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EXECUTIVE SUMMARY

The overall objective of the Department of Defense Computer-alded
Acquisition and Logistic Support (CALS) FProgram 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 systen
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 0OSD which
would be applicable to the DoD environment; comparison of graphics
standards among themselves and with product data standards; and the
status of ongoing 9raphics 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
Graphics Metafile (CGM) standard (FIPS PUB 128)2. Graphics tasks
included an assessment of raster-to-vector conversion technology,
and where the CGM might fit into that process: efforts toward
development o©f 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 th2 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.

’Kemmerer, S., Editor, "A Collection of Technical Studies
Completed for the Computer-aided Acquisition and Logistic Support
(CALS) Program, Fiscal Year 1987," U.S. Department of Commerce,
National Bureau of Standards, NBSIR 88-3727, March 1988.
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year before’. 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 cof
computer graphics standards for CALS, and in particular CeM*. It
provides a progress report on continuing graphics standards efforts
related to the Computer Graphics Metafile (CGM) standard, including
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 1is
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 folliows:

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 Insti*ute of Standards and Technology, NISTIR 4315, 4316,
and 4317.

“The 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 or
through the National Technical Information Service.

’Kemmerer, 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 CCM validaticn
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.




I. OVERVIEW AND METHODULOGY
A. Overview

The Computer Graphics Metafile (CGM) standard (IS0 8632;
ANSI/X3.122; FIPS 128) is a data transfer standard. In
particular, it specifies the content of a logical file toc be used
in storing and interchanging picture descriptions amcg
applications. Conformance statements in the CGM standard appu.y
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 ke in
conformance with that standard. 1In the case of the CGM standard,
an instance of a CGM whose conformance is in question will ke
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 1is 1in conformance with MIL-D-28003 and (2)
buyers who need to Jjudge, by whatever means are availilable,
whether a given CGM 1is in conformance with MIL-D-28003. In
addition, programmers 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 =ific requirements of MIL-D-28003
separately, so that the documen: is of value to anycne needing to
test Binary Encoded CGMs for conformance to the CGM standard. 1In
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.




E. Methodology

The CGM Functional Description, IS0 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 1in
Sections IV and V, respectively. In these sections, like
requirements are grouped. [NOTE: Because this document is
intended t» 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 :re 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 account 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 be*r.avior of a hypothetaical
"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." 1Its operation
is broken down into six major steps, which can be thought of as
relatively autonomous program modules, plus a reporting step.
Section II g3ives 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.




II. REFERENCE ARCHITECTURE FOR A CGM PARSER/VERIFILR
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 1is 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"Y.

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 1like 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).



2. Step 2: lexical Phase

Two octets are obtained from the CGM-under-test. They represent
the command header {short form). The element class and 1d are
extracted and saved,. The length is examined to determine if a
long~form element is present. I1f so0, 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.

CALS. In a basic conforming metafile, the METAFILE DEFAULTS
REPLACEMENT element shall not be partitioned. 1If partitioning is
encountered, generate an apprcpriate CALS~conformance vioclation
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 1is incremented.
Then, processing »asses to Step 4 (Element Processing).

Otherwise, a conformance violation message 1is 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.




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 1is 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, Bl4, B15, Bl8, B19, B3z,
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.




(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 € 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. Step 5: Special Element Processing

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.

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




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.

CAIS. 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).

CAIS. 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 glocbal data structure if the state
is PDOP and in the current metafile defaults global data
structure if the state is MMDR.

CALS. 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.




Geometric Primitives (general): Check for any special
constraints on the number of entities expected. For exanple,
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.

CALS. The number of colour values shall not exceed 1,048,576 1in
a CELL ARRAY element. The number of points in any metafile
element shall not exceed 1024. Nc string parameter, with the
exception of data records, shall exceed 254 characters in length;
data records shall not exceed 32767 characters.

CAIS. 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.

CAIS. 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 1length: data records shall not exceed 32767
characters.

CAIS. 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




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

CAIS. PATTERN INDEX: Mark the corresponding internal pattern
table entry as used. 1If 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).

