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Preface

How to Use this Book

This is a generic guide to HP-GL/2 (Hewlett-Packard’s standardized Graphics Language) and

HP RTL (Hewlett-Packard's Raster Transfer Language) supported by many HP graphics peripher-
als. This manual describes each of the instructions of HP-GL/2 and each of the commands of

HP RTL, without relying on a specific device or technology.

You must use a programming language in addition to HP-GL/2 or HP RTL. However, this book
will not teach you how to program your computer. Your method of programming will depend on
your computer system, the programming language you use, and your level of expertise. This
book, though, does give recommendations on getting the most from your device.

Organization of this Book
This book describes how to write programs using HP-GL/2 and HP RTL.

PART 1 deals with general concepts and principles.

e Chapter 1 on page 3 describes the concepts needed to create programs that use HP-GL/2 and
HP RTL, including plotting concepts, vector and raster images, defining the limits of your
picture, the coordinate system used, units of measure, and switching from one plotting
context to another.

PART 2 describes HP-GL/2.

e Chapter 2 on page 17 describes the groups of instructions that make up HP-GL/2, the status
of the pen and its location, how to scale pictures, and the notation used to define HP-GL/2
instructions.

e Chapter 30n page 29 describes the HP-GL/2 kernel, that is, the core set of instructions
supported by all HP-GL/2 devices. Each group is explained in detail, with examples. The
HP-GL/2 print model is also described.

e Chapter 4 on page 77 describes the groups of extension instructions, that are provided for
specific types of peripheral devices.

e Chapter 5on page 95 starts with a reference summary of all the HP-GL/2 instructions, in
alphabetical order of their names, and is followed by a complete description of all the HP-
GL/2 instructions, in alphabetical order of their two-letter acronyms.

e Chapter 6 on page 331 summarizes the elements of HP-GL/2 that are dependent on the
device in use.

PART 3 describes HP RTL.

e Chapter 7 on page 337 describes the concepts needed to create HP RTL raster programs. It
includes a description of the notation used to define HP RTL commands.

e Chapter 8 on page 341 explains how to set the limits of your images, how to set the image
resolution, how to scale images, and also describes the coordinate system used for placing
images on the page.

e Chapter 9 on page 351 describes how to define colors, the use of color modes and palettes,
and how to use indexes to select colors. It also explains how to use patterns.

This is the black on page iii (seq: 3)
This is the blue on page iii (seq: 3)

Company confidential. HP-GL/2 and HP RTL Reference Guide, draft 2. Freeze Status: open



e Chapter 100n page 365 describes the interactions between picture elements. It explains
how patterns and texture relate to raster images through logical operations, the default print
model, and image and pattern transparency.

e Chapter 110n page 375 describes how to transfer raster data to the device. It includes a
description of what happens when overflow occurs, and the various supported methods of
compressing data.

e Chapter 120n page 391 describes the interactions between HP RTL and physical device
settings, HP-GL/2, and PJL.

e Chapter 130n page 397 contains some examples of HP RTL raster programs.

e Chapter 14 0n page 403 lists, in alphabetical order of their names, the HP RTL commands
used in raster programs.

e Chapter 150n page 455 contains a summary of the features of HP RTL that may vary from
device to device.

PART 4 consists of some general appendixes.
e Appendix A on page 461 has some programming hints on getting the best from your system.

e Appendix B on page 475 lists the logical operations used in HP-GL/2 and HP RTL.

e Appendix C on page 477 lists the fokind andvalueparameters used in the HP-GL/2 AD
(Alternate Font Definition) and SD (Standard Font Definition) instructions.

e A Glossaryof terms and abbreviations andladex follow at the end of the book.

Additional Documentation

The Product Comparison Guide for HP Languages on HP Plotters and Large-Format Rrinters
HP part number 5959-9734, shows the differences between the implementations of HP-GL/2 on
various HP devices.

ThePCL 5 Printer Language Technical Reference Mand#l part number 5961-0509, de-
scribes the commands of PCL 5.

ThePCL 5 Comparison GuidédP part number 5961-0602, describes which HP-GL/2 instruc-
tions are supported on HP LaserJet series printers.

ThePJL Technical Reference ManuddP part number 5010-3999, describes the Printer Job Lan-
guage.

Terms and Conventions Used in this Book

In this book, numbers are expressed using Sl (International System of Units) standards. Numbers
with more than four digits are placed in groups of three, separated by a space instead of a comma,
counting to both sides of the decimal point (for example, 54 321.123 45).

BOLDFACE type denotes an ASCII control character, sudbsas(escape)gR (carriage return),
LF (line feed), oETX (end-of-text).

All references to the RS-232-C interface apply equally to the CCITT V.24 interface.

See page 26 (for HP-GL/2) and page 338 (for HP RTL) for descriptions of other notational con-
ventions used in this book. The teimstructionrefers to the interface with HP-GL/2; the term
commands used consistently to refer to the interface with HP RTL or PCL. S&&dhksaryon

page 483 for explanations of other terms used.
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PART 1. Introduction to Plotting and
Printing Using HP-GL/2 and HP RTL

This Part contains the following sections:
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Chapter 1. Plotting and Printing

PLOTTING &
PRINTING

Plotting and Printing Concepts

There are three types of object that you may want to print or plot on your HP device: vectors,
images, and characters.

Vectorobjects are composed of straight lines, and are normally defined using the instructions of
HP-GL/2. Combinations of straight lines can be used to form rectangles and other polygons.
They can also be used to create curves, and HP-GL/2 contains instructions that let you create
arcs, circles, ellipses, and more complex curves. You can also use HP-GL/2 instructions to fill
areas with patterns of various types. HP-GL/2 is also used to defilogitted page picture

frame, or window which is that part of the physical page on which objects are placed.

Charactersare normally printed using the commands of the PCL Printer Language, which give
you access to a wide range of character $at¢s]. PCL also allows you to define graphics

limits. See théCL 5 Technical Reference Mandat more information about these com-

mands. HP-GL/2 can also be used to create character labels (text) that appear on drawings.

Imageobjects, such as scanned photographs or other objects, are normally placed on the
printed or plotted page using the commands of Hewlett-Packard’s Raster Transfer Language,
HP RTL. You can also use HP RTL to shade areas. HP RTL is essentially a subset of PCL.

You can use HP-GL/2 in conjunction with either PCL or HP RTL to create different parts of a
single drawing or picture, or to create consecutive pages in different environments. There are
commands and instructions that allow you to switch from one environment to another. Plotters
and printers that support both HP-GL/2 and HP RTL or PCL are descridedlasontextde-

vices.

Printing with HP-GL/2 requires leaving the PCL or HP RTL mode and entering HP-GL/2 mode.
Switching between modes involves only a few commands or instructions, and software applica-
tions may easily switch between the modes as needed.

HP-GL/2 graphics may be created within application software, or imported from existing ap-
plications. For various types of images (many technical drawings and business graphics, for
example), it is advantageous to use vector graphics instead of raster graphics. The advantages
include faster I/O transfer of large objects and smaller disk storage requirements.

As a guideline, use raster graphics for small, complex images, or those images that cannot be
accomplished with HP-GL/2 (such as scanned photographs). Use HP-GL/2 for images that
would involve a large amount of 1/O data transfer if printed using raster graphics, or for draw-
ings that are already in HP-GL/2 format. If the image is easier to describe using vectors instead
of raster lines, it usually prints faster using HP-GL/2.

Further detailed discussion of PCL is beyond the scope of this book, except where it directly
interacts with HP-GL/2 and HP RTL; for more information about PCL, refer to the books listed
in thePrefaceon page iii.
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Vectors and Raster Images

Your plotter or printer produces output from two types of data: vector or r&sietordata

defines the data as a series of straight lines, or vecastsydatadefines it in terms of the

pixels or dots, that make up the image. As you can see in the following example, even straight
lines are composed of a series of dots in raster images.

B C
90° 45°

14°

Vectors Raster image

Figure 1. Vectors and Raster Images

Pen plotters are vector devices; that is, they receive vector data and produce vector output.
Printers, both ink jet and laser, and ink jet and electrostatic plotters are raster devices. Howev-
er, not all raster devices accept and handle data the same way. For example, your raster device
may be able to accept vector data, which it then converts into raster data before printing or plot-
ting. Additionally, your raster deviganaybe able to accept raster data directly, thereby saving

the processing time of vector-to-raster conversion, which may be significant.

Graphics Limits

Thephysical pages the actual piece (sheet or roll) of media, the paper or other substance on
which the device is to print or plot its output. The term is also used to refer to the size of the
media.

The area available for printing or plotting usually does not extend to the limits of your paper or
other media. There is a physical limit beyond which your device cannot draw. This limit pro-
vides a neat margin for holding the media, and prevents the smearing of ink by pen-plotter
pinch rollers and loss of vacuum on electrostatic plotters and printers.

The device recognizes two types of graphics limits:

e Hard-clip limits

e Soft-clip limits.

Hard-clip limit refers to a physical boundary beyond which, for example, a pen cannot move.
Soft-clip limit refers to a boundary set by a program, and allows pen movement only within its
borders. Similarly, ink jet and other plotters and printers have physical limits and program-set
limits beyond which no plotting or printing occurs. You can set soft-clip limits at any time in

your program. When you switch on or initialize the device, the hard-clip and soft-clip limits
are the same.
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Figure 2. Hard-Clip and Soft-Clip Limits and the Effective Window

Hard-Clip Limits

The hard-clip limits represent the physical boundary beyond which the device cannot plot or
print data. These are device-dependent boundaries. Some devices can automatically sense the
media size and set the hard-clip limits inside the media edges. One margin is often larger than
the others; refer to the documentation for your device for details of page sizes. The hard-clip
limits are also referred to as tlugjical page

Hard-clip limits
i Edge of page

| |
I |
I
Edge of |
pgge > I Printable areal | _ | Hard-clip
I | I Printable area 14— limits
| | | |
| |
| |

e -
. |
Figure 3. Hard-Clip Limits
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Soft-Clip Limits

Soft-clip limits temporarily restrict the positioning of data to a specified area of the page.
These limits let you draw attention to a particular set of data and they are oftemiatled's
Usually soft-clip limits ensure that nothing is drawn beyond a particular portion of the page.

For example, look at the following sketch of a public library:

‘JIIIII]WI il

Figure 4. Image Before Applying Soft-Clip Limits

After printing the full picture, suppose that you decide to draw a new picture showing only the
entrance area, using the space around it for text. To create the new image, just add soft-clip
limits to temporarily restrict printing to the part that you want. Then add program lines to ex-

tend the soft-clip limits and add the text. Refer to the next illustration:

You can add
text here

Figure 5. Image After Applying Soft-Clip Limits
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The Coordinate System

HP-GL/2, PCL, and HP RTL all use a Cartesian Coordinate System, which is a grid forme
two perpendicular axes, usually called the X-axis and Y-axis (refer to Figure 6). The inters
tion of the axes is called the origin of the system and has a location of (0,0).

PLOTTING &
PRINTING

Y-axis
N

%4

i (SIS)

(-2[2) Ofigin (6]2)

t t00)
- | P (149,0)
T, -+ X-axis

-10 49 -B 7 13 12 H 1 > 8 4 5 6 7 8 9 10

L 4
N

A d
| (-24-2) (6.1-2)
(6.1-3)

-"‘ }

Figure 6. Coordinate System

To locate any point on the grid, move from the origin a number of units along the X-axis, then
move a humber of units parallel to the Y-axis. The number of units you move matches a coordi-
nate location. Each point is designated by the combination of its X-coordinate and
Y-coordinate, known as an X,Y coordinate pair. In the figure above, positive X values are
plotted to the right of the origin, and positive Y values are plotted above the origin.

Study the figure above to locate these points: (0,0); (-2,2); (6,2); (6,3); (10,0); (6,-3); (6,—2);
(-2,-2); (0,0). Draw a straight line between each point in the order listed. (You should have
drawn an arrow pointing right.) This is a simple demonstration of how to define a vector pic-
ture in HP-GL/2 mode.

Note: To specify a point when programming an application, you must always give a complete
X,Y coordinate pair; the X coordinate is first and the Y coordinate second. This book shows
coordinate pairs in parentheses (X,Y) for clarity. Dousg parentheses in your instruction
sequence.

Using the default HP-GL/2 coordinate system, the origin for “printers” (see page 10) is in the
lower-leftcorner of the window, as shown in the figure below. Using the IP or IR instruction,
you can move the origin to other locations. Then, using the SC instruction, you can define
practically any units for your coordinate system. Seimg Scaling Effectivelgn page 33.

In HP-GL/2 for “plotters” (see page 10) using portrait orientation, the origin is umpber-left
corner, and increasing Y-values @crossthe page. In HP-GL/2 for “plotters” using landscape
orientation, the origin is in thepper-rightcorner, and increasing Y-values dmvnthe page.

In HP RTL and PCL, the origin is in thgpper-leftcorner, and increasing Y-values dmwnthe
page. The HP RTL coordinate system is describ&th&Current Active Position (CABh

page 347, and interactions between different coordinate systems are explained on page 10.
Adapting the HP-GL/2 system to match PCL and HP RTL is described on pages 37 and 38.
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Figure 7. Origin of Coordinates

Absolute and Relative Movement

HP-GL/2, PCL, and HP RTL all have the concept of a current position; in HP-GL/2, this is
called thecurrent pen locationin PCL and HP RTL, it is theurrent active position

Y-axis

A

(8,4)

orign
(0,0) (8J1)

rd

- X-axls

Y

Figure 8. Absolute Movement
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The PA (Plot Absolute) and PR (Plot Relative) instructions of HP-GL/2 allow you to specify
whether you want to draw using absolute or relative “pen” mo&esolutemovement uses

X,Y coordinates to specify an exact, fixed point relative to the origin (0,0). In Figure 8, the
coordinates (3,8), (5,4), and (8,1) are always in the same place with respect to the origin,
matter where the pen is when the coordinates are issued.

Rgo)
2
Z_
=E
Ez
('
SR
o

Relativemovement uses X,crements to specify the number of units that the pen moves
from its current pen location. All HP-GL/2 instructions that use relative increments include
“relative” in their name, except the PE (Polyline Encoded) instruction. An example is the E
(Edge Rectangle Relative) instruction.

Y-axis
5[ units
o
(3,8
8| unit$
-3.4) } 7 unjts
Starting L
pen - 3|unit$
location
0.0
T (5]-7)
s - X-axis
-
3 units

Figure 9. Relative Movement

In Figure 9 for example, assume that the pen is currently at the origin (0,0). To move to the
absolute points shown in the previous figure using relative coordinates, count 3 units to the
right and 8 units up from the current pen location; these are both positive directions with re-
spect to the origin. This is the relative location (3,8). Now move 5 positive X-units and 7
negative Y-units from this location to the lower point; this is the relative location (5,—7). From
this location, move to the last point by moving 3 negative X-units and 3 positive Y-units:
(-3,3).

Relative movement is useful in many applications where you know the dimensions of the shape
you want, but do not want to calculate the absolute coordinates. For example, if you want a
box 4 X-units by 8 Y-units, you can use the ER (Edge Rectangle Relative) instruction to draw
the box without having to calculate the absolute coordinates of the opposite corner. (The ER
instruction draws a rectangle using the current pen location as one corner, and the specified
relative coordinates as the opposite corner.)

Absolute pen movement is the default mode; coordinates received within a PU (Pen Up) or PD
(Pen Down) instruction are interpreted as absolute plotter-units unless a PR (Plot Relative)
instruction has established relative mode. As with absolute coordinates, the relative units can
be either user-units or plotter-units (see page 12), depending on whether the SC (Scale) instruc-
tion is in effect.
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Note: Relative increments are added to the current pen location. The device automatically
converts the new relative location to absolute coordinates and updates the current pen location.
Therefore, since relative movement can cause some rounding if scaled coordinates are not inte-
gers, absolute movement or integers should be used to guarantee end-points. Using relative
coordinates can be faster in cases where the 1/O speed limits your print speed, since relative
coordinates are generally smaller numbers and therefore need less data transmitted over the I/O
interface.

Interactions between Different Coordinate Systems

HP RTL
+X and PCL
Portrait Landscape
+Y orientation ©"  orientation
HP-GL/2
+Y prlm‘ers
Portrait or Landscape
+X orientation orientation
HP-GL/2
+Y plotters +X
+X Portrait +Y
orientation
Landscape
orientation

Figure 10. HP RTL, PCL, and HP-GL/2 Coordinate Systems; the “orientation” refers
to the paper-feed direction

The default PCL and HP RTL coordinate systems are different from the default HP-GL/2 coor-
dinate system; furthermore, the default system in HP-GL/2 differs for devices that support the
HP-GL/2 Technical Graphics Extension (see page 77; devices tepho&ers’ in Figure 10)

and those that do notgfinters’ in Figure 10).

For devices that support the Technical Graphics Extension, the page size is determined by the
PS (Plot Size) instruction; for other devices, the page size is the picture frame size imported
from PCL. In addition, the default origin is at different places, depending on the context (PCL,
HP RTL, or HP-GL/2), the device type (“plotter” or “printer”), and the orientation (portrait or
landscape direction of paper feed). The directions of +X and +Y also differ.

The HP-GL/2 coordinate system can be set up to match the PCL and HP RTL coordinate sys-
tems; see the examples on pages 37 and 38.

The relationship between the orientation of the HP-GL/2 coordinate system and the PCL or
HP RTL coordinate system is important if you are using PCL or HP RTL with HP-GL/2. The
following figure illustrates this relationship for the default HP-GL/2 orientation for “printers”

and the PCL logical page orientation. As shown in the illustration, in this HP-GL/2 orientation,
the origin of the HP-GL/2 coordinate system defaults to the lower-left corner of the PCL picture
frame. (The HP-GL/2 and PCL X-coordinates increase in the same direction, but the Y-coordi-

10
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nates increase in opposite directions.) Notice that a change in the PCL logical page orientg
changes the orientation of the PCL coordinate system and the HP-GL/2 coordinate system

The relationship between the coordinate systems can be changed using the HP-GL/2 RO
tate) instruction. Rotations specified by the RO instruction are relative to the default HP-G
orientation (which matches the PCL orientation). Figure 11 shows how the RO instruction
difies the HP-GL/2 orientation relative to the logical page.

PLOTTING &
PRINTING

Note: A change in PCL print direction has no effect on the HP-GL/2 orientation, the physic
position of the picture frame, or the picture frame anchor point.

{0,0) —> +X

(0,0) = +X
P2 N
+Y +Y
Logical
P ——
o age %
| Picture I
Pi L Frame >;' _
(0,0 {g:
RO 0 RO 90
0,0)—> X 0,0) —> +X
a9 B
+Y X+ 4—1 +Y .
-
Logical l,
At
‘ Page ’
k
L Picture
2 Frame
S
RO 180 RO 270

Figure 11. Effects of Rotation on the Coordinate System; the outer rectangles repre-
sent the PCL coordinates, the inner ones those of HP-GL/2; P1 and P2 are defined on
page 31
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Units of Measure

HP-GL/2, PCL, and HP RTL use different systems for measuring units. Se€ltheRefer-
ence Guiddor information on PCL units of measure.

HP-GL/2 Units of Measure

In HP-GL/2 mode, you can measure along the X,Y axes and express coordinates using two
types of unitsplotter-unitsanduser-units

Oneplotter-unit equals 0.025 mm. When you specify distances in plotter-units, the device con-
verts the number of plotter-units to equivalent dot coordinates before printing. Under default
conditions, the device uses plotter-units.

The following table lists equivalent measurements for plotter-units.

Plotter-units  Equivalent Value
1 plotter-unit = 0.025 mnr¢ 0.00098 inch)
40 plotter-units = 1 mm
1016 plotter-units = 1 inch
3.39 plotter-units = 1 dot at 300 dots per inch

User-units The size of units along the X and Y axes may be redefined using the SC (Scale)
instruction; se&calingon page 24 and the description of the SC instruction on page 290.
User-units allow you to customize the coordinate system to represent any value. For example,
you could plot the moon cycle for the year by dividing the X-axis into 31 units for days of the
month and the Y-axis into 12 units for months of the year. To mark a point on December 25,
you would give the coordinate (25,12) rather than calculating the exact location in plotter-units.

Before printing, the device internally converts user-units to dot locations.

Internally, the device uses a different unit of measure. It maps HP-GL/2, HP RTL, and PCL
units to this unit of measure. This internal unit is device-dependent, typically 1/7200 inch. All
positioning is kept in internal units and rounded to physical dot positions when data is printed.

HP RTL Units of Measure

In HP RTL (and also PCL), coordinates are normally specified in terms pétive resolution
of the device. You can also specify the dimensions of HP RTL imagegipoints
(1/720-inch). Se&etting the Width and Height in HP Rdh page 342.

12
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Isotropic and Anisotropic Scaling

When you alter the scale of an image, you can indicate whether units are of equal size on
X- and Y-axesi6otropicscaling) or unequahfisotropicscaling). Isotropic scaling preserves
the shapes of things like circles and squares; anisotropic scaling distorts circles into ellips
squares into rectangles. In the following diagram, the X-axis is assumed to be horizontal, §
the Y-axis vertical.

Rgo)
2
Z_
=E
Ez
('
SR
o

Anisotropic: Isotropic: Anisotropic:
1 X-unit < 1 Y-unit 1 X-unit = 1 Y-unit 1 X-unit > 1 Y-unit

Figure 12. Isotropic and Anisotropic Scaling

HP Printer Job Language (PJL)

Printers and plotters that use HP RTL also recognize some of the commands of HP’s Printer Job
Language (PJL). These commands allow you to control the device and its operating environ-
ment independently of the program that generates the plotted or printed image. The relevant
commands are summarized on page 394.

Context Switching

There are a number of commands that are recognized by a range of plotters and printers, for
switching between HP RTL, PCL, HP-GL/2, and PJL:

@PJL ENTER @PJL ENTER

LANGUAGE=HPGL2 LANGUAGE=PCL
(PCL printers only)
Universal Exit Languag
(ESC%-12345X)

Enter RTL Mode ESC%#A)

or Reset (ESCE) HP RTL
or PCL
-

Enter HP-GL/2 Mode
(ESC%#B)

Figure 13. Switching from One Context to Another
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You can find more details in the descriptions of the HP RTL commands (those be@seijng
starting on page 403. Ti@PJL commands are described on page 394.

HP-GL/2 instructions and HP RTL commands interact with each other. There is a detailed de-
scription of the effects of each environment on the other on page 391.

14
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Chapter 2: Introduction to HP-GL/2

HP-GL/2 is the standardized version of the Hewlett-Packard Graphics Language. It is desi
to provide a set of consistent functions across a wide range of peripheral devices, both plo
and printers. Its aim is therefore to reduce programming effort and the future compatibility
your programs, while allowing great flexibility in creating images.

HP-GL/2
INTRODUCTION

This chapter describes the principles of HP-GL/2 and introduces the following topics:

e The Instruction Groups—the Kernel and the Extensions.
e Pen Status and Location.

e Scaling.

e HP-GL/2 Instructions and Syntax.

HP-GL/2 consists of a kernel set of instructions that are supported on all HP-GL/2 devices. In
addition, there are sets of extensions that allow you to make full use of the functions of particu-
lar types of device. These extension instructions are not supported on all HP-GL/2 devices.

In addition to using the instructions of HP-GL/2, you may also want to use the commands of
the PCL Printer Language or of the HP Raster Transfer Language (HP RTL).

The Instruction Groups

HP-GL/2 is made up of a core set of instructions (called the HPK&lr/2]) and severabx-

tensions All HP-GL/2 devices support the kernel instructions. The extensions (see page 20)
help you to make use of special technologies or device capabilities. Many plotters support the
Technical Graphics Extension; many devices also support the Palette Extension. The remaining
extensions make use of specific technologies and are, therefore, device-specific.

The Kernel

Thekernelis the foundation of HP-GL/2 and contains most of the instructions. All HP-GL/2
devices support the kernel instructions. The kernel consists of five functional groups:

* Configuration and Status.
* Vector.

* Polygon.

* Line and Fill Attributes.

® Character.

Each of these groups is explained below. Guidance on how to use the instructions of each
group is given irChapter 3: The HP-GL/2 Kernehn page 29.
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The Configuration and Status Group

The instructions in this group help you set up the environment for your plot, by establishing
default conditions and scaling and manipulating the plotting area. There is more information
starting on page 29.

CO“c...c”] Comment

DF Default Values

IN[N] Initialize
IP[p1x,ply[,p2x,p2y]] Input P1 and P2
IR[p1x,p1y[,p2x,p2y]] Input Relative P1 and P2
IW[xILyll,xur,yur] Input Window

Pdn] Advance Full Page
RQ[angle] Rotate Coordinate System
RAN] Replot
Sdxmin,xmax,ymin,ymax[,type[,left,bottom]]] Scale

or SGmin,xfactor,ymin,yfactor,2

The Vector Group

The instructions in this group enable you to draw vector graphics, that is, lines and arcs. You
can use either absolute coordinates or relative coordinates for your data. There is more in-
formation starting on page 41.

AAXxcenter,ycenter,sweep_angle[,chord_angle] Arc Absolute
ARXxincryincr,sweep_angle[,chord_angle] Arc Relative
ATxinteryinter,xend,yend[,chord_angle] Absolute Arc Three Point
Clradius|[,chord_angle] Circle

PAIX,YL,-..]] Plot Absolute

PDIX,Y[,...]] Pen Down
PHflag][value/x,y]...[flag][value/x,y] Polyline Encoded
PRX,Y[,...]] Plot Relative

PUX,YL,...]] Pen Up

RTxincrinteryincrinter,xincrend,yincrend[,chord_angleRelative Arc Three Point

The Polygon Group

The instructions in this group use the polygon buffer in your peripheral device. Some of the
instructions draw shapes, while others control the filling and edges of these shapes. There is
more information starting on page 44.

EAX,y Edge Rectangle Absolute
EP Edge Polygon

ERX,y Edge Rectangle Relative
EWradius,start_angle,sweep_angle[,chord_angle] Edge Wedge
FHfill_method] Fill Polygon
PM[polygon_definition] Polygon Mode

RAX,y Fill Rectangle Absolute
RRx,y Fill Rectangle Relative

WGradius,start_angle,sweep_angle[,chord_angle] Fill Wedge

18
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The Line and Fill Attributes Group

The instructions in this group let you use different line types and fill types. They also let you
manipulate fill patterns and use different pen widths. There is more information starting on

page 53.

AC[x.y]

FTIfill_type[,option1[,option2]]]

LA [kind,value[,kind,value[,kind,value]]]
LTline_type[,pattern_length[,mode]]
PWwidth[,pen]]

RHindex[,width,height,pen_number[,pen_number..]]]Raster Fill Definition

SM[character[character2]]
SHpen_number]
UL[index[,gapl,...gapn]]
WU type]

The Character Group

Anchor Corner
Fill Type

Line Attributes
Line Type

Pen Width

Symbol Mode

Select Pen

User-Defined Line Type
Pen Width Unit Selection

N
~
-
Q
o
I

INTRODUCTION

The instructions in this group let you use different fonts or character sets, and manipulate their
direction, size, and appearance. There is more information starting on page 57.

AD[kind,value...[,kind,value]]
CHfill_mode[,edge_pen]]
CHspaces,lines]

DI[run,rise]

DRJrun,rise]
DT[label_terminator[,mode]];
DV/[path[,line]]
Ewidth[,height]]
LBtext...text label_terminator
LO[position]

SA

SD{kind,value...[,kind,value]]
Sl[width,height]
SL[tangent_of angle]
SRwidth,height]

SS

TD[mode]

Alternate Font Definition
Character Fill Mode
Character Plot

Absolute Direction
Relative Direction
Define Label Terminator
Define Variable Text Path
Extra Space

Label

Label Origin

Select Alternate Font
Standard Font Definition
Absolute Character Size
Character Slant
Relative Character Size
Select Standard Font
Transparent Data
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The Extensions

The extensioninstructions of HP-GL/2 let you exploit more fully the capabilities of your pe-
ripheral device. Many HP-GL/2 devices, especially plotters, support the Technical Graphics
extension, and many devices also support the Palette extension. The remaining groups make
use of specific technologies, and are therefore more device-specific. For example, because you
cannot digitize on raster devices, those devices do not support the Digitizing extension. The

extensions are:

e Technical Graphics.
e Palette.

e Dual-Context.

e Digitizing.

e Advanced Drawing.
e Advanced Text.

Each of these groups is explained below. Guidance on how to use the instructions of each
group is given irChapter 4: The HP-GL/2 Extensions page 77.

The Technical Graphics Extension

The instructions in this group add flexibility that is often required in technical fields, such as
computer-aided design, architectural rendering, integrated circuit layout, and so on. There is

more information starting on page 77.

BP[kind,value...[,kind,value]]

CT[mode]

DL [character_number[character_number2]
[L.up]x,y...[L.up].x,y]

ECn]

FR

MC[mode[,opcode]]

MG[message]
MT[type]
NR[timeout]

OE;

OH,;

ol;

OP,

oS
Pdlength[,width]]
QL[quality_level]
ST[switches]
VS[pen_velocity[,pen_number]]

Begin Plot
Chord Tolerance Mode

Download Character

Enable Cutter

Frame Advance

Merge Control (also in the Advanced
Drawing Extension)

Message

Media Type

Not Ready

Output Error

Output Hard-Clip Limits

Output Identification

Output P1 and P2

Output Status

Plot Size

Quality Level

Sort

Velocity Select
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The Palette Extension

The instructions in this group help you integrate raster technology with the vector capabilities

of your peripheral device; the instructions are not, however, restricted to raster devices, and pen
plotters may support this extension, defaulting some instructions in accordance with their
technology. There is more information starting on page 82.

CRIblack-ref_red,white-ref_red,black-ref _green, Set Color Range for
white-ref_green,black-ref_blue,white-ref_blue] Relative Color Data >
NP[n] Number of Pens e
Pdpen[,red,green,blue]] Pen Color Assignment o 5
SV[screen type[,optionl[],option2]] Screened Vectors o=,
TR[N] Transparency Mode %' 8
=
<

The Dual-Context Extension

The instructions in this group are useful when you want to integrate word-processed text and
raster graphics images with vector graphics for desktop presentations. There is more informa-
tion starting on page 83.

Fifont_id Primary Font Selection by ID
FNfont_id Secondary Font Selection by ID
SB[n] Scalable or Bitmap Fonts (also in the

Advanced Text Extension)
and the following commands of PCL and HP RTL:

ESC%#A Enter PCL Mode/Enter HP RTL Mode
ESCE Reset

The Digitizing Extension

The instructions in this group are used only with pen plotters, and are used for digitizing coor-
dinates. There is more information starting on page 89.

DC Digitize Clear
DP Digitize Point
OD; Output Digitized Point and Pen Status

The Advanced Drawing Extension

The instructions in this group allow you to draw bezier curves, and to specify how raster de-
vices are to place picture elements (pixels) on the page. There is more information starting on

page 92.

BRx1,y1,x2,y2,x3,y3[,...x1,y1,x2,y2,x3,y3] Bezier Relative

BzZx1,y1,x2,y2,x3,y3[,...x1,y1,x2,y2,x3,y3] Bezier Absolute

MC[mode[,opcode]] Merge Control (also in the Technical
Graphics Extension)

PHmode] Pixel Placement
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The Advanced Text Extension

The instruction that forms this group allows you to use either 8-bit or 16-bit character sets.
There is more information starting on page 94.

LM[mode[,row_number]] Label Mode
SBIn] Scalable or Bitmap Fonts (also in the
Dual-Context Extension)

Pen Status and Location

Since printing vector graphics has traditionally been performed with pen plotters, thpeerms
andpen location(or pen position are used to described the cursor in HP-GL/2 mode, and the
current active position (CAP) in HP RTL or PCL mode. Whether the pen is logical (for raster
devices) or physical (for pen plotters), it mussbectedn order to print. Instructions such as
PU (Pen Up) or PD (Pen Down), and phrases such as “current pen position” or “moving the
pen” apply to the imaginary pen just as they do a physical pen on a pen plotter.

Pen Status

Pen status refers to whether the “pen” is up or down. Use the PU (Pen Up) instruction with X,Y
coordinates to move the pen to the desired printing location without drawing a line. Use the PD
(Pen Down) instruction with X,Y coordinates to lower the pen and begin drawing from the cur-
rent location to the first specified X,Y coordinate.

When you enter HP-GL/2 mode for the first time following a Rezsti£) command, no pen
has been selected and the pen isTigis means that no lines are drawn when HP-GL/2 instruc-
tions are given until a pen is selectethis can be done using the SP (Select Pen) instruction.

Most drawing instructions require that the pen be lowered to produce marks on the page. Once
lowered with a PD instruction, the pen remains down for subsequent HP-GL/2 printing instruc-
tions until a PU or IN (Initialize) instruction is issued. The pen remains selected until a new SP
instruction is received. You must be aware of the pen’s up/down status to avoid drawing stray
lines between parts of your picture.

Note: Upon entry into HP-GL/2 mode, a good programming practice is to select a pen and is-
sue a pen-up move to the initial starting position. This ensures that a pen is selected and is in
the proper position to begin drawing.

e Whenever the device receives a PD instruction, it produces a dot at the current pen loca-
tion. If the pen is already down when the device receives an instruction with an automatic
pen down, the unnecessary dot can mar your final output. For best results, include a PU
instruction before any instruction with an automatic pen down.

e Only the portion of the pen falling within the effective window is printed. The pen is
centered on a line between the beginning and end points, with half of the pen width falling
on either side of this line.

e The definition of each instruction tells you whether it has an automatic pen down. If you
find that part of your image is not drawn, make sure your instruction sequence uses the PD
instruction before the affected instructions.
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Instructions that Include an Automatic Pen-Down Movement

Every time you use a PU or PD instruction, the device updates the pen up/down status. The
following instructions include an automatic PD instruction as part of their function. After per-
forming their complete function, they return the pen to its previous up/down state.

Cl Circle

EA Edge Rectangle Absolute
EP Edge Polygon

ER Edge Rectangle Relative
EW Edge Wedge

FP Fill Polygon

LB Label

PE Polyline Encoded (using a flag)
RA Fill Rectangle Absolute
RR Fill Rectangle Relative
SM Symbol Mode

WG Fill Wedge

N
N
-
Q
o
T

INTRODUCTION

Pen Location

Pen location refers to the X,Y coordinates of the pen. Most instructions, when completed, up-
date the pen location. The next instruction then begins at that location. Some instructions do
not update the current pen location. The definition of each instruction tells you whether the
current pen location is updated or restored. Use the PU (Pen Up) instruction with the desired
X,Y coordinates to lift the pen and move it to a new location.

The DF (Default Values) instruction does not reset the current pen location; the IN (Initialize)
instruction moves it to the origin of the hard-clip limits. You should specify your beginning
pen location for each HP-GL/2 drawing.

“Lost” Mode

Parameter values less than the range maximum are passed by the parser; these values may sub-
sequently be unscaled into device-dependent internal resolution units (for example, 7 200 or

9 600 units-per-inch) that exceed the device-dependent internally representable number range.

If this occurs, the device enters a “lost” mode; all relative drawing instructions are ignored until

a instruction is received which specifies an absolute move to a point within the internally repre-
sentable number range.

When “lost” mode is entered, the pen is raised and the following instructions are ignored: AA,
AR, AT, CI, CP, EA, ER, EW, LB, PE, PM, PR, RA, RR, RT, and WG.

The instructions allowed in “lost” mode are: AC, AD, CF, CO, DF, DI, DR, DT, DV, ES, FT,
IN, IP, IR, IW, LA, LO, LT, PA, PD, PG, PU, PW, RF, RO, RP, SA, SB, SC, SD, SI, SL, SM,
SP, SR, SS, TD, UL, WU, and the PM1/PM2 forms of PM.

The instructions IN, PG, RP, and PA, with in-range parameters, clear “lost” mode; PD and PU
in absolute plotting mode, with in-range parameters, also clear “lost” mode. When PD clears
“lost” mode, a line is drawn from the last valid current position to the first point in the PD pa-
rameter sequence. If PA clears “lost” mode, the pen will not go down until a PD instruction is
received.
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When “lost” in polygon mode, “PM2” clears “lost” mode, closes the current polygon using the
current pen state, and restores the original pen position and up/down state. “PM1” does not
clear “lost” mode, but it does close the current subpolygon using the current pen up/down state
if the starting vertex is valid. The buffer then contains:

e the valid points up to, but not including the point that set “lost” mode;
e the points after “lost” mode is cleared;
e and the closure point.

Points stored after “lost” mode is cleared are stored as pen-up points until a PD instruction is
received.

When “lost” mode is entered while drawing an arc or a wedge, only the valid arc segments that
were generated before the arc segment that caused the device to be “lost” are drawn. If a rect-
angle instruction (EA, ER, RA, or RR) contains parameters that would make the device enter
“lost” mode, error 3 (invalid parameter) is set and the instruction is ignored.

Scaling

When youscalea drawing, you define your own units of measurement instead of using plotter-
units; the device converts your unitsér-unitg to dot positions for placing the image on the
page. Scalingallows control of the device using units that are easy for you to work with.

For example, you can scale your drawing to divide the drawing area into 100 squares. As you
plan the drawing, you can think in terms of 100 squares rather than plotter-units. Another ex-
ample of scaling is that since 400 plotter-units equals 1 centimeter, you can establish this scale
to print in user-units equal to 1 centimeter each.

Scaling begins with the scaling points, P1 and P2TkeeScaling Points, P1 and B2 page

31). P1 and P2 act as two points marking opposite corners of a rectangle. You can make this
rectangle any size and place it anywhere in relation to the origin, depending on the plotter-unit
coordinates you specify for P1 and P2. (P1 and P2 default to opposite corners of the hard-clip
limits, but you can change their locations using the Input P1 and P2 [IP] or Input Relative P1
and P2 [IR] instructions). P1 is also the default origin (0,0) for the coordinate system.

After you have defined the positions for P1 and P2, or have accepted the default, use this imagi-
nary rectangle to set up scaling for your drawing. With the SC (Scale) instruction you specify
how many sections the rectangle divides into horizontally (the X-axis) and how many sections
the rectangle divides into vertically (the Y-axis). In this way you create your user-units.

Scaling also allows you to enlarge or reduce your image by changing the locations of P1 and
P2. P1 and P2 represent physical locations in relation to the hard-clip limits. When the imagi-
nary rectangle formed by P1 and P2 is enlarged or reduced with the IP or IR instructions, the
HP-GL/2 image is also enlarged or reduced to fit the new P1/P2 rectangle. (For a more detailed
explanation of scaling and the Scale (SC) instruction, see page 290.)

For importing existing HP-GL/2 images, another method of enlarging or reducing drawings
exists. It involves varying the size of the hard-clip limits and is describ&dsiolute and Rel-

ative Pen Movememin page 8. This method allows you to scale an image while maintaining
the aspect ratio of all elements (including fonts). The Scale instruction does not affect the size
of fonts.
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HP-GL/2 Syntax

The following illustration shows a typical HP-GL/2 instruction and the description of its com-
ponents.

Mnemonic\ Separator
Terminator
PA30 30;

Parameters

N
N
-
Q
o
T

Each HP-GL/2 instruction consists of up to four parts:

INTRODUCTION

e Atwo-charactemnemonicwhich defines the function of the instruction. It can be upper
case or lowercase. For example, IN is the Initialize instruction, SP is the Select Pen
instruction, and Cl is the Circle instruction.

e Parametersare used with certain HP-GL/2 instructions to tell the device to complete the
instruction in a particular way. Some instructions have no parameters, some have required
parameters. and some have optional parameters. Some instructions have additional param-
eters that further qualify other parameters.

e Separatorsvhich separate one parameter from the next. You are recommended to use a
comma as a separator, though you can use spaces. However, in some computer systems,
spaces are automatically removed before being sent to the peripheral device. If the second
of a pair of parameters starts with a plus or minus sign, this is also interpreted as a separa-
tor for numeric parameters. Separators are not used with the DT, LB, PE, and SM
instructions.

e A terminatorwhich separates one instruction from the next. The recommended way of
separating instructions is by using no explicit terminator, that is, the mnemonic for the next
instruction constitutes the separator from the previous. Most instructions can also be
terminated with a semicolon, though dropping the semicolon will reduce the amount of
data transmitted to the device by about 10%. Some instructions (for example, PG, PE, and
all output instructionsinustbe terminated with a semicolon. The LB instruction, de-
scribed on page 206, requires a special terminator set by the DT (Define Label Terminator)
instruction (see page 154). We recommend you place a semicolon at the end of the last
instruction in your program to terminate the instruction and ensure the proper completion
of your program.

In the example above, “PA” is the mnemonic, “30” and “30” are its two parameters, “,” is a
separator, and “;” is the terminator.

The following illustration shows the flexibility of the syntax. Each variation of the two-instruc-
tion sequence is permissible; however, the first method is recommended—using the first letter
of the next mnemonic to terminate instructions, using no spaces between parameters, and sepa-
rating parameters with a comma. This method sends fewer bytes to the device, thereby
reducing transmission times.

PDPU10,20 PD; PU14Q,20; PD PU 10 20;

Recommended
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The program examples used in this book are spaced out so that the function of each instruction
can be clearly seen. Itim®trecommended to arrange your instructions in this manner. In par-
ticular, donotleave any spaces between the DT and LB instructions and their parameters.

Notation Used in this Book to Present Instruction Syntax

The following notation is used in the descriptions of instruction syntax in this book:

MN Instruction mnemonic, always two uppercase characters.

parameters All parameters are shown iralics. A comma is always shown as
the separator between parameters. A space, “+”, or “-" is also
valid, although not preferred. (A “+” or “—" is a valid separator
only for numeric parameters.)

[ 1] Parameters in square brackets are optional; you must have an even
number of X,Y coordinates.
[,--] Any number of the previous parameter; you must have an even

number of X,Y coordinates.

; Instruction terminator. A semicolon is normally optional and is
shown in square brackets in most instruction syntaxes. Although a
semicolon is always shown in instruction syntaxes, any non-nu-
meric character is also valid.

Three exceptions to the optional use of the semicolon as an
instruction terminator occur in the following instructions: PE (Po-
lyline Encoded), LB (Label), and CO (Comment). PE and PG
(Advance Full Page) must be terminated by a semicolon. LB is
terminated by the non-printing end-of-text charac@&x{-deci-

mal 3), or a user-defined character. The comment string of the
CO instruction must be delimited by double quotes.

A semicolon terminator ialways requiredollowing the last
instruction prior to leaving HP-GL/2 mode.

ETX Labels require a special terminator, usually the ASCII end-of-text
(eTx) character (decimal code 3). See the descriptions of the LB
and DT instructions.

Note that although X,Y coordinates are normally shown in parentheses in text—for example,
(3,4) or (0,0)—the parentheses ao# part of the syntax anaust notbe entered in your
instructions.

Omitting Optional Parameters

Some instructions have optional parameters that take on default values if they are omitted.
When you omit a parameter, you must omit all subsequent parameters in the same instruc-
tion—the DT (Define Label Terminator) instruction is an exception.

For example, the LT (Line Type) instruction has three optional paramtergype pat-
tern_length andmode The following instruction shows all three being udat( type= 6,
pattern_length= 25,mode= 1).

LT 6,25,1;
If you omit the second parameter you must also omit the third parameter, as shown below:
LT 6;
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The device uses the most recently specifi@iiern_lengttandmode If you have not specified
apattern_lengthor modesince sending a DF (Default Values) or IN (Initialize) instruction, the
device uses the parameter’s defaults.

For example, if you send the following instructions (omitting the second parameter), the device
interprets the “1” as the second parameter, not the third:

LT6,1; or LT6,1;

Parameter Formats

You must give parameters in the format (type of units) required by each HP-GL/2 instructio
The required format is stated in the parameter table of each instruction’s description, and ig
scribed below.

