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EXECUTIVE SUMMARY

The overall objective of the Department of Defense Computer-aided
Acquisition & Logistic Support (CALS) Program is to integrate the
design, manufacturing, and 1logistic functions through the
efficient application of computer technology. CALS is a program
to apply existing and emerging communications and computer-aided
technologies in DoD and industry to:

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

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

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

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

The Bureau has been funded since Spring 1986 to recommend a suite
of industry standards for system integration and digital data
transfer, and to accelerate their implementation. NBS activities
during 1986 were primarily aimed at:

o familiarizing NBS technical staff with key DoD logistic
functions and CALS demonstration projects,

o briefing DoD personnel, contractors, and other
interested parties on Federal, national, and

international standardization efforts that are expected
to support CALS objectives,

o identifying a preliminary set of standards required for
data interchange in support of CALS, and
o developing reports on the four broad categories of

standards required to support the interchange of CALS
digitized technical information: (1) product definition
data, (2) graphics, (3) text, and (4) data management.

As a result of these efforts, NBS made a preliminary
identification of several high-priority standards implementations
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needed for CALS data interchange and access.l Building on
knowledge and experience gained during FY86, NBS focused on the
following activities in FY87: developing a CALS Framework,
Development Plan and Core Requirements Package; providing
technical support for standards development and implementation;
and conducting workshops and meetings to promote dialogue with
the Services, the Defense Logistics Agency, and industry.

A major FY87 thrust was the completion of initial documentation
of the high-priority standards required in the CALS environment.
Some of these standards (e.g., SGML, IGES) required tailoring or
enhancement. Other standards required a "push" (e.g., CGEM) for
their development in a timely fashion. These four volumes are a
collection of the final reports presented to the CALS Policy
Office.? The collection is divided as follows:

VOLUME 1:
Text
Evaluation of Text Interchange Methods
Plan for Conformance Testing for DoD Implementation of SGML
Guidelines for the Development of Tags for SGML
The NBS FIPS - SGML Validation Suite
The NBS FIPS - SGML Reference Parser
Using SGML - Application Guidelines

ODA/ODIF Implementation Agreement a Document Application
Profile

Data Management
CALS Report on Data Management Standards

Supporting Logistic Support Analysis (LSA) Using the
Information Resource Dictionary System (IRDS)

Media
ICST Recommendations on Optical Disks and Interface
Requirements for Planned EDMICS Procureuent, Final
Report

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

2 The publishing of this collection of reports does not
imply the CALS Policy Office has endorsed the
conclusions and recommendations presented.
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Raster Compression
Report on Raster Graphics

Tiled Raster Interchange Format, TRIF Version 1.0, Rev. 1.2
Conformance Testing

NBS Plan for Validation (Conformance Testing) of Computer
Products in Support of the CALS Program

VOLUME 2:

Graphics
Raster-to-Vector Conversion: A State-of-the-Art Assessment
Development of CGM Validation Routines
CALS Application Profile for CGM

CALS Requirements Reflected in the Extended CGM (CGEM)
Standards Effort

A Reference Implementation for CGM, Functional Requirements
and Conceptual Design

IGES to CGM Translator Design Specification
VOLUME 3:
Graphics

CGM Registration For CALS Requirements
VOLUME 4:
Product Data

Guidelines for Testing IGES Translators

Guidelines for IGES Application Subsets

iii




The following are additional deliverables completed by NBS during

FY87
CALS

CALS

CALS

but under separate cover. They are available through the
Policy Oftice.

Core Requirements, Phase I.O
Framework:

Program Integration of Logistic Support Analysis and
Reliability and Maintainability Data Deliverables

Current State of Digital Technology (Phase I.O0)

Workshop Proceedings:

Graphics Data Interface for Engineering Design and Technical
Publication Systems (January 13/14).

Introduction to the Core Requirements Package (Apr11 23)

MILSTD-1840A, Automated Interchange of Technical Information

MILSPEC-D-28000, Digital Representation for Communication of

Product Data: Application Subsets

MILSPEC-M-28001, Manuals, Technical: Markup Requirements and

Generic Style Specification for Electronic Printed Output

and Exchange
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I. PURPOSE

The purpose is to register extensions to the Computer Graphics Metafile (CGM) standard through
the American National Standards Institute (ANSI) and International Standards Organization (ISO»
processes to meet CALS requirements, to ensure that all geometric objects which are displayed
graphically in CALS can be represented by the CGM. (Task 2.2.2.2.2)

II. BACKGROUND

The extensions necessary to allow the CGM to properly support CALS requirements for data
interchange in the areas of Technical Publishing, Administrative Publishing, and Technical
Drawings were derived fom applicable standards, commercial product descriptions, and CALS
rrogram documents. The simplest extensions are described as registered linerypes, hatchstvies.
and markertypes. Such extensions add no additional "functionality” to the CGM. More complex
extensions are described in the form of the Graphical Drawing Primitives (GDPs) and Escapes
necessary for their implementation. NBS/ICST concludes that the general framework of the CGM
is adequate to support CALS requirements, but that a large number of extensions-- ‘ome involving
significant new concepts--are required. The effort expended under this year's SOW, although very
comprehensive, addresses only a small portion of the CGM extensions which should be registered
for CALS use. This report does indicate what should be done in follow up work. This will be
discussed in Section V of the report.

1.0 Overview of Computer Graphics Standards

For completeness and to allow comparison with CALS requirements, the output facilities of the
family of ISO/ANSI computer graphics standards—including the CGM—are described in this
paragraph. This material is drawn from [1].

1.1 Output Primitives

Computer graphics standards provide six output primitives: one line-primitive, one point-primitive,
one text-primitive, two raster-primitives and one general purpose primitive serving as an entry point
for specific workstation capabilities and as a mechanism for extending the standards in a “standard
way."

POLYLINE - generates a set of straight lines connecting a given point sequence.

POLYMARKER - generates symbols of some type centered at given positions. The symbols are
called markers; these are glyphs (symbolic characters) with specified appearances which are used to
identify a set of locations.

TEXT - generates a character string at a given position.

FILL AREA - generates a polygon which may be hollow or filled with a uniform color. a pattern.
or a hatch style.

CELL ARRAY - generates an array of rectangular cells with individual colors. This is a
generalization of an array of pixels on a raster device. However, the cells of this primitive need ror
map one-to-one with the pixels defined by the display hardware.

GENERALIZED DRAWING PRIMITIVE (GDP) - addresses special geometrical output
capabilities such as the drawing of spline curves, circular arcs, and elliptic arcs. The objects are
characterized by an identifier, a set of points and additional data. All transformations are apr'ied to
the points but the interpretation is left to the workstation.

1




1.2 Output Primitive Attributes

Table 1 gives, for every type of primitive, the set of attributes that control their appearance. The
attributes describe the following aspects of output primitives.

Pick identifier - A number assigned to individual output primitives within a segment and
returned by the pick device. The same pick identifier can be assigned to different output primitives.
These no not apply to the CGM.

Linetype - Linetypes are used to distinguish different styles of lines. A line may be, for example.
solid, dashed, or dashed-dotted.

Linewidth scale factor - The actual width of a line is given by a normal linewidth multplied by
the linewidth scale factor.

Color - The color is specified by the red-, green-, and blue-intensities defining a particular color
(RGB-values). )

Marker type - The marker type is a number specifying the particular glyph used for identification
of the polymarker positions.

Marker size scale factor - The actual marker size of a line is given by a nominal marker size
multiplied by the marker size scale factor.

Text font - The text font is a number selecting one representation for the text string characters out
of the possibilities present on a workstation.

Text precision - An attribute describing the fidelity with which character position, character size,
character orientation, and character font of text output match those requested by an applicaton. In
order of increasing fidelity, the precisions are string, character, and stroke.

Character height - The vertical extent of a character.

Character up vector - The "UP" -direction of a character.

Character expansion factor - The deviation of the width/height-ratio of a character from the
rado defined by the text font designer.

Text path - The writing direction of the character sequence. The normal path is "right,” i.e.. the
text you are reading is written from left to right. The standards allow the text path values; left, up,
and down also.

Character spacing - Space to be inserted between adjacent characters of a text string in addition
to the space defined by the font designer.

Character alignment - A text attribute describing how the text string is positioned relative to the
reference point of the text primitive (e.g., left aligned, centered).

Interior style - The interior style used to determine in what style an area should be filled. It has
one of the values: hollow, solid, pattern, or hatch.

Pattern size - The pattern size specifies the size of the basic pattern rectangle.




Pattern reference point - The pattern reference point specifies the origin of the basic pattern
rectangle. The lower left comer of the rectangle is placed at the reference point. Then the pattern is
repeated in both directions until the whole area is filled.

Pattern array - A pattern is defined by an array of rectangular cells, each cell having a color
assigned to it. These values are used to assign colors to the basic pattern rectangle and to all

replications of it.

Hatch style - Hatching is specified by a number selecting one hatch style.

Primitive

POLYLINE

POLYMARKER

TEXT

FILL AREA

CELL ARRAY

GENERALIZED
DRAWING
PRIMITIVE

Attributes

PICK IDENTIFIER
LINEWIDTH SCALE FACTOR

PICK IDENTIFIER
MARKER SIZE SCALE FACTOR

PICK IDENTIFIER

CHARACTER HEIGHT
CHARACTER UP VECTOR
CHARACTER EXPANSION FACTOR
TEXT PATH

CHARACTER SPACING

PICK IDENTIFIER

PATTERN SIZE

PATTERN REFERENCE POINT
PATTERN ARRAY

PICK IDENTIFIER

PICK IDENTIFIER
dependent on the type of GDP

LINETYPE
COLOR

MARKER TYPE
COLOR

TEXT FONT

TEXT PRECISION
COLOR

TEXT ALIGNMENT

INTERIOR STYLE
HATCH STYLE
COLOR

COLOR

Table 1. Output Primitive Attributes




2.0 Registration of Graphical Items

The purpose of this paragraph is to define the framework through which graphics standards are
extended by the procedure called registration. (Registration procedures do not assign values
which are defined as being workstation- or implementation-dependent.) Registration applies to the
registration of individual items within the following classes of graphical items as reserved for
registration in computer graphics standards:

a) Generalized drawing primitive (GDP) function definitions;

b) Graphical escape function definitions;

¢) Linetypes;

d) Markertypes;

e) Hatchstyles;

f) Textfont appearance;

g) Prompt and echo type definitions (for graphical interaction—does not apply to the CGM);
h) Error messages.

Linetype, markertype, and hatchstyle registration adds additional types and styles to supplement
those defined in the standards. Their definition is straightforward. Textfont appearance registers the
identifiers through which text fonts are accessed by graphics standards. GDP and Escape
registration are the mechanisms through which additional functionality is added to a graphics
standard. For example, curves can be added through GDP registration and additional line attributes
- such as endcaps—can be added through Escape registration. Since this report addresses only
CGM extensions, Prompt and Echo Type definition are not considered. Error messages are
registered as necessary to support registered GDPs and Escapes.

2.1 Registration in the CGM Standard
The CGM standard (ANSI X3.122-1986 or FIPS 128) describes registration in this way:

For certain elements, the CGM defines value of range of parameters as being reserved for
registration. The meanings of these values will be defined using the established procedures
of the ISO Internatonal Registration Authority for Graphical Items. These procedures do not
apply to values and value ranges defined as being reserved for implementation-dependent or
private use; these values and ranges are not standardized.

Applications therefore, shall not use parameter values in the reserved ranges for
implementation-dependent or private use. Those elements that will be affected by registration
of graphical items are:

a) LINE TYPE;

b) MARKER TYPE;

¢) HATCH STYLE;

d) EDGE TYPE;

e) FONT LIST (allows the selection of named fonts via a font index);
f) GENERALIZED DRAWING PRIMITIVE;

g) ESCAPE.




Registration of character sets for use with the CHARACTER SET LIST element is
according to the procedures established by ISO 2375, Character Set Registration.

The CGM includes the following "built-in" values for items subject to registration:

1) LINE TYPE:
1. solid
2. dash
3. dot
4. dash-dot
5. dash-dot-dot

2) MARKER TYPE:
1. dot (.)
2. plus (+)
3. asterisk (*)
4, circle (0)
5. cross (x)

3) HATCH TYPE (called HATCH STYLE in the above extract from the CGM standard):
1. horizontal equally spaced parallel lines
2. vertical equally spaced parallel lines
3. positive slope equally spaced parallel lines
4. negative slope equally spaced parallel lines
5. horizontal/vertical crosshatch
6. positive slope/negative slope crosshatch

4) EDGE TYPE (the built-in ones correspond directly to line types):
1. solid
2. dash
3. dot
4. dash-dot
5. dash-dot-dot

5) Text Fonts:
none

6) GENERALIZED DRAWING PRIMITIVE:
none

7) ESCAPE:
none

[t may be necessary to extend the CGM by adding functions that cannot be accommodated in the
restricted format of registered items. These extensions can be done by adding external elements.
The CGM standard describes GDPs, Escapes and External elements in this way:

Generalized drawing primitives

The GENERALIZED DRAWING PRIMITIVE (GDP) is a graphical primitive element that
may be used to access device (or implementation) spemﬁc graphical primitives that are not
accessed by the standardized elements.




Escape elements

ESCAPE elements describe device- or system-dependent data in the CGM. ESCAPEs may
be included in the metafile at the discretion of the user, but direct effects and side effects of
the use of nonstandardized elements are beyond the scope of this standard. This standard
imposes no constraints on the functional intent or content of data passed by the ESCAPE
mechanism.

External elements

External elements communicate information not directly related to the generation of a
graphical image. They may appear anywhere in the CGM.

The APPLICATION DATA element allows applications to store and access private data. This
element is not a graphical element and its interpretation will have no effect on any picture

produced by an interpreter.

For specification of non-standardized graphical effects, the ESCAPE and GENERALIZED
DRAWING PRIMITIVE elements are provided. These elements may have an effect on the
picture produced by an interpreter.

2.2 Why Registration for the CGM Alone is Insufficient

The CGM standard (deliberately) doss not standardize the actions of metafile generators or
interpreters. However, since metafiles are to be used in a fixed environment—such as the DoD
CALS program—to transfer picture data, then the action of both metafile generators and interpreters
must be precisely defined. This is done by the definition of application profiles. Such a profile
for CALS is being developed by NBS/ICST.

Also, graphical items must be registered for use not only by the CGM but by all (applicable)
standards. Requirements for simple extensions such as linetypes, markertypes, and hatchstyles are
similar in all graphics standards. However, the application program interface standards have more
rigorous requirements for registered Escape and GDP elements. This is illustrated by the
following extracts from the Graphical Kernel System (GKS) standard (FIPS 120, ISO
7942-1985), which should be contrasted to those given in Section 2.1 from the CGM:

Escape
Parameters:

In specific escape function identification
In escape input data record
Out escape output data record

Effect: The specified non-standard specific escape function is invoked. The
form of the escape data record and which of them are used may vary for different
functions. Also the GKS states allowing the invocation of a specific escape function may be
restricted. The following rules govern the definition of a new specific escape function:

a) the GKS design concept (see Section 0 - introduction)
b) the GKS state lists are not altered.

c) the function does not generate geometrical output.

d) any side effects are well documented.




Specific escape functions may apply to more than one workstation, for example, all open
workstations or all active workstations. The escape input data record can include a
workstation identifier where this is required.

Note: Examples of specific escape functions antcipated at present are:
a) support of raster devices allowing the display of more than one frame buffer,
b) use of raster or hardware to manipulate data previously output by cell array.

Where the specific escape function identification is bound to an integer in a programming
language specific escape function identifications greater than O are received for
registration or future standardization and specific escape function identfications less
than O are impiementation dependent.

Specific escape function identifications are registered in the ISO International Register of
Graphical Items, which is maintained by the Registration Authority. When a specific
escape function has been approved by the ISO Working Group on Computer Graphics,
the specific escape function identification will be assigned to the Registration Authority.

Generalized drawing primitive (GDP)
Parameters:

In number of points
In points

In GDP identifier
In GDP data record

Effect: A Generalized Drawing Primitive (GDP) of the type indicated by the GDP identifier is
generated on the basis of the given points and the GDP data record. The current values of the
entities in the GKS state list ... for the set of polyline, polymarker, text or fill area
attributes are bound to the primitive. These atmributes are listed in ... When the GDP
generates output at the workstation, zero or more of the sets of attributes are used. These are
the sets of attributes most appropriate for the specified GDP function and are selected for the

GDP as part of the definition of the GDP. (They are defined in the workstation description
table).

Note: The parameters are transmitted to the workstation and interpreted in a workstation
dependent way that special capabilities of the workstation can be addressed. Even if
errors occur, the GDP is displayed on all active workstations capable of doing so. For
example, some of the parameters anticipated at present are:

a) circle points given are centre, peripheral point,

b) circular arc points are centre, start point, end point to be connected anticlockwise in
world coordinates,

c) elipse points given are 2 focal points, peripheral point,

d) elliptic arc points given are 2 focal points, start point, end peint to be connected
anticlockwise is world coordinates,

e) interpolating curve (for example, spline) points given are interpolated.

The recommended set of attributes to use for the above GDP examples would be the polyline
attributes.




It should be emphasized that the points, specified as parameters, are transformed by GKS
after the interpolation of the points (as defining say, a spline curve or circle) is performed
by the active workstation. For example, a GDP, which defines a circle, would appear as an
ellipse when the transformation has differential scaling for the two axes. Each specific GDP
definition defines how the transformation is applied to both the points and the shape of the
GDP. Though the points cannot be clipped, the resulting output of the GDP is clipped
against the clipping rectangle, if the "clipping indicator” entry is the GKS state list is CLIP,
and the workstation window. If a specific GDP is available on a workstation but is unable to
be generated because the current transformations or clipping rectangle are such that the
preceding conditions would be violated, an error occurs.

The GDP data record attribute list may contain additional data for each point (for example.
vertex order for splines) which remain untransformed. These have to be defined for a
specific GDP. In defining a new GDP, the GKS design concepts (see Section 0) are not
violated. The set of generalized drawing primitives implemented on a workstation may be

empty.

Where the GDP identifier is bound to an integer in a programming language, GDP identifiers
greater than 0 are reserved for registration or future standardization and GDP identifiers less
than 0 are implementation dependent.

GDP identifiers are registered in the ISO Register of Graphical Items, which is maintained by
the Registration Authority. When a GDP has been approved by the ISO Working Group on
Computer Graphics, the GDP will be assigned by the Registraton Authorirty.

2.3 The Required Approach for CALS Registration

Based on the above discussion, when writing actual registration proposals for graphical items
required for CALS, the following must be done:

1) define how the item is implemented in all applicable graphics standards;
2) develop all necessary language bindings;
3) precisely define the semantics of the item.

Registration proposals developed contain a semantic specification that is complete and precise
enough to define the required actions by metafile generators and interpreters. Portions of these
descriptions may prove too explicit to be approved by the required ANSI and ISO standards
committees. (These commirtees are accustomed to specifying items as loosely as possible to allow
as many implementations as possible to conform.) In this case, some material may need to be
moved from the registration proposal to the CALS application profile. In addition, some extensions
may only be achievable through the use of the CGM External Data element.




3.0 Applicable Standards

The standards listed in this section were identified as being applicable to technical drawings and
automated (technical and administrative) publishing. Drawing and drafting standards were included
in the list since they are the best source of information on the "graphical presentation” requirements
for engineering drawings. Product data standards were included since they are often (mistakenly)
used for picture transfer purposes and, consequently, contain features relating to the "presentation”
requirements for such data. The FIPS, ANSI and ISO standards in the areas of graphics standards
and product data definition are not repeated here, since they are adequately documented in last

year's final report.

Technical publishing

MIL-M-38784B

Manuals, Technical: General Style and Format Requirements

Description of drawing forms

ANSI Y14.1
ANSI Y14.2M

Drawing Sheet Size and Format (1980)
Line Conventions and Lettering (1979)

Lists: purpose, classification, and preparation

ANSI Y14.1-1980 - Drawing, Sheet Size and Format
ANSI Y14.3dM-1982 - Parts Lists, Date Lists and Index Lists

ANSI Y32.16
DoD-D-1000B

Reference Designations for Electrical and Electronic Parts and Equipment

Drawings, Engineering and Associated Lists

Printed board drafting practice

MIL-STD-100
MIL-STD-275
MIL-STD-429
MIL-STD-1494

ANSI Y14.5
ANSI Y32.16

IPC-T-50
IPC-D-310

IPC-D-350
[PC-D-390

[PC-CM-770
MIL-D-8510

MIL-1-46058
MIL-P-55110

Engineering Drawing Practices

Printed Wiring for Electronic Equipment

Printed-Wiring and Printed-Circuit Terms and Definitions
Muldlayer Printed Wiring Boards for Electronic Equipment

Dimensioning and Tolerancing
Reference Designations for Electrical and Electronic Parts and Equipment

Terms and Definitions

Suggested Guidelines for Artwork Generation and Measurement Techniques
for Printed Circuits

Printed Board Description in Digital Form

Guidelines for Design Layout and Arntwork Generation on Computer
Automated Equipment for Printed Wiring

Component Mounting Guidelines

Drawings, Undimensioned, Reproducible, Photographics and Contact:
Preparation of

Insulating Compound, Electrical for Coating Printed Circuit Assemblies
Printed Wire Boards




Line conventions and lettering; signs and symbols

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

ANSI Y10.3 - Quanttes Used in Mechanics of Solids: Letter Symbols for

ANSI Y10.20 - Mathematic Signs and Symbols for Used in Physical Sciences and
Technology (include supplement ANSI Y10.20a 1975)

Drawing preparation for microfilming

ANSI Y14.1 - Drawing Sheet Size and Format

ANSIY142M - Line Conventions and Lettering

NMA - MS 100-1971 Glossary of Micrographics Terms

MIL-M-9868D Microfilming of Engineering Documents

Other drawing practices

ANSI Y14.7.1 - Gear Drawing Standards—Part 1 for Spur, Helical, Double, and Rack

ANSI Y1472 - Gear and Spline Drawing Standards—Part 2, Bevel and Hypoid Gears

ANSI Y14.17 - Fluid Power Diagrams

ANSI Y14.13M - Engineering Drawing and Related Documentation Practices—Mechanical
Springs

Dimensioning and tolerancing (general dimensions)

ANSI Y143 - Muld and Sectional View Drawings

ANSI Y14.5M - Dimensioning and Tolerancing

ANSI Y14.6 - Screw Thread Representation, Engineering Drawing and Related
Documentation Practice

Reference designations for electrical parts and equipment; electrical diagrams
ANSI Y32.16

ANSI Y32.2
ANSI Y14.15

ANSI Y14.15b

1975 Reference Designations for Electrical and Electronics Parts and

Equipment

1975 Graphic Symbols for Electronic Diagrams

Electrical and Electronics Diagrams (Includes supplements ANSI Y14.15a
and Y14.15b 1973)

Electrical and Electronics Diagrams (supplement to ANSI Y14.15 1966)

Note: These standards have been accepted for use by the Department of Defense.
MIL-STD-15-2 - Electrical Wiring Equipment Symbols for Ships' Plans Part 2

Surface texture

ANSI-B46.1-1978 - Surface Texture
ANSI-Y14.36-1978 - Surface Texture Symbols
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Abbreviations - for use on drawings and technical documentation

ANSIY1.1 - Abbreviations
MIL-STD 12 - Abbreviations for Use on Drawings, Specifications, Standards, and
Technical Documents

Graphic symbols for metal joining and nondestructive testing symbols (welding)
AWS A24-76 - Symbols for Welding and Nondestructive Testing.
MIL-STD-25B - Ship Structural Symbols for Use on Ship Drawings

Specification practices

MIL-STD-490 - Specification Practices

MIL-S-83490 - Specifications, Types and Forms

DOD-STD-100 - Engineering Drawing Practices

MIL-STD-961 - Outline of Forms and Instructions for the Presentation of Specification
MIL-STD-1679 - Weapon Systems Development (Navy)

DSM 4120.3M - Standardization Policies Procedures and Instructions

ISI metric practice

ASTM E380 - Standard for Metric Practices
DOD-STD-1476 - Meric System, Application in New Design

Production identification

MIL-STD-130 - Idmﬁﬁgadon Marking of US Military Property

MIL-P-15024 - Plates, Tags, and Bands for Identification of Equipment

MIL-19834 - Plates, Identification or Instruction, Metal Foil, Adhesive Backed, General
Specifications for

MIL-P-83497 - Procedures for Preparation of Programmed Tapes and Cards

Communication of product data

ANSI Y14.26.3 - Dictionary of Terms for Computer-aided Preparation of Product Definition
Date (including Engineering Drawings)

ANSI Y14.26 - Engineering Drawing and Related Documentation Practices—Digital
Representation for Communication of Product Definition Data

DoD/CALS specific standards
Draft MIL-STD-1840A - Automated Interchange of Technical Information

DOD-D-(IGES) - Digital Representation for Communication of Product Data: Application
Subsets
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4.0 Reference Model

For purposes of this task, a very simple reference model tLas been adopted to define how the CGM
is used in technical drawing production and publishing applications.

For the purposes of this work, it is assumed that the CGM will be used in the following manner in
CALS:

1) CGM pictures will be used to transfer engineering drawings.

2) CGM pictures will be used to transfer pages of technical publications which contain
both text and graphics; the extensions being defined herein will allow the CGM alone to be
used for transferring the content of document pages—text, geometric graphics, and image

(raster) graphics. The CGM may also be used to transfer pictures which are then embedded in
documents by some process outside the scope of this study.

No assumptions were made in the following areas:

1) The manner in which graphical metafiles are transferred.

2) The embedding of CGM content in documents defined in other standards ( for example,
ODA and SGML).

3) The manner in which descriptions of externally defined items are made available to a CGM
interpreter.

4) Transfer of "processible” product definition data or "processible-form" office documents.
(It is assumed IGES and/or ODA/ODIF are used in these cases).
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III. DISCUSSION

1.0 Technical and Administrative Publishing

1.1 Introduction

It is widely recognized that computer graphics standards, CGM in particular, will need to be
extended to properly support publishing in the CALS environment. Such extensions will be initially
developed in the form of GDPs and Escapes and the "folded into” the standards during their next
revision cycles.

The following liaison statement (between the two relevant standards bodies) from ASC X3H3
(Computer Graphics) to ASC X3V1 (Office Systems) summarizes some of these changes:

Liaison Statement to X3V1 TGS Concerning TPM (Text Presentation Metafile)
User Requirements (X3H3/87-31)

1. Rapid soft copy display of formatted composite documents.

2. Use of internationally standardized color models in interchange.

3. Use of standard methods for image compression.

4. General fill boundary specification.

S Wide lines with joint and end features, and patterns with anchoring.

6. Curves, including conics and Bezier curves.

7. General clip boundary.

X3H3 would like to work with the TPM developers on graphics aspects to achieve two goals:

1. Any functionality in TPM which is close to functionality in GKS or CGM should be
identical.

2. Any graphic functionality required by TPM but not present in CGM should be developed
jointly so that it can be used compatibly by existing and future graphics and office systems
standards.

Subsequent sections describe first the methodology by which extensions in the publishing area
were determined, and then the general features that must be added to the CGM. These general
features are given by way of example of current proprietary products.

1.2 Required Capabilities CGM Must Be Extended to Meet

In the absence of standards in this area (the Text Presentation Metafile under development in X3V1
will not be available—even in draft form—until late 1987), the features of the most widely used
commercial products have been used to define the required capabilities. In particular, the PostScript
Page Description Language [5,6] of Adobe Systems has been selected to provide a baseline set of
capabilities. In some cases, features from the Interpress Page Description Language [4] of Xerox
Corporation have been used instead of or in place of those in PostScript.
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Defining required capabilities in the publishing area is more difficult than for engineering drawing.
since format and presentation are determined more by artistic considerations than slavish adherence
to format standards. MIL-M-38784B contains requirements for high-level formatting and no
"presentation” requirements. Unless noted, the capabilities discussed below have been made into
registration proposals, and can be found in the Recommendations section.

1.2.1 Lines

"Lines" in PostScript are drawn through a two-step process. First, a path is constructed,
corresponding to the line to be drawn. This is done by a sequence of moveto and lineto
operators. (Relative operators, or curve operators can be interspersed. Appendix B provides a list
of all PostScript operators, and detailed descriptions of the ones used for graphics.) Next, the
stroke operator paints the path with the current color and line width.
The PostScript language gives complete control over how the stroke operator converts a path into
a painted line or curve. The setlinewidth operators determine the width of the stroked line. There
are several operators that allow other characteristics of a stroked path to be precisely determined.
Among these are: _

1) setlinecap determines the appearance of line segment ends;

2) setlinejoin determines the method by which different line segments are joined;

3) setdash determines the pattern for dashed lines.
These operators are described below in detail:
1.2.1.1 ~ Setlinecap

The setlinecap operator takes a number from the stack and uses it as a code determining how
PostScript will end strokz line segments. For example, the program line

1 setlinecap
would cause PostScript to paint all line segments with round ends.
There are three values for the line cap code:

0. Butt caps - The line segment has square ends perpendicular to the path. This is the
PostScript default line cap.

1. Round caps - The line segment ends with semicircular caps with diameters equal to the
widths of the line.

2. Projecting square caps - These are similar to butt caps, but extend one-half of a line width
beyond the line segment's endpoint. (These three styles are illustrated in Figure 1).
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Figure 1. Linecap and Linejoin Capabilities

1.2.1.2  Setlinejoin

When two connected line segments are stroked, PostScript needs to make a decision about what
type of join to use between them. The setlinejoin operator tell PostScript how to join connecting
line segments. This operator is similar to setlinecap, in that it takes a code from the top of the
stack. This code can have values from zero to two, corresponding to the following types of line
joins:

0. Mitered join - The edges of the stroke are extended until they meet. This is the default
join. This join is affected by the current miter limit (see below).

1. Rounded join - The segments are connected by a circular join with a diameter equal to the
line width.

2. Bevel join - The segments are finished with butt end caps and the notch at the larger
angle between the segments is filled with a triangle.

These three styles are illustrated in Figure 1.

1.2.1.3  Setmiterlimit

Mitered joins can present a problem. If two line segments meet at an extremely small angle. the
mitered join can produce a spike that extends a considerable distance bevond the intersecuon of the
path segments. To prevent this, the join switches from mitered to beveled when the angle between

line segments becomes too acute. Figure 2 illustrates how the setmiterlimit operators is used to
control this effect.

15




——
zZ
°
10 setmuterimit

The Tter imit s the Mmaximym 3 setmiterwmat
ratio of Vw ‘

Figure 2. Setmiterlimit Capabilities

1.2.1.4  Setdash

The current path is normally stroked with a solid line. Other methods of stroking a path are
possible, however, The PostScript graphics state includes a dash array and a dash outset. that
together describe what pattern of alternating black and white dashes should be used to stroke paths.

This pattern is set by the setdash operator, which takes an array and a number from the stack and
makes them the current dash array and offset. The array contains a set of numbers, such as

[3515]
which represent the lengths of alternating black and white segments should make up a stroked line.
The array above would cause all paths to be sroked with a repeating sequence consisting of three

units-of black, five units of no ink, one unit black, five units no ink. This pattern will repeat along
the entire stroked path. This is illustrated in Figure 3.

[3515] O setdash
Figure 3. Setdash Capabilities
The second argument passed to setdash is the offset within the dash pattern where the stroke
operator is to start when it prints a line. That is, if we were to set the dash pattern with the line

(6 3] 3 setdash

stroked lines would begin three units into the pattern, or half way through the first long dash.
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1.2.1.5 Closepath
A final necessary capability is provided by the closepath operator. This operator adds a line
segment to the current path connecting the current point to the last point addressed by a moveto

operator. Figure A shows an example of a box containing a notch in one comer since it hasn't been
"closed.” After the closepath operator is applied (with mitered joins) the result is "better box" in

Figure 4.
‘2

(a)

A Box A Beuer Box
()]

Figure 4. Closepath Usage

1.2.2 Symbols

PostScript provides no explicit modular symbol capabilities. Its program language-like structure
however, allows graphical patterns to be defined once and positioned at various points to provide
the necessary capability. This topic is explored further in Paragraph 3.8.

1.2.3 Curves

PostScript provides the following operations to draw curve line segments:

arc - appends a counterclockwise arc of a circle to the current path, possibly preceded by a straight
line segment.

arcn - behaves like are, but builds its arc segment in a clockwise direction.
arcto - appends an arc of a circle to the current path, preceded by a straight line segment.
curveto - adds a Bezier cubic section to the current path .

moveto - starts a new subpath of the current path, sets the current point in the graphics state to the
user coordinate without adding any line segments to the current path.

closepath - closes the current subpath by appending a straight line segment connecting the current
point to the subpaths's starting point.

rlineto - appends a straight line segment to the current path in the same manner as lineto;
however, the number pair is interpreted as a displacement relative to the current point rather than as
an absolute coordinate.
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rmoveto - starts a new subpath of the current path in the same manner as moveto, however, the
number pair is interpreted as a displacement relative to the current point rather than as an absolute
coordinate.

rcurveto - adds a Bezier cubic section to the current path in the same manner as curveto:
however, the three number pairs are interpreted as displacements relative to the current point rather
than as absolute coordinates.

stroke - paints a line following the current path and using the current color.

strokepath - replaces the current path with one enclosing the shape that would result if the stroke
operator were applied to the current path.

setflat - sets the flatness in the current graphics state to num, which must be a positive number.
Flatness is used to control the accuracy with which curves are rendered on an output device

clip - intersects the inside of the current clipping path with the inside of the current path to produce
a new (smaller) current clipping path.

Additonal details are contained in Appendix B which provides a complete description of each
operator mentioned above. [ Registration proposals have been prepared for the curve
capability. Some others have equivalent facilities in the CGM. Setflat, closed
figure and stroke path require further study before generalization and
incorporation in the CGM.]

1.2.4 Text

Rather than draw the required text capabilities from PostScript—which represents only one of
many technologies for defining and rendering text, ISO DP 9541 Font and Character Information
Interchange is used. There is agreement in principle amongst the various standards commirtees that
the capabilities represented in this draft standard should be adopted by computer graphics
standards.