CAILS. 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 1is in the MMDR state (that 1is, if a default
pattern table 1is being specified). Note also that no

redefinition of pattern table entries is allowed once the first
primitive has been encountered by the parser.

CAIS. COLOUR TABLE: Save the c¢olour 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.

CAIS. 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. Step 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 frresent in the metafile was mentioned in the
METAFILE ELEMENT LIST.




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.

(¢) 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).

CALS. 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).

10




IITI. REQUIREMENTS EXTRACTED FROM ISO 8632-1:1987
A. Explanation of Contents

The CGM Functional Description, 150 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 Functicnal Description, Part 1. A suffix--
"a," "p,n wecw__jg 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
"p", 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 1in the Metaflile
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
D1/1 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
D1/1 pP-44

[END METAFILE] is the last element of a metafile.
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F9: Clause 4.3
#2/3 p.10

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.]

F10: 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.

Fll: 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.

Fl4: Clause 5.4.3
D2/3 p-57

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

F15: Clause 5.4.4
D2/3 p.57

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

If used, EDGE WIDTH SPECIFICATION MODE shall appear 1in 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 1lists 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
D1/1 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.56

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
P1/1 p.50

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

F34: Clause 5.3.12
D1/4 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 menticned in
Clause 6), any of the following elements may appedar in a METAFILE
ELEMENTS REPLACEMENT element:

SCALING MODE CHARACTER EXPANSION FACTOR
COLOUR SELECTION MODE CHARACTER SPACING
LINE WIDTH SPECIFICATION MODE TEXT COLLOUR

MARKER SIZE SPECIFICATION MODE CHARACTER HEIGHT

EDGE WIDTH SPECIFICATION MODE CHARACTER ORIENTATICON
VDC EXTENT TEXT PATH

BACKGROUND COLOUR TEXT ALIGNMENT

VDC INTEGER PRECISICN CHAY .. ._R <77 INDEX
VDC REAL PRECISION ALErGATE CHARACTLR SET INDEX
AUXILIARY COLOUR FILL BUNDLE INDEX
TRANSPARENCY INTERIOR STYLE

CLIP RECTANGLE FILL COLOUR

CLIP INDICATOR e INDEX

LINE BUNDLE INDEX PATTERN INDEX

LINE TYPE EDGE BUNDLE INDEX
LINE WIDTH EDGE TYPE

LINE COLOUR EDGE WIDTH

MARKER BUNDLE INDEX EDGE COLOUR

MARKER TYPF EDGE VISIBILITY
MARKER SIZE FILL REFERENCE POINT
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 1is
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 initial [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, CHARACTFEx: 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.

F4la: Clause 5.6.4
D3/1 p.63

also

F41lb: Clause 5.6.5
D6/1 p.64

also

F4lc: Clause 5.6.6
D3/1 p-65

The flag parameter is used to permit changing the following text
attributes and contrcl 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 Requirements

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, BGS, 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
D1/5 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
12/1 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 Range 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. TRALIZED 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 Pl must always be "1".]

F58: Clause 5.6.1
D1/1 pP.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
D1/1 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.]

Fé60a: Clause 5.6.4
D5/3 pP-63

also

F60b: Clause 5.6.5
D8/3 p.64

also

Fé60c: Clause 5.6.6
D5/2 P-65

Text elements with a null string parameter are legal.
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F6l: Clause 5.6.9
D1/1 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 pP.-72

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

F65: Clause 5.6.15
DS/1 p-75

Valid wvalues 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 5.5.16
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
DS/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
Da/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.

F81l: 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.87

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 pP.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

I1f 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
DS/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 SPECIFICATION MODE 1is ‘'absolute' and non-negative
reals if EDGE WINT{ SPECIFICATION MODE is 'scaled.'!

F94: Clause .7 .32
D2/1 P.So

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
p1/3 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 gquoted. 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) 1is 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 "z".
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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Bl: Clause 4.3
#1/1 p.6

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

B2: Clause 4.3
#3/2 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 pP.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 1list lengtl
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 congists of two
words. The second word contains the actual parameter list
length. The two header words are then followed by the parameter
list.