INTRODUCTION

Numbers within the defined ranges do not cause errors; however, the range may exceed t
vice’s physical printing area. Numbers that move the pen position outsieétive window
result in image clipping. The ranges specified are minimums; your device may support a great-
er range of values than those shown in this book.

Integer

An integer from —8 388 608 (29 to 8 388 607 (23— 1). The device automatically rounds
fractional parameters to the nearest integer within the range. Sending a number outside the
parameter range may produce unexpected results.

Clamped Integer

An integer from —32 768 (42) to 32 767 (2°-1). The device automatically rounds fractional
parameters to the nearest integer. Sending a number outside this range does not cause an error,
but the number is “clamped” to the limits of the range. For example, when parsing a clamped
integer, the device treats all numbers above 32 767 as 32 767. Certain instructions have param-
eters which are restricted to a smaller range. These ranges are listed in the parameter tables for
each instruction. Sending a number outside the reduced parameter range may produce unex-
pected results.

Real

A number between —8 388 608.000 0432ind 8 388 607.999 932— 1). You are assured of

at least six significant digits (including integer and fractional portion). You may omit the deci-
mal point when no decimal fraction is specified. Sending a number outside the parameter range
may produce unexpected results. The device cannot use exponential format numbers (for ex-
ample, 6.03E8). If you are using a computer or language that uses the exponential format, you
must use integer variables or a formatting technique to output fixed-point real numbers.

Clamped Real

A number between —32 768.000 0¥22and 32 767.999 9 {2-1); you are assured of at least

six significant digits (including integer and fractional portion). You may omit the decimal point
when no decimal fraction is specified. Sending a number outside this range does not cause an
error, but the number is “clamped” to the limits of the range. For example, the device treats all
numbers above 32 767.999 9 as 32 767.999 9. Certain instructions have parameters which are
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restricted to a smaller range. These ranges are listed in the parameter tables for each instruc-
tion. Sending a number outside the reduced parameter range may produce unexpected results.

Label or Character

Any character or sequence of characters. In the HP-GL/2 language, text is described using the
term “label”. Refer to the Label (LB) instruction on page 206 for a complete description.

Current Unit

When you see the term “current units” in a parameter table, the unit system of that parameter
depends on whether scaling is on or off. When scaling is on, the units are user-units; when
scaling is off, the units are plotter-units (described uhligts of Measur®n page 12).

Quoted String

A character or sequence of characters enclosed in double quotes. It is used primarily in the MG
(Message), BP (Begin Plot), and CO (Comment) instructions. Two consecutive double quotes
form one double quote in the string.
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Chapter 3: The

HP-GL/2 Kernel

The Kernel instructions form a base set of instructions that are normally supported on all HP-
GL/2 devices. They are grouped as follows:

e The Configuration and Status Group  page 29.

e The Vector Group
e The Polygon Group

e The Line and Fill Attributes Group page 53.

e The Character Group

This chapter also contains a description of HP-GL/2 Printing; see page 73.

The Configuration and Status Group

page 41.
page 44.

page 57.

HP-GL/2

—
]
Z
o
|
N2

The Configuration and Status Group instructions help you:

e Establish default conditions and values for HP-GL/2 features.

e Scale images in the dimensional units you want to use.

e Enlarge or reduce images for different media sizes.

e Draw equal-sized and mirror-imaged drawings.
e Adapt the coordinate system to match PCL and HP RTL.
e Establish a window (soft-clip limits).

e Rotate the HP-GL/2 coordinate system.

e Add comments to your HP-

GL/2 instruction sequence.

These instructions make no mark on the media; they establish default conditions, perform scal-
ing, and manipulate the plotting area.

The following instructions form the Configuration and Status Group:

CO Comment

DF Default Values
IN Initialize
IP Input P1 and P2

IR Input Relative P1 and P2

IW  Input Window

Allows comments to be included in an HP-GL/2 instructiof
sequence.

Sets most programmable features to their default conditions.
Sets all programmable features to their default conditions

Establishes new or default locations for the scaling points|P1
and P2.
Establishes P1 and P2 locations with respect to the hard-glip
limits.

Sets up a window (soft-clip limits).

This is the black on page 29 (seq: 47)
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PG Advance Full Page Terminates the plot and advances the page (see note).
RO Rotate Coordinate Rotates the HP-GL/2 coordinate system.
System
RP Replot Plots multiple copies of a stored plot (see note).
SC Scale Establishes a user-unit coordinate system.

Note: The PG and RP instructions are device-dependent; they are useful in plotter applications
and some printer applications, but are not the optimal solution for PCL printers. Other PCL
commands, for example, the Number of Copisc&l#X) command or the Form FeerF)

control code, perform similar functions.

The factory environment defaults are:

e Scale mode is off (current units are plotter-units).

e The soft-clip limits default to the hard-clip limits (in PCL dual-context mode, the window
is the default picture frame).

e The default origin (0,0) depends on the type of device, and is shown on page 10. (PCL
dual-context uses the PCL default logical page coordinate system).

e P1and P2 are in opposite corners according to the viewing perspective, as shown on page
10 (in PCL dual-context mode, the lower-left and upper-right corners of the picture frame).

Establishing Default Conditions

Whether you are using HP-GL/2 mode, PCL printer language mode, or HP Raster Transfer
Language (HP RTL) mode, you should establish default conditions at the beginning of each
print job to prevent unexpected results due to “leftover” instruction parameters from a previous
job. From within HP-GL/2 mode there are two ways to establish default conditions: using the
IN (Initialize) instruction or using the DF (Default Values) instruction. You can also power the
device off and then on, or use the control-panel reset function (if available) to reset the device.

Using the IN instruction sets the device to its user-selected defaults. This process is called ini-
tialization. The Reset commarges€E) of PCL and HP RTL executes an IN instruction
automatically, so if a reset was sent at the beginning of your print job, HP-GL/2 instruction pa-
rameters are at their user-selected default state when HP-GL/2 mode is first entered. (On
devices that support the Technical Graphics Extension [see page 77] the Reset command
executes a BP [Begin Plot] instruction, which includes the functions of IN.)

Note: HP-GL/2 instruction parameters are set to their default values the first time HP-GL/2
mode is entered during a print job (assuming th&sai reset is sent at the beginning of the

job). After instructions have been sent to modify the current print environment, the instruction
parameters are no longer set to their defaults. When you re-enter HP-GL/2 mode, immediately
sending an IN instruction ensures that HP-GL/2 features are set to their default conditions (if
that is what you want).

The DF instruction is not as powerful as the IN instruction. The conditions set by the DF and
IN instructions are described on pages 136 and 189 respectively.
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The Scaling Points, P1 and P2

When you scale a drawing, you define your own units of measurement, which the device then
converts to plotter-units. Scaling relies on the relationship between two points P1 and P2.
These two points are called thealing pointsbhecause they take on the user-unit values that

you specify with the SC (Scale) instruction. You can change the locations of P1 and P2 using
either the IP (Input P1 and P2), or IR (Input Relative P1 and P2) instruction.

P1 and P2 always represent an absolute location, defined in plotter-units. They designate oppo-
site corners of a rectangular printing area. The P1/P2 rectangular area is not a graphics limit;
plotting is not restricted to the P1/P2 area. You can change the size of the rectangular printing
area and move it anywhere within the hard-clip limits, or even outside these limits, depending

on the plotter-unit coordinates you specify using the IP or IR instructions. The biggest benefit

of scaling is that your plot will normally retain the same relative proportions on any size of me-
dia, except when you use IP with parameters or IR.

If the SC (Scale) instruction is not used, that is scale mode is “off”, all HP-GL/2 measurem
are in fixed plotter-units (0.025 mm).

Using the Scale Instruction

Scaling allows you to establish units of measure with which you are familiar, or which are
logical to your drawing. The SC (Scale) instruction determines the number of user-units al
the X- and Y-axes between P1 and P2. The actual size of the units depends on the locations 0
P1 and P2 and the range of user-units set up by the SC instruction.

There are three types of scaling:

e Anisotropic scalingindicates that the size of the units along the X-axis may be different
from the size of the units on the Y-axis.

e Isotropic scalingindicates that the units are the same size on both axes.
e Point-factor scalingsets up a ratio of plotter-units to user-units.

The Scale instruction does not change the locations of P1 and P2, only their coordinate values.
Also, scaling is not limited to the rectangular area defined by P1 and P2, but extends across the
entire plotting range.

For example, to divide the X-axis into 12 units representing months, and the Y-axis into 10
units representing currency values, specify the X-axis to scale from 0 to 12, and the Y-axis to
scale from 0 to 10. P1 becomes the origin with user-unit coordinate (0,0) and P2 becomes
(12,10). The entire plotting area is now divided into the desired units. Subsequent plotting
instructions use these units. If you tell the device to move to the point (3,4), it moves to the
location equivalent to (3,4) user-unite&t (3,4) plotter-units.

If you move the locations of P1 and P2, the size of the user-units changes. Assume that the
previous illustration showed P1 and P2 in their default locations (the lower-left and upper-right
corners, respectively, of the hard-clip limits for PCL printers). In Figure 15, P1 and P2 have the
same user-unitalues(set with the Scale instruction, SC), but their phydmedtionshave

been changed, using the IP (Input P1 and P2) instruction. Note that the size of the user-units
has decreased.
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Figure 14. User-Unit Scaling with Default P1 and P2
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Figure 15. Same User-Unit Scaling with New P1 and P2

To further illustrate the flexibility of user-unit scaling, Figure 16 shows the P1 and P2 locations
with negative user-unit values.

Note that the framework set by the scaling points P1 andi®®2 ésgraphics limit. The user-

unit coordinate system extends across the entire plotting area. You can print to a point beyond
P1 or P2 as long as you are within the hard-clip limits. In this example, P1 is in the —X and =Y
guadrant.

Note: You can use coordinate points that are outside of the hard-clip limits or even off the
page, but only that portion of the vector graphics image that falls within the effective window is
printed. For example, you can draw a small portion of the circumference of a circle with a
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5-foot radius by moving the pen 5 feet from the page and issuing a Cl instruction specifying a
5-foot radius; only the portion of the arc that falls within the effective window is printed.

Refer to the SC (Scale) instruction on page 290 for more information on scaling drawings.

. (15,20)
Physical = poY
Page \ 1 Effective
Window
104 //
[ (0.0)
| — !
21610 5 | 5 10 15 2p
Q_I
104 (_ng
P1 o
8C-15,15,-15,20; [(-15-15) Tx

IPO,0,8128,9144;

Figure 16. New P1 and P2 User-Unit Scaling with Negative Values

Using Scaling Effectively

The following sections describe how to combine scaling and P1/P2 concepts to do the follow-
ing.

e Enlarge or reduce the size of a drawing.

e Draw equal-sized pictures on the same page.

e Create mirror-imaged pictures.

Enlarging or Reducing a Picture

The basic technique for changing a picture’s size is to scale the printing area defined by P1 and
P2, and then move the locations of P1 and P2 to define a smaller or larger area. This is espe-
cially useful when you want to print the picture on any portion of the page.

Note: Only scaled drawings (those using the SC instruction) are enlarged or reduced when the
P1/P2 locations change. Use PCL picture frame scaling when you import into PCL HP-GL/2
images created without the SC instruction.

To maintain the proportions of scaled plots, set P1 and P2 to define an area with the same as-
pect ratio as the original scaling rectangle. For example, if the area defined by P1 and P2 is
3000 x 2000 plotter-units, its aspect ratio is 3:2. To enlarge the plot, set P1 and P2 to define a
larger area that maintains a 3:2 ratio.

The following example illustrates this technique using a square (isotropic) P1/P2 scaling rectan-
gle with a scale of 0 to 10 for both axes. After drawing a circle within the scaled area, the
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locations of P1 and P2 move to form a new square area that maintains the 1:1 ratio. Note that
the circle printed in the new area is smaller but is still a circle, not an ellipse.

IP 0,0,2000,2000; Set P1 to be (0,0) and P2 to be (2000,2000).

SC 0,10,0,10; Set up user-unit scaling to range from (0,0) to (10,10).

SP 1; Select pen number 1. Even though there may be no physical pen,
the SP instruction must be used to enable printing.

PA 5,5; Begin absolute plotting from the center of the square (5,5).

Cl 3; Print a circle with a radius of 3 user-units.

IP 2500,500,3500,1500; Input a new P1 and P2 position for printing the smaller circle.
PA 5,5; Begin absolute plotting from the center of the new square (5,5).

Cl 3; Print the second circle with a radius of 3 user-units.
Original P2
New P2
New P1
Original P1

Figure 17. Changing the Size of a Drawing

Drawing Equal-Sized Pictures on a Page

You may occasionally want to print more than one drawing on the same page for a side-by-side
comparison. This can be useful for comparing parts, assemblies, layouts, or other similar in-
formation. The easiest way to draw equal-sized pictures on one piece of paper is to take
advantage of the fact that P2 follows P1 whenever you change the location of P1.

The following example locates P1 and P2 on the left side of the paper and scales the area for
the first image. Then, for the second image, only the P1 location is moved to the right side of
the paper; P2 automatically tracks P1, so the printing area retains the same dimensions as the
first drawing. The printed rectangle around the second area shows P2 in its new location.

IP 500,500,5450,7500; Set P1 to be (500,500) and P2 to be (5450,7500).

SC 0,10,0,15; Set up user-unit scaling to range from (0,0) to (10,15).

SP 1; Select pen number 1.

PA 0,0; Begin absolute plotting from the origin (0,0).

PD 10,0,10,15,0,15,0,0; Pen down and print from (0,0) to (10,0) to (10,15) to (0,15) to
(0,0)

PU ; Pen up.

IP 5550,500; Input a new P1 and allow P2 to automatically track it.

PA 0,0; Begin absolute plotting from the new origin.

PD 10,0,10,15,0,15,0,0; Pen down and print from (0,0) to (10,0) to (10,15) to (0,15) to
(0,0)

PU ; Pen up.
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Figure 18. Drawing Pictures Side-by-Side

Note: The P1/P2 frames are not windows or graphics limits; the pen can print HP-GL/2 imj
anywhere within the hard-clip limits. The new P1 and P2 retain their scaled values. This al-
lows you to use the same coordinates on both halves of the page. In contrast, if you do not
assign a scale to P1 and P2, you must calculate the new plotter-unit coordinates for the drawing
on the second half of the page.

Creating Mirror-Images

For most drawings, you will probably set P1 and P2 so that P1 is at the origin of the coordinate
system and P2 is in the opposite corner of the scaling area. However, you can change the rela-
tionship of P1 and P2 to produce a mirror-image effect.

You can “mirror-image” angcaleddrawing (those drawings using the SC instruction) by
changing the relative locations of P1 and P2, or changing the coordinate system by using SC.
You can mirror-image labels using the DI (Absolute Direction) and DR (Relative Direction)
instructions, the SR (Relative Character Size) instruction, or using the Sl (Absolute Character
Size) instruction.

The following example uses a subroutine to generate the arrows shown in Figure 19. Because
the program changes the relative locations of P1 and P2, the direction of the arrow is different
in each of the four drawings. The program sets P1 and P2, draws the plot, then returns to reset
P1 and P2 (using the IP instruction). This continues until all four possible mirror-images are
plotted. (The original drawing is shown in each picture so you can compare the orientation of
the mirror-image.)

IP 1500,3600,3000,5100; Specify the P1/P2 locations for the first arrow figure.

SC -15,15,-10,10; Set up user scaling: (-15,-10) to (15,10).

(Run subroutine) Run the subroutine (below) that prints the arrow image.

IP 3000,3600,1500,5100; Change the physical locations of P1 and P2 to flip the image to
the left.

(Run subroutine) Print the second image.
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IP 1500,5100,3000,3600; Change the physical locations of P1 and P2 to flip the image

down.
(Run subroutine) Print the third image.
IP 3000,5100,1500,3600; Change P1/P2 locations to flip the image to the left and down.
(Run subroutine) Print the fourth image.
Subroutine that prints the arrow figure:
PA 1,2;
PD 1,4,3,4,3,7,2,7,4,9,6,7,5,7,5,4,12,4,12,5,14,3,12,1,12,2,1,2;
PU ; End of subroutine.
P2 (3000,5100) P2 (1500,5100)
? )
§p
I,J L.
b———
g o
P1 (1500,3600) P1 (3000,3600)
First Image Second Image
(Normal)
P1 (1500,5100) P1 (3000,5100)
4 9
la A
q¢ '
A ) A - JLo _\>
L_—__V L‘————y
® &

P2 (3000,3600) P2 (1500,3600)

Third Image Fourth Image
Figure 19. Creating Mirror Images
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Adapting the HP-GL/2 Coordinate System for Printers to Match the PCL
System
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Figure 20. Matching the HP-GL/2 and PCL Coordinate Systems

The example illustrated in Figure 20 uses the IR and SC instructions to change HP-GL/2 coor-
dinate system for “printers” (see Figure 10 on page 10) to match the default PCL coordinate
system. The IR instruction is used to invert the Y-axis so that the Y values increase as the pen
moves down the page. The SC instruction equates user-units to dot positions (300 dots-per-
inch). The example draws a few lines in both PCL and HP-GL/2 modes to demonstrate that the
coordinate systems are lined up correctly (the end points of the lines intersect).

Notes:

e Sending an IN (Initialize) or DF (Default) instruction causes the coordinate system to
revert to the HP-GL/2 default.

e Since this example is based on the default top margin and text length, changing the top
margin or the text length would move the two coordinate systems out of alignment.

e The commands starting with the Escape charaes®)(@re PCL commands.

ESCE Reset the device.

ESC&I2A Set the page size to letter (8.5 by 11 inches).

ESC&I00 Specify portrait orientation.

ESC&IOE Set top margin to 0.

ESC*pOx0Y Move to position (0,0).

ESC*c5760x7920Y Set PCL picture frame to 8 inches x 11 inches (size of logical

page) in portrait orientation; units are decipoints (1/720-inch).
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ESC*cOT Set picture frame anchor point to current PCL cursor position
(0,0).

ESC%1B Enter HP-GL/2 mode with the HP-GL/2 cursor or pen at the PCL

cursor position.

; Initialize HP-GL/2 instruction values. (The IN instruction moves
the pen position from the anchor point to the HP-GL/2 origin, the
lower-left corner of the PCL picture frame.) Note that on color
devices, this instruction destroys the PCL color environment.

SP 1; Select pen number 1.

SC 0,3.3867,0,—3.3867,2; Set up a user scale with a user-unit equal to 1/300 inch. Scale

instruction type 2, the scale is the ratio of plotter-units/user-units
(1016 plotter-units-per-inch/300 dots-per-inch = 3.3867). The
negative Y-value changes the HP-GL/2 Y direction to match that
of the PCL coordinate system.

IR 0,100; Place P1—point (0,0)—at the top of the PCL picture frame.

PU 0,0; Lift the pen and move to (0,0), the upper left corner—since the
HP-GL/2 coordinate system now matches the PCL coordinate sys-
tem. Every subsequent pen move can be specified using the same
coordinate numbers in either mode.

IN

The following instructions demonstrate that the grids are synchro-

nized.

PU 300,300; Lift the pen and move it to (300,300).

PD 600,600; Draw a line to (600,600). This draws a line af @angle down
from the starting point.

ESC%I1A Enter PCL mode with HP-GL/2’s pen position (600,600) being
inherited as PCL's current active position (CAP).

Esc*c300a4b0P Draw a horizontal line (rule) that is 300 PCL units wide by 4 PCL

units. Note that the cursor position after a rule is printed is at the
beginning of the rule—in this case (600,600).

ESC%1B Enter HP-GL/2 mode (inheriting PCL's CAP).

PU ; Lift the pen.

PR 300,0; Move to a point 300 user-units (dots) to the right.

PD ; Place the pen down.

PR 0,500; Print a line 500 user-units down.

ESC%I1A Enter PCL mode with the CAP at the current HP-GL/2 pen posi-
tion.

ESCE Reset the device to end the job and eject a page.

Adapting the HP-GL/2 Coordinate System for Plotters to Match the HP RTL
System

If you place the following instructions at the head of your HP-GL/2 file (after any BP, IN, PS,
QL, and MT instructions), the coordinate systems of HP-GL/2 for “plotters” (see Figure 10 on
page 10) and HP RTL will be the same, in terms of their orientation and their axes (see Figure
21), and will use 300 dots per inch (dpi) as user-units instead of device units:

RO  90;(portrait layout) omR0O180;(landscape layout)This rotates the coordinate system
so that the origin is in the lower-left corner with the +X-axis to the
right and the +Y-axis upwards.
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P 0,0,1016,-1016; Set the P1/P2 interval to be 1 inch (1016 plotter-units).

IR 0,100; Move P1 and P2 so that P1 is at the HP RTL origin and P2 is
1 inch away.
SC 0,300,0,300; Value depends on resolution; this is for 300 dpi.
AC 0,0; Default the anchor corner to HP RTL (0,0).
PU 0,0; Raise the pen and move it to (0,0).
+X
+Y

Figure 21. Coincident Coordinate Systems

Windowing: Setting up Soft-Clip Limits

Soft-clip limits temporarily restrict pen movement to a rectangular ar@gndow When you
initialize or set the device to default conditions, the soft-clip limits are the same as the hard
limits. To create a window, you use the Input Window (IW) instruction. The device does nc
draw outside the window.

HP-GL/2
KERNEL

Figure 22 shows the four types of line segments you can specify from one point to another.

Type |From Last Point To New Point
1 Inside window area Inside window area
2 Inside window area Outside window area
3 Outside window area | Inside window area
4 Outside window area | Outside window area
PCL
— Picture
Frame
/ Type 1
| — Window
Type 4 < .\ — 1 (Softclip
\ '\ Limits)
.\
\. \. \o —_— 1 Type2o0r3

Figure 22. Line Segments and Windows

The IW instruction lets you control the size of the HP-GL/2 printing area so that you can draw
a particular portion of a drawing. You can leave the rest as white space, or use the remaining
area for labels, or another drawing. RefeGtaphic Limitson page 4, and the IW instruction
description on page 197.
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Rotating a Picture

©

P2

P1
+X
+Y

+X

%)) |

Default 90-degree rotation

Figure 23. Rotating a Picture

Plotters always set the X-axis parallel to the longest edge of your plot; small-format printers set
the Y-axis parallel to the longest edge. However, you can change this orientation using the RO
(Rotate Coordinate System) instruction to rotate the coordinate system counterclockwise 90
180°, or 27C. Figure 23 shows the default, for most HP-GL/2 devices, and rotated orientation
of the axes and locations of P1 and P2.

Note that P2 is now off the page. This occurs because the X, Y coordinates of P1 and P2 do not
change. To set P1 and P2 at the hard-clip limits, use either the IP or IR instruction after the RO
instruction; see page 275 for more information. If you reset your coordinate system to its de-
fault orientation, remember to reset P1 and P2, using either the IP or IR instruction again.

Ending Your Program and Advancing the Page

When using a raster device, you must indicate the end of your plot before the device will raster-
ize and draw it. For printers with PCL capability, this may require you to exit from HP-GL/2
mode and send a Form Feeg#)(control character in the PCL context. The PG (Advance Full
Page) instruction automatically signals the end of incoming data for the device and starts the
rasterization process. You may be able to use a control-panel function to achieve the same re-
sult, but the PG instruction is more efficient. Using PG can save you time since, for this
function, you will not have to interact with the devida.multi-user environments, PG is a
necessary plot separator.

PG advances the roll-feed paper (on pen and raster devices) the length set by the PS (Plot Size)
instruction, or the default page size if there is no PS instruction. The PS instruction is described
on page 259.

If your device supports it, you can make additional copies of a plot by following the PG
instruction with the RP (Replot) instruction. Generally, your device must have an area, such as
disk space or a memory buffer, to support this feature. Since the plot is already stored in the
device, using RP frees the computer while the copies are drawn.
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The Vector Group

The Vector Group instructions enable you to achieve the following results in your programs:
e Use absolute and relative coordinates when plotting.

e Draw lines, arcs, and circles.

e Encode coordinates to increase your device’s throughput.

The following instructions form the Vector Group:

AA Arc Absolute Draws an arc using absolute coordinates.

AR Arc Relative Draws an arc using relative coordinates.

AT Absolute Arc Three Poin{ Draws an arc from the current pen location through two ap-
solute points.

Cl Circle Draws a circle with a specified radius.

PA Plot Absolute Enables movement to absolute coordinate locations, with ~ i
respect to the origin (0,0). 0Z

PD Pen Down Lowers the “pen” to the page. S

PE Polyline Encoded Increases throughput by encrypting common HP-GL/2
instructions.

PR Plot Relative Enables movement relative to the current pen location.

PU PenUp Lifts the pen from the page.

RT Relative Arc Three Point| Draws an arc from the current pen location through two rgla-
tive points.

The factory environment defaults are:

e The plotting mode is absolute (the PA instruction).
e The pen state is up (PU).

Pen Up or Down

Most HP-GL/2 instructions perform their functions with the pen either up or down. Specifying
the pen’s up/down state is necessary to avoid drawing unwanted lines between figures. The PU
(Pen Up) instruction raises the pen and can also move to a desired plotting location before
drawing. The PD (Pen Down) instruction lowers the pen and can draw from the current loca-
tion to a specified location. Turning on the device or sending an IN (Initialize) instruction

raises the pen. Some instructions automatically cause the pen to be down (see page 23).

Drawing Lines

You can draw lines between two points (X,Y coordinate pairs) using the PD (Pen Down)
instruction and a series of absolute or relative coordinate pairs. The device draws only the por-
tion of the line that falls within theffective window

Note: When using HP-GL/2 to draw lines, you can increase your device’s throughput by using
the Polyline Encoded (PE) instruction to send coordinates. The PE instruction requires that you
convert coordinates from decimal to base 64 or 32. This conversion increases especially the
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throughput when you use a serial interface. The PE instruction, with its parameters, is used in
place of the PA, PD, PR, PU, and SP instructions.

In the following example, note that the PA (Plot Absolute) instruction specifies absolute plot-
ting, and the coordinate pair (0,0) sets the beginning pen location.

PA 0,0; Begin absolute plotting from coordinate (0,0).
PD 2500,0,0,1500,0,0; Specify Pen Down and draw lines between the points.

(0,1500)

Start

~_

(0,0)

Y

(2500,0)

Figure 24. Drawing Lines

Note: Any line drawn along the border of the effective window causes the line to be clipped,
producing a line width of one-half of what it should be. For example, in the above plot, the
lines from (0,0) to (0,1500), and (0,0) to (2500,0) are clipped if the origin (0,0) is one corner of
the effective window.

Drawing Circles

The CI (Circle) instruction uses your current pen position as the center of the circle; you speci-
fy the radius of the circle.

- Current

pen location
(starting point)
(4200,2900)

/\
\
S

(2400,2500) ,
Radius (4600,2500)

Current pen
location

500 plotter units

Figure 25. Drawing Circles and Arcs

This is the black on page 42 (seq: 60)

Company confidential. HP-GL/2 and HP RTL Reference Guide, draft 2. Freeze Status: open



&

The following example shows a simple instruction sequence using Cl to draw a circle with a
radius of 500 plotter-units. The circle is shown on the left of Figure 25.

PA 2400,2500; Specify absolute plotting and move to position (2400,2500).

Cl 500; Draw a circle with a radius of 500 plotter-units; the center of the
circle is the current pen location (2400,2500). The Cl instruction
automatically causes the pen to be lowered.

Drawing Arcs

The AA (Arc Absolute) and AR (Arc Relative) instructions use the following method for draw-
ing arcs. Your current pen location becomes one end of the arc; you specify the center point
with one parameter (setting the radius), and set another parameter to specify the number of de-
grees through which you want the arc drawn.

You can also draw arcs using the AT (Absolute Arc Three Point) and RT (Relative Arc Threg
Point) instructions. These instructions use three known points (your current pen location p
two points you specify) to calculate a circle and draw the appropriate arc segment of its cirg
ference. The arc is drawn from the starting point so that it passes through the intermediateias
point before the end point, using clockwise or counter-clockwise drawing as required. Refe

Figure 26.
Intermediate Intermediate
point point
End "_\ Starting point /—‘ End
point (current point
| pen location) |
\ / \ /
\ / \ /
N /7 \ Ve
h ~ P 7 h ~ -~ 7

Figure 26. Arcs through Three Given Points

The following example shows a simple instruction sequence using AA to draw an arc. The arc
is shown on the right of Figure 25.
PA 4200,2900; Set starting point to (4200,2900).
PD ; Set pen down.
AA  4600,2500,-180; Using the Arc Absolute instruction, specify the pivot point of the
arc, thereby setting the radius; draw the arc for iB@negative
angle of rotation.
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Angle of Rotation

A positive angleof rotation is in the direction of the +X-axis to the +Y-axis as shown below. A
negativeangle of rotation is in the direction of the +X-axis to the —Y-axis.

+Y
90°

180° 0® +X

270%

Figure 27. Angle of Rotation

The relationship of the +X-axis to +Y-axis (and —Y-axis) can change as a result of the scaling

point or scaling factor changes, thus, changing the direction of a positive (or negative) angle of
rotation.

The Polygon Group

All of the instructions in the Polygon Group use piodygon buffer a temporary data storage

area in your device. Using the polygon buffer is an integral part of drawing wedges, rectangles,
and other types of polygons. Some of the instructions in this group define and draw complete
shapes while others act only on the contents of the polygon buffer. The information in this sec-
tion enables you to achieve the following results in your programs:

e Draw circles, wedges, and rectangles.

e Use polygon mode for drawing polygons, subpolygons, and circles.
The following instructions form the Polygon Group:

EA Edge Rectangle Absolutd Outlines a rectangle defined with absolute coordinates.

EP Edge Polygon Outlines the contents of the polygon buffer.

ER Edge Rectangle Relativgd Outlines a rectangle defined with relative coordinates.

EW Edge Wedge Defines and outlines a wedge-shaped polygon.

FP Fill Polygon Fills the polygon shape specified in the polygon buffer.

PM Polygon Mode Allows you to create user-defined polygons in the polygor]
buffer.

RA Fill Rectangle Absolute |[Fills a rectangle specified with absolute coordinates.
RR Fill Rectangle Relative |Fills a rectangle specified with relative coordinates.
WG Fill Wedge Defines and fills a wedge-shaped polygon.
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The factory environment defaults for the polygon group are:
e Polygon buffer cleared (“PMQ").

e Polygon mode off ("PM2").
Filling then Edging Compared with Edging then Filling

When transparency mode is opaque (specified by “TRO;"), filling then edging an object may
produce different results from edging and then filling. This is especially true when large pen
widths are used. The following example illustrates this:

TR O Set transparency mode off (opaque)

PU 4000,6000; Position pen.

PW 5; Select pen width of 5 units.

PM 0 Enter polygon mode.

Cl 1000; Draw a circle with a radius of 1000 units.

PM 2 Close polygon and exit polygon mode.

FT 10,30; Select 30% shading fill type. .

FP ; S
] O =z

EP Fill then Edge polygon. a5

PU 4000,3000; Select pen position (4000, 3000) for second circle. Tx

PM 0 Enter polygon mode.

Cl 1000; Draw another circle with a radius of 1000 units.

PM 2 Close polygon and exit polygon mode.

EP ;

FP ; Edge then Fill polygon (circle).

The center of the left circle is located at (4000,3000). The center of the right circle is located at
(4000,6000).

You should normally fill an area first and then edge it.

Fill Then Edge Edge Then Fill

Figure 28. Filling and Edging Charts

Using the Polygon Buffer

Thepolygon bufferis a temporary storage area for information. In it the device collects the
instructions and coordinates that define a polygon you want to print. This polygon remains in
the buffer until replaced by another polygon, or until the buffer is cleared by initializing the
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device. Some instructions use the polygon buffer automatically, while other instructions re-
quire that you enter the polygon mode. The following instructions use the polygon buffer, but
do not allow you to enter polygon mode first:

EA Edge Rectangle Absolute
ER Edge Rectangle Relative
EW Edge Wedge

RA Fill Rectangle Absolute
RR Fill Rectangle Relative
WG Fill Wedge

Drawing Rectangles

You can draw a rectangle by outlining (edging) the defined area using the EA (Edge Rectangle
Absolute) or ER (Edge Rectangle Relative) instructions, or by filling (RA or RR), or a com-
bination. To draw a rectangle, the device uses the current pen location for one corner; you give

the coordinates for the diagonally opposite corner. The device draws the rectangle defined by
these two points.

The following simple instruction sequence uses EA to draw a rectangle:

PA 10,10; Specify absolute plotting and move to (10,10).

EA  2500,1500; Draw the outline of a rectangle, with the lower left corner being
the current pen location (10,10) and the upper right corner being
(2500,1500).

(2500,1500)
$

.
(10,10)

Figure 29. Drawing a Rectangle

The RA (Fill Rectangle Absolute) and RR (Fill Rectangle Relative) instructions fill their rect-
angles with the default or current fill pattern. You may also want to edge (or outline) the
rectangle for better image definition with some fill types.

The following instruction sequence draws two filled rectangles, one edged and one not:

PA 0,0; Specify absolute plotting and move to location (0,0).
FT 3; Specify fill type 3 (hatching—parallel lines).
RR 1500,1000; Fill a rectangular shape with the currently active fill pattern. The

lower left corner of the rectangle is the current location (0,0), and
the upper right corner is 1500 plotter-units in the X direction and
1000 plotter-units in the Y direction from the starting location.

; Draw an edge around the rectangle that was just drawn. Since the
previous RR instruction leaves its definition in the polygon buffer
(1500,1000), you do not need to specify the coordinates again.

EP
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PR 2000,0; Specify relative plotting and move the cursor 2000 plotter-units in
the X direction from the current pen location.

FT 4,100,45; Specify fill type number 4 (cross-hatching), set the spacing to 100
plotter-units between fill lines, and set the fill line angle t.45
RR  1500,1000; Fill a rectangle with the currently specified fill type. Use the cur-

rent pen location (0,0) as the lower left corner of the rectangle and
a point (1500,1000) relative plotter-units away for the upper right

corner.

(1500,1000) (3500,1000)

(0,0) (2000,0)

Figure 30. Filled Rectangles, with and without Edges

Drawing Wedges

HP-GL/2
KERNEL

A wedgeis a section of a circle. Wedges are commonly used togleaeharts You can draw
a wedge by outlining (edging) the defined area using the EW (Edge Wedge) instruction, or you
can create filled wedges using the WG (Fill Wedge) instruction.

e P2
90° Positive |
- sweep angle
/
/
// Positive start angle
180° —'— —4-0° Zero-degree
\ | reference point:
\ / (positive radius)
\ /
AN /
N ///
—_ T
I*Y 270
F:1_>+X

Figure 31. How Wedges are Drawn
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The wedge instructions use your current pen location as the center point; you specify the radius,
the start angle, and the sweep angle. réldais determines the length of the two sides of the
wedge. The sign (positive or negative) of the radius determines the locatinarot@degree

reference point Thestart angleis the number of degrees from the zero-degree reference point

at which you want to draw the first radius. Bweeepangleis the number of degrees through

which you want to draw the arc. To draw or fill a circle, simply specify & 3&@ep angle.

Figure 31 shows the different parameters of a wedge with a positive radius.

A positive angle of rotation is in the direction of the +X-axis to the +Y-axis as shown in Figure
27 on page 44. A negatiamgle of rotation is in the direction of the +X-axis to the —Y-axis.

The following example draws a wedge using the EW instruction. The radius of the wedge is

600 plotter-units, the wedge begins 3fbm the zero-degree reference point, and the wedge

“sweeps” for 60.

PA 2500,3500; Specify absolute plotting and move to location (2500,3500).

EW  600,90,60; Draw the outline of a wedge, using the current pen location
(2500,3500) as the point of the wedge. The wedge has a radius of
600 plotter-units, begins at 9@rom the default zero-degree refer-
ence point, and “sweeps” for 60

- P2

(2500,3500)
“P1

Figure 32. Simple Wedge

The following example uses different fill types with wedges and circles:

PA 1400,2500; Select absolute plotting mode and move to (1400,2500).

WG 600,150,120; Fill a wedge with radius 600 plotter-units, a start angle &f 150
and a sweep angle of 120Since no fill type was specified, the
wedge is black (solid black is the default fill type).

PA 2300,2500; Specify absolute plotting and move to (2300,2500).

FT 3,75,45; Select fill type number 3 (hatching—parallel lines), with 75 plot-
ter-units between hatching lines, and hatching lines tilted’at 45

WG 600,90,180; Fill a wedge with the current fill type; use a radius of 600 plotter-
units, a start angle of 90and a sweep angle of 180

FT 1,0,0; Specify a fill type of solid black.

WG 600,270,60; Fill a wedge using the same center and radius as the previous
wedge. Start the wedge at 27#0ith a sweep of 60

FT 4,60,45; Specify fill type number 4 (cross-hatching) with 60 plotter-units
between lines and the lines tilted af 45

WG  600,330,120; Fill a wedge using the same center and radius as the previous two
wedges. Start the wedge at 33Gith a sweep of 120

PA 3500,2500; Select absolute plotting and move to (3500,2500).
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WG  400,0,360; Create a filled circle using the current fill type (cross-hatching),
specifying a start angle of Gnd a 360 sweep.

PA 4500,2500; Move to (4500,2500).

FT ; Select a solid fill.

WG  400,0,360; Fill a 360wedge (circle).
(1400,2500)

Figure 33. Filled Wedges and Circles

HP-GL/2
KERNEL

Drawing Polygons

A polygon consists of one or more closed sequences of connected line segments (which may
cross each other). Drawing polygons requires the use pbtiigon mode The Polygon Mode
(PM) instruction tells the device to store subsequent instructions and coordinates in the polygon
buffer before printing the shape. (Rectangles and wedges are polygons which have their own
drawing instructions; the device automatically generates and stores the coordinates in the poly-
gon buffer.)

Polygon Definition Instructions

You can use the following instructions in polygon mode to create polygons. These instructions
are stored in the polygon buffer until they are replaced with another polygon or the device is
initialized.

AA Arc Absolute

AR Arc Relative

AT Absolute Arc Three Point
BP Begin Plot

BR Bezier Relative
BZ Bezier Absolute
Cl Circle

PA Plot Absolute

PD Pen Down

PE Polyline Encoded
PM1/PM2 Polygon Mode

PR Plot Relative

PU Pen Up

RT Relative Arc Three Point
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Drawing Subpolygons

While in polygon mode, you can define either one polygon or a sersespblygons Like a
polygon, a subpolygon is a closed sequence of connected line segments. For example, the
block letter C is one complete polygon. However, the block letter D is actually two subpoly-
gons: the outline and the “hole”.

To create one polygon, for example, the letter C, move the pen to the starting location for the
polygon, then use the PM (Polygon Mode) instruction to enter polygon mode. Define the shape
of the C using the appropriate instructions and coordinates, then exit polygon mode (“PM1”).
Now draw the polygon using either the EP (Edge Polygon) or FP (Fill Polygon) instruction.

One One
polygon subpolygon
One
subpolygon

Figure 34. Drawing Subpolygons

To create a series of subpolygons, for example, the letter D, move the pen to the starting loca-
tion of the first subpolygon, then enter polygon mode. Define the outer shape of the letter D
using the appropriate instructions and coordinates, then close the subpolygon (“PM1"), staying
in polygon mode. Define the inner shape of the D, then exit polygon mode (“PM2”). Now
draw the subpolygons using either the EP or FP instruction. For more information on entering
and exiting polygon mode, refer to the PM instruction discussed on page 251.

In polygon mode, you can define points with the pen up or down. However, the EP instruction

only draws between points defined when the pen was down. In contrast, the FP instruction fills
between all points, regardless of whether they were defined when the pen was up or down. An
exception is that the line connecting two subpolygons is never drawn, and is not a fill boundary.

Filling Polygons

There are two methods which can be selected for filling polygonsvth&oddill method
(which is the default) and then-zerowinding fill method.

Even/Odd Fill Method

There is a simple way to determine which portions of a single polygon or series of subpolygons
is filled when you send a FP (Fill Polygon) instruction using method O (fill using even/odd

rule): Draw a straight line extending from any point within an enclosed area of the polygon to
a point outside the polygon. FP fills the enclosed area in question only if the line you have

drawn intersects the edges of the polygon an odd number of times. The next figure illustrates
this “even/odd” rule.
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The line intersects the
polygon once (odd=filled).

The line intersects
the polygon twice
(even=not filled).

Single polygon Two subpolygons

Figure 35. Filling Polygons: Even/Odd Fill Method

Non-Zero Winding Fill Method

HP-GL/2

—
]
Z
o
|
N2

TWO SUBPOLYGONS SINGLE POLYGON

"""""" 7 Subtract1=0

The enclosed The
y area is NOT enclosed
filled area IS filled

Add 1 = +1

Starting Point

Starting Point Add 1 = +1 A

Subtract1 =-2
The enclosed
area IS filled

Starting Point Subtract 1 = -1

Figure 36. Filling Polygons: Non-Zero Winding Fill Method

Thenon-zerowinding fill algorithm (fill method 1) determines whether a point is inside a re-
gion enclosed by a line path using the following steps:

1. Draw a ray from the point across the path segment.
2. Add 1 every time the line segment crosses the ray from left to right or bottom to top.

3. Subtract 1 every time the segment crosses the ray from right to left or top to bottom.
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4. FP fills the enclosed area in question if the sum of steps 2 and 3 is non-zero.

Figure 36 illustrates the non-zero winding fill concept. Note the importance of the direction in
which the lines are drawn.

Drawing Circles in Polygon Mode

Polygon mode interprets the CI (Circle) instruction differently from the other HP-GL/2 instruc-
tions. The device treats a circle as a complete subpolygon. The device automatically closes
the first polygon (if any) before starting the circle, and uses the first coordinates (if any) after
the circle is drawn to start a new subpolygon.

If you did not close your first polygon completely before sending the Cl instruction, the device
automatically closes the polygon by adding a point (at the starting point of the previous sub-
polygon). This can change your current pen location and the placement of the circle in your
polygon, resulting in an inaccurate polygon.

A circle (360 arc) specified by AA, AR, AT, or RT is not treated as if it was preceded and fol-
lowed by “PM1".

Cl with a zero radius is a syntactically correct but geometrically degenerate subpolygon that
produces a dot. The following example shows how CI can produce syntactically incomplete

subpolygons:

PU ; Pen Up.

PA 1000,1000; Move to (1000,1000).

PM 0 Enter polygon mode with the point (1000,1000) in the buffer.

Cl 200: The subpolygon consisting of the single point (1000,1000) is im-
plicitly closed; it has fewer than three points, and effectively
disappears. After this Cl instruction, the pen-up state and the
location (1000,1000) are restored, but this point is not put into the
polygon buffer.

Cl 500; This Cl instruction again forces closure, and the restored position
point is discarded.

PM 2 Close polygon mode.

FP ; Fill polygon. The result is a torusthouta center dot.

Calculating How Much of the Polygon Buffer is Used

You can use the following formula to estimate how much buffer space a polygon consumes.
Each point in a polygon uses 9 bytes. For example, the minimum number of points the device
will hold is 512; if you multiply 512 points by 9 bytes per point, the result is 4608 bytes (4.5
Kbytes). That means the minimum your device can store in the polygon buffer is 4.5 Kbytes.
That is the worst case, however; unless the device has a substantial amount of fonts, macros, or
graphics already downloaded into user memory, you can put much more into the polygon buff-
er. As we just calculated, for every 4.5 Kbytes of extra unused user memory, the polygon

buffer can store 512 more points. You can see how in most cases there is little chance of a
polygon buffer overflow, especially with the addition of optional device memaory.