ISO DP 9541 defines font referencing, positioning, and presentation. Minimal and complete
capabilities are defined in each of these areas as follows:

1.2.4.1. Objectives and Functional Definitions

The objective of the Font and Character Information Interchange Standard is to define a common
font resource architecture which can be used in a variety of development and application
environments, for the purpose of supporting text (characters, symbols, ideograms) generation,
interchange, and presentation. The font resources which are developed to this architecture may be
used by: text and graphic editor, document formatters, utilities, device service programs, resource
management programs, and presentation device drivers. Figure E provides a high level look at the
environment in which ISO DP 9541 operates. Figure F decomposes Figure E to provide a lower
level look at the publishing environment.
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Consistency of font resource information is a requirement for softcopy display of documents to be
typeset, and interchange of documents between systems.

The degree of consistency can be significantly improved through the use of a common font
resource architecture.

A font resource is defined to be the total collection of information required to characterize and
identify a font to compose blocks of text and to define the images of the characters, for use by an
electronic data processing system. A font resource will contain information that:

1) identifies and describes itself to permit selection by users and application programs.

2) defines the character attributes required by a docurmnent formatting process to position the
characters on a presentation surface.

3) defines each character's shape for generation of the character images on the presentation
surface.

Font production is defined to be the process of designing the character images, converting those
images into a digital technology format (bit image, vector drawing orders, outline algorithm, etc.),
defining the various height, width, and escapement values for each individual character, assigning
appropriate descriptive and identifying information (to the characters and the font resource in
general), and creating a font resource that contains all of the required information in a format that
can be used by a text processing system.

Text processing system is defined to be the total collection of hardware devices and software
or firmware programs required to generate, modify, display, and/or print text. Those components
(devices and programs) may be contained in a single hardware device that processes only text or
may be included within a larger document processing system and/or communication network. Text
processing may be the primary function of the component (text editor) or it may be only an
auxiliary function of the component (graphics editor, device service program, resource management
program).

Font storage and access is defined to be the process of storing the font file information on the
appropriate media for use within a text processing system, and the process of accessing that
information by the various components of a text processing system. When a font resource is first
generated, all of the required information may be contained in a single font resource file, but that
may not be the format that is most useful within a text processing system

Font referencing is defined to be the process of identifying or characterizing a font. The
referencing task affects editing, formatting and presentation because it is necessary for the user
to specify the desired fonts in the document, for the formatter to identify the fonts and find the
required character positioning information from the appropriate font resource, and for the
presentation process to identify the fonts and find the required character positioning and shape
information from the appropriate font resource. Referencing may include identification of a specific
font resource, or simply provide sufficient descriptive information about the desired font that an
alternative font resource can be found if the specified one is not available to the system which will
format or present the document.

Character positioning is defined to be the process of determining where a given character is to
appear on the presentation surface. This function is performed by the document formarting process.
which is a generic name for any process that determines the text, graphic, or image content and
format of a document, including pages and line breaks and how text should flow around graphics
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or image objects that also appear in the document. The document formatting process makes use of
font resource information along with user, system, and document content information. Thus, font
resources provide only a portion of the information required for character positioning. Characters
may be positioned absolutely or relatively. That is, the formatting process may specify the precise
location where each individual character is to be positioned or the formatting process may specity
the content and beginning of a string of characters. In either case, the process must know the image
and escapement extents for each individual character, and other character attributes dealing with
coordinate system, reference point, rotation, keming, ligatures, etc.

Image presentation is defined to be the process of forming the character image on the
presentation surface. This process is actually performed by a hardware device (display or printer),
but may be supported by a series of software and/or hardware processes which translate the
character image information from its font resource format to the format or control codes required
by the presentation device. Font resources, defined according to this standard, may support a
variety of shape definition techniques, some public and some private. Some font designs are
privately owned and the key to translation of the character shape information is only available
through license agreements. Other font designs are in the public domain and anyone may have
access to the character shape information. In addition, other practical considerations may suggest
the use of other image technologies.

1.2.4.2 Font Referencing
Minimal Referencing

The minimal subset of font referencing supports simple identification of the font resource design

and character content, but does not support description of the font resource to a level of detail

;‘cquired for support of document rendering (fidelity level) specification. The subset only includes
ont name.

Complete Referencing

The complete subset level of the font referencing supports description of the font resource to a level
that permits selection or approximation of a font resource based on the description provided. The
selected font must be described to a level of detail that accurately identifies the attributes of the font
resource that was chosen for document formatting. If it becomes necessary for the presentation
service to substitute another font resource, it must find one that most closely corresponds to both
the user and formarter specified fonts.

The subset includes the following attributes (in addition to those defined for the minimal subset):

Control arributes
body size units

Control attributes
character collection

Format atributes
font size
minimum size
maximum size

Layout attributes
maximum height

x height
cap height
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ascender height

descender depth

minimum escapement
average escapement
maximum escapement
weighted average escapement
lower case escapement

upper case escapement

digit escapement type

writing mode

Appearance attributes
posture
structure
mood
functdon
character category
font category
typeface name
design classification
escapement class

hairline weight
relative weight
absolute weight
relative width
absolute width
relative height
absolute height

1.2.4.3 Character Positioning
Minimal Positioning

The minimal subset of character positioning supports character increment fonts, but does not
support proportionally spaced fonts where each character has a defined escapement value.

This subset includes the following attributes:

Control artributes
font name
escapement class
bodysize units

Positioning attributes
average escapement
font size

Complete Positioning

Given the document formatting requirements and text content, the escapement required for each
character must be determined. The formatting process may designate that a character may be
positoned anywhere on the presentation surface. To prevent unwanted character overlap, excessive
gap between characters, or characters running off the edge of the presentation space, the values of
each character's recommended escapement must be known.
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This subset includes the following attributes (in addition to those defined for the minimal subset):

Control atributes
minimum space amplification
maximum space amplification
pairwise escapement adjustment

These attributes are repeated for each character and for each writing mode supported by the font
resource. :

Positioning attributes
character name
writing mode
position point
escapement point
extents (4 values)
sectored space adjustment
amplification
correction
white space adjustment
op's

Formatting programs may use the positioning information to determine each character's position on
a presentation surface, with each character being presented at its designated point. Or, the
formulating program may designate the starting point (and the text character string, with each
character providing information needed for the next character's presentation position).

1.2.4.4 Image Presentation

The information contained in these subsets may be stored and used separately from the information
contained in the function sets defined for referencing and positioning. A font resource may not be
identified as supporting one of these subsets unless it contains all of the attributes defined for that
subset. That is, if a resource contains all font attributes except one from the minimal subset, then
the resource cannot be identified as supporting either the minimal or the complete subset.

Minimal Presentation

The minimal subset level of character presentation supports only the bitmap format of character
image definiton. Alternate formats will not be recognized.

This subset includes the following attributes:
Control attributes
font name
bodysize units
Presentation attributes (per character and rotation)
character name
character shape information
The attributes for this format will be defined.

This is the basic format required for definition of character shapes for the registradon of characters
for Part 3 of the ISO DP 9541 standard.
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Complete Presentation

Given the positioning point for a character, the shape of the character must be presented on the
presentation surface using the device technology applicable to that device. All character shape
information is defined relative to an origin, which has a defined x-y offset and rotation from the
escapement box origin (current positioning point). Non-ISO character image technologies do not
need to be supported by this subset level.

Control attributes
image technology

Presentation attributes (per character and rotation)
character-shape information for:
straight line outline
circular outline
conic outline
Bezier outline
composite

The shape information may be defined separately for each device technology, but there should be
one set of device independent positioning information for each resource ID. Thus, the shape
information may be repeated for several different technologies in any one font resource, or the
shape and positioning information may be contained in separate files with cross reference pointers.

1.2.5 Images

PostScript includes a very minimal set of capabilities for handling images (raster bitmaps). The
operators provided are :

image—renders a sampled image onto the current page. The sampled image is a rectangle array of
width x height sample values, each of which consists of bits sample bits of data (1, 2, 4, or 8).

imagemask—similar to the image operator, however, it tracks the source image as a mask of 1
bit sample that is used to control where to apply paint (with the current color) and where not to. It is
most useful for printing characters as bitaps. Such bitmaps represent masks through which a
color is to be transformed.

The image capabilities are too limited to meet CALS requirements (or those of the publishing
industry in general). This topic requires further study. [The CGM can be extended to
incorporate a very general set of facilities compatible with the raster portions of
Group 4 facsimile.]

1.2.6  Definition and Instantiation of Objects

One capability that is missing in the CGM is the ability to define an arbitrary picture component
(e.g. a symbol or non-primitive object) which can be instanced (repeated) multiple times with a
single picture or over shared amongst different pictures in a document.

As will be further discussed, this capability is needed for both publishing and engineering drawing
applications.

The capabilities of both PostScript (based on a programming language approach) and Interpress

(based upon defining extended operators) are described below. Appendix B contains detailed
descriptions of the corresponding PostScript and Interpress features.
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1.2.6.1 PostScript Procedures

A PostScript procedure is a set of operations grouped together with a common name. This set of
operations is stored with its key in a dictionary. When the key appears in a program, the associated
set of operations is carried out.

Procedures are defined in exactly the same way as variables. The program must place the procedure
name (preceded by a slash) on the stack, followed by the set of operations that make up the
procedure. Then, the def operator is used to store the operations and name in the current
dictionary.

1.2.6.2 Interpress Symbols

The concepts of symbol and instance are provided in Interpress by composed operators and
ransformations. A graphical symbol can be defined as a composed operator. When an instance, or
copy, of the symbol is to be printed, the current transformations will be applied to all coordinates as
the symbol calls imager operators. The properties of the current transformation will thus, determine
the position, size, and rotation of the instance on the printed page.

The principal use of symbols and instances in Interpress is for printing characters. Each character is
defined by a composed operator, called a character operator. These operators are invoked usually
by SHOW, with a current transformation that achieves the proper size, orientation and position of
the character.

Instancing can also be used for other purposes. Graphical objects that are repeated often on a page

or throughout a document may be tracked as instances. A symbol is defined as a composed
operator and called with an appropriate current transformation in order to generate each instance.
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2.0 Technical Drawings and Product Data

2.1

Introduction

It is recognized that some extensions to computer graphics standards are necessary to properly
support the creation of drawings and views of product model data. The following extract from the
Final NBS Report for CALS - FY86 summarize a contractor's findings:

The addition of several facilities to the graphics standards would greatly improve the ability of
these standards to efficiently represent the drawings and views implicit in IGES and PDES
files. These additions are described in the following paragraphs.

Support for full conics including hyperbolas and parabolas

Support for splines, including at least one of the parametric spline and rational B-spline
representations.

Support for surface definitions, including surfaces of revolution and cylinders.
Support for a ROUNDED RECTANGLE output primitive.

Support for many new line types, including some or all of the 11 forms of "arrows”
defined in IGES through registration and subsequent standardization.

‘Support for the CENTERLINE symbol as new standardized marker type.

Addition of facilities to more directly control and specify such features of text strings as
subscripts, superscripts, and fractions. At present, these features can be generated only
by using the more primitive APPEND TEXT and by changing associated text attributes
like CHARACTER HEIGHT, CHARACTER SPACING, and TEXT ALIGNMENT.

In IGES/PDES the slant of the text is independently specified from the type face (e.g.,
Helvetica Italics Bold). The Computer Graphics Interface (CGI) standard allows, via the

Character Orientation element, text characters to be skewed ("slanted™). This feature is not
directly available in the Graphical Kernel Sytem (GKS) standard and the Programmers
Hierarchical Interface Graphics System (PHIGS) standard; it can occur only as a result of
the segment or structure ransformatons.

In PDES, continuous text alignment is used to align multiple text strings. This feature is
also available in CGI/CGM. It should be added to GKS, GKS-3D (GKS in three
dimensions) and PHIGS.

The six predefined IGES SECTION entity patterns not corresponding to standardized
CGI/CGM patterns should be registered.

Support for user-defined line types.

Support for multiple color tables.

NBS/ICST generally supports these conclusions, although recommendations made in this report
are more comprehensive and somewhat different than those above for extensions in several areas.
Further, this work is limited to extensions to the CGM as dictated by the actual requirements tfrom
standards for product data description and drawings themselves, rather than being limited to
investigation of the IGES standard (which does not describe engineering drawings. per se. but
rather the transfer of the complete information necessary to describe the representation of a
product.)
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The methodology used to define the capabilities required to define images of engineering drawings
was the following:

1. Review requircments from the standards for the production of engineering drawings listed in
Section 3.0 of the Background section above; then extract the required representational capabilities
needed in the CGM.

2. Review the IGES standard to extract entities for which the CGM must be able to describe
images; then extract the required representational capabilities needed in the CGM.

3. Consider the CALS system level requirements in areas such as use of symbol libraries. Since no
such requirements exist in explicit form and there is no well-defined CALS reference model, the
capabilities of cornmercially available products were used to derive requirements.

- 2.2 IGES Entities

IGES Version 3.0 contains the following types of entities. Each of these entities and suggestions
on how it might be rendered by systems implementing graphics standards are described in
Appendix C. This material was extracted from the Final NBS Report for CALS - FY86. The CGM
must be capable of describing images (graphical representations) of these entities:

CIRCULAR ARC

COMPOSITE CURVE

CONIC ARC - registration proposal prepared
COPIOUS DATA

PLANE

LINE

PARAMETRIC SPLINE - registration proposal prepared
PARAMETRIC SPLINE SURFACE

POINT

RULED SURFACE

SURFACE OF REVOLUTION
TABULATED CYLINDER
TRANSFORMATION MATRIX

FLASH ENTITY

RATIONAL B-SPLINE - registration proposal prepared
RATIONAL B-SPLINE SURFACE

OFFSET CURVE

CONNECT POINT

NODE

FINITE ELEMENT

NODAL DISPLACEMENT AND ROTATION
OFFSET SURFACE

CURVE ON PARAMETRIC SURFACE
TRIMMED (PARAMETRIC) SURFACE
ANGULAR DIMENSION

CENTERLINE

DIAMETER

FLAG NOTE

GENERAL LABEL

GENERAL NOTE

LEADER

LINEAR DIMENSION

POINT DIMENSION

RADIUS DIMENSION

SECTION




GENERAL SYMBOL

SECTIONED AREA

WITNESS LINE

ASSOCIATIVITY DEFINITION
ASSOCIATIVITY INSTANCE
DRAWING

LINE POINT DEFINITION
MACRO CAPABILITY

PROPERTY

SUBFIGURE DEFINITION

TEXT FONT DEFINITION

VIEW ENTITY

EXTERNAL REFERENCE ENTITY
NODAL LOAD/CONSTRAINT ENTITY
COLOR DEFINITION ENTITY
TEXT DISPLAY ENTITY

2.3 Required Capabilites
2.3.1 Lines

The following material is drawn from ANSI Y14.2M-1979 (Line Conventions and Lettering) and
explains how "lines" are used in product definition drawings:

Line widths - Two widths of lines are recommended for use on manually prepared drawings.
(See Figure 7.) One width of line is acceptable on drawings prepared by automated methods. The
ratio of line thickness shouid be approximately two-to-one. The thin-line width should be
approximately 0.35 mm or 0.016 inch and the thick-line width approximately 0.7 mm or 0.032
inch. The actual width of each line should be govemed by the sizes and styles of drawing, and the
smallest size to which it is to be reduced. All lines of the same type should be uniform throughout
the drawing. Spacing between parallel lines should be such that there is no fill-in when reproduced
by available photographic methods. Note: spacing of no less than 1.5 mm (0.06 inch) normally
meets reproduction requirements.

Line quality - All lines should be clean cut, opaque, uniform, and properly spaced for legible
reproducton by all commonly used methods, including microfilming in accordance with industry
and government requirements. When manually produced, there should be a distinct contrast
between the two widths of lines. Contrast must be obtained only by variance in the reladve widths
of the lines. In no case should contrast be achieved by a difference in density, opaqueness or color.

Visible lines - The visible lines, Figure 7 and 8, should be used for representing visible edges or
contours of objects. Visible lines should be drawn so that the views they outline clearly stand out
on the drawing with a definite contrast between these lines and secondary lines.

Hidden lines - Hidden lines, Figures 7 and 8, consist of short evenly spaced thin dashes and are
used to show the hidden features of the object. The lengths of the dashes may vary slightly in
relation to the size of the drawing. Hidden lines should always begin and end with a dash in contact
with the visible or hidden line from which they start or end, except when such a dash would form a
continuation of a visible line. Dashes should join at comers, and arcs should start with dashes at
tangent points. Hidden Lines should be omitted when their use is not required for the clarity of the
drawing. Although features located transparent materials may be visible, they should be treated as
concealed features and shown with hidden lines.

Section lines - Section lines, Figures 7 and 8, are used to indicate the cut surfaces of an object in
a section view,
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Center lines - Center lines, Figures 7 and 8 consist of alternating long and short dashes. They
are used to represent axes of symmetrical parts and features, bolt circles, and paths of motion. The
long dashes of the center lines may vary in lengths, depending upon the size of the drawing. Center
lines should start and end with long dashes. They should not intersect at the spaces between dashes
or by crossing the long or short dashes. Center lines should extend uniformly and distinctly a short
distance beyond the object or feature of the drawing uniess a longer extension is required for
dimensioning or for some other purpose. They should not terminate at other lines of the drawing
nor should they extend through the space between views. Very short center lines may be unbroken
if no confusion results with other lines.

Symmetry lines - This is a center lines used as an axis of symmetry for a partial view. The line
of symmetry is identified by two thick short parallel lines drawn at right angles to it. They are
used in representing partially drawn views and partial sections of symmetrical parts. Symmerrical
view visible and hidden lines may extend past the symmetry line if clarity would be improved.

Dimension lines - Dimension lines, Figure 7 and 8 are used to indicate the extent and direction
of dimensions and are terminated by neatly-made uniform arrowheads. The length of the arrowhead
should be equal to the height of the dimension numerals if possible. If inadequate space is
available, the arrowhead may be shown outside the dimension limit.

Extension lines - Extension (witness) lines, Figures 7 and 8, are used to indicate the point or
line on the drawing to which the dimension applies. A short gap is left where the extension line
would join the object, so as not to confuse extension lines with the lines of the object.

Extension lines are also used to indicate the cxtcnsipn of a surface to a theoretical intersection.
When a point is located by extension lines, the extension lines should pass through the point.

Leaders - Leaders, Figures 7 and 8, are used to direct notes, dimensions, symbols, item
numbers, or part numbers to features on the drawing. A leader should generally be a single straight
inclined line (not vertical or horizontal), except for a short horizontal portion extending to the center
of the height of the first or last letter or digit of the note. This horizontal portion is optional and if
used it should not underline the note.

The leaders should terminate as follows:

a) Without symbol, if they end on a dimension line .

b) With adot 1.5 mm or 0.06 inch minimum diameter, if they end within outlines of an object .

c) With an arrowhead, if they end on the outside of an object.

d) With or without a dot or arrowhead on drawings prepared by computer automated techniques.

Leaders should not be curved in any way and should not cross each other unless unavoidable. Two
or more leaders to adjacent areas on the drawing should be drawn parallel.

Cutting-plane lines - Cutting-plane and viewing-plane lines, Figures 7 and 8, are used to
indicate the location of cutting planes for sectional views and the viewing position for removed
partial views. Two forms of cutting-plane and viewing-plane lines are approved for general use.
Break Lines - Two forms of break lines are approved for general use as follows:

a) A frechand thick line. (See Figure 7, line 10.)

b) Lorng ruled thin dashes joined by zigzags. (See Figure 7, line 11.)
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Phantom lines - Phantom lines (Figure 7, line 12) consist of long, thin dashes separated by pairs
of short, thin dashes. The long dashes may vary in length, depending on the size of the drawing.
Phantom lines are used to indicate alternate positions of moving parts (Figure 8); adjacent positions
of related parts; and repeated detail. These lines are also used for features such as bosses and lugs
(later moved); for delineating machining stock and blanking developments; for piece parts in jigs
and fixtures; and for bend lines on drawings or formed metal parts. Phantom lines should start and
end with long dashes which may vary in length, depending on the size of the drawing.

Stitch lines - Stitch lines (Figure 7, lines 13 and 14) consist of short, thin dashes and spaces of
equal lengths. The dots are approximately 0.016 (0.35 mm) in diameter and 0.12 inch (3 mm)
apart.. Stitch lines are used for indicating a sewing or stitching process.

Chain lines - The chain line (Figure 7, line 15) consist of thick, alternating long and short
dashes. This line is used to indicate that a surface or surface zone is to receive additional
manufacturing treatment within limits specified on the drawing. (See Figure 8.)

Arrowheads - Arrowheads may be prepared manually or mechanically. The length and width
should have a ratio of approximately 3:1. The width of the arrowhead should be proportionate to
the thickness of the lines used. Consistency of the style of an arrowhead should be contained
throughout the drawing. See Figure 9 for acceptable arrowhead styles.

=

Figure 9. Arrowhead Styles

In additon to the generic line types defined in ANSI Y14.2M, ANSI and DoD standards in specific
areas require the use of additional types of lines. Insufficient time is available at present to fully
investigate these and categorize them. To illustrate the general nature of the need for such lines
types, Appendix A contains extracts from two Military Standards define other linestyles and specify
their meanings.

In summary, many additional linestyles are required to support engineering drawings. There are
additional requirements on how patterns start and end within line segments beyond those that
computer graphics standards alone can satisfy. Some of these restrictions may need to be stated in
the CALS application profile since they go beyond what can be specified through the registration
process alone. For example, there are special rendition requirements for hidden lines that cannot be
satisfied by a polyline primitive with the appropriate linestyle alone. This happens because the
conformance requirements for computer graphics standards do not specify how linestyle patterns
must be continued from segment to segment within a polyline, nor do they specify how such a line
must end. NBS/ICST will write registration proposals for such items to include the additional
conformance requirements, however, they may be rejected by the standards committees.
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[ Note: A linetype registration proposal has been prepared for each of the above

linestypes, with the following exceptions:

- visible lines can be done with linetype solid;

- symmetry lines cannot be done with a single graphical line of any type; a symbol
facility could be used, or a set of individual line elements;

- single and double arrow linetype can be used for leaders and dimension lines;

- cutting plane lines must be done as a set of individual lines since they can't be
represented as a single linetype.

Some restrictions, such as allowable widths of lines and styles of text in

engineering drawings, will need to be stated in the application profile for CALS.]

2.3.2 Symbols

The general intent of this section is to illustrate that the requirements for symbols in engineering
drawings cannot be met by the polymarker primitives of the graphics standards.

International Standard ISO 3461 defines the general characteristics of symbols used in engineering
drawings. This International Standard applies to graphics symbols which may be:

a) placed on equipment or parts of equipment of any kind in order to instruct the persons
handling the equipment as to its use and operation:

b) placed on sites and ways where people may assemble or move, giving them instructions,
such as prohibitions, warnings, rules or limits, regarding their behavior:

c) used in pictorial reproductions, such as plans, drawings, layouts, guidelines and similar
documents.

Definitions

For the purposes of ISO 3461, the following definition applies:

Graphic symbol: A visually perceptible figure produced by means of writing, drawing, printing
or other manufacturing techniques. It is used to transmit a message and represents in an
understandable manner, independently of any language, an object, concept or state.

Graphics symbols stand for objects, concepts or states. (What a symbol stands for is usually
known as the "referent.") This includes abstract references such as conditons, relationships, facts
or actions.

Functions

As a rule, graphic symbols are used to:

a) idendfy (for example to describe a piece of equipment or an abstract concept);

b) qualify (for example to describe a variation or a secondary function);

c) instruct (for exampie to describe an operation or method of use):

d) command(that something must or must not be done);

e) warmn (for example of danger);

f) indicate (for example direction, quantity).
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Graphic Form

For each graphic symbol that is required an original design is prepared. An original design is a
symbol design drawn and presented in the manner described below, i.e.. drawn out on the basic
pattern with due regard to the principles defined below. The basic pattern described below
constitutes a frame in which the original design may be inscribed. The lines indicated in the basic
pattern (circles, hexagons, octagons, squares, etc.) are intended as an aid to the designer in
drawing up the original designs. The form of the graphics symbols should be suitable for
economical reproduction by means of commonly applied techniques, such as etching, engraving,
printing, and photographic means.

Basic Pattern

The basic pattern (Figure 10) comprises:

1) abasic square of side 50 mm; this measure is equal to the nominal measure, a , of the original
2) abasic circle of 36 mm diameter having approximately the same area as the basic square; |
3) asecond circle of 50 mm diameter, being the inscribed circle of the basic square (1);

4) a second square of side 40 mm, which touches the basic circle (2) with its corner;

S) a rectangle of approximately the same area as the basic square (1), with the long side (62.5
mm) horizontal and symmetrical with the basic square;

6) a second rectangle having approximately the same area as the basic square (1), with its long
side (62.5 mm) vertical and symmetrical with the basic square;

70 a third square formed by the lines passing through the points of intersection of the basic square
(1) and the basic circle (2); the sides of this square are oriented at 45 degree to the basic square
and the comners of this square define the limits of the horizontal and vertical dimensions of the
basic pattern;

8) an irregular octagon formed by lines inclined at 30 degrees to the sides of the square (7);

The basic pattern is laid upon a 75 mm x 75 mm square subdivided by a 12.5 mm square grid
which also coincides with the basic square (1).

The original design of a graphics symbol should be fitted into the basic pattern according to the
following principles:

1) for a symbol consisting of a single geometrical form, such as a circle or a rectangle. the
corresponding geometrical forms of the basic pattern should be used, in which case the lines of
the basic pattern should be the center lines of the .1 inch thick lines of the symbol being
designed;

2) to achieve the impression of uniform perceived size among symbols, attention should be given
in the equalization of surface areas; for example, a circle without external parts should be
drawn upon the basic circle (2) (see Figure 11, part C) whereas a circle with external parts
should be drawn upon the smallest circle (3) (see Figure 11, part D).

Figure 11 gives several examples of symbols created according to this standard.
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Figure 10. Basic Symbol Pattern

Figure 11. Examples of Symbols
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Orientation of the Symbols

The majority of graphic symbols preserve their meaning in any position. However, when the
meaning of a graphic symbol does depend on its orientation of position, this shall be explicitly
stated. Figure 12 illustrates a graphics symbol not dependent on its position (a television receiver),
and a graphic symbol dependent on its position (a “bar”).

The statement concerning the position dependency could read as follows:

"The meaning of the graphic symbol depends on its position. Care shall be taken that it is not
reproduced on rotating controls."

O U —

Figure 12. Symbol Orientation

Use of Symbols in Engineering Drawings

Figure 13 illustrates the typical use of symbols in engineering drawings. A large number of simple
symbols are used repetitively in different locations to construct the drawing. Such drawings should
not be transferred by building each symbol from primitives available in the CGM, nor is it feasible
to make each required symbol a Generalized Drawing Primitive or marker symbol. It is absolutely
essential that any technique used to ransfer such drawings allow:

1) asymbol to be defined once in a picture and then instanced repetitively;

2) externally defined symbols from standard libraries to be included by reference.

This must be done for these reasons:

1) to reduce the required communication bandwidth;

2) to reduce the storage required for the picture;

3) to promote standardized appearance of drawings.
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2.3.3 Curves

Insufficient ime and funding are available in the present SOW to investigate this area thoroughly.
For now, it is assumed that the IGES entities represent a sufficient set.

2.3.4 Hatch Styles

A wide variety of hatch styles are used in engineering drawings for purposes such as representing
the nature of materials. Figure 14 illustrates some typical ones. Insufficient time and funding are
available in the present contract to investigate this area thoroughly, but based on preliminary
observatons, the following capabilities appear to be needed:

1) All necessary patterns available as registered hatch styles ( for reasons similar to those stated for
marker symbols above, drawings containing these hatch patterns cannot be transferred between
systems by decomposing the patterns using the individual primitives available in the CGM.)

2) Arbitrary fill areas and clipping regions are needed to represent drawings containing such hatch
patterns. These cannot be approximated by breaking them up into simpler areas since pattern
continuity cannot be maintained.

[ Note: Registration proposals were prepared for all types of section lining (hatch
styles) except the following, which can be done with a built-in hatch style:

- electric windings, etc. hatch index 6, horizontal/vertical crosshatch.

Registration proposals were prepared for the following hatch styles to support the
more exact rendition requirements of the engineering drawing standard from a
similar type in the built-in CGM linestyles. In each case, the drawing standard
requires "45 degree lines” while the built in hatch styles guarantee only "positive"
and/or "negative" slope.

- cast iron, etc. similar to hatch index 3, positive slope equally spaced
parallel lines
- white metal, etc. similar to hatch index 6, positive slope/negative slope
' crosshatch]
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2.3.5 Text

The text capabilities that are actually required in engineering drawings are quite simple, although
most drawing systems provide more advanced features. This paragraph will first present the
requirements taken from Y 14.2M-1979, and then will describe the enhancements that are needed
to, for example, render IGES defined data without loss of quality.

2.3.5.1 Y14.2 Lettering Requirements

Single-stroke Gothic Lettering

Lettering on drawings must be legible and suitable for easy and rapid execution. These
requirements are met in the recommended single-stroke gothic characters shown in Figures 15 and
16 or adaptations thereof, which improve reproduction legibility. One such adaptation by the
National Microfilm Association is the gothic style Microfont alphabet intended for general usage.
(See Figure 17.) Opaque and well-spaced lettering is required on the drawing for microfilm
reproduction.

Inclined or Vertical Lettering

Either inclined or vertical lettering is permissible. Only one style of lettering should be used

throughout a drawing. The preferred slope for the inclined characters is 2 in 5 or approximately 68
degrees with horizontal. (See Figure 16.)

ABCDEFGHIJKLMNOP |
QRSTUVWXY Z&

1234567890

Figure 15. Vertical Lettering
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ABCDEFGHIJKLMNORP /s
ORSTUVWAXYZ&

1234567890

Figure 16. Inclined Lettering

ABCDEFGHIJKLMNO
PQRSTUVWXYZ
1234567890

Figure 17. Microform Lettering

Use of Upper-case Letters

Upper-case letters should be used for all lettering on drawings. When additions or revisions are
made, the original style of lettering should be maintained.

Lettering for titles, subtitles, drawing numbers, and other uses may be made free-hand, by
typewriter, or with the aid of mechanical lettering devices such as templates and lettering machines.
Regardless of the method used, all characters are to conform, in general, witn the recommended
gothic style and must be legible in full or reduced size copy by any accepted method of
reproduction.

A type face comparable to light-line Pica Gothic, block numerals is preferred for typing on
drawings.
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Size and Spacing of Lettering

The recommended minimum freehand and mechanical letter height for various applications are
defined in the standards as follows:

Letters in words should be spaced so that the background areas between the letters are
approximately equal, and words are to be clearly separated by a space equal to the height of the
lettering. For legible reproduction, a space between two letters of at least 0.06 inch (1.5 mm) is to
be used whenever possible. The space between two numerals having a decimal point between them
is to be a minimum of two thirds the height of the lettering. The vertical space between lines of
lettering should be no more than the height of the lettering, and no less than half the height of the
lettering used.

Notes should be placed horizontally on drawings and separated vertically by spaces at least equal to
double the height of the character size used, to maintain the identity of each note.

The division line of a common fraction should be parallel to the direction in which the dimension
reads and should be separated from the numerals by a maximum of 0.06 inch (1.5 mm) spacing.
When fractions occur in notes, tables, and lists, the diagonal division line is permissible. Numerals
in fractions should be the same size as other numerals.

Spacing between max/min dimensions should be one-half of the character height.

Lettering should not be underlined except when special emphasis is required. The underlining
should not be less than 0.06 inch (1.5 mm) below the lettering.

The lettering height, spacing, and proportions in Figure 15, 16, and 17 normally provide acceptable
reproduction or camera reduction and blow-back. However, manually, mechanically,
opti-mechanically, or electro-mechanically applied lettering (typewriter, etc.) with height, spacing,
and proportions less than those recommended are acceptable when the minimum reproducibility and
legibility requirements of the accepted industry or military reproduction specifications are met.
Therefore, the basic requirements for lettering on a drawing is that fully legible copies may be
produced.

2.3.5.2 Text in IGES

The IGES standard defines an entity called general note which consists of strings of text that are
incorporated in other entities for producing drawing labels and annotation. IGES defines the
following fonts for use with this entity:

Symbol font (use longer recommended)
Standards block
LeRoy

Future

Fastfont

Calcomp

Comp 80
Microfilm standard
ISO standard

DIN standard

10. Military standard
11. Gothic

12. New gothic

13. Lightline gothic
14. Simplex Roman
15. halic

WRNANRLWN—O
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16. APL
17. Century schoolbook
18. Helvetica

1001. Symbol font 1
1002. Symbol font 2

In addition, the IGES text model includes several capabilities that are not present in computer
graphics standards such as the CGM. Appendix C contains extracts from the IGES standard that
explain these capabilities.

IGES also includes a text font definition entity that enables a text font to be described as a
sequence of strokes. Appendix C contains extracts from IGES 3.0 that explain this entity. This
capability could be built on top of the CGM by stroking out the individual characters as required. A
more general solution to compatibility is described in Conclusions Section, where a common font
definition mechanism is proposed, based on ISO 9541, for product data standards, graphics
standards and publishing standards.

2.3.6 Images

Based upon review of project descriptions, CALS will capture and store a great deal of existing
engineering drawing data in raster form. Neither the CGM nor IGES adequately address this area.
It is likely that a solution developed for the use of image (raster) data in the publications area will
also effectively address the requirements of engineering drawings.




IV. CONCLUSIONS
1.0 Introduction

This section presents the list of extensions that are needed to the CGM. It is anticipated that most of
these extensions can be implemented through the registration process. In several areas—as
described in Section V below—additional study is necessary to determine the precise nature of the
required extensions.

NBS/ICST used the following criteria in defining required extensions:

1) Picture description must be as compact as is-practical, consistent with ease of generation and
interpretation. (This implies, in particular, that a "symbol” or "macro” capability is needed, as is
access to external libraries of symbols.)

2) Only "presentation-related” relationships between objects and attributes of objects need be
preserved in the transfer. (This places the transfer at an intermediate level between that provided by
IGES and by the (unextended) CGM. When (1) and (2) are considered jointly, they imply that
transfer by "approximation with lower-level graphical entities"—such as approximation a curve
with a sequence of line segments or a centerline with a set of polylines and/or marker types—is
unacceptable. A local system is free however to make such approximations in the process of
imaging a picture, consistent with accuracy restrictions.)

3) Extensions must be consistent with the philosophical basis of standards in the areas of Open
Systems Interconnection (naming and addressing in particular) and Office Systems (font
architecture in particular.)

2.0 Lines

A user defined linestyle, similar to that described in Section 1.2.1 of the Discussion section is
required.