B9: Clause 4.4
$8/1-4 p-8

The 1long-form command allows the parameter list to &be
partitioned. Bit 1% of the second word indicates whether the
given data complete the element or more data focllow. Fer
subsequent data partitions of the element, the first word of the
long~form Command Header 1s omitted: only the secoend word,
containing the parameter list length, is given.

B10: Clause 4.4
#8/5 p.8

The parameter list length for each partition spe-ifies the length
of that partition, not the length of the complete element.

Bll: Clause 4.4
#8/56 p-8

The final partition of an element is indicated by bit 1% of the
parameter list lcngth word being zero.

Bl2: Clause 4.4
$#10/7 p.8

Unless otherwise stated, the order of parameters is as listed in
clause 5 of Part 1.

Bl13: 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.

Bl4: Clause 4.4
#11/3 p-9

In elements with parameters whose precisions are shorter than one
aoctet (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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B1S5: 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.

Bl16: 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].

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

Bl17: 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 IS0 8632/1. [These are Signed Integer (SI),
Ursigned Integer (UI), Character (C), Fixed Point Real (FX), ang
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
#1/1 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-12

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/TIEEE 754.
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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.)

B31l: 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 continuocus 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 Flecating
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 0O p-20

A NO-OP has 1 parameter, Pl, ([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 1is 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 1is 'run length'] each list item consists of a cell count
(integer) followed by a colour value.
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B38: Clause 7.7
Code 32 p.36

[NOTE: NB: ©Unlike CELL ARRAY, pattern definitions in PATTERN
TABLE have no "cell representation mode"; 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.

INOTE: 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 pP-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 registereu 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
£ 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.48-50

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

0/1
1/1
2/1
3/1
4/1
5/1
6/1
7/1

[NOTE:

stated in Annex C,

through
through
through
through
through
through

and 7/2.

Note the omission of 0/0 (NOOP).
but it merely summarizes the contents of the

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

This requirement is

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 gquoted. 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) 1is 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
"in/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 of 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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N

1. General CAILS

M1l: Clause 3.1
1/5 p-5

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

M2: 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.

MS5: 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.

M6: 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].

M10: 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.

M1l: 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
1/4f% 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 Dbe
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 Decoding

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 -1",

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

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

M1l6: 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 Ranges

M17: Clause 3.2.1.1

1/1 p-8

The only constraint on delimiter elements shall be for NO-OP, and
the basic wvalues 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-1".

M19: Clause 3.2.1.2
Table X p.8

INTEGER PRECISION Basic Value is 16.

M20: Clause 3.2.1.2
Table I pP-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, [up to] four simultaneous fonts are supported.
The font names are selected from those in {clause] 3.2.5 (g.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 : CARTOGRAPHIC_GREEK
HERSHEY : SIMPLEX_ROMAN
HERSHEY : SIMPLEX_GREEK
HERSHEY:SIMPLEX_SCRIPT
HERSHEY : COMPLEX ROMAN
HERSHEY : COMPLEX_GREEK
HERSHEY: COMPLEX_ SCRIPT
HERSHEY : COMPLEX_ITALIC
HERSHEY : COMPLEX_ CYRILLIC
HERSHEY : DUPLEX_ROMAN
HERSHEY : TRIPLEX_ROMAN
HERSHEY :TRIPLEX_ ITALIC
HERSHEY : GOTHIC_GERMAN
HERSHEY : GOTHIC_ENGLISH
HERSHEY :GOTHIC_ITALIAN

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).

44




M31: Clause 3.2.1.4
Table II p.9

TRANSPARENCY Basic Vvalue 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 JINDEX 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 are 1-2 angd the
character set selected shall be representable 1in the (-
selected.

M4al: 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 h.tch 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 takle VvV shall
apply. Their CGM parameter values are the consecutive integers -~
11401 through -11407 and -11:09 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 IIT 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: 1-
16} .

