXT COLOUR ASF>
<INTERIOR STYLE ASF>
<FILL COLOUR ASF>
<HATCH INDEX ASF>
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I <PATTERN INDEX ASF>

I <EDGE TYPE ASF>
I <EDGE W[DTH ASF>
I <EDGE COLWUR ASF>

<as[ group enumeraite :b <LINE ASF->
I <MARKER ASFS>
I <TEXT ASFS>
I <FLL ASFS>
I <EDGE ASFS>
I <ALL ASFS>

<clip uhienunce enumerned.> < STATELIST
<INTERSECTION>

<hzghlighwng enumn•ratd :e& <NORMAL.>

I <HUG1LUGHTED>

<segment dispiay pnornc> ::- <Itege>

<segment pick priority> ::W <integer>

F.4 Terminal symbols

T"he following are the terminals in this 1panmar.
Thee representation is dependent on the encoding scheme used.
In annex A of the subseuent paus of this Standad these
encoding-dependent symbols are finrher descnbed.

<elemient name>
<integer>
<real,
<vdc value>
<string>
<colour index>
<red green blue>
<integer preiuion value>
<'reaJ prec•sion value>
<index precision value,>
<co.ojir precision value>
<col index precision value>

amrne precsion value>
<default col pretison indicator>
<vdc integer precision value,
<vdc real precision value,
<d=t rwd>

<vtwpoft poinD
<2xz2 amai of reals>
<I&,I mamurn of vdc>

The CGM extended opeodes are encoding dependent. A complete list of them can be found in the productions for
<element name enumerat•d below.

The enumeratod types:

<L''TrEGER>
<REAL>
<ON>
<OFF>
<DNDEXED>
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<DIR ECT>
<AB STRACT>
<METRIC>
<ABSOLUTE>
<SCALED>
<94 CHAR>
<6 CHAR>
<•ULTI-BYTE 94 CHAR>
<MULTI-BYTE 96 CHAR>
<COMPLETE CODE>
<.BASIC 7-BIT>
<BASIC S-BIT>
<.EXTENDED 7-BIT>
<EXTENDED S-BIT>
<FRACTION OF DEFAULT DEVICE VIEWPORT>
<M[LLLMETRES WITH SCALE FACTOR>
<PHYSICAL DEVICE UNITS>
<NOT FORCED>
<FORCED>
<LEFT>
<RIGHT>
<cCENTRE>
<BOTTOM>
<TOP>
<LOCUS>
<SHAPE>
<LOCUSJTHLN.SHAPE>
<INVISIBLE>
<VISIBLE>
<CLOSEIJNVISIBLE>
<CLOSE-VISIBLE>
<PIE>
<CHORD>
<FINAL>
<NOT FINAL>
<INDIVIDUAL>
<BUNDLED>
<HOLLOW>
<SOLID>
<PATTERN>
<HATCH>
<EMPTY>
<STRING>
<CHARACTER>
<STROKE>
<UP>
<DOWN>
<NORMAL HORIZONTAL>
<CONTINUOUS HORIZONTAL>
<NORMAL VERTICAL>
<CAP>
<HALF>
<.BASE>
<CONTINUOUS VERTICAL>
<YES>
<NO>
<LINE TYPE ASP>
<LINE WIDTH ASP>
<LINE COLOUR ASF>
<,MARKER TYPE ASF>
<MARKER SIZE ASF>
<MARKER COLOUR ASF>
<TEXT FONT ASPF>
<TEXT PRECISION ASF>
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<CHARACTER EXPANSION FACTOR ASF>
<CHARACTER SPACING ASF>
<TEXT COLOUR ASF>
<INTERIOR STYLE ASF>
<HATCH INDEX ASF>
<PATERN INDEX A~r>
<FILL COLOUR ASF>
<EDGE TYPE ASF>
<EDGE WIDTH ASF>
<EDGE COLOUR ASF>
<LINE ATRIBUTES>
<MARKER ATTRIBUTES>
<TEXT ATTRIBUTrES>
<CHARACTER ATTRIBLUTES>
<FILL ATTRIBUTES>
<EDGE ATTRIBUTES>
<PATTERN ATTRIBUTES>
<OUTPUT CONTROL>
<ALL ATTRIBUTES>
<ALL>
<LINE BUNDLE INDEX>
<LINE TYPE>
4INE WIDTH>
<LZ4E COLOUR>
<LLNE CLIPPING MODE>
<ýMARKER BUNDLE INDEX>
<MARVKET TYPE>
<MARKEF - :1.>
<MARKER COLOUR>
<MARKER CLIPPING MODE>
<TEXT BUNDLE INDEX>
<TEXT FONT INDEX>
<TEXT PRECISION>
<CHARACTER EXPANSION FACTOR>
<CHARACTER SPACING>
<TEXT COLOUR.>
<CHARACTER HEIGHT>
<CHARACTER ORIENTATION>
<TEXT PATH>
<TEXT ALIGNMENT>
<CHARACTER SET INDEX>
<ALTERNATE CHARACTER SET INDEX>
<FILL BUNDLE INDEX>
<INTERIOR STYLE>
<FILL COLOUR>
<HATCH INDEX>
<PATTERN INDEX>
<EDGE BUNDLE INDEX>
<EDGE TYPE>
<EDGE WIDTH>
<EDGE COLOUR>
<EDGE VISIBILfrY>
<EDGE CLPPING MODE>
<FILL REFERENCE POINT>
<PATTERN SZE>
<A•U•XTLIARY COLOUR.>
<TRANSPARENCY>
<STATE-UST>
<l7'TERSECT7ON>
<SEGMENT>
<LINE ASFS>
<-MARKER ASFS>
<TEXT ASFS>
<FILL ASFS>

188



<EDGE ASFS>
<ALL ASFS>
<NORMAL>
<HIGHLIGHTED>

<element rAmene mtmed>- <BEGIN METAFILE>
I <END METAFILE>
I <BEGIN PICTURE>
I <BEGIN PICTURE BODY>
I <END PICTURE>
I <BEGIN SEGMENT>
I cEND SEGMENT>
I <METAFILE VERSION>

<METAFTLE DESCRIPTION>
<VDC TYPE>
<INTEGER PRECISION>
<REAL PRECISION>
<INDEX PRECISION>
<COLOUR PRECISION>

I <COLOUR INDEX PRECISION>
<NAME PRECISION>

I <MAXIMUM COLOUR INDEX>
I <COLOUR VALUE EXTENT>

<METAFILE ELEMENT LIST>
<METAFILE DEFAULTS REPLACEMENT>

I <FONT LIST><CHARACTER SET LIST>
<CHARACTER CODING ANNOUNCER>
<MAXIMUM VOC EXTENT>
<SEGMENT PRIORITY EXTENT>
<SCALING MODE>
<COLOUR SELECTION MODE>
<LINE WUTH SPECIFICATION MODE>
<MARKER SIZE SPECIFICATION MODE>
<EDGE WIDTH SPECIFICATION MODE>
<VDC EXTENT>
<BACKGROUND COLOUR>
<DEVICE VIEWPORT>
<DEVICE VIEWPORT SPECIFICATION MODE>
<DEVICE VIEWPORT MAPPING>
<LINE REPRESENTATION>
<MARKER REPRESENTATION>
<TEXT REPRESENTATION>
<FILL REPRESEWFATION>
<EDGE REPRESETATION>

I <VDC INTEGER PRECISION>
I <VDC REAL PRECISION>
I <AUXIIARY COLOUR>

<TRANSPARENCY>
<CLIP RECTANGLE>
<CLIP INDICATOR>
<LINE CLIPPING MODE>
<MARKER CLIPPING MODE>

I <EDGE CLIPPNG MODE>
<BEGIN FIGURE>
<END FIGURE>
<NEW REGION>
<SAVE PRIMITIVE CONTEXT>
<RESTORE PRIMITIVE CONTEXT>
<POLYLINE>
<DISJOINT POLYLINE>
<POLYMARKER>
<TEXT>
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<RESTRICTED TEXT>
ICAPPEND TEXT>
<POLYGON>

I <POLYGON SET>
I <CELL ARRAY>
I <GDP.>
I .RECTANGLE>
I <CIRCLE>
J <CIRCULAR ARC 3 POINT,>
I -cIRCULAR ARC 3 POINT CLOSE>

<CIRCULAR ARC CENTRE>
I <CIRCULAR ARC CENTRE CLOSE>
I <CIRCULAR ARC CENTRE REVERSED>
I <ELLIPSE>
I <ELLUTICAL ARC>
I <ELLIPTICAL ARC CLOSE>
I <CONNECrncG EDGE>
I <LNE BUNDLE INDEX>
I <LINE TYPE>
I -LINE WnDTH>

4LNCOLOUR,
<MARKER BUNDLE INDEX>

I <MARKER TYPE>
I <MARKER SIZE>
I <MARKER COLOURP>

<TEXT BUNDLE INDEX>
<TEXT PONT INDEX>
<TEXT PRECISION>

I <CHARACTER EXPANSION FACTOR>
I <CHARACTER SPACING>

<TEXT COLOUR,
I <CHARACTER HEIGHT>
I <CHARACTEt OR.IENTATION>

<TEXT PATH>
<TEXT ALIGNMENT>
<CHARACTEI. SET INDEX>

I <ALTERNATE CHARACTER SET INDEX>
I <FILL BUNDLE INDEX>
I <INTERIOR STYLE>

<FILL COLOUR>
I <HATCH IEX>
I <PATTERN INDEX>
I <EDGE BUNDLE INDEX>
I <EDGE TYPE>
I <EDGE "V/fTl
I <EDGE COLOUR>
I <EDGE VISIBILITY>
I <FILL REFERENCE POINT>
I <PATTERN TABLE>.
I <PATTERN SIZE>

<COLOUR TABLE>
I <ASPECT SOURCE FLAGS>
I<PICK IDENTIFIER>

<COPY SEGMENT>
I <INHERTANCE FILTER>
I <CLIP INHERITANCE>
I <CUP INHERITANCE>

<SEGMENT TRANSFORMATION>
<SEGMENT HIGHLIGHTING>
<SEGMENT DISPLAY PRIORITY>
<SEGMENT PICK PRIORITY>
<PIXEL ARRAY>
<ESCAPE>
<MESSAGE>
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<APPLICATION DATA>
<DRAWING SET>

I <DRAWING PLUS CONTROL SET>
,<VER.2 STATIC ALL SET>
<EXTENDED PRUM1TVEs SET>

I <VER-2 STATIC GKSM SET>
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Annex G Relationship of CGM and GKS

(This aiea does not fonm a par of tLM standard)

GA Introduction

The (3KS Standard includes the concepts of metale input and ctt ,tworkssttions as well as funcions
providing access to aid im-preatiot of tmetailes. It does not. however. contain a mectaile defini'ion as pat of the
Standard. Annex E of tbis sttdard provides a mapping to version I metatiles.