Linetypes that directly represent the presentation requirements of engineering drawings must be
defined. Where the limited capabilities of the built-in polyline primitive—which allows a linetype to
consist only of a sequence of line segments and gaps, without precise control over its

rendition—are exceeded, GDPs may be needed. Some conformance data may need to be placed in
the application profile.

Some of the types needed are:
1) center line,
2) phamom. line,
3) break line,
4) lines with arrows on one or both ends.
Extensions to line atmributes to include line end styles and joining options.
[Note: A registration proposal for each of those from Y14.2M has been written.

Investigation of other standards is needed to identify others.]
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3.0 Symbols

As described above, the polymarker primitive is not particularly useful for either publishing or
engineering drawing. The registration of additional marker types has little utility. Instead, a general
object definition and instantiation capability as described is needed. [ No registration
proposals have been completed in this area.}

40 Curves

The following curves are required as GDPs. As necessary, Escapes are required to support their
attributes.

1) Bezier curves,

2) B-splines,

3) Conics and conic arcs,

4) Other splines as determined by the study described in .

[Note: A registration proposal for each of these has been written.)

A closed figure primitive is required, together with:

1) Arbitrary clipping region,

2) Arbitrary fill boundary.
[ No registration proposals have been completed in this area.]
5.0 Hatch styles

Registered hatch styles to support engineering drawing uses as defined in Section 2.3.4 of the
Discusion section are required.

[Note: A registration proposal for each of those from Y14.2M has been written.
Investigation of other standards is needed to identify others.]

Registered hatch styles to support technical and administrative publication uses are required.
Insufficient data is available to specify these now.

6'.0 Text

The text model must be completely replaced through the use of GDPs and Escapes to adopt the
model and architecture of ISO DP 9541.

Some specific fonts identified in Section 2.3.5 of the Discussion section for use in engineering
drawings must be registered.

[ No registration proposals have been ~completed in this area.]
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7.0 Images

A raster "input" primitive to accept input from scanners and files stored on disc (optical or not) is
required.

The role of compression in the metafile must be clarified. Although it is best to rely on other
standards for necessary compression, it may be necessary to add GDPs to cover more sophisticated
compression techniques in the CGM in the short term. The CCITT Group 3 and Group 4 facsimile
standards do not provide either color or grey scale capabilities.

Additional raster attributes are required to support image processing.
[ No registration proposals have been completed in this area.]
8.0 Naming and External References

The naming and definition of attributes and objects must be extended from the simplistic
two-dimensional (positive and negative integer indices separating the space into registered and
implementation-dependent types) name space to one consistent with the "resource” view of objects
seen in most modern commercial systems and exemplified in the ISO DP 9541 font work. ( A
limited attempt was made in the CGM by including a list of font names that are then mapped to
indices. This was a first step in the right direction.) This can be done fairly easily by defining
GDPs and Escapes to replace the existing output primitives and attributes. It is absolutely
essential that this be done to insure the long-term coherence of information
processing standards. Neither the CGM nor other computer graphics standards
will find acceptance in modern applications without these extensions.
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V. AREAS REQUIRING FURTHER INVESTIGATION
1.0 Curves
More technical work is necessary to explore:

1. Define the actual requirements in the two selected application areas for curves ( as opposed to
guessing themn based on current practice. )

2. Investigate implementation difficulty to determine the cost of implementation.

3. Determine mathematical properties of conversions between curves (e.g. loss of accuracy, loss of
desired curvature, etc.) :

4) Define a minimal set of curves that:

a) have implementation difficulty appropriate for various classes (price/performance) of
systems;

b) can be readily used to approximate other curves.
To illustrate some of the complexities involved, the following material—provided by a member of
the committee that developed the IGES standard—shows some of the differences and similarities
between two curves: B-splines and Bezier curves.
Differences between B-splines and Bezier curves
1) Bezer curve + Composite curve = B-spline

That is, the classes of functions are in fact the same.

2) Commonalides between Bezier curves and B-splines

- exact conics (rational quadratics), though the algorithms for conic to Bezier (or B-spline)
conversions are not in the public domain, to the best of my knowledge.

- nonrational polynomial curves of any degree.

- nice mathematical properties: convex hull, plane intersection, etc.
3) Beder

- CO continuity can be explicit (common endpoint).

- Faster evaluation (by divided differences), though not as fast as power basis. Points and
deviations.

- Greater storage requirements (deg+1 points per segment, while B-spline can use Const +
number of segments if contnuity is maximal).

- More stable (lower condition number than power basis or B-spline).

- Easy mathematics: evaluation, degree evaluation, degree evaluation, subdivision.
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- Trivial conversion to B-spline.
- Immediate evaluation of points and derivations at parametric start and end.
4) B-spline

- parametric continuity given explicitly in the knot sequence. For exactness, prefer knots
with explicit multiplicity to repeated knots.

- Mathematics is quite complex, but powerful: evaluation, adding and removing knots.

- For repeated evaluation or intersection algorithms, will probably want to convert to
piecewise Bezier first (this amounts to making all of the interior knots of multiplicity
degree and the two exterior knots of multiplicity degree + 1.)

2.0 Text

Additional time and funding will be required to develop and define the new text GDP and
associated escapes (to implement attributes) that can fully implement the model of ISO DP 9541.
Extensions to the "CGM environment” compatible with the ISO font description and transfer work
must be developed.

3.0 Images

Additional funding will be required to develop and define raster input extensions and raster data
types needed to fully support technical and administrative publications. Specifically, the following
itemns are beyond the level of the current task:

1. Definition of standard interfaces to input scanning devices through the CGI/CGM and GKS.

2. Expansion of the attributes of raster data to accommodate the requirements of image processing
algorithms. For example, data is needed on the characteristics of input scanner (resolution.
frequency response characteristics, etc.) to properly process the data.

3. Families of standard compression algorithms must be developed beyond those currently
supported in MIL-STD-1840 (Automated Interchange of Technical Information.) The one
algorithm in that standard (CCITT group 4 facsimile) as well as the one compression technique
supported in the CGM (a one-dimensional run-length encoding vaguely similar to Group 3
facsimile) are well known to be inadequate for "photographic” content. These techniques are useful
for rasterized text and geometric graphics, however these contents would most likely be
"compressed” by sending them in a CGM or ODIF format. The CGM can be easily extended with
additional raster primitive/sencodings, thereby completely removing the requirement for the
inclusion of Group 4 facsimile in MIL-STD-1840. .

4.0 Specification of Data Record Contents

Escapes, GDPs, and Application data all contain information in data records. The standards do not
dictate how data in such records must be formulated or encoded. It is desirable that a standard
method be developed for all of these data records and promulgated throughout the standards
community with the intention that all registration proposals use this same standard method. At
present, we are specifying a "clear text” encoding only for all data records. This is clearly
inadequate to support binary coded transfer of complex drawings due to compactness
considerations.
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5.0 Support for Named Items and "Symbol Libraries”

Extensions must be developed to replace the simplistic "indexed" definition of artributes in the
graphics standards with named definitions based on a resource model consistent with that of the
[SO Font standard. Techniques must be developed to allow picture components (symbols, macros)
to be defined and instantiated in pictures.

6.0 Definition of Registration Requirements and Development of Registration
Proposals

Additional work will be required to complete the definition of registration requirements and the
development of registration proposals in these areas:

1) Linetypes,

2) Hatchstyles,

3) Text fonts.

This is due to these factors:

1) The large number of registration proposals to be developed.

2) The long time-frame involved in sponsoring registration proposals through the approval process
and preparing necessary revisions and responding to comments from standards committees.

3) The need for a review of proposed items by the CALS community.
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VI. RECOMMENDATIONS
1.0 Registration Proposals List

Recommendations for this task are the registration proposals themselves. The following list
contains the categories and the names of the registration proposals developed under this CALS
SOW task. They have been submitted to ANSI for formal processing through ISO. Section 2.0
below contains the actual registration proposals that have been developed and submitted for this
fiscal year, and are in the order as listed below.

1) Linetypes
break line - style 1
break line - style 2
center line
chain line
double arrow
hidden line
phantom line
single arrow
single dot
sttch line
user specified dash pattern

2) Hatchstyles
across grain wood
bronze, brass, copper, and compositions
cast iron or mallable iron and general use for all materials
concrete
cork, felt, fabric, leather, and fiber
earth
magnesium, aluminum, and aluminum alloys
marble, slate, glass, procelain, etc.
rock
rubber, plastic, and electrical insulation
sand
sound installation
steel
thermal insulation
titanium and refractory material
water and other liquids
white metal, zinc, lead, babbitt, and alloys
with grain wood

3) Generalized drawing primitives
Bezier curve
conic arc
parametric spline curve
radonal B-spiine curve

4) Escape functions
set conic arc transformation matrix
set dash
set line cap
set line join
set miter limit
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2.0 Prepared Registration Proposals

The following registration proposals are exactly as submitted to ANSI for formal registration.
They have all been submitted and are currently in the formal process.
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PROPOSAL FOR REGISTRATION OF GRAPHICAL ITEM

date of presentation of proposal 10 April 1587

sponsoring authority ANSI

Class of Graphical Item: LINETYPE

Name: break line - style 1

Description: A preak line linetype —-style 1l— consists of either one of two allowablie
representations as specified in ANSI Y14.2M-1979 (Line Conventions
and Lettering.) This is simply a line having a "freehand" appearance.

W

This linetype is intended for use in engineering drawings.

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

Justification for Inclusion in the Register:

This linetype is commonly used in engineering drawings. It is one of a set =f
linetypes to be registered for use with computer graphics standards to enatle
ccmpact storage and transfer of engineering drawings.

Relationship to Particular Standards:

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

2) ISO 8632 (CGM) - Specifies a registered linetype to supplement those
defined in 5.7.2.
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PROPOSAL FOR REGISTRATION OF GRAPHICAL ITEM

date of presentation of proposal 10 April 1387

sponsoring authority ANSI <

Class of Graphical Item: LINETYPE

Name: break line - style 2

Description: 5 preak line linestyle consists of either one of two allowable
representations as specified in ANSI Y14.2M-1979 (Line Conventions
and Lettering.) This is a line consisting of long dashes joined by
zigzags. Such lines have the following visual appearance:

VA Ve

This linetype is intended for use in engineering drawings.

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

Justification for Inclusion in the Register:

This linetype is commonly used in engineering drawings. It is one of a set of
linetypes to be registered for use with computer graphics standards to erable
ccmpact storage and transfer of engineering drawings.

Relationship to Particular Standards:

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

2) ISO 8632 (CGM) - Specifies a registered linetype to supplement those
defined in 5.7.2.
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PROPOSAL FOR REGISTRATION OF GR..PHICAL ITEM

date of presentation of proposal 10 April 1987

sponsoring authority ANSI -

Class of Graphical Item: LINETYPE

Name: center line

DescriptioB: a center line linetype consists of alternating long and short dashes as
specified in ANSI Y14.2M-1979 (Line Conventions and Lettering.) Such a
line has the following visual appearance:

This linetype is intended for use in engineering drawings. The long
dashes may vary in length depending on the size of the drawing. Lines
drawn in this linetype shall start and end with long dashes. A very
short line may oe unbroken.

Additional Comments: The requirements stated in ANSI Y14.2M~1979 shall be fcocllowed
when rendering this linetype.In some cases, it is necessazy t2
exercise precise control over the manner in which two center
lines intersect in a drawing. In these cases, it is appropriate
to sirulate this linetype by sequences of correctly placed
individual line segments.

Justification for Inclusion in the Register:

This linetype is commonly used in engineering drawings. It is one of a set cf
linetypes to be registered for use with computer graphics standards to enakle
ccmpact storage and transfer of engineering drawings.

Relationship to Particular Standards:

1) IS0 7942 (GKS) - Specifies a registered linetype to supplement those
defined in 5.4.1.

2) IS0 8632 (CGM) ~ Specifies a registered linetype toO supplement those
defined in 5.7.2.
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PROPOSAL FOR REGISTRATION OF GRAPHICAL ITEM

date of presenwation of proposal 10 April 1987

sponsoring authority ANSI -

Class of Graphical Item: LINETYPE

Name: chain line

Description: A chain line linetype consists of alternating long and short dashes
as specified in ANSI Y14.2M-1979 (Line Conventions and Lettering.)
Such a line has the following visual appearance:

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

Additional Comments: The requirements stated in ANSI Y14.2M-1979 shall be followed
when rendering this linetype. In some cases, it is necessary to
exercise precise control over the manner in which two lines inter-
sect in a drawing. In these cases it may be appropriate to
simulate this linetype by using sequences of correctly placed
individual line segments.

Justification for Inclusion in the Register:

This linetype is commonly used in engineering drawings. It is one of a set of
iinetypes to be registered for use with computer graphics standards to enable
compact storage and transfer of engineering drawings.

Relationship to Particular Standards:
1) ISO 7942 (GKS) - Specifies a registered linetype to supplement those
defined in S.4.1.

2) ISO 8632 (CGM) - Specifies a registered linetype to supplement those
defined in 5.7.2.
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PROPOSAL FOR REGISTRATION OF GRAPHICAL ITEM

date of presentation of proposal 10 April 1987

sponsoring authority ANST

Class of Graphical Item: LINETYPE

Name: double arrow

Description: a 4ouple arrow linetype consists of a solid line terminated by two
arrowheads as specified in ANSI Y14.2M-1979 (Line Conventions and
lettering) requirements for dimension lines. The arrows are rencered so
that the arrow tip occurs at the first and last points in the defining
set. Such a line has the following visual appearance:

< >

This linetype :is intended for use in engineering drawings.

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

Justification for Inclusion in the Register:

This linetype is commonly used in engineering drawings. It i1s one of a set of
_inetypes to be registered for use with computer graphics standards to erat'le
ccmpact storage and transfer of engineering drawings.

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

2) ISQ 8632 (CGM) - Specifies a registered linetype to supplement these
cefined in 5.7.2.
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PROPOSAL FOR REGISTRATION OF GRAPHICAL ITEM

date of presentation of proposal 10 April 1987

sponsoring authority ANSI -

Class of Graphical Item: LINETYPE

Name: hidden line

Description: 2 nidden line linetype consists of short evenly spaced dashes as specifis
in ANSI Y14.2M-1979 (Line Conventions and Lettering.) Such a line has the
following visual appearance:

This linetype is intended for use in engineering drawings. The dashes may
vary in length depending on the size of the drawing. Lines drawn in this
linetype shall start and end with a dash. Dashes shall join at corners,
and arcs drawn with this style shall start and end with dashes. These
rendition requivements are different from the dashed linetype that is
already defined in the graphics standards.

Additional Comments: The requirements stated in ANSI Y14.2M-1979 shall be followed when
rendering this linetype. In some cases, it is necessary to exer-
cise precise control over the manner in which two lines intersec:
in a drawing. In these cases it may be appropriate to simulate
this linetype by using sequences of correctly placed individual
line segments.

Justification for Inclusion in the Register:

This linetype is commonly used in engineering drawings. It is cne of a set of
.inetypes to be registered for use with computer graphics standards .o enable
csrpact storage and transfer of engineering drawings.

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

2) ISO 8632 (CGM) - Specifies a registered linetype to supplement those
defined in 5.7.2.
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PROPOSAL FOR REGISTRATION OF GRAPHICAL ITEM

date of presentation of proposal 10 April 1987

sponsoring authority ANSI

Class of Graphical Item: LINETYPE

Name: phantom line

Description: A phantom line linetype consists of long dashes separated by pairs c:
short dashes as specified in ANST Y14.2M~1979 (Line Conventions and
Lettering.) Such a line has the following visual appearance:

This linetype is intended for use in engineering drawings. The long
dashes may vary in length depending on the size of the drawing. Lines
drawn in this linetype shall start and end with long dashes which may
vary in length aepending on the size of the drawing.

Additional Comments: The requirements stated in ANSI Y14.2M-1979 shall be follcowed
when rendering this linetype. In some cases, it is necessary <
exercise precise control over the manner in which two lines :inac
sect in a drawing. In these cases it may be appropriate to simu
this linetype by using sequences of correctly placed individual
line segments.

-
-~
8-

1
-3%T

Justification for Inclusion in the Register:

7his linetype is commonly used in engineering drawings. It is one of a set c¢f
linetypes to be registered for use with computer graphics standards =5 enakla
ccmpact storage and transfer of engineering drawings.

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

2) ISO 8632 (CGM) - Specifies a registered linetype to supplement those
defined in 5.7.2.
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PROPOSAL FOR REGISTRATION OF GRAPHICAL ITEM

date of presentation of proposal 10 April 1987

sponsoring authority ANSI -

Class of Graphical Item: LINETYPE

Name: single arrow

Description: a gjngle arrow linetype consists of a solid line terminated by an
arrowhead as specified in ANSI Y14.2M~1979 (Line Conventions and
Lettering) requirements for dimension and leader lines. The arrow is
rendered so that the arrow tip occurs at the last point in the defining
set. Such a line has the following visual appearance:

>

This linetype is intended for use in engineering drawings.

Additional Comments: 1ne requirements stated in ANSI Y14.2M-1979 shall be followed
when rendering this linetype.

Justification for Inclusion in the Register:

This linetype is commonly used in engineering drawings. It is one of a set of
linetypes to be registered for use with computer graphics standards to enable
compact storage and transfer of engineering drawings.

Relationship to Particular Standards:
1) I50 7942 (GKS) - Specifies a registered linetype to supplement those
defined in 5.4.1.

2) ISO 8632 (CGM) - Specifies a registered linetype to supplement those
defined in 5.7.2.
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PROPOSAL FOR REGISTRATION OF GRAPHICAL ITEM

date of presentation of proposal 10 April 1987

sponsoring authority ANSI -

Class of Graphical Item: L1INETYPE

Name: single dot

Description: 5 single dot linetype consists of a solid line terminated by a dot
as specified in ANSI Y14.2M-1979 (Line Conventions and Lettering)
requirements for leader lines. The dot is rendered so that the dot
occurs at the last point in the defining set. Such a line has the
following visual appearance:

This linetype is intended for use in engineering drawings.

Additional Comments:

The requirements stated in ANSI Y14.2M-1979 shall be followed when rehdering this
linetype.

Justification for Inclusion in the Register:

This linetype is commonly used in engineering drawings. It is one of a set of
linetypes registered use with computer graphics standards toc enable compac:t
storage and transfer of engineering drawings.

Relationship to Particular Standards:
1) IS0 7942 (GKS) - Specifies a registered linetype to supplement those
defined in 5.4.1.

2) ISO 8632 (CGM) - Specifies a registered linetype to supplement those
defined in 5.7.2.
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PROPOSAL FOR REGISTRATION OF GRAPHICAL ITEM

date of prescntation of proposal 10 April 1987

sponsoring authority ANSI -

Class of Graphical Item: LINETYPE

Name: stitch line

Description: p stitch line linetype consists of dashes and spaces of equal length
as specified in ANSI Y14.2M-1979 (Line Conventions and Lettering.)
Such a line has the following visual appearance:

This linetype is intended for use in engineering drawings. Its definition
contains rendition requirements beyond those for the dashed linetype
already present in the graphics standards.

Additional Comments: The requirements stated in ANSI Y14.2M-1979 shall be follcwed when
rendering this linetype. In some cases, it is necessary toc exer-
cise precise control over the manner in which two lines intersecs
in a drawing. In these cases it may be appropriate to simulate
this linetype by using sequences of correctly placed individual
line segments.

Justification for Inclusion in the Register:

This linetype is cocmmonly used in engineering drawings. It is one of a set of
Linetypes to be registered for use with computer graphics standards -0 enat.e
scmpact storage and transfer of engineering drawings.

Relationship to Particular Standards:
1) IS0 7942 (GKS) - Specifies a registered linetype to supplement thcose
defined in 5.4.1.

2) IS0 8632 (CGM) - Specifies a registered linetype to supplement thcse
defined in 5.7.2.
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PROPOSAL FOR REGISTRATION OF GRAPHICAL ITEM

date of presentation of proposal 10 April 1987

sponsoring authority ANSI -

Class of Graphical Item: LINETYPE

Name: user-specified dash pattern

Description:

The user-specified dash pattern linetype consists of alternating dashes and spaces
as specified in the current user-specified linetype. This linetype is intended

for use in high-gquality graphical applications where the user of the standard
maintains precise control over the manner in which the linetype is rendered by

the use of individually specified attributes. Although its use is not precluded in
applications that choose to use bundled attributes, the intent of the user to
exercise a high degree of control over the rendition of graphical output will be
compromised, especially in metafile applications.

Additional Comments:

This registration proposal is accompanied by a proposal to register an escape func-
tion -Set Dash— for the CGM that defines the current user-specified linetype. It s
intended that these proposals be processed together.

Justification for Inclusion in the Register:

User specified linetypes are needed to support the requirements of office documen:t
exchange and publishing. They are commonly found in widely available proprietary
graphics systems.

Relationship to Particular Standards: ‘
1) IS0 7942 (GKS) - Specifies a registered linetype to supplement those
defined in 5.4.1.

2) ISO 8632 (CGM) =- Specifies a registered linetype to supplement those
defined in 5.7.2.
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PROPOSAL FOR REGISTRATION OF GRAPHICAL ITEM

date of presentation of proposal 10 April 1987

sponsoring authority  ANSI

Class of Graphical Item: HATCHSTYLE

Name: across grain wood

Tszgcription:

A hatchstyle conforming to the requirements of ANSI Y14.2M-1979 (Line Conventions
and Lettering) for the representation of across grain wood in engineering
drawings. The intended visual representation of a filled-area element hatched in
this style is illustrated below:

0N

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

Justification for Inclusion in the Register:

This hatchstyle is commonly used in engineering drawings. It is one of a set of
hatchstyles registered use with computer graphics standards to enable compac:
storage and transfer of engineering drawings. The need for a compact represen-
tation of the attributes of filled areas in engineering drawings is wicdely
recognized. .

Relationship to Particular Standards:
1) IS0 7942 (GKS) - Specifies a registered hatch style as defined in 5.4.1.

2) ISO 8632 (CGM) - Specifies a registered hatch style as defined in 5.7.24.
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PROPOSAL FOR REGISTRATION OF GRAPHICAL ITEM

date of presentation of proposal 10 April 1987

sponsoring authority ANSI -

Class of Graphical Item: aaTcuEsSTYLE

Name: bronze, brass, copper, and compositions

Description:

A hatchstyle conforming to the requirements of ANSI Y14.2M-1979 (Line Convertions
and Lettering) for the representation of bronze, brass, copper, and compositions
in engineering drawings. The intended visual representation of a filled-area
element hatched in this style is illustrated below:

Additional Comments:

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

Justification for Inclusion in the Register:

This hatchstyle is commonly used in engineering drawings. It is one of a set of
hatchtypes registered for use with computer graphics standards to enable compac:
storage and transfer of engineering drawings. The need for a compact represen-
tation of the attributes of filled areas in engineering drawings is widely
recognized

Relationship to Particular Standards:
1) ISO 7942 (GKS) - Specifies a registered hatch style as defined in 5.4.1.

2) ISO 8632 (CGM) = Specifies a registered hatch style as defined in 5.7.24.
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PROPOSAL FOR REGISTRATION OF GRAPHICAL ITEM

date of presentation of proposal 10 April 1987

sponsoring authority  ANSI -

Class of Graphical Item: BATCHSTYLE

Name: cast iron or malleable iron and general use for all materials

Description:
A hatchstyle conforming to the requirements of ANSI Y14.2M-1979 (Line Conventicns
and Lettering) for the: representation of cast iron or malleable iron and general
use for all materials in engineering drawings. The intended visual representation
of a filled-area element hatched in this style is illustrated below:

The requirements stated in ANSI Y14.2M~-1979 shall be fcllowed in rendering this
linetype. These requirements are different from those f£or CGM linetype 3, which
requires only positive slope lines rather than 45 degree lines.

Justification for Inclusion in the Register:

This hatchstyle is commonly used in engineering drawings. It is one of a set of
hatchstyles registered use with computer graphics standards to enable ccmpact
storage and transfer of engireering drawings. The need fcr a compac:t represen-
cation of the attributes of filled areas in engineering drawings is widely
recognized.

Relationship to Particular Standards: _
1) ISO 7942 (GKS) - Specifies a registered hatch style as defined in 5.4.1.

2) ISO 8632 (CGM) - Specifies a registered hatch style as defined in 5.7.24.
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PROPOSAL FOR REGISTRATION OF GRAPHICAL ITEM

date of presentation of proposal 10 April 1987

sponsoring authority ANSI

Class of Graphical Item: BATCHSTYLE

!j--

Name: concrete

Description:

A hatchstyle conforming to the requirements of ANSI Y14.2M-1979 (Line Conventions
and Lettering) for the representation of concrete sections in engineering drawings
The intended visual representation of a filled-area element hatched in this style
is illustrated below:

Additional Comments:

r The requirements stated in ANSI Y14.2M-1979 shall be followed in rendering this
linetype.

R = =
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Justification for Inclusion in the Register:

This hatchstyle is commonly used in engineering drawings. It is cne of a set of
hatchstyles registered for use with computer graphics standards to enable ccrmpact
storage and transfer of engineering drawings. The need for a ccmpact represen-

tation of the attributes of filled areas in engineering drawings is widely
recognized.

Relationship to Particular Standards:
1) ISO 7942 (GKS) - Specifies a registered hatch style as defined in 5.4.1.

2) ISO 8632 (CGM) =~ Specifies a registered hatch style as defined in 5.7.24.
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PROPOSAL FOR REGISTRATION OF GRAPHICAL ITEM

date of presentation of proposal 10 April 1987

sponsoring authority  ANSI

Class of Graphical Item: HATCESTYLE

Name: cork, felt, fabric, leather, and fibre

Description:
A hatchstyle conforming to the requirements of ANSI Y14.2M-1979 (Line Convent:ions
and Lettering) for the representation of cork, felt, fabric, leather, and fibre in
engineering drawings. The intended visual representation of a filled-area element

- s ul s B B =

hatched in this style is illustrated below:
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Additional Comments:
lh The requirements stated in ANSI Y14.2M-1979 shall be followed when rendering this
linetype.

sentation of the attributes of filled areas in engineering drawings is widely
recognized.

Relationship to Particular Standards:
1) ISO 7942 (GKS) - Specifies a registered hatch style as defined in 5.4.1.

2) ISO 8632 (CGM) ~- Specifies a registered hatch style as defined in 5.7.24.

Justification for Inclusion in the Register:
This hatchstyle is commonly used in engineering drawings. It is one of a set of
hatchstyles registered for use with computer graphics standards to enable ccmpact
storage and transfer of engineering drawings. The need for a compact repre-
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PROPOSAL FOR REGISTRATION OF GRAPHICAL ITEM

date of presentation of proposal 10 April 1987

sponsoring authority  ANSI -

Class of Graphical Item: &BaTCESTYLE

Name: earth

Description:
A hatchstyle conforming to the requirements of ANSI Y14.2M-"979 (Line Conventions
and Lettering) for the representation of earth sections in engineering drawings.
The intended visual representation of a filled-area element hatched in this style
is illustrated below:

==

Additional Comments:

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

Justification for Inclusion in the Register:

This hatchstyle is commonly used in engineering drawings. It is one c¢€ a set of
hatchstyles registered for use with computer grapnics standards to enable comzac:
storage and transfer of engineering drawings. The need for a compact represen-
tation of the attributes of filled areas in engineering drawings is /idely
recognized.

Relationship to Particular Standards:
1) ISO 7942 (GKS) - Specifies a registered hatch style as defined in 5.4.1.

2) ISO 8632 (CGM) - Specifies a registered hatch style as defined in 5.7.24.

=
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PROPOSAL FOR REGISTRATION OF GRAPHICAL ITEM

date of presentation of proposal 10 April 1987

sponsoring authority  ANSI

lass of Graphical Item: &gaTCESTYLE

ime: magnesium, aluminum, and aluminum alloys

escription:

A hatchstyle conforming to the requirements of ANSI Y14.2M-1979 (Line Conventions
and Lettering) for the representation of magnesium, aluminum, and aluminum alloys
in engineering drawings. The intended visual representation of a filled-area
element hatched in this style is illustrated below:

L WA

dditional Comments:

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

istification for Inclusion in the Register:

This hatchstyle is commonly used in engineering drawings. It is one of a set of
hatchstyles registered use with computer graphics standards to enable ccmpact
storage and transfer of engineering drawings. The need for a compact represen-
tation of the attributes of filled areas in engineering drawings is widely
recognized.

elationship to Particular Standards:
1) IS0 7942 (GKS) - Specifies a registered hatch style as defined in 5.4.1.

2) ISO 8632 (CGM) - Specifies a registered hatch style as defined in 5.7.24.
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PROPOSAL FOR REGISTRATION OF GRAPHICAL ITEM

date of presentation of proposal 10 April 1987

sponsoring authority ANSI

lass of Graphical Item: HAaTCHSTYLE

ame: marble, slate, glass, porcelain, etc.

escription: . :
A hatchstyle conforming to the requirements of ANSI Y¥14.2M-1979 (Line Conventions
and Lettering) for the representation of marble, slate, glass, porcelain, etc. in
engineering drawings. The intended visual representation of a filled-area element
hatched in this style is illustrated below:

77 77/
’/////,//

dditional Comments:

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

istification for Inclusion in the Register:

This hatchstyle is commonly used in engineering drawings. It is one of a set of
hatchstyles registered for use with computer graphics standards to enable compac:
storage and transfer of engineering drawings. The need for a compact represen-
zation of the attributes of filled areas in engineering drawings is widely
recognized.

elationship to Particular Standards: .
1) ISO 7942 (GKS) -~ Specifies a registered hatch style as defined in 5.4.1.

2) ISO 8632 (CGM) - Specifies a registered hatch style as defined in 5.7.24.
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PROPOSAL FOR REGISTRATION OF GRAPHICAL ITEM

date of presentation of proposal 10 April 1987

sponsoring authority  ANSI

iss of Graphical Item: &HaTcasSTYLE

me: rock

jcription:
A hatchstyle conforming toc the requirements of ANSI Y14.2M-1979 (Line Conventions
and Lettering) for the representation of rock sections in engineering drawings.

The intended visual representation of a filied-area element hatched in this style

is illustrated below:

ditiosal Comments:
The requirements stated in ANSI Y14.2M-1979 shall be followed in rendering this

linetype.

tification for Inclusion in the Register:

This hatchstyle is commonly used in engineering drawings.
hatchstyles registered use with computer graphics standards to enable comrac:
storage and transfer of engineering drawings. The need for a compact represer-
tation of the attributes of filled areas in engineering drawings is wicdely

recognized.

It is one of a se:t c¢f

lationship to Particular Standards:
1) ISO 7942 (GKS) - Specifies a registered hatch style as defined in 5.4.1.

2) IS0 8632 (CGM) - Specifies a registered hatch style as defined in 5.7.24.
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PROPOSAL FOR REGISTRATION OF GRAPHICAL ITEM

date of presentation of proposal 10 Apr-il 1987

sponsoring authority  ANSI

ass of Graphical Item: BaTCRSTYLE

me: rubber, plastic, and electrical insulation

scription:

A hatchstyle conforming to the requirements of ANSI Y14.2M-1979 (Line Conventions
and Lettering) for the representation of rubber, plastic, and electrical insulatiof
in engineering drawings. The intended visual representation of a filled-area
element hatched in this style is illustrated below:

J/.

The requirements stated in ANSI Y14.2M-1979 shall be followed in rendering =his
linetype.

ditional Comments:

itification for Inclusion in the Register:

This hatchstyle is commonly used in engineering drawings. It is one of a set of
hatchstyles registered use with computer graphics standards to enable ccmpac:
storage and transfer of engineering drawings. The need for a compact represen-

tation of the attributes of filled areas in engineering drawings is widely
recognized.

lationship to Particular Standards:
1) ISO 7942 (GKS) - Specifies a registered hatch style as defined in 5.4.1.

2) ISO 8632 (CGM) - Specifies a registered hatch style as defined in 5.7.24.

93




This page left intentionally blank.

94




PROPOSAL FOR REGISTRATION OF GRAPHICAL ITEM

date of presentation of proposal 10 April 1987

sponsoring authority ANSI

ss of Graphical Item: =mRATCESTYLE

a1e: sand

cription:

A hatchstyle conforming to the requirements of ANSI Y14.2M-1979 (Line Conventions
and Lettering) for the representation of sand sections in engineering drawings.

The intended visual representation of a filled-area element hatched in this style
is illustrated below:

-

A

litional Comments:

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

iification for Inclusion in the Register:

This hatchstyle is commonly used in engineering drawings. It is one of a set of
hatchstyles registered for use with computer graphics standards to enable compac:
storage and transfer of engineering drawings. The need for a compact represen-

tation of the attributes of filled areas in engineering drawings is widely
recognized.

ationship to Particular Standards:
1) ISO 7942 (GKS) - Specifies a registered hatch style as defined in S5.4.1.

2) ISO 8632 (CGM) - Specifies a registered hatch style as defined in 5.7.24.
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PROPOSAL FOR REGISTRATION OF GRAPHICAL ITEM

date of presentation of proposal 10 April 1987

sponsoring authority  ANSI

is of Graphical Item: HATCESTYLE

e: sound insulation

ription:
A.hatchstyle conforming to the requirements of ANSI Y14.2M-1979 (Line Conventions

ind Lettering) for the representation of sound insulation in engineering

irawings. The intended visual representation of a filled-area element hatched in
:his style is illustrated below:

<
b/ /D

itional Comments:

The requirements stated in ANSI Y14.2M-1979 shall be £fcllowed inrendering this
linetype.

ification for Inclusion in the Register:

This hatchstyle is commonly used in engineering drawings. It is one of a set of
hatchstyles registered for use with computer graphics standards to enable compact
storage and transfer of engineering drawings. The need for a compact represen-

tation of the attributes of filled areas in engineering drawings is widely
recognized.

itionship to Particular Standards:
1) ISO 7942 (GKS) = Specifies a registered hatch style as defined in 5.4.1.

2) ISO 8632 (CGM) =- Specifies a registered hatch style as defined in 5.7.24.
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PROPOSAL FOR REGISTRATION OF GRAPHICAL ITEM

date of presentation of proposal 10 April 1987

sponsoring authority  ANSI

Class of Graphical Item: HATCRSTYLE

Name: steel

Description:

A hatchstyle conforming to the requirements of ANSI Y14.2M-1979 (Line Conventions
and Lettering) for the representation of steel sections in engineering drawings.