M47: Clause 3.2.1.6
Tablie III p.9-10

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

M48: Clause 3.2.1.8
/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 1024x1024 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
3/1ff 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:

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

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

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
attribute and the default applies to a displayed primitive.
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M58: Clause 3.2.7.1
7/2 p-16

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 pP-16

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

Requirement Section Where Requirement is Represented for Testing
F1 II, Step 6A
F2 II, Step 6A
F3 II, Step 6A
Fa ITI, Step 6A
F5 II, Step 4
Fé II, Step 4
F7 II, Step 5
F8 II, Step 5
F9 Appendix A
Flo0 Appendix A
Fl11 Appendix A
F12 Appendix A
F13 Appendix A
Fl4 Appendix A
F15 Appendix A
Fle6 Appendix A
F17 Appendix A
Fis8 Appendix A
F19 Appendix A
F20 Appendix A
F21 Appendix A
F22 II, Step 6B
F23 I1I, Step 6B
F24 Appendix C, COLOUR VALUE EXTENT
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Requirement 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 IT, Step 5

F29 IT, Step 5

F30 1I, 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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Requirement
F49

F50

F51

F52
F53
F54

F55

F56
F37
F58
F59
F60
Fe61l
F62
Fé3
Fé4
Fé65
Fé66
F67
Fé68
F69

F70

Section Where Requirement is Represented for Testing

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

Appendix C, CELL ARRAY, and 1I, Steps 4B and 4C

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

Appendix C, VDC EXTENT
Appendix C, CELL ARRAY, and II, Steps 4B and 4C
Appendix C, PATTERN TABLE, & II, Steps 4B and 4C

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

Appendix C, index parameters
Appendix C, METAFILE VERSION
Appendix C, POLYLINE, and II, Step 5
Appendix C, text elements

Appendix

C
C
Appendix €, DISJOINT POLYLINE, and II, Step 5
C
C, CELL ARRAY

C

Appendix C, CELL ARRAY
Appendix C, GDP

Appendix C, CIRCLE

Appendix C, CIRCULAR ARC CENTRE
Appendix C, CIRCULAR ARC CENTRE
Appendix C, CIRCULAR ARC CENTRE CLOSE

Appendix

c

c

Appendix C, CIRCULAR ARC CENTRE CLOSE

C, ELLIPSE
c

Appendix

, ELLIPTICAL ARC
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Requirement Section Where Requirement is Represented for Testing
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, CHARACTtx 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

Fa2 Appendix C, EDGE TYPE

F93 Appendix C, EDGE WIDTH

F94 Appendix C, PATTERN TABLE INDEX
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Requirement Section Where Requirement is Represented for Testing

Fo5 Appendix C, PATTERN TABLE
Foe6 Appendix C, PATTERN SIZE
F97 Appendix C, COLOUR TABLE
F98 Appendix C, ESCAPE
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Requirement
Bl

B2
B3
B4
BS
B6
B7
B8
B9
B1l0O
Bl1l
B12
B13
B14
B15
Ble
B17
B18
B19
B20
B21
B22
B23
B24

B25

Section Where Requirement is Represented for Testing

11,
1I,
11,
11,
11,
11,
11,
11,
11,
11,
11,
i1,
11,
11,
I1,
II,
11,
II,
i1,

IT,

Step
Step
Step
Step
Step
Step
Step
Step
Step
Step
Step
Step
Step
Step
Step
Step
Step
Step
Step

Step

Appendix

Appendix

11,

Step

Appendix

Appendix

1
2

2

4B
4B
4B
4B
3

4C
4B
4B

4C

C, signed integers

C, unsigned integers

4C
c,

c,

fixed point reals
fixed point reals
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Requirement
B26

B27
B28
B29
B30
B31
B32
B33
B34
B35
B36
B37
B38
B39
B40
B41l
B42
B43

B44

Section Where Requirement is Represented for Testing

Appendix
Appendix
Appendix
Appendix
Appendix
Appendix
II, Step
I, Step
Appendix
Appendix
Appendix
II, Step
II, Step
I1I, Step
II, Step
Appendix
II, Step
Appendix

Appendix

c,
c,
c,
c,
C,
c,
4c,
4c,
C,
C,
c,
4c,
4C
3

3
c,
4D
c,

c,

fixed point reals

floating point reals
floating point reals
enumeration type parameters
strings

fixed point reals

for CELL ARRAY

for CELL ARRAY
NOOP
METAFILE ELEMENT LIST, & II, Step 4
SCALING MODE

for CELL ARRAY

index parameters

string parameters

METAFILE ELEMENT LIST
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Requirement
M1l