The following formula explains how to calculate the buffer space used by a polygon:

number of points in polygon X 9 = buffer space consumed by polygon
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Counting the Points in a Polygon

The starting pen location and each subsequent point define a polygon. As shown in the follow-
ing illustration, a rectangle is defined by five points, not four. This is because the starting
location is counted again as the ending location. The second shape has seven points.

4
1 (stary) > (Close) 5

Figure 37. Counting Points in a Polygon
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Counting the Points in a Circle or Arc

When a circle or arc defines a polygon, the number of points depends on the number of ch
in the arc. There is always one more point than the number of chords, because the starting
location is counted again as the ending location. Use the following formula to determine the
number of points used to draw a circle or arc:

Arc Angle (degrees)
Chord Angle (degrees)

# of Points =

Using this formula, a full circle with the default chord angle oténsists of 73 points
(360/5 + 1 = 73), and a 4%rc with a chord angle of Zonsists of 16 points (45/3 + 1 = 16).

e If the chord angle does not divide evenly into the arc, round up to the next integer before
adding one: 45/2 + 1 =23 + 1 = 24.

e In polygon mode, the smaller a circle’s chord angle, the more chords will be stored in the
polygon buffer to draw it.

The Line and Fill Attributes Group

The Line and Fill Attributes Group instructions enable you to achieve the following results in
your HP-GL/2 applications:

e Select a pen for plotting or printing.

e Enhance your drawings with various line types (repeated patterns of dots and dashes).
e Enhance your drawings with different fill types (shading patterns).

e Position fill-type patterns.
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The following instructions form the Line and Fill Attributes Group:

AC Anchor Corner Specifies the starting point for fill patterns.

FT Fill Type Selects the pattern to use when filling polygons.

LA Line Attributes Specifies how line ends and joins are shaped.

LT Line Type Selects the line pattern to use for drawing lines.

PW Pen Width Specifies a new pen width.

RF Raster Fill Definition Defines a pattern for use as area fill.

SM Symbol Mode Draws a symbol at each coordinate location.

SP Select Pen Selects a pen for plotting.

UL User-Defined Line Type | Defines a line pattern.

WU Pen Width Unit Selection Specifies whether the pen width is defined in millimeters gr
as a percentage of the P1/P2 distance.

The factory environment defaults are:

e The line type is solid, and the line-type repeat length is 4% of the diagonal distance from
P1to P2.

e The line cap is butt, the line join is mitered, and the miter limit is 5.

e The pen color is the default HP-GL/2 palette, the pen widths are 0.35 mm., and the pen
width selection mode is metric.

e The selected pen is 0 (no pen).

e Symbol mode is off.

e The fill type is solid bidirectional.

e The user-defined line types are the eight standard types as defined by the LT instruction.
e The area fill anchor corner is (0,0) plotter-units.

e The user-defined fill types are solid fill.

Using Line Attributes and Types

Square Round

ends ends \

\

Beveled join Round join

Figure 38. Line Ends Attribute
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You can change the appearance of the lines you draw by using the LA (Line Attribute) and LT
(Line Type) instructions. The LA instruction lets you specify whether the ends of lines and
corners of joined lines should appear as square, triangular, round, or beveled.

Line types are repeated patterns of dots and/or dashes (including solid lines). The following
shows some examples of line types. You can also vary the width of the lines and line types you
draw by using the PW (Pen Width) instruction. Note that the pen widths used in labels are de-
termined by the stroke weight, specified in the AD and SD instructions.

(PW.13) P

(PW.5) .o . . ‘e

(PW1.5) esssseeesssm—"e s ¢esssmmmm @

Figure 39. Different Pen Widths and Line Types

HP-GL/2
KERNEL

Once you specify a line type and line attributes, all lines created by the following instructio
are drawn using the new line type and attributes. Line types and their interactions with fill |
terns are discussed on page 56.

Instructions Affected by Line Types

AA Arc Absolute
AR Arc Relative
AT Absolute Arc Three Point

BR Bezier Relative
BZ Bezier Absolute
Cl Circle

EA Edge Rectangle Absolute
EP Edge Polygon

ER Edge Rectangle Relative
EW Edge Wedge

FP Fill Polygon

PA Plot Absolute

PD Pen Down

PE Polyline Encoded

PR Plot Relative

RA Fill Rectangle Absolute
RR Fill Rectangle Relative
RT Relative Arc Three Point
WG Fill Wedge
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Using Fill Types

Using the FT (Fill Type) instruction adds detail to your drawings and increases their visual ef-
fectiveness. The fill type affects the following instructions:

CF Character Fill

FP Fill Polygon

RA Fill Rectangle Absolute
RR Fill Rectangle Relative
WG Fill Wedge

HF HFAPRP RPRE AP AP AV AP
RP HP HP HP HP KP HP HP HP HP W}
HP HP HP HP HP HP RP HP HP HP W}
HP HP HP HP HP HP HP HP HP HP Hf
HP HP HP HP HP HP HP HP HP HP
HP HP HP HP HP HP HP HP HP HP H
P HP HP HP KP HP HP HP HP KP HP H
P HP HP HP HP HP HP HP HP HP HP i
P HP HP HP KP HP HP HP HP HP HP H
P HP HP HP HP HP HP HP HP HP NP i

Figure 40. Fill Types

There are several different types of fill that can be used, including solid, hatch, cross-hatch, and
raster. The range is device-dependent. Figure 40 shows some commonly used types. You may
also be able to define your own types of fill.

EEEEERERLS

~

Anchor corner

Figure 41. Fill Area Anchor Corner
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When you use HP-GL/2 hatching or cross-hatch fill types, the lines are drawn using the current-
ly selected line width, line type, and line attributes. For example, if you have selected a dashed
line type and a hatched fill type, your figure is filled with dashed, parallel lines.

All fill types have aranchor corner, the starting point of the fill pattern. Its default location is
the current-unit origin (0,0). Conceptually, the fill type replicates out from the anchor corner in
the +X-directions and +Y-directions, as shown in Figure 41. Areas are filled by that portion of
the fill type resident to the area (refer to rectangles 1 and 2).

Use the AC (Anchor Corner) instruction to position the fill type in relation to the area. Rectan-
gle 3 has an anchor corner set in its the lower-left corner. Rectangle 4 has an anchor corner set
below the lower-left corner to alter the pattern’s position and give contrast to the adjacent area.

Selecting a “Pen” and Changing Line Width

Even though a printer and some types of plotter do not print with a physical pen as a pen
does, they nevertheless use a “logical pen” which emulates the action of a physical pen.
must use the SP (Select Pen) or PE (Polyline Encoded) instruction to draw.

You can change the width of the logical pen using the PW (Pen Width) instruction. Subse
lines are drawn using the new width. Use PW to vary the line thickness and enhance your
plots. You may change widths as often as you like, without sending an SP instruction agai

For pen plotters, the PW instruction causes the plotter to behave as if a wider or narrower
being used, whether or not you have switched to a pen with a different width. The plotter com-
pensates by restroking lines to the approximate width specified.

Pen (line) widths can be specified either in millimeters or as a percentage of the diagonal dis-
tance from P1 to P2. Use the WU (Pen Width Unit Selection) instruction to select how the pen
width is specified. Since using the WU instruction defaults the width of all pens, semeWU

fore a PW instruction.

The Character Group

When you create an HP-GL/2 graphic and want to add text, you can either enter PCL mode to
add text to your image or you can print text from within HP-GL/2 mode. (There is no support
for text in HP RTL mode.) If this is your first experience with HP-GL/2, you should know that
the term “label” is used to indicate the printing of text. This section discusses the various ways
you can “label” your images using the device’s vector graphics instructions.

The Character Group instructions enable you to do the following things:

e Work with the character cell.

e Use different fonts.

e Print or plot with proportionally-spaced and fixed-spaced fonts.
e Designate and select standard and alternate fonts.

e Position and print labels using any supported font.

e Change label size, slant, and direction.

e Use variables in labels.
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The following instructions form the Character Group:

AD Alternate Font Definition | Specifies an alternate font for labeling.

CF Character Fill Mode Specifies how outline fonts are rendered.

CP Character Plot Moves the pen the specified number of character cells from
the current pen location.

DI Absolute Direction Specifies the slope of labels independent of P1 and P2 loa-
tions.

DR Relative Direction Specifies the slope of labels relative to P1 and P2 locations.

DT Define Label Terminator | Defines the character or code that “turns off” labeling.
DV Define Variable Text Specifies the label path as right, left, up, or down.

Path
ES Extra Space Increases or reduces space between label characters and
lines.
LB Label Prints text using the currently selected font.
LO Label Origin Positions labels relative to the current pen location.

SA Select Alternate Font Selects the font designated by AD for labeling.
SD Standard Font Definition| Specifies the standard font for labeling.
S| Absolute Character Size| Specifies an absolute character size (in centimeters).

SL Character Slant Specifies the slant at which labels are printed.

SR Relative Character Size | Specifies the size of characters as a percentage of the P1/P2
distance.

SS Select Standard Font | Selects the font designated by SD for labeling.

TD Transparent Data Specifies whether control characters perform their normal

function or are printed as characters when printing text.

Working with the Character Cell

In each font, the basis for each character or space is the character cell. Think of the character
cell as a rectangular area around a character that includes blank areas above and to the right of
the character. Refer to Figure 42 and the following explanations of some terms.

Baseline—The imaginary line on which a line of text rests. A character’s descender (such as
the bottom of a lowercase “g”) extends below the baseline.

Line Feed—The distance from the baseline of a line of text to the baseline of the next character
line above or below. For most fonts, the linefeed is about 1.2 times the point size (1.33 times
the point size for stick fonts).

Point Size—Traditional character measure roughly equivalent to the height of a capital letter M
plus the depth of a descender. Point size is usually measured in units of 1/72-inch.

Delta-X—The implied pen movement that occurs after a character is printed. It includes the
space taken up by the character as well as the white space between the characters set by the ES
(Extra Space) instruction. Infixed-spacedont, delta-X is the same for every character. In a
proportionally-spacedont, delta-X varies from one character to another.

Pitch—The number of characters per inch. It is the inverse of delta-X. A pitch of 10 means
that the delta-X is one-tenth of an inch; ten characters will fit into a one-inch space. Pitch is

58

This is the black on page 58 (seq: 76)

Company confidential. HP-GL/2 and HP RTL Reference Guide, draft 2. Freeze Status: open



only used to measure fixed-space fonts, because proportionally-spaced fonts include characters
with different delta-X values.

Cap Height—The distance from the baseline to the top of a capital letter. For most fonts, the

cap height is approximately 0.7 times the point size (0.67 times the point size for the stick
font).

Character Origin—The point at which the baseline meets the left edge of the character cell.

Character Width—The lateral area allocated for character rendering. This is the horizontal
distance occupied by a printed character if intercharacter spacing is eliminated. Wide charac-
ters (such as “W”) may span the entire character width area, while narrow characters (such as a
period) include white space on both sides. For calculation purposes, nominal character width is
approximately 0.5 delta-X (or 0.67 delta-X for the stick font).

Character Plot (CP) Cel-A rectangular area with the height of a linefeed and a width extend-
ing from the beginning of one character to the beginning of the next (delta-X).

Character Plot (CP) Cell Width-The distance from the left edge of one character to the beg
ning of the next character.

HP-GL/2
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Cell Width

Figure 42. Character Cell and HP-GL/2

Types of Fonts

In HP-GL/2 mode, the device uses at least one of three different types of fonts:

e Scalable Outline Fonts—Characters can be displayed at any size. The characters are
defined as a set of points on the outline of a character and corresponding mathematical
relationships describing the interaction between these outline points. A scalable outline
character can be resized (using Sl and SR), rotated (using DI, DR, and RO), and distorted
(using SL).

e Bitmap Fonts—Characters defined as an array of dots in a raster pattern. Bitmap charac-
ters cannot be transformed using DI, DR, S, SR, or SL, but they can be used with all of the
other instructions in this section—see the SB (Scalable or Bitmap Fonts) instruction, which
is in the Dual-Context Extension, on page 288. Bitmap characters are always placed in an
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orthogonal direction to the page, closest to the print direction established using the DI and
DR instructions (see Figure 73 on page 140).

Bitmap fonts affect labels as follows:

— Bitmap characters can only be printed horizontally or vertically. If the print direction
(DI or DR) is not orthogonal, the offset between characters follows the print direction,
but the characters themselves are rotated to the neafest 90

— Bitmap characters cannot be stretched. A size instruction (Sl or SR) renders labels in
the closest available size. The Sl ort@&Rghtparameter determines the best-fit size
for proportionally-spaced fonts, tmadth parameter for fixed-space fonts.

— Bitmap fonts cannot be slanted or edged; SL and CF have no effect on them.

e Stick and Arc Fonts—Characters are drawn as a series of vectors. The characters are
defined as a set of end-points. You can resize (using Sl or SR), rotate (using RO, DI, and
DR), and distort (using SL) stick fonts. Stick fonts are defined on a dimensionless grid.
The main body of each character fits within a 32-by-32-unit box, with descenders extend-
ing beneath. The stick font is fixed-spaced, and the arc font is proportionally-spaced. All
HP-GL/2 devices support stick fonts.

Stick fonts (typefaces 48, 49, and 50) are a series of vectors whose width depends on the
character size and the stroke weight parameter in the AD or SD instruction. The formula
used is device-dependent, but is typically:

line width = 0.1 x min(height, 1.5 x character width) x 1.13stroke weight

wherestroke weight is an integer in the range —7 to +7. An AD or SD with a stroke
weight of 9999 renders the stick font in the current pen width.

The figures below show each type of font in relation to its character cell.

Scalable Outline Bitmap

Line Feed 4‘

}—— Point Size —|

|—Cap Height—|

Line Feed ——{

}— Point Size —|

|—Cap Height—{

- - = =momoad

o
t
i Character. .
‘_ Character Plot Baseline I- Width Baseline
Cell Width ’_ Character Plot
Cell Width

Figure 43. Scalable and Bitmap Character Cell

Note: Proportionally-spaced fonts do not actually have a fixed character “cell”. The width
occupied by each character depends on the character’s shape.
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e Fixed-Vector Font—The horizontal space for all characters is the same, and each character
is always drawn using a fixed number of vectors, regardless of its size or direction.

e \Variable-Arc Font—Characters are proportionally spaced, that is, the amount of horizontal
space occupied by each character varies from one character to another. Characters are
drawn using arcs, so that they have smoother contours.

e Fixed-Arc Font—The horizontal space for all characters is the same. Characters are
drawn using arcs for greater smoothness.

e Drafting Font—Characters are designed to provide reliable character recognition in
situations where photo reduction may cause image degradation and loss of resolution. The
characters are drawn in such a way as to avoid confusion between lines and figures. Thus
the letter “B” and the digit “8” have a wider bottom than top part, but the “8” has a full,
round shape to avoid blur. The digits “6” and “9” have large bodies, but with open stems.
The set also includes symbols used in drafting, sueh andA. The HP Drafting font is
a fixed-space vector font.

When you use the S| (Absolute Character Size) or SR (Relative Character Size) instructio
change the size of the characters, or use the ES (Extra Space) instruction to add extra spa

around them, you alter the size of the CP (Character Plot) cell. %g
QF
o
. Stick Tt
(definition grid)
64
48
0 I
(]
w
g s T” ‘.
- - L [
£ 2 .
& T -
Q. L}
m L}
L 1 :
4 o '
0 32 4
I_ Character
Width Baseline
I__ Character Plot
Cell Width

Figure 44. Stick Font Character Cell
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Printing or Plotting with Fixed-Spaced and Proportionally-Spaced Fonts

Figures 45 and 46 show the difference between fixed-spaced and proportionally-spaced fonts.

CP cells 1 Space = Width of
/\ Space Control Code
P —
A
I )‘ 1 linefeed
Uppercase
character \
height
N \__/ J
S +
Character Character
origin width
fixed
(fixed) Subsequent
character
origins

Figure 45. Fixed-Spaced Font

Proportionally-spaced (variable-space) fonts, by definition, use different amounts of horizontal
space for each letter. This variation produces some differences in the definition of the character
cell, and in the way some of the labeling instructions work with these fonts. These differences

are described in this section.

With proportionally-spaced fonts, the actual space occupied by each character varies according
to the character’s width (see Figure 46).

C‘P/ctls 1 space is variable
A
b }‘ 1 linefeed
Uppercase
character
height
J
Character Character
origin width
(varies) Subsequent
character
origins

Figure 46. Proportionally-Spaced Font

When printing proportionally-spaced fonts, the CP (Character Plot) instruction uses the width
of the Spacesp) control code to determine horizontal spaces and the Line Feed height for de-
termining vertical spacing. The ES (Extra Space) instruction (see page 169) uses the horizontal

62

This is the black on page 62 (seq: 80)

Company confidential. HP-GL/2 and HP RTL Reference Guide, draft 2. Freeze Status: open



&

escapement distance (a font metric) to compute horizontal spaces and the Line Feed height for

determining vertical spacing. Both of the character size instructions (S| and SR) use cap height
and average character width in calculating character size. Otherwise, these instructions behave
the same as they do with fixed-spaced fonts.

Designating and Selecting Fonts

If you intend to label with the default fixed-spaced (stick) font, you do not need to use the SD
or AD instructions for designating standard and alternate fonts. However, if you intend to use a
different font (for example, to match accompanying PCL text), you must use the SD or AD
instructions to designate fonts before you can select those fonts for labeling (using either SA or
SS).

Standard and Alternate Fonts

The following outlines some of the principles to use when labeling with different fonts:

[ )

Designate the standard and alternate fonts using the SD or AD instihefioelabeling.
If you are using the stick font (the default) as your standard font, you need specify onl
your alternate font.

HP-GL/2
KERNEL

Select either the standard or alternate font, using either the SS or SA instruction beford
labeling.

Note that labeling always begins with the standard font, unless you use the SA instruction
before you begin your label (or finish the previous label in the alternate font).

Switch from the standard font to the alternate font, either using SS and SA or the Shift
In/Shift Out method. If you are changing fonts within a text string, the Shift In/Shift Out
method is usually more efficient. Saecessing Special Charactesa page 72. Switch

from the standard font to the alternate font using the ASCII Shift Out control chasmter (
decimal code 14). Switch from the alternate font to the standard font using the ASCII Shift
In control characters(, decimal code 15). (Note that a Shift &m)(or Shift Out §0)

outside of the label instruction string is ignored.)

How Your Device Selects Fonts

The following summarizes the procedure that your device follows to select a font. The criteria
are based on the parameters of the AD and SD instructions. The procedure is necessary be-
cause fixed-space and variable-space fonts use different criteria to determine text size. For
fixed-space fonts, the pitch determines the size. The height parameter of the AD and SD
instructions is only used to distinguish between fonts with equal pitch. For variable-space
fonts, the height parameter of the AD and SD instructions determines the text size; the pitch
parameter is ignored. Your HP-GL/2 device performs the following steps in order:

1. If the specifiectharacter setloes not exist, the device uses the user default set (set from
the control panel, if there is one) or the factory default set.
2. If the specifiedont spacingfixed or variable) is available, it is used; otherwise the device
uses the remaining space option.
3. If the remaining fonts are proportionally spaced piteh is ignored. For fixed-space
fonts, if the specified pitch is not available, the device selects the next greater pitch. If no
greater pitch is available, the device selects the closest available smaller pitch. (A pitch of
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12 characters per inch [cpi] is greater than one of 10 cpi; greater pitch means smaller char-
acters.) Note that any specified pitch is available for scalable fonts.

4. The device selects the closest available height toeigltparameter. The closest avail-
able height is in terms of absolute difference. For example, if the device has 6-, 8-, and
12-point fonts and the specified height is 10, both 8- and 12-point fonts are selected for the
next selection criterion. All fonts with heights within a quarter-point of the specified
height are considered to satisfy the height criteria. Note that any specified height is avail-
able for scalable fonts. Height is ignored for fixed-space fonts.

5. If the specifiegosture(upright or italic) is available in the remaining fonts, the device
selects that posture; otherwise, this attribute is ignored.

6. If the specifiedstroke weights available in the remaining fonts, the device selects that
stroke weight. Note that any stroke weight is available for stick fonts.

If the specified stroke weight is greater than or equal to zero and is not available, the
device selects the next thicker stroke weight. If no thicker stroke weight is available,
the device selects the next thinner stroke weight.

If the specified stroke weight is less than zero and is not available, the device selects
the next thinner stroke weight. If no thinner stroke weight is available, the device se-
lects the next thicker stroke weight.

7. If the specifiedypefacds available, the device selects that typeface; otherwise, the device
ignores this attribute. The stick fonts are typefaces 48, 49, and 50. The character set and
posture selections must match an available stick font.

8. If more than one font emerges after this procedure, the location of fonts provides the fol-
lowing order of priority:

Downloaded bitmap soft fonts in ascending font ID order.
Downloaded scalable soft fonts in ascending font ID order.
Bitmap external cartridge fonts.

Scalable external cartridge fonts.

Bitmap internal fonts.

Scalable internal fonts.

9. If multiple fonts remain, a font in the specifiedentation(the result of the DI or DR
instruction) is selected. If none of the fonts is defined in the specified orientation, automat-
ic rotation is applied to one of the remaining fonts.

Using Labels

Use the LB (Label) instruction to add text to plots, to create text charts, or to emphasize areas
of a diagram or graph that need special attention or explanation. You can control almost all
aspects of the label’'s appearance: its position, size, slant, spacing, and direction. All labels are
drawn using the font currently designated (refer to the SD or AD instructions) and selected for
use (refer to the SS or SA instructions).

If you are using a font other than the default, use SD (Standard Font Definition) or AD (Alter-
nate Font Definition) instructions tiesignatea font. Then, use the SS (Select Standard Font)
or SA (Select Alternate Font) instructionsstedectthe designated font for use. You can follow
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the LB (Label) instruction with virtually any characters, including non-printing control codes,
such as a Line FeedH) or Carriage Returrcf).

At the end of a label, you must use a special label terminator to signify the end of text. The
default terminator is the ASCII end-of-text chara&mex (decimal code 3), or you can define a
terminator using the DT instruction. Without the label terminator in place, your device contin-
ues to label your picture with all subsequent HP-GL/2 instructions and parameters.

Note: Symbol mode, set by the SM instruction, is a special case of a Label.

The following example demonstrates printing a simple label using the SD instruction to desig-
nate a font, the SS instruction to select that font, the DT instruction to define a label terminator,
and the LB instruction to print the label, including Carriage Returns and Line Feeds.

Note: In the examples, if a Carriage Return-Line Feed pair is required in the example, it is in-
dicated a£R LF.

PA 1500,2500; Specify absolute plotting and move to (1500,2500).

SD 1,21,2,1,4,25,5,1,6,0,7,52; Designate the 25-point Univers Italic font as the stand
font.

DT*1; Define the asterisk character as the label terminator (the “1” ind

cates that the terminator—the asterisk—shouldn’t be printed).
(Don't leave any spaces before the asterisk.)

SA ; Select the alternate font for printing. Since an alternate font
hasn’t been designated, the default (say, 11.5-point) stick font i
selected.

LBThis is the Stick Font (Defautt LF CRLF*; Print the first line of text, followed by
two Carriage Returns and two Line Feed control codes. Notice
how the asterisk terminates the label. Note also that if you in-
clude any spaces between the “LB” and “This”, they will cause
spaces to appear on the plotted page.

SS ; Select the standard font.

LBThis is Univers ltalic*; Print the line of text in the newly specified font.

iThis is the Stick Font (Default)
(1500,2500)

This 1s Univers Italic

Figure 47. Printing Labels

Default Label Conditions

The following label default conditions are established when the device is initialized, or set to
default conditions. To change these settings, refer to the appropriate section or instruction.

e Symbol set (character set)-HP Roman-8.
e Font spacing—Device-dependent.

e Pitch—Device-dependent; normally 9 characters per inch. (Refer to your device's HP-
GL/2 option documentation for any of the following instructions: AD, SD, SI, SR.)

e Height—Device-dependent; normally 11.5 point.
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e Posture—Device-dependent.
e  Stroke weight—Device-dependent.
e Typeface—HP-GL/2 stick.

(For each of the above settings, refer to the AD and SD [Alternate and Standard Font Defi-
nition] instructions.)

e Label terminator— ASCII end-of-text charact&Tx (decimal code 3). Refer to the DT
(Define Label Terminator) instruction.

e Label starting point—Current pen location (LO1). Refer to the LO (Label Origin)
instruction.

e Label direction—Horizontal (the positive X-direction; it may be vertical on the paper).
Refer to the DI, DR, and DV instructions.

e Label direction mode—Absolute. Refer to the DI instruction.
e Label size mode-Absolute. Refer to the Sl instruction.
e Character width and height—Device-dependent. Refer to the Sl instruction.

e Space between characters and linesNermal (no extra space). Refer to the ES (Extra
Space) instruction.

e Character slant—None (vertical). Refer to the SL (Character Slant) instruction.

e Character fill mode—Solid fill, no edging. Refer to the CF (Character Fill Mode) instruc-
tion.

e Transparent data mode—Off. Refer to the TD instruction.

Character Positioning

LB uses the current pen position as the reference for the label position. LO (Label Origin) can
left-align, center, right-align, and adjust the vertical position about the current pen position.

The default label starting point is approximately at the intersection of the left edge of the char-
acter and the baseline. After printing a character, the pen position is updated by that character’s
delta-X distance to the starting point of the next character (unless modified by ES). This con-
tinues until the end of the label string (unless an embedded control character such as a carriage
return or line feed is encountered). When printing the label, the pen position is updated accord-
ing to the current path (DV) and label origin (LO). DV operates during the label, determining

the character-to-character direction.

LB updates the pen position, but not the carriage-return pfrcharacters move the carriage-
return point down; DV changes this direction. The carriage-return point is maintained in
physical units, not user units.

Moving to the Carriage-Return Point

When you begin labeling, the current pen location ic#rgage-return point(the beginning

of your line of text is the point to which the pen is “returned” when a carriage reriregn-

trol code is sent to the device). When the device encounters a CP (Character Plot) instruction,
or a carriage return control code within a Label instruction, the pen moves to the carriage-re-
turn point, adjusted up or down by any line feeds.
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The following instructions update the carriage-return point to the current location:

AA Arc Absolute
AR Arc Relative
AT Absolute Arc (Three Point)

BR Bezier Relative

BZ Bezier Absolute

CP Character Plot (see note)
DF Default Values

DI Absolute Direction

DR Relative Direction

DV Define Variable Text Path
IN Initialize

LO Label Origin

PA Plot Absolute

PD Pen Down (see note)

PE Polyline Encoded

PR Plot Relative

PU Pen Up (see note)

RO Rotate Coordinate System
RT Relative Arc (Three Point)

HP-GL/2
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Note: A PD or PU instructiowith parameterslso updates the carriage-return point. The CP
instruction with a non-zerines parameter updates the carriage-return point’s vertical locatio

The LB (Label) instruction does not update the carriage-return point to the current pen location,
but continues labeling from the current pen location. This feature allows you to issue several
label instructions that write one long label and still us& o get to the beginning of the entire
label.

Control Characters

There are two modes of operation for printing HP-GL/2 lalmelemal andtransparent data

Normal mode is the default; all character codes within a label are printed using the currently
selected font, undefined character codes produce a space, and all control codes are ignored un-
less they perform a function, as follows (these are the codes in the PC-8 compatible symbol

sets):
Control Decimal |Description
Code code
Null (NuL) |0 No Operation (NOP).
End-of-text |3 An indication of the end of a label. If an alternative label
(ETX) terminator has been defined (using the DT instruction),
this code performs no operation (NOP).
Bell(BEL) 7 No Operation (NOP).
Backspace |8 The pen moves to the position before the last printed
(BS) character. For proportionally-spaced fonts, a backspace
centers the overstriking character on the overstruck char-
acter; the pen position should end up at the same position
as before the backspace. A backspace as the first charac-
ter of a label is ignored.
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Control Decimal |Description

Code code

Horizontal |9 The pen moves to the next tab stop. Stops are located at

Tab HT) the carriage-return point and at every eighth column be-
tween that point and the edge of the current window. A
column is equal to the width of a Space character in the
current font; it may be modified by the ES instruction.

Line Feed |10 The pen position and carriage-return point advance one

(LF) line from their current positions. For HP-GL/2 labels, a
line is the character-cell height.

Vertical Tab| 11 No Operation (NOP).

(vT)

Form Feed |12 No Operation (NOP).

(FF)

Carriage 13 The pen position is updated to the carriage-return point

Return €R) (usually the pen position when the LB instruction was
executed, adjusted by any line feeds).

Shift Out 14 Invoke the Alternate Font (equivalent to the SA instruc-

(so) tion).

Shift In (S1) |15 Invoke the Standard Font (equivalent to the SS instruc-
tion).

Escape 27 No Operation (NOP).

(ESC)

SpacesgP) |32 The pen position moves one column to the right. If the
current font contains a character definition for the space
code, it is printed; otherwise it is a non-printing space.
The space width may be modified by the ES instruction.

Transparent data mode, enabled by the TD instruction, prints all character codes in the current
font; a space is printed for undefined character codes. The only functionality of a character
code {ncluding control codésis the printing of a graphic image or a space. The only excep-
tion is the currently defined label terminator which prints an image or a space (if DT mode is 0)
and also terminates the label.

For example, in the PC-8 symbol set, the eighth note musical symbol is identified by a charac-
ter code of 13. In transparent data mode, a code of 13 produces the eighth note; in normal
mode it produces a carriage return.

In the 8-bit compatible symbol sets, character codes 0 through 31 and 128 through 159 are con-
trol codes. The 7-bit compatible sets are treated in the same way, except that codes 128

through 255 are undefined (128 through 159 are NOPs and 160 through 255 are spaces). Values
32 and 255 are not considered control codes because they produce a space in any mode.
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Adding Carriage Returns and Line Feeds to Labels

Carriage returns and line feeds are non-printing ASCII control characters. You can insert these
formatting characters using a character-string function like CHR$ in BASIC, or by producing
them directly from the keyboard. Most of the examples in this book represent these characters
in bold uppercase letters suchcasandLF.

When you use a string function such as CHR$, you must separate it from the label in a suitable
manner, using a concatenation symbol such as “+", “;”, or “,”. For example, in BASIC you use
the “+” symbol between the label (which is enclosed in quotation marks, and the CHR$ func-
tion, like these:

“LBThis is a label"+CHR$(3)
“LBThis is another label"+CHR(13)+CHR$(10)+“on two lines"+CHR$(3)
If you can enter control characters from the keyboard, the same two labels would be:

“LBThis is a labetTX”
“LBThis is another lab&RLFon two line&€TX”

Both pairs of examples produce the following labels: gd
. _ 0
This is a label This is another label d i

on two lines

Enhancing Labels

You can enhance your labels by changing such aspects as the character size and slant, the space
between characters and lines, and the orientation or placement of the label on the page. To ef-
fectively use these enhancements you should understand the properties of the character cell.
Refer toWorking with the Character Cetin page 58.

Character Size and Slant

Two mechanisms control the character size:

e The AD and SD (font definition) instructions allow the specification of the point size or
pitch. The character size of proportionally-spaced fonts depends on the point size; pitch is
ignored. The size of fixed-space fonts depends on pitch. AD and SD preserve a charac-
ter’s design aspect and cannot by themselves create tall skinny characters or short fat ones.

e The Sl and SR (character size) instructions perform graphic transformations on characters
in order to produce a certain size. These instructions can vary a character’s cap height and
width independently, allowing tall skinny or short fat characters.

To obtain the most typographically correct characters, use “Sl;” to disable graphic transforma-
tions so that characters will be as close as possible to what the font designer intended. Size will
be based solely on parameters last specified by AD or SD. If special graphic effects are re-
quired (such as rubbering or mirroring of characters), enable them with Sl or SR.

You can change the size of the characters using the Sl (Absolute Character Size) and SR (Rela-
tive Character Size) instructions. The Sl instruction establishes the character width and height
in centimeters of the uppercase “A” and maintains this character size independent of the loca-
tion of P1 and P2 or the page size. The SR instruction establishes the character width and
height of the uppercase “A” as a percentage of the distance between P1 and P2. Subsequent
changes in the location of P1 and P2 cause the character size to change with the SR instruction.
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Changing the character size changes the size of the CP (Character Plot) cell and proportionally
changes the line width used in labels (refer to AD and SD).

Note: When the Shift Ins() or Shift Out §0) control codes are used to select a font, the font
size reverts to that font specified using the AD or SD instructions.

You can use the SL (Character Slant) instruction to slant the characters at a specified angle in
either direction from the left vertical side of the CP (Character Plot) cell. The CP cell is not
altered.

Character Spaces and Text Lines

You can use the ES (Extra Space) instruction to automatically increase or decrease spaces be-
tween all characters or lines. For example, ES can be used to increase space between every
character in a label suchas “M EM O RAN D U M"), or to increase or decrease space be-
tween every line of text (such as double-spacing).

You can use the CP (Character Plot) instruction to move the pen a specific number of lines or
spaces (character cells) from the current pen location. Use the CP instruction, for example, to
indent a label a certain number of spaces.

Label Orientation and Placement

You can place your labels anywhere on the page in any orientation. The DI (Absolute Direc-
tion) instruction specifies the angle at which you want to print the characters, independent of
the location of P1 and P2. The DR (Relative Direction) instruction specifies the angle at which
you want to print the characters as a function of the P1 and P2 distance; thus when you change
P1 and P2, the label angle changes to maintain the same orientation.

The DI and DR instructions allow you to print text at any angle with the letters in their normal
side-by-side orientation.

XNOI13JdHdId

¢V
\%
s

NOILDJ3dId
DIRECTIONX

OIRECTIONX

Figure 48. Label Orientation and Direction

Note: Bitmap characters are always printed orthogonally to the page (refer to Figure 73 on
page 140). Scalable characters print in the direction specified.

The DV (Define Variable Text Path) instruction allows you to specify the text path (right, left,
up, or down) and the direction of Line Feeds with respect to the text path.
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TFEL RIGHT

zzoo]-cv

Figure 49. DV Instruction with +X to the Right and +Y Upwards

The LO (Label Origin) instruction simplifies placing labels on a drawing. Normally, the first
character origin is the current pen location when the Label instruction is issued. The LO
instruction allows you to specify that the label be centered or right- or left-justified from a
point. For example, the following illustration shows four centered lines of text.

HP-GL/2
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Lines of any length
can easily be
centered
without cumbersome calculations.

Figure 50. Label Origin Instruction to Center Text

These lines use one (X,Y) coordinate pair, one LO instruction to center labels, and a Carriage
Return and Line Feed after each line. Without this instruction, an alternative method would
involve calculating the length of the line in CP (Character Plot) cells, dividing by two, and us-
ing the CP instruction to backspace the required number of cells. The LO instruction saves
calculation, decreases the number of characters sent to the device, and allows you to take ad-
vantage of proportionally-spaced fonts when the character widths are not known to the
software.

Terminating Labels

LB tells the device to print every character following the instruction, rather than interpreting

the characters as graphics instructions. In order to allow the normal terminator, the semicolon
(;), to be used in text, the instruction is defined so that you must use the special label terminator
to tell the device to once again interpret characters as graphics instructions. (If the instruction
had been defined otherwise, you wouldn't be able to print semicolons in your text.)

The default label terminator is the non-printing ASCII end-of-text charetxefdecimal code

3, and denoted in BASIC by CHR$(3)). You must use the label terminator, or the device prints
the rest of your file as text instead of executing the instructions. You can change the label ter-
minator using the DT (Define Label Terminator) instruction.
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Accessing Special Characters

There are several ways of accessing special characters (those not normally available on your
keyboard):

[ )

Use a function defined for your programming language, such as CHR$ in BASIC to enter
the decimal code, for example, CHR$(120) to draw the chardétein“symbol set 5
(Roman Extensions).

On some computers, you can produce ASCII control characters from the keyboard by
pressing two keys simultaneously. Check your computer documentation for the availability
of this option and for the appropriate combination of keys on your system. Here are some
common control characters and their equivalents for some computer systems:

Control Character ASCII code (decimal) Keyboard equivalent
ETX (end-of-text) 3 CONTROL andC
BS (backspace) 8 CONTROL andH
LF (line feed) 10 CONTROL andJ
CR (carriage return) 13 CONTROL andM

Use the SS (Select Standard Font) and SA (Select Alternate Font) instructions to switch
between character sets, as in the following example.

SD 1,21,2,0,7,48; Define the US ASCII (1,21) stick font (7,48) with fixed spac-
ing (2,0) as the standard font.

AD 1,83,2,1,7,50; Define the Spanish (1,83) HP-GL fixed arc font (7,50) with
variable spacing (2,1) as the alternate font.

SS ; Select the standard font.

LBUS ASCII, fixed-vector forgTx; Print the first label.

CP —22,-2; Reposition 22 spaces left and two down for the second label.

SA ; Select the alternate font.

LBSPANISH SET, variable-arc foetx; Print the first part of the second label.

CP -17,-2; Reposition the cursor.

LB]sus seCHR$(1245ETX; Print the remainder of the Spanish label. Here, the keyboard
“l” character (ASCII 93) corresponds to the “¢” in the Span-
ish character set, and “CHR$(12# whatever produces
ASCII character number 124 (“fi") from that character set
(use for the latter whatever means is available with your pro-
gramming language).

This generates:

US ASCII, fixed-vector font
SPANISH SET, variable-arc font

¢, Sus sefas?

Use the equivalent ASCII character on your keyboard in the label string. For example, in
symbol set 5 (Roman Extensions), the characétéris ASCII code 120, which is the
character “x” on an English keyboard.
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e |f you need to use a special character from another set in the middle of a label, using the
SS and SA instructions to toggle between sets can be inefficient. Instead, it might be easier
to use the control characters shift-én, decimal code 15) and shift-osq, 14) to toggle
between the sets. For example:

SD 1,115,3,3,4,30; Define a standard font
AD 1,5,3,3,4,30; and an alternate font containing the symibldccessed
from the keyboard as “x”)
LB3sOxSI-5ETX; Create the label, producing:
315

HP-GL/2 Printing

The HP-GL/2 print model specifies how images are constructed and combined when rendegiag
a page in HP-GL/2. The following terms are used:

Primitive—Any graphic item that marks the page (characters, vectors, polygons, and so on

Destination—A composite of all primitives previously placed on the page.

HP-GL/2
KERNEL

Source—A solid black primitive possibly with added attributes such as current color and arg
fill. HP-GL/2 source data does not have transparent hits.

Pattern—An area fill attribute for a graphic object like a polygon, for example, solid fills,
hatched fills, shaded fills, and user-defined raster patterns. (User-defined raster patterns can be
either color or monochrome; all other fills are monochrome.)

Current Color—The color of the currently selected pen.
Texture—Monochrome pattern plus current color. See page 366.

Transparency mode-Betermines how the pattern’s white pixels affect the destination. In
transparent mode (1), white pixels have no effect on the destination. In opague mode (2), white
pixels block out corresponding destination areas.

Area Fills

The Line and Fill Attributes group contains instructions for filling primitives: FT (Fill Type)
and RF (Raster Fill Definition). The Palette extension contains instructions that determine pen
colors (PC) and the number of pens (NP).

The following table shows which graphic images may have color or area fill applied:

Graphic Image Color [Area Fill
Vectors Yes No
Arcs, circles Yes No
Polygons* Yes Yes
Characters:
Vector Yes Yes
Scalable Yes Yes
Bitmapped |Yes Yes
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*  “Polygons” refers to objects filled with the FP
instruction that were created with the polygon,

wedge, and rectangle instructions (EA, ER, EW,

PM, RA, RR, and WG).

The current color can be applied to any area except user-defined fills having color information
(defined by RF and accessed by “FT11"). Area fills cannot be combined; for example, you
cannot obtain a “shaded hatch” except by defining a user-defined pattern or screened vectors

(using SV).

The Kernel Print Model

In the HP-GL/2 kernel print model, non-white source pixels, to which current color and pattern
have been added, replace destination pixels. White pixels imposed on the source by a pattern
are transparent and have no effect.

Extended Print Model

More options are allowed when the Technical Graphics and Palette extensions are added to the
kernel. Two instructions then determine the state of the HP-GL/2 print model: TR (Transparen-
cy Mode) and MC (Merge Control).

e MC can perform logical operations (AND, OR, exclusive-OR, and NOT) on non-white
source, texture, and destination pixels.

e TR determines whether white source pixels affect the destination.

The kernel print model is equivalent to “TR1” (transparent), “MCO0” (replacement) in the ex-
tended print model.

HP-GL/2, HP RTL, and PCL Print Models

Although the HP—GL/2 and the HP RTL and PCL print models are slightly different (notably in
their treatment of whites), logical raster operations (“ROPSs”) using TR and MC are similar.
Dual-context applications may prefer to remain in HP-GL/2 for efficiency and use the HP-GL/2
print model. The complete set of 256 logical operations is listed on page 475.

HP RTL and PCL Print Model

HP-GL/2 Print Model

Default Print
Model

The non-white source and pattern pixg
are OR’d with each other and replace
destination pixels.

I$he non-white source and pattern pixels
are OR’d with each other and replace
destination pixels.

Transparency |HP RTL and PCL have both source andHP-GL/2 has pattern transparency
Modes pattern transparency modes, which detmode, but not source transparency
termine whether white source and pat{ mode, since there is no bounding box as
tern pixels are applied to the destina- |in raster mode or character cells.
tion.
“White” is defined by the white refer- | The CR instruction defines “white” by
ence in the color space. setting a white reference.
Default transparency: white source anfiDefault transparency: white pattern pix-
pattern pixels are transparent. els are transparent.
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HP RTL and PCL Print Model

HP-GL/2 Print Model

Current Color

The current color is selected from the
palette by the Foreground Color
(ESC*v#S) command.

The default is black.

HP RTL and PCL cannot import HP-
GL/2 patterns.

The current color is selected from the
palette by the SP instruction.

The default is pen number 0 (normally
white).

HP-GL/2 can import HP RTL and PCL
patterns.

Area Fill Area fill is selected by pre-defined Area fill is selected by pre-defined (FT)
(esc*c#G) and downloadable and downloadable (RF) patterns.
(ESc*c#W) patterns.

Logical ESC*I#O determines the interaction bet “MC1” determines the interaction be-

Operations tween source, texture, and destination| tween source, texture, and destination.

HP-GL/2
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Chapter 4: The HP-GL/2 Extensions

This chapter describes the Extension instructions that rely on specific technologies or function-

ality. The Extensions are:

e The Technical Graphics Extension page 77.
e The Palette Extension page 82.
e The Dual-Context Extension page 83.
e The Digitizing Extension page 89.

e The Advanced Drawing Extension page 92.
e The Advanced Text Extension page 94.

The Technical Graphics Extension

Many HP-GL/2 devices, in particular pen plotters, support the Technical Graphics Extensio|
though most of these instructions are not available on PCL devices. These instructions gi
added flexibility when your applications require more technical functions, such as compute
aided design and drawing, architectural rendering, integrated circuit layout, and so on. Thg
instructions in the Technical Graphics Extension let you achieve the following results:

e Specify chord tolerances for arcs, circles, and wedges.
e Design and download user-defined characters.

e Turn on and off the device’s automatic cutter.

e Advance the media for long-axis plotting.

e Write a message to the device’s control panel.

e Ask the device to output information to the computer.

e Specify a user-defined page size.

e Set the quality level of output.

e Sort your plot data for faster throughput on pen plotters.
e Set the pen speed on pen plotters.

HP-GL/2
EXTENSIONS

These instructions form the Technical Graphics Extension (those marked * are device-specific):

BP Begin Plot Indicates the beginning of a plot.

by indicating how chords are to be specified.