The intended visual representation of a filled-area element hatched in this style
is illustrated below:

Additional Comments:

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

Justification for Inclusion in the Register:

This hatchstyle is commonly used in engineering drawings. It is one of a set of
hatchstyles registered for use with computer graphics standards to enable compac:
storage and transfer of engineering drawings. The need for a compact represen-

tation of the attributes of filled areas in engineering drawings is widely
recognized.

Relationship to Particular Standards:
1) ISO 7942 (GKS) - Specifies a registered hatch style as defined in 5.4.1.

2) ISO 8632 (CGM) - Specifies a registered hatch style as defined in 5.7.24.

99




This page left intentionally blank.

100




PROPOSAI.; FOR REGISTRATION OF GRAPHICAL ITEM

date of presentation of proposal 10 April 1987

sponsoring authority  ANSI

Class of Graphical Item: BATCRSTYLR

Name: cvhermal insulation

Description:
A hatchstyle conforming to the requirements of ANSI Y14.2M-1979 (Line Conventions
and Lettering) for the representation of thermal insulation in engineering
drawings. The intended visual representation of a filled-area element hatched in
this style is illustrated below:

Additional Comments:

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

Justification for Inclusion in the Register:

This hatchstyle is commonly used in engineering drawings. It is one of a set of
hatchstyles registered use with computer graphics standards to enable compact
storage and transfer of engineering drawings. The need for a compact represen-
taticn of the attributes of filled areas in engineering drawings is widely
recognized.

Relationship to Particular Standards:
1) ISO 7942 (GKS) - Specifies a registered hatch style as defined in 5.4.1.

2) ISO 8632 (CGM) -~ Specifies a registered hatch style as defined in 5.7.24.
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PROPOSAL FOR REGISTRATION OF GRAPHICAL ITEM

date of presentation of proposal 10 April 1987

sponsoring aythority  ANSI

Class of Graphical Item: BATCHSTYLE

Name:

titanium and refractory material

Description:

A hatchstyle conforming to the requirements of ANSI Y14.2M-1979 (Line Conventions
and lettering) for.the representation of titanium and refractory material

in engineering drawings. The intended visual representation of a filled-area
element hatched in this style is illustrated below:

7 Sl Sy
////
////
///./

Additional Comments:

The requirements stated in ANSI Y14.2M-1979 shall be followed in rendering this
linetype. )

fustification for Inclusion in the Register:

This hatchstyle is ccmmonly used in engineering drawings. It is one of a set of
hatchstyles registered use with computer graphics standards to enable compact
stcrage and transfer of engineering drawings. The need for a compact represen-

tation of the attributes of filled areas in engineering drawings is widely
recognized.

Relationship to Particular Standards:
1) ISO 7942 (GKS) - Specifies a registered hatch style as defined in 5.4.1.

2) ISO B632 (CGM) - Specifies a registered hatch style as defined in 5.7.24.
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PROPOSAL FOR REGISTRATION OF GRAPHICAL ITEM

date of presentation of proposal 10 April 1987

sponsoring authority  ANSI

ass of Graphical Item: a8aarcasrriz

me: water and other liquids

scription:
A hatchstyle conforming to the requirements of ANSI Y14.2M-1979 (Line Conventions
and Lettering) for the representation of water and other liquids in engineering

drawings. The intended visual representation of a filled-area element hatched in
this style is illustrated below:

ditional Comments:

The requirements stated in ANSI Y14.2M-1979 take precedence over those in this
propesal in case of a conflict.

stification for Inclusion in the Register:

This hatchstyle is commonly used in engineering drawings. It is one of a set cf
hatchstyles registered for use with computer graphics standards to enable comract
storage and transfer of engineering drawings. The need for a compact represen-
tation of the attributes of filled areas in engineering drawings is widely
recognized.

tlationship to Particular Standards:
1) ISO 7942 (GKS) =- Specifies a registered hatch style as defined in 5.4..l.

2) ISO 8632 (CGM) - Specifies a registered hatch style as defined in 5.7.24.
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PROPOSAL FOR REGISTRATION OF GRAPHICAL ITEM

date of presentation of proposal 10 April 1987

sponsoring authority  ANSI

‘lass of Graphical Item: BATCHSTYLE

ame: white metal, zinc, lead, babbitt, and alloys

‘escription:

A hatchstyle conforming to the requirements of ANSI Y14.2M-1979 (Line Conventions
and Lettering) for the representation of white metal, zinc, lead, kabbitt, and
alloys in engineering drawings. The intended visual representation of a filled-
area element hatched in this style is illustrated below:

.dditional Comments:

The requirements stated in ANSI Y14.2M-1979 Shall be followed in rendering this
linetype. These requirements are different from those for CGM linetype 6, which

requires only positive and negative slope lines rather than
45 degree lines.

ustification for Inciusion in the Register:

This hatchstyle is commonly used in engineering drawings. It is one of a set of
hatchstyles registered for use with computer graphics standards to enable ccmpact
storage and transfer of engineering drawings. The need for a compact represen-

tation of the attributes of filled areas in engineering drawings is widely
recognized

telationship to Particular Standards: _
1) ISO 7942 (GKS) - Specifies a registered hatch style as defined in 5.4.1l.

2) ISO 8632 (CGM) - Specifies a registered hatch style as defined in 5.7.24.
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PROPOSAL FOR REGISTRATION OF GRAPHICAL ITEM

date of presentation of proposal 10 April 1987

sponsoring authority  ANSI

lass of Graphical Item: amarcEsTYLE

ame: with grain wood

escription:
A hatchstyle conforming to the requirements of ANSI Y14.2M-1979 (Line Conventicns

and Lettering) for the representation of with grain wood in engineering
rawings. The intended visual representation of a filled-area element hatched in

this style is illustrated below:

dditional Comments:
The requirements stated in ANSI Y14.2M-1979 shall be followed inm rendering <this

linetype.

ustification for Inclusion in the Register:
This hatchstyle is commonly used in engineering drawings.
hatchstyles registered use with computer graphics standards to enable compact
storage and transfer of engineering drawings. The need for a compact represen-
tation of the attributes of filled areas in engineering drawings is wicely

It is one of a set cf

recognized.

lelationship to Particular Standards:
1) ISC 7942 (GKS) - Specifies a registered hatch style as defined in 5.4.1.

2) ISO 8632 (CGM) - Specifies a registered hatch style as defined in 5.7.24.
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PkOPOSAAL FOR REGISTRATION OF GRAPHICAL ITEM

date of presentation of proposal 10 April 1987

sponsoring authority  ANSI

ass of Graphical Item: GDP

P ldentifier: Bezier curve

icription:

A Bezier cubic section is generated using the four points specified. The curve
starts at the first point and ends at the fourth point; the second and third pein:
are used as control points. See the attached sheets for more details.

ditional Comments:

The Bezier curve capabilities proposed here are adapted from thcse in the
?ostScript language developed by Adobe Systems Incorporated.

tification for Inclusion in the Register:

Bezier curves are needed to support the requirements of office document exchange

and publishing. They are commonly found in proprietary widely available graphics
systems.

ationship to Particular Standards:
1) ISO 7942 (GKS) - Specifies a registered GDP as defined in 5.3.

2) ISO 8632 (CGM) -~ Specifies a registered GDP as defined in 5.6.10.

1
3) ISO 8651 (GKS Language Bindings) - Specifies a registered GDP.
(see attached sheets).

"At present at the stage of draft. The status of this relationship is
provisional until this standard has been approved by ISO council.
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1) CGM Functional Specification (reference ISO 8632 CGM;
Part 1l: Functional Description)

Bezier curve adds a Bezier cubic curve between the first pcins

ER -

referred to here as (X, Y, and the fourth point (X,, Y,), using
(X., ¥,) and (X,,Y,) as the Bezier cubic points.

The four points define the shape of the curve geometrically. The
curve starts at (X, Y,), it is tangent to the line from (X,, Y, to

(X,, Y,) at that point, and it leaves the point in that direction.
The curve ends at (X,, Y,), it is tangent to the line from( X, Y,)
to (X,, Y, at that point, and it approaches the point £from that
direction. The lengths of the lines (X,, Y,) to (X,, Y,) and

(X,, Y,) to (X;, Y,) represent in some sense the "velocity" of the

path at the endpoints. The curve is always entirely enclosed by the
convex quadrilateral defined by the four points.

The mathematical foundation of a Bezier cubic curve is derived £ronm

a pair of parametric cubic equations:

3 1 el
x(t) = a,t’ + L.t + c t + X,

- 3 2
y(t) ayt + byt cyt + ¥

The cubic section produced by Bezier curve is the path traced kv

Uy

e
x(t) and y(t) as t ranges from 0 to 1. The Bezier control pcin
corresponding %o this curve are:

X, = x, + /3 Y, =¥, * cy/3

x, =x, + (c, + b )/3 Y, =¥, * (¢, + by)/3

X, =X, t ¢, b +a Y; =¥, * ¢, *b, »a,
112
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A functional description of the Bezier curve generalized drawing
primitive parameters is:

Parameters:

function identifier (I) as assigned by the Registra=icn ™
Authority

point list (aP)
data recordi(b)

Items for Data Record:

Integer IL 0
Integer RL 0
Integer SL 0

Data Record Description:

The data record is empty.

2) CGM Encodings (reference ISQO 8632 CGM; Parts 2,3,4)

All encodings willi be handled in the same way - as a clear tex:t
encoding (machine independent) of a FORTRAN~style packed cdata
record. This is treated as a string type in each encoding and :is
encoded according to the rules for strin in that enccding.
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PR~0POSA'L FOR REGISTRATION OF GRAPHICAL ITEM

date of presentation of proposal 10 April 1987

sponsoring authority  ANSI

Class of Graphical Item: GDP

GDP Identifier: conic arc

Description:

A bounded connected portion of a parent conic curve is generated in a definitiocn
space and then transformed to world coordinates by the current conic arc transfcrmd
aticn matrix. The intended realization of this output primitive is equivalent to
that intended for the Conic Arc Entity of IGES Version 3.0. See the attached
sheets for more details.

Additional Comments: None

Justification for Inclusion in the Register:

Ccnic arcs are needed to support the requirements of office document exchange,
publishing, and engineering drawing exchange. They are ccmmonly found in
croprietary graphics systems. The ccnic arc capabilities proposed here are adcpted
from the ANSI Y14.26 (IGES Version 3.0) specification.

Relationship to Particular Standards:
1) ISO 7942 (GKS) - Specifies a registered GDP as defined in 5.3.

2) ISC 8632 (CGM) - Specifies a registered GDP as defined in 5.6.10.

3) IS0 8651° (GKS Language Bindings) - Specifies a registered GDP.
(see attached sheets).

At present at the stage of draft. The status of this relationship is
provisicrnal until this standard has been approved by ISO council.
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1) CGM Trunctional Specification (reference ISO 8632 CGM;
Part 1: Functional Description)

The conic arec is a realization of the Conic Arc Entity of the
IGES 3.0 standard. The attached extracts from the IGES Version 3.0 _
standard provide the functional specification.

A functional description of the conic arc parameters is:

Parameters:

function identifier (I) as assigned by the Registration

Authority
point list (nP) - contains the two start and terminate points
data record (D): - see the IGES attachments for definitions

A
B
C
D
E
F

Note: The ZT wvalue is not included since it must be zero.

Items for Data Record:

The following values are in the same order as in the IGES standard.

Integer IL
Integer RL
Real RA(1)
Real RA(2)
Real RA(3)
Real RA(4)
Real RA(S)
Real RA(6)
Integer SL

oOMpPOOWXY oo

Data Record Description:

The parameters are as defined in the attached extract from zhe
IGES standard.
2) CGM Encodings (reference ISO 8632 CGM; Parts 2,3,4)
All encodings will be handled in the same way - as a clear text
encoding {(machine independent) of a FORTRAN-style packed data

record. This is treated as a string type in each encoding and is
encoded according to the rules for string in that encoding.
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104 = CONIC ARC

3.8

3.4.1

3.4.2

3.4.3

Conic Arc Entity

A conic arc is a bounded connected portion of a parent conic curve which
consists of more than one point. The parent conic curve is either an dllipse, a
parabola, or a hyperbola. The definition space coordinate system is always
chosen 30 that the <oOniC arc lies in a plane either coincident with or parallel
to the XT, YT plane. Vithin such a plane, & conic is defined by the six
coeificients in the fallowing equation.

A®XTZ « BOXTOYT + COYT < DOXT ¢ ESYT « F 2 0

Each coetficient is a real number. The definitions of ellipse, parabola, and
hyperbola in terms of these six coetficients are given below.

A conic arc determines unique arc endpoints. A conic arc is defined within
definition space by the six cosificients above and the two endpoims. By
comsidering the conic arc endpoints to be enumerated and listed in an ordered
manner, start point followed by terminate peint, a direction with respect to
definition space can be associated with the arc. In order for the desired
elliptical arc to be distinquished from its complementary elliptical arc, the
direction of the desired elliptical arc must be counterciockwise. In the case
of a parabola or hyperbola, the parameters given in the parameter data
section uniquely define a portion of the parabola or a portion of a branch of
the hyperbola; therefore, the concept of a counterclockwise direction is not
applied. (Refer to Section 3.1.2 for information concerning use of the term
“counterclockwise”.)

The direction of the conic arc with respect to model space is determined by
the original direction of the arc within definition space, in conjunction with
the action of the transformation matrix on the arc.
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108 « CONIC ARC

p W The definitions of the terms ellipse, parabola, and hyperbola are given in terms
of the quantities Q1l, Q2, and Q3. These quantities are

A B2 DN3

0l = determinam of | 812 C £/
DRER F

) L[4

Q2 = detarminast ”m c

Q=dscC

3.4.5 A parent conic curve is
An ellipse if Q2>u and Q1 * Q3<0.
A hyperdola if Q240 and Q1 4 Q.
Aparsbola it Q2=20and Ql £ 0.

An exampie of each type of conic arc is shown in Figure 3-3.

366 Those entities which can be represented as various degenerate forms of a conic
equation (Point and Line) must not be put into the Entity Type 10&; more
appropriate Entity Types exist for these forms.

Because of the numerical sensitivity of the implicit form of the oonic
description, a receiving system not using that form as its internal representation
for conics need not be expected to correctly process conics in this form uniess
they are put into a standard position in definition space. A conic arc entity is
said to be in a standard position in definition space provided each of its axes is
paraliel t0 either the XT axis or YT axis and provided it is centered about the T
axis. For a parabola, use the vertex as the origin. The conic is moved from this

* position in definition space to the desired position in space with a transformation
matrix (Entity type 126).

The form number is regarded as purely informational by such a postprocessor.

Further details may be found in Appendix E.
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104 = CONI
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104 - CONIC aARs

.67 In the event that a parameterization is required but not given, the default
parameterization is:

Parabola
case Aand E £ 0.0

it X1 € X2
Cle) = (z, «(A/E)*t®*2, ZT) fortl & t £ 12
where, foris | and 2, ti = Xi.

i1 X2 £ X1
Cft) s (-t, ~(A/B)*tr®¢2, ZT) fortl € t £ 2

where, foris [ and 2, ti = =-X|.

caseCand D 4 0.0

iftYl £Y2
Cl2) = (aC/D)*re2((2, ¢, ZT) fortid t £ 2
where, toris |l and 2, % = Yi.

iftyz2<vyl
Clt) s («(C/D)*1*22, <1, ZT) . fortld t £ 2

where, foris 1l and 2, ti = -Yi.

Ellipse
C(t) = (a®cos t, b*sin t, ZT)
fortl € t £ 12

where
a z sqre(-F/A)
b = sqre(-F/C)

and, for i = 1 and 2, ti is such that
u) (I.COS ﬁ' b.ﬂh ti, ZT) = (Xi. Yi. ZT)
(i) 0&€ tl ¢ 2°P1
Gii) 0 t2-t1 & 2°P1

Hvperbola
case F*A < 0.0 and FoC > 0.0

let
a = sqre(-F/A)
b = sqrt(F/C)
and, foris |,2
ti is such that
i) (a®sec ti, betan ti, ZT) s (Xi,Yi,ZT)
(i) - P/2< 21,12 € PL/2
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104 - CONIC ARC

3.6.8

it t1 22

Cl(t) = (a®sec t, betan t, 2T) tor 1 €t &2
ift2<!

C(t) = (a®sec(-t), botan(-t), ZT) for-tl g t & -2

‘case F*A > 0.0 and F*C £ 0.0

let
a = sqre(F/A)

b s sqri{-F/C)
and, fori=s 1,2
ti is such that
G) (l'uﬂ t‘o b.m ﬁ' ZT) (Xi.Yi.zn
i) - PI/2 € 11,82 € P1/2
ift] £L12
Clt) = (a®tan t, bosec t, ZT) tortl vt &2
ift2<€}
C(t) = (a®tani-1), besect-t), ZT) for -t} £t & -12
Field 15 of the directory entry accommodates a Form Number. For this entity,
the options are as follows:

FORM Meaning

0 Form of parent conic curve must be determined {rom the general
equation.
1 Parent conic curve is an ellipse (See example 1, Figure 3-3).
2 Parent conic curve is a hyperbola (See exampie 2, Figure 3-3),
3 Parent conic curve is a parabola (See example 3, Figure 3-3),
120
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104 « CONIZ ARC

3.9  Directory Data
ENTITY TYPE NUMBER : 104

3.4.10 Parameter Data

Index ) Name . Type Description

I A Real Conic Coefficient

2 B Real Conic Coefficient

3 c Real Conic Coefficient

) D Real Conic Coefficient

3 E Real Conic Coefficient

6 F Real Conic Coefficient

7 ray Real ZT Coordinate of
plane of definition

3 X1 Real Start Point Abscissa

9 Y1 Real Start Point Ordinate

10 X Real Terminate Point
Abscissa

11 Y2 Real Terminate Point
Ordinate

Additional Pointers as required (see 2.2.4.4.2).
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APPENDIX E - CONIC ARCS

APPENDIX E
CONIC ARCS

Conic arcs as specified by the IGES standard are extremely sensitive to the data in
two distinct ways

(a) Accuracy

1t is numerically sensitive; small changes in the coefficients can cause
large changes in the locations of the points satisfying the conic equation.

{b) Stability

The determination of the conic type depends upon whether certain
invariams are positive, zero or negative. Working in floating point
arithmetic, a machine value of 0.0 is unlikely to be encountered.
Furthermore, small changes in coefficient values can easily result in
positive values when negative ones are intended and conversely.

It is assumed that data is put into & conic arc entity with the intent of preserving
the geometric properties of the data (major and minor semi-axes, asymptotes,
directrices, etc.) in addition to describing the points on the curve.

1f the geometric properties are dasired, the 104 entity should be used as described
below,

This method primarily addresses the stability problem, though the accuracy of the
conic should improve because the range of coefficient values will decrease. While
the geomaetric properties are not explicitly defined in this representation, they can
be obtained from it in a direct and arithmeticaily stable manner.

If both the sending and intended receiving system are known to use the A-F form of
the 106 entity (Conic Arc) in their own databases the preprocassor may put the data
into in the unchanged form. This minimizZes the loss of information caused by
truncation and roundof{ errors as no changes are made to the data. The stability
probiem is presumably not of concern in this case.
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APPENDIX E - CONIC ARCS

Here is one suggested set of values:

(1) Ellipse
A :2AXISY2 B:x0 g
C :aAXISX2 D:20
E:z 0 F:s -A*C

where AXISY and AXISX are the lengths of the major and minor semi-
axes (not necessarily in order).

(2) Hyperbola
Aza - AXISYZ (or « AXISY?) B:s0
Cix o AXISX 2 (or - AXISX2,ifA 0) D:=0
E:=0 F 12 -A*C,

where AXISY and AXISX are the lengths of the major and minor semi-
axes (not necessarily in order). .

(3) Parabola
A:=0 {or 1) B:20
Cisl (or0,iftAsl) :z VODIST
{or ¢,itAs})
E:=0 (or 8*DIST, if A = 1) F:20

where DIST is the distance of the vertex from the focus.

Preprocessor Conic Handling

The conic arc must be put into standard form, parallel to the X and/or Y axis(axes)

and centered about the origin. An 128 transformation matrix must be used to move
the conic arc into its desired position in space. In this form the coefficients in the

format that should be 0.0 will be exactly so. In particular, for the eilipse and

hyperbola B, D, and E must be 0.0, and for the parabola B and F and either A and E
or C and D must be 0.0.

Determination of the conic type from the equations becomes straight forward for
the postprocessor.

For further mathematical details, see (THOMG0).
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PROPOSAL FOR REGISTRATION OF GRAPHICAL ITEM

date of presentauon of proposal 17 Azzil

sponsoring authority  ANSI

lass of Graphical Item: GDP

iDP Ideatifier: parametric spline curve

lescription:

A planar (two dimensional) parametric spline curve is generated. Th

he intendecd
realization of this output primitive is equivalent to that intended for the

Parametric Spline Curve Entity of ANSI Y14.26 (IGES Version 3.0), with the
restricticn that the "Z polynomial”™ of the IGES standard be zero. See the
attached sheets for more details.

\dditional Comments: None

lustification for Inclusion in the Register:

rarametric spline curves

are needed to support the requirements of engineering
drawing

exchange. They are commenly found in proprietary graphics systems.

.elationship to Particular Standards:
-} IS2 7342 (3K3) - Specifies a registered GCP as defined

Is7 86517 (GK¥S language 2ind:ings) - Specifies a registered GIZP.
(see attached sheets).
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is:
Parameters:

function

CTYPE
H

N

AX

AY

TPX
TPY

Items for Data

If VDC TYPE integer was selected

poinc list (nP)

The parametric spline curve is a
Spline Curve Entity of the IGES 3.0 standard, restricted to

two-dimensicnal eavironment of the CGM. The attached extracts £
the IGES Version 3.0 stancard provide the functional specifiza-:

identifier (I) as
Authority

Record:

- contains the
data record (D): - see the IGES attachments for definitions

r———————f

realization of the Parametr:

1) CGM runctional Specification (reference ISO 8632 CG)
Part 1: Functicnal Descripticn)

he

-

O gy (t

A functional description of the parametric spline curve parame=-ers

assigned by the Registraticn

"T "

values

(Warn:ng: parametric splines

should not be expected to work well in this case):

The following values are in the same order as in the IGES standard
with the Z values ommitted.

Integer
Integer
integer
Integer
nteger

IL 3 + 9
IA(]) CTYPE
IA(2) H
IA(3) N

IA (D) T(1)
IA(S+N) T(N+Z
IA(S+N+1) AX (1)
RL 0]

SL 9)

N

)
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112 <« PARAMETRIC SPLINE CURVE

i3

L8 N

3.8.2

3.3.3

Paramertric Spline Curve Entity

{Consult Appendix D for additional mathematical details)

The parametric spline curve is a sequence of parametric polynomial segments.
The CTYPE value in Parameter | indicates the type of curve as it was
‘represented in the sending (pre-processing) system before conversion to this
entity.

The N polynomial segments are delimited by the breaipoints T(1), T(2),
weyT(N+l). The coordinates of the points in the i-th segment of the curve are
given by the following cubic polynomials (the coefficients D, or C and D will be
zero if the polynomials are of degrees 2 or |, respectivelyk

Z()=AX (1) BX(1) 5+ CX () S+ DX
Y(u)odY()+BY(i) 5+ CY () S DY(N Y
Z()e4Z()+BZ () 3+ C2(1) '+ D2(1) Y

whare
TN Ku T(i+1),im) N
tou=T()

In order to avoid degeneracy, for each i at least one of the nine real coefficients,
BX(), CX), DXL, aYH), CYU), DY), BZ(i), CZ(i), and DZ(i) must de non-zero.

If the spline is planar, it must be parametrized in terms of the X and Y
polynomials only. The Z polynomial will then be zero except for each i, the AZ(i)
term which indicates the Z-depth in definition space.

The parameter H is used as an indicator of the smoothness of the curve. If H0,
the curve is continuous at all breakpoints. If H=l, the curve is continuous and
has slope continuity (see section 6.3 of FAUX79) at all breakpoints. If Hs2, the

curve is continuous and has both slope and Curvature continuity at all breakpoints
(see section 6.3 of Faux79).
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If VDC TYPE real was selected:

Integer IL 3

Integer IA(1l) CTYPE

Integer IA(2) R

Integer IA(3) N

Integer RL 10N+1 -
Real RA(1l) (1)

Real RA(N+1) T(N+1)

Real RA(N+2) AX (1)

Real RA(N+3) BX (1)

Integer SL 0

Data Record Description:

The parameters are as defined in the attached extract from the
IGES standard.
2) CGM Encodings (reference ISO 8632 CGM; Parts 2,3,4)
All encodings will be handled in the same way -~ as a clear text
encoding (machine independent) of a FORTRAN-style packed data

record. This is treated as a string type in each encoding and is
encoded according to the rules for string in that encoding.
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112 « PARAMETRIC SPLINE lumes

3.8.4 To enable determination of the terminate point and derivatives without
computing the polynomials, the Nth polynomials and their derivatives are
evaluated at u = T{N«l). These data are divided by appropriate factorials and
stored following the polynomial coefficiems, For example, the name TPY3J will
be used to designate 1/3! times the third derivative of the Y poiynomial for the
Nth segment evaluated at usT(N+l), the parameter value corresponding to the
terminate point. Note that these data are redundant as they are derived from
the data defining the Nth polynomial segment.

3.8.5 An example of a parametric spline is shown in Figuwe 3=7. Additional exampies
are shown in Figure 3-3.

N YPE NUMBER : 112

3.3.7 Parameter Data

Index Name Iype Description

1 CTYPE Integer Spline Type

(1sLinear
2=Quadratic
3=Cubic
SaWilson-Fowler
SsModified

Wilson-Fowier
6s8 Spline)

2 H . Integer Degree of con-
tinuity with
respect to arc
length

3 NDIM Integer 2aplanar
Jznoneplanar

] NA Integer Number of seg-
memts

3 T Real Break points of

. . piecewise

. . polynomial

5eN T(N+1)
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12N
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16N
17N

112 « PARAMETAIC SPLINE CURVE

Z
L]

AX(1)

BX(1)

cX(1)
oXx(1)

AY(1)
BY(1)
cy(!)
DYl

AZ(1)
BZ(l)
cz(l)
oz(1)

3

Real

Description

X coordinate
polynomial

Y coordinate

Z coordinate
polynomial

Subsequent X, Y, Z
polynomials concluding
with the twelve
cosfficients of the Nth
polynomial segment.

(The parameters that foilow comprise the evaluations of the polynomials of the Nth
segment and their derivatives at the parameter value usT(Nel) cocresponding to the
terminate point. Subsequently these evaluations are divided by appropriate {actorials.)
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112 « PARAMETRIC SPLINE zuave

§+{3*N TPX0 Real X value
TPX1 X first derivative
TPX2 X second derivative/2!
TPX3 X third derivative/3!
TPYO © Y value
TPY!
TPY2
TPY3
TPZO Z value
P21
TPZ2
TPZ)

Additional Pointers as required (see 2.2.3.8.2)

Software to convert between parametric spline curves or surfaces and the corresponding

rational B-spline curves or surfaces is available from the IGES otfice at the National
Bureau of Standards. Materials provided include 8 magnetic tape of Pascal source code, a
listing of the code, and accompanying documentation,
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PROPOSAL FOR REGISTRATION OF GRAPHICAL ITEM

date of presentation of proposal 10 April 1987

sponsoring authority ANSI -

Class of Graphical Item: GDP

GDP Identifier: rational B-spline curve

Rﬁcription:

A planar (two dimensional) rational B-spline curve is drawn. The intended
realization of this output primitive is equivalent to that intended for the
Rational B-Spline Curve Entity of ANSI Y14.26 (IGES Version 3.0), with the
restriction that the "2 polynomial™ of the IGES standard be zero. See the
attached sheets for more details.

|

Additional Comments: None

Justification for Inclusion in the Register:

Rational B-spline curves are needed to support the requirements of engineering
drawing exchange. They are commonly found in proprietary graphics systems.

elationship to Particular Standards:
1) ISO 7942 (GKS) - Specifies a registered GDP as defined in 5.3.

2) ISC 8632 (CGM) - Specifies a registered GTP as defined in 5.6.10.

3) 150 8651! (GKS Language Bindings) - Specifies a registered GDP.
(see attached sheets).

:At present at the stage of draft. The status of this relationship is
provisional until this standard has been approved by ISO council.
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1) CGM Functional Specification (reference ISO 8632 CGM;
Part 1: Functional Description) -

The rational B-spline curve is a realization of the rational

B-spline curve Entity of the IGES 3.0 standard. The attached

extracts from the IGES Version 3.0 standard provide the functiona.~
specification.

A functional description of the rational B-spline parameters is:
Parameters:

function identifier (I) as assigned by the Registration
Authority

point list (nP) - contains the control points
data record (D): -~ see the IGES attachments for definitions

K

M
PROP2
PROP3
PROP4
T

W
NORM

Note: The PROP1l value is not included since it must be 1.

Items for Data Record:

The following values are in the same order as in the IGES standard.

Integer IL 5
Integer IA(1l) K
Integer IA(2) M
Integer IA(3) PROP2
Integer IA(4) PROP3
Integer IA(S) PROP4
Integer RL see IGES extract
Real RA(1l) T(-M)
Real RA(1+A) W(0)
Real RA(2+A+K) XNORM
Real RA(3+A+K) YNORM
Integer SL 0

Data Record Description:

The parameters are as defined in the attached extract £frcm the
IGES standard.
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2) CGM Enccdings (reference ISO 8632 CGM; Parts 2,3,4)

All encodings will be handled in the same way - as a clear <cex:
encoding (machine independent) of a FORTRAN-stvle packed da:za
record. This is treated as a string type in each encoding ancd 1is
encoded according to the rules for string in that encoding.
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126 - RATIONAL B SPLINE CuURVE

Rational B-Soline Curve Enti

The rational B-spline curve may represent analytic curves of general interest.
This information is important to both the sending and receiving systems. The
directory entry form number parameter is provided to communicate this
information. It should be emphasized that use of this curve form should be
restricted to communications between systems operating directly on rational B
spline curves and not used as a replacement for the analytic forms for
communication. For a brief description of a rational B-gpline curves, see Section
8 of Appendix D.

U the rational Bespline curve represents a preferred curve type, the form number
corresponds to the rost preferred type. The preference order is from | through
3 followed by 0. For example, if the curve is a circle or clrcular arc, the form
number is set to 2. If the curve s an eilipse with unequal major and minor axis
lengths, the form number is sat to 3. U the curve is not one of the preferred
types, the form number is set t0 0.

If the curve iies entirely within a unique plane, the planar flag (PROP1) is set to
1, otherwise it is set to Q. 1f it Is set to |, the plane normal (parametecs

18+A+4K through 16+A+4K) contain a unit vector normal to the plane containing
the curve. These {ieids exist-but are ignored if the curve is non-planar.

169

138




126 « RATIONAL B SPLINE CURVE

3.16.1

3.16.2

Index

It the beginning and ending points on the Curve are identical, PROP2 is set to0 |.
It they are not equal, PROP2 is set to 0.

If the curve is rational (does not have all weights equal), PROP3 u set 10 0. If
all weights are equal to ‘each other, the curve is polynomial and PROP3 is set to
l. The curve is polynomial since in this case all weights cancel and the
denominator sums to one (see Appendix D8).

If the curve is periodic with respect to its parametric variable, set PROPS to |,
otherwise set PROPS t0 0.

Directory Data
ENTITY TYPE NUMBER: 126
Form  Meaning
0 Form of curve must be determined from the rational B-spline
parameters.
1 Line
2 Circular arc
3 Elliptical arc
) Parabelic arc
5 Hyperbelic arc
Parameter Data
Name Irpe Description
K Integer Upper index of
sum. See
Appendix D
M Integer Degree of basis
. functions
PROP! Integer 20 - non=planar
2] - planar
PROP2 Integer ’ =0 - open curve
sl - clogsed
arve
PROP? ' Integer 20 - rational
2| - polynomial
PROPS (nteger 20 - non=
periodic
z] - periodic

Let N=K-M+1 and let AaN+2M

{70
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126 « RATIONAL B SPLINE .a-

Additional Pointers as required (see 2.2.4.8.2).

Software to convert between parametric spline curves or surfaces and the corresponding
rational B-spline curves or surfaces is available from the IGES office at the National
Bureau of Standards. Materials provided include a magnetic tape of Pascal source code, 2
listing of the code, and accompanying documentation.
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|
7 TiM) Real Knot Sequence .
; ; -}
7oA T(N-M)
S.A w(0) Real Weights l
| | 1
S+AK w(K) .
9+A+K X0 Real Control Points
10+A-K YO l
11+AeK 20
. . |
. . i
9+Ae8K XK
10+A+4K YX l
11+A+bK ZX
12+Ae8K v(®) Real Starting para- l
meter value
13+A+4K v(1) Real Ending  para-
meter value '
18+A+8K XNORM Real Unit Normal (it
curve is planar) .
13+A+8K YNORM
16+A+8K ZNORM
1
i
I
|
i
i




APPENDIX D « SPLINE REPRESENTATICONS

D&

RATIONAL B-SPLINE CURVES

The comments in this section pertain primarily to section 3.16.

A rational B-spline curve is expressed parametrically in the form

L3
3 wakae
=0

X

PIER  XO)
is0

Git)s

where the notation is interpreted as follows.
The W(i) are the weights (non-zero real numbers).

The P(i) are the control points (points in R’).

6472
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APPENSIX 3 « SPLINE REPREISINTATIONS

The bi are the B-spline basis functions, These are defined as soon as their
degree, M, and underlying knot sequence, T, are specified.

This is done as follows:

Let N 2 K = M + i. Then, the knot sequence consists of the non-decreasing
sat of real nmm T(.M)' sney T(O). ooy T(N). T T(N‘M)

The curve itself is parametrized for V(0)t £V(]l) where
T(0) € V(0) L V(1) & T(N).

The B-spline basis lmcﬁem ).'».l are each non=-negative piecewise polynomials
of degree M. The function b, is supparted by the interval (TU=M), TU+1)].
Between any two adjacent knot valves T(j), T(j+l) the function can be

expressed as a singie palynomial of degree M.

For any parameter value t between T(0) and T(N) the basis functions satisfy
the identity
K

Z B e L.

is0

1f the weights are all positive, the curve G(t) is contained within the convex
hull of its control points.

There are a number of ways to precisely define the B-spline basis functions.
A recursive approach proceeds as follows.

Let Nt !i-m""'tiol) denote the B-spline basis function of degree m
supported by the interval ["‘"""]l'

With this notation, the degree 0 functions are simply characteristic {functions
of a half-open interval.