This Anmex Provides a mapping between OKS and the version 2 metailes.

G.2 Scope

The CGM Add.2 captures static picture definitions. GKS provides many possibilities to generate images. This
meanst.• • the srategies for generating pictu:e deftinitions at numerous and comtplex. The best straegy to use in given

cuni.-tancas tdictatd by iznplementauon and application requiremnats. This anex presents a detailed mappings
between GKS and CGM only for one particular stategy.

The scope of this annex is further limited to generation of metafiles by GKS and interpretation of GKS generated
metafiles in GKS envirtncmts. Ther are many other sceanarios for generation and inepretation of metaftles. such as
interpretation by GKS of metafiles not generated by GK5 aid iknerreitain by non-GKS processes of GKS geneatewd
metafrles. These scenarios ae not dealt with in this mrex. The aax C Presents context models dealing with vuch

G3 Overview of the Differences Between GKS and CGM Version 2

While CGM supports all of the basic outut finctionality of GKS. a ote-to-one Mapping between GKS and CGM is
not possible in all cases maintly because some COM elements have no counterparts as GKS functions and some GKS
functions have no corresponding CGM elmentm. Examples of this are:

1. Delimiter element like BEGIN PICTURE
2. Enhanced facilities for tailoring and controlling the interpretation of the metafile precision of

various items, and the control of default values.
3. Extended capabilities in the area of text processing. such as named font, changing character sets and

restricted text.

G.4 Mapping Concepts

The tables later in this annex present mappings between KS and CGM elements.

G.4.1 Principles

The following principles arn basis of the GKS/CGM model of this annex and of the fwiction mappings themselves:

a) conceptual compktibility with GK(
b) compatibility with the design concepts of CGM

G.4.2 Workstation

She CGM is generated, in this modaL by a workstation of type MO. The behaviotr of the workstation, particularly in
respose to dynamic GKS fimcdioms. cma be iustaued by artalDo, in most nespects, the MO/CGM workstaion in
0KS may be implemented in a mamer analogous to a wekstin of category OUTPUT (e.g.. a plotter). whose device

instruction set corresponds to the COM dements Streuqies for correctly sending device nmstuctions wo such a real
device ame similar to those generating the proper elements on the metallie.

Tre CGM is rmad by a workstation of category Mi. Certain elements. such as the metaiU descriptor and precision-
stting elements. ame viewed as directives to the MI workstation imself. so that it may correctly read the metafile contents.

G.4.3 'Picture generation
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A metafle ics composed of a col~lction of mntauay wa ,.adet PcKsURV CKS dons raw have the concept of -Pcrnat
as defined in COM but it don fosinahas the notr no! ar empty view surfua GKS actons wehich caint cltwnng of the,
view surface. st~ic as CLEAR WORKSTATION. in deftned to dekinus meutallict Picua Ther sat U h
me~chanismn whids leads to gerieraztm of picucres in this mcdet of Uth CKS=CM relatioshilp. GKS contains

fiicionos which have pounuaal dynanic effects on a nnmmntxy display surface.. The CCM dwup co~ncepts eitc.'!
dynamice modificatian of p :wers. For this reason lU ̂dytnaimsc tnodiiacitton aVCctptn -' ~v&IIAe of - MO0,CCIM
workstation will be corcepwaaily MG.

The dfault valuse of Oth defenral state on an M0CGM workstaition is ASTI-SUPPRESSED

ThIs model of the MOICGM warlutatmo deflunes that whemtver & GKS harituon as utwokedwhfictt caeiW a U ercw
then a pscrue is outpuat to the metaitilc.

Gj.4.4 Coordinates and clipping

The coordinate space of the metuiike VDC. is definead as being identical to %he 141DC space of OKS CiiPpir'l LsA
transformation are coinptety deferred to the metafile interpreter. E~acha CKS clip amt 7&rasfomzic.ri eercntc,:ý 'as
couniterpart in CGM.

G.4.5 Workstation transformation

The workiszanon transforrnation is defined in GKS by setting a -orksutason wotndw sn de'tice Lndcpcrdcrt NDX Anc A
workstauion viewpon in device-deperdemt DC. The -orksuasior wuidow is written to the rnetafie wid'! Lhe VDC
EXTENT clemnent. The worksatason vie*port is writen to the mceule with the DEVICE VIE'%4PORT cicm Cr..

The default v alues of DIEVICE VTEWPORT MAPPING correspond to OKS mnpng of itte dev'ce ccord ina x
system onto the display space. ITh DEVICE V!EW'PORT SPECIFICATION MODE is set to W LLLM E7TPES
WITH SCALE FACTOR anid mgtlc wcale factor 1000.0 within the -METAFTLE DEFAULTS REPLACE-ME'~
eitntriut

G.4.7 Metafile element list

The metalli element list short hand defined for use with OKS application iis verson.2 sttic sksm

GA4S Relationship of fonts between CGIM and GKS

The GKS standard inicludies the concepts or text outpuat primitive attrbutes. However, Lhetnecaiisrn for ¶mccitrv-g
the text font differs vrom that spescified. in the CGM standiard. This clause definecs the a&vaach ;o handling V..ese
awirbutes within the OKS crivUroTniiai

G.4.8.1 Overview of the differences between GKS and CGM fonts

While CGNM supports the =~C ouqrit primtitive attribute functionality of CKS. a one-to-onc mappng betveecn
CGM and OKS is not possible in ald casm. Specifically:

1) OKS ad COM differ in One way fonts am derlned.

In the COM text fonts mre dertned with the FONT UIST element that associates fonit names or identifications wIth
entries ui a Font Table.

In CKS. no mechanism is available for defining text fonts. 01(5 sfoctates a wunque text font number with each font.
The Registrsatin Awhority is responsible for darining this mapping of frs numbers to specific font identifications.

2) KS andI COM differ =n the way fonts ame selecu&-

In the CCIM. texx fonts wre selected with the TE= FNT NIDEX element. The index scicci' an indivfduul font from
different fonts in the font list.

In GKS. text fonts me 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 iinplcnicnuation dependent font is selccted.

3) GKS and CGM differ on the independence of font and text precision'
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In the CGM. uie fonts &Wn text precision we specilied by trdepaident elements.

In GKS. the torn and text precision am direcily associated nith specification by a saigle harxort.

4) Some CGM Eleentess have no counuvprpw as CKS im~orn:

These include; i iliay Colour related elements. Pick as AUXILIARY COL.OLR and T'.404SPAR2EICY thas affects
the presenatiaons Of text..

This additional fwiooraiaity of the CGM camaes no, special problems for a GKS enviownmen witexpreung a va-s ion
CGMv.

5) The character set related elements CHARACTE SET LIST. CHARACTER CODING ANNOI?4CER.
CHARACTER SET INDEX. ALTERNATE CHARACTER SET INDEX have no countepfrt in OKS. GKS does not
recopitia the concept of character set as a separate concept frmu the font concept. MK implaia~enuo we asciou aged to
provide a mapping to the character set elements tor both MO and MI workstaitoftS to inctease the post ib~iiry of
transferrng met~afide bes'ween GKS enircuinmitsi and oAier systems,

G.4.8.2 Suggestion ror interpretation of CGNM tomt information by GKS

GKS env ironinauzinterpreting a CGM spectty fonts With a font nuamber. It is assurned that GKS Maxn~avus aist
associating positive fornt resib with a GKS regivwed font namne cc identifier. Pnvase fort numbers (iLe. nega±uve
values) must be maintauined in an iinpicmeruatin dependent list of assocsatiort As the FONT LIST' element Ls
trierpretied. an additional Wis must be maustaiusal that asocateas individual fons ninn spectlied in the CGM with a
font index. When the TEXT PONT INDEX elerrmM is irmueptaid, the fans nene assoc~iated *nth this font Lidex %
dewirmined from the list of currently used fonts. The font nmem is usted to dwnyine tdu OKS font rnunber associated
v,.,h this font ftmi a list of GKS regiteraed torus. This tont number ts used as the font parameter of the TEX7
FONT AND PRECISION fwiction. Thes value of the precision paramete is taken from the TEXT PRECISION
aeanaiL

G.4.J3 Generating CGM font information fromn GKS,

When generating font information from OKS via TEXT FONT AND PRECISION it is recommuended that the
gaercamo also Writes the elements CHARACTER SET INDEX and ALTERNATE CHARACTER SET INDEX as Weil
as TEXT FONT INDEX and TEXT PRECISION. The geuneaor is manimed to have a table assoctatting the posiuve
font number of GKS with the registered names. The gencrator shall put a FONT LIST element in the Metsarie
Descriptor with the names of those fonts referenced by positive GKS tornt nwribers. Negative GKS tons number% are
private and must be mapped to CGM fons indices; which am positive and beyond the range of the table.

NOTE.~ The meutale must be completely generated before the FONT LIST elarMen can be wicn=L

G-5 Metafile Generation

Included in following tables is a particular set of mappings of the GKS hancton. workstation state list entrie and
segment state list entrie onto CGM elemerits. The mappings presented we deemed usable and suitable for guiding
implementation ot a COM picture generator in a GKS environmntn. The mapping concepts of GA4 am assumed.

G.S.1 Control functions

=K function CGH A4d.2 elments N~otes

OPEN WORMSATION BEGIN MEAFILE (1)
(Met afile Descriptor) (2)

BEGfIN PICTURE (3)
store current workstation state list (4)
BEGIN PICTURE BODY

=.SE WMMJSTATICN END PICTURE
END METAFITE

AC-.VATE WORKSTAT::ýN attri.bute setti.ngs (5)
CLIP RECTAINGLE
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CLIP INDICATOR

enable output to metafile

DEACTI"VATE WORKSTATION disable output to metafile

L LARWORXSTATICON no Action
control flag - CONDITIONAL
display space empty - EMPTY

CLEAR WOCKSTATION END PICTURE
display space empty - NOT.E1TY BEGIN PICTURE (3)

store current workstation state list (4)
BEGIN PICTURE BODY
attribute sett•ngs (I-
CLIP RECTA•GLE
CLIP INOICATCR

RERAW A-. SECZSN"-S ON WORKSTAT.=N no Action
c.splay space empty - VSTY

RZRAw AL. SEGN.TS ON WORKsTAT:CN END PIC.URE
display space empty - ,OT-PTY BEGIN PICTURE

store current workstation state lis:
BEGIN PICTURE BODY
attribute settings
CLIP RECTANGLE
CLIP :NDICATOR
generate all vVisible se,<nts st:red fcr

the ND0 wrkstat;.;:.