M2
M3
M4
M5
M6
M7
M8
M9
M10
M1l
M12
M13
M14
M15
M1s6
M17
M18
M19
M20
M21
M22
M23
M24

M25

Section Where Requirement is Represented for Testing

IT, Steps 3 and 4B

II, Step 4D

II, Steps 1 and 2

II, Step 4D

II, Step
II, Step
I1, Step
I1I, step
Appendix
Appendix
Appendix

Appendix

II, Steps 2

Appendix
Appendix
Appendix
Appendix
Appendix
Appendix
Appendix
Appendix
Appendix
Appendix
Appendix

Appendix

5

5

B,

B,
B,
c,

METAFILE DEFAULTS REPLACEMENT
ESCAPE

ESCAPE

ESCAPE

and 5

CELL ARRAY

VDC REAL PRECISION

SCALING MODE, and II, Step 4D
NOOP

METAFILE DESCRIPTION

INTEGER PRECISION

REAL PRECISION

INDEX PRECISION

COLOUR PRECISION

COLOUR INDEX PRECISION

FONT LIST

FONT LIST
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Requirement
M26

M27
M28
M29
M30
M31
M32
M33
M34
M35
M36
M37
M38
M39
M43
M41
M42
M43
Mag
M45
M46
M47
M48

M49

Section Where Requirement is Represented for Testing

Appendix
Appendix
Appendix
Appendix
Appendix
Appendix
Appendix
Appendix
Appendix
Appendix
Appendix
Appendix
Appendix
Appendix
Appendix
Appendix
Appendix
Appendix
Appendix
Appendix
Appendix
Appendix
Appendix

Appendix

COLOUR TABLE

<,

c,

c,

C,

FONT LIST

CHARACTER SET LIST
CHARACTER CODING ANNOUNCER
VDC INTEGER PRECISION

VDC REAL PRECISION
TRANSPARENCY

LINE BUNDLE INDEX

LINE TYPE

LINE TYPE

MARKER BUNDLE INDEX

MARKER TYPE

TEXT BUNDLE INDEX

TEXT FONT INDEX

CHARACTER SET INDEX
ALTERNATE CHARACTER SET INDEX
FILL BUNDLE INDEX

HATCH INDEX

HATCH INDEX

EDGE BUNDLE INDEX

EDGE TYPE

PATTERN TABLE

COLOUR TABLE

MESSAGE

and

CELL ARRAY, PATTERN 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 1I, Step 5
M54 Appendix C, ESCAPE
M55 Appendix C, ESCAPE
M56 Appendix C, ESCAPE
M57 1T, Steps 4B and 4C
M58 ITI, Step 5
M59 I1I, 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 parser are lilsted,
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; however, are processing a METAFILE DEFAULTS
REPLACEMENT element.

PDOP Picture Descriptor open, but not in Picture Body vet.
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 wvalid for them to occur. Any elements
causing state transitions are annotated as (***), and are 1in
poldface. The binary encoding element class and 1id ceodes 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
0, 1
(***)
0, 2
(***)
(***)
0, 3
(***)
0, 3
(*t*)
0, 4
(*t*)
0, S
(t‘k*)
1, 1
1, 2
1, 3
1, 4
1, 5
1, 6
1, 7
1, 8
1, 9

NO-OPERATICN
BEGIN METAFILE
Causes transition from MFCL to MDOP.
END METAFILE
Causes transition from MDOP to MFCL.
Causes transition from PICL to MFCL.
first BEGIN PICTURE
Causes transition from MDOP to PDOP.

second or later BEGIN PICTURE

Causes transition from PICL to PDOP.
BEGIN PICTURE BODY
Causes transition from PDOP to PBOP.