Na|en = LiiSna

4713
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APPENDIX D - SPLINE REPRESENTATIONS

The degree k functions are defined in terms of those of degree k-1.

NG Jsg....0)=
(1=3) N(s |s.. veesStay) . (5, =)N(s [:.. S |
ey < S "t ]|

Since some of the denominators will be 0 in the case of multipie knots, the
convention 0/0 s 0 is adopted in the above definition.

Rational Bezier curves (and surfaces) can be expressed exactly as rational B-
spline curves (and surfaces). (BLOM32).

Software to convert between parametric spline curves or surfaces and the

corresponding rational B-spline curves or surfaces is available from the IGES

office at the ational Bureau of Standards. Materials provided include a

magnetic tape of Pascal source code, a listing of the code, and accompanying
_ documentation.
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PROPOSAL FOR REGISTRATION OF GRAPHICAL ITEM

date of presentation of proposal 19 April 1987

sponsoring authority ANST

Class of Graphical Item: ESCAPE

Specific Escape Function Identifier: Set Conic Arc Transformation Matrix

escription:

This escape function sets a value of the transformation matrix needed to
describe how a conic arc described by the conic arc GDP is moved from "defini-
tion space" to world coordinates (called "model space™ in the IGES standard.)
It is modelled on the Transformation Matrix Entity of the ANSI Y14.26 (IGES
version 3.0) specification. See attached sheets for additional details.

SN S NS MS Nk B WR

Additional Comments:

None

Justification for Inclusion in the Register:
Cenic arcs are needed to support the requirements of engineering drawing exchange.
They are commonly found in proprietary graphics systems. Due to various numerical
prcblems, such curves are best specified in a "definition space” and then trans-
fermed to their final location by applying a transformation matrix. This escape
fonction is needed to supply values for the required "modelling” or transformation
matrix.

— . S

Relationship to Particular Standards:
1) ISO 8632 (CGM) - Specifies a registered escape as defined in 5.8.1.

2) See attached sheets.
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1) CGM runctional Specification (reference ISO 8632 CGM;
Part 1: Functional Description)

Set Conic Arc Transformation Matrix is a realization of the
Transformation Matrix Entity of the IGES 3.0 standard, restricted

to the two-dimensional environment of the CGM. This matrix is a ~

component of the graphics state and determines how subsequent conic
arc cutput primitives are transformed from defirition space to
virtual device coordinates. The attached extracts from the IGES
Version 3.0 standard provide the functional specification.

A functional description of the Set Conic Arc Transformation
Matrix escape parameters is:

Parameters:

function identifier (I) as assigned by the Registration

Authority
data record (D): - see the IGES attachments for definitions
Ri1
R12
Ra1
R22

Items for Data Record:

If VDC TYPE integer was selected (Warning: conic arcs should
not be expected to work well in this case):

Integer IL 6
Integer IA(1) Rqq
Integer IA(2) Rq»
Integer IA(3) Rp1
Integer IA(4) Ry
Integer IA(S) Ty
Integer IA(6) T,
Integer RL 0
Integer SL 0

If VDC TYPE real was selected:

Integer IL 0
Integer RL 6
Real RA(1) Ry1
Real RA(2) Rqo
Real RA(3) Ryj
Real RA(4) RZZ
Real RA(S) T,
Real RA(6) T,
Integer SL 0
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Data Record Description:

The parameters are as defined in the attached extract from the
ANSI Y14.2¢ (IGES versien 3.0) standard.

2) CGM Encodings (reference ISO 8632 CGM; Parts 2,3,4)
All encodings will be handled in the same way - as a clear tex:
encoding (machine independent) of a FORTRAN-stvle packed data

record. This is treated as a string type in each encoding and is
encodea according to the rules for string in that encoding.
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124 « TRANSFORMATION MATRIX

.14

3.14.1

Transformation Matrix Enti

The Transformation Matrix entity transforms three-row column vectors by
means of a matrix multiplication and then a vector addition. The notation for
this transformation is

Ri1 R12 R3] [XINPUT Ty XOUTPUT
R21 R22R23| [YINPUT | & T2 | = YOUTPUT
R3] Riz R33] | ZINPUT T3 ZOUTPUT

Here, cal [XINPUT, YINPUT, ZINPUT] (i.s., the column vector) is the vector being
transtormed, and col [XOUTPUT, YOUTPUT, ZOUTPUT] is the column vector resulting
from this transformation. R s [Rii] is 8 3 row by 3 column matrix of real numbers,

and Tscol [n.n.n] is a three-row column vector of real numbers. Thus, 12 real
numbers are required for a Transformation Matrix entity. This entity can be
considered to be an "operator” entity in that it starts with the input vector,

operates on it as described above, and produces the output vector.

Frequently, the input vector lists the coordinates of some point in one coordinate
system, and the output vector lists the coordinates of that same point in a
second coordinate system. The matrix R and the transiation vectoe T then
express 3 general relationship between the two coordinate systems. By
considerating special input vectors such as col [I.O,q. col [0.1.0]. and col [0.0.1]
and computing the corresponding output results, a geometric appreciation of the
spatial relationship between the two coordinate system can be gained.

For example, for

001 0

R = 010 T s 0
-100 0
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3.18.2

124 <« TRANSFCRMATICN MATRIX

the spatial relationship of the input and output cordinate systems is the
following:

YOUTPUT,
YINPUT
Lo XINPUT
'l
’l
'l
'l
"
P XOUTPUT,

T aeut

FIGURE 3-16

ZOUTPUT

All coordinate systen:s are assumed to be orthogonal, cartesian, and right-handed
unless specifically noted otherwise.

Following are three specific areas where the Transformation Matrix entity is
used to transform coordinates between coordinate systems. Each example area
llustrates a specific choice of input and output coordinate system. Other
choices of coordinate systems may be appropriate in other application areas.

The usual situation for this type of use of the Transformation Matrix entity is
when the input vector refers to the definition space coordinate system for a
certain entity, and the output vector refers to the model space coordinate
systemn. (See Sect. A.1.1) [n this case, the matrix R is referred to as the defining
matrix, and the Transformation Matrix entity defining R and T is pointed to in
field seven (transformation matrix field) of the directory entry of the entity.
(See Sect. 2.2.4.3.7) In this use of the Transformation Matrix entity, the matrix
R is subject to the restrictions given in Form 0 and Form | below.
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124 = TRANSFORMATION MATRIX

3.18.3

A second situation is the case when the input vector refers to the model space
coordinate system and the output vector refers to a viewing coordinate system.
In this case, the matrix R is referred t0 as a view matrix, and is subject to the
restrictions given in Form O below. Note that when a planar entity is viewed at
true length (i.e., the viewing plane is parallel to the plane containing the entity)
then the rotation matrix pointed to by DE Field 7 of the planar entity will be the
inverse (amatrix transpose) of the matrix pointed to by DE Field 7 of the View
entity. (See Sect. 8.3.11)

A third situation involves finite element modeling applications. Here, it may be
the case that an input coordinate system is related to an output coordinate
system by a particular R and T, and, in turn, the output coordinate system is
then taken as an input coordinate system for a second R and T combination, and
so on. These coordinate systems are frequently called local coordinate systems.
Model space is freqrently called the reference system. For example, the
location of a finite element node may be given in one local coordinate system,
which may serve as the input coordinate system for a second local coordinate
system, which in turn serves as the input coordinate system for the model space
coordinate system which is the reference system. Allowable forms of the matrix
R for these applications are detailed in Forms 10, 11, and 12 below.

Whenever coordinate systems are related successively to each other as described
above, a basic result is that the combined effect of the individual coordinate
system changes can be expressed in terms of a single matrix R and a single
transiation vector T. For example, if the coordinate system change involving the
matrix R2 and the translation vector T2 is to be applied following the coordinate
system change invoiving the matrix R| and the transiation vector Tl, then the
matrix R and the transiation vector T expressung the combined changes are
Ra(R2)(R1)and T = (R2) (T1) » T2,

Here, (R2) (R1) denotes matrix multiplication of 3Ix3 matrices, where
muitiplication order is important. The matrix R and the translation vector T are

computed similarly whenever more than two coordinate system changes are to be
applied successively.
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124 - TRANSFORMATION MATRIX

Successive coordinate system changes are specified by allowing a Transtormation
Matrix entity to reference another Transformation Matrix entity through Field 7
ot the Directory Entry. In the example above, the Transformation Matrix entity
containing R1 and T1 would contain in its Directory Entry Field 7 a pointer to
the Transformation Matrix entity containing R2 and T2. The general rule is that
Transformation Matrix entities applied earlier in a succession will reference
Transformation Matrix entities applied later. Nots that the matrix product

(R2) (R1) in the exampie above does not appear explicitly in the data, but, if
needed, must be computed according to the usual rules of matrix multiplication.

A second exampie of coordinate systems being related successively (or
"concatenated”, or “stacked”), in addition to the finite element example
mentioned above, involves one manner of locating into model space a conic arc -
that is ‘A standard pesition in definition space. In this case, R1 and T1 move the
conic arc from its standard position to an arbitrary location in any plane in
definition space  satisfying  ZTsconstant.  (Therefors, R133=21.0,
RijjsR1jzsR1j3s R12320.0. Tl can be an arbitrary translation vector.) R2 and
T2 then position the relocated conic arc into model space. (R2 can be an
arbitrary defining matrix and T2 can be an arbitrary translation vector.) Note
that for Rl and TI, both the input vector and the output vector refer to the
same coordinate system, namely, the definition spacs for the conic arc.

A 3x3 matrix R is called orthogonal provided its transpose, Rt, about the main
diagonal yields a matrix inverse for R. The columns of an orthogonal matrix
considered as vectors form an orthogonal collection of unit vectors. As (RT)%R,
the transpose of an orthogonal matrix is again an orthogonal matrix. The
determinant of an orthogonal matrix is equal to either plus one or minus one. In
the event R is an orthogonal matrix with determinant equal to positive one, R
can be expressed as a rotation about an axis passing through the origin. In this
event, R is referred to as a rotation marrix. In the event R is an orthogonal
matrix with determinant equal to negative one, R can be expressed as a rotation
about an axis passing through the origin followed by a refiection about a plane
passing through the origin perpendicular to the axis of rotation.
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124 « TRANSFORMATION MATRIX

3.14.9

3. l..‘ )

Allowable Form Numbers. The defining matrix of an entity must use either
Form 2ero or Form one. A defining matrix associated with a view entity must
use Form zero.

Form O: {defauit) R is an orthogonal matrix with determinant equal to positive
one. T is arbitrary. The columns of R taken in order form a right-handed triple
in the output coordinate system.

Form 1: R is an orthogonal matrix with determinant equal to negative one. T is
arbitrary. The columns of R taken in order form a left-handed tripie in the
output coordinate system.

Forms 10, 1l; 12. These form numbers indicate special mitrim used in
conjunction with th~ node entity (type number 138),

Form |z This form number conveys special information when used in
conjunction with the Node entity (type number 134) in Finite Element
Applications.

Refer to Fig. 3-17(a) for notation. The matrix R and the vector T are
used to transform coordinate data from the ul,u2,u3 coordinate
system 1o the Y2 local system.

The ul,u2,u3 coordinate system has its origin at an arditrary fixed
point col XOFFSET, YOFFSET, ZOFFSET in the x,y,z coordinate
system and is assumed to be displaced parailel to that reference
coordinate system. Thus,

100 XOFFSET

R a o110}, T s YOFFSET
o0l ZOFFSET
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152




l 124 « TRANSFORMATISN MATRIX

uld

———
g N

: u2
(a) Cartesian Node Point

ui

gy

Local System

ud = 2 direction |

u2:z0 direction

u1!= Rdirection
Node Point

2
(b) Cylindrical C

Local System

u1l = Rdirection

u3 =f direction
(c) Spherical
uz2s 5 direction

Local System Node Point

Figure 3-17 Displacement Components
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124 « TRANSFORMATION MATRIX

30 that
100} jul XOFFSET XLOCAL
0LlQOf(u2| « YOFFSET| = | YLOCAL

001 (u3 ZOFFSET ZLOCAL

Note that the orientation of the two coordinate systems can be
described by saying that the ul,u2,ul coordinate system is the
systerm obtained by imposing orthogonal curvilinear coordinates
onto the X,y,2 space and then constructing unit tangent vectors to
the three curvilinear coordinate curves at the given fixed point to
serve as basis vectors. In this special case of parailel
displacement, the curvilinear coordinates imposed are identical to
the existing x,y,Z coordinates.

This form number conveys special information when used in
conjunction with the Node entity (type number 138) in PFinite
Element applications.

Refer 5 Figure 3-17(b) for notation. The matrix R and the vector
T are used to transform coordinate data from the ul, u2, ul
coordinate system to the x,y,2 local system.

The ul, ul, u3 coordinats system has its origin at an arditrary fixed
point

XOFFSET 3 rg cos Gg ro 0

YOFFSET = rg sin Oy 0 Oy 360°

ZOFFSET 2 24 -00&2y £ OO
for rya0, take §209

in the x,y,z coordinate system. The ul,u2,ul system is the system
obtained by imposing orthogonal curvilinear coordinates onto the
x,y,z space which are the cylindrical coordinates (r,8,2) with
xsrcosd
ysrsin@

T2,
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Form 12:

124 « TRANSFORMATION MATRIX
and then constructing unit tangent vectors to the three curvilinear
coordinate curves at the given {ixed point to serve as basis vectors.

Thus, the relationship between the ul, u2, ul and the x,y,z local
coordinate system is given by

cosly -sindg O ul XOFFSET XLOCAL
3indyg cosly O u2}l « | YOFFSET | = | YLOCAL
0 0 1 ul ZOFFSET ZLOCAL

This form number conveys special information when wed in
conjunction with the Node entity (type number 138) in Finite
Element applications.

Refer to Fig. 3-17(c) for notation. The matrix R and the vector T
are used to transform coordinate data from the ul, u2, ul
coordinate system to the x,y,2 local system.

The ul, u2, ul coordinate system has its origin at an arbitrary fixed
point

XOFFSET = rosin Qg sin fy ro3 0
YOFFSET = rosin 04 cos By 04 9,£130°
ZOFFSET = fom °° 0‘ .°<36°°

forrg = 0, take 9y = fy = 09
for O = 0° or 1309, take §, s 0°

in the x,y,2 coordinate system. The ul, u2, u3 system is the system

obtained by imposing orthogonal curvilinear coordinates onto the

x,Y,2 space which are the spherical coordinates (r, §, 8) with
XsrsinQcos$

YarsinQsing
Zarcos@

16$
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124 = TRANSFORMATION MATRIX

and then constructing unit tangent vectors to the three curvilinear
coordinate curves at the given {ixed point to serve as basis vectors.

Thus, the relationship between the ul, u2, ul and the x,y,z local
coordinate systems is given by

- . - ~ o - -
sind, cosy  cosdy cosy  -sinfg ul [xorrser]  [xrocal

sindy sinly  cosd sinly  costy u2| + | YOFFSET| = | YLOCAL

- - o

cosfy -3indq 0 ul ZOFPFSET ZLOCAL
- . - - . -

See, Kaplan, (KAPL52) or Hildebrand, (HILD76) for a discussion of orthogonal
curvilinear coordinate systems.

3187  Directory Data
ENTITY TYPE NUMBER: (28

R Parameter Data
Index  Name Trpe Description
1 Rl Real Top Row
2 R12 Real
3 R13 Real
] T1 Real
b R21 Real Second Row
3 R22 Real
7 R23 Real
s T2 Real
9 Rl Real Third Row
10 R32 Real
11 RY) Real
12 T3 Real

Additional Pointers as required (see 2.2.4.5.2).
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PﬁOPOSAL FOR REGISTRATION OF GRAPHICAL ITEM

date of presentation of proposal 10 April 1987

sponsoring authority ANST

Class of Graphical Item: ESCAPE

Specific Escape Function Identifier: Set Dash

Description:

This escape function sets a value for the user-specified dash pattern (registered)
linetype. .-This pattern is used during subsequent interpretation of graphical
primitives that use linetype attributes. See attached sheets for additional
details.

Il B Nk "R = .

Additional Comments:

The line type capability proposed here is adapted from those in the PostScr:opgt
language develope¢ by Adcbe Systems Incorporated.

Justification for Inclusion in the Register:
The Set Dash function is needed to support the user-specified dash pattern
linetype. This linetype is needed to support the requirements of office documen:
exchange and publishing. Similiar capabilities are commonly found in widely
available proprietary graphics systems. '

Relationship to Particular Standards:
1) ISO 8632 (CGM) - Specifies a registered escape as defined in 5.8.1.

2) See attached sheets.
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1) CGM TFunctional Specification (reference ISO 8632 CGM;
Part 1: Functional Description)

Set Dash sets a dash pattern state value in the graphics state,
controlling the dash pattern used during subsequent interpretation
of graphics primitives that are drawn with the resistered linetyre
value of "user-specified dash pattern™ (linetype TBD). If the array
of dash pattern lengths is empty (i.e, the number cf lerngths :iz
zero) , the linetype is equivalent to solid. If array of dash
pattern lengths is not empty, the affected primitives are drawn
with dashed lines whose pattern is given by the elements of the
array, which must be non-negative numbers and not all zero.

The elements of the array of dash pattern lengths are interpreted
in sequence as distances in VDC units along the path of the
primitive. These distances alternately specify the length of a gap
between dashes. The contents of the array are used cyclically. When
the end of the array is reached, the pattern starts over at the
beginning.

Dashed lines wrap around curves and corners just as solid lines do.
The ends of each dash are treated with current line cap, corners
within a dash are treated with current line join. No measures are
required to coordinate the dash pattern with features of an output
primitive.

The offset value, in VDC units, may be thought of as the "phase" c¢r
the dash pattern relative to the start of the path. It is
interpreted as a distance into the dash pattern at which thre
pattern should be started. Before beginning output of the dash
pattern, the elements of the array of dash pattern lengths are
cycled through, and the distances of alternating dashes and gaps
added up, but without generating any output. When the offset
distance into dash pattern has been reached, the primitive is drawn
(£rom its beginning) using the dash pattern from the point that has
been reached.

When continuity is set to restart, each portion of a primitive
(e.g. each line segment within a polyline) 1s treated
independently; i.e. the dash pattern is restarted (and offset

applied) at the beginning of each portion. When continuity :is se:z
to continuous, the dash pattern is not restarted in going from cre
portion of a primitive to the next.

A functional description of the Set Dash escape parameters is:
Parameters:

function identifier (I) as assigned by the Registration
Authority

data record (T):
offset (VDC)
continuity (one of: restart, continuous) (E)
number of lengths (I)
(nVDC)
dash pattern lengths array
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Items for Data Recofd:

If VDC TYPE integer was selected:

Integer IL 3 + number of lengths

Integer IA(1l) offset -
Integer IA(2) continuity

Integer IA(3) number of lengths

Integer IA(4) first length

integer IA(5) second length

Integer IA(2+number of lengths) last length

Integer RL 0

Integer SL 0

If VDC TYPE real was selected:

Integer IL 2

Integer IA(1) number of lengths
Integer IA(2) continuity

Integer RL 1 + number of lengths
Real RA(1) offset

Real RA(2) first length

Real RA(3) second length

Real RA(l+number of lengths) last length
Integer SL 0

Data Record Description:

The parameters define the coffset, continuity, number of das:z
pattern lengths, and the dash pattern lengths.

2) CGM Encodings (reference ISO 8632 CGM; ?Parts 2,3,4)

All encodings will be handled in the same way - as a clear
encoding (machine independent) of a FORTRAN-style packed
record. This is treated as a string type in each encoding a-n

-

enccded according to the rules for string 1in that encoding

W o
(A AN
n W ¢t

1 € (t
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PROPOSAL FOR REGISTRATION OF GRAPHICAL ITEM

date of presentation of proposal 10 aApriy 1987

sponsoring authority ANSI -

Class of Graphical Item: ESCAPE

Specific Escape Function Identifier: Set Line Cap

Description:

This escape function sets a value for the current line cap. This value is to
determine the shape put at the ends of portions of lines and curves during
subsequent interpretation of graphical primitives that use linetype attributes.
See attached sheet for additional details.

B Sn W W mm W = @

Additional Comments:

The line cap capabilities proposed here are adapted from those in the PostScrig:
language developed by Adcbe Systems Incorporated.

Justification for Inclusion in the Register:
exchange and publishing. They are commonly found in widely available prcrriestarcy
graphics systems.
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Relationship to Particular Standards:
1) ISO 8632 (CGM) - Specifies a registered escape as cefined in £.8...

2) See attached sheet.
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1) CGM TFunctional Specification (reference ISO 8632 CGM;
Part 1: Functional Description)

Set Line Cap sets the current line cap value in the graphics
state to the value specified by the line cap indicator. 7=z
establishes the shape to be put at the ends of open subpcrticns
graphics output primitives whose components are lines or curve
The following line cap values are supported:

1l: butt cap; the portion is squared off at the endpoint of the
path; there is no projection beyond the end of the path.

2: round cap; a semicircular arc with diameter equal =o the
line width is drawn around the endpoint and filled in wizh
the current line colour.

3: projecting square cap; the portion continues beyond =zhe
endpoint of the path for the distance equal to half the lirne
width and is squared off.

Values above 3 are resecved for future registration and
standardization, and negative wvalues are available fcor
implementation-dependent use.

A functional description of the Set Line Cap escape parameters 3.s:
Parameters:

function identifier (I) as assigned by the Registraticn
Authority

data record (D):
line cap indicator (IX)

Items for Data Record:

Integer IL 1
Integer IA(1l) line cap indicator
Integer RL 0
Integer SL 0

Data Record Description:
The parameter defines the line cap index.

2) CGM Encodings (reference ISO 8632 CGM; Parts 2,3,4)

All encodings will be handled in the same way -~ as a cliear tex:
encoding (machine independent) of a FORTRAN-style packed <daza
record. This is treated as a string type in each encod:ing anid :5s

encoded according to the rules fcr string in that encoding.
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PROPOSAL FOR REGISTRATION OF GRAPHICAL ITEM

date of presentation of proposal 10 April 1987

sponsoring authority ANSI -

Class of Graphical Item: ESCAPE

-_T

Specific Escape Function Identifier: Set Line Join

escription:

This escape function sets a value for the current line join. This value is to
determine the shape put at corners between portions of lines and curves during
subsequent interpretation of graphical primitives that use linetype attributes.
See attached sheet for additional details.

-:!?

Additional Comments:

language developed by Adobe Systems Incorporated.

Justification for Inclusion in the Register:

User specified line joins are needed to support the requirements of office
document exchange and publishing. They are commonly found in widely availakle
pzcprietary graphics systems.

Relationship to Particular Standards:
1) ISO 8632 (CGM) - Specifies a registered escape as defined in 5.8.1.

2) See attached sheet.
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1) CGM Functional Specification (reference ISO 8632 CGM;
Part 1: Functional Description)

Set lLine Join sets the current line join state in the graphics
state to line join indicator. This establishes the shape to be put

at the corners between portions (line or curve segments) of line-

--—r

and curve graphical output primitives. The following line :cin
values are supported:

1 miter join; the outer edge of the two portions are extenced
until they meet at an angle, as in a picture frame. (If the
portions meet at too sharp an angle, a bevel join is used
instead; this is controlled by the miter 1limit state
established by Set Miter Limit escape function).

2: round join; a circular arc with diameter equal to the line
width is drawn around the point where the portions meet and
is filled in with the current line colour, producing a
rounded corner.

3: bevel join; the meeting portions are finished with butt end
cap (see the Set Line Cap escape function); then the
resulting notch beyond the ends of the portions is filled
with a triangle in the current line colour.

Values above 3 are reserved for future registration and
standardization, and negative values are available for
implementation-dependent use.

Join styles are significant only at points where consecutive

portion of a path connect at an angle; portions that mee:z c¢r
intersect fortuitously receive no special treatment.

A functional description of the Set Line Join escape parameters is:

rarameters:

function identifier (I) as assigned by th Registration
Authority

data record (D):
line join indicator (IX)
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Items for Data Recoid:

Integer IL 1
Integer IA(1l) line join indicator
Integer RL 0
Integer SL 0

Data Record Description:

The parameter defines the line join index.
2) CGM Encodings (reference ISO 8632 CGM; Parts 2,3,4)
All encodings will be handled in the same way - as a clear text
encoding (machine independent) of a FORTRAN-style packed data
record. This is treated as a string type in each encoding and is

encoded according to the rules for string in that encoding.
Data Record Description:
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PROPOSAL FOR REGISTRATION OF GRAPHICAL ITEM

date of presentation of proposal 19 apri] 1987

sponsoring authority ANSI -

Class of Graphical Item: ESCAPE

Specific Escape Function Identifier: Set Miter Limit

escription:

This escape function sets a value for the current miter limit. This value helps
determine the shape put at corners between portions of lines and curves during
subsequent interpretation of graphical primitives that use linetype attributes.
Its purpose is to place a limit on how long a "spike” can emanate from the join
of two portions of a line or curve primitive by "truncating” long miter joins
into bevel joins. See attached sheets for additional details.

Additional Comments:

The line join capabilities proposed here are adapted from those in the PostScrip:
language developed by Adobe Systems Incorporated.

Justification for Inclusion in the Register:

User specified miter limits are needed to support the requirements of ocffice
document exchange and publishing. They are commonly found in proprietary graphics
systems.

Relationship to Particular Standards:

1) ISO 8632 (CGM) =~ Specifies a registered escape as defined in 5.8.1.

2) See attached sheet.
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1) CGM Functional Specification (reference ISO 8632 CGM;
Part 1: Functional Description)

Set Miter Limit sets the current miter limit value in the
graphics state to miter length specifier, which must be a nuxber
greater than or equal to 1. The miter limit controls the treatment
of corners between portions of line and curve cutput primitives
when miter 3joins have been specified (see Set Line Join). When
portions connect at a sharp angle, a miter join results in a spike
that extends well beyond the connection point. The purpose of the
miter limit is to cut off such spikes when when they bLbecome
objectionably long.

At any given corner, the miter length is the distance from the
point at which the inner edges of the curve or line portions
intersect to the point in which the outside edges of the portions
intersect (i.e., the diagonal length of the miter). This distance
increases as the angle between the portions decreases. If the ratio
of the miter length to the line width exceeds the miter 1limit
parameter, the corner is treated with a bevel join instead of a
miter join.

The ratio of miter length to line width is directly related to the
angle ¢ between the segments by the formula:

miter length / line width = 1 / sin (§/2)

Examples of miter limit wvalues are: 1.415 cuts off miters (converts
them to bevels) at angles less than 90 degrees, 2.0 cuts off miters
at angles less than 60 degrees, and 10.0 cuts miters off at angles
less than 11 degrees. The default value of the miter limit is 10.
Setting the miter limit to 1l-cuts off miters at all angles so that
bevels are always produced even when miters are specified.

A functional description of the Set Miter Limit escape parameters
is:

Parameters:

function identifier (I) as assigned by the Registration
Authority

data record (D):
miter length (VDC)
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Items for Data-Record:

If VDC TYPE integer was selected:

Integer IL 1
Integer IA(1) miter length
Integer RL 0
Integer SL 0

If VDC TYPE real was selected:

Integer IL 0
Integer RL 1
Real RA(1) miter limit
Integer SL 0

Data Record Description:
The parameter defines the miter length.
2) CGM Encodings (reference ISO 8632 CGM; Parts 2,3,4)
All encodings will be handled in the same way - as a clear tex:
encoding (machine independent}) of a FORTRAN~-style packed data

record. This is treated as a string type in each encoding and is
encoded according to the rules for string in that encoding.
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VIII. APPENDICES

Appendix A. Extracts from Typical DoD Standards
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MIL-STD-25B
10 May 1984

SYMBOoL INTE223TTATION

LIMITS OF BEAMS = CONTINUOUS OR
- | INTERCOSTAL (CONTRACT DRAWINGS)
8xax|3 I-T | EX4X)0 T OR
| LIMITS OF INTERCOSTAL BEAMS
l (SHIP CONSTRUCTION DRAWINGS)

axax3 =7 | Sexexio®s-r  LIMITS OF CONTINUOUS BEAMS
L]
,‘Eé |

CONTINUOUS SHAPE THROUGH PLATE

CONTRACT DRAWINGS:
N COLLAR DETAILS SPECIFIED IN
APPROPRIATE SFECIFICATION
SHIP CONSTRUCTION DRAWINGS:
\-L./ COLLAR DETAILS SHOWN ON
DETAIL VIEW AS REQUIRED
o~ -

Ko COLLA

L:‘J

W= COTL

SH 13028-1

FIGURE 1. Conventional delineation. - Continued

13
175




—*
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MT-3To-17B-1

23 Janusry 13963
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SL-STC-174A
11 Septezber 139c:
MILITARY STANDARD
MECHANICAL SYM30LS
(CTHER THAN AERONAUTICAL, AEROSPACECRAFT
AND SPACECRAFT USE)

PART-1
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MIL-STD-173-1
23 January 1963
CEPARTMENT CF LCEF=.SE
WASHINGTON 25, D. C.
Mechanical Symtols (QOther
Than Aeronautical, Aerospacecraft
and Spacecraft Use)

MIL-STD-17B-1
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MIL-STD-17p-1
23 Jenuary 12¢3

FOREWORD

By permlission of the American Standards Assoclation and the
American Soclety of Mechanlcal Englneers, the symbols contalned
herein have been adoptad without change from the following American
Standards:

ASA Z32.2.3-19849 - Graphlcal Symbols for Pipe Fittings, Valves
(Reaffirmed 1953) and Piping.

ASA Y32.4-19855 - Graphical Symbols for Plumbing.

ASA 232.2.4-1949 - Graphical Symbols for Heating, Ventilating,
(Reaffirmed 1954) and Alr Conditloning.

ASA 232.2,8-1950 - Graphical Symbols for Eeat-Power
(Reatfirmed 1958) Apparatus,

ASA Y32.10-1958 - Graphical Symbols for Fluld Power
Dlagrams.

L1t
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2% Jznuazry 1362

Sectizn 1, Scoge.

1 -) Al = acea o 1 HE -8 .
1.1 Thiz sizngdzrd establizhes an cpproved siing of mechaalcdl

symbols that sha.il be used in the preparation of drawings when graphic
cr symbzlic regresentation is desired, for all items except aircraft,
aercspacecraft, or spacecraft. The syn:bols listed are those most
commonly emrioyed on engineering drawings. They are for extericr
and intericr services.

1.2 Lim i*aticns. Where graphical symbols are ref'uire:i for an
item cor e3ilpmernt not covered in this swandérd, the form and character
cf the symocl Wlll be left to the discretion of the actxvxty concerned,
grcovided that the symbol used does not duplicate any of these contained
herein, and is ciearly understandable, subject to orne interpretation only,
or exp.ained by a suitable note on the drawing when necessary.

1.2 Agpplication, - Fipe fittin 1gs, vawes and pizing symbols (see
secticn 2) shali be used for all syStems except where so desired, the
symools shown for fluid power systems (see secticn 8) may be used {2
fluid power systems. All other symbceis shall te us=d as applicahle,

1.4 Use Each drawing or cne sheet cf each set of drawings on
‘ich sym.ocls are used shall show a ‘ec._' nd W ghall ide :::Ly be
symzzis., Heowever, these symbois wrnich 're Jnmistagaltly icentified
cn tne drawing by the text cr note at or near the Sycbcls, rr.ay oe
cmitted in the legend. In lieu of 'cer.t‘.,.. Jeach s cl,
te s:ate izl s;,rr.bols used are in accsrdance with this Stas d rd or L.
prropriate American Standards. Since symrtzilc rsiresentatiiza does nee

usuzlly invzclve exact or scale laycut cr the aciuadl run or (eads of piging, the

same symIl. —ay te used for ail projecticns of the sysiem (glan,

-l - pxs - & . -l - of -
e.evationg and seciions) excep: where sgecific symisis for the varizus vis

are .'1c..'ced in *his standard.
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Sec:icn 2 - Sraphlcal symizisfir
extrac:ad {rsx= Publication ASA 232.2.3:

lmg #1esim
e srvbecny

Tripe fulngs, vawes ¢ : =TT
: and piping 1 Flanged . Screwed :and spigst: Welded S:.israd
: |
2.1 Bushing " E °
2.2 Cap ] a
2.3 Cross 2 2 2
) s | e )

2. 3.1 Reduzing
2.3.2 Stzaight
size

2. 4 Crossover

2.5 Elbow

2.5.1 45-Cecree]

2.5.2 QO-beqree

2.53.3 aé-if.hEd

2.5.4 Turned up

2.5.5 Base

2.5.8 Dautle

Sranch

ST e

T

AP

Q
Q

R
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Flanzed

pe.l

Serewed :and splaot:

Welded Snldered

: and piping (cont’d.)

287 Long radius

2. 5.8 Reducing

2.5.9 Side outlet
(outlet down)

2. 5. 10 Side outlet
(outlet up)

2.8,11 Street
.8 Joint
2.8.1 Connecting

p.pe
2.8.2 Expar.sion
2.'7 Lateral

2.8 Orificeflange

2.9 Redueing flange

L
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(Y]
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]

0

Jpe luings, vawves
3 g {ssn'd))

B3

Flangad

Screwed

Be..

:and spizest:

$alded

Solderad

2.10 Pluae

2.10.1 Bull plug

2.10.2 Pipe plug

2.11 Reducer
2.11.1 Concentrig

2.11. 2 Eccentric

2.12 Sleeve

2.13 Tee .

2.13.1 (Strajght
Size)

2.13. 2 (Qutlet up)

2.13.3 (Cutlet

dewn)

2.13.4 (Ig%%bélg)

2.13.5 Reducing

2. 13, 8(Single
sweep)

L
U

L 1Y

1

+
-

vy &
7y

C

T
A

S>---c

k
¥

— >

X

T
L
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!
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T ripe Lil.uLgS, Veives
- p~A nlging (cont’d.)