UPDATE WCR'KSTATCN as REDRAW ALL SEGMENTS ON WORKSTAT :N
regeneration flag - PERFCRM
new frame action necessary
at update - YTES

UPCATE WOCRKSTAT= ON
regeneration flag - PERFORM
new frara action necessary
at update - N0

or

• PATE "CKSTATIZN
-egeneratLcn flag - POSTPCOE no Ac=.on

SET Z EFE==AL STATE as REDRAW ALL SEC TS ON WCRKS-ATZ=N
new frame action necessary
at .ipdate - YES

ESCAPE ESCAPE

MESSAGE MESSAGE

NOTES
1) The use of the identifier parametr in BEGIN METAFULE is implemenazion dependent.
2) See G.5.5 Metafile Descriptor
3) The use of the identfier parameter in BEGIN PICTURE is implementation dependent.
4) Scc G.5.6 mapping of workstation state list to CGM element.
5) The itrnbuic scttings ensure that the metarle auibutes in effect when the first graphical pnmnave

ctcmcnien of a picture is encountered match the current attbutes from the GKS state ist.
6) Ocncratcd sequence of CGM-Elemcnts for every segment as ASSOCIATE SEGMENT WITH

WORKSTATION (see G.5.3.4)
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G.3.2 GKS function leading to an implicit regeneration

Depending on the deferral s=e the folloinlg GKS fumcuon may act as REDRAW ALL SEGMENTS ON
WORKSTATION because oncepally all corresporiu$g dynaimuc modifican accepod. mimes M aA -0musswon
docnpoon uabe am s to IRG (se GA.3)

SET POLY124E REPRESENTATION
SET MARKER REPRESENTATION
SET TEXT REPRESENTATION
SET ENTERIOR REPRESENTATION
SET PATTERN REPRESENTATION
SET COLOUR REPRESENTATION

SET WORKSTATION WUlW
SET WORKSTATION VIEWPORT

SET SEGMENT TRANSFORMATION
SET VISmBLITY
SET HIGHUGGHTLNG
SET SEGMENT PRIORITY

Hll pimitives added to open segments overtappmg segments of higher prnority.

DELETE SEGMENT
DELETE SEGMENT FROM WORKSTATION
ASSOCIATE SEGMENT WITH WORKSTATION

G.5.3 GKS function with no direct dynamic effTect

G.5.3.1 Mappings of output function

GxS functl.on (OM Elemant Notes

POLYL.-NE POLYL1NE
?CLY.M.APrJL POLYMARKER
TEXT TEXT
Fr:L AREA FILL AREA
CZ. ARRAY CEM.LL ARRAY
G:P GDP

G.S.3.2 Mappings of output attributes

GS runc." •on CG4 element Notes

SET POLYLINE INDEX LINE BUNDLE INDEX
SET LINE7YPE LINE TYPE
SET L.NEWIrDTH SCALE FACTOR LINE WIDTH (1)
SET POLY=INE C flDEX LIE COLOUR. (2)

SET POLYMARKER INDEX MARIER BUNDLE rIIEX
SET MARKER TYPE MARKER TYPE
SET MARKTER SIZE SCALE FACTOR MARKER SIZE (1)
SET POLY•ARKER COLOUR INDEX MARKER COLOUR (2)

SET TEXT ZNDEX TEXT BUNDLE IrNDEX
SE. TEXT FONT AND PRECISION TEXT FONT INDEX (3)

TEXT PRECISION
CHARACTER SET INDEX
ALTERNATE CHARACTER SET INDEX
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SET CHARACTER EXPANSION FACTOR CHARACTER EXPANSION FACTCI
SET CHARACTER SPACING CHARACTER SPACIIC
SET TEXT COLCM INDEX TEXT COLXUR (2)
SET CHARACTER HEIGHT CHARACTER HEIGHT
SET CHARACTER UP VEC.TOR CHARACTER ORIENTATION
SET TEXT PATH TEXT PATH
SET TEXT ALIGNMENT T•• ALIGNMENT

SET FILL AREA INDEX FILL BUNDLE INDEX
SET FILL AREA STYLE INTERIOR STYLE
SET FILL AREA STYPE INDEX HATCH INDEX (4)

PATTERN INDEX

SET FILL AREA COWUR INDEX F=IL COLOUR
SET PATTERN SIZE PATTERN SIZE
SET PATTERN REFERENCE POINT FILL REFERENC POINT

SET ASPECT SOURCE FLAG ASPECT SOURCE FLAGS
SET PICK :DENT:FIER PICK IDENTFIEPR

NOTES
1) The default specification modes SCALED apply.
2) The default colour selection mode INDEXED applies.
3) GKS includes the notion of character sci within 'font, whereas COM separates ,he to

concepts. When the value of 'font' in the GKS state list changes. then the CGM eiemcnrs
TEXT FONT INDEX. TEXT PRECISION, CHARACTER SET INDEX and ALTERNATE
CHARACTER SET INDEX are wriuen to the metafile, each with the value of 2he 'font and
.precision' entry in the GKS state list. The CGM font index is determined as dcscnbed sub-
clause G.4.82. The elements shall appear consecutively in the metaiile but may appear in an-
order.

4) Legal values of the GKS 'fill area style index' differ depending upon whether the current
interior style is 'Utch' or 'pattern'. Therefore a negative GKS style index results only on the
generation of the HATCH INDEX element, and a positive value results in the generation ot
both the HATCH INDEX and PATTERN INDEX elements.

G.S.3.3 Mappings of transformation function

GK.S func--;.on C'I Element Nc:es

SET 1WTNDOI CHARACTER HEIGHT
(of current selected CHARACTER ORIENTATCN
nornali3sa&ton transformation) PATERN SIZE

tILL REFERENCE POINT

SET "IEWPORT CHARACTER HEIGHT
(of current selected CHARACTER ORIENTATION
nornalisation transformation) PATTERN SIZE

FILL REFERENCE POINT
CLIP RECTANGLE

SET NORMALISATION TRANSFORMATION CHARACTER HEIGHT
CHARACTER ORIENTATION
PATTERN SIZE
FILL REFERENCE POINT
CLIP RECTANL

G.5.3.4 Mappings of segment manipulation function

3KS function CGH element Notes
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CREATE SEGMENT BEGIN SEGMENT
CLOSE SEGMENT END SEGMENT
RENAME SEGMENT no action
ASSOCIATE SEGMENT WITH WORKSTAT:ON BEGIN SEGMENT

(segment attributes from the
segment state list)

(pr.mmtives and their associated
attributes, clip rectangle and cli'p
indicator)

END SEGMENT

CCPY SEGM%:T TO WORKSTAT:'CN (transformed (I.
prnmxtives and their associated
attributes, clip rectangle and clip
indicator)

:NSL•T SEGM4ENT TO WORKSTATICN (transformed prtmt•tves and
associated attributes) (2)

NOTES
1) Primiuves tansformed by the segment trmsformaton.
2) Painutves transformed by the segnent u'ansformauon followed by the insrt v'ansformauon.

G.5.3.5 Mapping, or segment attributes

sec G-.2-4. G.54 and G..7

G.5.4 GKS function with no kction

-Srentence not .list""

GKS fu1nc.on 4c tes

SET DETECTABL.TY
SET VIrEWPORT INPUT PRIOP•RTY
all input funct.,on
al. inquiry function
all uti.Lity funct-'an
all error handli.ng functi.on

G.3.5 Metafile Description

At the head of a met&de is a st of Metafile Descnptor (MD) elements. It is useful to view these elements as forming
a Metaille Des=Vaon Table (inilv to the GKS and Workstatim Desaiptin Table in GKS).

In the CKS context. the followuig desnwpuon table would be written at the beginning of a metafile. For the
elemnts which ae listed as 'id-. it is implementation dependent both whethe the elements are incuhed m the table and
what values ae asmsgned to te el

Metafile element list Element Value Mandatory

METAF6ILE " VE.RSION 2 X
kMTAFILE 0ESCRI2TICN '..d.
METAF:LE ELE N ST L.d. x
VDC 7-YPE ..d. X
INTEGER PRECISICN
REA. ?P.E£C'SSICN
fNDE..X PP--ISIC:, 1.

198



COLOUR PRECISION i.d.
COLOUR INDEX PRECISION i.d.
MAXIMtIM VDC EXTENT i.d.
MAXIM NPC EXTENT i.d.
COLOUR VALUE EXTENT i. d.
SEGMEN PRIORITY EXTENT i.d.
METAFILE DEFAULT REPLACENENT i .d.

FONT LIST i.d.
CHARACTER CODING ANNOUNCER i.d.
CHARACTER SET LIST i.d.
global segnents i.d.

i.d. = implementuaon dcpendent

METAFILE VERSION. METAFLE CATEGORY and METAFILE ELFMENT LIST are mandatory. All -netaeile

defauJu satisfy Lhc GKS Descnpuon Table. Inclusion of the METAFILE DEFAULTS REPLACEMENT elerne n
change any conrol picture descriptor, and at*nbuic defaults is optional and implentation depaidet It Ls also
impicmernauon dependent whether the CGM gcncrator .includes any of the odier MD elements. such as thc ezsson
setting elements.

G.5.6 Mapping of workstation state list entries to CGM elements

GKS workstation state list ent.-y CGM element

requested workstation window NDC EXTENT
requested workstati•on viewpor-- DEVICE VIEWPCRT ý21

every entry of polyline buridle table LNE REPRESENTAT:IN
"- " " polymarker - - MARKER "

" "text - TEXT -

- interi.or -F71LL

"* pattern table PATTERN TABLE
"- " COLOUR COLOUR

NOTES
I) The position of ,he workstation window within the NDC umit square corresponds tw positon of the VDC
extent within the maximum VDC extent.
Z) DEVICE VIEWPORT SPECIFICATION MODE and DEVICE VIEWPORT MAPPING may be
specif•ed only within METAFILE DEFAULTS REPLACEMENT in the meurle descriptor. The VSU spec:ficr
may be eiihcr millimetres with scale factor' with mec•€ scale fator 1000.0. or physicjl device wurs'.