CT Chord Tolerance Mode | Allows you to adjust the number of chords in an arc or cir¢le

DL Download Character Allows you to store user-defined characters a buffer.*
EC Enable Cutter Turns a device’s automatic cutter on or off.*
FR Frame Advance Advances the media to the next frame for long-axis plotting.
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MC Merge Control Controls the pixel color when two or more graphics ele-
ments intersect. (This instruction is also part of the Ad-
vanced Drawing Extension.)

MG Message Writes a message to the device’s front-panel display.*

MT Media Type Indicates the type of media loaded in the device.

NR Not Ready Takes the device off-line.*

OE Output Error Outputs any program errors (for debugging).

OH Output Hard-Clip Limits | Outputs the hard-clip limit coordinates.

Ol Output Identification Outputs a device identification string.

OP Output P1 and P2 Outputs the P1 and P2 coordinate locations.

OS Output Status Outputs device status information.

PS Plot Size Sets the hard-clip limits to a given size.

QL Quality Level Indicates the level of quality for plotting.

ST Sort Indicates the types of sorting the device can use.

VS \elocity Select Sets the pen speed for all or for selected pens.*

Defining a Picture

A picture begins with a BP instruction and is terminated by a PG, RP, or another BP instruction.
The picture is divided into thgicture headerand thepicture body The picture header con-

tains the instructions that set up the picture to be plotted. The picture body contains the
instructions that actually cause the device to mark the paper.

The Picture Header State

The BP, PG, or RP instructions or power-up start the picture header state. The following
instructions, if used, must be issued in the picture header:

MT Media Type
PS Plot Size
QL Quality Level.

Each of these instructions affects the entire picture.

Note that the following instructions are permitted in the picture header; however, the PS (Plot
Size) instruction defaults their settings and therefore should precede them:

AC Anchor Corner

IP Input P1 and P2

IR Input Relative P1 and P2
W Input Window.

The Picture Body State

Any instruction that could result in marks being made on the page or edges added to the poly-
gon-fill buffer terminates the picture header and starts the picture body. The following
instructions start the picture body (if it is in picture header state) and are allowed in picture
body state:

AA Arc Absolute
AR Arc Relative
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AT Absolute Arc Three Point

BR Bezier Relative
BZ Bezier Absolute
Cl Circle

CP Character Plot

EA Edge Rectangle Absolute
EP Edge Polygon

ER Edge Rectangle Relative
EW Edge Wedge

FP Fill Polygon

LB Label

PA Plot Absolute

PD Pen Down

PE Polyline Encoded

PM Polygon Mode

PR Plot Relative

PU Pen Up (with parameters)
RA Fill Rectangle Absolute
RR Fill Rectangle Relative
RT Relative Arc Three Point
WG Fill Wedge.

Replotting and the Picture Header

RP (Replot) should be placed immediately following the picture, with no intervening instruc
tions other than output requests. The currently stored plot referenced by RP will disappeal
upon the next BP instruction, and also upon the next transition into the picture body. If a pi
ture does not start with a BP (that is, it began after the last PG or RP), and an RP is issued
still in the picture header, it is device-dependent whether the previous picture is replotted.

HP-GL/2
EXTENSIONS

Chords and Chord Tolerance

To draw curves, the device draws a series of straight lines, chlbeds for each arc segment.

The smoothness of the curve depends on the number of chords used to draw it—the more
chords, the smoother the shape appears. Figure 65 on page 125 shows circles drawn with dif-
ferent numbers of chords.

The number of chords in any curved shape is determined Iodine tolerance—the allow-

able deviation from a smooth curve. Many instructions let you set the chord tolerance you
want. Chord tolerance can be specified as either an angle in degrees, or as the maximum dis-
tance the arc drawn may deviate from the true arc. These two methods arehzatieshgle
anddeviation distance The chord angle is the default method. The Chord Tolerance Mode
(CT) instruction selects the method.

Note: Do not use an “adaptive” line type (see the description of the LT instruction on page
215) when you draw circles, arcs, wedges, or polygons. The device will attempt to draw the
complete pattern in every chord; there are 72 chords in a circle using the default chord angle.

The Downloadable Set and User-Defined Characters

If you need special label characters or symbols that are not included in any of the supplied
character sets, you can design your own characters or symbols, or even an entire character set.
The DL (Download Character) instruction allows you to download these characters. The DL
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instruction can define up to 94 characters to be stored in a buffer for repeated use during a plot.
The character plot cell used by the DL instruction is always a fixed-space character cell, re-
gardless of the spacing in the current font.

Merging Pixels

The MC (Merge Control) instruction controls the color of pixels where two or more page mark-
ing primitives intersect on the page. This instruction, like the Logical Operagal#O)

command of HP RTL, supports all 256 Microsoft Windows ternary (ROP3) raster operation
codes—see page 475. Raster operations specify how source, destination, and pattern data are
combined to produce final images. A common application of the MC instruction is the render-
ing of complex polygon fill patterns. You can find a more detailed explanation of how raster
operations work itChapter 10: Interactions between Picture Elemempage 365.

Obtaining Device Output

When the device receives an output instruction, it responds by making the information avail-
able in the form of an output response that can be read by a computer with an input statement.
Most programming languages use an input statement siEM TSR INPUT, READ READLN
FSCANIF-or GETto read the response from the device. When you read the output response, be
sure to specify the correct number and type of variables that are to receive the data. For exam-
ple, BASIC requires that a character string variable should be in theAfyremd a numeric

variable can be in the forda Refer to your programming language documentation for the cor-
rect input statement to use and the correct format for numeric and character-string variables.
Output responses containing more than one piece of information should be read completely to
clear the output buffer, with a separate variable for each piece of information. For example, the
OH (Output Hard-Clip Limits) instruction outputs four integers; an input statement might be:

fscanf (device, "%d,%d,%d,%d\n”, &x1, &y1, &x2, &y2);
or:

INPUT #1, A,B,Y,Z
Note that the output instructionsustbe terminated with a semicolon.

Output instructions should not be used on networks or unidirectional interfaces.

For Centronics Users

The Centronics interface supports data transmission in one direction only. They do not return
information to the computer. However, output instructions will perform other expected opera-
tions, such as setting or clearing status bits in the device’'s memory.

For HP-IB Users

A device signals the end of its output response with an output response terminator. For HP-IB
users, the default output response terminator is a carriage return followed by a lieRfeed (
LF).

Be sure that your device it set toLISTEN ONLY. If it is, the device will not send an output
response and your program will halt. Refer to your product documentation for more informa-
tion about HP-IB addressing.
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For RS-232-C, Bi-Tronics, and MIO Users
The device outputs information according to the handshake protocol. Your computer documen-

tation should specify whether or not delays are required.

A device signals the end of its output response with an output response terminator. For the
RS-232-C, Bi-Tronics, and MIO interfaces, the default output response terminator is a carriage
return CR).

Using Output Instructions

Use the following procedures for sending output instructions to your device:

1. Send the output instruction to the device as you do other HP-GL/2 instructions. Note that
all the output instructions use terminators, normally a semicolon, and have no parameters.

2. Read the device’s output response immediately, using an input statement appropriate to
your computer language, keeping in mind the number and type of variables.

Do not send multiple output instructions and then try to read all the responses sequentially.
This can lead to intermittent timing problems, depending on what the computer and the device
are currently doing.

Identifying the Device and its Functions

When you have more than one peripheral (for example, several plotters and printers) conn
to a computer, it may be necessary to have the device output its identification so that you ¢
be sure itis on-line. The OI (Output Identification) instruction can output the device ID to t
computer.

HP-GL/2
EXTENSIONS

Obtaining Error Information

Use the OE (Output Error) instruction for error retrieval. The OE instruction outputs the error
number that corresponds to the first HP-GL/2 error the device receives. Use this instruction to
identify errors by number when debugging a program. In addition, these errors set the error bit
of the status byte in the response to OS (Output Status) instruction.

Obtaining Status Byte Information

The eight-bit status byte stores information about device operating conditions. Use the OS
(Output Status) instruction to learn the status of the device’s current operating conditions. Each
condition is assigned a bit number (from 0 to 7) and a corresponding decimal value. (The
conditions, bit numbers, and corresponding decimal values are shown in the description of the
OS instruction.) You can obtain the value of the status byte by reading the response to the OS
instruction or executing an HP-IB serial poll of the device.

Summary of Output Responses

The following table lists output responses generated by HP-GL/2 output instructions. Note that
numeric ranges do not include the sign of the response. For example, if a five-digit response is
a negative value, a minus sign precedes the five digits. The minus sign does not replace a digit.
In addition to these parameters, the output terminator is always sent at the end of output, and
commas are sent to separate parameters.
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Instruction Parameters Returned Type |Range
OE Error number Integer |1 digit
OH XL, Yius Xurs YUr Integers| up to 6 digits each (plotter-units)
Ol Model humber String | up to 30 characters
OoP Pily, Ply, P, P2 Integers| up to 8 digits each
0os Status number Integer | up to 3 digits

The Palette Extension

This Extension contains instructions that satisfy the functionality of devices, such as raster de-
vices, with special palette features. If you have access to a pen plotter and a raster device, you
will want to define a palette to get the most from your HP-GL/2 program on the raster device,
while maintaining pen plotter functionality. Pen plotters may support this extension, defaulting
some instructions in accordance with pen plotter technology.

The following instructions form the Palette Extension:

CR Set Color Range for Sets the color range for red-green-blue (RGB) data.
Relative Color Data

NP Number of Pens Sets the size of the HP-GL/2 palette.
PC Pen Color Assignment | Assigns colors to specific pens.
SV Screened Vectors Selects the type of screening to apply to vectors and area fills.

TR Transparency Mode Designates an overlaying white area of pattern or area fill 4s
transparent or opaque.

Defining Your Palette

The palette is an array of virtual pens, each having an associated color value and an associated
width (pen-width is strictly an HP-GL/2 concept, not a PCL or HP RTL concept). The PC
instruction defines pen colors in terms of red-green-blue (RGB) components. The PW and WU
instructions (of the Line and Fill Attributes Group in the HP-GL/2 Kernel) set pen widths. The
SP instruction selects a pen. A palette should be defined just after initialization and before
sending graphics data. Defining a palette includes the following:

1. Indicating the size of the palette (NP). On dual-context color printers, the palette should be
created in PCL and then used within HP-GL/2.

2. Assigning a color to each pen in the palette (PC).

3. Specifying the width for each pen in the palette (PW—part of the Line and Fill Attributes
Group).

For maximum flexibility, you may want to allow the user to specify values for these items.

For pen plotters it is the responsibility of the user to ensure that the correct pens (color and
width) have been loaded into the appropriate carousel stall.

Devices may support logical pens beyond the number of physical pens. Devices perform a mo-
dulo function on any logical pen number beyond the physical number so the device can select
the appropriate physical pen.
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Dual-Context Operation

HP-GL/2, PCL, and HP RTL create different default palettes at reset or power-up. However,
only one palette can be active at a time. Therefore, when switching from one context to anoth-
er, the active palette is always transferred and becomes the active palette in the other contexts.
PCL, HP RTL, or HP-GL/2 can all modify the active palette.

Effect of a Color Palette on Monochrome Devices

Most monochrome large-format devices produce varying levels of gray-scale area fills and lines
for pens other than black and white in the color palette. However, the gray scale is unpredict-
able when drawing a raster pattern with a colored pen. For example, yellow may be converted
to a light shade of gray, and red to a darker shade of gray. A red pen used in a 10% raster fill
pattern may produce an area fill more dense than expected.

Small-format monochrome devices may not have gray-scale capability. All lines produced will
be 100% black.

The Dual-Context Extension

The Dual-Context Extension is implemented by devices that support both HP-GL/2 and Hew-
lett-Packard’s PCL Printer Language or Raster Transfer Language (HP RTL), allowing both

raster and vector images on the same page. Apart from some minor differences, HP RTL is a
subset of PCL. This extension gives you the flexibility to switch modes on devices that sug

both vector and text or raster facilities, typically for desk-top presentations, where you may| )
want to merge word-processed text and graphics images with vector graphics images. NO
)
The Dual-Context Extension contains the following commands and instructions: 25
ThHE
>
ESC%#A Enter PCL Mode or Instructs the device to interpret subsequent w
Enter HP RTL Mode instructions as PCL or HP RTL commands.
ESC%#B Enter HP-GL/2 Mode Instructs the device to interpret subsequent
instructions as HP-GL/2 instructions.
ESCE Reset Restores certain device defaults.
FI  Primary Font Selection by ID Designates a font as the primary font.
FN Secondary Font Selection by ID | Designates a font as the secondary font.
SB Scalable or Bitmap Fonts Specifies the type of font to be used in labels.
(This instruction is also part of the Advanced Tejt
Extension.)

The Dual-Context Extension includes three additional HP-GL/2 instructions and three PCL or
HP RTL escape sequences that are recognized in the HP-GL/2 conteRarSgef this book
for a description of the HP RTL commands.

HP RTL does not have a “picture frame” into which HP-GL/2 pictures are fitted; it uses the
whole of the logical page.

The following terms are used in describing PCL devices:

Picture presentation directivesPCL commands that enter and leave the HP-GL/2 context,
define a delimiting rectangle (the picture frame) for the HP-GL/2 plot, and specify a scaling
factor.
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Picture frame—The destination rectangle when transferring an HP-GL/2 plot to the PCL log-
ical page. PCL picture frame size commands specify its size.

Picture frame scaling factor—Fhe ratio of the size of the picture frame to the size of the HP-
GL/2 plot. There may be two scaling factors for the X and Y directions.

Picture frame anchor point—Fhe upper left corner of the picture frame, which is set to the
current active position (CAP) in the PCL environment when the picture frame anchor point
command is executed.

Refer to the?CL5 Technical Refereneeanual oPart 3 of this book (for HP RTL) for a com-
plete description of the dual-context environment.

Using Dual-Context PCL or HP RTL Commands

The three commands listed above that begin with an escape cha&scjer(e recognized by

some devices to switch between modes or to reset a device. The escape control code is decimal
27. The character “#” in these commands must be replaced by a numeric value, to further de-
scribe the function of the command. Full details of all PCL commands can be found in the

PCL documentation. HP RTL commands arBamt 3 of this book, starting on page 335.

TheEsc%—-1B command, which if you use it must be at the start of your HP-GL/2 programs, is
a PCL and HP RTL command which puts your device into HP-GL/2 mode. Subsequent data is
interpreted as HP-GL/2 data. Merging with PCL or HP-RTL images is disabled. Not all de-
vices support this stand-alone mode.

TheEsSc%#A command, besides entering PCL or HP RTL mode, controls the translation of the
pen location to PCL or HP RTL equivalents, calleddheent active positiofCAP). The CAP
can be moved explicitly anywhere within the PCL or HP RTL logical page.

In PCL devices, after a8CE command, the CAP is “floating” until printable data or a com-

mand affecting the CAP is received. This means that it moves in accordance with PCL
orientation, margin, and spacing commands. Once printable data or an instruction or command
affecting the CAP is received, the CAP becomes “fixed”, that is, it is no longer affected by
changes to orientation, margins, or spacing.

Switching Contexts

Two commandsESC%#A andeSCc%#B are used to switch between HP-GL/2 and PCL or

HP RTL contexts.ESC%2B or ESC%3B can also transfer the PCL coordinate system and mea-
surement unit. The active palette is always transferred and remains active in either context.
ESCE, which resets the device in HP-GL/2, PCL, and HP RTL modes and has the same func-
tionality as IN, always returns the device to PCL or HP RTL parsing mode.

HP-GL/2 may be integrated with PCL in two ways:

e Using the PCL picture fram&g$c%0B or ESC%1B).

e Using the PCL coordinate system and measurementBs@¥42B or ESC%3B).
HP-GL/2 may be integrated with HP RTL in one way:

e Using the HP RTL logical pagegc%0B or ESC%1B).
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Defining the PCL Picture Frame

HP-GL/2 plots may be placed on the PCL logical page by specifying the size and location of a
destination rectangle gicture frame To use this method, specify the size and location of the
picture frame using PCL picture presentation commands before entering HP-GL/2. A plot
created using the SC (Scale) instruction (scaling on) is automatically scaled to fit the picture
frame. A plot created in absolute plotter-units with scaling off may be explicitly scaled by oth-
er PCL picture presentation commands before the transfer. The data flow for this method looks
like this:

PCL commands

Specify the PCL picture frame dimensions and anchor point

Explicitly scale the HP-GL/2 plot if it was originally drawn in plotter-units
Enter HP-GL/2 with ESC%0B or ESC%1B

HP-GL/2 instructions

Exit HP-GL/2 with ESCo%#A
PCL commands

Note that if no picture frame is defined, the PCL logical page is used as the default.

Transferring the PCL Coordinate System

By transferring the PCL coordinate system and measurement unit into HP-GL/2, vector and
raster objects can be intermixed on the logical page as necessary. To use this method of i
grating HP-GL/2 and PCL, use a value of 2 or 3 \E&8%#B; note that values of 2 and 3 are
not supported on all devices. The PCL current active position (CAP) may also be transfer
The data stream then looks like this:

PCL commands

—

HP-GL/2
EXTENSIONS

Enter HP-GL/2 with ESC%2B or ESC%3B
HP-GL/2 instructions

Exit HP-GL/2 with ESCY%#A
PCL commands

When you enter HP-GL/2 usimE$Cc%2B or ESC%3B, the PCL origin, axes, and print direction
transfer into HP-GL/2. Imported PCL graphics are rotated because the Y-axes of PCL and HP-
GL/2 increase in opposite directions. RO moves the HP-GL/2 origin to where the PCL origin
would be if it were rotated by the PCL Print Direction comma&s¢&a#P). HP-GL/2

instructions that use current units use PCL dot units.

A SC (Scale) instruction with parameters switches back to the HP-GL/2 coordinate system: de-
faults are set, SC is executed, and picture-frame scaling is applied. An “IN”, “BP”, or “SC;"
instruction restores the PCL dot coordinate system.

Exiting HP-GL/2 aftelEsc%2B performs an “RO0” and turns off user-defined scaling; then
plotter-units are used.
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Merging with HP RTL

Many HP RTL devices support HP-GL/2 with the Technical Graphics Extension. For such de-
vices, always start in HP-GL/2 with the picture header. The data stream looks like this:

HP-GL/2 instructions

Exit HP-GL/2 and enter HP RTL with ESCY%#A
HP RTL commands

Enter HP-GL/2 with ESC%0B or ESC%1B
HP-GL/2 instructions

Note that the HP-GL/2 origin and orientation are not modified by HP RTL.

Palettes

HP-GL/2 and HP RTL or PCL create different default palettes at reset or power-up. Both con-
texts allow the active palette to be modified. In dual-context operations, only one palette can
be active at a time. Therefore, when switching from one context to another, the active palette is
always transferred and becomes the active palette in both contexts. In HP-GL/2, the relevant
palette instructions are:

IN, Defaults the palette size to two pens for monochrome raster devices

Initialize and eight pens for color raster devices. The 8-pen default HP-GL/2
palette is different from the default RGB 8-pen PCL and HP RTL
palette.

PC, Modifies palette colors. HP RTL and PCL use the palette program-

Pen Color Assignmen ming commandg&SC*v#A, ESC*v#B, ESC*v#C, andESC*V#I.

CR, Sets the range for specifying relative color data. HP RTL and PCL
Set Color Range for | use the Configure Image Dags€*v#W) command.
Relative Color Data

SP, Selects a “current” color. HP RTL and PCL use the Foreground Col-
Select Pen or (ESC*v#S) command.
PCL Fonts

Fonts are not transferred between contexts, but HP-GL/2 complies with PCL font specifica-
tions. The AD and SD instructions use the same font selection algorithm as PCL, based on font
attribute priority to find the closest match to the user’s requestH@géYour Device Selects
Fontson page 63. The SB instruction, in the Dual-Context extension, may specify either scal-
able or bitmap fonts.

PCL Macros

PCL macros can include HP-GL/2 instructions. The HP-GL/2 instructions in the macro must
be contained within a shell of PCL macro commandsg$iogs#B command for entering HP-
GL/2, and the&esc%#A command to re-enter PCL.
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Modifications to HP-GL/2 Instructions in Dual-Context Mode

The following HP-GL/2 instructions are modified in Dual-Context Mode as summarized below.
Functional differences are also described in the individual instruction descriptions. Those
marked with an asterisk (*) are for PCL only.

AC, IN, DF, orescCE place the anchor point at the lower-left corner of the
Anchor Corner (*) picture frame relative to the current coordinate system.
BP, In PCL devices, the PG portion of BP is ignored and BP is mapped

Begin Plot (*)

(Technical Extension)

to IN regardless of thkind andvalueparameters. Data previously
formatted for the current page is not cleared.

(In HP RTL devices, BP performs the PG and IN functions.)

DF,
Default Values (*)

“AC;” places the anchor point at the lower-left corner of the picture
frame relative to the current coordinate system.

“IW;” sets the user window equal to PCL picture frame window.

FT,
Fill Type

Additional fill types (21 and 22) are imported from PCL or HP RTL.

Fill type 21 selects a PCL or HP RTL predefined patterned fill. Op-
tion 1 specifies a pattern type from 1 to 6 (see the FT instruction de-
scription). Option 2 is ignored.

Fill type 22 uses the PCL or HP RTL user-defined fill specified by
ESc*c#W. Option 1 is the PCL or HP RTL ID of the user-defined
fill. Option 2 is ignored. An invalid option 1 (for example, the pat-
tern has been deleted), prints a solid fill in the current color.

1P,
Input P1 and P2 (*)

HP-GL/2
EXTENSIONS

“IP;” sets P1 to the lower-left corner of the PCL picture frame
(viewed from the current HP-GL/2 orientation) and P2 to the oppo-
site corner. Parameters are scaled by the picture frame scaling fad
tor.

IR,
Input Relative
P1and P2 (*)

The references to the hard-clip limits are replaced by the PCL pic-
ture frame. The default positions for P1 and P2 are the lower-left
and upper-right corners of the picture frame, as viewed from the cur-
rent orientation.

A
Input Window (*)

“IW;” defaults the window to the PCL picture frame. The maximum
printable area is the intersection of the user-defined window, the PCL
picture frame, the PCL logical page, and the hard-clip limits. Pa-
rameters specified in plotter-units are scaled by the picture frame
scaling factor.
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PG,
Advance Full Page

PG is ignored in PCL. A page eject can only be accomplished by the
form feed €F) character. In PCL, a form feed causes an uncondi-
tional page eject and advances the current active position to the same
horizontal position at the top of the next form (top margin).

A PCL reset, page length, page size, orientation, or input cassette
control instruction causes a conditional page eject. When a page is
ejected, the PCL or HP RTL cursor is set to the “home position” (at
the left and top margin) on the new page. A page eject caused by a
PCL command does not effect the HP-GL/2 cursor position.

PM, ESCE is also recognized in polygon mode.

Polygon Mode

PS, _ In PCL devices, PS is ignored when HP-GL/2 is enteregsib)o#B
Plot Size (*) with 0 or a positive value; the plot size is set by the PCL picture

(Technical Extension)

frame.

(In HP RTL devices, PS operates as defined while the device is in
picture-header state.)

PW,
Pen Width (*)

Metric widths are scaled by the ratio of the size of the PCL picture
frame to the HP-GL/2 plot size. For example, if HP-GL/2 plot size
is twice as large as the PCL picture fram&UPW.3" sets the vector
width to 0.15 mm.

RO, Rotations are relative to the default HP-GL/2 coordinate system, as
Rotate Coordinate defined for PCL or HP RTL. P1 or P2 may be rotated outside the
System (*) current picture frame; they can be repositioned to the rotated lower-
left and upper-right corners of the picture frame by issuing an “IP;”
or an “IR;” instruction.
The user-defined window is rotated, and any portion that is rotated
outside the picture frame is clipped to the picture frame. The win-
dow can be set equal to the picture frame by an “IW;” instruction.
RP, This instruction is ignored in PCL; a page eject can only be accom-
Replot (*) plished from the PCL context by sending a form ferel ¢ontrol
character.
SC, When user-scaling mode is off, current units are:
Scale (*) ) . . .
(plotter-units * (PCL picture-frame-size - HP-GL/2 plot-size))
Left and bottom parameters are relative to the PCL picture frame,
viewed from the current orientation. The directional implications of
left and bottom assume the default P1/P2 orientation.
Sl, Thewidth andheightparameters, in centimeters, are adjusted by the

Absolute Character
Size (*)

picture frame scaling factor.
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Sy, Additional screen types (21 and 22) are imported from PCL or
Screened Vectors HP RTL.

Palette Extension i '
( ) Screen type 21 selects PCL or HP RTL predefined patterned fill.

Option 1 specifies a pattern fill type between 1 and 6 (see the SV
instruction description). Option 2 is ignored.

Screen type 22 selects the PCL or HP RTL user-defined fill specified
by ESC*c#W. Option 1 is the PCL or HP RTL ID of the fill. Option

2 isiignored. An invalid option 1 (for example, a deleted pattern),
prints a solid fill in the current color.

TD, ESCE is a special case. In normal moEgCE within a label string
Transparent Data will cause a device reset and transition to the PCL or HP RTL envi-
ronment. In transparent mod&sCE within a label string is printed
rather than performing a device reset.

WU, If an HP-GL/2 plot size is specified, metric units are adjusted by the
Pen Width Unit current PCL picture frame scaling factor.
Selection (*)

The Digitizing Extension

This section defines a block of instructions that satisfy the digitizing requirements of pen pl
ters. This Extension is available on pen plotters only; raster devices are incapable of digiti
an image. Check your product's documentation to determine whether this extension is su
ported. The information in this section discusses the instructions used in digitizing, togeth
with the methods and procedures for digitizing and verifying the entry of a point.

“Digitizing” is moving the pen or a digitizing sight to a point on the plotting surface, register
ing the point, and sending the X,Y coordinates of that point to the computer. This lets you
recreate a drawing from hard-copy, instead of redesigning it from scratch or scanning the
drawing into your computer.

Devices that implement this extension include front-panel controls for moving the pen or digi-
tizing sight and for entering and storing the X,Y coordinates and pen status of the digitized
point.

The Digitizing Extension instructions are:

DC Digitize Clear Clears and exits digitize mode

DP Digitize Point Enters digitize mode

OD Output Digitize Point and Pen Outputs the coordinate location of the digitized
Status point

The Digitizing Procedure

Although you can use a pen for digitizing, we recommend you use a digitizing sight. Refer to
your product’s documentation for information on using a digitizing sight. Digitize with the
sight in the pen-down position for the highest accuracy.

Note: To avoid smearing ink on the tip of the digitizing sight or damaging the sight, do not
load the digitizing sight directly into the pen carousel.
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When you are ready to digitize your plot, use the DP (Digitize Point) instruction to enter digi-
tize mode. Refer to your pen plotter’'s documentation to enter the digitized point from the
plotter’s control panel. After entering the point, use the OD (Output Digitized Point and Pen
Status) instruction to send the X,Y coordinates of the point and the pen status (up or down) to
your computer. The DC (Digitize Clear) instruction clears and exits digitize mode.

Digitizing with the Plotter

Familiarize yourself with the Digitizing Extension instructions listed above before reviewing

the digitizing methods here. When digitizing, you must make sure that a point has been entered
before attempting to retrieve that point. The following sections show you the methods for digi-
tizing and retrieving points.

Manual Digitizing

The manual method is the easiest digitizing method to understand. However, it is not efficient
when you want to enter many points, or when user interaction during program execution is not
possible. The following steps detail a typical program using the manual method:

1. Putthe plotter into digitizing mode by sending a DP instruction to the device.

2. Have the program display or print a message on the computer screen prompting you to en-
ter a point.

3. Cause the program to pause until instructed to continue. Using the BXSWT state-
ment and entering an empty string when the user is ready to continue will work on some
systems. Some versions of BASIC use statements sSi8QRBWAIT, or PAUSE

4. Move the digitizing sight (or pen) to the desired point using the control-panel cursor-con-
trol buttons. Complete final positioning with the sight or pen down. Press the appropriate
button on your pen plotter’s control panel (refer to your plotter's documentation).

5. Cause the program to resume. The way you resume program execution depends on the
statement you used to halt the program. If you used an input statement in step 3, press the
Return key on the computer.

6. Output he digitized information to the computer using the Output Digitized Point and Pen
Status (OD) instruction. Have your computer read the information (X,Y coordinates and
the pen state). Then take the necessary steps to process the digitized data.

Using this method, you do not need to monitor the status byte because the program does not
proceed to the OD instruction until you enter a point and cause the program to resume.

The following program digitizes a single point and displays the coordinates and pen status:

Send to the device: “DP;”

Prompt the user: “Press plotteEsiter button to digitize the point.”
Prompt the user: “Press computdRsturn key to continue.”

Wait for the Return key.

Send to the device: “OD;”

Read from the device: X,Y,P

Print out: xX,Y,P
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Monitoring the Status Byte

The second digitizing method monitors bit position 2 of the plotter’s status byte, which is set
when a digitized point is available. Refer to the OS (Output Status) instruction for details of
the contents of the status byte.

There are a variety of ways to monitor bit position 2, depending on the instructions available in
your computer. If there are instructions in your programming language to check bits directly,
the third least significant bit should be checked for the occurrence of a 1.

If no bit operations are available, the status byte can be operated on arithmetically to check for
the availability of a digitized point. Executing successive divisions by a power of 2 and check-
ing the answer for an odd or even integer is a common way of monitoring bits without

converting the number to binary form. The following steps detail a program using this method:

1. Send a DP instruction to the plotter.

2. Have the program display or print a message on the computer screen prompting you to en-
ter a point.

3. Send an OS instruction followed by a loop dividing the status value and checking for a fi-
nal odd or even value.

When you press the control-panel button to enter a digitized point, the X,Y coordinates and
the pen status information are stored and bit position 2 is set. The status value increments
by the value of bit 2; your division yields the odd integer, allowing the program to contin-

ue.

4. Send an OD instruction. Read and display the X,Y coordinates and pen status. Then
the necessary steps to process the digitized data.

HP-GL/2
EXTENSIONS

Example: Digitizing by Monitoring the Status Byte

The following program checks the proper bit of the status byte. The program uses an inted
statementI(NT ) that truncates, not rounds—refer to your programming language document

tion.
Send to the device: “DP;”
Prompt the user: “Press plotter’s Enter button to digitize the point.”
Send to the device: “0S;”

Read from the device: STATUS
STATUS = INT(STATUS/4)
If STATUS = INT(STATUS/2)*2 then loop to the “send OS;” statement above

Send to the device: “OD;”
Read from the device: X,Y,P
Print out: X,Y,P

Example: Digitizing Many Points

When the computer is used to monitor bit position 2, it may not process the data points immedi-
ately. Allocate space for the total number of points to be digitized. Then establish a loop to
process the total number of points and call a subroutine each time to check that a point has been
entered.

When you are prompted to enter a point in the following example, use the cursor keys to move
the digitizing sight to each location, then press the appropriate control-panel button that enters
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digitized points. After digitizing the program’s 25 points, all coordinates are displayed on the
computer’s screen.
ForC=1 to25
Send to the device: “DP;”
Prompt the user: “Enter point numbee”
Execute subroutine (see below)
Send to the device: “OD;”
Read from the deviceX(C),Y(C),P(C)
NextC
ForC=1 t025
Print out: X(C),Y(C),P(C)
NextC

Subroutine to check status bit 2:
Send to the device: “0OS;”
Read from the deviceSTATUS
STATUS=INT(STATUS/4)
If STATUS = INT(STATUS/2)*2 then loop in subroutine
Return from subroutine.

The Advanced Drawing Extension

The Advanced Drawing Extension groups four instructions that are of use in advanced drawing
environments. The following instructions make up the Advanced Drawing Extension:

BR Bezier Relative Draws Bezier curves using relative coordinates.
BZ Bezier Absolute |Draws Bezier curves using absolute coordinates.

MC Merge Control Controls the pixel color when two or more graphics elements infer-
sect. (This instruction is also part of the Technical Graphics Ex
tension.)

PP Pixel Placement [Determines how pixels are placed on a grid during polygon fills jon
raster devices.

Drawing Bezier Curves

The BZ (Bezier Absolute) and BR (Bezier Relative) instructions use your current pen position

as the first control point in the Bezier curve. You specify the second, third, and fourth control
points. If you are drawing more than one curve, the fourth control point of the first curve (X

Y 3) becomes the first control point of the next curve. The following example shows a simple
instruction sequence using BZ to draw a Bezier Curve in the shape of a sine wave (shown in the
figure following the example).

PA 1000,5000; Specify absolute plotting and move to position (1000,5000).

PD ; Pen down.

Bz 2000,8000,4000,2000,5000,5000; Draw a Bezier curve with (1000,5000) as the start-
ing point (first control point). Specify (2000,8000), (4000,2000),
and (5000,5000) as the second, third, and fourth control points.
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2rd Control Point

X1,Y1) ® (2000,8000)
//
//
|
/
// 4th Control Point
(X3,Y3)
(1000,5000) (5000,5000)
7
/
1st Control Point //
(Current Pen ,
Position) //
/
/
& (4000,2000)
3rd Control Point
(X2,Y2)

Figure 51. Bezier Curve

Merging and Placing Pixels

The MC (Merge Control) instruction controls the color of pixels where two or more page mark-
ing primitives intersect on the page. This instruction, like the Logical Operagal#O)

command of HP RTL, supports all 256 Microsoft Windows ternary (ROP3) raster operation
codes—see page 475. Raster operations specify how source, destination, and pattern dat
combined to produce final images. A common application of the MC instruction is the rend
ing of complex polygon fill patterns. You can find a more detailed explanation of how raste
operations work itChapter 10: Interactions between Picture Elemempage 365.

HP-GL/2
EXTENSIONS

When it is printing or plotting, the device places pixels on a theoretical grid covering the pri
able area of a page. When the sides of two polygons touch each other, the pixels along the
border may be printed twice or not at all, depending on the logical operation in effect (see the
left side of Figure 52). For example, if a source rectangle consisting of all 1's is exclusive-
ORed with a destination that also consists of all 1's, a white rectangle (all 0's) is printed. If
another source rectangle is placed on the page touching the first rectangle, the two rectangles
are white-filled except at their common border; that is becduser 1) xor 1 = 1, black.

To correct this situation, two models of pixel placement are used: grid intersection and grid
centered. The grid intersection model is the default; pixels are rendered on the intersections of
the grid. In the grid-centered model, the number of rows and columns are each reduced by one,
and pixels are placed at the centers of the squares, rather than at the intersections.
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Grid Intersection Grid Centered

Common boundary overlap Common boundary
Device XORs these to produce No overlap

undesired results

X Pixels in first polygon area
O Pixels in second polygon area

Figure 52. Pixel Placement Variations

Figure 53 shows the concepts of the two models. Assume a rectangle extends from coordinate
position (1,1) to position (3,4), with the origin of coordinates at the top left, and the X-axis hor-
izontal. The grid-centered model produces a rectangle that is one dot row thinner and one dot
row shorter than the grid intersection model. Thus when two or more polygons on a page share
a common border, grid centering can be turned on.

Microsoft Windows fills polygons based on the grid-centered method.

(0,0 (0,0
(1,1 (1,1)
Y )
N AN\
Y
N AN/
/ N
e 9
3,4) (3,4)
Grid Intersection Grid Centered

Figure 53. Pixel Placement

The Advanced Text Extension

The Advanced Text Extension contains two instructions that are of use if you use two-byte
character sets, such as Kaniji, and if you want to access bitmap fonts from within the HP-GL/2
environment. The following instructions make up the Advanced Text Extension:

LM Label Mode Determines how LB and SM interpret two-byte characterd.

SB Scalable or Bitmap Font{ Specifies the type of font to be used in labels. (This instrdic-
tion is also part of the Dual-Context Extension.)
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Chapter 5:
HP-GL/2 Instruction Reference

In the following table, the instructions of HP-GL/2 are listed in order of ttagires On the
reference pages that follow the table, the instructions are listed in order of their two-character
mnemonics that order is also used in the table that starts on page 9graepings of the
instructions (the Kernel groups and the Extensions), see pages 17 through 22.

Instruction name Instruction syntax Page
Absolute Arc Three Point AMinter,yinter,xend,yend[,chord_angle] 110
Absolute Character Size [@lidth,height] 298
Absolute Direction Dlrun,rise] 139
Advance Full Page =[] 249
Alternate Font Definition Alkind,value...[,kind,value]] 106
Anchor Corner AQx,y] 103
Arc Absolute AAxcenter,ycenter,sweepangle[,chord_angle]l00
Arc Relative ARincryincr,sweep_angle[,chord_angle] 108
Begin Plot BRkind,value...[,kind,value]] 113
Bezier Absolute BX1,y1,x2,y2,x3,y3[,...x1,y1,x2,y2,x3,y3] 118
Bezier Relative BR1,y1,x2,y2,x3,y3[,..x1,y1,x2,y2,x3,y3] 116
Character Fill Mode ClFill_mode[,edge_pen]] 120
Character Plot CBpaces,lines] 128
Character Slant Jtangent_of_angle] 301
Chord Tolerance Mode gmode] 133 -
Circle Clradius[,chord_angle] 123 §8
Comment CPec...c’] 127 BB
Default Values DF 136
Define Label Terminator Dilabel_terminator[,mode]]; 154 4
Define Variable Text Path Digath[,line]] 156 =
Digitize Clear DC 135
Digitize Point DP 148
Download Character DOkharacter_number[character_number2]

[Luplx.y...[,up]l,x,y] 144
Edge Polygon EP 164
Edge Rectangle Absolute 4y 160
Edge Rectangle Relative KRy 166
Edge Wedge EVWadius,start_angle,

sweep_angle[,chord_angle] 171
Enable Cutter EM@] 163
Extra Space H®idth[,height]] 169
Fill Polygon FHfill_method] 179
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Instruction name

Fill Rectangle Absolute
Fill Rectangle Relative
Fill Type

Fill Wedge

Frame Advance

Initialize

Input P1 and P2

Input Relative P1 and P2
Input Window

Label

Label Mode
Label Origin
Line Attributes
Line Type
Media Type

Merge Control

Message

Not Ready

Number of Pens

Output Digitized Point and Pen Status

Output Error

Output Hard-Clip Limits
Output Identification
Output P1 and P2
Output Status

Pen Color Assignment
Pen Down

Pen Up

Pen Width

Pen Width Unit Selection

Pixel Placement
Plot Absolute
Plot Relative
Plot Size
Polygon Mode

Polyline Encoded

Primary Font Selection by ID
Quality Level

Raster Fill Definition

Relative Arc Three Point

Instruction syntax

RAY
RRYy
FTfill_type[,optionl1[,option2]]]
WGadius,start_angle,
sweep_angle[,chord_angle]
R

IN[N]
B1x,ply[,p2x,p2y]|
IRLX,p1y[,p2x,p2y]]
IW[xILyll,xur,yur]
LBtext...text label_terminator

LMmode[,row_number]]

Ldposition]
LAKkind,value[,kind,value[,kind,value]]]
LTine_type[,pattern_length[,mode]]
MTtype]

M@mode[,opcode]]
M@nessage]
NRimeout]
NRA]
©oD

Ok
OH
al
oP
oS

H@en[,red,green,blue]]
PIX.yl....]]
PUK,YL,...]]
PVIwidth[,pen]]

Witype]

Hmode]

PAYL,...]]

PROYL.]
P8ength[,width]]
PNpolygon_definition]

PHag][value/x,y]...[flag][value/x,y]
fent_id
QLUquality_level]
REndex[,width,height,
pen_number[,pen_number...]]]
Rdncrinteryincrinter,
xincrend,yincrend[,chord_angle]

Page

269
281
183

324
181

189
191
194
197
206

208
211
200
215
223

220
222
227
225
228

229
231
232
233
235

239
241
262
264
328

255
237
257
259
251

243
175
267
272

284
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&

Instruction name Instruction syntax Page
Relative Character Size $Rdth,height] 308
Relative Direction DIRun,rise] 149
Replot RMn] 279
Rotate Coordinate System RMOgle] 275
Scalable or Bitmap Fonts 288
Scale SExmin,xmax,ymin,ymax[,type[,left,
bottom]]] 290
Screened Vectors J5treen_type[,optionl[],option2]] 313
Secondary Font Selection by ID Fait_id 177
Select Alternate Font SA 287
Select Pen 9pen_number] 306
Select Standard Font SS 311
Set Color Range for Relative Color Data [BRck-ref _red,white-ref red,
black-ref_green,white-ref_green,
black-ref_blue,white-ref _blue] 131
Sort STswitches] 312
Standard Font Definition gkind,value...[,kind,value]] 296
Symbol Mode SNtharacter[character2]] 303
Transparency Mode TR] 318
Transparent Data Tihode] 316
User-Defined Line Type Ulindex[,gap1,...gapn]] 320
Velocity Select V$en_velocity[,pen_number]] 322
In addition, the following commands of PCL and HP RTL may be available to you:
Command name Command syntax Page
Enter PCL Mode ESC%#A 422 .
Enter RTL Mode ESC%#A 422 z
Enter HP-GL/2 Mode ESCY6#B 420 [
Escape ESCE 437 i
2D
o
I
%)
Z
The following table lists the HP-GL/2 instructions in order of their mnemonics:
Instruction syntax Instruction name Page
AAXxcenter,ycenter,sweepangle[,chord_anglejrc Absolute 100
AC[x,y] Anchor Corner 103
AD[kind,value...[,kind,value]] Alternate Font Definition 106
ARXxincryincr,sweep_angle[,chord_angle] Arc Relative 108
AT xinter,yinter,xend,yend[,chord_angle] Absolute Arc Three Point 110
BP[kind,value...[,kind,value]] Begin Plot 113
BRx1,y1,x2,y2,x3,y3[,...x1,y1,x2,y2,x3,y3] Bezier Relative 116
BzZx1,y1,x2,y2,x3,y3[,...x1,y1,x2,y2,x3,y3] Bezier Absolute 118
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Instruction syntax

CHfil_mode[,edge_pen]]
Clradius|[,chord_angle]
CO“c...c”]

CHspaces,lines]
CRIblack-ref_red,white-ref red,

black-ref_green,white-ref _green,

black-ref_blue,white-ref_blue]
CT[mode]

DC
DF
Dl[run,rise]

DL [character_number[character_number2]

[[uplx.y...[,up],x,y]
DP

DR[run,rise]
DT[label_terminator[,mode]];
DV[path[,line]]

EAXy

ECNn]

EP

ERX,y

Ewidth[,height]]

EWradius,start_angle,
sweep_angle[,chord_angle]

Flfont_id

FNfont_id

FHAfill_method]

FR
FTfill_type[,optionl1[,option2]]]

IN[N]
IP[p1x,ply[,p2x,p2y]]

IR[p1x,p1y[,p2x,p2y]]
IW[xIl,yll,xur,yur]

LA [kind,value[,kind,value[,kind,value]]]

LBtext...text label_terminator
LM [mode[,row_number]]
LO[position]

LTline_type[,pattern_length[,mode]]

MC[mode[,opcode]]
MG[message]
MT[type]

NPIn]
NR[timeout]

Instruction name

Character Fill Mode
Circle

Comment
Character Plot

Page

120
123
127
128

Set Color Range for Relative Color Data 131

Chord Tolerance Mode

Digitize Clear
Default Values
Absolute Direction

Download Character
Digitize Point

Relative Direction

Define Label Terminator
Define Variable Text Path

Edge Rectangle Absolute
Enable Cutter

Edge Polygon

Edge Rectangle Relative
Extra Space

Edge Wedge

Primary Font Selection by ID
Secondary Font Selection by ID
Fill Polygon

Frame Advance

Fill Type

Initialize

Input P1 and P2

Input Relative P1 and P2
Input Window

Line Attributes
Label

Label Mode
Label Origin
Line Type

Merge Control
Message
Media Type

Number of Pens
Not Ready

133

135
136
139

144
148
149

154

156

160
163
164

166
169

171

175
177
179
181
183

189
191
194
197

200
206
208
211
215

220
222
223

225
227
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Instruction syntax

Instruction name

Page

OD; Output Digitized Point and Pen Status 228
OE Output Error 229
OH; Output Hard-Clip Limits 231
ol; Output Identification 232
OP, Output P1 and P2 233
(O} Output Status 235
PAIX,YI,---1] Plot Absolute 237
Pdpen[,red,green,blue]] Pen Color Assignment 239
PDIX,Y[,...]] Pen Down 241
PHflag][value/x,y]...[flag][value/x,y] Polyline Encoded 243
Pdn] Advance Full Page 249
PM[polygon_definition] Polygon Mode 251
PHmode] Pixel Placement 255
PRX,Y[.-.]] Plot Relative 257
PYlength[,width]] Plot Size 259
PUX,YL,...]] Pen Up 262
PWwidth[,pen]] Pen Width 264
QL[quality_level] Quality Level 267
RAX,y Fill Rectangle Absolute 269
RHindex[,width,height,

pen_number[,pen_number...]]] Raster Fill Definition 272
RQangle] Rotate Coordinate System 275
RHAN] Replot 279
RRX,y Fill Rectangle Relative 281
RTxincrinter,yincrinter,

xincrend,yincrend[,chord_angle] Relative Arc Three Point 284
SA Select Alternate Font 287
SB[n] Scalable or Bitmap Fonts 288 7))
Sdxmin,xmax,ymin,ymax[,typel,left, &

bottom]]] Scale 290 =
SD[kind,value...[,kind,value]] Standard Font Definition 296 Q%
Sl[width,height] Absolute Character Size 298
SL[tangent_of angle] Character Slant 301 9
SM[character[character2]] Symbol Mode 303 =
SHpen_number] Select Pen 306
SRwidth,height] Relative Character Size 308
SS Select Standard Font 311
ST[switches] Sort 312
SV[screen_type[,optionl[],option2]] Screened Vectors 313
TD[mode] Transparent Data 316
TR[N] Transparency Mode 318
UL [index[,gapl,...gapn]] User-Defined Line Type 320
VS[pen_velocity[,pen_number]] Velocity Select 322
WGradius,start_angle,

sweep_angle[,chord_angle] Fill Wedge 324
WU[type] Pen Width Unit Selection 328
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AA, Arc Absolute

Purpose

To draw an arc, using absolute coordinates, which starts at the current pen location and pivots
around the specified center point.