Flarzed

-~
oea

: Screwed :and spigot: Welded

2.13.7 Side cutlet
(outlet

down)

2.13.8 Side sutlet
(outlet up)

2.14 Unlon

2.15 Anglevalve

2.15.1 Check

2.15.2 Gate .
{elevation)

2.15,3.Gate (pian)

2.15.4 Giobe
(elevation)

2.15.5Globe
(plam)

2.15.6 Hose angle

2.16 Aulomatie
valve

2.18.1 By-pass

B ATy +
PRt e

same as

Eil

4
§
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Sacian 8 - Grapnical sy=bais {or flild pewer dlagrams, exirac:ed rom

o w
)

A3SA Fabllsansa Y32.18:

3.1 Tuls secilen shiws the bosic symhils, describes the prinzizlag sn whist
tne symbols are tased, and (li.sirates sce represeniatlive Sompssite syx=bols.
Compcesite symbols can be devisad 12z any i.id power compenelt Uy S.x:.nin;
basis symbols. A symbol {s ccnsidered 0 be the llnes, letiars and abbreviations
which (denilly purpcse and method of operation of component represenied, and
symbols only are standardized Iz this sectlon. Component dala are added 0
symbols when used (n clrcult dlagrams and consist of names of ports and ccntrol
elexents, noles regarding pressure and {low rate set:ings and other explanatory

dawua.

8.2 Symbol rules. The following rules are appiicable to graphical symbols
for {luld power diagrams:

(a) Symbols show conrections, {low paths and function of comporent
represented. They do not (nd{cate conditlions occuring during
transition from one flow path arranjement to another. Further,
they do not indlicate construction, or values such as pressure,
flow rale, and cther component settings.

(v) Symbols do not !ndlicate iocation of ports, direction of shiftint of
spocls, or position of control elements on actual compornent.

(¢) Symbols may be rotated or reversed without aliering thelr
meaning except in the cases of:

(1) *Lines o reservolr, 8.3.7.1 and 6.3.7.2
(2) Vented manifold, 6.8.3

(d) Line width does not aiter meaning of symbols.

(e) Symbcls may be drawn any suitabie size. Size may be varied
for emphasis or c.arily.

(f) Letler comblrations used as parts of graphical symbols are not
necessarily abbreviaions, gtrovided toeir meaning is cleariy
irderstandacie and sucject to one interpretation oniy or
exc.aired =y 31 scitztle ncte or tabulated lecend on the
drawing Anen necessary.

(7) Wrere flow lines cross, a locp shall be used except vithin a symbol
envelope. Loop may be used !n this case Uf c.arity is improved.

(R) In multiple envelope symbois, flow condition shown nearest a
conirol symbol takes place when that contral is caused or permitted
to aciuate.

(1) Each symbol ls irawm 0 shew ncrmal or neutral conditlon of
component unless mulllple circult dlagrams are furnished snowing
various phases of clrc.it cperation.

() Arrows shall te used wiinin symbol enve.Qpes 0 shew dlrection of
fiow path i2 compsnent as ised in the applica:ion represerted.
Double-ernlarriw snall be used ¢ Indlcate reversing flcw.

(¢) External pcr:is are ahere ‘lcw lires connect °s basle symbol, except
wnere commpcornent encicsure (s used.

Exierna. piriz are atinterseciicns of flow llnes and campozent
enclssure symbtcl wnen encissure Is used.

N
(B}
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5.3 Flow Lises And Flow Line Fusctions €15 Flow, Duection of
831 Lises, Varking S

=
132 Lises, Piles

oA -

Length of dash shall be st least 2 line widths =S5 Plug or Plugged Connecuinn

with spece approzimetely $§ line widhs. x
€33 Lines. Liquid Draua or Aur Ezhaust £3.5.0 Testing Siation
ececacssccnamce ’
Leageth of desh snd spsce shail be spprom- -
motely equsl. each lens then § line widths. s

834 Lines. Cresning 6322 Pisd Powsr Takeoff Simion
__.):<,

ceces l

8215 Restriction, Fised

Q25 Lines, Jounng
2.1 Queck Disconsset

Q..ll.l Rithow Chechs
N3 7
7 U\

BlL.2 Wb Chechs
Connocun det shall be approx mucl S wickh .
of sssecisted lines. ! y 2 wicghe 5" 11.21 Cieconnected

B3 8 Lises, Flexible :
U 83L.22 Tith One Chock

4
LAY

£2.7  Lises te Reserven
€171 Beiew Pleid Lewl 8311.23 Tith Twe Checks

l —O+-—

8372 Absve Pluid Lesel : 8. 4 Puspe, Compresears And Retary Motars
' £.41 Basic Symbel
| G4Ll Emelope

('

[.---.

27
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Appendix B. PostScript and Interpress Capabilities
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POSTSCRIPT Procedures

A POSTSCRIPT procedure is a set of operations grouped together
with a common name. This set of operations is stored with s
key in a dictionary. When the key appears in a program. the as-
sociated set of operations is carried out.

POSTSCRIPT procedures are defined in exactly the same way as
variables. The program must place the procedure name (preceded
by a slash) on the stack, followed by the set of operations that
make up the procedure. Then the def operator is used to store the
operations and name in the current dictionary. The set of opera-
tions making up the procedure must be enclosed in braces.

For example. the following line defines a procedure named inch.
« /inch {72 mui} det

Any appearances of the word inch following this line will cause
the interpreter to carry out the operations inside the braces. That
is. the interpreter will put 72 on the stack and then multiply the
top two numbers, the 72 and whatever was on the stack when
inch was called. Thus. the program lines

5 inch
5 72 mui

have identical results; both leave 360. the product of § and 72, on
the stack.

The inch procedure is a useful tool in many programs. since it
translates inches into the 1/72-inch units of the POSTSCRIPT co-
ordinate svstem.

4.2 DEFINING VARIABLES AND PROCEDURES 29
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4.3 USING PROCEDURES AND VARIABLES

Overnapping Boxes

The use of procedures and variables can make an enormous dif-
ference in the readability of a program. the ease with which it
can be modified, and its length.

Three Boxes Again

As an example, let us take the last program from chapter two. the
three overlapping boxes, and rewrite it. Looking over the
program. we see that the set of instructions that construct a one-
inch-square path ts repeated three times. Let us define these in-
structions (o be a procedure named box and then incorporate this
procedure into the program.

% ----- Define box procedure ---

/box
{ 72 0 rlineto
0 72 dineto
-72 0 dineto
closepath } def
% -------—-- Begin Program
newpath % First box
252 324 moveto box
0 setgray fill
newpath % Second box
270 360 moveto box
.4 setgray fill
rawpath % Third box
288 396 moveto box
.8 setgray fill
showpage

Here we start by defining our new procedure. box. to be the set
of operators that create a square path. We then use that procedure
three times to make three filled boxes. First we move to a start-
ing point on the current page. Then we call the box procedure.
which contructs a path starting at that point. Finally. we set the
gray value and fill the path we contructed. These steps are
repeated two more times. once for each box in our image.

Chapter 4. PROCEDURES AND VARIABLES
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Instancing

The :oncepts of nmbol and :nsiance are provided 1 Interpress Dy composed operators and
Tansformations. A graphical symbol can be defined a3 a composed operator. Whea an
instance, or copy. of the symbol 18 (0 be pnated. the current transformauon will be appled o
all coordinates as e symbol calls unager operators. The properues of e current transforma-
oon will thys detertuine the position. size, and rowtion of the instance on the pnnted page.

The principal use of symbols and instances in Interpress is for printing characters. Each charac:
ter 8 defined dy a composed operator. calied a3 cAaracrer operaror. These operators are
wnvoked. usuady by SHOW. with a current transformauos it achieves the proper size. onenta-
uon. and posiuon of the character.

lasancia® can also be used for other purposes. Graphical objects that are repeated often on a
page or twroughout 3 document may De wealed a3 wistances. A symbol s defined as a com-
posed operator and called with an appropnate curten: ransformadoa 1 order 10 generate each
wasance. Since SHOW may aot be the best operator (o effect these calls, other pnmitives are
avaladble as weil.

14.1 Defining symbois

A symbol is sumply a composed operator that calls unager operatofs 0 corstruct a graphical
symbol. The symbdol expresses coordinates in a coordinate svstem of its own choxe, sOmeumes
called e symdo! coordinate system. Figure 14.]1 shows a suck figure and an associuated coor-
dinate system. Example 14.1 shows how this symbol couid be defined as a composed operator.
To [nterpress. Uus symdol 13 umply a composed operator. [t5 effective use as a symbol depends
on the ways 1 wiuch the master calls the composed operawor.

colsample 14 1--
--0-- { *-8 symge) 13 & Compesed oserater--
eete- ¢ 218 (s¢ev =30t SLrQEEWIEtA O O I umitg--
216 Is¢7 --sotL stronefad to 1 (roune) --
-2 % 0 4 masxveiCTOR c-loft leg--
23 3 & masgveCTON cerignt leg--
S 40 & masave(TOR c-torso--
-2 4 3 8 mASKVICTOR ccleft arm--
142 8 masevElTON Rl LA B LR
19 1 9 maSKVECTOR s head--
ToMALESIMALECO 12 ST - MmaRe COMPOSET 006rALIr NG save 't 1A Same{13]--

193




14

fastaac:og
—
- §
6-
s
- “ -
0 T

-~

T
[
Figure 14 1. A sympol defined ' :ts Inornace system

14.2 Making instances

) ]

la order to place an instance of a symbol on the page. we will need (0 use a transformauon 0
conuol the swze. rowuon. and locauon of the nistaace. This wansformauon i responsidle for
mappung from the symbol coordigate system to e current coordinate system. e one
established by T. As we observed 1n Secuon 6.2. 1tU's common 0 esuablish a page coorcinate sys-
tem chat has 2 convesient angn and umies of measuremeat The examples in Uus secucn wil
assume a page coordunate sysiem as w3 Example 6.1. which uses umts of 10-* meter.

When we establish the symbol-to-page transformation. it is ysually heipful to break e trans-
formauon down into two components: (1) a translation, which 1s used t0 deterrrune where the
ongia of the symbol coordinate system will be on the page coordinate sysem. and (2) a caing
and/or rotauon traastormauon that deterrunes the sze and rotauon of e wistance with
respect to 18 origie.

Suppose. for example. that we want nnsances of the sack figure 11 Exampie 14.1 10 e (0 cm.
high from toe 0 head. Since 10 cm. i3 10000 unis 1@ the page coordinae sysem. and siace
the head-to-toe distance 1s 9 unis 13 the symbol coordinace system. the scale to convert from
symbol 0 page coordinates wil be 10000/9.

The following master prints two instances of e symbol. with the same szes. with argins &
rafcm,. y=8cm. and &t z= S cm., y= §em.:

A A

Frgure 14 2. Two insiances of 3 ssmbol.
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ERLEY Lt |

. fan
e $o-
. Be-

a Pea

e Qo-
e 1Qee
cellee
aefle-
eel)--
cellen
calfee
vel@ee

-~Eramgie
..1)..

-<Example
aei3e-

--Ezample
~ol3ae-
--138--

te®-

LA “TleG Y 2wame e

: el

28 % 8 magkvEsTow

25 0 4 masaviCToR

9 4 L 8 WASALICTIR

<2 4 0 8 maSavECTOR

o 4L % waZaLBllE

<1 3 1 ¥ wasSaveCTon

} waARESImMPLECO 13 FSET

) --eng presmoie--

{ 0 20001 SCALE CONCATY +-0age COOrd1NALe system ta unity of O 2321 merer--
{ 1630079 SCALE 9000 8000 TRANSLATE CONCAT CONCATY 13 FGET DO } OOSavESINP {dQCY
{ 10053/9 SCALE 15000 8CO0 TRANSLATE CONCAT CONCATT 13 FGLT DO ) OOSAVESINALESOOY
z 0 --eng of page body--

[

Line 13 aters e current wransformauon so that coordinates 1a the symbol will be subjected
first 10 a scaling transformauon. then a wvanslauon. and finally, to the page tansformauon.
Line 13 could equailv weil be wnrten as <{ 10000/9 SCALE 5000 8000 TRANSLATE CONCATT
CONCATT 13 FGET DO }>. but could nor be wnittes as <{ 10000/% SCALE CONCATT $000 8000
TRANSLATE CONCATT 13 FGET DO }> because tus would chaage the order of apphcation of
transformanons. However, the following vanaat would do:

14 ). replacement for line 1) 1n Ezamgle 14 Q-
{ 90G5 80SC TRANSLATE CONMCATT 1000C/9 SCALE COMCATY 13 FGET 00 } OOSAVES INPLESQOY

You should see clearly how ¢us 1s equivalent 10 the onginal line 13. Understaadiag the order
of applicauon of wansformauons. and how (ransformanons are concawenated osto T. s
exwremely w?rorant

Note the use of DOSAVESIMPLERODY (0 save and restore the current wansformauon. AL the
beginning of line [3. the curreat ansformauon esablishes the page coordinaie sysiem.
Because of the saving and restonng. Uus same syster: will aiso be in effect after line 13 18
executed. f the transformauon were not resiored. the CONCATY operagon oa line 13 would
have a2 permanent effect on e current twaasformaucn. leaviog it w the symbdol soordunace
systern associated with the first wnstance of the suck figure.

An aternauve way to cail an instance 1s to use the current posiuon and MOVE or TRANS (0
accomplish the wanslauon transformauon. Exampie 14.3 could be modified 0 reaq:

t4 4. reglgcoment for tine 13 in Csample 14 -
{ 8GO0 8060 SETXY MQVE 10000/9 SCALL CONCATT 13 FGLT OO0 )} OOSAVESINSLEBOOY

Or. after one minor change. o read:

14 §, replgcoment for 1ine 1J in Czample 14 2--
4$000 8003 SETxY
{ WOVE 13200/9 SCALE CONCATY 13 fGET 00 } OOSAVESINILESORY

If we'*e going to make lows of instances of the symbol «:th e same size and onenutan. Uus
farre nas a nice property fine [3b will be he same ‘Or each nstance because it SI7WLaS 10

pesioning afammauon This suggess defdning a comoosed aperaisr 10 achwe-¢ e eVeot of
une b Examp.e (48 resuates Ne masier i Example 142 1o use.nus idea

Tl
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lastaacing

--fsamgle 10 8 same 1mage 83 Laample 16 2--

e Qe
se 1o
e Q-e
av J--
ve o
e §ee
e Qo=
ve §eo-
e Qoo
PR T
eellee
eeil--
calde-
celden
FRSY L0
celfe-
velleo
cetle-
caifen
“edBe-
eellee

8LGIN ( “-30gIn pregmale--

{ ceq $ym23) '8 8 C2IM32109 J00atIr--
Q218 (LT c-30t $LoIREE 3 3 ) L uACy-e

2 e ISty --30t sirctefng to I (roung) -

-2 0 3 ¢ wasuvECTOR s-left teg--

231 ¢ waslogcron —erigat lege-

Q ¢ 0 8 mASKVECTOR --torsec-

-2 476 maAteELTRe celefy arm-e

2478 waseviCTen - c1gtt e

1 31 9 watavEsTQe R TH RN

) wanttiwe 77 1y 1Y SemaNe I3MSITIY ISEC1IIC 402 54ve "L A Swegl D0 -
{ - gnather campIsed 3perator--

WOVE 10300/9 SCALE CONCATT 1) FGET 00
MAKCSIMPLECO 14 F3ET --make comgated 0geriter ¢a¢é tave 't In fumefls)--
-<eng proamele--

{ 0.00001 SCALE CONCATY ~+9800 COOrEINELE SyItIm 18 ynits of 0 00001 meter--
$900 8000 SETXY -+30t CUrrent pesitIes te o9 cm, o8 cA--

16 FGET D0SAVE “=gring firgt instance--

15000 8000 SETRY

16 FGLT OQSAVE <=priat second Instance--

c-ong of page dody--
(L]

This example looks a lot like the way character operators work! The composed operator con-
sructed 1 lise® 1 0 10 corresponds 0 a character operaor, defined 1n the character coor-
dinate svstem. The composed operator constructed 1n lines 11 w 13 corresponds roughly o the
operator created Dy MODIFYFONT. which controls the scale and rotauon of the wstance. The
isvocauon of the operator by first setuag e current pouuca w0 the desired onpin of the
instance and then caling an appropriate operator (lines 16 and 17) corresponds roughly © the
way SETXY and SHOW are used for characters.

The basic Interpress facilities of composed operators and transformauons allow & great deal of
flexiduity 3 defiming and using symbols including applicatons we have not ilustrated
Symbols may of course be rotated as well as scaled Symbols caa call sther symbols. nesung <o
an ardirary depth.
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OPERATORS |

)
J

6.1 INTRODUCTION

operstor

This chapter contains detailed information about ail the standard
operators in the POSTSCRIPT language. It is divided into two
parts.

First, there is a2 summary of the operators, organized into groups
of related functions. The summary is intended to assist in locat-
ing the operators needed to perform specific tasks.

Second. there are detailed descriptions of all the operators. or-
ganized alphabetically by operator name. Each operator descrip-
tion is presented in the following format:

operand, operand, ... operand, operstor result, ... resuit
Detailed explanation of the operator

EXAMPLE:
An example of the use of this operator. The symboi ‘=
designates vaiues left on the gperand stack by the example.

ERRORS:
A list of the errors that this operator might execute

SEE ALSC.
A list of reiated operator names

103
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At the head of an operator descnption. nperand, through
operand, are the operands that the operator requires. with
operand, being the topmost element on the operand stack. The
operator pops these objects from the operand stack and con-
sumes them. After executing. the operator leaves the objects
result, through result,, on the stack. with result,, being the top-
most element.

Normally the operand and result names suggest their types. For
example. num indicates that the operand or result is a number. int
indicates an integer number. any indicates a value of any type.
and proc. indicates a POSTSCRIPT procedure (i.e.. an executable
array). The notation "boollint’ indicates a value that is either a
boolean or an integer. Names representing numbers sometimes
suggest their purpose. €.8., X, v, or angle. A matrix is an array of
six numbers describing a transformation matrix (see section 4.4).
A font is a dictionary constructed according to the rules for font
dictionaries (see section 5.3).

The notation "~ indicates the bottom of the stack. The notation
‘=" in the operand position indicates that the operator expects no
operands. and a ‘-’ in the result position indicates that the
operator returns no results.

The documented effects on the operand stack and the possible
errors are those produced directly by the operator itseif. Many
operators cause arbitrary POSTSCRIPT procedures to be invoked.
Obviously. such procedures can have arbitrary effects that are
not mentioned in the operator descriptions.

6.2 OPERATOR SUMMARY

Operand stack manipulation operators

Chapter 6:

any

any, any,
any

any, any_ n
any, any, n
aﬂ-' a‘: n ,

- any. any,
- any, .any,
QPERATORS

pop -~ agiscard top element 193

exch any, any, 8xCNange too wo siements 157
dup any any Supiicaie lop element 148
copy any,.any, any, .any, Guplcate 100 N slements 137

index
roll

duplicate arditrary element 172
roll 1 elements up ; imes 205

any, any, any,

a,-umn 3 3,. A 4

clear - discarg all elements 127
count ~— any,  any n count elements on stack 132
mark mark push mark on stack 784

199




mark oby, .00, cleartomark -

mark 004, O0;.  counttomark  mMark abi. 3By, N

Anthmetic and math operators

nym, numz add sum
num, num, div  Quoben
nt, int, idlv  quotent
int, i, MO  remainder
num, num, mul product
fum, num,  sub  ditterence
num, abs num,
num,  neg  num,
nrum, celling num,
num, feor num,
num, round num,
num,  truncate num,
num  eqrt  real
numden atan angle
angie cos real
angie sin resl
base exponent exp real
num in  real
orum log  real

- rond
* it wend -
- rmand

Array operators
it evey aray

- | mam
mark %"mn-\ l array
array length m
array index get any
array ndex any  put -

array index count  getintervel  subarray

array, \ndex armay, putinterval -
aray  slosd  a,.a, , array
any, any,_, array astore  amay
array, aray, copy subarray,

array proc  forsll -

200

qAICArT siemaeants gown througn mark 127
count elements gown to mark  *33

num, pius num, 115

fum, civiced by num, 148

nteger avice 168

int, mog tm2 185

num, nmes num, 186

fum, minus fum, 230

absolute vaiue of num, 115
negative of num, 187

cehng of num, 126

tioor ot num, 157 ‘
oung num, 0 nearest \nteger 206
remave fractonal pan of num, 234
sqQuare root of num 224 '
arctangent of numyden in degrees 2
cosing ot angle (Gegrees) 132
sine of angle (degrees) 223

rse Dase 10 exponent power 154
natural loganthm (base @ 180
logarmnhm (base 10) 187

generate pseuda-random integer 197
SOt randOm NuUMoer seed 224
roturmn random number seed 207

Create arrgy of length int 120

start array constructhon 113

ong array construchon 173

numoer of elements in array 179

get array siement incexed by incex 164
put any into array at ncex 195

sybarray of array staring at \noex for count
slgmenms 165

repiace subarray of array, staring at .ndex
by array, 196

push all etements of array on stack 175
POD siements trom Stack N0 array 127
copy elements of arrgy, 10 M@l subarray
of array, 137

axecute oroc for sach eliement ot

array 161
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Dictionary operators

ol

act
act
aict

key vaiue
key

ey value
aict key

aict key vaiue
aict key

key

dict, dict,
dict proc

aray

dict aict
length it
maxiength int
begin -~
ond -

det -

load value

store -

get any

” -

known dool

where aict true
or faise

copy  dict,
forsll -
errordict  dict
systemdict  dict
userdict dict
currentdict  dict
countdictetack nt
dictstack  subarray

String operators

nt
stnng

StNNg INAex

stnng index I
stnng ingex count
stnng, index stnng,
stnng, stnng,
sinng proc

StnNg seek

sinng seek

stnng
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string stning
length it

get

put -

getinterval  substnng
putintervel -
copy  substnng,
forsth -

anchaorseerch  post match true
or stnng taise

seerch  post match pre true
or stnng faise
token post token trye
or taise

201

create ichonary aittt apactly 'or !
alements 146

numper of key-vaiue pairs .n aict 179
capacity of oct 185
push grict on gict stack
pOD Gict stack 149
associate ke@y and vaiue in current

act 145

search cict stack 1or key ang return assoc:-
ated vawe 187

repiace topmost dehintion of key 227

get vaiue associated with key n aict 164
associate key with vaiue n aict 195

test whether key s in oxct 177

‘24

fing dict 1n winch key 1s defined 238
COOY CONntents of act, (o dict, 131
execute proc for each element of aict 161
push errordict on operand stack 157
push systemdict on operana stack 237
push userdict on operand stack 236
push curment OiCt on operand stack 134
count elements on dict stack 133

COpy GICt Stack into array 147

create stnng of length int 228

nUMDEr of slements in smg 179

ot stnng element indexed by ndex 164
put int Nt SINNG at index 195

substnng of sinng staruing at /ncex for
count elamens 165

rODIACE SuUDSINNG of Stnng, starming at /Ndex
dy stnng, 196

Copy elements of sinng, 10 iNitial SUDSINNG
ot sng, 131

execute oroc for eacn element of

stnng 161

deterrmine ‘! sedk 1S :mitial substnng of
stnog 116

searcn for seex in stnng 2°1

r@30 okan trom start ot siring 232




Relational. boolean. and bitwise operators

any. any, eq
any. any, ne
fum, str, num, str,  ge
um, str, num, str, gt
num, str, num,istr, le
num, str, numysir, I
bool, int, booi,jint,  and
doot, unt, not bomz;mtz
dool,.int, baol,int,  ©f  DOOI N

bool, Int, DOOLINL,  XOF  DOOIINt,
- frue !rue
- felse taise

nt, shit  Ditshift  int,
Control operators '

any exec -
booiproc i -

bool proc, proc,  ifelse -
for

imit 1nCr firit proc

improc  repest -
“proc  loop -
- ot -
- stop -

any -type nrame
any cvit any
any cvx any
any xcheck Dbool
afrayihieistnng  executeonly  array|tileistnng
arrgyigictihioisinng NOSCCees  armayidciifiieisinng
arrayiactifileistnng readonty  arrayaictihieistnng
arraydictifilgistnng  rcheck  bool
arrayioictitilgisinng  weheek  boot
numistnng  evi int
stnng cva  name
numistnng  cvr  real
num raGix StINng  Cvrs  substnng

202

‘est equal '50

‘@St Ot aQual ‘86

lest greater or equai 163

test greater than 167

test less or equal 779

test less than 782

logical | bitwige and 116

logical | bitwise not 189

logical | itwise nciusive or 197
logical | bitwise exciusive or 247
PusSh DOOISSN value Irue 234
push booiean value faise 155
itwnse shuit of i, (positive 1S left) 125

execute ardrtrary obyect 152
execute proc if bool 1s true 169

execute proc, it ool is true. proc, it bool 3
false 189

@XOCUte prOC with vaiues from «t Dy steps
ot incrto limet 180
execute proc int smes 202

execute proc an indefinte numder of
times 182

oxit INNENMAst active loop 154
tervmnate stopped context 226
estabiisn context for caiching stop 227
count elements on exec stack 133

COpY execC Sack o array 152
terminate IMerpreter 197
oxecuted at interpreter startup 225

return namae «dentfying any's type 235
make ODIOCt Do literal 147

make ODIEC! DO exocCulabie 144
test executable anndbute 240
reduce access to execute-only 153
disailow any access 158

reQuUCe aCCess 0 reag-only 200
test read access 198

test wnte access 238

conven g :nteger 47

convert 1o name 142

convert 10 real 142

convert 1o Stnng with rachx 143
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any stnng  Cvs  substnng

File operators

string, sinng, file file

hie closetile -
fie read inttrue
or taise

filg it write -

tilg stnng  readhexstring  substnng bool
filg stnng  writehexstring -
fie stnng  resdstring  substnng Dol
filg stnng  writestring -
file stnng readiine  substring bool

fie token token true

or faise
fie Dytesaveilsble
- flush -

fie flushfile -

file rosetfile -

file status Dbool
“sring run -

stnng  print -
any s -
=any, ..any, stack ~any, . any,
any az=a -
—any, . any, pstsck ~any, .any
~ prompt -
bocl -echo -

Virtual memory operators

- SAvVe save
Save TeSlGTe -
- vmstatus level used maximum

Miscellaneous operators

proc bind proc

- il nuil
-  usertime int
- version sinng
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203

convert to stnng 144

open file :qentitied Dy stnng, with access
stnng, 155
ciose hie 129

read one character trom filg 198
wiTte one character to file 239
read hex from fil@ into stnng 199
wnte sinng 1o file as hex 240

reaq stnng from fhle 2071

write Characters of stnng to flile 240
read line from file o stnng 200

read token from file 232

number of bytes avasdabie 10 reed 12§
send butfered data to standard output

file 158

send butfered data or reed to EOF 158
discard butfered characters 202

retum status of fle 226

axecute contents of named file 207
retum file currently bewng executed 135
write characters of stnng to standarg output
fle 193

write text representation of any to stancard
output file 114

pnnt stack nondestructively using = 224
write Symacthc representation of any to
stancard output file 114

pant stack nondestructively using == 194
eXOCuted when ready for interactive
input 194

turn orvoff echong 149

create VM snapshot 208
restore Vii snapsnot 203
report VM status 238

repiace operator Names \n proc dy
operators 124

push nuit on operand stacx 189
return hme n Miliseconds 237
nterpreter version 237




Graphics state operators

Coordinate system and matrix operators

matnx

matnx

matnx

matnx

tt ,

t t matnx
s ¢

s, 3,

s, s, matnx

angle

angle matnx

matnx

gsave -~
grestore -
grestoresit -
initgraphics -
setlinewidth -
currentiinewidth num
setiinecap -

currentiinecsp nt

setiinejoin -
currenttinejoin 1t
setmitertimit -
currentmiteriimit num
setdash -
currentdash array offset
setfiat -
currentfiast  num
setgray -
currentgray num
sethabcolor -

currentrgbcolor  red green biue

currentscresn  freq angie proc

settransfer -
currenttransfer proc

meatrix matnx
initmatrix -
identmatrix  matnx
defsultmatrix  matnx
currentmatrix  matnx
setmatrix -
trangiate -
trangiate matnx
scale -~

scale matnx
rotate -

rotate matnx
concat -

204

save jrapnics state ‘466

restore grapnics state ‘65

rastore 1o Dottommost grapnics state 166
raset graphics state parameters 173
set hne width 219

return current kne wigth 137

sat shape of ine ends for stroke (O=outt.
{=round. 2=square) 217

return current ing cap 136 -
sat snape of corners for stroke (Jsmiter.
taround. 2=bevel) 218

retumn current line on 137

set miter length limit 220

retum current miter limt 137

set aash pattern for stroking 214

return current cash pattem 134

set flatness tolerance 215

return current fiatness 135

set color to gray value trom O (black) to 1
(wimte) 218

retumn current gray 136

bnghtness 276

retum cusment Color hue. saturation,
brightness 136

set color given red. green. biye 221
retum current color red. green, biue 138
set haiftone screen 221

return current hatftone screen 139

set gray transter funchon 222

return current transtfer tunchon 139

Create identity matnx 184
set CTM 10 device default 174

fiil matnx with Wdentity transtorm 187

tli matnx with device default matnx 145
il matnx with CTM 137

repiace CTM by matnx 219

transiate user space Oy (7. 1) 233
Qefine transianon By 1t t) 233

scale user space oy s, ana s, 209
gehne scaing By s, and s, 209

rotate user soace by angle degrees 206
define rotaton by angle cegrees 206
repiace CTM by matnx x CTM 130
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matnx, Matnx, matnx,
xy

x y matrx

Ix gy

dx dy matnx

Xy

x’y' matnx

ax’ dy’

dx’ dy’ matnx

matnx, matnx,

concatmatrix  matnx,
transtorm  x'y’
transform  x y’
dtranstorm  ax’ gy’
dtransform  dx’ gy’
itransform xy
itransform xy
idtransform  dx dy

idtransform  ox dy

invertmatrix  matnx,

Path construction operators

Xy

dx dy

xy

dx dy

xyrang, ang,

xy r ang, ang,

Xy, Xy ¥yl

X Y1 XY %3 Y3

ax, dy, dx, dy, dx, dy,

move line curve ciose

clippath -

pathbbox Il il , ur, ur,
pethforalt -

initcilp -

clp -

eoclip -

Painting operators

width heignt Dits Sampie matnx proc
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orasepage -
fin -

eofil -
stroke -
image -~

205

tiil matnx.’ withh matnx, x r'nalnx2 136
rranstorm ix vt oy CTM 233

transtorm x. y) 9y matrix 233
rranstorm gistance .0x dy) oy CTM 48
transtorm aistance (agx. dy) Oy matrix 148
nverse ranstorm (. YY) by CTM 176
nverse transform (x'. y’') by matnx 176
inverse transtorm distance (dx’. gy’) by
CT™ 168

inverse transtorm distance (dx’. dy’) dy
matnx 168

fil matnx, with inverse ot matnx, 175

imtalize current path 1o be empty 187
return current point coordinate 138
set current pomnt to (x. y) 186
reiative moveto 204
append stragit line 10 (x, y) 180
relative lineto 204

append counterciockwise arc 117
append clockwige arc 118

append tangent arc 119

-append Beder cubic section 140

reiative curveto 198

connect subpath back 10 ity startng
pont 130

conven curves to sequences of stragnt
lines 157

reverse direction of current path 203
compute outiing of stroked path 229
apoend character outhne to current
path 127

set current path to clipping path 129
return bounaing box of current path 191
enumerate current path 192

set ciip path to device default 172
establish new chipping path 128

chp using even-oad INside ruie 149

paint current page white 157

fill currgnt path with current color 156
fill using aven-oad rule 150

draw ine along current path 229
render sampied image onto current
page 170




width height inven Matnx proc

imagemask -

Device setup and output operators

matnx width hewght proc
matnx wiath hegnt proc

proc

showpage -
copypage -
banddevice -
framedevics -
nulidevice ~
renderbands -

Character and font cperators

ey font
xoy
font scale

tont matnx
font

stnng
a, a sinng

¢, ¢, char sinng

A ]
¢, ¢, chara, a stnng
proc stnng

sinng

definefont  font

findtont font
scalefont font’
makefont font’
setfont -
currentfont font
show -

ashow -~
widthshow -
awidthshow -
kshow -~
stringwidth  w w,

PontDirectory dict
StandardEncoding aray

Font cache operators

w, w' II' ||' ur, ur,
wow,
Aaum

Errors

render mask onto current page '’

oulput and reset current Jage <3

outout current page ’J2

nstait cang butter gevice 123

install frame pufter gevice 162

ngtall no-output gevice 190

enumerate bands for output to device 207

reqister font as a font aichonary 146
return font dict :denthec Dy key 156
scale font Dy scale 10 produce new

tont 210

transtorm font Dy matnx 0 Proguce new
font 183

set font dictionary 215

return current font aicbonary 136

pnnt characters of sinng on page 222
aad (a,. a) 10 width of each char while
showng stnng 120

aad (C,, C) 10 wadth ot chiar while showing
sinng 239

combwned effects of ashow and
wiithshow 122

eXOCUle Droc Detween Characters shown
from sinng 178

width of stnng in current for 228
dichonary of font dictonziles 159
stancarg font encoding vector 225

cachestatus DSIZe DMax MSize MMax CHZe cmax dlirmit

dicttuil
dictstackoverfiow
dictstackunderfiow
execstackovertiow
handieerror

206

return cache status and parameters 126
deciare cached charactsr metncs 272
declare uncached character metncs 213
sat max Dyles in cached character 213

no More room :n gichionary 146

100 many Deqins 147

toc Many ands 147

9x6C nesung '00 geep 53

catled to report error informanon  °67
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interrupt

invalidaccess
invalidexit
invalidtiieaccess
invalidfont
invalidrestore
iosrror
limitcheck
nocurrentpoint
rangecheck
stackoverfiow
stackundertiow
syntaxerror

timeout

typecheck
undefined
undefinedfilename
undefinedresuit
unmatchedmark -
unregistered
VMerror

207

extarra) :nterryot "equest ¢ 3
centrgl-Cy ' T4

attempt to violale 3ccess annoute 174
extnotnlogp 175

unacceptadle access stnng 175
invang tont name or aict 175
improper restore 175

input output error occurred 176
implementation imit exceeded 180
current po'~t 13 undefined 188
operand-out of bounds 197
operand stack overtiow 224
operand stack undertiow 225
Syntax orror in POSTSCRIPY program
text 230

time liret exceeded 2371

cperand of wrong type 235

name not known 235

file not found 236

over/underfiow or meaningiess result 236
expected Mark not on stack 236
internal efror 236

VM exhausted 237




arc
sscond
endpoint
first
andpoint
<
45°
0.0 1.0

Xxyrang. ang, arc -

Jppends 4 counterclockwise darc of u circle to the current puth. pos«iply
preceded by a straight line segment. The arc has ru. v ay center. v ay
radius. une, the angle of a vector from (x. vi of length » (0 the tirst
endpoint of the arc. and ang, the angle of a vector from (. ¥) of length
r 10 the second endpoint of the arc.