G.5.7 Mapping of segment state list entries to CGM Add.2 elements

GKS segnent state list entzy CGH elmrent

segment Lý-ansformation matrix SEGMENT TRANSFORMATION
v3.siblity -
highlighting SEGMENT HIGHLIGHTING
segment priority SEGMENT DISPLAY PRIORITY

SEGMENT PICK PRIORITY (2)
detectability

NOTES
1) uviiblc scrncnrts are not mapped.
2) The clemcrms ;haIl appear consecuuvcly in the mcta.llc but may appear in any order.

G.S.8 %lapping of metafile function
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GKS fu~ncti.on CC3l eiwente

WRITE ITEK TO METAF=U APPLICATION DATA (1)

NOTES
1) The GXS item type is mapped to the CCM ideiitifi~a.

G.6 Metaflle Interpretation

G.6.1 Introduction

This sub-clause describes how meuaflie elements from a vcnbon 2 meuaflic generated by a GKS program accorctig to
the mapping described in sub-clause G.5, are subsequently interpneted by the GKS rNtERPRET IMIM funcuort
usaior the MW/GM workstationt. Other guidlines (or interpretation are posible.

Those CGM elements which do not map to a OKS item aze viewed ars directives to the kII/CGM, workstation :aseif.
so tha it may cornecty reed the metartie contents.

A number of the elements below ame spectieda as causting GKS state list entncs to be set. and have parametrrs
specified in VDC (which corresponds to OKS NDC). The GKS stae list entries are in WC. The VDC (,NDC) ame
mapped by the inverse of the current normalization wamsformation before the GKS $Late list valueS are Set. The , able
aLso includes iten types to be rerurned to OKS. These awe adopted from GKS Amex E.

G.6.2 Mapping of delimiter elements

CGM Element GKS Metafille Interface item Notes

BEGIN nTAFILE -
END METAFIL END ITM 0 (2)
BEGIN PICTURE - (3)
BEGIN PICTURE BODY CLEAR WOP.KSTAT=N 1. (4)
END PICTURE
BEGIN SEGMENT CREATE SEGMEN8T
END SEGMENT =LSE SEGMENT 82

NOTES
1) The firsCOM elaniess aintespreted bry the Ml1 workstation. The metarile description table immedialelv
follows. Its elemnsats inform the MI worksution how to real the metarile.
2) No fwhuitems may beread.
3) Appropriate GXS suite list values are set to correspond to COM defaults. Approp &iae workstation stane
list values on active OUTPUT aid OUTIN workstaions arm set to correspondc~ to CGM defaultz. It is not intaided
tha this action. or the inrapesrin of any pictmr decripor elemnents, cause any immediate dynamic changes to the
view surface. which is cleared upon BEGIN PICTURE BODY -the implementation may wish to buffer these
actions to suppiress such changes. if such changes we undesirable. Only picture descriptor elements may be
mispestannee uii BEGW4 PICTURE BODYr
4) Ceases a CLEAR WORKSTATION on all active workstatiord.

G.6-3 Mapping of metatile descriptor elements

All elements in this class contain only directives to the Ml workstation, their into prelsuon does not correspond to the
invocation Of any GKS function.

CCG1 Eliemrent GKS Metafile Insterf ace item Notes

t"-TAFILE VERSION (1
METAFILE DESCRIPTION
Voc TIYP E
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INTEGER PRECISION
REAL PRECISION
INDEX PRECISION
COLOUR PRECISION
COL4UR INDEX PRECISION
MAXnm CyO UR INDEX
COLOUR VALUE ET . - (2)
METAFILE ELEMEN LIST
METAFILE DEFAULTS REPLACLEMNT -

FONT LIST
CHARACTER SET LIST
CHAACTER CODING ANNOUNCER
MAXIMM VOC EXTENT - (3)
MAXIfLI NPC EENT -- (4)

SEGMNT PRIORITY EXTENT - (5)

NOTES:

1) The value of t& parameer must be 2

2) Used to ncfmalizL colour direct values to the continuous range of rcal numbers (0.11.

3) Used to normalize VDC range (i.e.NDC) and applies to VDC rypc INTEGER or REAL

4) Used to normalize NPC range to allow the proper position of the NP EXTEMNT (worksLtaon
window) within the normalized NPC range (the unit square).

5) Used to normalize segment F:oricy to the continuous range of real numbes [0.11.

G.6.4 Mapping orf picture descriptor elements

CGH Eletrwnt GKS Metafile Interface Item Notes

COLCUR SELECTION MODE
BACXGROUND COLOUR
DEVICE VIEWPORT WORKSTATION VIEWPORT 72
DEVICE VIEWPORT

SPECI'FICATION MODE (1)
DEVICE VIEWPORT MAPPING - (2)
LINE REPRESENTATION POLYLINE REPRESENTAT:cN 51
MARR REPRESENTATION POLYMARKER REPRESENTION 52
TEXT REPRESENTATION TEXT REPRESENTATION 53
FILL REPRESENTATION FILL AREA REPRESENTATION 54
PATTERN TABLE PATERN REPRESENTATION 56
COLOUR TABLE COLIMIR REPRESENTATION 57

NOTES:
1) The VSU specifier may be either MILLIMETRES WITH SCALE FACTOR with metnc scale

factor equal to 1000.0. or PHYSICAL DEVICE UNITS. DEVICE VIEWPORT
SPECIFICATION MODE may occur only within METAFILE DEFAULTS REPLACEMENT.

2) The isotropy flag must be FORCED and the alignment flags must be LEFT and BOTTOM.
DEVICE VIEWPORT MA•PPING may occur only within METAFILE DEFAULTS
REPLACEMENT.

G.6.5. Mapping of control elements

CG Element GKS Metafile Interface Item Notes
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VDC INTEGER PRECISION
VDC REAL PRECISION
AUXILIARY CDLO-
TRANSPARENCY
CLIP RECTANGLE CLIPPING RECTANGLE 61CLIP INwTCATOR CLIPPING INDICATOR 62 *--??--
SAVE PRIMITIVE ATTRIBUTES 3 -

RESTORE PR4MITIVE ATTRIBUTES 3
CLIP VOLADW

G.6.6 Mapping of graphical primitive elements

CGM Element GKS Metafile interface Item Notes

POLYLINE POLYLINE
DISJOINT POLYLINE
POLYMAIUMR POLYMARKER :2
APPEND TEXT
TEXT TEXT
POLYGON FILL AREA 14
CETL ARRAY CELL ARRAY 15
GOP GDP 16

NOTES
1) The wxt flag ihould be mr.

G.6.7 Mapping of attribute elements

CGH Element GKS Metafile Interface Item Notes

LINE BUNDLE INDEX POLYLINE INDEX 21
LINE TYPE LINE TYPE 22LINE WIDTH LINE WIDTH SCALE FACT.OR 23LINE CDOUtR POLYLINE COLOUR INDEX 24 (2'

MARKER BUNDLE INDEX POLYMARKER INDEX 25
MARKER TYfPE MARKER TYPE 26
MARKER SIZE MARKER SIZE SCALE FACT 27 ()MARKER COLOUR POLYNARKER COL INDEX 28 (2)

TEXT BUNDLE INDEX TEXT IMEX 29
TEXT FONT INDEX TEXT FONT AND PRECISION 30 (3)
TEXT PRECISIOM TEXT FONT AND PRECISION 30 (3)
CHARACTER EXPANSION FACTOR CHARACTER EXPANSION FACTOR 31CHAAA.TLR SPACING CHARACTER SPACING 32
TEXT COtR TEXT cmLU nMEX 33 (2)CHARACTER HEIGHT CHARACTER HEIGHT 34 (4)
CHARACTER QVIXNTTION CHARACTER UP VEC OR 34 (4)
TEXT PATH TEXT PATH 35TEXT ALIGNINT TEXT ALIGNMENT 36
CHARACTER SET INDEX TEXT FONT AND PRECISION 30 (3)
ALTERNATE CHARACTER SET INDEX TEXT FONT AND PRECISION 30 (3)

FILL BUNDLE INDEX FILL AREA INDEX 37
INTERIOR STYLE FILL AREA INTERIOR STYLE 38FILL COLOUR FILL AREA COLOUR INDEX 40 (2)
HATCH INDEX FILL AREA STYLE INDEX 39
PATTERN INDEX FILL AREA STYLE INDEX 39
PATTERN SIZE PATTERN SIZE 41
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FILL REFERENCE POINT PATTERN REFERENCE POINT 42

ASPECT SOURCE FLAGS ASPECT SOURCE FLAGS 43 (5)
PICK IDENTIFIER PICK IDENTIFIER 50

NOTES:
1) The default specification modes 'scaled" applies.

2) The default colour selection mode inz-ed" applies.

3) Four CGM elements supply the relevant parameter values of the GKS TEXT FONT AND
PRECISION item (either explicitly or implicitly by default): TEXT FONT INDEX, TEXT
PRECISION, CHARACTER SET INDEX and ALTERNATE CHARACTER SET INDEX.
The corresponding GKS font number may be determined as described in sub-clause G.4.8.2. The
occurrence of only one of the four CGM elements uniquely indicates the mapping to GKS
TEXT FONT AND PRECISION. The occurrence of more than one CGM element within one
sequence in any order causes the corresponding GKS item to be returned once.

4) Two COM elements supply the relevant parameter values of the GKS CHARACTER VECTORS
item (either explicitly or implicitly by default) : CHARACTER HEIGHT and CHARACTER
ORIENTATION. The occurrence of only one of the two CGM elements uniquely indicates
the mapping to GKS CHARACTER VECTORS. The occurrence of the two CGM elements
within one sequence in any order causes the corresponding GKS item to be returned once.

5) TEXT FONT ASF and TEXT PRECISION ASF must be equal: they correspond to GKS
TEXT FONT AND PRECISION ASF. HATCH and PATTERN INDEX ASF must be equal"
they correspond to GKS FILL ARF & 17L INDEX ASF.

G.6.8 Mapping of escape and external elements

CG4 Element GKS Metafile Interface Item Notes

ESCAPE ESCAPE 6.
MESSAGE MESSAGE 5 (1)
APPLICAT:ON DATA USER ITEM >100

NOTES
1) The action required' flag should be 'noaction'.