END PICTURE

Causes transition from PBOP to PICL.
METAFILE VERSION
METAFILE DESCRIPTION
VDC TYPE
INTEGER PRECISION
REAL PRECISION
INDEX PRECISION
COLOUR PRECISION
COLOUR INDEX PRECISION

MAXIMUM COLOUR INDEX
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MDOP MMDR PDOCP
PBOP TXOP PICL
MFCL

MDOP
PICL

MDOP

PICL

PDOP

PBOP

MDOP

MDOP

MDOP

MDOP

MDOP

MDOP

MDOP

MDOP

MDOP




1,10
1,11
1,12
(**i)
(***)
1,13
1,14
1,15
2, 1
2, 2
2, 3
2, 4
2, 5
2, 6
2, 7
3, 1
3, 2
3, 3
3, 4
3, 5

COLOUR VALUE EXTENT
METAFILE ELEMENT LIST

METAFILE DEFAULTS REPLACEMENT

Causes transition from MDOP to MMDR.

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

FONT LIST

CHARACTER SET LIST

CHARACTER CODING ANNOQUNCER
SCALING MODE

COLOUR SELECTICN MODE

LINE WIDTH SPECIFICATION MODE
MARKER SIZE SPECIFICATION MODE
EDGE WIDTH SPECIFICATION MODE
VDC EXTENT

BACKGROUND COLOUR

VDC INTEGER PRECISION

VDC REAL PRECISION

AUXILIARY COLOUR

TRANSPARENCY

CLIP RECTANGLE
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MDOP

MDOP

MDOP

MDOP

MDOP

MDOP

PBOP

PBOP

PBOP

PBOP

PBOP

MMDR

MMDR

MMDR

MMDR

MMDR

MMDR

MMDR

MMDR

MMDR

MMDR

TXOP

MMDR
TXOP

MMDR

PDOP

PDOP

PDOP

PDOP

PDOP

PDOP

PDOP




3, 6
4, 1
4, 2
4, 3
4, 4
4, 4
(***)
4, 5
4, 5
(***)
4, 6
a, 6
(t**)
4, 7
4, 8
4, 9

CLIP INDICATOR

POLYLINE

DISJOINT POLYLINE

POLYMARKER

"final" TEXT

"not final" TEXT

Causes transition from PBOP to TXOP.

"final" RESTRICTED TEXT

"not final" RESTRICTED TEXT

Causes transition from PBOP to TXOP.

"not final" APPEND TEXT

"final" APPEND TEXT

Causes transition from TXOP to PBOP.

POLYGON

POLYGON SET

CELL ARRAY
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MMDR
PBOP

PBOP

PBOP

PBOP

PBOP

PBOP TXOP

PBOP

PBOP TXOP

TXOP

TXOP

PBOP

PBOP

PBOP




4,10 GENERALIZED DRAWING PRIMITIVE
PBOP

(CALS) 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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MARKER TYPE

MARKER SIZE

MARKER COLOUR

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

68

PBOP

PBOP

PBOP

PBOP

PBOP

PBOP

PBOP

PBOP

PBOP

PBOP

PBOP

PBOP

PBOP

PBOP

PBOP

PBOP

MMDR

MMDR

MMDR

MMDR

TXOP

MMDR
TXOP

MMDR
TXOP

MMDR
TXOP

MMDR
TXOP

MMDR
TXOP

MMDR
TXOP

MMDR

MMDR

MMDR

MMDR
TXOP

MMDR
TXOP

MMDR



INTERIOR STYLE

FILL COLOUR

HATCH INDEX

PATTERN INDEX

EDGE

EDGE

EDGE

EDGE

EDGE

FILL

BUNDLE INDEX

TYPE

WIDTH

COLOUR

VISIBILITY

REFERENCE POINT

PATTERN TABLE

PATTERN SIZE

COLOUR TABLE

ASPECT SOQOURCE FLAGS
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PBOP

PBOP

PBOP

PBOP

PBOP

PBOP

PBOP

PBOP

PBOP

PBOP

PBOP

PBOP

PBOP

PBOP

MMDR

MMDR

MMDR

MMDR

MMDR

MMDR

MMDR

MMDR

MMDR

MMDR

MMDR

MMDR

MMDR

MMDR




(CALS)

ESCAPE

MDOP MMDR
PBOP TXOP

Only the following three ESCAPEs are permitted
in a basic conforming metafile and only in the

specified states.