If there is a current point. the arc operator includes a straight fine
segment from the current point tc the first endpoint of this arc and then
adds the arc iself into the current path. If the current path is empty. the
arc operator does not produce the initial straight line segment. in any
event. the second endpoint of the arc becomes the new current point.

Angles are measured in degrees counterciockwise from the positive
r-axis of the current user coordinate system. The curve produced is
circular in user space. If user space is scaled non-uniformly (i.e.. dif-
ferently in x and v). arc will produce elliptical curves on the output
device.

The operators that produce arcs (arc. arcn, and arcto) represent them
internaily as one or more Bézier cubic curves (see curveto) that ap-
proximate the required shape. This is done with sufficient accuracy that
a faithful rendition of an arc is produced. However. a program that
reads the constructed path (using pathforall) wiil encounter curveto
segments where arcs were specified originally.

EXAMPLE:
newpath 0 0 moveto 0 0 1 0 45 arc closepath

This constructs a unit radius 45 degree 'pie slice’.

ERRQRAS: :
limitcheck, rangecheck. stackunderflow, typecheck

SEE ALSO:
arcm, arcto, curveto

arc i are 17
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arcn | arcn

arcn

xyrarg. ang, aren -

(are negatives behaves lihe arc. but arcn builds s arc segment 3
ciockwise direction (1n user space).

EXAMPLE:
rewpath 0 0 2 0 90 arc 0 0 1 80 0 arcn closepath

This constructs 4 2 unit radius. | unit wide. Y0 degree "windshield
wiper swath'.

EARORS: A
limitcheck. rangecheck. stackunderflow. typecheck

SEE ALSO:
arc, arcto, curveto
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arcto  x.y. xyy,r arcto xt. yt. xt, yt,

appends an arg ot a circle o the current path. possipby precaeded ™ o
stratght fng segment. The are s dehined Ry aoradius and o angaent
hines. The tangent hines are those drawn trom the current point. nere

N cabled €y, vpoto L v and from v 1o G v e the current
point is undefined. arcto executes the ¢rror nocurrentpoint.)

The center of the arc s located within the inner angle between the
tangent hines: 1t s the only pont located at distance » 10 g direction
perpendicular to both lines. The urc begins at the tirst tungent point
(1. v on the Tirst tangent line. passes between ity center and the
point ty,. vy, and ends at the second tangent point (af.. .1 on the
second tangent line. :

xt, yt, Xy, Betore constructing the arc. arcto adds a straight line segment from the
current point (1. v, 10 {7y, v ). uniess those points are the same. In
any event, (if,. 17.) becomes the new current point.

The curve produced is circular in user space. If user space is scaled
non-uniformiy (i.¢.. differently 1n x and v). arcto will produce elliptical
curves on the output device.

If the two tangent lines are collinear. arcto merely appends a straight
line segment trom (.. ¥g) 10 (X, ¥y ). considering the arc 0 be part ot 4
degenerate circle (with radius 0) at that pont.

The values returned by arcto are for information only: they are the two
tangent poINts in user space.

EXAMPLE:
newpath 0 0 moveto
04441 arco
4 {pop} repeat
4 4 hneto

This constructs a 4 unit wide, 3 unit high right angle with a | unuit
radius “rounded comner.’

ERRCRS: °
limitcheck. nocurrentpoint. stackunderflow. typecheck.
undefinedresult

SEE ALSO:
arc, aren. curveto

arcto  arcto *19
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clip | clip

clip

- clip -

intersects the tnside of the current clipping path wuith the inside of the
current path to produce 1 new ismaller: current cupping path The
inside of the current path 1s determined by the normal POSTSCRIPT
non-zero winding number rule (see section 4.6, whiie the inside ot the
current clipping path is determined by whatever rule was used at the
time that path was created. Before compuung the intersection. the clip
operator implicitly closes any open subpaths of the current path.

in generai. clip produces a new path whose nside (according to the
non-zero winding number rule) consists of all areas that are inside both
of the onginal paths. The manner tn which this new path s constructed
{order of its segments. whether or not it self-intersects, etc.) 15 not
specified.

There 1s no way to enlarge the current clipping path (other than by
initclip or initgraphics) or to set a new path without reference to the
current one. The recommended way of using clip is to bracket the clip
and the sequence of graphics to be clipped with gsave and grestore.
The grestore will restore the clipping path that was in effect before the

gsave.
Unlike fill and stroke. clip does not implicitly perform a newpath after
1t has fimshed using the current path. Any subsequent path construction

operators will append to the current path unless newpath 1s executed
explicitly. This can be a source of unexpected behavior.

ERRORS:
limitcheck

SEE ALSO:
eoclip, clippath. initclip
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closepath

closepsth | concatmatrix

- closepath -

doses the current subpath by uppending 1 strarcht One seement | on.
necting the current pont 1O the subpath s starting pont - zeneratis tne
point most recently specitied by movetos. If the current subpath is
alreads closed or the current path s empts. closepath does nothing.
tSee section 4.5.)

closepath terminates the current subpath. Appending another seyment
to the current path wiil begin 3 new subpath. even 1t 1t s druwn trom
the endpoint reached by the closepath.

ERARORS:
limitcheck

SEE ALSO:
fill. stroke
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curveto x.y. x,y, x,y, curveto -

Jddds a4 Bezter cubic section to the current path between the current
point. reterred to here as (X, 1), 4nd the PoOINL L1y, Voo uSIN (1), v )

.y, “.y’ and ¢x,. vs) as the Bézier cubc control points. After constructing the
. curve. curveto makes (xy. ¥3) become the new current pownt. If the
current point is undefined 1because the current path is empty ). curveto
m executes the error nocurrentpoint.
Y RS

The four points define the shape of the curve geometncally. The curve
STarts at L.y, ¥p). 1 IS tangent to the line trom (x,. Vo) 10 ;. v) at that
Ly, potnt. and it leaves the point in that direction. The curve ends at
(.t3. ¥4). 1t 1s tangent to the line from (x,. ¥4) t0 (.tq, ¥5) at that point. and

it approaches the point from that direction. The Iengths of the liines
/_\-/ (Xg. ¥g) 10 L¥). v)) and (X4, ¥s) 1O (X3, Vy) Tepresent in some sense the
(R * © ‘velocity’ of the path at the endpoints. The curve is aiways enurely
%2 enclosed by the convex quadrilateral defined by the four points.

.Y, The mathematical formulation of a Bézier cubic curve is derived from a
R B pair of parametnc cubic equations:

an=ap+ br+ct+x,
nzapt+bRect+y,
R The cubic section produced by curveto is the path traced by ) and

¥(¢) as ¢ ranges from O to 1. The Bézier control points corresponding to
this curve are:

=5 +cs3 Y =yg+c/3
X=X +(c, +b)3 Yoy +(c,+b)/3
Gy=+C +b +a Yy=yg+C, +b va,
ERRORS:
limitcheck, nocurrentpoint, stackunderflow, typecheck

© SEE ALSO:
lineto, moveto, arc. arcn. arcto

For a more thorough treatrment of the mathematics of Bézier cubics. see
J. D. Foley and A. Van Dam. Fundamentais of Interacnive Computer Graphics.
Addison-Wesley. 1982,

140 curveto | curveto
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moveto | ne

moveto

xy moveto -

Sants 2 new subpath of the current path. moveto ~ets the current point
in the graphics state (o the user space coordinate 1. v) without adding
any line segments to the current path.

If the previous path operation in the current path was also a moveto (or
rmoveto). that point is deleted from the current path and the new
moveto point replaces it.

ERAQRS:
limitcheck. stackunderflow, typecheck

SEE ALSO:
rmoveto, lineto, curveto, arc, closepath
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reheck

rcurveto  dx, dy, dx, dy, dx, dy, rcurveto -

reed

(relative curveto) adds a Bézier cubic section 1o the current path in the
same manner as curveto. however. the three number pairs are inter-
preted as displacements relative to the current point (.x,, ¥p) rather than
as absolute coordinates. That is. rcurveto constructs a curve from
(Yo ¥p) 0 (tpedry,  vgedyy), using  (yy+dy,. vy+dv)) and
(tg+drs. vo+dv,) as Bézier control points. See the description of
curveto for compiete information.

ERRORS:
limitcheck. nocurreatpoint, stackunderflow, typecheck,
undefinedresult

SEE ALSO:
curveto. rlineto, rmoveto
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rilneto

1

riineto

rmoveto

moveto

dx gy rlineto -~

refative Linetor appends a straight line segment to the current path :a
the same manner as lineto: however. the number pair 1s interpreted as a
displacement relative to the current point (x. vi rather than as an ab-

“solute coordinate. That s. rlineto constructs a line from 1r. v) 10

Lx+dy, y+dv) and makes Lr+dr. y+dy) be the new current point.

ERAORS:
limitcheck. nocurrentpoint. stackunderflow, tvpecheck

SEE ALSO:
lineto. rmoveto, rcurveto

dx dy rmoveto -

(relative moveto) starts a new subpath of the current path in the same
manner as moveto. however, the number pair is interpreted as a dis-
placement relative to the current point (x, y) rather than as an absolute
coordinate. That is, rmoveto makes (x+dx, y+dv) be the new current
pownt. without connecting it to the previous point. [f the current point is
undefined (because the curremt path is empty), rmoveto executes the
erTor operalor hocurrentpoint.

ERRORS:
limitcheck, nocurreatpoint, stackunderfiow, typecheck

SEE ALSO:
moveto, rlineto, reurveto

216




stroke

strokepath

- stroke -

paints a4 line rollow:ng the current path and using the current color. Thyy
line 15 centered un the path. has sides parailel to the path segments. and
has a width (thickness) given by the current line width parameter 1n the
2raphics state (see setlinewidth). stroke paints the joints between con-.
nected path segments with the current line join (see setlinejoin) and the
ends of open subpaths with the current line cap (see setlinecap). The
line is either solid or broken according to the dash pattern established
by setdash.

The parameters in the graphics state controlling line rendition (line
width. line join. and so forth) are consuited at the ume stroke is ex-
ecuted: their values during the time the path is being constructed are
irrelevant.

If a subpath is degenerate (consists of a singie point), stroke paints it
only if round line caps have been specified. producing a filled circie
centered at that point. If butt or projecting square line caps have been
specified. stroke produces no output, since the orientation of the caps
would be indeterminate.

stroke implicitly performs a newpath after it has finished painting the
current path. To preserve the current path across 2 stroke operation. use
the sequence: gsave stroke grestore.

ERRORS:
limitcheck

SEE ALSO:
setlinewidth, setlinejoin, setmitertimit, setlinecap, setdash

strokepath -

replaces the current path with one enclosing the shape that would resuit
if the stroke operator were applied to the current path. The path result-
ing from strokepath is suitable as the impiicit operand to fill, clip. or
pathbbox. In general. this path is not suitable for stroke. as it may
contain nternor segments or disconnected subpaths produced by
strokepath’s stroke to outline conversion process.

ERRORS:
limitcheck

SEE ALSO: .
fill, clip. stroke. pathbbox. charpath

stroke | strokepeth 229
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flatness error
toigrance

setfiat

num setfiat -

sets the flatness parameter 1n the CUrrent Sraphics state (o aumr amycl
must be a positive number. Thiy controls the accuracy with whicn
curved path segments are to be rendered on the raster output device by
the stroke. fill. and clip operators. Those operators render cunes by
approximating them with a series of straight line segments. ‘Flatness s
an intormal term for the error tolerance of this approximaton: 1t 1s the
maximum distance of any point of the approximation from the cor-
responding point on the true curve, measured 1n output device pixets.

The choice of flatness value is a tradeoff between accuracy and execu-
uon efficiency. Very small values (less than | device pixel) produce
very accurate curves at high cost, sinceé enormous numbers of tiny line
segments must be produced. Larger values produce cruder appro~ima-
tions with subsiannally less computation. A default value of the flat-
ness parameter is established by the device setup routine for each raster
output device: this value is based on characteristics of that device and s
the one suitable for most applications.

ERRORS:
stackunderfiow, typecheck

SEE ALSO:
currentflat, flattenpath, stroke, fill

setfiat | setfont 215
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imege | image

image wiath heignt oits;sampie Matrix proc image -

renders a sampled image onto the current page. The descnpuon here
only summanzes the image operator: see section 4 7 tor tull details

The sampled image is a rectangular array of w:dth x height sample
values. each of which consists of bus sample bits of data (1. 2. 4. or 8).
The data is received as a sequence of characters. 1.e.. 8-bit integers in
the range O 1c 255. If bitsisample is less than 8. sample values are
packed left to right within a character (but see the note (n section 4.7).

The image is considered to exist in its own coordinate sysiem. The
rectangular boundary of the image has its lower left corner at (0. 0) and
its upper right corner at (width, heighr). The matrix operand specifies a
transformation from user space to the image coordinate system.

image executes proc repeatedly to obtain the actual image data. proc
must rerurn (on the operand stack) a string containing any number of
additional characters of sample data (If proc returns a string of length
zero. image will terminate execution prematurely.) The sample values
are assumed to be received in a fixed order: (0. 0) through (width-1, Q),
then (0, 1) through (width=1, 1), etc.

Use of the image operator after a setcachedevice within the context ~f
a BuildChar procedure is not permitted (an undefined error resulis);
however, use of imagemask in that context is perminted (see the
setcachedevice operator and section 5.7).

EXAMPLE:
/picStr 256 string def % string t0 hoild image data
45 140 transiate % locate lower left corner of image
132 132 scale % map image 10 132 point square
256 256 8 % dimensions of source image
{256 0 0 -256 0 256 “ map untt square to source
{currentfile % read image data from program file
picstr readhexstring pop}
image

4c47494b4d4cS524c4d50535051554¢5152 ...
5959565¢S ... (131072 hex digits of imac~ vata)

ERRORS:
stackunderflow, typecheck, undefinedresult. undefined

SEE ALSO:
imagemask

220




imagemask

wiath negnt nvert matrv 9roC imagemask -

1s similar to the image operator: however. it treats the source image is
4 musk of | bit samples that are used to control where re aepls naint
twith the current color) and where not o0 See 'ne deswnpuon of :ne
image operator and the presentauon of sampled images 1n section 4.~

imagemask uses the width. heiehr. mairix. and proc operands in
precisely the same way as image. The inverr operand s a boolean that
determines the polanty of the mask. If invert 1s fulse. portions of the
image corresponding to source sample values of 0 are painted. while
those corresponding to sample values of | are left unchanged. If tnverr
1S true. sample values of 1 are painted and sample values of O are left
unchanged.

imagemask is most useful for printing characters represented as but-
maps. Such bitmaps represent masks through which a color 1s to be
transferred. the bitmaps themselves do not have a color (see secuon
4.Mn.

EXAMPLE:
45 228 translate % locate lower left corner of square
132 132 scale % scale ! unit to 132 paints
0 0 moveto 0 1 lineto % fill square with gray backgrouna
1 1 lineto 1 O lineto closepath
.9 setgray fill
0 setgray % paint mask biack
24 23 % dimensions of source mask
true % paint the 1 bits
{24 0 0 -23 0 23] % map unit square to mask

{<003800 002700 002480 0E4540 114920
148220 3CB650 75FEBB 17F~3C 175F 14
1CO7E2 3803C4 703182 FBEDFC B28B8BC2
BB6F84 31BFC2 18EA3C 0EJE00 07FCQ0
Q3FB800 1E1800 1FFBQ0>} % mask data

)magemask

ERRORS:
stackunderflow, typecheck. undefinedresuit

SEE ALSO:
image

imagemask | imsgemssk 171
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APPENDIX 3

IGES ENTITIES AS RENDERED BY GRAPHICS STANDARDS SYSTEM

This Appendix describes each of the IGES entities in turn, noting
how well these entities could be rendered by a system based upon
the graphics standards.

1. Geometric Entities

CIRCULAR ARC. Not available in GKS/PHIGS. Present as CIRCLE and
3-POINT ARC in CGI/CGM.

COMPOSITE CURVE. Rendered by POLYLINE in GKS/PHIGS; by POLYLINE,
ARC, and ELLIPTICAL ARC in CGI/CGM. The full conics and splines
of IGES are not directly supported, but would have to be
approximated by POLYLINE.

CONIC ARC. Not. available in GXS/PHIGS. Present as CIRCLE,
ELLIPSE, 3-POINT ARC, and ELLIPTICAL ARC in CGI/CGM. Parabolas
and hyperbolas are not directly supported.

COPIUS DATA. Directly available as POLYLINE with different line
types.

PLANE. Unbounded planes need no direct visualization. Bounded
planes correspond to POLYGON SET in GKS/PHIGS/CGM and are
supplenented by CLOSED FIGURE in CGI.

LINE. Available as a two-point POLYLINE.

PARAMETRIC SPLINE. Can be visualized by lines, arcs, etc.
However, information about the shape is lost.

PARAMETRIC SPLINE SURPACE. Can be visualized by rectangles,
lines, arcs, etc. However, information about the shape is lost.

POINT. Available as POLYMARKERS for pre-defined symbols and
positioned SEGMENTS (GKS/CGI but not CGM) or STRUCTURES (PHIGS)
for user-defined symbols.

RULED SURPACE. Can be visualized by lines, etc. However,
informaticn about the shape is lost.

SURFACE OF REVOLUTION. Can be visualized by lines, arcs, etc.
However, information about the shape is lost.
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TABULATED CYLINDER. Can be visualized by lines, arss, ez:.
Hcwewvar, informazion about the shape is lost.

TRANSFORMATION MATRIX. Really usad like an attribute in IGES.
Also special form numbers are used with certain contructs fcr
T.ni%2 Zlevrent Analysis and viewing. Clcosely relazed =2 SESMENT
TRANSTCRMATIINS of GKS and PHIGS transformation matrix structure
e.ements used for medelling and viewing. No direct parajlel in
C3I or CGM.

FLASH ENTITY. In GKS, only have POLYMARKER or segments to
realize the forms. In CGI/CGM, you also have CIRCLE and
RECTANGLE. IGES flash entity form 4, rounded rsctangle, is not
directly available in any of the graphics standards.

RATIONAL B-SPLINE CURVE. Can be visualized by lines, arcs, etc.
However, information about the shape is lost. Parabolas and
hyperbolas not directly supported by the graphics standards.

RATIONAL B-SPLINE SURFACE. Can be visualized by lines, arcs,
etc. However, information about the shape is lost. Parabolas
and hyperbolas not directly supportad by the graphics standards.

OFFSET CURVE. Can be visualized by lines, arcs, etc. However,
information about the relationship between the two entities is
lost.

CONNECT POINT. Can be visualized by lines. However, information
about the relationship between the entities is lost.

NODE. Not directly visualized, so no need for support from the
graphics standards. However, not unlike a PHIGS structure label.

FINITE ELEMENT. Thirty-three topologies are currently defined by
IGES version 3. All can be visualized using the graphics
prinitives of line, arc, ellipse, etc., with loss of information
concerning the relationships between the lines and curves making
up the wire-frame model. Furthermore, the IGES specification is
auch more compact.

NODAL DISPLACEMENT AND ROTATION. These are attributes that are
used =5 communicate finite element post processing data.

OFFSET SURFACE. Can be visualized by lines, arcs, etc.

However, information about the relationship between the <=wo
entities is lost.

CURVE ON PARAMETRIC SURPACE. Can be visualized by lines, arcs,
atc. However, .Lnfcrmation about the reiatianship rtetween tne
s.irve and <he surface 1s lost.
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TRIMMED (PARAMETRIC) SURFACE. <Can be visualized iy ..nes, ar:ss,
et:. However, infsrmatian akout the relazismshiss arzng zne
boundary lines and other curved lines used to represent tne
surface is lost.

ANGULAR OIMENSION. Visualize using texZ, lines, arrcsws, and
arcs. Cnly arrows not directly supporzed in the gJrigni:cs
standards. See discussion under LEADER entity below.

CENTERLINE. Use graphics circles (in CGI/CGM) only and special
line types. Could be made available in GKS/PHIGS through special
marker types.

DIAMETER. Visualize using text, lines, arrows, and arcs.

FLAG NOTE. Visualize using text and fill area (polygon)
primitives.

GENERAL LABEL. Visualize using text, lines, and arrows.

GENERAL NOTE. A general note entity consists of one or more text
strings. Each taxt string contains text, a starting point, text
size, and angle nf rotation of the text. A single font number
applies to the whole note and incorporates the separata concepts
of type face (appearance Of the characters; e.g., bold Helvetica,
italic Futura) and character set (shape of the characters: e.g.,
ASCII, German National Set, Math, Greek). Only 7-bit character
codes are supported. In addition, a form number is used to
designate the laycut of the (possibly multiple) text strings, the
justification of the strings within a text rectangle, and whether
there are subscripts, superscripts, fractions, and embedded font
changes. The GKS/PHIGS TEXT and CGI/CGM TEXT, AFPPEND TEXT, and
RESTRICTED TEXT primitives with their numerous text attributes
are capable of visualizing any general note entity. With
RESTRICTED TEXT and APPEND TEXT, CGI/CGM ares a bit more capable
than GKS/PHIGS.

LEADER. Eleven arrow head types are specified in IGES version 3.
Although all can easily be rendered using more primitive lines
and polgons, the information that the arrowhead belcngs with the
leader line is lost when described using graphics standards
primitives.

LINEAR DIMENSION. Visualized using text, lines, and arrows.
ORDINATE DIMENSION. Visualized using texZ, lines, and arrows.

POINT DIMENSION. “Visualized using text, lines, arrows, circles,
and polylines/polygens (hexagons).
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RADIUS DIMENSION. Visuyalized using text, lines, arrows, and
arcs3.

SECTION. Visualized using FILL AREA with HATCH patterns. Of the
eight pre-defined IGES patterns, two correspond to CGI/CGM hatch
patterns; namely, IGES form J1 is CGM hatch style 3 and IGES forn
37 is CGM hatch style 5.

GENERAL SYMBOL. Visualized using text, lines, arrows, etc., and
possibly grouped in SEGMENTS (GKS or CGI but not CGM) or
STRUCTURES (PHIGS).

SECTIONED AREA. Visualized with POLYLINE and FILL AREA in
GKS/PHIGS/CGM and also using CLOSED FIGURE with fill in CGI.
However, the IGES representation is generally more ccnmpacet,
because there is control over the angle and spacing of the lines
that make up the cross-hatched fill pattern. In these cases, the
DISJOINT POLYLINE element of CGI/CGM may help. In its default
state, IGES line pattern code 1 corresponds to CGM hatch style 3,
line pattern code 16 to CGM hatch style 6, and line pattern code
18 to CGM hatch style 5.

WITNESS LINE. Visualized using POLYLINES, although the DISJOINT
POLYLINE of SGI/GGM may be useful in certain special casas.

ASSOCIATIVITY DEFINITION. Defines the relationship among
entities. These relationships are lost in CGM, occasionally can
be represented by GKS/CGI segments, and with somewhat greater
likelihood can be represented by PHIGS structures.

ASSOCIATIVITY INSTANCE. Many predefined associativity
relationships exist in IGES. These include simple and ordered
GROUPS (both doubly linked and forward-only linked entities),
external references and external reference files, labels, and
parent-child structures. These have socme parallels in PHIGS
structures, but in general need not be directly handled by a
graphics viewing system like CGI/GKS. Likewise, the PLANAR and
FLOW instance types do not require direct support from the
graphics system. The VIEWS VISIBLE and VIEWS VISIBLE, COLOR,
LINE WEIGHT instance type have an effect on the visualization of
the IGES model. The necessary controls for proper visualization
are available in the graphics standards, using viewports, color
tables, and line width specification mocde. Finally, the
DIMENSIONED GEOMETRY instance type has already been discussed in
Section 1 above, under the separate elements for ANGULAR
OIMENSION, LINEAR DIMENSION, POINT DIMENSION, DIAMETER DIMENSION,
RADIUS DIMENSION, and ORDINATE DIMENSION.

111

227




DRAWING. A drawing .s a colleczZicn g¢f annztaticon enmsiTies anid
views. Multigle drawings can ke included in a sing.e f..e.
Jrawings tawe narmas and size:r un.lts Tay ze 3sgec.fled Itr o
drawing. A drawing closely corresponds to a CGM or to any lmage
displayed on a graphics view surface by any of the progranmcer
interface standards: GKS, CGI, or PHIGS.

LINE FONT DEFINITION. Two types of line fcnts may te defi-a:z,
One type considers a line font as a repetition of a kbasic zattern
of visible-blanked segments superinposed upon a straight l.ne cr
a curve. The other type considers a line font as a repetition of
a template figure that is displayed at regularly spaced locaticns
along a planar anchoring curve. None of the graphics standards,
at present, support user-defined line types: the type 1
capability would have %o be visualized by POLYLINE (in GKS,PHIGS;
and DISJOINT POLYLINE (in CGI/CGM): the type tWo capability by
using segments or structures in PHIGS/GKS/CGI anrd only lines,
rectangles, etc. in CGM.
MACRO Capability. This facility allows the IGES specification to
be extended beyond the common entity subset, utilizing a formal
mechanism which is a part of the IGES Specification. This
facility is available in an extremely limited fashion in the
graphics standards as ESCAPE and GENERALIZED DRAWING PRIMITIVE
(GOP) .
A ]
PROPERTY. This facility is available in the graphics standards
as APPLICATION DATA and MESSAGE. Many engineering specific
properties are defined in the IGES specification. A few of them
correspond to graphics elements, generally useful for rendering a
picture. These are Region Restriction, Hierarchy (partial),
Name, Drawing Size and Drawing Units.

SUBFIGURE Definition. All such relaticnships can be visualized
fairly straightforwardly using PHIGS structures, somewhat more
difficultly using GKS and CGI segments, and much more difficultly
in CGM.

TEXT FONT Definition. This IGES facility provides for the
exchange of font definitions, which are limited to a model of

the metion of an imaginary pen moving between the points of an
integer Cartesian "font coordinate system."” None of the graphics
standards provide support for "user-defined" fonts. However,
such a stroke-precision text capability can easily be built on
zop of all the graphics standards. Compactness of
representation is lost, but speed of picture generation should
not be much worse.
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VIEW ENTITY. This IGES entity defines a framework for spec:fy.ng
1 viawing srientaticn of an object .n three dimensiznal model
space. The-~framewcrk is also used to support the prosjection of
all or part of model space onto a view plane. One type of
projection, an orthographic parallel projection, can be
specified. Clipping to a view volume is supported.

“he 3-D graphics standards, GKS-3D and PHIGS, have a much r.cher
viaewing model. They allow a full 4x4 transformation matrix to te
used, thus obtaining perspective projections and various obli.gue
parallel projections as wall.

EXTERNAL REFERENCE ENTITY. PHIGS Archive Files would directly
support this element. The other standards (GKS/CGI/CGM) would
have to do a lot more procassing to directly support this
feature.

NODAL LOAD/CONSTRAINT ENTITY. A special element to support
Finite Element Modelling.

COLOR DEFINITION ENTITY. Not directly available in GKS/PHIGS,
but is present in CGI/CGM as the MAXIMUM COLOR EXTENT element.

In GKS/PHIGS, the application would query the workstation
description <ablas to gather sufficient information to adjust for
this entity hefore rendering the picture with a graphics systen.

TEXT DISPLAY ENTITY. See the earlier discussion under the IGES
GENERAL NOTE ENTITY. The attributes of text include height and
width, font index, slant angle, rotation angle, mirror flag, and
horizontal/vertical text path. All such entities can be
correctly displayed by a proper setting of the graphics standards
text attributes, which are common to PHIGS/GKS/CGI/CGM.
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IGES Text Capabilities
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4,310

310 « TEXT FONT DEFINITION

Text Font Definition Entity.

This entity defines the appearance of characters in a text font. The
data describing the appearance of a character may be located by the
Font Code (FC) and the ASCII character code. This entity may descride
any or all the characters in a character set. Thus, this entity may be
used to descride a complete font or a modification to a subset of
characters in another font. Font Number and Font Name are the
number and name used to reference the font on the originating system,
When this entity is a moditication to another font, the Supersedes Font
value (Parameter 3) indicates which font the entity modifies. This
value is an integer which indicates the font number to be modfied or
the negative of the pointer value to the directory entry of another text
font definition entity. When this entity modifies another font, i.e.,
Parameter 3 references another font, the definitions in this entity
supersede the detinition in the original font. For example, a complete
set of characters may have their font definition specified by this entity.
Another text font definition entity could refersnce the first definition

- and modify a subset of the characters.

Each character is defined by overlaying an equally spaced square grid
over the character. The character is decomposed into straight line
segments which connect grid points, Grid points are referenced by
standard Cartesiaf® coordinates. The position of the character relative
to the grid is defined by two paints. The character's origin point is
placed at the origin (0,0) of the grid and defines the position of the
character relative to the text origin of that character. The second
point defines the origin point of the character following the character
being defined. This allows the spacing between characters to be
specified. Construction of text strings consists of placing the character
origin of the {irst character at the text string origin and placing
subsequent character origins at the [ocation specified in the previous
character as the location of the next character's origin.

40S
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310 - TEXT FONT DEFINITION

8.3.10.1

8.3.10.2

Ind

l
2
3

The parametérization of the character appearance is described by the
motion of an imaginary pen moving between grid points. Commands to
move the pen reference the grid location to which the pen is to move.
The pen may be "lifted” such that its movement is not displayed. The
representation of the movement of the pen is a sequence of pen
commands and grid locations. Each movement of the pen is represented
by a pen updown {lag and a pair of integer grid coordinates. The pen
up/down {lag defauits to pen down. A {lag value of | means the pen is
to be lifted (i.e., display off) and moved to the next location in the
sequence. Upon arrival at this location the pen is returned to a "down”
position (i.e., display on)

The grid size is related to the text height through the scale parameter.
This parameter defines how many grid units equal one text height unit.

D Data
NUMBER: 310
Parameter Data
Name Type Description
FC Integer Font Number
FNAME String Font Name
L o Integer Number of the font which
this definition supersedes
SCALE Integer Number of grid units which
equal one text height unit
N Integer Number of characters in this
definition
ACl Integer ASCII code for first
character
NX1 Integer Grid location of the next
character's origin
406
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#

Index

fo

11

12

P+NMI1*3

[10-NML*3
L11eNM1*3
12.NM1*3

N

ﬁ‘NtZ JeNMi
i=l

Name

NYI
NMI

”ll ’

X1,

Yy,

AC2

NX2
NY2
NM2

.

Type

Integer

Integer

Integer

Integer

integer

Integer

Integer
integer
Integer

Integer

Additional Pointers as required (see 2.2.4.8.2),
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Description

Number of pen motions for
first character

Pen up {lag
0=Down, | = Up

Grid location to which the
pen is to move

A3CII code for second
character

Grid location of the next
character origin

Number of pen motions for
second character

Last grid location of last
character




310 « TEXT FONT DEFINITION

An example of this entity using the character in Figure =41 is

FC 1
FNAME  8H STANDARD
SF

SCALE 8

N 60

ACl s

NX1 1

NY1
NM1
PFL
X1
Y1
PF2
x2
Y2
PF3
X3
Y3
PFs
Xs
Ys

® N O & N - O W O ® &# O # O

In the parameter section of the IGES file it would look like
. 1,8HSTANDARD,,3,60,63,1 1,0,5,,5,8,,3,0,1,2,8,,6,8....

Figure 4-42 provides another example.
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310 - TEXT FONT DEFINITION

. PN ° . . . . ¢ ] . . . * 3 . .
« ¢ o . ¢ ¢ o . . . . . . ) . .
*® ® L 4 [ ) [} [ Y
[ L ] * ¢ L]
[ J L ] L J L ] [ ]
® [ L) * ¢
L) ) [ [ *
[ ) * [ ) [ ] [ ]
Py * o . .
. s _e .
[ ) [ ] [ ] ¢ L)
(11.0)
[ ) * * *
: (8,0) OMIGINOF

GRID ORIGIN : NEXT CHARACTER
L 3 [ ) L ] L ] L 3 [ J * * [ ) ® L ] [ ) * L J L ®
* & L 3 L L) L ] L 3 & [} 4 L ] ) L ) L) [ L)
[ ] * L ) ¢ L 3 L ] * * ® [ & ® * L 3 L2 L

]

[ J L J L 3 L ] L ) ¢ [ ] L 3 L L ® [ ] ® L 3 [ ¢

FIGURE 4-41 EXAMPLE OF A CHARACTER DEFINITION
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31C - TEXT FONT DEFINITION

* ] . . ] . . ] . ’ . . . _ o
* ) L ¢ L ] < . b ] . ¢ ¢ . . .
* 'lo’

. -—L— e o - SO0)le o . @ o e .
GRI B0 ORIGIN OF
ORIGIN NEXT CHARACTER

* * . . . . . {(S,-1)0 . * . . . .

) o o L . . . ¢ ) . .

3.-2) (4,:2)
. . . L ] . * . . . . . . . . .
) ¢ o . . . . L . ) . . . . . .

FIGURE 4-42 SECOND CHARACTER DEFINITION EXAMPLE
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“‘2.9

212 - GENERAL NOTE

General Note Entity,

A general note entity consists of one or mare text strings. Zach text string
contains text, a starung point, text size, and angle of rotation of the text.
Examples of general notes are shown in Figure 5. The FC value indicates the
font number and is an integer. Positive values are pre-defined fores. Negatve
values point to user defined fonts or modifications to a pre-defined font.

The following fonts will be defined

0. Symbol Font (use no longer recommended)
l. Standard Block

2. LeRoy

3  Putwra

6,  Fasttont

3. Calcomp

6. Comp$0

7. Mico-Film Standard
3.  I1SO Standard

9.  DIN Standard

10. Military Standard
11. Geothic ,

12, News Gothic

13. Lightline Gothic

18, Simplex Roman

15. ltalic

16. APL

17. Caentury Schoolbook
13. Heivetica

1001. Symbol Font |
1602. Symbol Font 2

Fonts in the 1000 series display symbols mapped onto ASCII characters as shown
in Figures 8 - 10 and § - |1. They do not specify a character display font.
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212 <« GENERAL NCTEZ

Font | does not have a detined display. Use of Font | implies the receiving
system may use any font which displays the appropriate ASCIl characters. The
intent of this font is for usage when the actual display of the characters is not
critical {or the agplication.