Syntax

AA XcenterYeenterSWeep_angle[,chord_angle][;]

Parameter Format Functional Range Parameter Default
Xeenter Yeenter current units device-dependent no default
(at least-223to 23— 1)
sweep_angle clamped real -32 768 to 32 767 no default
chord_angle* clamped real device-dependent device-dependent
(at least 0 to 180) (usually 5)

* If you have used the “CT1” instruction, tisbord_anglds interpreted as @eviation dis-
tancein current units; see the CT instruction on page 133.

Group

This instruction is in the Vector Group.

Use

The AA instruction draws an arc starting at the current pen location using the current pen up/
down status and line type and attributes. After drawing the arc, the pen location is updated to
the end of the arc; the carriage-return point (see page 66) is moved to the end of the arc.

Note: Donotuse an adaptive line type when drawing arcs with small chord angles. The device
attempts to draw the complete pattern in every chord (there are 72 chords in a circle using the
default chord angle).

e Xcenter Ycenterr Specify the absolute location of the center of the arc. (The center of the
arc is the center of the circle that would be drawn if the arc was)3@Dordinates are
interpreted in current units: as user-units when scaling is on; as plotter-units when scaling
is off. If current scaling is not isotropic, the arc drawn is elliptical rather than circular.

e sweep_angle:Specifies in degrees the angle through which the arc is drawn. A positive
angle is drawn in a positive direction (counter-clockwise rotation); a negative angle is
drawn in the negative direction (clockwise rotation). All values outside the range —360 to
+360 are converted modulo 360.

e chord_angle: Specifies, in degrees, the chord angle used to draw the arc. The default is a
chord angle of 5. Thechord_anglespecifies the maximum angle created when lines from
each end of the chord intersect the center point of the circle (see Figure 54). The smaller
the chord angle, the smoother the curve. The useful range is frotoA.80.0. A chord

100 AA Instruction
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angle less than 0°5s clamped to 0.5 The specified value is interpreted modulo 360
the result is greater than 18®60° minus the modulo result is used.

The number of chords used is the absolute valsave€p_angle- chord_anglea non-integer
quotient is rounded up.

The chord angle used to draw the arc is sstveep_angle- number of chords. If the sweep
angle is less than @.5the chord angle is set to the sweep angle.

Arc Segment

Chord Angle Drawn Chord

\

Figure 54. Chord Angle

For a specific chord angle, a circle or arc always has the same number of chords, regardless of
its size. For example, for the default chord angle, a circle is always composed of 72 chords
(360°/5° per chord = 72 chords). This results in larger circles appearing less smooth than
smaller circles with the same chord angle; setting the chord angle to a smaller number will help
large circles or arcs appear more smooth (see Figure 55).

Chord angle Default chord
of 25° angle of 5°

~

N
=
-
<
o
T

INSTRUCTIONS

Figure 55. Changing Arc Smoothness with the Chord Angle

Note that the CT (Chord Tolerance Mode) instruction in the Technical Graphics extension
changes the above computation.

Related Instructions

AR Arc Relative
AT Absolute Arc Three Point

BR Bezier Relative
BZ Bezier Absolute
Cl Circle

AA Instruction 101
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CT
LA
LT
PW
RT

Example

PA
PD
AA

PU
PD
AA

PU
PD
AA

Chord Tolerance Mode

Line Attributes

Line Type

Pen Width

Relative Arc Three Point

2000,0;
6,0,45,25;
1050,1060;
6,0,—45,10;
1000,0;

0,0,45;

Specify (2000,0) as the starting point.

Pen down.

Draw a 45arc (positive angle) with center coordinates of (0,0)
and a chord angle of 25

Lift the pen and move to (1050,1060).

Pen down.

Draw a 45arc (negative angle) using the same center point as the
first arc, but with a 10chord angle.

Lift the pen and move to (1000,0).

Pen down.

Draw another 45arc (positive angle) with the same center point,
but with the default chord angle®(6

25°

10¢

(1050,1060)"

(0.0

\ \

% (1000,0) % (2000,0)

\

Figure 56. Varying the Chord Angle

102 AA Instruction
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AC, Anchor Corner

Purpose

To position the starting point of any fill pattern. Use AC to ensure that the selected fill pattern
is positioned as expected within the figure.

Syntax

AC X,Y[}]

or
AC[]
Parameter Format Functional Range Parameter Default
X, Y coordinates current units device-dependent no default
(at least-223to 23— 1)

Group

Use

This instruction is in the Line and Fill Attributes Group.

Theanchor corneris the point at which any fill pattern starts. Setting the anchor corner guar-
antees that a corner point of the selected fill pattern is at the specified coordinate, aligned
vertically and horizontally.

e No Parameters: Defaults the anchor corner to the origin of the hard-clip limits (or plot-
ting area). This is not necessarily equivalent to “ACO0,0”, which starts the fill pattern at
current-unit origin.

e X, Y coordinates: Define the position of the starting point for any fill pattern.

If the X,Y location is defined in plotter-units, turning scaling on or changing the locations of
and P2 has no effect on the anchor corner location. If, however, the X,Y location is defined
user-units, the physical location of the anchor corner moves with changes in scaling or to H
and P2. For example, assume the scaling is from 0 to 10 in both axes and the anchor corner is
specified as the point (2,3). If the scaling is changed to 0 to 5 in both axes, the anchor corner is
still (2,3) but it is in a different physical location now that the user-units are a different size (the
user-units have become twice as large). Turning off scaling causes the anchor corner to be fro-
zen in the plotter-unit equivalent of its current user-unit value.

HP-GL/2
INSTRUCTIONS

IN and DF default the anchor corner to the origin of the hard-clip limits relative to the current
coordinate system.

A more detailed description of the use of the anchor cornetdsiing Fill Typeson page 56.

AC Instruction 103
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Using AC in a Dual-Context Environment

IN (Initialize), DF (Default Values), ceSCE (Reset) place the anchor point at the origin of the
hard-clip limits relative to the current coordinate system. The equivalent, though not identical,
HP RTL and PCL command is Pattern Reference Point.

Example

The following example first prints three adjacent squares with fill patterns anchored at the ori-
gin of the hard-clip limits. The fill pattern is continuous across each of the squares. In the set
of squares below that, each square has an anchor corner set at its own origin. Notice how this
helps distinguish between the adjacent figures. The orientation shown is for a PCL printer; for
a plotter, the orientation is rotated -afr —18C .

PA
FT

RR

ER
PR
FT
RR

ER
PR
FT

RR
ER
PA
AC
RR

ER
PA
AC
FT
RR
ER
PA
AC
FT
RR
ER

3000,3000;
3,400,45;

1000,1000;

1000,1000;
1000,0;
4,400,45;
1000,1000;

1000,1000;
1000,0;
3,400,45;

1000,1000;
1000,1000;
3000,1500;
3000,1500;
1000,1000;

1000,1000;
4000,1500;
4000,1500;
4,400,45;

1000,1000;
1000,1000;
5000,1500;
5000,1500;
3,400,45;

1000,1000;
1000,1000;

Specify absolute plotting and move to location (3000,3000).

Specify fill type number 3 (parallel lines), with each line 400 plot-
ter-units apart and set at a’4&ngle.

Fill a rectangle using the current pen location as one corner, and a
point 1000 plotter-units in the +X-direction and 1000 plotter-units
in the +Y-direction as the opposite corner.

Edge the outline of the rectangle just filled.

Move 1000 plotter-units in the +X-direction.

Select fill type number 4 (cross-hatch).

Create a rectangle the same size as the first one, and fill it with
cross-hatch.

Edge its outline.

Move to the right another 1000 plotter-units.

Create another rectangle of the same size, this time filled with
pattern number 3 again.

Move to absolute location (3000,1500).

Move the anchor corner to location (3000,1500).

Fill a rectangle with the same dimensions as the previous three
rectangles and edge its outline.

Move to location (4000,1500).

Specify the location as the anchor corner.
Select fill type number 4 (cross-hatch).
Fill and edge another rectangle.

Move to absolute location (5000,1500).
Specify that location as the anchor corner.
Select fill type number 3; fill and edge another rectangle.

104 AC Instruction
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(4000,4000) (6000,4000)

]
(3000,3000)

/

Figure 57. Using the AC (Anchor Corner) Instruction

(3000,1500)

Related Instructions and Commands

FP Fill Polygon

FT Fill Type

RA Fill Rectangle Absolute
RF Raster Fill Definition
RR Fill Rectangle Relative

SV Screened Vectors 2
WG Fill Wedge e
ESC*p#R Pattern Reference Point 8'5
Possible Error Conditions 9
Error Condition Error Number Printer or Plotter Response
Position overflow 3 Ignores instruction.
AC Instruction 105

This is the black on page 105 (seq: 123)
This is the blue on page 105 (seq: 123)

Company confidential. HP-GL/2 and HP RTL Reference Guide, draft 2. Freeze Status: open



AD, Alternate Font Definition

Purpose

To define an alternative character set (font) and its characteristics: symbol set identification,
font spacing, pitch, height, posture, stroke weight, and typeface. To define a standard font, use
the SD instruction.

Syntax
AD kind,value...[,kind,value][;]
or
AD []
Parameter Format Functional Range Parameter Default
kind clamped integer lto7 no default
value clamped real kind-dependent* kind-dependent*

*  Refer to the table following the parameter descriptions.

Group

This instruction is in the Character Group.

Use

This instruction is similar to the SD (Standard Font Definition) instruction (see page 296) that
defines the primary HP-GL/2 font. The AD instruction defines an alternate HP-GL/2 font and
its characteristics: font spacing, pitch, height, posture, stroke weight, and typeface. It allows
the font characteristics to be assigned to the secondary (alternate) font definition. Use AD to
set up an alternate font that you can easily access when labeling.

e No Parameters: Defaults the alternate font characteristics to that of the device-dependent
default scalable font, not a bitmap font.

e kind: Specifies the characteristic for which you are settinglae(see the following
table).

e value: Defines the properties of the characteristic specified biitfteparameter.

Note: When selecting fonts, the different characteristics (symbol set, spacing, pitch, and so on)
are prioritized as shown in the table, with character set being the highest priority and typeface
being the lowest. The font selection priority is the same for HP-GL/2 as for PCL font selection.
For more information about the priority of font characteristicsH®e Your Device Selects

Fontson page 63.

The tables irAppendix C: Font Definitionen page 477 list thieind parameters with their
associatedalues(note that these tables are also valid for the SD [Standard Font Definition]
instruction). Fokinds1 and 7, your device may support values other than those listed there.
Refer to youlUser’s Guideor HP-GL/2 option manual for more information about the attrib-
utes and values supported.

106 AD Instruction
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Any combination okind, valueparameters is allowed; the lastiuefor a specifieckind pre-

vails.
Kind | Attribute Range of Values Default Value Description

1 Character set| device-dependent 277 Roman-8

2 Font Spacing 0 (fixed), device-dependen fixed spacing
1 (proportional)

3 Pitch >0 to 32 767 (valid to] device-dependenfy characters per inch
2 decimal places)

4 Height 0to 32 767 device-dependen font point size

5 Posture 0to 32 767 device-dependen upright or italic

6 Stroke Weight —7t07,9999 0 normal

7 Typeface device-dependent | device-dependen scalable font

The IN (Initialize) and DF (Default Values) instructions restore default alternate font attributes.

Related Instructions

DT Define Label Terminator

FI Select Primary Font

FN Select Secondary Font

LB Label

SA Select Alternate Font

SB Scalable or Bitmap Fonts

SD Standard Font Definition

Sl Absolute Character Size

SR Relative Character Size

SS Select Standard Font )

TD Transparent Data )
Sk
03

Example o

tH

The instruction “AD1,21,2,1,4,30,5,1,6,3,7,5;” designates a 30-pirés Roman Bold Italic P

font in the ASCII symbol set (use the SA [Select Alternate Font] instruction to select this fo

after it is designated):

AD 1,21 Symbol set—US ASCII
2,1 Spacing—proportional
4,30 Height—30-point
51 Posture—italic
6,3 Stroke weight—bold
7,5; Typeface—Times Roman

Note that thepitch parameter is missing in this instruction because the designated font is pro-
portionally spaced.

&
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AR, Arc Relative

Purpose

To draw an arc, using relative coordinates, which starts at the current pen location and pivots
around the specified center point.

Syntax

AR Xincr, ¥ner,.sweep_angle[,chord_angle][;]

Parameter Format Functional Range Parameter Default
X,Y increments current units device-dependent no default
(at least-223to 23— 1)
sweep_angle clamped real -32 768 to 32 767 no default
chord_angle* clamped real 0.0° to 360 device-dependent
(usually 5)

* If you have used the “CT1” instruction, tisbord_anglds interpreted as @eviation dis-
tancein current units; see the CT instruction on page 133.

Group

This instruction is in the Vector Group.

Use

The AR instruction draws the arc starting at the current pen location using the current pen up/
down status, line type, and attributes. After drawing the arc, the pen location remains at the
end of the arc; the carriage-return point (see page 66) is moved to the end of the arc.

Note: Donotuse an adaptive line type when drawing arcs with small chord angles. The device
attempts to draw the complete pattern in every chord (there are 72 chords in a circle using the
default chord angle).

e X, Yincrements: Specify the center of the arc relative to the current location. (The
center of the arc is the center of the circle that would be drawn if the arc ways 360
Coordinates are interpreted in current units: as user-units when scaling is on; as plotter-
units when scaling is off. If current scaling is not isotropic, the arc drawn is elliptical
rather than circular.

e sweep_angle:Specifies (in degrees) the angle through which the arc is drawn. A positive
angle draws an angle in the positive direction (counter-clockwise rotation); a negative
angle draws the angle in the negative direction (clockwise rotation). All values outside the
range —360 to +360 are converted modulo 360.

If either the sweep angle or the calculated radius is zero and the pen is down, a dot (zero-
length vector) is drawn at the current pen position.

108 AR Instruction
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e chord_angle: Specifies the chord angle used to draw the arc. The default is a chord angle
of 5°. Refer to the Arc Absolute (AA) instruction discussion on page 100 for information
on setting and determining the chord angle.

Note that the CT (Chord Tolerance Mode) instruction in the Technical Graphics extension
changes the above computation.

Related Instructions

AA Arc Absolute
AT Absolute Arc Three Point

BR Bezier Relative
BZ Bezier Absolute
Cl Circle

CT Chord Tolerance Mode
LA Line Attributes

LT Line Type

PW Pen Width

RT Relative Arc Three Point

Example

PA 1500,1500; Specify the starting position as (1500,1500).

PD ; Put the pen down.

AR  0,2000,80,25; Draw an arc with a center point O plotter-units in the X direction
and 2000 plotter-units in the Y direction from (1500,1500). Spec-
ify the arc section to be 8(positive angle), with a chord angle of
25°,

AR  2000,0,80; Draw an arc with a center point 2000 plotter-units in the X direc-
tion and 0 plotter-units in the Y direction from the current pen
position. Specify the arc section to b€ &positive angle), with a 0
default chord angle (usually' b %

=
()
. =)
1500,3500) Relative Move o
(1500, (2000,0) h
®e Y errsssssm-ss-- >0 pd
' Chord ?nzgi_l)e Defe?ult ?hord
! of 25° angle of 5°
Relative Move!
(0,2000) ~ rd
(1500,1500) :
Figure 58. Using the AR (Arc Relative) Instruction to Draw Arcs
AR Instruction 109
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AT, Absolute Arc Three Point

Purpose

To draw an arc segment, using absolute coordinates, from a starting point, through an inter-
mediate point, to an end point. Use AT when you know these three points of an arc.

Syntax

AT Xinter ¥inter Xend: Yend,chord_angle][;]

Parameter Format Functional Range Parameter Default
X, Yintermediate current units device-dependent no defaults
and end points (at least-223to 223 - 1)
chord_angle* clamped real 0° to 360 device-dependent
(usually 5)

* If you have used the “CT1” instruction, tisbord_anglds interpreted as @eviation dis-
tancein current units; see the CT instruction on page 133.

Group

This instruction is in the Vector Group.

Use

The AT instruction uses the current pen location and two specified points to calculate a circle

and draw the appropriate arc segment of its circumference. The arc starts at the current pen

location, using the current pen, line type, line attributes and pen up/down status. You specify

the intermediate and end points. After drawing the arc, the pen location remains at the end of
the arc; the carriage-return point (see page 66) is moved to the end of the arc.

e Xinter, Yinter: Specify the absolute location of an intermediate point of the arc. The arc is
drawn in a positive or negative angle of rotation, as necessary, so that it passes through the
intermediate point before the end point.

e Xend Yend: Specify the absolute location of the end point of the arc.

e chord_angle: Specifies the chord angle used to draw the arc. The default is a chord angle
of 5°. (The Arc Absolute (AA) instruction description on page 100 contains more informa-
tion on chords and chord angles.)

Intermediate and end point coordinates are interpreted in current units: as user-units when scal-
ing is on; as plotter-units when scaling is off. If current scaling is not isotropic, the arc drawn is
elliptical rather than circular. Note the following about locating the intermediate and end

points:

e If the intermediate point and end point are the same as the current pen location, the instruc-
tion draws a dot.

110 AT Instruction

This is the black on page 110 (seq: 128)
This is the blue on page 110 (seq: 128)

Company confidential. HP-GL/2 and HP RTL Reference Guide, draft 2. Freeze Status: open



e If the intermediate point is the same as either the current pen location or the end point, a
line is drawn between the current pen location and the end point.

e If the end point is the same as the current pen location, a circle is drawn, with its diameter
being the line from the current pen paosition to the intermediate point.

e If the current pen position, intermediate point, and end point are collinear, a straight line is
drawn.

e If the intermediate point does not lie between the current pen location and the end point,
and the three points are collinear, two lines are drawn; one from the current pen location
and the other from the end point, leaving a gap between them. Refer to the following
illustration. Both lines extend to the hard-clip limits or current window.

S e
End Current Intermediate .
point pen point Effective
location Window

/

/|

Figure 59. Collinear Points with the Intermediate Point outside the End Points

Note that the CT (Chord Tolerance Mode) instruction in the Technical Graphics extension
changes the above computation.

)
zZ
. o
Related Instructions gg
05
AA  Arc Absolute oE
AR Arc Relative o
BR Bezier Relative -

BZ Bezier Absolute

Cl Circle

CT Chord Tolerance Mode
LA Line Attributes

LT Line Type

PW Pen Width

RT Relative Arc Three Point

AT Instruction 111
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Example

PA
PD
PU
PD
PU
PD
PU
PD

AT
PU
PD
AT

PU
PD

1000,100; Specify (1000,100) as the starting location.
2500,100; Place the pen down, and draw a line to (2500,100).
650,1150; Lift the pen, and move to (650,1150).

1000,1150; Place the pen down, and draw a line to (1000,1150).
650,450; Lift the pen, and move to (650,450).

1000,450; Place the pen down, and draw a line to (1000,450).
1000,100; Lift the pen, and move to (1000,100).

1000,1500,2500,1500; Place the pen down, draw a line to (1000,1500), then to
(2500,1500).

3200,800,2500,100; Print an arc, starting at current pen position (2500,1500), passing
through (3200,800) and ending at (2500,100).

3200,900; Lift the pen, and move to (3200,900).

; Set the pen down.

3300,800,3200,700; Print an arc, starting at the current pen position, passing through
(3300,800) and ending at (3200,700).

3300,800; Lift the pen, and move to (3300,800).
3500,800; Pen down, and draw a line to (3500,800).
(650,1150) —
(3300,800)
(1000,100)

Figure 60. Drawing Arcs through Three Points

112
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BP, Begin Plot

Purpose

To place the device into the picture header state and indicate the beginning of a new plot.

Syntax
BP kind,value...[,kind,value][;]
or
BF[]

Parameter Format Functional Range Parameter Default
kind clamped integer 1to5 no default
value kind-dependent kind-dependent kind-dependent

Group

This instruction is in the Technical Graphics Extension.

Use
BP produces the equivalent of PG (Advance Full Page) and IN (Initialize). It begins a new plot
regardless of whether the previous plot was terminated. It makes the previous plot unavail-
able—that is, BP followed by RP (Replot) produces nothing.

¢ No parameters all values are defaulted.

e kind andvalue parameters: Thkind parameter is a clamped integer between 1 and 5; thg
valueparameter is kind-dependent. These parameters must be specified in pairs, as s
in the table on the next page.

For a buffered raster device, the default behavior of BP is to discard the previous plot if it h
not yet been printed with either PG or RP. The instruction “BP4,1"” allows overriding the de
fault behavior by generating a PG. For a plotter or other “plot as you parse” device, a “4,1’
pair is always NOP’d and a BP instruction always results in a conditional page advance. For
spooled plotters, the previous plot may or may not be discarded before printing if it was not
properly terminated.

HP-GL/2
INSTRUCTIONS

BP starts a new plot and guarantees that it starts on a clean page. It performs an IN to ensure
that the plot starts in a known state, and puts the device into picture header state.

BP starts a new plot regardless of whether the last plot was terminated properly, even when one
or more of its parameters are in error. This provides a measure of error recovery, in case that
the previous user’s application did not complete plotting properly. The parameters specified in
the BP instruction apply only to the plot started by the current BP.

BP is recognized in polygon mode (the polygon buffer is cleared), but not in label mode.

BP Instruction 113
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Kind [Format |Meaning and Value
1 quoted Picture name The default is a device-dependent name, such as a se-
string (see] quence number or the time of day if a clock is available. The parameter
page 28) |value can be used by devices that implement control-panel spool-queue
manipulation to identify the plot for the user. The value parameter is
assumed to be in the same language as for the control-panel when it was
powered on; that is, if you power up the machine in Spanish, the device
assumes that the picture name is encoded in the Spanish character set.
2 clamped | Number of copies The default is 1.

INteger | when the device receives an RP (Replot) instruction, only the additional
number of copies specified by RP are made,; this is regardless of the
number of copies specified (and already printed) by BP. For example,
“BP2,3; (plot dataRPZ2’ results in a total of five copies of the plot, not
nine.

3 clamped | File-disposition code Controls replot capability.

INteger 1o Enables replot; saves the file if room exists (the default).

1 Destroys the file after printing. The file is not saved in memory or
on disk. This value prevents retrieval of the file through the RP
instruction or the device’s control panel.

Note that “BP2X),3,1” still produces copies of the plot.
4 clamped |Render last plot if unfinished

integer {9 No (the default).

1 Yes.

5 clamped | Autorotation : A device may choose to rotate the hard-clip limit$ &0
integer save paper. This option can disable such autorotation, giving the

computer complete control over where the plot is placed. Support
of autorotation is device-dependent.

0 Enable (the default).
1 Disable.

If the samekind parameter is used more than once, the last one prevails. For example,
“BP4,0,4,1;” does render the previous plot.

Pen plotters do not recogniked = 4 or 5.

Using BP in a PCL Dual-Context Environment

If you entered HP-GL/2 mode wigsC%#B (where # is 0 or positive), the device ignores the
PG functionality of the BP instruction. Data previously formatted for the current page is not

cleared.

When you enter HP-GL/2 mode wiE#sc%—1B, the behavior of the BP instruction is depen-
dent on the device technology, as follows:

e If the device is a buffered raster device, the default behavior of BP discards the previous
plot if it has not yet been printed with either PG or RP. The instruction “BP4,1” allows
overriding the default behavior by generating a PG.

114 BP Instruction
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e For a pen plotter or any device that plots data as it is received, a “BP4,1” is always ignored
and a BP instruction always results in a conditional page advance (if the page has been
plotted on, the page is advanced$c%#B is ignored.

Using BP in a Dual-Context HP RTL Environment

If you use the BP instruction in a dual-context HP RTL device, the device performs only the PG
function of the instruction.

Related Instructions and Commands

IN Initialize
PG Advance Page
RP Replot

ESC%#B Enter HP-GL/2 mode command from PCL or HP RTL

N
=
-
<
o
T

INSTRUCTIONS

BP Instruction 115
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BR, Bezier Relative

Purpose

To draw a series of Bezier curves using relative coordinates.

Syntax
BR X1,Y1,X2,Y2,X3,Y3,...[X1,Y1,X2,Y2,X3,Y3][;]
Parameter Format Functional Range Parameter Default
X, Y increments current units device-dependent no default
(at least =23 to 223-1)
Group

This instruction is in the Advanced Drawing Extension.

Use

BR draws a Bezier curve using the present pen position as the first control point, and the de-
fined control points as increments. All curve control points are relative to the first control point
of that curve.

e X,Y coordinates: Specify the location of the second (X1,Y1), third (X2,Y2), and fourth
(X3,Y3) control points in relative increments, that is, all of these values are relative to the
current pen location at the start of the Bezier curve.

The curves are drawn with the current pen, line type, line attributes, and pen state (up or down);
and they are clipped to the hard-clip limits and the soft-clip window. The current pen location

is updated to the end point of the curve at the termination of each Bezier curve defined by the
instruction. After each new Bezier curve, the last control point is used by the next Bezier curve
as its first control point. The carriage-return point (see page 66) is moved to the last X,Y.

After the first four control points are defined (one present-position control point and three con-
trol points) the optional parameters define subsequent Bezier curves by adding three additional
control points.

BR is allowed in Polygon Mode. The first chord after “PM1” is not treated as a pen-up move.

Related Instructions

AA Arc Absolute

AR Arc Relative

AT Absolute Arc Three Point
BZ Bezier Absolute

Cl Circle

LA Line Attributes

LT Line Type

PW Pen Width

RT Relative Arc Three Point

116 BR Instruction

This is the black on page 116 (seq: 134)
This is the blue on page 116 (seq: 134)

Company confidential. HP-GL/2 and HP RTL Reference Guide, draft 2. Freeze Status: open



Example

PS 5000,7000; Plot Size 5000 by 7000 units.

SP 1; Select Pen number 1.

PA 1016,5080; Plot Absolute to the location (1016,5080), the first control point.
PD ; Pen Down.

BR  0,3048, 4572,0, 3556,2032, —508,1016, 2540,508, 2540,-5080; Points 1, 2, and 3
(the control points of the first Bezier curve) are relative to
(1016,5080). Point 3 becomes the first control point for the se-
cond Bezier curve (the new current position is updated to
(4572,7112)). Points 4, 5, and 6 are relative to (4572,7112). Point
6 becomes the final current position (7112,2032).

@ 0308 @ 502.1016)

\ Points 4, 5, and 6
\ relative to this point e {2540,508

f (1016,5080) e (4572,0)

Starting Point
{1st Control Point)

Points 1, 2, and 3
relative to this point

N
=
-
<
o
T

INSTRUCTIONS

1 2 3 4 5 6

I 1 1 \ 1
BR0,3048,4572,0,3556,2032,-508,1018,2540,508,2540,-5080;

®
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

@ 25:0.5080)
Figure 61. Bezier Curves Using Relative Coordinates
Possible Error Conditions
Error Condition Error Number Printer or Plotter Response
Invalid number of control points 2 The Bezier segment is discardef.
BR Instruction 117
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BZ, Bezier Absolute

Purpose

To draw a series of Bezier curves using absolute coordinates.

Syntax
BZ X1,Y1,X2,Y2,X3,Y3,...[X1,Y1,X2,Y2,X3,Y3][]
Parameter Format Functional Range Parameter Default
X, Y coordinates current units device-dependent no default
Group

This instruction is in the Advanced Drawing Extension.

Use

BZ draws a Bezier curve using the present pen position as the first control point, and the de-
fined points as further control points. All curve control points are in absolute coordinates.

e X, Y coordinates: Specify the location of the second (X1,Y1), third (X2,Y2), and fourth
(X3,Y3) control points in absolute coordinates.

The curves are drawn with the current pen, line type, line attributes, and pen state (up or down);
and they are clipped to the hard-clip limits and the soft-clip window. The current pen location

is updated to the end point of the curve at the termination of each Bezier curve defined by the
instruction. After each new Bezier curve, the last control point is used by the next Bezier curve
as the first control point. The carriage-return point (see page 66) is moved to the last X,Y.

After the first four control points are defined (one present-position control point and three con-

trol points) the optional parameters define subsequent Bezier curves by adding three additional
control points.

BZ is allowed in Polygon Mode. The first chord after “PM1” is not treated as a pen-up move.

Related Instructions

AA Arc Absolute

AR Arc Relative

AT Absolute Arc Three Point
BR Bezier Relative

Cl Circle

LA Line Attributes

LT Line Type

PwW Pen Width

RT Relative Arc Three Point

118 BZ Instruction
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&

Example
PS  5000,7000;

SP 1;
PA 1016,5080;
PD :

Plot Size 5000 by 7000 units.

Select Pen number 1.

Plot Absolute to the location (1016,5080), the first control point.

Pen Down.

Bz  1016,8128,5588,5080,4572,7112,4064,8128,7112,7620,7112,2032;
Points 1, 2, and 3 (the second, third, and fourth control points of
the first Bezier curve; point 3 becomes the first control point for
the second Bezier curve) followed by points 4, 5, and 6 (the se-
cond, third, and fourth control points of the second Bezier curve;
point 6 becomes the final current position).

@ (0168129

’
|
|
!
|
|
|
|
|
|
!
I
I
I
I
[

f (1016,5080)

Starting Point
{1st Control Point)

1
I

Q (4064,8128)

2 3 4
! I I

© 1127620

© (55885020

5 6
I I

I 1 1 1 1 1 1
BZ1016,8128,56588,6080,4572,7112,4064,8128,7112,7620,7112,2032;

N
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© 71122032

Figure 62. Bezier Curves Using Absolute Coordinates

Possible Error Conditions

Error Condition

Error Number

Printer or Plotter Response

Invalid number of control points 2

The Bezier segment is discardef.
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CF, Character Fill Mode

Purpose

To specify the way scalable outline fonts are filled and edged; bitmap and stick fonts cannot be
edged and can be filled only with raster fill, shading, or PCL and HP RTL cross-hatch patterns.
Scalable characters may be filled with any of the fill patterns specified by the FT instruction
(shading, hatching, cross-hatch, and user-defined raster fill patterns). If your device does not
support outline fonts, this instruction may perform no operation (a NOP); pen plotters generally
do not support outline fonts.

Syntax
CFfill_mode[,edge_pen][;]
or
CF[]
Parameter Format Functional Range Parameter Default
fil_mode clamped integer 0,1,2,0r3 0 (solid fill, no edging)
edge _pen integer device-dependent current pen
(at least 23 to 223-1)
Group

This instruction is in the Character Group.

Use

¢ No Parameters: Defaults characters to solid fill with no edging. Equivalent to “CF0,0".

e fil_mode: Specifies how the device renders filled characters according to the following
parameter values:

0 Specifies solid fill using the current pen and edging with the specified pen (or cur-
rent pen if theedge _pemarameter is not specified).

1 Specifies edging with the specified pen (or current pen iétlge _pemarameter
is not specified). Characters are filled only if they cannot be edged (bitmap or
stick characters), using the edge pen.

2 Specifies filled characters using the current fill type (refer to the FT instruction on
page 183). If the fill pattern does not incorporate color information, the currently
selected pen is used. Characters are not edgedifitfee peparameter is speci-
fied, it is ignored.

3 Specifies filled characters using the current fill type (refer to the FT instruction).
If the fill pattern does not incorporate color information, the currently selected pen
is used. Characters are edged with the specified pen (or current pen if the
edge_pemarameter is not specified).

120 CF Instruction
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e edge_pen:For characters that are to be edged, this parameter indicates the pen that is used
to edge the character. Edging width is device-dependent and varies with the character size;
it is not determined by the width of the pen specified as the edge panfgelfperis
greater than the maximum number of pens in the device, the modulo function is applied, as
described for the SP instruction on page 306. Specifying pen 0 for the edge pen does not
necessarily mean that no edging will take place; it indicates that edging will be done by
pen 0. (However, on monochrome devicedp8smean no edging, and 1 means black
edging.)

The following table summarizes the functions of this instruction:

Fill No edging Edge using current pen Edge using pen 0
Solid CF; CFO; CFO0,0;

None — CF1; CF1,0;

Current fill type  CF2; CF3; CF3,0;

Note that the DI (Absolute Direction) and DR (Relative Direction) instructions do not cause
rotation of fill patterns. Fill patterns remain fixed with respect to the current coordinate system.
The CF instruction remains in effect until another CF instruction is executed, or the device is
initialized or set to default conditions.

The effect of CF on the three font types is device-dependent. At least the following minimum
implementation is supported:

e For bitmap fonts, filling is limited (at least shading, user-defined RF, and PCL or HP RTL
patterns are supported) and edging may not be supported.

e For stick fonts, filling is limited and edging may not be supported.

e For scalable outline fonts, both filling and edging are supported.

Note also that the edge pen width is not specifiable; its thickness automatically increases with
the point size.

The thickness of fill lines for hatching and cross hatch is selected using the PW (Pen Widt
instruction. Due to the way hatching and cross-hatch lines are drawn, they may extend be
the character outline by up to 1/2 of the current pen width. When using a small pen width
specifying a black edge pen, the edging covers up hatching lines that extend outside the ¢
ter outline. However, as the pen width increases, the edge pen may not be wide enough td
compensate for this, resulting in a fill that overlaps the character edges. To ensure that the
character fill looks correct when using hatching patterns, use a narrow pen width, especially for

small point sizes (see Figure 63).

Y710

Figure 63. Character Fill Overflow

HP-GL/2
INSTRUCTIONS
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Related Instructions

DI Absolute Direction

DR Relative Direction

SB Scalable or Bitmap Fonts
FT Fill Type

Example

The following series of instructions produce the result shown below:
SD 1,21,2,1,4,140,5,0,6,3,7,52; Specify a 140-point Univers Bold font.

SS ; Select it for printing.
PA 1000,3000; Specify absolute plotting and move to (1000,3000).

DT, Specify an asterisk (*) as the label terminator (non-printing).
FT 3,50,45; Specify a hatching fill type with 50 plotter-units between each
line, with the lines set at a 2angle.

CF 1,1; Select character fill mode 1 (edge) and edge with pen nhumber 1
(black on a monochrome device).

LBA*; Print the letter “A”.

PR 127,0; Move the pen position 127 plotter-units to the right.

PW .1; Set the pen width to 0.1 mm.

CF 3,1; Select character fill mode 3 (fill and edge) and edge with pen
number 1.

LBB*; Print the letter “B”.

PW 5 Set the pen width to 0.5 mm to change the thickness of the fill
lines.

LBC*, Print the letter “C”.

(1000,3000)
Figure 64. Using the CF (Character Fill) Instruction

CF Instruction
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Cl, Circle

Purpose

To draw the circumference of a circle using the specified radius and chord angle. If you want a
filled circle, refer to the WG (Fill Wedge) instruction on page 32Bmwing Circles in Poly-
gon Modeon page 52.

Syntax

Group

Use

Cl radius[,chord_angle][;]

Parameter Format Functional Range Parameter Default
radius current units device-dependent no default
(at least -8 to 23— 1)
chord_angle* clamped real 0.0° to 360 device-dependent
(usually 5)

* If you have used the “CT1” instruction, tisbord_angles interpreted as @eviation dis-
tancein current units; see the CT instruction on page 133.

This instruction is in the Vector Group.

The ClI instruction includes an automatic pen down. When a Cl instruction is received, the
lifts, moves from the center of the circle (the current pen location) to the starting point on t
circumference, lowers the pen, draws the circle, then returns with the pen up to the center
circle. After the circle is drawn, the previous pen up/down status is restored. To avoid leavi
dot at the center of the circle, move to and from the circle’s center with the pen up.

HP-GL/2
INSTRUCTIONS

e radius: Measured from the current pen location. Coordinates are interpreted in curre
units: as user-units when scaling is on; as plotter-units when scaling is off. If you specily
negative radius, the circle begins and ends at thé tE88rence point (see Figure 27 on
page 44). A zeroadiusproduces a dot.

e chord_angle: Specifies the chord angle used to draw the arc. The default is a chord angle
of 5°. Refer to the AA (Arc Absolute) instruction discussion for an explanation of the
chord angle. If you use the CT (Chord Tolerance Mode) instruction described on page 133
and begin specifying chords in terms of deviation distance, this parameter is that distance
in current units.

Each chord of the circle is drawn using the currently defined line type, width, and attributes.
(Refer toThe Line and Fill Attributes Groupn page 53 for more information.) Dotuse an
adaptive (negative) line type to draw a circle, as the device attempts to draw a complete pattern
for everychord (72 with the default chord angle). Always use isotropic scaling in drawings that
contain circles, unless you want your circles to “stretch” with aspect ratio changes of the draw-

Cl Instruction 123
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ing (anisotropic scaling may produce an ellipse—see Figure 12 on page 13). There is more
information inScalingon page 24.

Note that the CT (Chord Tolerance Mode) instruction in the Technical Graphics extension
changes the above computation.

Related Instructions

AA Arc Absolute

AR Arc Relative

AT Absolute Arc Three Point
CT Chord Tolerance Mode
EW Edge Wedge

LA Line Attributes

LT Line Type

PW Pen Width

RT Relative Arc Three Point
SC Scale

WG Fill Wedge

124 ClI Instruction
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Example: Effects of Chord Angle on Circle Smoothness

SP 1; Select pen number 1 (black).

SC —3000,3000,-2000,2000,1; Specify scaling mode, making P1 equal to (—3000,-2000)
user-units and P2 equal to (3000,2000) user-units. Isotropic scal-
ing is specified.

PA —1700,2000; Specify absolute plotting and move to (—1700,2000), the center of
the circle to be drawn.

Cl 750,45; Draw a circle with a radius of 750 user-units and a chord angle of
45° (8 chords).

PA 300,2000; Specify absolute plotting and move to (300,2000) to draw another
circle.

Cl 750,30; Draw this circle with a radius of 750 user-units and a chord angle
of 30° (12 chords).

PA —1700,-200; Specify absolute plotting and move to (—1700,-200), the center
point of a third circle.

Cl 750,15; Draw this circle with a radius of 750 user-units and a chord angle
of 15° (24 chords).

PA 300,-200; Specify absolute plotting and move to (300,—200), the center of
the fourth circle.

Cl 750; Draw this circle with a radius of 750 user-units and a chord angle

of 5°, the default (72 chords).

930
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45-Degree chord angle 30-Degree chord angle %
156-Degree chord angle §-Degree chord angle

Figure 65. Effects of Chord Angle on Circle Smoothness.
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Example: Circles with Different Radii and Line Types

SC —75,75,-75,75,1; Set up user scaling with (-75,=75) as P1 and (75,75) as P2; the “1”

parameter specifies isotropic scaling.

PA 0,0; Specify absolute plotting and move to user-unit location (0,0).
LT ; Specify a default line type (solid).
Cl 5; Draw a circle with a radius of 5 user-units.
LT 0; Select line type 0 (dotted).
Cl -12; Draw a circle with a radius of 12 user-units (the minus sign indi-
cates starting at the 18@oint).
LT 1; Select line type 1.
Cl 19; Draw a circle with a radius of 19 user-units.
LT 2; Then select line type 2.
Cl —26; Draw a circle with a radius of 26 user-units.
LT 3; Select line type 3.
Cl 33; Draw a circle with a radius of 33 user-units.
LT 4; Then select line type 4.
Cl —40; Draw a circle with radius of 40 user-units.
LT 5; Draw the outer two circles; the first with a line type of 5
Cl 47, and a radius of 47 user-units.
LT 6; Draw the second with a line type of 6
Cl 54, and a radius of 54 user-units.
T \\\\
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Figure 66. Drawing Circles with Different Radii and Line Types
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CO, Comment

Purpose

To allow comments to be inserted within an HP-GL/2 instruction sequence. The comment
string of the CO instruction must be delimited by double quotes. HP-GL/2 comments are ig-
nored by the device.

Syntax
CO[“c...c[}]
Parameter Format Functional Range Parameter Default
“c...c” quoted string any text characters en no default
(see page 28) | closed in double quote
Group

This instruction is in the Configuration and Status Group.

Use

To add comments to HP-GL/2 instruction lists.

N
=
-
<
o
T

INSTRUCTIONS

CO Instruction 127
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CP, Character Plot

Purpose

To move the pen the specified number of spaces and lines from the current pen location. Use
CP to position a label for indenting, centering, and so on. Itrtgdot characters; that is
normally done by the LB (Label) instruction.

Syntax
CPspaces,linesy;]
or
CP[;]
Parameter Format Functional Range Parameter Default
spaces clamped real —-32 768 to 32 767 no default
lines clamped real —-32 768 to 32 767 no default
Group

Use

This instruction is in the Character Group.

The CP (Character Plot) instruction includes an automatic pen up. When the instruction is com-
pleted, the original pen up/down status is restored.

CP moves the pen position in relation to the current position. CP is a movement instruction and
does not affect the margin; to repeat the same movement for subsequent labels, you must issue
new CP instructions. (For information about the Carriage Return poirNj@seeg to the Car-

riage Return Poinbn page 66.) For more information on spaces, lines, and the character cell,
refer toWorking with the Character Cetin page 58.

°

No Parameters: Performs a Carriage Return and Line Feed (moves one line down and
returns to the Carriage Return point).

spaces: Specifies the number of spaces the pen moves relative to the current pen location.
Positive values specify the number of spaces the pen moves to the right of the current pen
position; negative values specify the number of spaces the pen moves to the left. Right and
left are relative to the current label direction. The space width is uniquely defined for each
font; use the ES (Extra Space) instruction to adjust the width.