=301 Disable viewsurface clear

-302 Device viewport

-303 Implicit colour table

MESSAGE

APPLICATION DATA
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MDOP

MDOP

MDOP MMDR
PBOP

MDOP MMDR
PBOP

PDOP
PICL

PDOP

PDOP

PICL

PDOP
PICL




APPENDIX B
CGM ELEMENT LENGTH REQUIREMENTS
FROM

XSO 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 1lengths of their parameter lists.
Length 1is 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/CX16) and colour precision (CD8/CD16).

(3) String Length: Strings are either n+l1 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 expressicn
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.

73




0, O
0, 1
0, 2
0, 3
0, 4
0, 5
1, 1
1, 2
1, 3
1, 4
1, 5
1, 6
1, 7
1, 8
1, 9
1,10
1,11
1,12
1,13
1,14
1,15

NO-OPERATION

BEGIN METAFILE

END METAFILE

BEGIN PICTURE
BEGIN PICTURE BODY

END PICTURE

METAFILE VERSION
METAFILE DESCRIPTION
VDC TYPE

INTEGER PRECISION
REAL PRECISION

INDEX PRECISION

COLOUR PRECISION

COLOUR INDEX PRECISION

MAXIMUM COLOUR INDEX

COLOUR VALUE EXTENT

METAFILE ELEMENT LIST

METAFILE DEFAULTS REPLACEMENT

FONT LIST

CHARACTER SET LIST

CHARACTER CODING ANNOUNCER
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1 (CX8)
2 (CX1s6)

6 (CD8)
12 (CD16)

4m + 2
variable

m * (n+1)

m* (n + 3)

2




4,

SCALING MODE

COLOUR SELECTION MODE

LINE WIDTH SPECIFICATION MODE
MARKER SIZE SPECIFICATION MODE

EDGE WIDTH SPECIFICATION MODE

VDC EXTENT

BACKGROUND COLOUR

VDC INTEGER PRECISION

VDC REAL PRECISION

AUXILIARY COLOUR

TRANSPARENCY

CLIP RECTANGLE

CLIP INDICATOR

POLYLINE

DISJOINT POLYLINE

POLYMARKER

TEXT

RESTRICTED TEXT

APPEND TEXT
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2
2

8 (I)
16 (R)

3 (CD8)
6 (CD16)
2

6

3 (CD8)
6 (CD16)
2

8 /1)

16 (R)
2

4m (I)
8m (R)
4m (1)
8m (R)
4m (I)
g8m (R)

7 + n (I)
11 + n (R)
11 + n (I)
19 + n (R)




POLYGON

POLYGON SET

CELL ARRAY

GENERALIZED DRAWING PRIMITIVE

RECTANGLE

CIRCLE

CIRCULAR ARC 3 POINT

CIRCULAR ARC 3 POINT CLOSE

CIRCULAR ARC CENTRE

CIRCULAR ARC CENTER CLOSE

ELLIPSE

ELLIPTICAL ARC

ELLIPTICAL ARC CLOSE

LINE BUNDLE INDEX

LINE TYPE

LINE WIDTH
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am (I)
&m (R)

ém (I)
10m (R)

20 + colour values
(1)
32 + colour wvalues
(R)

S + 4m + n (1)
5 + 8m + n (R)

8 (I)
16 (R)

6 (I)
10 (R)

12 (I)
24 (R)
14 (I
26 (

14 (I)
28 (R)

16 (T)
30 (R)

12 (L)
24 (R)

20 (I)
32 (R)

22 (I)
34 (R)

S
—
ol



LINE COLOLUR

MARKER BUNDLE INDEX
MARKER TYPE

MARKER SIZE

MARKER COLOUR

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
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[

N
-
o~

)

[

(1

{R}

&

(Cxa)
(CX16)
(CDB

(CD14)

[ I

SR

s ro ra 1193
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INTERIOR STYLE

FILL COLOUR

HATCH INDEX
PATTERN INDEX
EDGE BUNDLE INDEX
EDGE TYPE

EDGE WIDTH

EDGE COLOUR

EDGE VISIBILITY

FILL REFERENCE POINT

PATTERN TABLE

PATTERN SIZE

COLOUR TABLE

ASPECT SOURCE FLAGS

ESCAPE

MESSAGE

APPLICATION DATA
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(Cx8)
(CX16}
(CDB)