G.6.9 Mapping of segment control elements

CGH Element (S e:etafile Interface Item Notes

COPY SEGMENT
IN.ERITANCE FILTER

G.6.10 Mapping of segment attribute elements

CGM E-lement GKS metafile Interface Item Notes

SEGMENT TRANSFORMATION SET SE4E'NT TRANSFORMATION 91
SEGMENT HIGHLIGHTING SET HIGHLIGHTING 93
SECMENT DISPLAY PRIORITY SET SEGMENT PRIORITY 94 (1)
SEGMENT P.K PRIORITY SET SEGIAM"NT PRIORITY 94 (1)
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NOTES:
1) Both CGM SEGMENT DISPLAY PRIORITY and SEGMENT PICK PRIORITY supply the

parameter value of the GKS SET SEGMENT PRIORITY item.
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Pqe 10

Add the following to the end of sub-clause 5.3:

318 for Segment Crtrol Elements and Segment AtzibL.e Elanents
3/13 for Raster Element

Page )

Add the following to table 1:

ode "bit coding 9 bit coding

BEGIN SEGMENT opcode 310 21 0310 02/5
END SEGMENT opde 310 216 03JO 0216

NAME PRECISION opcode 3/1 3)D 03/1 03/0
MAXIMUM VDC EXTENT opcode 3/1 3/1 03/1 03/1
SEGMENT PRIORITY EXTENT opcode 3/1 3/2 03/1 0312

DEVICE VIEWPORT opcode 3/2 27 03/2 02/7
DEVICE V'PORT SPEC. MODE opeode 3/2 2/8 03/2 0o/8
DEVICE VIEWPORT MAPPING opcode 312 2,9 03/2 02/9
LINE REPRESENTATION opcode 3/2 2/10 0312 02/10
MARKER REPRESENTATION opcode 3/2 2/11 0312 02/11
TEXT REPRESENTATION opeode 3/2 2/12 0312 02/12
FILL REPRESENTATION opeode 3(2 2/13 0312 02113
EDGE REPRESENTATION opcode 3/2 2/14 03/2 02/14
LIE CLIPPING MODE 3/3 2/6 03/3 02/6
MARKER C1UPP G MODE 3/3 2/7 03/3 02/7
EDGE CLUPPING MODE 3W3 2/8 0313 02/8
BEGIN FIGURE oposde 3/3 29 03/3 02/9
END FIGURE opcode 3/3 2/10 03/3 02/10
NEW REGION opeoda 3/3 2/Il 03/3 02/111
SAVE PRWITIVE CONTEXT opcode 3/3 2/12 0313 02/12
RESTORE PRIMITIVE CONTEXT op. 3/3 2/13 03/3 02/13

CIRCULAR ARC CENTRE REVD op. 3/4 2/4 03/4 0211
CONNECTING EDGE opoide 314 2B9 03/4 02/9
PICK IDENTIFIER opco 316 3/2 03/6 0312
COPY SEGMENT opcode 3/8 2.0 03/8 02/0
INHERITANCE FLTER opood, 3/S 211 03/8 02/i
CL INHERITrANCE opcode 3/8 2/2 03/8 0212
SEGMENT TRANSFORMATION op•ode 3/S 2/3 03/8 02/3
SEGMENT UIGHLIGi4TING opoode 3/S 2/4 ,./s 02/4
SEGMENT DISPLAY PRIORrrY opcode 318 2J5 03/8 02/5
SEGMENT PICK PRIORITY opeode 3/8 2S6 03/8 02/6

Pqre27

Add l foallowmg rub-¢lme after sub-dane 6.12.

6.13 Viewport Point parameters

A viwpm Point (VP) is a pai of VC scalars (Viewpon Coordinate) mrerunting twn andy con, natesof a point in
viewponrt specifaion spea A VC scalar is either an integer or real number according to whether VIEWPORT
SPECIFICATION MODE is 'fraction of display si'fa'. "milliieues with skac ftor'or 'physical device mits'.

When VIEWPORT SPECIFICATION MODE is "fraction of display surface'. th e loding of ths viewport point data
type is as described in 6.4 Coding Real Numbers. The size of the viewpon point parameters is limited by the current
REALPRECISION value.
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Whoma VIW PORT SPC7ICAIION MODE tis'mAflwvm wrajb mcal fmw a'pymai dence iumu dkB mC'c4* Of
ithe vwwpn mus dw' qym is a damo tn 63 Cmatlg IJuseo. noe Mma at. tj wpco pvmu parafYW" a U 4
by the caras INEGER PRECISION iv hm.

6.14 Name perimeters

Piww poana-umm in coe uas ae (Umc forma) ai NAME PRECISiON.

Theo (allowuig from P 6-clausts 11.6 4 1. 1. 7

S.1.6 BEGIN SEGMENT

8.1.7 END SEGMENT

Pate 34

Add Lhe foliowing to fte <4mierso.1elmaniu sto *(u.c41uaa 1.2.11:

'Wcinger2> I VER.I STATIC SET)
1<ftgm> (EXTL'MlED PR~TWMES SET)

p~e3 <&ntwgar4> I V ER. STATIC G KSM SET)

The following (aim ,ijb-clausas 8.2.16 to 8.2118

S.21.16 NAME PRECISION

<NAME PRECISION-opwd 3n1 3R
c~cgr 1~largst i8cds * I> I

NOTE~ The Jugeunamiiet bx1icm how mmy bitu own in the tugez pmsabk magntrsde for o~nt.c

9.2.17 MAXIMUM VDC EXTKNT

<MAXLM UM VDC EC1ENT-opmda 3A 3/1 >

8.2.18 SEGMENT PRIORiT EXTENT

<SEGMENT' PRIORITY EXTENT ap.Wc 311 3t2>

ýainmgsr =uamwn-ami.m-prity-,vaumu

noe following foam sub-cimm 1.3.1 to .3.15

1.3.8 DEVICE VIEWPORT

<cDEVICE- IWORT-opwda: 312 2f7>
<vp: frwst cono )I
<vp sacond conw,)

8.3.9 DEV ICE VIEWPORT SPECIFICATION MODE
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r.cDEVICE 'flWPORT SPEC71CATION MODE op-ccý 312 24>
QnuwzwmL-VC *mrr)

cwmumvuti VC ssarmia, * -uuW-O> (framom of *'wVw VNINX)

<zc l (pvywmij 4evsz tNUM I

83.10 DEVICE VIEWPORT MAPPING

%.DEVICE VIEWPORT MAPPINC ap-wdxr. 3/2 1-9
<wm~aza& Wma&..Aae~a l~

<nuna~wAa vw¶jcAj adigmnminagtfl>

'caatwitma4 Lsoaq~y-tPag& <%tgr* jnxi faradI
cnlgu-g!> (brwdl

,aurneautd- hciona namcnflt> * cruqO l(Wi)

<l tgjwiI

8-.111 LINE REPRESENTATION

<LLVE REPRESENTATION opccde 3r. /10>

m.udtx: lirug'wfpa-wjz.

<m~dex: tInh-rypz <=am.~ 13 (NOWd

I ýcmgcr. 4>(ucx
I cuugcr 5> )h4"X
I cauger mpuave> (pmwu Law r~ I

I if LINE WIDTH SPECFICAT7ON MODE is xeAWs
I 'VDC: line Wumh

(if LINE WIDTH SPECIFIC MODE 1S as~ohae I
<wkno-s.pocitiam - iant"W COD uMA">

(if COLOUR SELECTION4 MODE is irmhmed I
I 'RG3>

(it COLOURt SELECTION MODE is I
<nwf g W-US2 co--xx 4moll-rmm mmguz.'

U.12 MARKER REPRESENTATION

<MAAJCER.RERESETAIION-opcodr 312 2111>

'c arwksmowirlm

CUv8*.: mwte-buidleuxla., a <positive rntegeu-

I cmeger 2> (Pksl
i <uuger. 3> (aswuk?
I umaer- 43 (kcb1S

c irdeer.5> (am)
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I it MARKER SZEM SPEC MODE u scaced I
*YcVM nwiu s=30
(itMAAK1ER-StM SPEC MOC " 4S ~atwhiig

(if COLOUR SELECTION MODE Is wonsd ai

(if COLOUR SELEC' MODE L& 4wom Icnagkuqwu. d.

1-3.13 TEXT REPRESENTATION

<TEXT- R ERES0TATION-opoci: 3/2 ::i 2
cmuzle: wwbaw.x0*md

47caL ex; amP-twsmr,

cUmle: wzt-bz~dk-mdgz> " ep lve u
ýcmlwgwu tax-4om-Mmdaz va uv mwuttr
<munbIwm&- tex-pwism> -cau0 [fstj

44PI QuiI > I dwrvff

3.3.14 FiLL REPRESENTATION

<FILL-REPRES2E4TATTON.OPdcOJ 3/2 2d,13 >
3:rfiz fBxwdm-mdaz>

cauneao imm3w, tle
,mcrIpzm

<i tmgw, I (WWl

I 'uugeri4 lmm

cmmgu-rqawc', (proww style)

coia~f 513o2fier, - "Ugvrwkw buk"
(if COLOUR SELECTION MODE is mdezed

(if COLUR SELECTION MODE is dirmcIAczl 4danwaz I ~u~ > (fbEaibJ

4d agerftm (aspme" slop. I

cwwtgff-d>~e (pon"Ae s crom I

<Mdm- psmfI-irmin> <positive ingr

8.3.15. EDGE REPRESENTATION

<GEE.R~ESENTATION-opýo~, 312 2/14>
<indu: g-acua
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mdade: edg -typs - am g r 1>IN

<mgr3 14:21

4= vw nspavv (Pvvv - rP

(it EDG~E WVTH SPECI MODE u &,w
4VDC, 0P wideh,>

(it EDGE wIDT SPEC M0E, ataoluit

I itCOLOUR SELECTION MODE a ds c

The following 16iM SUb-CISUM 1.4.7 to 8.4 15

8.4.1, LINE CLIPPENG MODE

ýLDCJ CLIPPINEG MODE -09e , 3/3 216>
*(ew27ur'u.: cibppg made

WnznL~clipping made> (locust-O

S.4.11 MARKER CLIPPING MODE lcthtnx

<ILL;E CLIPPIING MODE-opcoda>: 3/3 217>
~uig~a&~clipping made>

vxcuwated-cli~Cpping3 mae <=ejer05~ (ban)~
<2Ia- > ittviptl

8.4.9 EDGE CLIPPING MODE

<LNlE CLIPPING MODE.opcoda>: 3/3 218>

<am wasn cbppig nvod

3.4.10 BEGIN FIGURE

(cBEGIN FIGURE c P-Ao 3/3 Z%9

1.4.11 END FIGURE

<END FIGURE opxde: 313 2110>
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L.412 NEW REGION

4IERE~ON~pmi.13n 2/lb.