Font 0 is an old symbol font and should no longer de used. Figwre 8 - 12is 8
mapping symbol definition for fore Q.

it the PC number is not sufficient to describe the font, s text font definition
entity may be used to define the font. [f a text font dulinition is baing wed, the
negative of the pointer valus for the directory entry of the text font definition
entity is placed in the PC parameter. The we of the valums ¥T, HT, SL, A, and
text start point are shown in Figure 813,

Vithin definition space, the parameters for the text block are applied in the
fallowing order (See Figure 8= 13k

1) Define the box haight (MT) and dex wideh (WT).

The rotate intermal text {lag indicatas whether the text box Is filled with
horizontal text or vertcal text. The bex width is measured from the text
start peint in the positive XT directian and the box height is measured in
the positive YT direction from the text start peint, defore the retation
angle (A) is applied.

2)  The slant angle is then applied to each individual character. For horizontal
text [t is messured from the XT axis in a counterclockwise direction. PFor
vertcal text the slant angie is measured from the YT axis.

3) The rotation angle is then applied to the text biecik. This rotation is

ippuod in & counterclockwise direction about the text start paint. The

plane of rotation is the XT, YT plane at the depth ZSn (where ZSn is the
value given for the text start point).
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212 - GENERAL NOTE

3) The mirror operation is performed next. The value | indicates the mirror
axis is the (rotated) line perpendicular to the text base line and through the
text start point. The value 2 indicates the mirror axis is the (rotated) test

base line.

Finally, the Transformation Matrix entity is used to specify the reiative position of
definition space within model space.

The number of characters (NCn) must always be equal to the character count in its
corrmsponding text string (TEXTn)
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8.2.9.1

8292

8.2.9.3

85.2.9.4

8.2.9.8.1

8.2.9.0.2

The graphical representation and recreation of notes with a special
structure are handled by the use of the Form Number in Field 13 of the
Directory Entry for this entity. A system to accommodate these notes is
outlined below. Any strings after those specified by the form number are
comsidered additional, appended strings that are not related in any partcu-

- lar manner to the previously referenced strings.

In the event that a string necassary {or the defined structure is not present
in the originating system’'s note, a null string shall be inserted in the
goneral note entity to take the place of the non=existent string to maintain
the structure of the data.

Notes that contain fracti»nal notation will be represented as mixed
numerais. This is done through the we of four consecutive strings
represanting the whole number, the numerator, the denominator, and the
divisor bar. These are examples of the divisor bar string

1H/ IH- M- IH_

The following form numbers for the general note are ued to maintain the
graphical representation of the originating system's note

Porm (¢ Simple Note (defauit) - A general note of one or more strings
such that a text string is not related in any manner to another
string in the same general note entity. -

Form 1: Dual Stack - A general note af two or more strings where the
first two are related in 3 manner such that they are both left
justified and the sacond string is displayed "delow* the first.

1XOOXXX
wyy
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212 - GENERAL NOT.E

4.2,9.6.3 Form 21 Imbedded Font Change - A general note of two or more strings

that is intended as a single string but was divided to accommodate
a font change in the string,

XXXX, YYY XXXX

8.2.9.0.8 Form X Superscript - A general note of two or more strings where the
second string is a superscript of the first string.
mm

8.2.9.5.3 Form & Subscript « A general note of two or more strings where the
second string is a subscript of the first string.

“yyy

8,2.9.0.6 Form 5 Super-/Sub-script - A general note of three or more strings whers
the second string is a superscript of the first string and the third
string is & subscript of the first string.

XXX
mm

8.2.9.8.7 Form & Multiple Stack/Left Justified - A general note where all strings
are left justified to a common margin. These strings originated as
4 "paragraphed” note. ’
ZRXXXRKXXR

yyyyyyyy
zITITTTT2T

3.2.9.4.3 PForm 7: Muitiple Stack/Center Justified - A general note where all strings
are center justified to a4 Common axis.
XXXXXXK
YYY
222222
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4.2.9.4.9 Form &

8.2.9.4.10 Form 100:

8.2.9.8.11 Form 101:

8.2.9.5.12 Form 102

Multipie Stack/Right Justified - A general note where all
strings are right justfied to a common margin.

XXXXXXXXXX

YYYYYYY
12222222

Simple Fraction « A general note of four or more strings
where the first four strings define a mixed numeral as
defined in 3,2.9.3,

Yy
XX -
Zz

Dual Stack Fraction - A general note of eight or more
strings which represent two mixed numerals as defined in
8.2.9.3. These mixed numerals are related such that the
fiith through the eighth strings are displayed beiow the firt
through the fourth strings respectively.

Yy

itk
*

Imbedded Font Change/Double Fraction - This general note
originated as » single string but was split to accommodate a
lont change for a special character in the f{ifth string. This
is a general note of nine or more strings where the first and
sixth strirgs represent the whole number string of a mixed
numeral as defined in 8.2.9.3. The fifth string is a character
{or characters) that was set apart to accommeodate the font
change.

234

249




3.2.9.4.13

(f

212 - GENERAL NC<%

Form 105 Super-/Subscript Fraction - A general note of twelve or
more strings where the lirst, fifth, and ninth strings
represent the whole number string of a mixed numeral as
defined in 4.2.9.). The second and third mixed numerals are
the n.;pcncript and subscript respectively of the first mixed

numeral.
A
iie=
7]
14
XX o=
=2
ss
ry o=
14
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I 2:2 .NERAL NOTE
' 8.2.9.5 Directory Data
ENTITY %YEE NUMBER : 212
l 4.2.9.6 Parameter Data
Index Name Type Description
l 1 NS Integer Number of text strings in
. general note
2 NC1 Integer Number of characters in
first string (TEXT1) or
zero. The number of
characters (NCn) must
. always be equal to the
character count of its
corresponding text string
(TEXTn)
' 3 wT1 Real Box width
» HT1 Real Box height
3 FC Integer or Pointer Font characteristic
' (Defauit = 1)
6 SL1 Real " Slant angle of TEXT! in
radians (pi/2 is the vaiue
' for no slant angie and is
the defauit valus)
7 Al Real Rotation angle in
. : . radians for TEXT!
] Ml Integer Mirror flag
0-no mirroring
' | - mirror axis is
perpendicular to text
base line
2 - mirror axis is text
base line
9 VH1 Integer Rotate internal text {lag
(O-text horizontal, l-text
vertcai)
' 10 Xs1 Real First text start point
11 YSl Real
236
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212 = GENERAL NGTE

12 Zs1 Real 2 depth trom XT, YT
plane
13 TEXTI String First text string
1s NC2 integer ' Number of characters in
second text string
1eNS®*12 TEXTNS String Last text string
2oNS*12 NCNS Integer Number of characters in

last text string

Additional Pointers as required (see 2.2.8.8.2)
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100 « CIRCULAR ARC

Circular Arc Entity

A circular are is a connected portion of a parent circle which consists of
more than one point. The definition space coordinate systermn is always
chosen 30 that the circular arc lies in a plane either coincident with or
parallel to the XT, YT plane.

A circular arc determines unique arc end points and an arc center point (the
center of the parent circle). By considering the arc end points to be
snumerated and listed in an ordered manner, start peint first, followed by
terminate point, a direction with respect to definition spece can be asso-
ciated with the arc. The ordering of the end points corresponds to the
ordering necassary for the arc to be traced out in a counterciockwise manner.
This convention serves to distinguish the desired circular arc from its
complementary arc (complementary with respect to the parent circle). Refer
o Section 3.1.2 for information relating to use of the term counterclockwise.

Thodincﬂeno!thoucvithmmumodd.wtismmwm
original counterclockwise direction of the arc within definition space, in
conjunction with the action of the transformation matrix on the are.

Indtomﬁuum.daﬁmbnﬂr«hﬂmﬁm.mddm
paramaeterization im

Cl{t) (X1 « Recos t, Y] « R%sin ¢, ZT)
fort2¢g t ¢ t3

where, foris 2 and ),
@) R = sgri(XieX1)®*2 « (Yi-Y1)®*2)
Gi) ti is such that (R *cos tf, R®sin ti) = (Xi - X1, Yi- Y1)

0§ 12 £ 2¢P1
0§ t3-t24 2°P1
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3.2.4

3.2.5

3.2.¢

100 = CIRCULAR aRC

Examples of the circular arc entity are shown in Figure 1. In Example 3 of
Figure 3= 1, the solid arc is aetined using point A as the start point and paint
B as the terminate point. If the complementary dashed arc were desired, the
first endpoint listed in the parameter data entry wouid be B, and the second
would be A,
Directory Data :
ENTITY TYPE NUMBER ; 100
Parameter Data
Index Name Iype Description '
| zT Real - Parallel ZT displacement of
arc from XT, YT plane
2 X1 Real Arc canter abscissa
3 Yl Real Arc center ordinate
] X2 - Real Start point abscissa
3 Y2 Real Start point ordinate
6 X3 Real Terminate point abscissa
4 Y3 Real Terminate point

) ordinate
Additional Pointers as required (see 2.2.8.8.2).
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102 - COMPOSITE cuRvs

Composite Curve Entity

A compaosite curve is a connected curve that results from the grouping of certain
individual constituent entities into a logical unit.

A composite curve is defined as an ordered list of entities of the following types
paint, line, circular arc, conic are, parametric spline, rational B-spline, and
connect point. The list of entities appears in the parameter data entry. There,
each entity to appear in the defining list is indicated by means of a pointer to
the directory entry of that entity. The order within the defining list is derived
from the order of the listing of these pointers.

Each constituent entity has its own transformation matrix and display attributes.
Bach constituent entity may have text or properties associated with it. Because
the constituent entities are subordinate to the composite entity, the Subordinate
Entity Switch (digits 3-8 in directory entry fleid 9) of each constituent entity
shouid indicate a physical dependency.

A composite curve is a directed curve, having a start point and a terminate
point. The direction of the composite curve is induced by the direction of the
constituent curve entities (i.e., those constitusnt entities ather than the point
entity) in the following wvay: The start point for the compasite curve is the start
point of the first curve entity appearing in the defining list. The terminate point
for the composite curve is the terminate point of the last curve entity appearing
in the defining list. Within the defining list itself, the terminate point of each
constituent curve entity has the same coordinates as the start peint of the
succeeding curve entity.

The point and connect point entities are included as allowable entity types so
that properties or general notes can be attached to either the start point or the
terminate point of any constituent curve entities in the defining list.

A logical connection relationship can de indicated Dy having two composite
curves or a composite curve and a network subfigure reference the connect point

entity. For the special case of the logical connection of a connect point on one
subfigure instance t© a connect point on another subfigure instance a
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102 - COMPISITE CURVE

composite curve is allowed whose list contains cnly two connect peint entities
with na intervening curve entity. There are certain restrictions regarding the
use of the point entity in a8 composite entity. They arex

& Two point or connect point entities cannot appear consecutively in the
defining list uniess they are the only entities in the composite curve.

b. If a point or connect point entity and a cwrve entity are adjacent in the
defining list, then the coordinates of the point or connect peint entity must
agree with the coordinates of the terminate point of the curve entity
vhenever the curve entity precedes the point or connect point entity, and
must agree with the coordinates of the start point of the curve entity
wvhenever the cwrve entity {follows the point or connect paint entity.

S A composite curve cannot consist of a peint entity alone or a single connect
peint.

In the event that a parametrization is required but not given, the dafault
parametrization of the composite curve is obtained from the parametrization of
the constituant curves as defined below. As peint and connect peint entities do
not contribute to the parametrization of s composite curve, they are not
corsidered in the definition below.

Let
C be the composite cuwrves
N be the number of constituent curves (ND L}
ccl) be the i-th constituent curve, for each i
such that 1€i€N
Ps@) be the parametric value of the start of CCU) ;
PE() be the parametric value of the end of CC(i) ;
T(0) be 0.0 ;
TG be the sum from jsl to j=i of (PE(j) - PS(j)),

for each i such that 1{i € N.
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102 - COMPOSITE CURVE

b % N1

Then
{1) the paramaetric values of C range from T(0) to T(N); and

(2) Cluw = CCU) (u~ TUeL) » PS (i) where u is a parametric valus such that
TG-1)E u & TG

A composite curve comsisting solely of peint and/or connect peint entities; will
not be given a parametrization.

In this section, an example of a parametrization of 3 composite Curve entity is
given.

Let NsJ and for each | such that 14 i £€), let CCU) be the i-th constituent curve
of the composite cwrve C. Assume the parametric valuss of the start and end
points of each CCQ) are given Dy the tadle

1 Ps) PEQ)

1 0.0 s
2 3 3.3
3 0.0 Q3 .

Then T(0) = 0.0, T(1) = 0.8, T(2) = 0.6, T(3) = 0.9, and the composite curve C, Is
defined from 0.0 to 0.9,

This situation described is Lllustrated by

cc(d)

c(T(0)) ¢(T(2)) C(T(3))

€c(2)

The curve combining CC(1), CC(2), and CC(3) represents the composite curve C.
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102 « CIOMPISITE CURVE

337 An example of a compesite curve entity is shown in Figure 32

3.3.3  Directory Data
ENTITY TYPE NUMBER : 102

3.3.9 Parameter Data

Index Name Type
1 N Integer
2 De Pointer
Nel pe Pointer

Additional Pointers as required (see 2.2.8.8.2).
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104 = CONIC ARC

Conic Arc Entity

A conic arc is a bounded connected portion of a parent conic curve which
consists of more than one point. The parent conic curve is either an ellipse, a
parabola, or & hyperbala. The definition space coordinate system is always
chosen so that the conic arc lies in & plane either coincident with or paraliel
to the XT, YT plane. Vithin such a plane, a conic is defined by the six
coefficients in the fallowing equation.

A®XT2 + BOXTOYT « COYTZ c DOXT « ESYT o P 2 0

Bach coefficient is a ceal number. The definitions of ellipss, paraboia, and
hyperbola in terms of these six coefficients are given below.

A conic arc detc-mines unique arc endpoints. A conic arc is defined within
definition space by the six coafficients above and the two endpoints. By
considering the conic i endpoints to be enumerated and listed in an ordered
manner, start point followed by terminate point, a direction with respect to
definition spacs can be associated with the arc. In order for the desired
eiliptical arc to be distinquished from its complementary eiliptical arc, the
direction of the desired elliptical arc must be counterclockwise. In the case

‘of & parabola or hyperbola, the parameters given in the parameter data

section uniqualy define a portion of the parabola or a portion of a branch of
the hyperbola; therefors, the concept of a countarclockwise direction is not
applied. (Refer to Section 3.1.2 for information conceming use of the term
"counterciockwise”.) '

The direction of the conic arc with respect to model space is determined by
the original direction of the arc within definition space, in conjunction with
the action of the transformation matrix on the arc.
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104 « CONIC ARG

The definitions of the terms ellipse, parabola, and hyperdola are given in terms
of the quantities Ql, Q2, and Q3. These quantities are

A N2 D2
Q! = determinantof | 8/2 C £/2
{DIZ E2 r
Q2 = detemmi of 4 ‘/2]
imuball "7 -
Qe s+

A parent conic curve is

An ellipse if Q23>0 and Q1 * Q3<Q.
A hyperbola if Q240 and Q! 4 C.
A parabola if Q2= 0and Q1 4 0.

An example of each type of conic arc is shown in Figure 3=3.

Thase entities which can be represented as various degenerate forms of a conic
equation (Point and Line) must not be put into the gnuw Type 108 moce
appropriate Entity Types exist for these forms. )

Because of the numerical sensitivity of the implicit form of the conic
descripticn, a recsiving system not using that form as its internal representation
{or conics need not be expected to correctly process conics in this form uniess
they are put into a standard position in definition space. A conic arc entity is
said to be in a standard position in definition space provided each of its axes is
parallel to either the XT axis or YT axis and provided it is centered about the ZT
axis. For a parabola, use the vertex as the origin. The conic is moved from this
position in definition space to the desired position in space with a transformation
matrix (Entity type 128).

The form number is regarded as purely informaticnal by such a pestprocessor.

Further details may be found in Appendix E.
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104 « CONIZ aRc

In the event that a parameterization is required but not given, the defaulr

parameterization is:

Parabola
case Aand E 5 0.0

it X1 € X2
Cle) s (¢, «(A/E)otee2, ZT)
where, foris |l and 2, ti = Xi.

it X2 £X1
Clt) s (-, -(A/B)eree2 2T)
where, fori s | and 2, ti s -Xi.

caseCand D £0.0

iftYl £Y2
Ct) » («(C/D)otee((2, t, ZT)
where, foris land 2, ti = Yi.

ity2< vl

C(t) s («{C/D)ote92, -¢, ZT)
where, foris 1l and 2, ti = -Yi.

Ellipse

C(t) = (a®cos t, b®sin t, 2T)
fortl € ¢t £ t2

where
a s sqre(-F/A)
b = sqre(-F/C)

and, for i s | and 2, ti is such that

(j) (I‘CO! !i. b'!lﬂ ti’ m ] (Xi. Yi' m

Gi) 04 t! ¢ 2°M
(iii) og t2-t14 2°M

Hyperbola
case F*A < 0.0 and F*C > 0.0
let

a 2 sqr(-F/A)

b 3 sqre(F/C)

lM. fOI’ l 3 1.2

ti 13 such that

foret £ ¢t &2

fortl g t & 2

fortl g t £ 2

forel £ t £ 2

(i) (a®sec ti, b*tan ti, ZT) » (Xi,Yi,2T)

Gi) - Pl/2<t1,12<€PY/2

119

265




3.4.3

e e

104 « CONIC ARC

if el £e2

Clt) 2 (a®sec ¢, betan t, ZT) for | £t &2
ite2<ltl )

C() = (a®sec(-t), botan(-t), ZT) for-tl £ t & -t2

case F*A D> 0.0 and FoC £ 0.0

let
a = sqr(F/A)
b = sqrt(-F/C)
w' t« i s 1'2
ti is such that
(i) (..m 'i. b.”c ﬂ' m E (xi'“m

iftl L2

C(t) = (a®tan t, bosec t, ZT) tortl £t &2
ift2<l

Clt) = (a*tani-t), besec(-t), ZT) for -tl €t &-2

Field 13 of the directory entry accommodates a Form Number. For this entity,
the options are as follows

. EORM Meaning

0 Form of parent conic curve must be determified from the general
equation.
| Parent conic curve is an ellipse (See example |, Figure 3-3),
2 Parent conic curve is a hyperbola (See example 2, Figure 3-3).
) Parent conic curve is a parabola (See example ), Figure 3=3).
120
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3.4.9 Di Data
ENTITY TYPE NUMBER : 104

3.4.10 Parameter Data

Index Name Iype Description
1 A Real Conic Costficient
2 8 Real Conic Coestticient
k] C Real Conic Cosfficient
s D Real Conic Cosfficient
3 g Real Conic Cosflicient
6 F Real Conic Coefticient
7 rag Real ZT Coordinate of
‘plane of definition
4 X1 Real Start Point Abacissa
9 Yt Real Start Point Ordinate
1o X2 Real Terminate Peint
Abscissa
11 Y2 Real Terminate Point
Ordinate

Additional Pointers as f‘quil;ld (see 2,2.8.4.2).
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33

Copious Data Entity

This entity stores data points in the form of pairs, triples, or sextuples. An
interpretation flag value signifies which of these forms is being used. This value
is one of the parameter data entries. The interpretation flag is abbreviated
below Dy the letters [P,

Data points within definition space which lie within a single plane are specified
in the form of XT, YT coordinate pairs. In this case, the common ZT value is
also needed. Data points arbitrarily located within definition space are specified
in the form of XT, YT, ZT coordinate tripies. Data points within definition
space which have an associated vector are specified in the form of sextuples; the
XT, YT, ZT coordinates are specified first, lollowed by the i, j, k coordinates of
the vector associated with the point. (Note that, for an associated vector, no
special meaning is implicit.)

Field 13 of the directory entry accommodates a Form Number. For this entity,
the options are as lollows

FORM Meaning

1 Data points in the form of cosrdinate pairs. All data points lie in
a plane ZT= constant. (IPs))

2 Data points in the form of coordinate triples. (Ps2)

3 Data points in the form of sextuples. ) aP=3)

19 Data points in the form of coordinate pairs which represent the

vertices of a planar, piecawise linear curve (piecewise linear
string is sometimes ysed). All data points lie in a plane
ZTsconstant. (IPsl)

12 Data points in the form of coordinate tripies which represent the
vertices of s piecawise lnear curve (piecewise linear string is
sometimes used)., (IP22)

13 Data points in the form of sextuples. The first tripie of each
sextuple represents the vertices of a piecewise linear curve
(piecuwise linear string is sometimes used). The second triple is
an associated vector. (IPs))

-] Centerline Entity through paints (IPsl)
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21 Canterline Entity through circle centers ([Psl)
3 Section Entity Form 31 (IP=])

2 Section Entity Form 32 (IPsl)

33 Section Entity Foem 33 (IPsl)

3 Section Entity Form 38 (IPsl)

335 Section Entity Form 33 (IPsl)

3 Section Entity Form 36 (IPsl)
k74 Section Entity Form 37 (IPsl)

b} Section Entity Foemn 38 (IP=l) -
[ Witness Line Entity (Psl)

63 Simple Closed Area Entity QPsl)

The linear path is an ordered set of points in either 2- or 3-dimensional space.
These points define a series of linear segments along the consecutive points of
the path. The segments may cross or be coincident with each other. Paths may
close, i.a., the first path point may be identical to the last.

The linear path is impiemented as two forms of the copious data block (entity
number 106). Form 1l is for 2.-dimensional paths and form 12 is for 3
dimensional paths. This entity will be closely associated with properties
indicating functionality and {abrication parametars, such as Line Widening.

Refer to the centeriine and withess line entities in Section & of this specification
for examples of Form Numbers 20, 21 and 30. Each of thase annotation entities
containg a description of how the associated copious data are to be interpreted.
Forms 31-38 provide for the tramsfer of graphical information and are dafined
here for compatadility with previous versions of the specification. The
Sectioned Area Entity (type 230) provides a more compact method for
transfereing this information.

A simple closed area is a bounded region of XY coordinate space represented by
a set of points that forms a series of connected linear segments. These segmernts
must form a ciosed loop, i.e., the first point of the boundary of the area and the
last peint must be identical. No segments of this entity are allowed to intersect
or be coincident except for the closing of the entity at the initial and final
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points. This entity will be closely related to properdes that indicate
tunctionality of closed regions, such as Region Fill and Region Raestriction,

The area is impiemented as Form 63 of entity 106, the copious data block.

3.1  Directory Data
ENTITY TYPE NUMBER : 106

3.2 Parameter Data

Index Name Type Description

! 1P Integer Interpretation Flag
IPsl  x,y pairs, common 2
IPs2  x,y,2 coordinates
P23  x,y,2 coordinates and

lojsit vectors '
2 N1 Integer  Number of n-tupies
For 1Psi (x,y pairs, common zx .
3 ba g Real Common 2 displacement
[} X1 Real First data point abscissa
3 Y1 Real . First data point ordinate .
LN YN  Real Last data point ordinate
For 1Ps2 (x,y,2 tripiesk . '
3 X1 Real First data point x valus
[ Y1 Real First data peint y valus
3 v 4] Real First data point T valus .
23N ZN Real Last data point z value
124 l
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For 1P13) (x,y,2,i,j,k sextupiesk

X1
Yl
. &l
u
i
Kl

"0 N 0 wuw F w

246N KN

Real
Real
Real
Real
Real
Real

Real

106 = COPIOUS DATA

First data point x value
First data point y value
First data poeint z value
First data point i value
First data point | value
First data peint k value

Last data point k value

Additional pointers as required (see sec. 2.2.8.4.2).
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112 « PARAMETAIC SPLINE CURVE

Parametric Spline Curve Entity

(Consuit Appendix D for additional mathematical details)

The parametric spline curve is a sequance of parametric polynomial segments,
The CTYPE value in Parameter | indicates the type of curve as it was
represented in the sending (pre-processing) system before conversion to this
entity.

The N polynomial segments are delimited by the breakpoints T{(l), T(2),
weT(Nel). The coordinates of the points in the i-th segment of the curve are
given by the following cubic polynomials (the coetficients D, or C and D will be
2ero if the polynomials are of degrees 2 or 1, respectivelyk

Z(0)=AX(N+2X(D S+ CX(D T DX Y
Y(u)odY(1)+BY() 3+ CY(N S DYDY
Z(u)=AZ(1)+BZ() 3+ CZ(N 2 D2(N Y

where
T € ug T+1), i1, N
see=T(/)

In ci;dor to avoid degeneracy, for each | at least one of the nine real coetficients,
8xa), CXG), 0XG), 8YG), CYU), DYQ), BZG), CZ0), and DZU) must be non-zera.

1f the spline is planar, it must be parametrized in terms of the X and Y
polynomials only. The Z polynomial will then be zero except for each i, the AZ{i)
term which indicates the Z-depth in detinition space.

Thopumncﬂbm«umhﬂimotthomco“wo{mm. 1t Ha0,
the curve is continuous at all breakpoims. If Hsl, the curve is continuous and
has slope continuity (see section 6.3 of FAUXTY) at all breakpoints. I Hs2, the

curve is continuous and has both slope and curvature continuity at all breakpoints
(see section 6.3 of Faux79).
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112 = PARAMETRLC 3P..Ne CuRiE

To enable determination of the terminate point and derivatives without
computing the poiynorials, the Nth polynomials and their derivatives are
evaluated at u = T(Nel). These data are divided by appropriate factorials and
stored {ollowing the polynomial coefficierts. For example, the name TPY3 will

be used to designate 1/3! times the third derivative of the Y polynomial for the
Nth segment evaluated at usT(N+l), the parameter value corresponding to the
terminate point. Note that thase data are redundant as they are derived from
the data defining the Nth polynomial segment.

An example of a parametric spline is shown in Pigwe 3-7. Additional examples
are shown in Figure 3-8.

S
N NUMBER : 112

Parameter Data

Name

CTYPE

NDIM

()

T(N+1)

B

Integer

Integer

Integer

Real
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Dmsgription
Spline Type
(1sLinear
2sQuadratic
3=Cubic
SsVWilson-Fowler
SsModified
Wilson=-Powler
6=8 Spiine)

Degree of con-
tinuity with
respect to arc
length

2splanar
Jsnon=planar

Number of seg-
ments

Break points of
piecswise
polynomial
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112 = PARAME[RLC SPLINE

%N

10+N
LleN
12N
13N

18N
13«N
16N
17+N

Name

AX(1)

BX(1)

CX(1)
ox(1)

AY(1)
BY(l)
cY(1)
DY(1)

AZ(1)
B2(1)
cz(1)
02(1)

wwilve

E

Real

Description
X coordinate
polynomial

Y coordinate

Z coordinate
polynomial

Subsequent X, Y, Z
polynomials conciuding
with the tweive
cosfficients of the Nth

polynomial segment.

(The parameters that tollov'mwtu the evaiuations of the polynomials of the Nth
segment and their derivatives at the parameter vaiue usT(Ne+l) corresponding to the
terminate point. Subsequently these evaluations are divided by appropriate factorials.)
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§o13°N TPX0

TPX1
TPX2
™Px3
TPYO
TPY!
TPY2
TPY?
TP20
TPZL

P22
P23

Real

Additional Pointers as required (see 2.2.3.8.2)

112 « PARAMETRIC SPLINE CURVE

X value

X first derivative

X second derivative/2!
X third derivative/3!
Y value

Z value

Software to convert batween parametric spline curves or surfaces and the corresponding
rational B-spline curves or surfaces is available from the IGES office at the National
Bureau of Standards. Materials provided inciude a magnetic tape of Pascal sourcs code, a
listing of the code, and accompanying documentation.
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279




3.1‘

126 « RATIONAL B SPLINE CURVE

Rational B- Curve Enti

The rational B-spline curve may represent analytic curves of general interese.
This information is important to both the sending and receiving systems. The
directory entry form number parameter is provided t communicate this
information. It should be emphasized that use of this curve form should be
restricted to communications between systems operating directly on rational B-
spline curves and not used as a replacement for the analytic forms for
communication. For a brief description of a rational B-spline curves, see Section
§ of Appendix D.

If the rational B-spline curve represents a preferred cirve type, the form number
corresponds to the most preferred type. The preference order is from | through
3 followed by 0. Por example, if the curve is a circle or circular arc, the form
number is set to 2. If the curve is an dliipse with uhequal major and minor axis
lengths, the form number is set 3 3. If the curve is not one of the preterred
types, the form numbaer is set to 0.

I the curve lies entirely within a unique plane, the planar flag (PROP1) is set to
1, otherwise it is set to 0. If it Is set to |, the plane normal (parameters

18+A+aK through 16+A«4K) contain a unit vector normal to the plane containing
the curve. These fields exist but are ighored i{ the curve is non=planar.
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126 « RAIONAL B SPLINE CURVE

If the beginning and ending points on the curve are identical, PROP2 is set to |.
i thay are not equal, PRQP2 is set ta 0.

If the curve is rational (does not have all weights equal), PROP3J is set to 2. If
all weights are equal to each other, the curve is polynomial and PROPY is set to
l. The cwrve is polynomial since in this case all weights cancel and the
denominator sums to one (see Appendix D&).

If the curve is periodic with respect to its parametric variabie, set PROPS to |,
otherwise set PROPS to 0.

L6l D Data

ENTITY TYPE NUMBER: 126
Form ‘Meaning
/] Form of curve must be determined from the rational B-spline
parameters.
1 Line
2 Circular arc
3 Blliptical arc
[ ) Parabolic are
3 Hyperbolic arc

162 Parameter Data

Index Name Type Description

H X Integer Upper index of
sum. Ses
Appendix D

2 M Integer Degree of basis
functions

3 PROPI Integer 30 - non=planar
=l - planar

. PROP2 Integer 20 - open curve
al - closed
cwrve

b) PROP3 Integer 30 - rational
=] < polynomial

6 PROPS Integer 20 - nome
periodic
sl - periodic

Let NsK-M+!l and let AzN<+2M
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4 T(-M) Real Knot Sequence
7+A T(NeM)
SeA ) w(0) Real Veights
S-AK wK) ‘
%.A+K ' X0 Real Cantral Points
10+A«K YO
11+AK Z0
- 9eAedK XK
10+A+4K YK
11eAedK 43
12¢A0K v(Q) Real Starting para-
. meter value
13eAe0K v(l) Real Ending  para-
maeter value
18.A040K XNORM Real Unit Normal (if
curve is planar)
13+A+8K YNORM ®
16+A+8K ZNORM

Additional Pointers as required (see 2.2.8.4.2).

Software to convert between parametric spline curves or surfaces and the corresponding
rational B-spline curves or surfaces is available from the IGES office at the National
Bureau of Standards. Materials provided include a magnetic tape of Pascal source code, a
lisung of the code, and accompanying documentation.
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Grapnicsal Primitive Elements Abstract Spe~ification of Elements

5.8.10 GENERALIZED DRAWING PRIMITIVE /GDP)

Parameters:

tentier [
puint st nPy
{ata record : D)

Deseription:
A Generalited Drawing Primitive tGDPY of the type spacified by the identifier 13 generatan 5n “he
basis of the siven paints and the 4ata record.

Non-negative values of tlie ientifier 178 reserved for reqi~tration 1ad futurs staadar fization. 1ad
negative vaiues are a3vailabie for private use

The appearaace of the GOP 13 determined by zero or more of the attribute sets of the staandards
1sed graphical primitive eiements. depending on the particular GDP The parameters of the GDP
are \aterpreted and utilized 1n an interpreter dependent maaner

NOTE - GDP provides convanient access to non-standardised graphical primitives that 3 device
may support. GDP 13 ssimiiar to ESCAPE in this sense. but GDP provides a mechanism (or han-
dling of coordinate data whereas ESCAPE does not. GDP is thus preferable for generating
sraphical omput. and ESCAPE 13 designed lor such applications se nom-standardized controi
functions.

When registratioa of GDPs occurs there may be registered GDPs which correspond with some of
the standardised metafile graphicai primicive elements, ¢.g., CIRCLE.

GDP ideatifiers are reqistered in the [SO International Register of Graphical [tems. which s
maintained by the Regusteation Authornity When a GDP identifier has been approved by the SO
Working Group on Computer Graphies. the GDP identifier v1iue wiii be asmgned by the Requstra-
tioa Aychority

References:
46

0 ANSE X3.122 . 1986 Pare t
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Escape Elements Abstract 3pecification of Elements

5.8 Escape Elements

3.8.1 ESCAPE

Parameters:

function (dentifier (I)
data recors (D)

Description:

ESCAPE provides access to des:re rapabiliries not spec:fied “v this 3tandard  The function
identifier parameter specifies the particular escape function. Noa-negative v 3.ues 1ee recerved for
registration and future standardization. and negative values are avauable for :mplementation
dependent use.

NOTE - This eiement has been deliberately underspecified. Soltware making use of the ESCAPE

element 13 iess portable.

ESCAPE 13 designed for access to non-standardized control features of graphics devices. as
opposed to non-stanaardized geometric primitives. The GENERALIZED DRAWING PRIMITRE
element 13 designed for specification of non-standardized prmucives.

Fuaction id#atifiers are registered in the {SO I[nternational Remster of Graphical {tems. which is
maintained by the Reguscration Authority. When a function ideatifier has been approved by the
ISO Working Group on Computer Graphics. the fuaction identifier value will be assigned by the
Regustration Authority.

Referencem:

4.3

ANSI X3.122 - 19868 Parc

285




Abstract Specification of Elements External Eiements

5.9 External Elements

5.9.1 MESSAGE

Parameters:

action requited flag 1one of no action. action) (E)
text (§)

Description!
The MESSAGE slemenc <perifier 1 <tring of characters used o commumcate wformation 1o
operators at \Metatile interprotation *ime through a path separate from normai graphicat output

{f the action required flag parameter s action . the metafile interpreter may need to pause to
wait for an operator response Because the message snd an associated pause may be directed at
a particular device. only the wnterpreter may determine f 3 pause 1s appropriate. Character tet
selection (or the text parameter is independent of any character set seiection specified by this
standard.

References:
4.9

-

5.9.3 APPLICATION DATA

Parameters:

dentifier (1)
daca record (D)

Description:
This element suppiements the information in the metafile in an appiication-dependent way [t
has no effect on the picture generated by nterpreting the metatile. or on the states of the
metafile generator or interpreter

The content of the identifier and data record parameters is not standardized

NOTE - The ~ontents of the data record may inciude such :nformation as history 3ata associated
with pictures, deseription of aigorichms used. etc

References:
49

ANSI X3.122 - 1986 Parc 1 99
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