Note: If you are using a proportionally-spaced font, the width of the Sgecedntrol
code is used.

lines: Specifies the number of lines the pen moves relative to the current pen location.
Positive values specify the number of lines the pen moves up from the current pen position;
negative values specify the number of lines the pen moves down (a value of —1 is equiva-
lent to a Line Feed). Up and down are relative to the current label direction. The Line

128
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Feed distance is uniquely defined for each font; use the ES (Extra Space) instruction to
adjust the height.

When you move the pen up or down a specific number of lines, the Carriage Return point shifts
up or down accordingly.

The illustration below shows the interaction of label direction and the sign (+/-) of the parame-

ters.
Up (+)
Left (-) Right (+)
LABEL DIF!ECJION, DI1, O————
Down (-)
Down (-)
Right (+) . . Left (-)
—0 1-Id NUI%CJE]HICJ 1434V ——
Up (+)

Figure 67. Interaction of Label Direction and Parameter Sign

The following illustration shows the direction of labeling with a vertical text path (set by
“DV1" or “DV1,0"); refer to the DV (Define Variable Text Path) instruction for more informa-
tion).

Left (-)

N
=
-
<
o
T

INSTRUCTIONS

—0MmM<

Down (-) -— I — Up (+)

C
A
L

Right (+)

Figure 68. Labeling with a Vertical Text Path
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This is the black on page 129 (seq: 147)
This is the blue on page 129 (seq: 147)

Company confidential. HP-GL/2 and HP RTL Reference Guide, draft 2. Freeze Status: open



Related Instructions

DI Absolute Direction

DR Relative Direction

DV Define Variable Text Path
ES Extra Space

LB Label

LO Label Origin

SB Scalable or Bitmap Fonts

SI Absolute Character Size
SR Relative Character Size
Example

The following example produces lettering along a line (but not directly on top of it), and aligns
labels along a left margin. Movement of the carriage-return point is demonstrated, as well as
different methods of placing the text. The text is placed using the CP instruction with parame-
ters, then with a Carriage Return-Line FeeR F) combination, and using a CP instruction
without parameters to emulat€na LF.

PA 5000,2500; Specify absolute plotting and move to (5000,2500).

PD 1500,2500; Set the pen down and draw a line to (1500,2500).

PU ; Lift the pen.

CP 5,.35; Move the pen 5 spaces to the right and 0.35 lines up so that the
label is placed just above the line.

DT$,1; Define a label terminator ($) and specify that it does not print.

SD 1,21,2,1,4,14,5,0,6,3,7,52; Designate a 14-point Univers Bold font.
SS ; Select it.
LBABOVE THE LINE$;  Print the first line of text. (Note that there are no spaces after

“LB".)

PA 2500,2500; Move the pen to (2500,2500).

WG  20,0,360; Draw a dot marking the new carriage-return point (BB@k-
filled wedge with a diameter of 20 plotter-units).

CP 0,—.95 Move the pen down 0.95 lines, with no left or right movement.

LBBELOW THE LINE cr LF WITH A NEAT$; Print the second line; Carriage Return-Line
Feed; print the third line.

CP ; The CP instruction without parameters functionsGs L.

LBMARGINS; Print the fourth line.

ABOVE THE LINE

BELOW THE LINE
WITH A NEAT
MARGIN

Figure 69. CP (Character Plot) Instruction
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CR, Set Color Range for Relative Color Data

Purpose

To establish the range for specifying primary color—for example, red/green/blue (RGB)—data.
This instruction maps current pen colors to a numeric range while leaving the current palette
colors themselves unchanged. Pen plotters ignore (NOP) this instruction.

In an RGB color model, “primaryl” or “p1” is red, “primary2” or “p2” is green, and “prima-
ry3” or “p3” is blue.

Syntax
CRblack-ref_p1,white-ref_p1,black-ref p2,white-ref p2,black-ref p3,white-ref p3[;]
or
CRT[]
Parameter Format Functional Range Parameter Default
black-ref clamped real —-32 768 to 32 767 0
(p1, p2, p3)
white-ref clamped real -32 768 to 32 767 255
(p1, p2, p3)
Group

This instruction is in the Palette Extension.

Use

Theblack-referencefor a primary color denotes a value assigned to the absence of that cold
Thewhite-referencedenotes the value given to a fully saturated primary color. When you h
set the reference ranges, use the PC (Pen Color Assignment) instruction to define the colo
your pens.

HP-GL/2
INSTRUCTIONS

e No parameters: Defaults the black color references to 0 and the white references to 2
Equivalent to “CR0,255,0,255,0,255;".

e Dblack-ref, white-ref (primaryl, primary2, primary3): Sets the color to a range for each
primary color. The first two parameters set the black- and white-references (respectively)
for primary1 (or red), the second pair for primary2 (or green), and the final pair for prima-
ry3 (or blue).

Using a black-reference of 0 and a white reference of 100 makes it easy to specify colors as

percentages of their fully saturated levels. Use the instruction “CR 0,100,0,100,0,100;".

The reference values are reset to their defaults by the IN (Initialize) instruction.

In dual-context mode, CR can change the black and white references for palettes created by IN,
BP, oresc*v#W. The new references are remembered when the PCL or HP RTL context is
entered. This instruction is ignored if the current palette was creagsttigtU or ESCE.

The equivalent PCL and HP RTL command is Configure Image Data (bytes 6 through 17).

CR Instruction 131
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Related Instructions

NP Number of Pens
PC Pen Color Assignment
SV Screened Vectors

TR Transparency Mode

Example
CR  0,63,0,63,0,63;

CR  4,63,0,127,0,31,

Possible Error Conditions

This instruction sets the black references for each primary to 0,
and the white references to 63. The value for a medium blue
would be 0,0,31.

This instruction sets the black reference to 4,0,0 and the white
reference to 63,127,31. In this case, medium blue would be
4,0,15.

Error Condition Error Number Printer or Plotter Response

One to five parameters 2 The instruction is ignored

Seven or more parameters 2 The extra parameters are ignore¢d
The black reference value for any |3 The instruction is ignored

primary color is equal to its white

reference value

132 CR Instruction
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CT, Chord Tolerance Mode

Purpose

To specify whether thehord_angleparameter of the AA, AR, AT, CI, EW, RT, and WG
instructions is interpreted as a chord angle in degrees or as a deviation distance in current units.
This instruction changes the way the number of chords is determined. It is defaulted by DF or

Format

Functional Range

Parameter Default

clamped integer

Oor1l

0

IN.
Syntax
CT mode[;]
CT[]
Parameter
mode
Group

This instruction is in the Technical Graphics Extension.

Use

A plotted circle or arc actually consists of a series of straight line segments (chords) that
approximate to arc segments. Increasing the number of chords increases the smoothness of the
circle or arc, but uses more of the device’s disk space. Chord tolerance is the acceptable devi-

ation from a smooth circle, and can be established as either a chord angle or a deviation

distance.

e No parameters equivalent to “CTO.

e mode Specifies the type of chord tolerance, as follows:

0 Sets the chord tolerance modectmrd angle which specifies, in degrees, the
maximum angle created when lines from each end of the chord intersect the ¢

HP-GL/2
INSTRUCTIONS

point of the circle. When chord tolerance is specified as a chord angle, a circle or
arc will have the same number of chords, regardless of its size. See the left-hand
side of Figure 70.

1 Sets the chord tolerance modalayiation distancewhich specifies, in current
units, the maximum distance between the chord and the arc segment it represents.
When you specify a deviation distance, the number of chords in a circle will vary

with its size. See the right-hand side of Figure 70.

Note that when you change from the default mode of chord angle to deviation distance, the
chord angle parameter of the arc instructions (AA, AR, AT, and RT), the wedge instructions
(EW and WG), and the circle instruction (CI) will be interpreted as current units, not degrees.
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deviation distance

X

drawn chord arc
segment
Figure 70. Chord Tolerance Mode
Related Instructions
AA Arc Absolute
AR Arc Relative
AT Absolute Arc Three Point
Cl Circle
EW Edge Wedge
RT Relative Arc Three Point
WG Fill Wedge
Possible Error Conditions
Error Condition Error Number Printer or Plotter Response
The mode is not O or 1. 3

The instruction is ignored

134 CT Instruction
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DC, Digitize Clear

Purpose

To terminate digitize mode and reactivate automatic pen lift and storage. This instruction is
only supported by pen plotters.

Syntax

DC[]

Group

This instruction is in the Digitizing Extension.

Use

If you are using an interrupt routine in a digitizing program to branch to another plotting func-
tion, use DC to clear the digitize mode immediately after the branch.

When the device receives the DC instruction, it terminates digitize mode. It may also turn off
any control-panel light (awaiting input of digitized point) and reactivate automatic pen lift.

Refer toThe Digitizing Extensionon page 89 and your device’s documentation for more in-
formation.

Related Instructions

DP Digitize Point %)
OD  Output Digitized Point and Pen Status &
0s Output Status SE
LS
iz
Possible Error Conditions T
Z
Error Condition Error Number Plotter Response
One or more parameters are specifig2i The parameters are ignored
DC Instruction 135
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DF, Default Values

Purpose

To return the device's HP-GL/2 settings to the factory default settings. Use the DF instruction
to return the device to a known state while maintaining the current locations of P1 and P2, un-
like the IN (Initialize) instruction. When you use DF at the beginning of a instruction
sequence, graphics parameters such as character size, slant, or scaling are defaulted.

Syntax
DF[]
Group

This instruction is in the Configuration and Status Group.

Use

The DF instruction resets the device to the following conditions:

Equivalent
Function Instruction Default Condition

Anchor Corner AC; Anchor corner set to the origin of the hard-clip lim
Its

Alternate Font Definition | AD; Restore default (device-dependent) alternate font
characteristics

Character Fill Mode CF; Solid fill, no edging, uses the current pen

Absolute Direction DI; Absolute character direction parallel to X-axis

Define Label Terminator | DT; ETX and non-printing mode

Define Variable Text Path{ DV, Text printed in the +X-direction with Line Feed in
the —Y-direction

Extra Space ES; No extra space

Fill Type FT, Solid bidirectional fill (all previously specified pa-
rameters for other fill types revert to their defaults

Input Window W, Hard-clip limits (printable area)

Line Attributes LA; Butt caps, mitered joins, and miter limit=5

Label Origin LOZ; Standard labeling starting at current location

Line Type LT; Solid line, relative mode, pattern length=4% of di-
agonal distance from P1 to P2

Plotting Mode PA; Absolute plotting

Polygon Mode PMO;PM2; | Polygon buffer cleared

Raster Fill RF; Solid raster fill in the current color for all patterns

136 DF Instruction
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Equivalent
Function Instruction Default Condition
Scale SC; User-unit scaling off
Standard Font Definition | SD; Restore default (device-dependent) standard font
characteristics
Absolute Character Size | SI; Turns off size transformation
Character Slant SL; No slant
Symbol Mode SM; Turns off symbol mode
Select Standard Font SS; Standard font selected
Transparent Data TD; Normal printing mode
User-Defined Line Type |UL; Defaults all 8 line types

In addition, the device updates the carriage-return point for labeling to the current pen location.
(See page 66 for more information on the carriage-return point.) DF defaults the PD and PU
forms of the PA and PR instructions to be forms of PA; it clears the current pattern residue and
terminates any sequence of continuous vectors (see the LA and LT instructions).

The DF instruction does not affect the following HP-GL/2 conditions:

[ )

[ )

[ )

[ )

[ )

Using DF with the Technical Graphics Extension

Locations of P1 and P2.

Current pen, its selection, location, width, width unit selection, and up/down state.
Plot size.

HP-GL/2 drawing rotation.

Generated errors are not cleared.

[0}
zZ
The DF instruction also affects the following instructions: g%
Equivalent ;E
Function Instruction Default Condition %
Chord Tolerance Mode |CT; Sets the mode to chord angle =
Merge Control MC; Sets merge control off
Media Type MT; Device-dependent—uses the control-panel setting
Quality Level QL; Device-dependent
Sort ST, Device-dependent
Velocity Select VS; Device-dependent speed for all pens

DF Instruction 137

This is the black on page 137 (seq: 155)
This is the blue on page 137 (seq: 155)

Comp

any confidential. HP-GL/2 and HP RTL Reference Guide, draft 2. Freeze Status: open



Using DF with the Palette Extension

The DF instruction also affects the following instructions:

Equivalent
Function Instruction Default Condition
Set Color Range for CRO0,255, | Range 0 through 255 for each primary color (red,
Relative Color Data 0,255, [green, blue)
0,255;
Number of Pens NP; Device-dependent
Pen Color Assignment | PC; Determined by the number of pens
Screened Vectors SV, No screening (solid vectors); defaults other pre-
viously specified options

Transparency Mode TR1; Transparency mode on

Using DF in a Dual-Context Environment

The DF instruction also affects the following instructions:

Scalable or Bitmap Fonts

SBO;

Equivalent
Function Instruction Default Condition
Anchor Corner AC; Places the anchor point at the origin of the curren
coordinate system
Input Window W, Sets the user window equal to the hard-clip limits

Scalable fonts only

Using DF with the Advanced Text Extension

The DF instruction also affects the following instructions:

Scalable or Bitmap Fonts

SBO;

Equivalent
Function Instruction Default Condition
Label Mode LM; 8-bit mode, row-number 0

Scalable fonts only

Related Instructions

BP Begin Plot

IN Initialize

LM Label Mode

MC Merge Control
PP Pixel Placement

DF Instruction
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DI, Absolute Direction

Purpose

To specify the slope or direction at which characters are drawn, independent of P1 and P2 set-
tings. Use DI to change labeling direction when you are labeling curves in line charts,
schematic drawings, blueprints, and survey boundaries.

Syntax
DI run,rise[;]
or
DI []
Parameter Format Functional Range Parameter Default
run (or cost) clamped real —-32 768 to 32 767 1
rise (or sinB) clamped real -32 768 to 32 767 0
Group

This instruction is in the Character Group.

Use

The DI instruction updates the carriage-return point to the current location. While Dl is in ef-

fect, with or without parameters, the label direction is not affected by changes in the locations
of P1 and P2. However, the DV (Define Variable Text Path) instruction interacts with the D
instruction (and DR), as explained later in this section.

The DI instruction remains in effect until another DI or DR instruction is executed, or the d
vice is initialized or set to default conditions.

HP-GL/2
INSTRUCTIONS

e No Parameters: Defaults the label direction to absolute and horizontal (parallel to
X-axis). Equivalent to “DI1,0".

e run orcos: Specifies the X-component of the label direction.

e riseorsin®: Specify the Y-component of the label direction.
Together, the parameters specify the slope and direction of the label.

You can express the parameters in measured units andrise, or using the trigonometric
functions cosine and sine according to the following relationships:

where:  runandrise = number of measured units
0 the angle measured in degrees
sinB/cosO rise/run
0 = tarri(rise/run
and tano sinB/cosO

DI Instruction 139
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Note that theun andrise determine the slope or angle of an imaginary line under the base of
each character in the label. See Figure 71.

P}

Vg
e 9| Rise
”~
”~
——l Run L—

Figure 71. Character Slope Rise and Run

When plotting in horizontal mode (that is, you have not used the DV [Define Variable Text
Path] instruction), theun andrise appear to determine the slope of the entire label. However,

if you have used the DV instruction to label in a vertical path, the label appears to slant in the
opposite direction, even though the base of each letter is plotted on the same slope. Figure 72
compares how labels plotted with the sameandrise parameters appear with horizontal

“DV0” and vertical “DV1” text paths.

& 2
X &'»0
A -

DVo DV1
Figure 72. Effect of Horizontal and Vertical Text Paths

For devices that support the Dual-Context Extension, if an “SB1;” instruction has been sent, the
device draws the label along the nearest perpendicular. In the case of bisection, the angle is
rounded down (so 45vould be rounded to°). See Figure 73.
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I
Vector Font (SB0) Bitmap Font (SB1)

Figure 73. Scalable Versus Bitmap Variable Text Path Printing

140 DI Instruction
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Suppose you want your label plotted in the direction shown in Figure 74. You can do this in
one of two ways: measure then andrise, or measure the angle.

et
5 0’/ A
f L) /)'
G, \V \ RIge= (DI 8.5,4.9)
A Pa 4.9 unjts
- \ = \ (DI .866,.5)
1 gq =3Q°
<N\ .
N2~ ]
“A c

Ryn=8.5 ynits

Figure 74. Label Print Direction Rise and Run

To measure theun andrise, first draw a grid with the lines parallel to the X- and Y-axis. The
grid units should be the same size on all sides, but their actual size is irrelevant. Then, draw
one line parallel to the label and one parallel to the X-axis. The lines should intersect to form
an angle.

Select a point on the open end of your angle (where another line would create a triangle). On
the line parallel to the X-axis, count the number of grid units from the intersection of the two
lines to your selected point. This is tm; in Figure 74, theun is 8.5. Now, count the num-

ber of units from your selected point along a perpendicular line that intersects the line along the
label. This is theise; in Figure 74, theiseis 4.9.

Your DI instruction using theun andriseis “DI18.5,4.9;".

If you know the anglef), you can use the trigonometric functions sine (sin) and cosine (cos
In this example® = 30°, cos 30 = 0.866, and sin 30= 0.5.

HP-GL/2
INSTRUCTIONS

Your DI instruction using the sine and cosine would be “DI.866,.5;".

Whichever set of parameters you use, the label is drawn in the same direction as shown in
ure 74.

When using either method, at least one parameter must not be zero. The ratio of one parameter
to the other is more important than the actual numbers. The following table lists three common
label angles produced by using 1's and O’s.

DI instruction Label direction
DI 1,0; horizontal
D1 0,1; vertical

DI 1,1; (or any other equal non-zero values) 45°

DI Instruction 141
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The relative size and sign of the two parameters determine the amount of rotation. If you imag-
ine the current pen location to be the origin of a coordinate system for the label, you can see
that the signs of the parameters determine which quadrant the label is in.

Examples
PA  3500,2500;
DT*;
DI 1,1,

LBDIRECTIONCR?*;

DI -1,1;
LBDIRECTIONCR?*;
DI -1,-1;
LBDIRECTIONCR?*;
DI 1-1;
LBDIRECTIONCR?*;

Quadrant ||
-run
+rise

Enter absolute plotting mode and move to (3500,2500).
Define an asterisk (*) as the label terminator.
Select the first quadrant.
Print the word “DIRECTION” and send a Carriage Return to re-
turn the pen to the Carriage Return point (3500,2500).
Select the second quadrant.
Print the word and Carriage Return.
Select the third quadrant.
Print the same word and Carriage Return.
Select the fourth quadrant.
Print the same word and Carriage Return.

AN
C\Q
<§</

Q'%’ Quadrant |
0 +run
trise

-run
-rise
Quadrant |l

+run
-rise

<Q
Ol Xy audan
<~ @Q\

e
>
A

Figure 75. Varying Print Direction with the DI Instruction

The following example illustrates the use of positive and negative parameters, the use of the
cosine and sine, how the LB instruction updates the current pen location, and how DI updates

the carriage-return point.

PA 3500,2500;

DT#,1;

DI 0,1
LB 1990#;
DI 1,1;
LB 1991#;
DI 1,0

Specify absolute plotting and move to (3500,2500).
Define the “#” character as the label terminator.
Set the label direction to print at®90

Print “ 1990".
Set the label direction to 45
Print “ 1991".

Set the label direction to 0

142 DI Instruction

This is the black on page 142 (seq: 160)

Company confidential. HP-GL/2 and HP RTL Reference Guide, draft 2. Freeze Status: open



LB 1992#; Print * 19927

DI T71,-.71; Change the label direction using the cosine and sine af 315
LB 1993# Print“___ 1993".

DI 0,-1; Change the label direction using the cosine and sine &f 270
LB__ 199«R#; Print“  1994"; Carriage Return.

DI -71,-.71,; Set the label direction using the cosine and sine &f 270
LB__ 199%€R#; Print“_ 1995"; Carriage Return.

DI ,—1,0; Set the label direction using the cosine and sine of°-180

LB 199€R¥#; Print“_ 1996"; Carriage Return.

Nn— 1992
> AN .
R
3
966T / ‘\g:i;r{age return
&

& 3

e

1990
e

(3500,2500)
Figure 76. Using the DI (Absolute Direction) Instruction with Labels

Related Instructions

SR

Character Fill Mode
Character Plot

Relative Direction

Define Variable Text Path
Label

Scalable or Bitmap Fonts
Absolute Character Size
Character Slant

Relative Character Size

N
~
-
Q
o
I

INSTRUCTIONS

Possible Error Conditions

Error Condition Error Number Printer or Plotter Response
Both parameters = 0 or 3 Ignores instruction
number out of range

DI Instruction 143
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DL, Download Character

Purpose

To design characters and load them into a buffer for repeated use. Use DL whenever you want
to create characters or symbols that are not included in the device’s character sets.

Syntax
DL character_number[,up],X,Y...[[,up],X,Y][;]
DL chargéter_number[;]
DL chargcr:ter_numberl,character_number2[,up],X,Y...[[,up],X,Y][;]
DL chargcr:ter_numberl,character_numberZ[;]
oL [} or
Parameter Format Functional Range Parameter Default
character_number,| clamped integers 0 through 255 no default

character_numberl
character_number2]

up clamped integer -128 no default

X,Y coordinates | clamped integers —127 through 127 no default

* A pair of character numberstfaracter_numberl,character_numbgi2only valid in
16-bit mode (see the LM [Label Mode] instruction on page 208).

Group

This instruction is in the Technical Graphics Extension.

Use

After you designate (SD or AD) and select (SS or SA) the HP-GL/2 downloadable 8-bit charac-
ter set (character set 531, symbol set ID 16S), use the DL instruction to create characters vector
by vector, one character per instruction. Once defined with DL, characters can be used in the
LB instruction. They can also be used in Symbol Mode (SM), but will not be centered unless
they have been defined that way in the character grid. All text attributes (size, slant, direction,
and label origin) apply to downloadable characters. The characters you define in the download-
able set have fixed spacing and are upright. All text attributes (size, slant, direction, and label
origin) apply to downloadable characters. They may be intermixed with other fonts. After LB
prints the character, the character origin is advanced 48 grid units, unless modified by the ES
(Extra Space) instruction.

e No parameters Clears all characters in the downloadable character set from the buffer.
All characters are then undefined.

144 DL Instruction
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e character_number. An integer in the range 33 to 126, specifying the decimal value of the
character. If theharacter_numbehas been previously defined, the new definition over-
writes the old one.

In 8-bit modecharacter_numbespecifies the character number of the character, and there
should not be any subsequeharacter_number2pecified. In 16-bit mode (see the LM
instruction on page 208), the character number is specified by the pair of numbers,
character_numberl,character_number2

When it is not followed by additional coordinate parameters ¢tzlracter_number][;] or

“DL character_numberlcharacter_number2];]this instruction clears the corresponding
character from the downloadable set. Clearing a character makes it undefined, and refer-
ring to such a character in a label string results in a space.

e up: A clamped integer with the value —128. Teflag indicates that the next pair of
coordinates defines a move with the pen up; subsequent moves are made with the pen
down. Pen up is the default for the first pair of coordinates.

e X, Y coordinates Clamped integers in the range —127 to 127 primitive grid units. These
coordinates are drawn on a 32-by-32-unit grid. After the first pair, which always defines a
pen-up move, all coordinates define moves with the pen down, unless they are preceded by
anup-flag.

The number of characters following tblearacter_numbeparameter is not restricted.
Your device can download 94 characters with at least 20 points (coordinate pairs) in each
character.

In symbol mode, the character drawn at the vector end-points uses the current downloaded defi-
nition, not the definition in effect when the SM was received. If a downloaded character

defined at the time of SM becomes undefined before the execution of the symbol mode (by PA
or PR), no symbol is drawn and error 3 is generated. The vectors specified by PA or PR are,
however, drawn normally.

If any HP-GL/2 error is generated while processing DL, the partially defined character is not
saved, and the old character is cleared.

Defining a Downloadable Character

HP-GL/2
INSTRUCTIONS

The device allocates space in the downloadable character buffer as needed. The DL font
fixed overhead of 206 bytes (consumed when the first character is downloaded), plus two ¢
head bytes per defined character. The points in a DL character avirdyée$ each.

1. Design the character in absolute units on a 32-by-32-unit grid in a 48-by-64-unit cell.

Note that the origin (0,0) is in the lower-left corner of the grid. This is the same grid used
for fixed-vector character sets in the device. The area occupied by a 32-by-32-unit grid is
approximately the size of an uppercase A. The downloaded character may extend outside
this grid to£127 units on each axis. The point size of a downloadable set corresponds to
48 grid units.

Assign a character number (decimal code) to the downloadable character.

3. Designate the starting point with the first X,Y coordinate pair, which is always a pen-up
move.

4. Specify the vectors of the character using absolute X,Y coordinates.

DL Instruction 145
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Related Instructions

AD Alternate Font Definition
LB Label

SA Select Alternate Font
SD Standard Font Definition
SS Select Standard Font

Possible Error Conditions

Error Condition Error Number Printer or Plotter Response

Y-coordinate missing 2 Ignores instruction

Up-flag follows X-coordinate Ignores instruction

Parameter out of range Ignores instruction

X,Y data out of range Ignores instruction

N Wl w N

Buffer overflow Ignores instruction

Example

This sequence of instructions uses a character that is downloaded:

AD 1,531,3,3 Alternate Font Definition: character set 531, pitch 3 characters per
inch.

DL 65, 10,0, 10,30, 28,30, 28,24 Download Character number 65 (“A”), starting at
(10,0), draw to (10,30), to (28,30), and finally to (28,24).

PU Pen Up.

PA 300,300 Plot Absolute, moves the pen to (300,300).

LBThe symbol for gamma is SOAETX Label, using the shift-ousd) character, decimal code
14, to switch to the alternate font, and the end-of-&m)(char-
acter, decimal 3, to terminate the text.
(An alternative sequence, using the SA (Select Alternate Font)
instruction, would be:

LBrhe symbol for gamma is ETXSALBAETX

but is four bytes longer.)

This is the result:
The symbol for gammais I

Figure 77 shows how the gamma symbol fits in its character grid.

146 DL Instruction
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Space: 48 grid units

Line: 64 grid units

Character width: 32 grid units

_______ 71
(28,30) |
(10,30)
|
End p2}
(28,24) | S
E
E
. 33
E
pd
Origin Start | _
(0,0 (10,0) I

Figure 77. Creating a Downloaded Character
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DP, Digitize Point

Purpose

To enable digitize mode and suppress automatic pen lift and storage. In digitize mode, you
have full control of the pen holder. The device remains in digitize mode until a point is entered
using a front-panel control, or digitize mode is terminated by the DC (Digitize Clear) instruc-
tion.

Syntax

DP[;]

Group

This instruction is in the Digitizing Extension.

Use

This instruction suppresses any automatic pen storage and lift that may be implemented in the
plotter.

This instruction may turn on a control-panel light to indicate that it is waiting for you to enter a
point. Use the control-panel cursor-buttons to move the digitizing sight to the appropriate loca-
tion, lower the sight, and then press the appropriate control-panel button (usually the Enter
button).

Entering a point sets bit position 2 of the OS instruction status byte to indicate that a digitized
point is available for output when requested by the OD instruction. Use the OD instruction to
retrieve the X,Y coordinates of the point and the pen state (up or down). Then you can display
these coordinates on your computer screen or write them to a file.

SeeThe Digitizing Extensioon page 89 for more information.

Related Instructions
DC Digitize Clear

oD Output Digitized Point and Pen Status
(0N} Output Status

Possible Error Conditions

Error Condition Error Number Plotter Response
One or more parameters are specifig2i The parameters are ignored
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DR, Relative Direction

Purpose

To specify the direction in which labels are drawn, relative to the scaling points P1 and P2.
Label direction is adjusted when P1 and P2 change so that labels maintain the same relationship
to the scaled data. Use DR to change labeling direction when you are labeling curves.

Syntax
DR run,rise[;]
or
DR[]
Parameter Format Functional Range Parameter Default
run clamped real -32 768 t0 32 767 1% of PZ—PIx
rise clamped real -32 768 to 32 767 0
Group

This instruction is in the Character Group.

Use

The DR instruction updates the Carriage Return point to the current location. While DR is in
effect, with or without parameters, the label direction is affected by changes in the location of
P1 and P2. DR is also affected by the DV (Define Variable Text Path) instruction. Refer to
DI instruction for an explanation of this interaction.

A DR instruction remains in effect until another DR or DI instruction is executed, or until th
device is initialized or set to default conditions.

HP-GL/2
INSTRUCTIONS

e No Parameters: Defaults the label direction to relative and horizontal (parallel to the
X-axis). Equivalent to “DR1,0".

e run: Specifies a percentage of the distance betwegraRd P%.
e rise: Specifies a percentage of the distance betweeraRd PZ.

/—:I RunL—

Figure 78. Rise and Run Parameters
You define the parameters iofin andrise as shown in Figure 78.
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With the DR instruction, the use nfn andrise is somewhat different than with DRunis
expressed as a percentage of the horizontal distance between P1rs&is@xpressed as a
percentage of the vertical distance between P1 and P2.

actual run run parameter- 100 x (P% — Pl)
actual rise ¥ise parameter— 100 x (P2 — Pl)

Figure 79 shows the effects of using three different setsnadndrise parameters. Notice how
the text baseline varies as tlum percentage is greater than, equal to, and less than the value
for therise.

To calculate the angle of the label, usertireandrise parameters to form a fraction that is less
than or equal to 1. It doesn’t matter whethar orrise is the numerator. For example, if
run=4 andrise=6, the fraction is 4/6; ifun=6 andrise=4, the fraction is still 4/6.

The larger of the two terms determines whether the directional line intersects the top or side of
the P1/P2 area, as follows:

e If run=rise, the fraction is 1, and the directional line runs from corner to corner of the
P1/P2 area. (The exact corner is determined by the sign of the parameters.)

e If run>rise, the line intersects the side of the plotting area, a fraction of the way up towards
the top scaling point. For example, if P1 is in the lower-left cornarrise, and the
fraction is 1/2, the directional line intersects half-way up towards P2.

e If run<rise, the line intersects the top of the plotting area, a fraction of the way across
towards the right scaling point. For example, if P1 is in the lower left coisesrrun, and
the fraction is 2/6, the directional line intersects the top one-third (2/6) of the way towards

pP2.
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Figure 79. Effects of Different Rise/Run Parameters

If the P1/P2 rectangle is square, the DR and DI instructions have exactly the same effect. The
advantage of using the DR instruction is that, as the locations of P1 and P2 change, the slope of
the baseline changes to match the stretching or compressing of the P1/P2 rectangle. For exam-
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ple, if the relative direction is set so thiae=run, the slope of the baseline is°4&s long as the
P1/P2 rectangle is square. If the P1/P2 rectangle stretches so that it is twice as high as it is
wide, the slope of the baseline remains parallel to an imaginary line running from P1 to P2 (see

Figure 80).
p2
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Figure 80. Effects of P1 and P2 on Label Direction with the DR Instruction

Labels begin at the current pen location and thus are drawn parallel to the directional line, not
necessarily on it. Also, negative parameters have the same effect on direction as described fg

the DI instruction. 9

At least one parameter must not be zero. The ratio of the parameters to each other is mor QS

portant than the actual numbers. The table below lists three common label angles produce @'8

using ones and zeros. o

Ik

2

DR instruction Label direction =
DR 1,0; horizontal

DR 0,1; vertical

DR 1,1; (or any other equal non-zero valuegdiagonal from P1 to P2

The relative size and sign of the two parameters determine the amount of rotation. If you imag-
ine the current pen location to be the origin of a coordinate system for the label, you can see
that the signs of the parameters determine in which quadrant the label is in.

DR and DI Compared

DR acts like DI except that DR parameters are relative to the locations of P1 and P2. There-
fore, as shown below, for some P1/P2 orientations, positive DR parameters produce the same
effects as negative DI parameters.

DR Instruction 151
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If P1 = (0, 0) and P2 = (10 000, 5 000), DR 1,1 is equivalent to DI 2,1;

If P1 = (0, 5 000) and P2 = (10 000, 0), DR 1,1 is equivalent to DI 2,-1;
If P1 = (10 000, 0) and P2 = (0, 5 000), DR 1,1 is equivalent to DI -2,1;
If P1 = (10 000, 5 000) and P2 = (0, 0), DR 1,1 is equivalent to DI —2,-1;

47
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—run +run
+rise O trise
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Figure 81. Varying Print Direction with the DR Instruction

Related Instructions

CF Character Fill Mode

CP Character Plot

DI Absolute Direction

DV Define Variable Text Path

IP Input P1 and P2

IR Input Relative P1 and P2

LB Label

SB Scalable or Bitmap Fonts

SI Absolute Character Size

SL Character Slant

SR Relative Character Size
Example

This example illustrates the use of positive and negative parameters, how the LB instruction
updates the current pen location, and how DR updates the carriage-return point.

Note that this is the same example shown with the DI instruction. The only changes are switch-
ing the DI to DR and using the 1:0 ratio instead of the sine and cosine. However, if you print

152 DR Instruction
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them both and measure them, you'll discover that they are slightly different sizes. The size
difference results from the DR instruction’s use of the percentage of the P2/P1 distance.

Note; Labels begin at the current pen location and thus are drawn parallel to the directional
line, not necessarily on it.

PA 3500,2500; Specify absolute plotting and move to (3500,2500).
DT#,1; Define the “#” character as the label terminator.
DR 0,1 Set the label direction

LB 1990#; Print*__ 1990".

DR 1,1; Set the label direction

LB 1991# Print*  1991"

DR 1,0; Set the label direction

LB 1992#; Print*  1992".

DR 1,-1; Change the label direction

LB 1993#; Print*  1993".

DR 0,-1; Set the label direction.

LB 1994R¥#; Print“_ 1994” and Carriage Return.

DR -1,-1; Set the label direction.

LB 199%R¥#,; Print*_ 1995” and Carriage Return.

DR -1,0; Set the label direction.

LB 199€R¥#; Print“ _ 1996” and Carriage Return.
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INSTRUCTIONS

(3500,2500)
Figure 82. Using the DR (Relative Direction) Instruction with Labels

Possible Error Conditions

Error Condition Error Number Printer or Plotter Response

Both parameters = 0 or 3 Ignores instruction
number out of range
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DT, Define Label Terminator

Purpose

To specify the character to be used as the label terminator and whether it is printed. Use DT to
define a new label terminator if you need a different one or if your computer cannot use the
default ETX, decimal code 3).

Syntax

DT label_terminator[,mode];
or
DT;

You must use a terminator (;) with this instruction.

Parameter Format Functional Range Parameter Default

label_terminator label any character except| ETX (decimal code 3)
NULL, LF, ESC, and;
(decimal codes 0, 5, 21
and 59 respectively)*

mode clamped integer Oorl 1 (non-printing)

*  If you specify alabel_terminatorof decimal code 0, 5, or 27, the device ignores the
instruction; the terminator remains unchanged.

Group

This instruction is in the Character Group.

Use

The character immediately following DT is interpreted to be the new label terminator. You
must terminate all LB (Label) instructions following a DT instruction with the specified label
terminator.

e No Parameter: Defaults the label terminator BTX (nota semicolon) and the mode to
non-printing. Equivalent to “DATX,1;".

e label terminator: Specifies the label terminator as the character immediately following
the DT mnemonic. (If you use a space between the mnemonic and your ingended
bel_terminatomparameter, the space becomes the label terminator; that is why the
examples of DT in this book show no space after the instruction mnemonic, unlike most
other instructions.)

e mode: Specifies whether the label terminator is printed.
0 The label terminator prints if it is a printable character and performs its function if
it is a control code.

1 The label terminator does not print if it is a printing character and does not per-
form its function if it is a control code. (This is the default.)

154 DT Instruction
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In 16-bit mode, the label terminator and all 8-bit control codes of an LB instruction must have a
first byte set to 0. For example, and escape char&ser ASCII 27) would be sentasa 0
followed by a 27. The exceptionESCE in dual-context devices, which is parsed and executed
regardless of byte boundaries with the LB and SM instructions.

If you are using LM to label a 16-bit character set, you need to switch back to 8-bit mode for
the terminator. DT works with 8-bit terminators only; it does not work with 16-bit characters.

A DT instruction remains in effect until another DT instruction is executed, or the device is
initialized or set to default conditions.

Related Instructions

LB Label
TD Transparent Data
Examples

The following instructions show how to define and print using a non-printing label terminator:

DT#; Define “#” as the label terminator.
LBThe label terminator WILL NOT print.#; This instruction would print as:

The label terminator WILL NOT print.

This example shows how to define and use a printable label terminator:
DT#,0; Define “#” as the label terminator.
LBThe label terminator WILL print.#; This instruction would print as:

The label terminator WILL print.#

N
~
-
Q
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I

INSTRUCTIONS
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DV, Define Variable Text Path

Purpose

To specify the text path for subsequent labels and the direction of Line Feeds as either right,
left, up, or down. Use DV to “stack” characters in a column.

Syntax

DV path[,line][;]

or
DV []
Parameter Format Functional Range Parameter Default

path clamped integer 0,1,2,0r3 0 (horizontal)

line clamped integer Oorl 0 (normal Line Feed)
Group

This instruction is in the Character Group.

Use

The DV instruction determines thext path the direction that the current location moves after

each character is drawn and the direction that the carriage-return point moves when a Line Feed
is included in the label string. It alters the relative positions of successive characters in a label,
but does not change the orientation of individual characters. It updates the carriage-return point
to the current pen location.

e No Parameter: Defaults the text path to horizontal (not stacked) with normal Line Feed.
Equivalent to “DV0,0".

e path: Specifies the location of each character with respect to the preceding character,
relative to the labeling direction defined by the DI or DR instructions. The text path set by
DV is not affected by changes in P1 and P2.

0

0° (in the +X-direction). Within a label, each character begins to the right of the
previous character. This is a horizontal text path (unless altered by DI or DR).

—90° (in the —Y-direction). Within a label, each character begins below the pre-
vious character. This is a vertical text path (unless altered by DI or DR).

—180 (in the —X-direction). Within a label, each character begins to the left of
the previous character. This is a horizontal text path (unless altered by DI or DR).

—270 (in the +Y-direction). Within a label, each character begins above the pre-
vious character. This is a vertical text path (unless altered by DI or DR).

For PCL printers, thpathvalues represent paths that are to the right (0), down (1), left (2),
and up (3).

Figure 83 shows the four text paths. +X s to the right; +Y is up.
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TFEL RIGHT

z=oo-]-co

Figure 83. Four Text Paths

e line: Specifies the location of each character with respect to the preceding character,
relative to the labeling direction defined by the DI or DR instructions.

0 -90° (normal Line Feed). Sets the direction of Line Feeds »8th respect to
the text path.
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Me>X1Do0Z

ommT MZHr

Figure 84. DV Instruction Character Position for Normal (0) Parameter (+X is to
the right; +Y is up)
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1 +90° (reversed Line Feed). Sets the direction of Line Feeds wih respect to
the text path.

=Zrm mmimag
IDm<mIwmima

—
H
Z
m
I
M
m
]

DESHEVER*%»REVEHSED
DEEF ENTIL

OmwunIdmMm<<m>zd
ommm MmZHr-

Figure 85. DV Instruction Character Position for Reverse (1) Parameter

Note: Used with specific LO (Label Origin) settings, labels can be concatenated (see the LO
instruction ).

Related Instructions

CP Character Plot

D] Absolute Direction
DR Relative Direction
LB Label

LO Label Origin

158 DV Instruction
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Example

The following example illustrates how Line Feeds and Carriage Returns affect vertical labels.
Horizontal labels are shown for comparison.

PA 2000,3000;

Specify absolute plotting and move to (2000,3000).

DV 1; Define the text path so that each character begins below the pre-
vious character (vertical text path).
DT@; Define the “@" character as the label terminator (non-printing).
LBABCCR LF@; Print ABC, followed by a Carriage Return and Line Feed.
LBDEFLF@; Print DEF, followed by a Line Feed.
LBGHILF@; Print GHI, followed by a Line Feed.
LO 3 Change the label origin to 3 (the default LO1 was used prior to
this).
LBJKL@ Print KJL.
LO 1; Return to the default label origin.
PA  4000,3000; Move to (4000,3000).
DV 0 Define the text path so that each character begins to the right of
the previous one (horizontal [default] text path).
LBABCCRLF@; Print ABC, followed by a Carriage Return and Line Feed.
LBDEFLF@; Print DEF, followed by Line Feed.
LBGHI@; Print GHI (without a Carriage Return or Line Feed).
LO1
HEB
[LOS;LF]
\t—\I EC (4000,3000) ABC
J <% (2000,3000) [
K \ ____—LDEF Lot
[CR-LF]
L 1 .GHI

Figure 86. Using the Define Variable Text Path (DV) Instruction with Labels
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EA, Edge Rectangle Absolute

Purpose

To define and outline a rectangle using absolute coordinates. Use EA when drawing charts or
schematic diagrams that require rectangles.

Syntax
EAX,Y[]
Parameter Format Functional Range Parameter Default
X,Y coordinates current units device-dependent no default
(at least -2 to 23— 1)
Group

This instruction is in the Polygon Group.

Use

The EA instruction defines and edges a rectangle using absolute coordinates and the current
pen, line type and line attributes. The EA instruction performs an automatic pen down. When
the instruction execution is complete, the original pen location and up/down status are restored.

e X,Y coordinates: Specify the opposite corner of the rectangle from the current pen loca-

tion. The current pen location is the starting point of the rectangle. Coordinates are

interpreted in current units: as user-units when scaling is on; as plotter-units when scaling

is off.

The following illustration shows the current pen location in the lower left corner and the

instruction’s X,Y coordinates in the upper-right corner. Depending on the coordinate values,
the points can be in any two diagonally opposite corners.

(2500,1500)

(0,0)

Figure 87. Simple Edged Rectangle

160 EA Instruction
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Note: Any line drawn along the border of the effective window causes the line to be clipped,
producing a line width one-half of the defined pen width. For example, all the lines drawn in
the above example are half the width of the other lines since they are clipped at the window
borders.

The only difference between the EA instruction and the RA (Fill Rectangle Absolute) instruc-
tion is that the EA instruction produces an outlined rectangle, and RA, a filled one.

The EA instruction clears the polygon buffer and then uses it to define the rectangle before
drawing. Refer tdrawing Polygonn page 49 for more information.

A dot is drawn if the X,Y coordinates coincide with the current position. A line is drawn if one
of the coordinates equals the corresponding coordinate of the current position.

Related Instructions

EP Edge Polygon

ER Edge Rectangle Relative
FP Fill Polygon

LA Line Attributes

LT Line Type

PW Pen Width

RA Fill Rectangle Absolute
RR Fill Rectangle Relative

Example

The following example uses absolute coordinates to draw some rectangles. The same image is
drawn using the ER instruction instead in the example on page 167. Compare this EA example
with the ER example to understand the differences between the coordinates used (relative as
against absolute).

SC 0,150,0,150,1; Set up user scaling, with P1 being (0,0) user-units and P2 bei 2]
(150,150) user-units. (Isotropic scaling is specified.) e

PA 75,105; Specify absolute plotting mode and move to (75,105). 35

EA  115,130; Use EA to outline the shape of a rectangle that begins at (75,1 (&9@
and has an upper right corner of (115,130) user-units. T

PA  95,105; Z

PD 95,95; Draw a line from (95,105) to (95,95).

PD 65,95,65,90; Draw a line from the current pen location (95,95) to (65,95), and
another line from there to (65,90).

PU 45,90; Lift the pen and move to (45,90).

EA  85,65; Draw the outline of a rectangle with an upper left corner of
(45,90) and an lower right corner of (85,65).