L443 SAVE PRMffTT CONTEXT

4AVE PRDATTVEATMTRUhMfIopwsde: M1 2/1 b
42A 401=

L.414 RESORE PRIMITIVE CONTEXT

oAES7RE PRD41rMtATrRIBrrES-oc~& 3/3 2/3-

Paw~s

The fojo form sub-clause 8..20 and 8.5.211

1.5.20 CIRCULAR ARC CENTRE REVERSED

,CCRCULAR ARC CENITRE R EVES ED opcode: 3/4 ZA>
-ws comapom

ýcVDC. DX-s&&ro
-cVDC. DYjswtv
41DC. DX aA
<vDC-. DY.aw
<VDC. radius>

S.S.21 CONNECTIN4G EDGE

<CONNECTnG EDOE-opcom 3/4 Z9>

PqeS4

The Movinwrg forms sub-clams. A.6.36

L6.36 PICK IDENTIFIER

<MICKID~opcod 3/6 3/2b
-cott pck-idam 4r>

Pq#*56

M1W fonowing fomm =64"maa b-9

11.9.1 COPY SEGMENT

~?4Coy~mwr.oQoodft 311 2m>i4mi -omwmso

1m: .121>

ataivAM >
<vdc: s13 >

wussfatmatzon appIicazan,-oimgf0
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8.9. INHERITAINCE FILTER

4dNHEDTAKE.FILTER-ooizAd 315 2/1>

IS lif mIftp

I~~ kifte-4 clu m d 1 mcdcI
VN~agUSI fmwff bmuil dt

I cotegerI> I mwkcr oiiot)
4XucIw9>. I Maria cupwiri MOK

<*"cr I I > (Witz fotmde I

4osuage 13> (dunw~ trpmta. f(&=
<nqar 14> (dmasaaig

<icvuer.15> wlwoI

<mwgr I i> f(wtwsovnul

cowler I 9S, (xt~ "anm I

<"r.3 jimaqm ui
qwIc-A I fwwcokiI

q~ftncr26>(Pullj WSaU I
I cmagw~l> (adr 1ý7Ibiy

<kmw-3b> (edge wkmw e

I cuvw.33> , fv"P
Idnwgrr34> (PeamI smIa

A*"iqaw36, Iruvapwy)

dý.31- I i mbwn
I ~~q~4V,(mmzuwlm(tm

I ~ ~ ~ f cuuw4,fam*^"I

I -da - -,(mm$u
I qdsgm.45> a soibm ad cmml)
I 4*agm" (41
I 4*Aogm-- fIu lie y ASP)

1*0mI (Um w ASF)
I cusqI fine coaki ASF)

cu~~qImmk rfm *~pASF)

<hwqum, fmwkwasi=iASF)

I <iga:> Iea wit fot nca ASF)
I cuaapr Imat PRECISION ASF]
I <uV"W-. Ichiacte expansion factot
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m u(a (ds aw ~~ASF I
<MKagrn (isonm acysASF1

I Otw M maimw y$ASF)
I d c zs q u.. ( D e awAu S Fl

<k 6xaagit 1 VAU Asf)

<Magw> -ad type A-SFI
<09- cvsqu, wWI ASF)
cajuý (44p wokASFj
<imgtr46> i fIuAM I
q mnwgv47> Imu*w ASPI I

I %WWff4&3 hsLm ASP,)
4mnI.9 IChmw ASR~)

I Qwtger5o> (fml Ash I
-mwgmq31 (s* ASsh)
<m'egcr52) &U~ AS I)

w<w,¶aa&td.- seieciuon scuuip - cr0,-o (Uwe lill

8.9.3 CLIP INHERITANCE

c<tIP DIERTANCE-oqcdý 318 =2,
<aumernmxk cltp-uhcnwwcc>
QTA~nWltrj: sali ip -ot a~ý (SE*ZL'ist,

8.9.4 SEGMENT TRANSFORMATION

<SECMe4JrT.TNSFORMATION.Ocid:
3 /8 2 )3 >

<wnam sapnmutdxcnriolc',
<xuformuwbn msixn>

cuaInmformaubon mamx> <Ml &IuJ I I>
,guW: a12 >
oa*W: %21 >
qtaj: in >
-cvdc: a13 >
<o' A a2>

8.9.5 SEGMENT HIGHLIGHTING

<SEGMET4UGHUCGnNG-apqogr 318214>

quatwa sqwptadmiNmwig

.9-6 SEGMENT DISPLAY PRIORITY

4dEGMTPr44IoTm'4pwd. 3u3 2j5>
4ma mu~nfidmw

A-9.7 SEGMEN'T PICK PRIORITY

<SEGMENTPCK-PRI0Rrr.olpead: 3/8 216>
Qiame sti.d:f~
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,cUW*U prck prionry> a qpostu~ie mleqar-

Page.56

Add th~e (allwio-g to tka end of clause 9

NAME PRECISION 10

Page 60

Add Lkhe following to 0ae rd of Amue A

<name precuton value> --n <mtga> me 81)

<v~ewpol poinr>= <tger><utttga7>

<2x. Mu of rtats> 7~~4 (mm 8.91
,dt rnaouof vdcs,,vd vake>2) (sm 9.9
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Page 16

Add the followig to table 1:

N S au imegr NR2=(n )
puaision (np) (up)to

VP (MR) BVSP (m2EBR) VSPR a (RR)
ar

(U) BVSP ,,20BI) VSPR a (IR

Page 19

Add Le following to Table 2Z

a Segment Concol and Segment Atunbute elements

Pae 20

Add the following to table 3:

BEGIN SEGMENT 6 N BN NR Va
END SEGMEFNT 7 n/A 0 rVa nia

Code Dcr-puon

6 BECGI SEGMENT; his I pmawnet.

PI: (segment name) segrnlait idendfier

"7 END SEGMENT: has no pm-netem

Page 21

Add the following to table 4:

NAME PRECISION 16 N BN 8.16,24.32 16
MAXIMUM VDC EXTENT 17 2P 2BP VDCR VDC EXTL'T
SEG P.ORMrY EXTENT 13 21 2EI IR 0. 55

Code D wson

16 NAME PRECISION: has I pmm -.

PI: (imnteer) rnsr precisinm: 8.16.24 a 32 wre the only valid values

17 MAXMUM VDC XTDf"T: ha 2 p .wnewwi

P1: (point) runt point
P2. (poiu) umad point

18 SEGME2NT PMORMIY EXT7T: ho 2 parmeet

PI: (integer) mminmwn segment priority value
P`2. (integer) maximum SelIint priority value
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Page 22

Add i the rna P2 o M EAFnLE ELEMENT UIST:

vff.2m4t (-4.2)
extentled-prknitt (-13)
vu.2-Sm"-tic (-1.4)

Page 24

Add to the end of on note P2 for SCALING MODE

Note that this pamneu is always encoded as Floating Poitp. regardless of the vasie of the fixed/floawng flag of REAL
PRECISION.

Page 24

Add the rollowing to table 5:

DEVICE VIEWPORT a 2VP 2BVP VPR ux bclow
DEVICE VTEWPORT 9 E.R BE*BR 10.1.2) 0.-
SPECIFICATION MODE
DEVICE VIEWPORT
MAPPING 10 3E 3BE (0.1) 1

(0.1.2) 0
(0.1.2) 0

LDJE REPRESE-NTATION I1 21X. 2BIX. .4XR.IXR. n/a
(VDC oy (BVDC or 4...VDCRaor
R),CO BRW+BCO *+RR.COR

MARKER REPrION 12 21X. 2BIX+ .IXR.IXR. ita
(VDCo•r (BVDCor 4.*VDCR or
R).CO BP)..BCO .+.RR.COR

TEXT REPRESENTATION 13 21X, 2BIX. +DIR. n/a
5. BE (0.1,.2).
2R.CO 2BR.BCO RR.COR

FILL REPRESENATION 14 IX. IX4. +0m n/a
LCO, BEEBCO. {0.4).COR.
21X 2BIX DIR.m4DR

EDGE REPRESENTrATION IS 21X. 2BIX÷ .X'DR.. ia
(VDC or (BVDC or 4..VDCR or
R).CO BR>*BCO .. RR.COR

Code Desrpin

I DEVICE VIEWPORT: has 2 gmlm:

P1: (vp) run po•n
P2. (VP) second poirit

The ddeal DEVICE VEWPORT is the unint device viw onface if th latter is remangiular, or the largest
mfwaugle subun havinlg the dited ai ratio. if the view srfer is not mammplc r. Th1 default is %at so
tham tim f'im point is below and to the left of the 'smeed poims a aen by the viewer.

9 DEVICE VIEWPORT SPECIFICATION MODE- has 2 pwrmnmew

PI: (MuAmm') viewpmu zpme&timum unis vad velum at
0 1admm o(dnwriog m =
I mlWInerm with mna east
2 phYsiad device ius

P2. (real) metric scale fatmor. ipgored if Pl0 or P1I2

"Note that this parameta is always encoded as Floating Point. mrdless of the value of the ried/flomung flag

of REAL PRECISION.
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10 DEVICE VIEWPORT MAPPrNG: has 3 parwners:

P1: (enumeraaed) isoay flW: valid values am:
0 not forced

P2- (mw 'atad) unz.rtal aligmrnat flag: valid vijue am:
o M

2 right
P3: (numerated) veacal Aligpuna flag: valid values am

0 bottom
I COW
2 Vp

11 LINE REPRESENTATION: has 4 paraneum:

P1: (index) line -undle index
P': (Max) Uine typc the following values am sundardized
1 solid
2
3 ch
4 duh•:tx4 dash-ccdot
negative far privue use
P3: (vdc or real) absolute line width or line width scale factor
P4: (colour) line clour: in form depeids on COLOUR SELECTION MODE.