(CD16)

N R

2 (1)
4 (R)

1 (Cx8)
2 (CX16)
3 (CD8)

6 (CD16)

8 (R}

8 + colour values

3m (CX8,CD3)
(CX16,CD8)
6m (CX8,CD16)
6m (CX16,CD16)

B et DS

+ 4+ 4+
(o]
=1

3 + n (short DR)
5 +n {(long DR)




APPENDIX C

ALLOWABLE PARAMETER RANGES

FOR

BINARY ENCODED CGM ELEMENTS
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Element
NOOP
(CALS)

BEGIN METAFILE

(CALS)
END METAFILE

BEGIN PICTURE

(CALS)

BEGIN PICTURE
BODY

END PICTURE n/a
METAFILE
VERSION
METAFILE
DESCRIPTION

(CALS)

VDC TYPE

INTEGER
PRECTISION

(CALS)
REAL
PRECISION

(CALS)

Parameter

number of null-valued cctets

length of string (P1)
contents of string (P1l)
length of string

n/a

length of string (P1l)
contents of string (P1)

length of string

n/a

version number (P1)

length of string (P1l)
contents of string (P1l)

length of string
contents of string

type (P1)

precision (P1)

format (P1)
field width 1 (P2)
field width 2 (P3)
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Parameter Range

>= 0
<= 32767
>=

iset of legal
character codes!

<= 254

>= 0
{set of legal
character codes!

<= 254

>= 0

{set of legal
character codes;

<= 254

contains
"MIL-D~-28003/BASIC-1"
and a product name
10,1}

(8,16,24,32)
{16}
(0 9 23,0 12 52,

1 16 16,1 32 32)

(0 9 23,1 16 16}




Element

INDEX
PRECISION

(CALS)

COLOUR
PRECISION

(CALS)

COLOUR INDEX
PRECISION

(CALS)

MAXIMUM
COLOUR INDEX

(CALS)
COLOUR VALUE
EXTENT

METAFILE
ELEMENT LIST

METAFILE
DEFAULTS
REPLACEMENT

FONT LIST

(CALS)

CHARACTER
SET LIST

(CALS)

Parameter

precision ({P1)

precision (P1)

precision (P1l)

index value (P1)

minRed minGreen minBlue
maxRed maxGreen maxBlue

number of elements (P1l)
for each (class/id)
in the list of elements

Parameter Range

{8,16,24,32

{16}

{8,16,24,32

{8, 16}

{8,16,24,32}

{8, 16}

> 0

<256

>= 0
> corresponding
minimum values

> 0

One of the valid
class/id pairs or
-1/0 or -1,1

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

for each string in the list:
length of string (P1l)
contents of string

number of font names in list
length of each string

for each item in list:
type
l=2ngth of string (P2)
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>= 0
{set of legal
character codes}

<= 254

> 0 AND <= 4 or
negative
> Q

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




Element Parameter Parameter Range
CHARACTER coding technique <= 3
CODING
ANNOUNCER
(CALS) {0,1}%
SCALING MODE mode (Pl) {0, 1}
metric scale factor (P2) {> 0.0 if Pl=1;
(CALS) metric scale factor (P2) must be represented

as Fleoating Point if
mode 1is 1

COLQUR mode (P1l) {0,1}
SELECTION
MODE

LINE WIDTH mode (P1l) {0,1:
SPECIFICATION
MODE

MARKER SIZE mode (P1) {0,1}
SPECIFICATION
MODE

EDGE WIDTH mode (P1l) {0, 1}
SPECIFICATION
MODE

VDC EXTENT n/a

BACKGROUND Red Green Blue each component >=

COLOUR corresponding min.
colour extent AND
<= corresponding
max. colour extent

VvDC INTEGER precision (P1l) {16,24,32}
PRECISION

(CALS) {16, 32}

VDC REAL format (P1) {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

AUXILIARY
COLOUR

TRANSPARENCY
(CALS)

CLIP
RECTANGLE