PU  95,95; Lift the pen and move to (95,95).

PD 125,95,125,90; Lower the pen and draw a line to (125,95), then to (125,90).

PU 145,90; Lift the pen and move to (145,90).

EA  105,65; Draw the outline of a rectangle, with the upper right corner at

(145,90) and the lower left corner at (105,65).

EA Instruction 161
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(115,130)

Start

~a [(75,105) (95,105)

I(65,95) (95,95) (125,95) f
(45,90) (65,90) (125,90)  (145,90)
(85,65) {105,65)

Figure 88. Using the EA (Edge Rectangle Absolute) Instruction

162 EA Instruction
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EC, Enable Cutter

Purpose

To enable or disable the automatic cutter function on your device. Not all devices have an au-
tomatic cutter.

Syntax

ECn[;]

or
EC[]
Parameter Format Functional Range Parameter Default
n clamped integer —-32 768 to 32 767 no parameter
(enabled)

Group

This instruction is in the Technical Graphics Extension.

Use

If the cutter is enabled, cutting is done after each PG and RP instruction. Roll-feed devices that
do not have a cutter may draw a line where the media should be cut.

e No parameters Enables the cutter function. This is the default condition.

e n: Disables the cutter function. This may be any number (a clamped integer) in the
device’s range.
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EC Instruction 163
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EP, Edge Polygon

Purpose

To outline the polygon currently stored in the polygon buffer. Use EP to edge polygons that

you defined in polygon mode and with the Fill Rectangle and Wedge instructions (RA, RR, and
WG).

Syntax
EP[]
Group

This instruction is in the Polygon Group.
Use

The EP instruction outlines any polygon that is currently in the polygon buffer. This includes
wedges and rectangles defined using the EA, ER, EW, RA, RR, and WG instructions. EP ac-

cesses the data in the polygon buffer, but does not clear the buffer or change the data in any
way.

The EP instruction only edges between points that were defined with the pen down, using the
current pen, line type and attributes. When the instruction execution is complete, the original
pen location and up/down status are restored.

EP is ignored in polygon mode (after “PMQ” and before “PM2") or whenever the buffer is
empty.

Related Instructions

EA Edge Rectangle Absolute
ER Edge Rectangle Relative
EW Edge Wedge

LA Line Attributes

LT Line Type

PM Polygon Mode

PW Pen Width

RA Fill Rectangle Absolute
RR Fill Rectangle Relative
WG Fill Wedge

164 EP Instruction
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Example

The following example creates a shape in polygon mode, then uses EP to outline it.

PA 2000,10; Specify absolute plotting and move to position (2000,10).

PM  0O; Enter polygon mode.

PD 10,2000,10,10,2000,10; Store a pen down instruction, and then store points (10,2000),
(10,10), and (2000,10).

PM 1, Close the polygon.
PU 610,610; While still in polygon mode, lift the pen and move to (610,610).
Cl 500; Draw a circle with a diameter of 500 plotter-units.
PM 2 Close the current subpolygon and exit polygon mode.
EP ; Outline the polygon that was just stored in the polygon buffer.

(10,2000)

(610,610)
1
(10,10) (2000,10)

Figure 89. Using the EP (Edge Polygon) Instruction
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ER, Edge Rectangle Relative

Purpose

To define and outline a rectangle using relative coordinates. Use ER when drawing charts or
schematic diagrams that require rectangles.

Syntax
ERX,Y[]
Parameter Format Functional Range Parameter Default
X,Y increments current units device-dependent no default
(at least -2 to 23— 1)
Group

This instruction is in the Polygon Group.

Use

The ER instruction defines and edges a rectangle using relative coordinates and the current pen,
line type, and line attributes. The ER instruction includes an automatic pen down. When the
instruction operation is complete, the original pen location and up/down status are restored.

e XY increments: Specify the opposite corner of the rectangle from the current pen loca-
tion. The current pen location is the starting point of the rectangle. Increments are
interpreted in current units: as user-units when scaling is on; as plotter-units when scaling
is off.

Note: The following illustration shows the current pen location in the lower left corner and the
instruction’s X,Y increment location in the upper right corner. When you draw a rectangle,
these points can be in any two diagonally opposite corners.

X,Y increment location

®
Current
pen location
(starting point) ¢
Figure 90. ER (Edge Rectangle Relative) Instruction
166 ER Instruction
This is the black on page 166 (seq: 184)
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The only difference between the ER instruction and the RR (Fill Relative Rectangle) instruction
is that the ER instruction produces an outlined rectangle, and RR, a filled one.

The ER instruction clears the polygon buffer and then uses it to define the rectangle before
drawing. Refer tdJsing the Polygon Buffesn page 45 for more information.

A dot is drawn if both X and Y coordinates are zero. A line is drawn if one of the coordinates
is zero.

Related Instructions

EA Edge Rectangle Absolute
EP Edge Polygon

FP Fill Polygon

LA Line Attributes

LT Line Type

PW Pen Width

RA Fill Rectangle Absolute
RR Fill Rectangle Relative

Example

The following example uses relative coordinates to draw the same image shown in the EA

instruction example. Compare this example with the EA example to understand the differences

between the coordinates used.

SC 0,150,0,150,1; Specify user scaling, with P1 being (0,0) and P2 (150,150); the
“1” indicates isotropic scaling.

PA 75,105; Enter absolute plotting mode and move to (75,105).

ER 40,25; Draw a rectangle using the current pen location as the lower left
corner and a point (40,25) user-units away as the upper right cor-
ner. %)

PR 20,0; Specify relative plotting and move the pen 20 user-units to the Né
right. 35

PD 0,-10; Place the pen down and draw a line to a point 10 user-units do (&9@

PD  -30,0,0,-5; With the pen down, move 30 user-units to the left and 5 units ety
down. Z

PU  -20,0; Lift the pen and move 20 user-units to the left.

ER  40,-25; Draw the outline of a rectangle with the current pen location as
one corner and a point (40,—25) user-units away as the opposite
corner.

PU 50,5; Lift the pen and move 50 user-units to the right and 5 units up.

PD 30,0, 0,-5; Place the pen down and draw a line 30 user-units to the right, then
5 units down.

PU 20,0; Lift the pen and move 20 user-units to the right.

ER  -40,-25; Draw a rectangle from that point, with the current pen location

being one corner and the opposite corner being 40 user-units to the
left and 25 units down.

This is the black on page 167 (seq: 185)
This is the blue on page 167 (seq: 185)
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(40,25)

Start ([(75,105)  (20,0)

_ (0,1 -10) _
4(-30,0) (50,5) (30,0) ]
(-20,0) (0,-5) (0,-5) (20,0)
(40,-25) (-40,-25)

Figure 91. Using the ER (Edge Rectangle Relative) Instruction

168 ER Instruction
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ES, Extra Space

Purpose

To adjust the space between characters and lines of labels without affecting the character size.

Syntax
ESwidth[,height][;]
or
ES[]
Parameter Format Functional Range Parameter Default
width clamped real —32 768 to 32 767 0
height clamped real —-32 768 to 32 767 0
Group

Use

This instruction is in the Character Group.

The device interprets the parameters as follows:

[ )

No Parameters: Defaults the spaces and lines between characters to no extra space.
Equivalent to “ESO0,0".

width: Specifies an increase (positive number) or decrease (negative number) in the g
between characters. Thédth parameter is a fraction of the character plot cell width. Fo
example, “ES.15” under default conditions causes the CP cell width to increase by 159
(1.15 x its current width). Character images are not supported by ES. For maximum

legibility, do not specify more than one extra space or subtract more than half a space.

HP-GL/2
INSTRUCTIONS

height: Specifies an increase (positive number) or decrease (negative number) in the {
between lines. Thieeightparameter is a fraction of the line feed height of the character
plot cell. For maximum legibility, do not specify more than two extra lines, or subtract
more than half a line.

For proportionally spaced fonts, the ES percentage applies to each individual character cell;
therefore cell size varies from character to character.

An ES instruction remains in effect until another ES instruction is executed, or until the device
is initialized or set to default conditions.

Related Instructions

CP Character Plot
LB Label
ES Instruction 169
This is the black on page 169 (seq: 187)
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Example

PA 2500,3200;
SI .187,.269;

DT#;

ES ;

LBES; CAUSES#;
CP ;

LBTHIS SPACING.#;
PA 2500,2500;
ES -.1,-.25;

Specify absolute plotting and move to (2500,3200).

Specify a relative character size of .187 cm wide by .269 cm
high.
Define the “#” character as the label terminator.

Set the extra space setting to default (no extra space).

Print “ES; CAUSES".

Send a CP instruction aSRLF

and print “THIS SPACING.”

Move to (2500,2500).

Decrease the inter-character spacing by .1 and the inter-line spac-
ing by 0.25.

LBES-.1,-.25; CAUSES#, Print“ES-.1,—.25; CAUSES".

CP ;

LBTHIS SPACING.#;
PA 2500,1800;
ES .2,.25;

LBES.2,.25; CAUSES#;
CP ;
LBTHIS SPACING.#;

Send CP in place GRLF,
and print “THIS SPACING.”
Move to (2500,1800).
Increase the inter-character spacing by .2 and the inter-line spac-
ing by .25 of the Space control code.
Print “ES.2,.25; CAUSES".
Send CP in place GRLF,
and print “THIS SPACING.”

ES; CAUSES
THIS SPACING.

ES-.1, -.25; CAUSES
THIS SPACING.

ES.2, .25; CAUSES
THIS SPACING.

Figure 92. Adding Extra Space to Labels

170 ES Instruction
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EW, Edge Wedge

Purpose

To outline any wedge. Use EW to draw sections of pie charts.

Syntax

EW radius,start_angle,sweep_angle,[,chord_angle][;]

Parameter Format Functional Range Parameter Default
radius current units device-dependent no default
(at least —23to0 23— 1)
start_angle clamped real —-32 768 to 32 767 no default
(modulo 360)

sweep_angle clamped real -360 to +360 no default

chord_angle* clamped real 0.0° to 360 device-dependent
(usually 5)

* If you have used the “CT1” instruction, tisbord_anglds interpreted as @eviation dis-
tancein current units; see the CT instruction on page 133.

Group

This instruction is in the Polygon Group.

Use

The EW instruction defines and edges a wedge using the current pen, line type and attrib
The EW instruction includes an automatic pen down. When the instruction execution is co
plete, the original pen location and up/down status are restored.

HP-GL/2
INSTRUCTIONS

EW deletes any stored polygon and stores the wedge in the polygon buffer with an implicit
down that overrides any explicit pen-up (PU); therefore the wedge may be subsequently filled
by FP or re-edged by EP.

If the wedge has more points than will fit in the polygon buffer, the portion of the wedge that
fits in the buffer is closed and edged, and the remainder of the wedge is discarded.

The only difference between the EW instruction and the WG (Fill Wedge) instruction is that the
EW instruction produces an outlined wedge, and the WG instruction, a filled one.

Always use isotropic scaling in drawings that contain wedges unless you wish the wedges to
“stretch” with changes in the aspect ratio of the drawing (causing elliptical wedges). For more
information, refer to the discussion of scaling and the Scale (SC) instruction on page 290.

EW Instruction 171
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Anisotropic Isotropic
scaling scaling

Figure 93. Anisotropic and Isotropic Scaling of Wedges

e radius: Specifies the distance from the current pen location to the start of the wedge’s arc.
Since the wedge is a portion of a circle, this parameter is the radius of the circle. It speci-
fies the distance from the current pen location (which becomes the center of the circle), to

any point on the circumference of the circle.

«P2

(EW700,30,60)

90" Positive
sweep angle 60°

Positive start angle 30°

gl S +-0° Zero-degree

180°
/\/ i reference point:
/ positive radius

Current pen location >
(starting point) \\ // (700 plotter units)
S - -
270*
«P1

Positive Radius

.« P2
(EW-700,45,90)
270"
o~ Current pen location
(starting point)
Zero-degree A
reference point: ! \

Negative radius . _
(700 Plotter Units) © "\'

Positive start angle 45°

- Positive e 90"
T"'Y 90 sweep angle

P 4X Negative Radius

Figure 94. Wedges with Positive and Negative Radii
The radius is interpreted in current units: as user-units when scaling is on; as plotter-units

when scaling is off. The sign (positive or negative) of the radius determines the location of
the zero-degree reference point. Figure 94 shows the location of the zero-degree reference

172 EW Instruction
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point for a positive and negative radius. The X- and Y-axes are to the right and upwards
respectively.

start_angle: Specifies the beginning point for the arc as the number of degrees from the
zero-degree reference point. A positive start angle positions the radius counter-clockwise
from the zero-degree reference point. A negative start angle positions the radius clockwise
from the zero-degree reference point. Counter-clockwise is considered the direction from
the positive X-axis towards the positive Y-axis of the coordinate system. Changes to
orientation, P1 and P2 locations, and scaling can each have an effect on the direction of
rotation.

sweep_angle:Specifies the number of degrees through which the arc is drawn. A positive
sweep angle is in the direction of the +X-axis to the +Y-axis; a negative sweep angle is in
the direction of the +X-axis to the —Y-axis. However, the relative position of the +X-axis
to the +Y-axis can change as a result of scaling point or scaling factor changes, thus,
changing the direction of the sweep angle. Angles with absolute values greater than 360
have their signs preserved, and they are bounded fo 36the sweep angle i$360°

after bounding, no radius is drawn.

chord_angle: Specifies the chord angle used to draw the arc. Refer to the Arc Absolute
(AA) instruction discussion on page 100 for further information on chords and chord
angles.

A zero radius draws a dot at the current position; a zero sweep angle draws a line from the cur-
rent position to the start of the wedge’s arc.

Related Instructions

cl
cT
EP
FP
LA
LT
PW
sC
WG

Possible Error Conditions

Circle

Chord Tolerance Mode
Edge Polygon

Fill Polygon

Line Attributes

Line Type

Pen Width

Scale

Fill Wedge

N
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INSTRUCTIONS

Error Condition Error Number Printer or Plotter Response

Polygon buffer overflow 7 Edges contents of buffer

EW Instruction 173
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Example
SC —3000,3000,-2000,2000,1; Enter the scaling mode, specifying P1 as (-3000,—2000)

PA 0,0;
EwW -1000,90,180;

EwW -1000, 330,120;

PR —60,110;
EwW -1000,270,60;

and P2 as (3000,2000). Use isotropic scaling.
Specify absolute plotting and move to user-unit location (0,0).
Draw a wedge section with a radius of 1000 user-units, a start
angle of 90, and a sweep angle of 180The minus sign before
the radius (-1000) sets the zero-degree reference point to the left
side of the drawing.
Using the same center point and zero-degree reference point, draw
a wedge section outline starting at 32td sweeping 120
Move the cursor 60 user-units to the left and 110 user-units up.
From the new center point location, draw a wedge using a hega-
tive zero-reference point, starting at 270 degrees and sweeping for
60°.

—(0,0)

Figure 95. A Simple Pie Chart

174
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Fl, Primary Font Selection by ID

Purpose

To designate any font that has been assigned a font ID as the primary (standard) font. Font IDs

are assigned in the PCL environment.

Syntax
Fl font_ID[;]
Parameter Format Functional Range | Parameter Default
font_ID integer 0to 32767 no default
Group

This instruction is in the Dual-Context Extension for PCL-devices only. HP RTL does not have

any support for fonts.

Use

e font_ID: A non-negative integer assigned in the PCL environment. If the designated font
is present, the primary font attributes are set to those of the selected font. If the selected
font is proportionally spaced, the pitch attribute is not changed. The instruction is ignored

if no font exists with the specified ID.

This instruction allows any accessible font that has been assidmed B number to be se-
lected as the primary (standard) font (the font characteristics are assigned to the standard font).
As mentioned, the font must be accessible to the device as either a resident font, a downlogded

font, or a loaded cartridge font. To be selected, the font must have been previously assign
font ID number in PCL mode. Also, for scalable fonts, the Fl instruction must be preceded
an SD instruction specifying the font’s point size or pitch (see the example below).

When the device receives this instruction and the requested font is present, the primary fo
characteristics are set to those of the requested font. If the selected font is proportionally

spaced, the pitch characteristic is not changed.

HP-GL/2
INSTRUCTIONS

e This instruction does not select the font for label printing if you are currently using the

alternate font.

e The Fl instruction implicitly changes the value of SB. For example, if “SBO0;” is in effect
and FI selects a bitmap font, SB is set to 1. This affects the performance of certain HP-
GL/2 instructions. Refer to the SB instruction on page 288.

Related Instructions and Commands

AD Alternate Font Definition

FN Secondary Font Selection by ID
LB Label

SA Select Alternate Font

SB Scalable or Bitmap Fonts

SD Standard Font Definition

SS Select Standard Font

This is the black on page 175 (seq: 193)
This is the blue on page 175 (seq: 193)
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ESC(#X Select Primary Font by ID #
ESC)#X Select Secondary Font by ID #

EScC*c#D Font ID
ESc*c#F Font Control

(The commands that begin witsc are PCL commands.)

Example

The following example demonstrates assigning a font ID number from within PCL mode, enter-

ing HP-GL/2 mode, using the Fl instruction to select that font, and printing a short line of text.

EsSc*c15D
ESC(s1p18v0s3b52T
ESC*C6F

ESC%0B

IN ;

SP 1;

PA 1500,1500;

DT#

LBLaserJet PrinteCGR LF#;

SD  4,18;
Fl 15;
SS

LBLaserJet Printers#;

Specify a font ID number of 15.
Select an 18-point Univers Bold font as the primary font.
Assign the currently selected font as a temporary font with the
current ID number (15).
Enter HP-GL/2 mode.
Initialize HP-GL/2 mode.

Select pen number 1.

Move to location (1500,1500).

Define “#” as a label terminator (non-printing).

Print “LaserJet Printers” in the currently selected font, which is
the default stick font; Carriage Return/Line Feed. (Note, label
text should not contain carriage-returns or any control codes un-
less specifically desired for plotting.)

Use the SD instruction to designate an 18-point font from within
HP-GL/2 mode.

Then select the PCL font with font ID number of 15 as the prima-
ry font.

Then select the primary font for printing.

Print “LaserJet Printers” in the newly selected font.

Laserdet Pripters
LaserdJet Printers

Figure 96. Printing Labels Using the Primary Font
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FN, Secondary Font Selection by ID

Purpose

To designate any font that has been assigned a font ID as the secondary (alternate) font. Font
IDs are assigned in the PCL environment.

Syntax
FN font_ID[;]
Parameter Format Functional Range | Parameter Default
font_ID integer 0to 32767 no default
Group

This instruction is in the Dual-Context Extension for PCL-devices only. HP RTL does not have
any support for fonts.

Use

e font_ID: A non-negative integer assigned in the PCL environment. If the designated font
is present, the secondary font attributes are set to those of the selected font. If the selected
font is proportionally spaced, the pitch attribute is not changed. The instruction is ignored
if no font exists with the specified ID.

This instruction allows any accessible font that has been assidmed B number to be se-
lected as the secondary (alternate) font (the font characteristics are assigned to the secondary
font). The font must be accessible to the device as either a resident font, a downloaded fog
a loaded cartridge font. To be selected, the font must have been previously assigned a fo
number in PCL mode. Also, for scalable fonts, the FN instruction must be accompanied b
AD instruction specifying the font’s point size (see the example below).

When the device receives this instruction and the requested font is present, the secondary
characteristics are set to those of the requested font. If the selected font is proportionally
spaced, the pitch characteristic is not changed.

HP-GL/2
INSTRUCTIONS =

e This instruction does not select the font for label printing if you are currently using the
standard font.

e The FN instruction implicitly changes the value of SB. For example, if “SBO;” is in effect
and FN selects a bitmap font, SB is set to 1. This affects the performance of certain HP-
GL/2 instructions. Refer to the SB instruction on page 288.

Related Instructions

AD Alternate Font Definition

FI Primary Font Selection by ID
LB Label

SA Select Alternate Font

SB Scalable or Bitmap Fonts
SD Standard Font Definition

SS Select Standard Font

FN Instruction 177
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ESC(#X Select Primary Font by ID #
ESC)#X Select Secondary Font by ID #

EScC*c#D Font ID
ESc*c#F Font Control

(The commands that begin witsc are PCL commands.)

Example

The following example demonstrates assigning a font ID number from within PCL mode, enter-
ing HP-GL/2 mode, using the FN instruction to select that font, and printing a short line of text.

ESCc*c28D
ESC(s1p18v0s3b52T
ESC*C6F

ESC%0B

IN ;

SP 1;

PA 1500,1500;

DT#

LBLaserJet PrinteCGR LF#;

AD 4,18;
FN 28;
SA

LBLaserJet Printers#;

Specify a font ID number of 28.
Select an 18-point Univers Bold font as the primary font.
Assign the currently selected font as a temporary font with the
current ID number (28).
Enter HP-GL/2 mode.
Initialize HP-GL/2 mode.
Select pen number 1.
Move to location (1500,1500).
Define “#” as a label terminator (non-printing).
Print “LaserJet Printers” in the currently selected font, which is
the default stick font; Carriage Return/Line Feed.
Use the AD instruction to designate an 18-point font from within
HP-GL/2 mode.
Assign the PCL font with font ID number of 28 as the secondary
font.
Then select the font.
Print “LaserJet Printers” in the newly selected font.

Laserdet Pripters
LaserdJet Printers

Figure 97. Printing Labels Using the Secondary Font

178
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FP, Fill Polygon

Purpose

To fill the polygon currently in the polygon buffer. Use FP to fill polygons defined in polygon
mode or with the Edge Rectangle or Edge Wedge instructions (EA, ER, EW, RA, RR, or WG).

Syntax
FPfill_method[;]
or
FP[]
Parameter Format Functional Range Parameter Default
fill_method clamped integer Oor1l 0 (even/odd fill)
Group

This instruction is in the Polygon Group.

Use

The FP instruction fills any polygon that is currently in the polygon buffer. FP accesses the
data in the polygon buffer, but doest clear the buffer or change the data in any way.

The FP instruction fills between points defined with either the pen down or the pen up. The
polygon is filled using the current pen, fill type, line type and attributes (if the fill type is not
raster). The FP instruction includes an automatic pen down. When the instruction executi
complete, the original pen location and up/down status are restored.

e No Parameter: Uses the odd-even algorithm; same as “FPO0".

HP-GL/2
INSTRUCTIONS |}

e fill_method: Specifies the algorithm used to determine which portions of the polygon a
“inside” the polygon and therefore are to be filled:

0 Even/odd fill algorithm (default)
1 Non-zero winding fill algorithm

Note: Theeven/odd(method 0) andon-zero (method 1) winding fill methods are described
in detail undefilling Polygonson page 50.

Theeven/oddill algorithm determines whether a given point is inside the polygon by (con-
ceptually) drawing a ray from a particular point in any direction and counting the number of
polygon segments the ray crosses. If the ray crosses an odd number of segments, the point is
inside the polygon; if the ray crosses an even number of segments, the point is outside the poly-
gon.

The two fill algorithms may yield different results depending on the complexity of the polygon
shape and the direction in which the paths are drawn. For example, in a polygon consisting of
two concentric circles, the even/odd algorithm does not fill the inner circle, regardless of the
directions in which the circles are drawn. The non-zero winding fill algorithm will fill both
circles if they are drawn in opposite directions.

FP Instruction 179
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Related Instructions

EA Edge Rectangle Absolute
ER Edge Rectangle Relative
EW Edge Wedge

FT Fill Type

LA Line Attributes

LT Line Type

PM Polygon Mode

PW Pen Width

RA Fill Rectangle Absolute
RR Fill Rectangle Relative
WG Fill Wedge

Example

The example below creates a polygon composed of two subpolygons. In this case, the FP
instruction fills alternating areas, beginning with the outside area.

PA 1500,1500; Specify absolute plotting and move to (1500,1500).

PM 0 Enter the polygon mode.

Cl 1000,60; Store a circle with radius of 1000 plotter-units and’ abord
angle.

PA 1500,1500; Store a pen move to (1500,1500),

Cl 500; and another circle with a 500 plotter-units radius and(dée>
fault) chord angle.

PM 2 Close the current polygon and exit polygon mode.

LT 4; Select line type 4.

FT 3,50,45; Select fill type 3. Specify a 50 plotter-units distance between the
fill lines, and slant the lines at a 4&ngle.

FP ; Using even/odd fill method, fill the polygon currently in the poly-

gon buffer with the line and fill types just specified.

o)

y

Figure 98. Filling a Polygon

180 FP Instruction
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FR, Frame Advance

Purpose

To advance the media to align adjacent frames, forming the equivalent of a long-axis plot. The
device treats each frame as a separate window and plots only the data falling within that win-
dow. Using the PS (Plot Size) instruction for long-axis plotting is simpler and faster than using
FR.

Syntax

FR[]

Group

This instruction is in the Technical Graphics Extension.

Use

FR updates the current pen location to the new plotter-unit origin, leaves the pen in the up posi-
tion, and clears the polygon buffer.

Thelengthparameter of the PS (Plot Size) instruction determines the frame size. When
lengti>width, the orientation is reverse landscape and each FR instruction extends the plot in
the direction of the positive X-axis. Whiangth<width, the orientation is reverse portrait and
each FR instruction extends the plot in the direction of the positive Y-axis.

The length advanced with an FR instruction is shorter than that of a PG instruction; the margins
between the plotter areas are deleted so that the frames share a common edge.

After each frame advance, the plotter-unit origin moves to the lower-left corner of the new
frame. The physical locations of P1 and P2 are retained, but the logical locations relative t
current origin change.

HP-GL/2
INSTRUCTIONS

FR is ideal for use with roll-feed plotters. When using single-sheet devices, frames will sh
common edge only when complete frames will fit on the current sheet. If multiple frames
not fit, the current page is printed and ejected. The next sheet loaded will contain the new
frame. Any device that can store an entire multi-frame plot can print multiple copies using ei-
ther the BP or RP instructions.

Note that a cut-sheet device which cannot store the entire plot can still produce multiple copies
when specified in the BP instructidmowever, the user must collate the copies. In this case,
however, the RP instruction is equivalent to a PG.

Related Instructions

AC Anchor Corner
W Input Window
PS Plot Size

FR Instruction 181
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Example

In the following example, the P1/P2 values are input as
IP 0,0,20000,7200;

After sending FR, the logical values of P1 and P2 on the new frame become (10 000,0) and
(10 000,7200) respectively.

(20 000,7200) P2

(0,0) default P1 location

(10 000,7200) P2

r———————

P1 (=10 000,0) 0,0

The anchor corner and window retain their coordinate values after each frame advance. If spe-
cified in user-units, they maintain their physical locations with respect to P1 and P2; if

specified in plotter-units, they shift their physical locations with the plotter-unit origin. If you
have not sent an AC or IW instruction, each frame advance defaults the anchor corner and win-
dow with respect to the hard-clip limits of the current frame.

182 FR Instruction
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FT, Fill Type

Purpose

To select the shading pattern used to fill polygons (FP), rectangles (RA or RR), characters (CF),
or wedges (WG). Use FT to enhance plots with solid fill, parallel lines (hatching), cross-hatch-
ing, or patterned (raster) fill.

Syntax
FT fill_type[,option1[,option2]][;]
FT[] >
Parameter Format Functional Range Parameter Default
fill_type clamped integer | 1, 2, 3, 4,10, 11, 21, 2 1
option, option2 clamped real fill_type-dependent* | fill_type-dependent*

*  Refer to the table following the parameter descriptions.

Group

This instruction is in the Line and Fill Attributes Group.

Use

There are six base forms of fill type, and additional ones for devices that support the dual-GaR
text environment—see page 83. Titletype parameter tells the device which form you are
using.

e No parameters equivalent to “FT1"—the fill type is solid.

HP-GL/2
INSTRUCTIONS

e fill_type: selects the fill pattern. Itis a clamped integer whose value is restricted to th
given in the table below, which lists tbptionparameter values and the corresponding
fill_types.

e optionl andoption2: When the option parameters are omitted, the device uses the last
specified parameters for that fill type. For example, if you spedifietype 3 with line
spacing and angle parameters, then switch&d ttype 4 without specifying any line
parameters, the device would draw fill type 4 with default line spacing and angles because
they have not yet been specified for that fill type. If you then switched back to fill type 3,
you would not need to respecify the line spacing and angle parameters because the device
would use the values previously specified for the fill type 3 instruction.

The ranges (clamped real values) and definitions of these optional parameters depends on
the type of fill selected, as follows:

FT Instruction 183
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Fill_type pDescription Optionl Option2 Note

1 solid bidirectional (ignored) (ignored) 1

2 solid unidirectional (ignored) (ignored) 1

3 hatched (parallel lines) spacing of lines | angle of lines 2

4 cross-hatched spacing of lines |angle of lines 2

10 shading shading level (ignored) 3

11 user-defined pattern raster-fill index |pen flag 4
(using RF instruction)

21 predefined pattern imported pattern type (ignored) 5
from PCL or HP RTL

22 user-defined pattern (using| pattern 1D (ignored) 6
PCL or HP RTL command)

Notes

1. Directionality is pertinent to pen plotters only. On raster devices, only primary colors are
guaranteed to be truly solid. Other colors may be produced by a dither pattern, and will be
as close to solid as the device can produce, or the device may choose the closest primary
color. Optionlandoption2are both ignored.

2. Forfill_types 3 and 4, theptionlparameter specifies the distance between the lines in the
fill. This distance is specified in current units measured along the X-axis. The default
spacing is 1% of the diagonal distance from P1 to P2. Subsequent changes in the P1/P2
locations affect this distance and therefore spacgtionlmust be a positive number up
to 32 767 (if O is specified, 1% is used). Spacing is interpreted as a percentage only in its
default state; otherwise, it is interpreted as current units.

Theoption2parameter specifies an angle in degrees, of the lines in the fill. The range of
valid values is —32 768 to 32 767, though the useful ranget® 860 . This angle is

measured counter-clockwise from the positive plotter-unit X-axis, as shown in Figure 27 on
page 44. 0 and 180 are horizontal, 90 and 270 are verticafill Rgpe 3, the pattern for

each hatched line starts on a line through the anchor corner aade to the angle pa-
rameter, and every other hatch line is staggered one-half the pattern length. One set of
lines for cross-hatched fill types is drawn at the specified angle, and the other set is drawn
at that angle plus 90

Fill_types 3 and 4 use the current pen, line type, and attributes unless the spacing is such
that the fill pattern is solid.

If spacing is defined in plotter-units, turning scaling on or changing the locations of P1 and
P2 has no effect. If, however, the spacing is defined in user units, the spacing fluctuates
with changes to P1 and P2 or scaling. Turning off scaling causes the spacing to be frozen
in the plotter-unit equivalent of its current user-unit value.

When you fill with adaptive line types (those whose value is negative), the pattern length is
adjusted to fit an integral number of complete patterns between polygon edge intersections,
and there is no staggering of the pattern in every other hatch line; the anchor corner only
affects the positioning of the hatch fill lines. The vector used in adjusting the pattern

length is each line segment of the hatch fill, that is, each interior piece between two edges
of the polygon.

184 FT Instruction
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The end-points of hatched fills are treated with the current line cap. Lines are not clipped
to the polygon.

3. Forfill_type 10, theoptionlvalue specifies the level of shading. The level is specified as a
percentage. The device uses at least nine predefined levels of shading equally divided be-
tween 0 and 100%. The default is 50%. Each shading level is generated by adding white
pixels to the current pen color raster pattern; these added pixels are the only white pixels in
the pattern that are subject to transparency (see the TR instruction on page 318). The fol-
lowing illustration shows various levels of shading and the specified percentage:

1-2% 3 - 10%

11 - 20% 21 - 35%

N
~
-
Q
o
I

INSTRUCTIONS

81 - 39% 100%

Figure 99. Shading Patterns

4. Forfill_type 11, theoptionlparameter selects the corresponding user-defined raster fill.
The range is the same as thdexparameter of the RF (Raster Fill Definition) instruction;
the default is 1. If the pattern was defined using only 1s and Os (see the RF instruction),
the pattern is printed in the current pen cobmton2specifies whether or not the current
color should be applied. ¢iption2is “1” (true), the color of the currently selected pen is
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applied to the 1s pixels in the patternoption2is “0” or is not present, the pattern of the

1s pixels is printed in the color of pen number 1. If the pattern definition includes indexes
other than 0 and bption2is ignored. If you have not used an RF instruction, the device
uses solid fill.

P HP
[P HP HP KP HP HP HP HP HP HP HP HP HP HP HP HP NP HP P HP HP HP HP HP HP HP HP HP HP HF #P HP NP HP HP HP HP H

Figure 100. User-Defined Fill Pattern

Using FT in a Dual-Context Environment

Additional fill types (21 and 22) are imported from PCL or HP RHill_type 21 selects a

PCL or HP RTL predefined patterned filDption1specifies a pattern type from 1 to 6 (see Fig-
ure 101).Option2is ignored.Fill_type 22 uses the PCL or HP RTL user-defined fill specified
by ESC*c#W. Optionlis the PCL or HP RTL ID of the user-defined fildption2is ignored.

An invalid option1(for example, where the pattern has been deleted), prints a solid fill in the
current color.

N

#1 #2 #3

AN

#4 #5 #6

Figure 101. Patterns for Fill Type 21

186 FT Instruction
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Forfill_type 21, which is only available with devices that support the dual-context exten-
sion, the predefined pattern fill is imported from PCL or HP ROption1specifies the
pattern type, using a value from 1 to 6 as shown in Figure 101.

horizontal lines

vertical lines

diagonal lines (lower left to upper right)
diagonal lines (lower right to upper left)
cross-hatching with horizontal and vertical lines
cross-hatching with diagonal lines.

O wWNBE

Forfill_type 22, which is also only available with devices that support the dual-context
extension, the user-defined fill pattern is that specified usingstb&c#W PCL or HP RTL
command.Optionlspecifies the PCL or HP RTL identification of the user-defined pattern
fill. If optionl is invalid for any reason (for example, the pattern was deleted), the device
uses a solid fill in the current color.

Note that PCL and HP RTL use the term “pattern” for fill-type.

Related Instructions

CF
LA
LT
PW
RF
FP
RA
RR
sV
WG

Example

PA
FT
RR
EP
PR
FT

RR
EP
PR
FT
RR

Character Fill Mode
Line Attributes

Line Type

Pen Width

Raster Fill Definition
Fill Polygon

Fill Rectangle Absolute
Fill Rectangle Relative
Screened Vectors

Fill Wedge
[0}
5
| o 35
This sequence of instructions: (&93
2000,2000; Specify absolute plotting and move to location (2000,2000). T
; Fill Type, default value 1 (solid bidirectional). P
2500,300; Fill Rectangle Relative coordinates.
; Edge Polygon (outlines current polygon).
0,300; Plot Relative coordinates.
3,80,30; Fill Type, type 3 (hatching), spacing 80 user-units (X-direction),
inclination 30.
2500,300; Fill Rectangle Relative coordinates.
; Edge Polygon.
0,300; Plot Relative coordinates.
10,36; Fill Type 10 (shading), 36%.
2500,300; Fill Rectangle Relative coordinates.

EP

; Edge Polygon.

FT Instruction 187
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produces this output:

36% shading

y Hatching

Solid fill

Figure 102. Rectangles with Different Fill Types

188 FT Instruction
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IN, Initialize

Purpose

To resets all programmable HP-GL/2 functions to their default settings. Use the IN instruction
to return the device to a known HP-GL/2 state and to cancel settings that may have been
changed by a previous instruction sequence. ESB& Reset command and the BP [Begin

Plot] instruction issue an automatic IN instruction).

Syntax
IN n[]
or
IN[;]
Parameter Format Functional Range Parameter Default
n clamped integer 1 (see below) no parameter
Group

This instruction is in the Configuration and Status Group.

Use

e No parameter: Defaults to the feature settings specified using the device’s control panel,
and sets all other programmable HP-GL/2 features to their factory defaults.

e n: Defaults all programmable HP-GL/2 features to the factory-set conditions.

If nis fractional, it is rounded to the nearest integer, so 0.6 is rounded to 1. Any numbgq
the range 28 to 223-1 (other than 1 on some devices—see below) is treated like “IN;” (
parameter).

HP-GL/2
INSTRUCTIONS

An “IN1” instruction is used in some devices, principally pen plotters, as a temporary o
ride of control-panel defaults; a subsequent “IN” (with no parameter) will restore the
control-panel defaults’IN1” is not recommended unless it is imperative that the pro-
gram control the device.

All instruction sequences should begin with IN to clear unwanted conditions from the previous
instruction sequence, even thougheagE command and a BP (Begin Plot) instruction auto-
matically execute an IN instruction. All HP-GL/2 errors are cleared.

Once HP-GL/2 mode is entered and instructions are issued, the HP-GL/2 conditions are no
longer initialized. To place HP-GL/2 into the default state, send the IN instruction.

IN does not default pen selection; the pen selected before IN remains selected afterwards, and
is raised (up state) in the lower-left corner of the hard-clip limits.

The IN instruction sets the device to the same conditions as the DF (Default Values) instruction
(see page 136), plus the following:

IN Instruction 189
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Equivalent
Function Instruction Default Condition

Plot Absolute PAO,0; Returns the pen location to the lower-left corner o
the hard-clip limits

Pen Up PU; Raises the pen

Pen Width PW, Sets the pen width to 0.35 mm

Rotate Coordinate SystepROO; Cancels drawing rotation

Input P1 and P2 IP; Sets P1 and P2 to the lower-left and upper-right ¢
ners, respectively, of the hard-clip limits

Pen Width Unit Selection] WU,; Sets pen width mode to metric; units are millimetg

Using IN in a Dual-Context Environment

The IN instruction interacts with PCL. In dual-context mode it will overwrite the PCL color
configuration and replace it with the HP-GL/2 default. For this reason, the instruction should

not be used in the middle of a job.

Using IN with the Palette Extension

The IN instruction also affects the following instruction:

Equivalent
Function Instruction Default Condition
Number of Pens NP; Sets number of pens to 2 or 8 (see page 225)

Using IN with the Technical Graphics Extension

The IN instruction also affects the following instruction;

Equivalent
Function Instruction Default Condition
Plot Size PS; Sets the plot length to the hard-clip limits

Related Instructions

BP Begin Plot
DF Default Values
(0N Output Status

190 IN Instruction
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IP, Input P1 and P2

Purpose

To establish new or default locations for the scaling points P1 and P2. P1 and P2 are used by
the SC (Scale) instruction to establish user-unit scaling. You can also use IP in advanced tech-
nigques such as printing mirror-images (as explained on page 35), enlarging and reducing
drawings (see page 33), and enlarging and reducing relative character size (see page 308),
changing label direction (see page 149), changing pen widths (see pages 264 and 328), chang-
ing spacing for hatch-filled patterns (see page 183), or changing the line type pattern length
(see page 215). IP does not affect the window limits (see page 197).

Syntax
IP P1x,PIy[,P2x,P2/[;]
or
IP[]
Parameter Format Functional Range Parameter Default
Ply,P1ly,P2, P2, integer —280t0 80_1 (see below)
Group

Use

This instruction is in the Configuration and Status Group.

The default location of P1 for “printers” (that is, devices that do not support the Technical
Graphics Extension) is the lower-left corner of the hard-clip limits; the default location of P2
the upper-right corner, as shown in Figure 103. (The default picture frame extends from th
margin to the bottom margin, and from the left edge to the right edge of the logical page.)
“plotters” (that is, devices that do support the Technical Graphics Extension) the default p
tion and orientation of the X- and Y-axes is different (see Figure 10 on page 10) but the
positions of P1 and P2 relative to the axes is as in Figure 103.

HP-GL/2
INSTRUCTIONS

e No Parameters: Sets P1 and P2 to their default locations, adjusted by any current axis
rotation.

Note: If an IP instruction without parameters is executed after the axes are rotated with the
RO instruction, P1 and P2 locations change to reflect the rotation. If the coordinate system
orientation subsequently changes (for example, by sending an RO instruction), the plotter-
unit position is maintained with respect to the new orientation.

e X,Y coordinates: Specify the location of P1 (and, optionally, P2) in plotter-units (see page
12). Specifying P2 is not required. If P2 is not specified, P2 tracks P1 and its coordinates
change so that the X,Y distances between P2 and P1 stay the same. This tracking process
can locate P2 outside the effective window. Used carefully, the tracking function can be
useful for preparing more than one equal-sized drawing on a page. For an example, refer
to Drawing Equal-Sized Pictures on a Pagie page 34. Neither X,Y coordinate of P1 can
equal the corresponding coordinate of P2. If either coordinate of P1 equals the correspond-
ing coordinate of P2, the coordinate of P2 is incremented by 1 plotter-unit.

This

IP Instruction 191
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Physical

P (8128,10160)
9° —@ |-~ Plotter
P2 Units
Effective
Y-axis L~ Window
0.0) o X-axis
Plotter —1- ¢
Units

Figure 103. Default P1/P2 Locations for an 8-inch by 10-inch Page

The locations of P1 and P2 interact with the following instructions:

Relative Direction

Fill Type

Input Window

Label

Line Type

Pen Width

Rotate Coordinate System
Scale

Relative Character Size
Pen Width Unit Selection

An IP instruction remains in effect until another IP instruction is executed, an IR instruction is
executed, the device is initialized, or a PS (Plot Size) instruction is issued on a “clean” (un-
plotted) page.

IP clears the current pattern residue and terminates any continuous vector sequence (see the LA
and LT instructions).

Using IP in a Dual-Context Environment (PCL only)

“IP;” sets P1 to the lower-left corner of the PCL picture frame (viewed from the current HP-
GL/2 orientation) and P2 to the opposite corner. Parameters are scaled by the picture frame
scaling factor.

Related Instructions

IR

W
OoP
RO
SC

Input Relative P1 and P2
Input Window

Output P1 and P2

Rotate Coordinate System
Scale

192 IP Instruction
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Possible Error Conditions

Error Condition

Error Number

Printer or Plotter Response

One or three parameters

2

Ignores instruction

N
=
-
<
o
T

INSTRUCTIONS
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IR, Input Relative P1 and P2

Purpose

To establish new or default locations for the scaling points P1 and P2 relative to the hard-clip
limits. P1 and P2 are used by the SC (Scale) instruction to establish user-unit scaling. IR can
also be used in advanced techniques such as printing mirror-images (as explained on page 35),
enlarging and reducing drawings (see page 33), and enlarging and reducing relative character
size (see page 308), changing label direction (see page 149), changing pen widths (see pages
264 and 328), changing spacing for hatch-filled patterns (see page 183), or changing the line
type pattern length (see page 215). IR does not affect the window limits (see page 197).

Syntax
IR P1x,PIv[,P2¢,P/][]
or
IR
Parameter Format Functional Range Parameter Default
Plx,Ply,PZ,P2 clamped real —-32 768 to 32 767 0,0,100,100%
Group

This instruction is in the Configuration and Status Group.

Use

When P1 and P2 are set using IR, the scaled area is page size-independent. The P1/P2 rectan-
gular area will occupy the same proportional space on any size media.

e No Parameters: Defaults P1 and P2 to the lower-left and upper-right corners of the
hard-clip limits, respectively.

e XY coordinates: Specify the location of P1 (and, optionally, P2) as percentages of the
hard-clip limits (specifying P2 is not required). If P2 is not specified, P2 tracks P1; the P2
coordinates change so that the distances of X and Y between P1 and P2 remain the same.
This tracking process can cause P2 to be located outside the effective window. Used
carefully, the tracking function can be useful for preparing more than one equal-sized
drawing on a page. For an example, refdrawing Equal-Sized Pictures on a Page
page 34.

Neither X,Y coordinate of P1 can equal the corresponding coordinate of P2. If either coordi-

nate of P1 equals the corresponding coordinate of P2, the coordinate of P2 is incremented by 1

plotter-unit.