12 MARKER REPRESENTATION: has 4 parameters:

PI: (ineCZ) Muteur b fg index
P27 (index) marker type the following values ae standartizet±

2 plus
3 asteisk
4 circte5

negative for privamuse
P3: (vdc or real) absoluse marukr width or muwkr stze scale factor
P4: (coiour) marker colou its form depends on COLOUR SELECTION MODE-

13 TEXT REPRESENTATION: has 6 parameter:

P1: (index) text bundce index
P27 (iMax) text font index
P3: (aenar-ed) text precision: valid values am0 sftg

2 Wake
PC: (eali) cnma r pauing
P5: (red) dwater expasion faior
P6: (agoo) ta colonn. in frm dep=Wi on COLOUR SELECTION MODE

14 FILL REPRESENTATION: aa 5 pewamets:

PI: ( ainde) Mlam baudlea n
P7- (nmmuwend) im'slor style: valid values am
0 lhllow1 ai

2 paun
3 hai
4 u!Ixy
P3: (colour) fill colouw its form depends on COLOUR SELECTION MODEP4: (index) hatch index: the following values an standardized:

1 hotzont21
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5 0"bpsvwalwAps n -men

6 anbm laet and n&u svuu
inpagla (or p ws u
P5-. (index) pmmua sid

15 EDGE RERSNAIN No 4 wmr

P2. (wadez) ads* fyp dw (o1Io~ng vsham am maaadwdhuAd

2 A
3 a

P3 ' vdc or rmal) aboowa edgt -vdzJ or i w4m,"t Kai fscwx
P4 (=imf adg* cviow. ia torn depmnb on COLOUR SEI.L~C-10 MOCE

Add the a (l~omg wO table 6:

LZE CLD'PP1CIGMODE 7 E HE0
,MAKER CLUPTNG MODE S E aE0
EDGE CUPPING MODE 9 E BE (0 1
BE012N4 FIGUE 10 IV* 0 %srl
END FIGURE I I n/ 0 IV& a
N~zwREGION 1-2 IV& 0 Iva
SA vEPJLnVE COTEXT 13 N SN 'vs
RESTORE PR1MTTVE CONTEXCT 14 N UNNR

IZ4E CLrPPLNG MODE. h~as i pwuraw-

PI: (uwwmsad) ci#Wug r'cda: "a4 vah~m am:

2 kx than sham

S MARKER CLUPING MODE-.= ia pwmew.

P1: (uarwmawu) cuppins made ".14 Vflsa wam

2 ia thai al qi.

9 EDGE 0L-37M MODL hu I pmvm

Pl. (amimraW) cUpgn vaW~ vhmamn
0 bow

2 lwbaa sw"

10 BEGIN FIGURL hutm.- muaw

I ED RGUIRE- has ma pmmem

12 NEW REGION- has in pwmwmw

13 SAVE PRDOMTVE CONTMC. has I pwwnaw.

Pl. (numi) context nowns
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14 RESRTOE PRDA.TTVE CONTEXT: haa I pw mv l0w

PI: (nmew) Cmana natne

P'age 28

Add th Wowming m totl 7:

CIRCULAR AAC CENT•E
REVERSED 20 P.4VDC. BP*ABVLC'. VDCR.VDCR. tv

VPC BVDC *.-VDCR
CONNECTING EDGE 2 VA 0 PAI Wik

Cade Deaa~am
20 CIRCULAR ARC CEN'TRE REVERSED: has 6 paamtms:

Pl: (pow.) can of circle
P2. (vdc) delta X for sut vacor
P3: (vdc) delta Y for sun vor
P4- (vc) deltka X for end vtcw
P5. (Y*) delta Y fr~ mendv
PK (vdc) radus of cacel

Zl CONNECI1NG EDGE has n paramer

Add ft (olowimg to table 8:

PICK I)ENTIIER 36 N BN NRo

Code Da7pawn

36 PICK IDMENTER: has I parameter.
P1: (nam) pick ieiufitr

Pa8C 39

The following foruw sub-clate 7.10

7.10 Segment Control and Segment Attribute Elements

Table I1I - Encoding of sepgme amtu an d segmnt azmbaui clim u

Elnemou El PrM Ps" ar Parmeter Default
CA= I9 Id Typ List RineLmtgtb

COPY SEGMENT I HNAL BN*4DR+ NMR.R. -.0
2VDC. ZVDC * vDCJt.

1IUTANMCE FILTER 2 alE (0e+I9E 10-431.0.1) 1..
C.IP D0iETAHCE 3 E BE (0. 1 0
SEOGMENTTRASFORM 4 N.4R. IBN43R÷ NLRRR. n/a.0.0.0.

IVDC ZlVDC VDCR 1.0
SEGMENT IMGHLIGHTI1G G N.E INHBE hR.O. .1) &
SEG DISPLAY PRIORITY 6 N1 SN.1B1 NRIR vusee below
SEGMENT PICK PRIORITY 7 N.1 BN,1N NRIR n/a.s below

Code Description

COPY SEGMENT: has 8 parntmete:

P1: (nanm) segment iduuai'r
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The next 6 PON- in n am w OM wwents of a 3x.2 msam of Ow fan-

IF".P3P611

P3: (real) a r.auuon wmonvmwa
PC (real) yw muton cornersu
PS: (Meal) y scale amn~we
Pe. (vdc) Ia - 0 Latun corpm~aoI
V7: (vdc) y a w iatie conwniuu
PS; (aniua'raw) uegmntu Minfmaon~ AppIicauaL val VId vakm :

1: i

M NERIANCE FILTER: has twv parameteri. The firstit~ a lits of up Lo %AC~ni OF grou"
designacwa The scncl is a single setiWng value.
P1. (enumaued list) list of one or rore of:
o line bundlc indcx

I lne tpe
2 Linewidth
3 line coin'

Unin cl~ippng mode
4 matte buiidinexa~
5 Marker type

murar clippuiS made
I testbudle index
9 textfontindex
10 wn precision
11 dimet exansi~on factor
12 duiacw spcig

14 d~wu height
15 darw anaiianon
16 teat path
V7 wit aligmentn

3D IM bundle amdc,
E mwitir style

531 colour

24 PSMn mdCX
25 edge bundle vxex1

27 Gdprnlmu

19 oft* visibility

31 Si
32 ziliury cokAwf

34 Bw saibume
35 ,u awibsmf
36 WA Ann-cuma
37 cbwaa aralibuea
38 Ml auswbutas
39 afte msuritin
40 penarnamerbnma
42 ow"q CO 'a Io

43 all attibutsa andl control
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line CM adf
ling wxdh oat
lit. cnloo ast
marker ryp as!
,wkgras iae Ut
Maker coaou, alf
an ions itnz sad
ant precn as[
chuarce expansin rectr st
ditwc sptag az!
text cloiu as.(
inscrtr style sif
fill caokw af
haach uInei adf
pefani nde% as[t
edge type saf
edge with ast
edge colouf ast
Hne sits
makea eats
w t asits

fill As ts

P7. (exnueriate) sewzig: valid valucs am:
0 sca"Jisz

3 CUIP fl4HERrrANCF. a paruet=
P1:. (emmimzau) clip Whentancc. valid values at:
o $tate-ist
I svApnsi

4 SBCM ET TANSFORMATION: has 2 pwmeunea:

PI: (name) seanea idaiut.io
The saw- passmaeor mautst of a 3x2 matmi of the formn:

P2- (24I mwiru otre&ls. Zz I matrix of vdcs)

5 SEGMENT HIOGHGHTDI4G. has 2 parameters:

PI: (nun.) sagmne identifier
P2. (awn ase) highlighumg: valid vahia arr
0 =Mwa
I 1 iglzis

6 SECMENT DISPLAY PRIORITY: has 2 pwarrme

PI: (faMM) aummar dinsiorm
P2- (iauqu) sagiest display priori
TI. defult of the VepnI display pnonsty is equal to the
Mirmoin 54e02411 primay value (sam sub-dlais. 7.3)

7 SEGMENT PICK PRIORITY: has 2 parametsm:

P1: (nun.) segmntn idantieir
P2 (isager) a. inmu pick pruoty
The default of due segmnat pick priorty is equal to the
mnuionsn segmntu priority value (see sub-clause 7-3)
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Pqcr40

Add the fowimng to h eno of clae 8:

NAME PRECISION 16

Pair42

Add the olowim w the Lis of rmfacne.:

<vie*wpot poD =a <uuetc2)*"X•2

<2W maVU of al --w <e•7eJ.(4)

<2x I maou of vdcs> =IN <vdr vlaj-7)

Page 48

Add LhM followtng to he list of clemcnu:

CLii Elarm Elienmt Na•en

0 6 BEGhIN SEGMENT
0 7 EN SEGMENT

I 16 NAME PRECISION
1 17 MAXIMUM VDC EXTENT
I is SEGMENT PRIORITY FEX'TENT

2 8 DEVICE VIEWPORT
2 9 DEVICE V1EWPORT SPECTFICATION MODE
2 10 DEVICE VIEWPORT MAPPING
2 11 LINE REPRESENTATION
2 12 MARKER REPRESENTATION
2 13 TEXT REPRESENTATION
2 14 FILL REPRESENTATION
2 LS EDGE REPRESENTATION

3 7 LINE CLIPPING MODE
3 a MARKER CLIPPING MODE
3 9 EDGE CUPPING MODE
3 10 BEGIN FIGURE
3 11 ErD FIG
3 12 NEW REGION
3 13 SAVE PRITIOAVE CONTEXT
3 14 RESTORE PRI•ITTVE CONTIEX
4 3 C1RCULAR ARC CENTE REVERSED

4 z CONNECTING EDGE

5 36 PICK IrTFE

I I COPY SEGMENT
a 2 INHERANCE FILTER
1 3 CLUP INERANIM
3 4 SEGMITTRANSFORMATION
1 3 SECMEwrrWGNUGHUN
1 6 SEGMENT DISPLAY PRIORITY
U 7 SEGMENT PICK PRIORITY
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Page I I

Add t0e foUo*wvg to dw Weo endt sclmz S53.

N -.. d>

VC - LkL vjewn uxiiu == dmdA dcping
an DEVICE VIEWPORT SPECIRCATIONIMODE I

VPOINTR.EC : < VC><SEP>cVC>~

VP <u VPOII(TREC~k <LEFT PARtE?><OVrSE.P> VPOUNTEC>cOVT~sE?>
<ftIGHT PAR.EN2,3

(COORDINATE m viewpmt specricauon spac& Pw -Uawmes am opuoal. It they we ue& fty "haI group
exactly rwo teal or uutegr nmnbes. dependling on &.'VICE VIEWPORT SPECIFICATION MODE~ Tht
pumt~hetzad forms LSns UnUdX to amd reaidabdiry o( the mualik I

ROWMATRDC <<cR:RYRST ELEMENT IN ROW>
cSEP>
'cR:SECOND, ELEMENT IN ROW>
45SEP>
<VDC.LAST ELEMENT 2N ROW>> I
.ctLEFr PAREN>
<OPTSEP>
4LIFIRST ELEMENT IN ROW>
ICSENý
,R:SECOND ELEMENT IN ROW>
.CEP,
cVDC.LAST ELEMENT IN ROW>
<O VrSEP'>
<.IGHT PAW4,,>

Thi dOWMATRZX,
<sSEPti

(2&3 mdom~anon mom ix mw-major ordw. Pwuums w am opsaA. If they me uw&d
they shagl pv exacty two real munbs ad asm VDC mober. The pumduhaid town is' 1samso a. d ,muabili ry of
the mauesf]. if &ma we nor tres mmwsb in outh puembesand tuup heMCIAfM i2 na-M10ufaMswg iftVCh2Age-
Any snanpiad am recovay or excapsi hwinsdhg which a nmuafilie imapmaa may use w this simua sneittmaher
defirsd trm winmained try 150 863214. A mesaffle imupmur nus rat n the pothamse in psm ing this came they
am au~ssd as SPACE characters rha hma as NULL duwactes (ie.a they mac as soft dsfimmm4)

Add fte followug w fthen of atmb-cbmu 5A.3

ALL
COPY
EXIENDED
FIGURE
FH.TUt
FORCED
FRACTION
OKSM
INI ESECflON

MATRIX
NAME

PICK*

REGION
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SAVE
SHAPE
STATIC

VER.2

Page 12

Add the foIowmg to LM eiid of ub-cliume 5.4 4

ATrRISBLJTE(S) ATrR
CUPPING CLIP
CONWECrLI4G CONN

DEVICE E
DISPLAY DISP
HICGHG1CTING HIGIHUGHT
IDENTIFIER D
INHERIrANCE Nm
MAPPING MAP
ME.I.METER MM
PHYSICAL P1Y
P PEL
PRIMITIVE PRLMPRORITY pR,
REPRESENTATION REP
RESTORE RES
REVERSED REV
SEGMENT SEG
TRANSFORMATION TRAN
VIEWNRT VP

Pqo 14

Add , todafllowing M to t ofmb-daue 5.4.

BEGIN SEGMENT BDESEG
ENDSEGMENT INDSEG
NAME PRECISION NAMEPREC
MAXIMUM VDC EXTENT MAXVDCEXT
SEGMENT PRIORITY EXTENT SEGPRIEXT
DEVICE VIEWPORT DEVVP
DEVICE VMWPORT SPECIFICATION MODE DEVVPMODE
DEVICE VIEWPORT MAPPING DEVVPMAP
LNE REPRESENTATION LINEREP
MARKER REPRESENTATION MARKERREP
TEXT REPRESDETATION TEXTREP
FILL REPRESENTATION Fn.L.REP
EDGE REPRESENTATION EDOEREP
LR12MC..WD MOOS L249CLDWWOE
MARKER CLIPPNG MODE MARKERCLPMODE
EDGE CJun MODE EDGLIWDODE
BEGIN FIGURE SEGPIGURE
END FIGURE ENUPICURE
NEW REGION NEWREG30N
SAVE PRIMITIVE CONTEXT SAVEPRIMCONT
RESTORE pmaTiVE CONTEXT RESPRIMCONT
CIRCULAR ARC CENTRE REVERSED ARCCTRREV

ONECrIN EDGE CONNEWE
PICK IDEITWIER PIC=ID
COPY SEGMENT COPYSEG
INHERITANCE FILTER INFTLTER
CLIP INHERiTANCE CLIPINH
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SEGMENT ThANSFORMATTON SEf7TRANS
SEGMENT VI3IEUIT SEGYIS
SEGMENT f(IGHLIGHTINGE SEGJHiCHi
SEGMENT DISPLAY M~ORMT SEGDISPPRI
SEGMENT PICK MIORITY SEC PICXPRI

PquJS

Add do following to imaid of subdmause 6.2

BEGINJ SEGMENJT BEE.SEG
<.SOF-rSEP
<N:SEGID>

<TE.RM>

END SEGMENT ENOSEG cTERJM4

Page 17

Add to the aid of METAFILE ELEMENT UST.

The words VER2STAT7C. EXTENDED PPIMITIVE and VER2GKSMSTA71C.-may also be used Lr.Lasar

Page 17

Add dut following to Lhe end of sub-ciaas 6.3

NAME PRECISION NAMEPREC
cSOF"FSEP,
<LMIDINT>

MAX VDC EXTEN zu MAXVDCET

<PRRS'TCORN ER>

4dP6SECONDCORNER,

SEGMENT PRIORITY EXTENT SEGPRIEXT
-cSO~rSEP>
4d:MINSEGPRI,

41MAXSEGPRb

Add ds Woswing to Le #ad of ab-clinm 6A

DEVICE VIEWPRT DEVYP

cVP-FTRS=CRNER>
4CEP>
<VP:SECONDCORNEL>

<TERM>

DEVICE VTEWPORT SPECIFICATIONI
MODE :uDEVVP
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.CSEP>
<R.SCALIPACTIDR>

<TERM>

DEvICE VIEWPORT MAPPING :uDEVTCEVPMAP

<SOFT'SEP,
ICOJ4TIORCMIFORC ED>

dJClX'MlCTIRGHT>
.CSEP>
,cBOTrroVMcroP>

cTERM>

LINE REPRESENTAT!ON LMJREP
<SOFTSEP,
cL*BUN~DLEtIDEX>, (p~ae

<cSEP?>
-.LLIhJETYPE,

,cE>'C bftP~auiaiaox depaidein

CV:LUNEWEDTH, (non-ngauive I
<SEP>
<K:LJN`EC0LR,

<TERM>

MA.RKER REPRE.SENTAT77ON MAR ERR!?
.cSOMrE?,
<LBLWDLETh(DEX> pmiv
<SEP>
<4AAAtKMRTYPE,.

3(1-dm 2"*

<SP 0 b~inm femn depmidae I

<V:MARKa5ISZX:, (nan-negzuve)
<SEP>
<cK:MARKEUCOLR,

TERM>

TEXT REPRESENTATION TEXTREP
4SOFTSD,>
4'3UNDLaIDEX, fpamwtt I

4snuCEGJIAR=~OKL,,

,dL-SPACfrbc
-cSEP,
CL-FACMOR>
ICSE?>
4d-TEXCOULR*

<TERM>

FI.LL REPRESENTATION F RLLREP
-cSomTE?,
<LBUNDLEEDEX> ipotineie

-<SEP>1 232



<HOLLWtSOUD~PAT1HATC~tEMPTrY>
ICSEP51
dK+TLLcotLL>
<SEP>
-cLHATCHINDMX

( lmhanz2nuL7-au
3pmi.~s~v* slopg

<SOsEP>

<LBUNDL~J0DEX> (Positive
<SEP>
4.EDGE'rYPE.,

(I ol.2~mdaIh

Speashdotsho

.C inivkaamoum &Periden
<SEP>
-cV:E.DGEWIDTH,> (wnon-ngauve
<SEP?>
dC:EDGECOLR>

<TERM>

Page' 19

Add ow following to the end of sub-clause 63

LINE CLIPPING MODE m LNECUIPMODE
<SOPTSEP>
<L;OCUSISHAPEILOCU STH ENS HAPE>

<.TERM>

MARKER CLIPPING MODE uMARKERCUPMODE

cSOFTSEP,
<LOCUSISHAPEILOCU.STHENSHAPE>

-4ERM>

EDGE CUPPING MODE EDGECLZPMODE
4CoFTSE1?>
&OCUSlSHAPE1=CSTHENSHAPE.>

<TERM

BEGIN FIGURE ~ uBEGPIGURE <TER1~b

END FIGURE -.- ENODFIGURE 4rUM>

NEW REGION --m NEWUEGION <TERM>

Th4PCI~T EDGE VISIBILITY RA~PLEDGEVIS
<dOFrsEP`>
-cFFION2,

<TERM>

SAVE PRIMITIVE CONTEXT ::m SAVEPRIMCONT
<cSOvrSEP>
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<NýCONT(EXTNAME>
<TERM>

RESTORE PRIMITIVE CONTEXT :mRESPRVh4CONT
-SMvrSEP>
-cN-ONTEXTNAbY .

<TERM>

Pagr 24

Add a*e following to the end of sub-clams 6.6

CIRCULAR ARC CeNTRE REV uARCCTRREV
cCTRARCSPEC.>

<TERM>

CONNECTIN~G EDGE CONNEDG <TERM>

Page 28

Add the following to the end of sub-clams 6.7

PICK IDEN7=R PICKID
<cSOFrSEpw
<N:PICKID,

<TERM>

Page 29

T'he following fo=m sub-clause 6. 10

MO1 Encoding segment control and segment attribute elements

COPY SEGMENT ~ uCOPYSECI
-cSOFTSEP>
<N:SEGIID>
,cSEP>
<TM.TRANSMATRDC>
<"OYES>

00*06PROPER ENCODINGS TO BE ADDED ONCE LIST AGREED 0006

IN4HERITANCE FILTER J NHFILTER

LIECM4OM

MAmUEV4
MARKERTYPE
MARKERSOLR
MARKERCLMWMOoEJ
G II NDWO

ITEXTIPRECI
CHARACTEREXPAM
CIIARACTERSPACEI
TEXIVOLRI
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CKARHEIGTIf
CHARMR

TEX7AUG

HATCHINDEM
PATMEO~
E1DGEINDEM
EDGETYPEI
EDGEW~ni
EDXECOLAJ
EDGEV1SI
EDGECLIPMODEI
FILLREFERENCE 71
PATS IEI
AUXCOLJI
TPRANSPARE.NCYI
L24EATM~
MARKERATTRI
TEXTATTR
CHARATTRI
FTLLATTRI
EDGEAMTR
PATATTRI
OIJTPLTTCONTROU
PICIGDI
ALLATrRt 00*xdrm D~
ALLJ

line width maf

mwkar wowx ma
ail fota wdex mt

umx prwucisofi a
dwacter uzpmsion fac uf

dwano syI. mat
um lclokuta

huch bJbmut

LINEASFSI
MARKMWAFSI
TEXTASFSI
CHARASFSI
FILLASFSI
EDGEASFSI
AlLIASFS>

<dTATELXMIEGMENT.ý
<TERM>

CLI rIEHYiTANCE <CLUPINH
<tSOFTSE.P>
<cSTATE..US7TINTERSECT70N>

<TERM>
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SEGMET TRA.NSFORM~ A71ON :.- SECTWANS
<SOFTSEPý>
-rH:SECIDa.
<SEP>
(TM:TRANSMATRDC>

<TERM>

SEGMENT HIGHUIGHTING :u SECHIGHIL
,cSOFTS El'
<N:SEGID>
<SEP>
<NORM.AUHICHUGnTED,

<TERM>

SEGMENT DISPLA~Y PRIORITY :uSEGDISPPRI

<SOFTSEP>
<N:SECID>~
<SEP>
4:DISPLAYPRIORrTY>

<TERM>

SEGMENT PICK PRIORITY : SEGPICKPRI
<SOFTSEP>
-<N:SE(;ID>s
<SEP>
dIPICKPRIORM>y

<TERM>

Page 10

Add Owe following to the end of clawse 7:

Pick idenuria-

NAME PRECISION:
M2U4T 0
MAJONT 32767
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