Sending the instruction “IR25,25,75,75” establishes new locations for P1 and P2 that create an
area half as high and half as wide as the hard-clip limits, in the center of the page. Refer to
Figure 104.

194 IR Instruction
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Hard-Clip Limits

100%
New P2

75% r———-— 1
| |

wo | | |
| |
S, 4

25% New P1

0,0 25% 50% 75% 100%

Figure 104. Example Using IR 25,25,75,75

P1 or P2 can also be set outside the hard-clip limits by specifying parameters less than zero or
greater than 100. For example, sending “IR-50,0,200,100” would set P1 and P2 as shown in
Figure 105.

New P2
100% *
75% [~
50%—
25% [~ €— Hard-Clip Limits
- 1 1 1
New P1 25% 50% 75% 100%

Figure 105. Example Using IR -50,0,200,100

If you specify P1 and P2 beyond the hard-clip limits, your drawing is scaled with respect to
those locations; however, only the portion of the drawing fitting within the hard-clip limits is
drawn.

HP-GL/2
INSTRUCTIONS

Note: The specified P1/P2 percentages are converted to the equivalent plotter-unit coordi
If the coordinate system orientation subsequently changes (for example, by sending an RQ
instruction), the plotter-unit position is maintained with respect to the new orientation. If an
instruction without parameters is executed after the axes have been rotated with the RO instruc-
tion, P1 and P2 locations change to reflect the rotation.

The locations of P1 and P2 interact with the following instructions:

DR Relative Direction

FT Fill Type

W Input Window

LB Label

LT Line Type

PW Pen Width

RO Rotate Coordinate System
SC Scale

SR Relative Character Size
wWu Pen Width Unit Selection

IR Instruction 195
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An IR instruction remains in effect until another IR instruction is executed, an IP instruction is
executed, or the device is initialized, or a PS (Plot Size) instruction is issued on a “clean” (un-
plotted) page.

IR clears the current pattern residue and terminates any continuous vector sequence (see the LA
and LT instructions).

Using IR in a Dual-Context Environment (PCL only)

The references to the hard-clip limits are replaced by the PCL picture frame. The default posi-
tions for P1 and P2 are the lower-left and upper-right corners of the picture frame, as viewed
from the current orientation.

Related Instructions

IP Input P1 and P2

W Input Window

OP Output P1 and P2

RO Rotate Coordinate System
SC Scale

Possible Error Conditions

Error Condition Error Number Printer or Plotter Response
One or three parameters 2 Ignores instruction
More than four parameters 2 Uses first four parameters

196 IR Instruction
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IW, Input Window

Purpose

To define a rectangular area, or window, that establishes soft-clip limits. Subsequent HP-GL/2
drawing is restricted to this area. Use IW to restrict printing to a specified area on the page.

Syntax
IW X1, YLL, XuR, YURE]
or
W [;]
Parameter Format Functional Range Parameter Default
XYL, XUR YUR current units device-dependent hard-clip limits (the
(at least -23to 23— 1) | picture frame in PCL
dual-context mode)
Group

Use

This instruction is in the Configuration and Status Group.

The device interprets the instruction parameters as follows.

¢ No Parameters: Resets the soft-clip limits to the hard-clip limits.

e X,Y coordinates: Specify the opposite diagonal corners of the window area. For PCL
printers, these are the lower-left (LL) and upper-right (UR) corners. Coordinates are
interpreted in the current units: as user-units when scaling is on; as plotter-units when
scaling is off.

If the X or Y parameters of the lower-left corner are greater than the equivalent parame
of the upper-right corner, parameters are automatically exchanged. The window is a li
X L= XUr OrY L = YUr, and a dot if all parameters are equal.

HP-GL/2
INSTRUCTIONS

For plotters, the corners used depend on the orientatiomtee&ctions between Different
Coordinate Systenan page 10.

When scaling is off, the window is defined in plotter-units and is static, that is, it is not affected
by changes to P1 and P2. (However, in dual-context mode, parameters specified in plotter-units
are scaled by the picture frame scaling factor.)

When scaling is on, subsequent changes to P1 and P2 move the window in relation to the physi-
cal page, but keep the same user coordinate locations. However, sending a subsequent SC
instruction binds the window to its equivalent plotter-units. The window does not change with
any subsequent IP or IR instructions.

When you turn on the device, the window is automatically set to the hard-clip limits. You can
define a window that extends beyond these limits; however the device cannot print vector

IW Instruction 197
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graphics beyond the effective window. All programmed pen motion is restricted to this area.
For more information, refer t&/indowing: Setting Up Soft-Clip Limits page 39.

Edge of r—— — — /7
printing |

medium
7 —1

Hard-clip
limits (PS
instruction)

Effective
window

I
Soft-clip f
limits (IW |
instruction) L

Figure 106. Effective Window

\
S S ——

If the window falls entirely outside of the hard-clip limits, no image is drawn. This can happen
when you define a window that is normally within the hard-clip limits and a subsequent Rotate
Coordinate System (RO) instruction moves the window outside the hard-clip limits.

The IW instruction remains in effect until another IW instruction is executed, the device is ini-
tialized or set to default conditions, or a PS is issued on a clean page. Power-on, IN, or DF
default the window to the hard-clip limits.

IW clears the current pattern residue and terminates any continuous vector sequence (see the
LA and LT instructions).

Using IW in a Dual-Context Environment (PCL only)

“IW;” defaults the window to the PCL picture frame. The maximum printable area is the inter-
section of the user-defined window, PCL picture frame, the PCL logical page, and the hard-clip
limits. Parameters specified in plotter-units are scaled by the picture frame scaling factor.

Related Instructions

FR Frame Advance

IP Input P1 and P2

IR Input Relative P1 and P2
RO Rotate Coordinate System
SC Scale

198 IW Instruction
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Example

The following example draws a label, then establishes a window and again draws the label
along with a line. Notice how the line and label are clipped after the window is established, but

not before.

Sl .2,.35; Set Absolute Character Size to 0.2 by 0.35 cm.

PA 2000,3200; Specify absolute plotting and move to location (2000,3200) (plot-
ter-units).

DT@,1; Define label terminator to be the “@” character, without printing

the character.

LBTHIS IS AN EXAMPLE OF IW@; Print a label beginning at (2000,3200).

IW  3000,1300,4500,3700; Specify a soft-clip window (in plotter-units).

PD 2000,1700 Pen Down; print a line from the current pen position to
(2000,1700). Current pen position at start of instruction is at the
letter W baseline.

LBTHIS IS AN EXAMPLE OF IW@; Print the same label at (2000,1700).

PU 3000,1300; Pen Up and move to position (3000,1300).
PD  4500,1300,4500,3700; Pen Down and begin drawing box indicating the soft-clip win-
dow.
PD 3000,3700,3000,1300; Finish drawing the soft-clip window box.
PU ; Pen Up.
(4500,3700)
THIS IS AN EXAMPLE OF IW
(2000,3200) %)
Pen %
stops SE
(2000,1700) here Q%
Pen programmed o
to draw line here - T
and start label _-7 Z
_ Z
N7 . N EXAMPLE OF
en
restarts
here
(3000, 1300) ‘\

Window
established by IW

Figure 107. How the IW (Input Window) Instruction Clips
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LA, Line Attributes

Purpose

To specify how line ends and line joins are physically shaped. Use this instruction when draw-
ing lines thicker than 0.35 mm.

Syntax
LA kind,value[,kind,value[,kind,value]][;]
or
LA []

Parameter Format Functional Range Parameter Default
kind clamped integer 1,2,0r3 no default
value clamped integer Kind 1: 1 through 4 1 (Butt)

clamped integer Kind 2: 1 through 6 1 (Mitered)
clamped real Kind 3: 1 through 32 767 5
Group

This instruction is in the Line and Fill Attributes Group.

Use

There are three line attributdiste endsline joins and themiter limit. The LA instruction pa-

rameters are used in pairs: the first paramkied, selects a line attribute, and the second

parameteryalue defines the appearance of that attribute. The device uses the current line at-

tributes when the optional parameter pairs are omitted.

e No Parameters: Defaults the line attributes to butt ends, mitered joins, and a miter limit
of 5. Equivalent to “LA1,1,2,1,3,5".

e kind: Specifies the line attribute for which you are setting a value. Attributddrahd
parameter values are listed in the following table.

e value: Defines the characteristics of the attribute specified biitfteparameter. The
available values are listed in the following table and described under each attribute.

The current line attributes remain in effect when optional parameter pairs are omitted.

A continuous sequence of pen-down vectors uses the current line join and miter limit for coin-

cident first and last points. A continuous vector sequence is interrupted when a vector’s end

point is not coincident with the next pen-down vector’s starting point, or by the AC, DF, IN, IP,

IR, IW, LA, LT, PG, PW, RF, RO, RP, SC, SP, TR, UL, or WU instruction.

Instructions that restore the current pen position (Cl, EA, EP, ER, EW, FP, PM, RA, RR, and

WG) save the last vector’s end point upon completion. The pen-down sequence is continued

when the current pen position is restored. The last vector’s end point is also saved by CP or LB

and before each SM symbol is drawn; the vector sequence is continued if the starting point of

200 LA Instruction
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the next pen-down vector is coincident with the saved vector end point, that is, there can be any
number of pen-up vectors between two consecutive pen-down vectors.

The clipping of a line end and line join is device-dependent.

The ends of each dash are treated with the current line cap; corners with a dash are treated with
the current line join. Labels are always drawn with rounded ends and joins.

Attribute Kind | Value Description
Line Ends: (Lines with a width |1 1 Butt (default)
less than a device-dependent 2 Square
limit always have butt caps and 3 Triangular
no join, regardless of the current 4 Round
attribute setting)
Line Joins: (Lines with a width |2 1 Mitered (default)
less than that same device-de- 2 Mitered/beveled
pendent limit always have butt 3 Triangular
caps and no join, regardless of 4 Round
the current attribute setting) 5 Beveled
6 No join applied

Miter Limit: (Full range is1to |3
32 767, but values less than 1 gre
automatically set to 1)

Device-dependent

5 (default, refer to
description under
Miter Limit on page
203)

Line Ends

End point AJ

Butt ends (1) Terminate
at the end point.

1/2 ‘
line width

Triangular ends (3)
Terminate one half line width
beyond the end points.

Figure 108. Four Line Ends

1/2 4" L
line width

Square ends (2) Terminate
one half line width beyond

the end points.

1/2 . ‘
line width

Round ends (4) Terminate in
semicircle with a diameter
equal to the current line width.
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The value you specify for line ends determines how the ends of line segments are shaped. Fig-
ure 108 describes the four types of line ends.

Line Joins

The value you specify for the line joins attribute determines how connecting line ends (corners)
are shaped. The following illustration describes the five types of line joins. If the first and last
points of a series of lines are the same, they join according to the current line join and miter
limit.

miter < miter miter > miter

miter length length  limit length limit
Mitered join (1) Mitered/beveled join (2) Formed by two
Formed by two lines extending from lines extending from the outer edge of each
the outer edge of each vector until vector until they meet. If the miter length ex-
they meet. The miter limit applies ceeds the miter limit, a beveled join is used.
to this join.

1/2

line width
Triangular join (3) Formed by Rounded join (4) Formed Beveled join (5)
two lines extending from the by an arc with a diameter Formed by a line connecting
outer edge of each vector to a equal to the current line the outer edge of one vector
point 1/2 line width beyond the width to the outer edge of the
end intersection of the vectors. other vector.

Figure 109. Five Line Joins

When you select “no join” (“LA2,6;"), the currently selected line ends for the two lines merely
overlap. Refer to the following illustration.

202 LA Instruction
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No Join No Join
Butt End Square End

No Join No Join
Triangular End Round End

Figure 110. Overlapping Line Ends without Line Join Selection
Miter Limit
The value you specify for miter limit determines the maximum “length” of a mitered join, as
shown in the following illustration. The miter limit is the ratio of the miter length (the length

of the diagonal line through the join of two connecting lines), to the line width. For example,
with the default miter limit of 5, the miter length can be as long as 5 times the line width.

N
~
-
Q
o
I

INSTRUCTIONS

miter length T

Miter Length
Line Width

Figure 111. Miter Limit

Miter Limit=

When the miter length exceeds the miter limit, the point of the miter is clipped to the miter lim-
it (the clipped miter is equivalent to a beveled join). The default miter limit is usually
sufficient to prevent clipping except at very narrow join angles.

LA Instruction 203
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\‘ miter limit

Clipped mitered join

= miter limit

Maximum clipped mitered
join (beveled join)

Figure 112. Miter Limit Clipping

An LA instruction remains in effect until another LA instruction is executed, or the device is
initialized or set to default conditions.

Related Instructions

AA Arc Absolute

AR Arc Relative

AT Absolute Arc Three Point
BR Bezier Relative

Bz Bezier Absolute

Cl Circle

EA Edge Rectangle Absolute
EP Edge Polygon

ER Edge Rectangle Relative
EW Edge Wedge

FP Fill Polygon

FT Fill Type

LT Line Type

PW Pen Width

RA Fill Rectangle Absolute
RR Fill Rectangle Relative
RT Relative Arc Three Point
UL User-Defined Line Type
WG Fill Wedge

Possible Error Conditions

Error Condition

Error Number

Printer or Plotter Response

Kind or valueis within the data for-
mat limits, but outside the range de

fined by the instruction

0

Thekind,valuepair is ignored,;
all otherkind,valuepairs are
executed

204
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Example

The following example draws an electrical ground symbol using the LA instruction.

PA 4000,3000; Specify absolute plotting and move the pen to (4000,3000).
PW 2 Set the pen width to 2 mm.
LA 1,3; Specify a triangular line end.

PD 3500,2500,4000,2000; Place the pen down, and draw from the current location to
(3500,2500), then to (4000,2000).

PU 3500,2500; Lift the pen and move to (3500,2500).
LA  2,2,3,20; Set the line join to mitered/beveled and the miter limit to 20.
PD 3000,2500,3000,2300; Set the pen down and draw a line to (3000,2500), then to
(3000,2300).
PU 2500,2300; Lift the pen and move it to (2500,2300).
LA 1.4 Specify round line ends.
PD 3500,2300; Draw a line to (3500,2300).
PU 2700,2100; Lift the pen and move to (2700,2100).
PD 3300,2100; Then set the pen down and draw a line to (3300,2100).
PU  2900,1900; Lift the pen and move to (2900,1900).
PD 3100,1900; Then draw a line to (3100,1900).
(4300,3000)

Mitered join

\

Triangular
ends

Round ends/

Figure 113. Line Attributes Example
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LB, Label

Purpose

To print text using the currently defined font. Use LB to annotate drawings or create text-only
charts.

Syntax

LB text . . . text label_terminator

Parameter Format Functional Range Parameter Default

text. .. text character any character(s) no default

label_terminator character, as de-| any character except| ETX (decimal code 3)
fined by DT NULL, LF, ESC, and;
(decimal codes 0, 5, 21

and 59 respectively)

Group

This instruction is in the Character Group.

Use

The LB instruction includes an automapien-down function. When the instruction is com-
pleted, the original pen up/down status is restored.

°

text ... text: Up to 256 ASCII characters, drawn using the currently selected font. (Refer
to the AD, SA, SD, and SS instructions for details on specifying and selecting fonts.)

Dont leave any spaces between LB and its text (unless that is what you want).

You can include control characters such as the Carriage Rerjrdgcimal code 13) and
Line Feed KF, decimal code 10). These characters invoke the specified function or not,
depending on the transparent data mode; see the TD instruction on page 316.

The label begins at the current pen location, (unless altered by LO). After each character is
drawn, the pen is moved to the next character origin. The pen location is not updated until
LB is terminated. An embedded line feed moves both the pen and the carriage-return point
one line in the current line direction; an embedded carriage return moves the pen to the
carriage-return point. (Refer Working With the Character Cadin page 58.)

label_terminator: Terminates the LB instruction. Youustuse the special label termina-
tor (refer to the DT instruction on page 154) to tell the device to exit the label mode. If
you do not use the label terminator, everything following the LB mnemonic is printed in
the label, including other instructions. The deftaliel terminatoris the non-printing
end-of-text characte@TX (decimal code 3). You can define a different terminator using the
DT instruction.

LB updates the current pen position, but not the carriage-return point. The AA, AR, AT, CP,
DF, DI, DR, DV, IN, LO, PA, PE, PR, RO, and RT instructions, and PU or PD with parameters,

206 LB Instruction
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or CP with a non-zertines parameter all update the carriage-return point to the current pen
position.

In 16-bit mode, the label terminator and all 8-bit control codes must have the first byte set to
zero. For example, an escape charaese,(ASCII 27) would be sent as a 0 followed by a 27.
The exception i€SCE in dual-context devices, which is parsed and executed regardless of byte
boundaries with the LB and SM instructions.

Related Instructions

AD Alternate Font Definition
CP Character Plot

DI Absolute Direction
DR Relative Direction
DT Define Label Terminator

DV Define Variable Text Path
ES Extra Space

FI Select Primary Font

FN Select Secondary Font
LO Label Origin

SA Select Alternate Font

SB Scalable or Bitmap Fonts
SD Standard Font Definition

Sl Absolute Character Size
SL Character Slant
SR Relative Character Size
SS Select Standard Font
TD Transparent Data
Example
PA 2500,2500; Move to absolute location (2500,2500). 9
DT, Specify the asterisk (*) as the label terminator. e
SD 1,21,2,1,4,25,5,0,6,3,7,52; Designate the 25-point Univers Bold font as the standafmis
font. E‘-E@
SS ; Select it. T
LBThis is a Label.*; Prints “This is a Label.” in the currently selected font. Z
n n
;rhls is a Label.
(2500,2500)

LB Instruction 207
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LM, Label Mode

Purpose

To determine how the LB (Label) and SM (Symbol Mode) instructions interpret characters. It
is mostly used with two-byte character sets such as Kanji.

Syntax
LM mode,[row_number][;]
or
LM [}]
Parameter Format Functional Range Parameter Default
mode clamped integer Oorl 0 (8-bit)
row_number clamped integer 0 through 255 0
Group

This instruction is in the Advanced Text Extension.

Use

e No parameters: Equivalent to “LMO0,0".

e mode: Determines the interpretation mode as follows:
0 (8-bit mode; the default). Interprets each byte as a character.

1 (16-bit mode). Interprets every two bytes as a character.

e row_number: Used only in mode 0 (8-bit) when a 16-bit character set is selected. The
row_numbeiindicates the first byte, with an LB or SM instruction supplying the second
byte.

Changing Label Mode turns Symbol Mode off (it executes “SM;"—see the SM instruction on
page 303).

If modespecifies 8-bit, LB and SM interpret each byte as a character cotedéspecifies
16-bit, LB and SM interpret each pair of bytes as a character code. LM does not affect the DT
(Define Label Terminator) and DL (Download Character) instructions.

In 16-bit mode, the label terminator and all 8-bit control codes must have the first byte set to
zero. All other byte 1 values are treated as undefined characters. For example, an escape char-
acter €sc, ASCII 27) would be sent as a 0 followed by a 27. The except&scis in

dual-context devices, which is parsed and executed regardless of byte boundaries with the LB
and SM instructions.

A 16-bit character-set can be regarded as a two dimensional, 256 x 256 matrix. In 16-bit mode,
the first parameter specifies the row and the second specifies the column.

Therow_numbelmparameter is used only if a 16-bit character-set is being interpreted in 8-bit
mode; the first byte is then assumed to equaldive number For example, if you enter

208 LM Instruction
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“LMO0,37" and select a 16-bit character set, the label string “LBB8 will print characters
(37,65) and (37,66)—characters A and B are ASCII characters 65 and 66.

In 8-bit mode the label buffer holds at least 256 characters, including control codes and the la-
bel terminator. In 16-bit mode, the label buffer holds at least 128 characters.

Printing Kaniji and Other Two-Byte Characters

HP-GL/2 allows 8-bit character sets like ASCII with a maximum of 256 characters, and 16-bit
character sets like Kanji with a possible 65 536 characters; however, LB assumes a default
mode of 8-bit characters. Therefore, to print Kanji, change the mode with LM, select a Kanji
font, and use LB to send a 16-bit label:

1. Select 16-bit character mode via the LM instruction (“LM1;").
2. Select a Kanji font using the SD or AD instructions (for example, “SD1,1611;SS;").
3. Send the label with LB, specifying two bytes for each desired character.

If the Kanji symbol set is selected and an unrecognized character is seen, the undefined Kaniji
character (four dots defining the character cell area) are printed instead of a space.

When printing a Kanji typeface, the stroke weight may be automatically lightened to achieve
satisfactory print quality for complex characters.

Figure 114 shows LB in normal data mode with either Kanji Set 16-bit symbol set invoked. Set
1611 is JIS Kanji Level 1. Set 1643 is JIS Kanji Levels 1 and 2. The result applies in either
8-bit mode withrow_numbesrset to the byte 1 value or the byte values used in 16-bit mode.

The black zone encompasses the defined area for either Kaniji character set. In this zone, LB
prints either a Kanji character or 4 dots.

In the blue-shaded zones, the action is as though byte 2 were from the US ASCII character set.

The white zones would print a space as for undefined character codes.

In the gray-shaded zones, the action is dependent on label mode, LM. In 8-bit mode, each
is interpreted as in the US ASCII character set. This makeswh@umbeuseful with the

two Kanji character sets; in some implementations of 16-bit character sets, theawsenoin-
ber may be disallowed in 8-bit mode if those sets define characters in this region. In 16-bit
mode, LM1, values in these zones are undefined character codes that print a space.

HP-GL/2
INSTRUCTIONS

In 16-bit mode with an 8-bit character set invoked, all byte 1 values except zero become urtte=
fined character codes.

This concept is consistent with transparent data mode and can be extended for symbol mode.
In transparent data mode, control codes and undefined characters print a space. In symbol
mode, the character actually printed at the end of vectors is taken from the currently invoked
character set. Thus, defining a symbol character in 16-bit mode and then invoking an 8-bit set
would draw a space. Similarly, in 8-bit mode with a 16-bit set invoked, the character drawn
would come from above usingw_numbeifor byte 1 and the symbol character value for byte

2. Note that changing from 8- to 16-bit mode or vice versa turns symbol mode off.

LM Instruction 209
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32
33

Byte 1
126
127
255
0 32 33 126 127
Byte 2

Figure 114. Printing Two-Byte Characters

Related Instructions

LB Label
SM Symbol Mode

Possible Error Conditions

159 160 255

Error Condition Error Number

Printer or Plotter Response

Row_numbeis less than 0 or greatef 3
than 255

Row_numbeis set to zero and
the instruction is executed

210 LM Instruction
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LO, Label Origin

Purpose

To position labels relative to the current pen location. Use the LO instruction to center, left
justify, or right justify labels. The label can be drawn above or below the current pen location
and can also be offset by an amount equal to .25 times the point size (or 16 grid units [0.33
times the point size] for the Stick font).

Syntax

LO position[;]

or
LO[]
Parameter Format Functional Range Parameter Default
position clamped integer 1 through 9, 1
11 through 19, or 21

Group

This instruction is in the Character Group.

Use

The device interprets the parameters as follows:

e No Parameters: Defaults the label origin. Equivalent to “LO1".

e position: Specifies the label location relative to the current pen location. Values 1, 2, 3
11, 12, or 13 left-justify the label; values 4, 5, 6, 14, 15, or 16 center the label; and val
7,8,9, 17, 18, or 19 right-justify the label. Values 11, 14, or 17 position the character
above the current pen location; values 13, 16, or 19 position the label below the curre
position or at intermediate points. Values 1 to 9 position the character cell relative to t
current pen position; values 11 to 14 and 16 to 19 offset the labels (the offset is one-q
of the character’s point size, or one-third of the point size [16 grid units] for stick fonts).
Left and right are interpreted relative to the character baseline; above and below are
relative to the character-up vector. The position numbers are graphically illustrated in
Figure 115. Each dot represents the current pen location.

The values 11 to 14 and 16 to 19 differ from LO 1 to 4 and 6 to 9 only in that the labels are off-
set from the current pen location. Values 5 and 15 are the same.

HP-GL/2
INSTRUCTIONS

The label position 21 provides a PCL-compatible label origin. The character(s) are printed at
the same location as in PCL. (Label position 21 is not shown in Figure 115 because the exact
location is dependent on the PCL position.)

Label origins do not change text path. To change the text path, use the DV (Define Variable
Text Path) instruction.

Each time an LO instruction is sent, the Carriage Return point is updated to the location the pen
was in when the LO instruction was received. The current pen location (but not the carriage-re-

LO Instruction 211
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turn point) is updated after each character is drawn and the pen automatically moves to the next
character origin. If you want to return a pen to its previous location prior to the next label
instruction, you can send a Carriage Return after the label text but before the label terminator.

LO positions are applied to imaginary box drawn round the label on a line-by-line basis, regard-
less of the text path set by DV. Figure 115 shows LO positions for each of the possible text
paths. Note the horizontal and vertical offsets for values 11 to 14 and 16 to 19.

3 16
3
124215 814
offset
16 1 4 1 16
131 1 11 14 17 13 5 1o
9
12} 2 =] st | K] 818 12{2 @ L shis
) L1 7 b s - 117
1L 17
” 13_16_19 v
B
12422158 1yg

=

.|
1 14 17

Figure 115. Label Origin Positioning

LO updates the carriage-return point to the current position. The current pen position (but not
the carriage-return point) is updated after each character is printed, and the pen moves automat-
ically to the next character origin. When you embed Carriage Return characters in a label, each
portion of the label is positioned according to the label origin, just as if they were written as
separate label instructions. A Carriage Return after the label, but before the label terminator,
returns the pen to the current origin before the next LB.

Control characters such as spaces, horizontal tabs, or backspaces affect the label length for
positioning purposes; however, a backspace at the beginning of a label is ignored.

An LO instruction remains in effect until another LO instruction is executed, or the device is
initialized or set to default conditions.

The pen position at the end of the label string depends on whether two successive LB instruc-
tions concatenate together as though only one label was given. The DV/LO combinations
which permit concatenation are:

212 LO Instruction
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Text Path |Label Origin

DVO (right) |LO’s 1, 2, 3, and 11, 12, 13, and 21
DV1 (down) | LO’s 3, 6, 9, and 13, 16, 19

DV2 (left) |LO's7,8,9,and 17, 18, 19

DV3 (up) |LO’s1,4,7,and 11, 14,17, and 21

The DV and LO combination is applied on a line-by-line basis; a “line” is established by a car-
riage return, line feed, or the label terminator.

The following two rules determine where the pen is positioned after a label string is drawn.
Rule 1 is for DV/LO combinations which permit concatenation; rule 2 clarifies other DV/LO
combinations:

e If a concatenation combination is specified, the pen position is updated to give the normal
delta X space between the last character of the first label, and the first character of the
second label.

Note: For proportional fonts that use a pair-wise spacing table, the pen position is updated
using an average delta X space.

e If a non-concatenation combination is specified, the pen position that existed immediately
prior to the LB instruction is restored.

Related Instructions

CcP Character Plot
DV Define Variable Text Path

LB Label
Example %
zZ
SP 1 Select pen number 1. QS
SC —4000,4000,-5000,5000; Specify scaling by assigning (—4000,-5000) to P1 and (3'8
(4000,5000) to P2. o x
Sl 17,.26; Set the absolute character size to 0.17 cm wide by 0.26 cm hig IQ
PA 0,500; Move to (0,500). =

PD  -500,0,0,-500,500,0,0,500; Setthe pen down and draw lines from (0,500) to (-500,0
to (0,-500), to (500,0), and then to (0,500).

DT#; Define label terminator as “#" character.
Cl 10; Draw a small circle (radius 10 plotter-units) to represent the label
origin point.
LO 4 Specify a label origin of 4.
LBCentered on point#; Print “Centered on point”.
PU  -500,0; Lift the pen and move to (—-500,0).
Cl 10; Draw another small circle.
LO 18; Specify a label origin of 18.
LBLeft center offset#; Print “Left center offset”.
PU 0,-500; Lift the pen.
Cl 10; Draw another small circle.
LO Instruction 213
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LO 13; Specify label origin number 13.
LBRight offset from point#; Print “Right offset from point”.

PA 500,0; Move to (500,0).
Cl 10; Draw another small circle (dot).
LO 3; Specify label origin number 3.

LBRight hang from point#; Print the last label, “Right hang from point”.
(0,500)
Centered fon point
(500,0)

Left center offset Right hang from point

(-500,0)

Right offset from point
(0,-500)

Figure 116. Hanging Labels from Various Points

214 LO Instruction
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LT, Line Type

Purpose

To specify the line pattern to be used when drawing lines. Use LT to vary lines and enhance
your plot. Note that the ends of dashed line segments in a line pattern are affected by current
line attributes (refer to the LA instruction on page 200).

Syntax
LT line_typel[,pattern_length[,mode]][;]
or
LT [1]
or
LT 99 []
Parameter Format Functional Range Parameter Default
line_type clamped integer -8 through 8, solid line
99 restores previous line type
pattern_length clamped real >0 through 32 767 4% of the distance
between P1 and P2
mode clamped integer Oorl 0 (relative)
Group

This instruction is in the Line and Fill Attributes Group.

Use

The LT instruction applies to lines drawn by the AA, AR, AT, CI, EA, EP, ER, EW, FP, PA, P
PE, PR, RA, RR, RT, and WG instructions. Line types are drawn using the current line attr,
utes set by the Line Attribute (LA) instruction. For example, if you have used LA to specify|
rounded ends, the device draws each dash in a dashed line pattern with rounded ends.

HP-GL/2
INSTRUCTIONS

e No Parameters: Defaults the line type to solid and saves the previous line type, pattern
length, and any unused portion of the pattern (residue).

e line_type: Subsequent lines are drawn with the corresponding line pattern. Line patterns
can be of fixed or adaptive type.

Positive line types (o 8) arefixed line types and use the specified pattern length to
draw lines. Any unused part of the pattern (the residue) is carried over into the next
line to give the appearance of the pattern wrapping round corners. The residue is
saved when any of the following instructions are received: ClI, EA, EP, ER, EW, FP,
PM, RA, RR, or WG. The residue is restored when the current pen position is restored
upon completion of these HP-GL/2 instructions. You can redefine the eight line types
using the UL instruction.

The current residue and vector end point are also saved before each symbol is drawn,
and on receipt of a CP, LB, or SM instruction. The current residue is restored if the

LT Instruction 215
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starting point of the next pen-down vector coincides with the saved vector end point;
there can be any number of pen-up vectors before the pen-down vector.

Line patterns are composed of alternate pen down and pen up moves which are per-
centages of the pattern length (the first percentage is always pen down). Figure 117
first shows the line type patterns, then gives the pattern percentages.

Fixed
line {
types

Adaptive
line {
types

~
S O~“ANWA,OON®

No Parameter (Default Value)

ot only at each point specified
L —
e Pattern Length
et N,
— °*—°*{5% 10 0 10 10 10 0 10
70 10 0 10 0 10
————|5 10 10 10 10 10
———170 10 10 10
———-18 10 0 10
— 70 30
L 50 50
0 100
Pattern Percentages
0 100 O
T {25 50 25
|  __]3 30 35
40 10 0 10 40
| ___13 10 10 10 35
___125 10 10 10 10 10 25
| ..__]3 10 0 10 0 10 35
25 10 0 10 10 10 O 10 25

Figure 117. Line Type Patterns and Pattern Percentages
Instructions that Affect LT1 to LT8

The following instructions clear the current residue and vector end points:

AC
DF
IN
IP

Anchor Corner
Default Values
Initialize

Input P1 and P2

Input Relative P1 and P2

Input Window
Line Attributes

Line Type (except “LT;” and “LT99”")

Advance Full Page

216 LT Instruction
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PW Pen Width

RF Raster Fill Definition

RO Rotate Coordinate System
RP Replot

SC Scale

SP Select Pen

TR Transparency Mode

UL User-Defined Line Type
wu Pen Width Unit Selection

A zero line type (0)draws only a dot at the X,Y coordinates for AA, AR, AT, BR, BZ,

Cl, PA, PD, PR, and RT instructions. Zero pen-down values and zero-length lines also
produce dots. A dot is a one plotter-unit long vector, drawn using the current line end
and pen width. (Dots within lines are drawn at the correct angle, but zero-length vec-
tors are drawn along the user’s current X-axis.)

Negative line types (—1o —8) areadaptiveline types, using the same patterns as line
types 1 to 8. However the pattern length is automatically adjusted so that each line
contains one or more complete patterns.

Adaptive line types are derived from the corresponding fixed line types; if the fixed

line type ends in a “pen-up stretch”, the first percentage is reduced by half and the
amount that it is reduced is added as the last percentage. This ensures that the drawn
vector end points are always visible when an adaptive line type is selected; the pattern
is “on” (or had the pen down) at the beginning and end of the pattern repeat segment.

For redefined fixed line types (see the UL instruction) that end in a “pen-down
stretch”, the adaptive line type is derived by adding the first and last pen-down gap
percentages and using half the sum for both the first and last gap percentages.

Note: Do not use an adaptive line type when you draw circles, arcs, wedges, or poly-
gons. The device will attempt to draw the complete pattern in every chord; there are
72 chords in a circle using the default chord angle.

LT99 restores the previous line type (and residue if it is a fixed-line type).

Note: If a solid line type is selected (“LT;") when the LT99 instruction is issued, andg
the current pen position has not changed, the previously selected line type can be
voked usmg LT99. LT99 is ignored when a non-solid line type is in effect, or if the T
pen is in a different position from when the previous non-solid line ended. An exa
ple using this instruction is to print a line in a non-solid line type, followed by a
rectangle in solid black; beginning at the end point of the previous line, use LT99 to
print another line in the previous non-solid line type.

P-GL/2
INSTRUCTIONS

Instructions that Affect LT99

Sending any of the following instructions while plotting with a solid line type clears
the previous line type and a subsequent “LT99” has no effect:

AC Anchor Corner
BP Begin Plot
DF Default Values

IN Initialize
IP Input P1 and P2
IR Input Relative P1 and P2

W Input Window
LA Line Attributes
LT Line Type (except “LT;” and “LT99")

LT Instruction 217
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PG Advance Full Page

PW Pen Width

RF Raster Fill Definition

RO Rotate Coordinate System
SC Scale

SP Select Pen

TR Transparency Mode

UL User-Defined Line Type
wu Pen Width Unit Selection

e pattern_length: Specifies the length of one complete line pattern, either as a percentage
of the diagonal distance between the scaling points P1 and P2 or in millimetenosee
below). You must specify a length greater than zero (or use the default). If you do not
specify a length, the device uses the last value specified.

e mode: Specifies how the values of thattern_lengttparameter are interpreted. If you
do not specify anode the device uses the last value specified.

0 Relative mode: Interprets tipattern_lengttparameter as a percentage of the
diagonal distance between P1 and P2.

When specified as a percentage, the pattern length changes along with changes in
P1 and P2.

1 Absolute mode: Interprets tipattern_lengttparameter in millimeters.

When specified in millimeters, fixed line-type patterns assume the specified
length, but adaptive line-type pattern lengths are adjusted downward to fit an inte-
gral number of patterns per vector. (This is true for relative mode and absolute
mode.)

If you do not specify thpattern_lengttandmodeparameters, then the device uses their current
values. When using relative mode and isotropic scalingadtiern_lengtichanges with
changes to Xin, Y min and Xmax Y max

An LT instruction remains in effect until another LT instruction is executed or the device is ini-
tialized or set to default conditions.

Related Instructions

AA Arc Absolute

AR Arc Relative

AT Absolute Arc Three Point
Cl Circle

EA Edge Rectangle Absolute
EP Edge Polygon

ER Edge Rectangle Relative
EW Edge Wedge

FP Fill Polygon

FT Fill Type

PA Plot Absolute

PD Pen Down

PE Polyline Encoded

PR Plot Relative

PW Pen Width

RA Fill Rectangle Absolute
RR Fill Rectangle Relative

218
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RT Relative Arc Three Point
UL User-Defined Line Type
WG Fill Wedge

T
|—1 gl B
I

Complete
| pattern {
lengths

Dots LT1

Figure 118. Rectangles Drawn with Fixed and Adaptive Line Types

Possible Error Conditions

| |
| I
Complete
pattern
| lengths
I
l |

Adaptive LT-6

Dots LTO

N
~
-
Q
o
I

Error Condition

Error Number

Printer or Plotter Response

INSTRUCTIONS

Pattern_lengthis O

3

Ignores the instruction.

Modeis not O or 1

3

Ignores the instruction.
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MC, Merge Control

Purpose

To provide control over the color of those pixels where two or more graphics intersect on the
page. This instruction is for raster devices only; it performs no function on pen plotters.

Syntax
MC mode[,opcode][;]
or
MC []
Parameter Format Functional Range Parameter Default
mode clamped integer Oor1l 0 (off)
opcode clamped integer 0 to 255 252 (mode=0)
168 (mode=1)
Group

This instruction is in the Technical Graphics and the Advanced Drawing Extensions.

Use

The merged color is a result of a device-dependent table look-up algorithm in the device. The
table look-up functions on a pixel-by-pixel basis and applied to all graphics done with HP-GL/2
instructions: vectors, text, and polygon fill (including raster patterns).

e No parameters equivalent to “MCQ”. Defaults merge control to off.

e mode: A clamped integer which specifies one of the following modes:
0 Merge control off: each graphic replaces the pixels at the destination location, and
overwrites the pixels without merging. This is the default.

1 Merge control on the device creates a merge color at the intersection of the vectors.

e opcode: Specifies the logical operations that are to be performed on a source, destination,
and patterned image before drawing the final image. These raster operations are defined in
RGB space and are listed in the table on pages 475 and 476. This parameter is a clamped
integer in the range 0 to 255. The default is 252 whede=0, and 168 whemode=1.

The logical operations are defined in reverse polish notation (RPN) with the following defini-
tions:

D: Destination (that is, the pixel that is already defined at the point)

S: Source (the new pixel to be applied to the point)
T. Texture (any fill pattern)

a: And o: Or

n: Not x: Exclusive or

220 MC Instruction
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For example, when thmodeis 0, theopcodedefault is 252TS9, which is the logical opera-
tion
Texture or Source.

When themodeis 1, theopcodedefault is 168D TSo0g, which is the logical operation
Destination and (Texture or Source).

Finally, a more complex example is the value ZBBSoxmn, which is the logical operation
not (Texture xor (Destination or Source)).

The MC (Merge Control) instruction is closely related to the Logical Opera&8sti¢O) of

PCL and HP RTL (see page 424); tprodevalues are the same as the numerical (#) parame-
ter of that commandLogical Operation®n page 367 contains more information that equally

applies to the MC instruction.

The following table shows three commaopcodesconstructed by reading the output values

bottom-up.
Pixel Combinations Desired Destination Values
Source/
Texture Source Destination Source Destination
Pixel Pixel Pixel Overwrite Transparency XOR

0 0 0 0 0 0

0 0 1 0 1 1

0 1 0 1 1 1

0 1 1 1 1 0

1 0 0 0 0 0

1 0 1 0 1 1

1 1 0 1 1 1

1 1 1 1 1 0
Resulting Opcode: 204 (OxCC) 238 (OXEE) 102 (0x66)

Using MC in a Dual-Context Environment

The MC instruction interacts with PCL and HP RTL. In dual-context mode the raster operatio

N
=
-
<
o
T

INSTRUCTIONS

set by this instruction carries over to PCL or HP RTL; similarly any raster operation set in PCL

or HP RTL using the Logical Operation command carries over to HP-GL/2.

Related Instructions and Commands

RF Raster Fill Definition
ESC*I#O Logical Operation

MC Instruction 221
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MG, Message

Purpose

To write a message to the display on a device’s control panel. If the device does not have a

control panel with a display, this instruction is ignored (a NOP).

Syntax
MG message][;]
or
MG [}]
Parameter Format Functional Range Parameter Default
message quoted string any characters no default
Group

This instruction is in the Technical Graphics Extension.

Use

Character codes in the message are interpreted in the character set enabled at power-up for dis-
play of control-panel menu commands and error messages. The character set selected for
labeling does not affect the display of this instruction.

e No parameters clears the display.

e message:Long text lines automatically wrap to the next line if one exists. Once the end
of the display is reached, however, the message does not wrap and overwrite the beginning
of the display.

You can use the following control codes within your message; all other control codes (see
page 67) are ignored: BackspaBs)( Line FeedI(F), Carriage ReturncR).

If your device uses one display for displaying messages and control-panel menus, the device
switches between the MG message and the control-panel menu (for user responses). The de-
vice restores the MG message after the user responds to the control-panel prompt. The device
retains the message until it is overwritten or cleared by another MG instruction or the device is

initialized.

222 MG Instruction

This is the black on page 222 (seq: 240)
This is the blue on page 222 (seq: 240)

Company confidential. HP-GL/2 and HP RTL Reference Guide, draft 2. Freeze Status: open

&



MT, Media Type

Purpose

To indicate the type of media loaded in the device. This instruction, whemusstdppear in

the picture header state; otherwise it is ignored.

Syntax
MT type[;]
or
MT [}]
Parameter Format Functional Range Parameter Default
type clamped integer Oto 6 device-dependent
Group

This instruction is in the Technical Graphics Extension.

Use

Your device uses this information according to its plotting or printing technology. The device
might, for example, change the resolution, the ink-drop volume, the speed of plotting or print-
ing, or change from unidirectional to bidirectional plotting, or respond in some other way as
necessary. The actual changes made may take into account both the MT and QL (Quality Lev-
el) instructions, internal knowledge of the pen type, and any control-panel set-ups.

All devices recognize the types listed, though several of the types may be treated in the sa

way, for example, 1 and 3.

e No parameters The device uses the front-panel setting.

e type: A clamped integer in the range 0 to 6, specifying the type of media, as follows:

Paper

Vellum

Special paper

o o~ W N BB O

Glossy paper

Related Instruction

QL Quality Level

Transparency film

Polyester film, such as Mylar

Translucent paper

N
=
-
<
o
T

INSTRUCTIONS
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Possible Error Conditions

Error Condition

Error Number

Printer or Plotter Response

Instruction used outside picture hed

o

er state (see page 78)

Ignores instruction

224
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NP, Number of Pens

Purpose

To establish the size (the number of pens) of the HP-GL/2 palette.

Syntax
NPnN[;]
or
NP[]
Parameter Format Functional Range Parameter Default
n clamped integer device-dependent device-dependetit
* Parameter must be a power of two.
*x The default palette size for monochrome raster devices is 2. The default palette size
for color raster devices is 8.
Group

This instruction is in the Palette Extension.

Use

The palette is an array of logical pens, each having an associated color value and an associated
width. Define pen colors through the PC (Pen Color Assignment) instruction, described on
page 239. Establish pen widths through the PW (Pen Width) and WU (Pen Width Units Selec-
tion) instructions, described on pages 264 and 328 respectively.

e No Parameters: Defaults the palette size for monochrome devices to 2 pens, and for
color raster devices to 8 pens.

e n: Sets the size of the palette as a power of 21 I not a power of 2, the device uses
the next larger power of 2. The maximum value,afhile device-dependent, is equal to
or greater than the number of distinct colors the device can produtes dfeater than the
maximum, the device uses the maximum-size palette.

For pen plotters, NP defines the number of pens and also pen number 0; thus “NP8” defines
pens 1 through 8 plus no pen (pen 0).

(2]
=z
NQ
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O
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I
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=

For raster devices, NP defines the palette size, for pens numbered 0 th+diubins
“NP8" defines pens 0 through 7.

NP does not default pen colors or widths for existing pen values. For example, if the palette
size is decreased from 8 to 4, the pen colors and widths of the first four pens of the old palette
are retained. If the palette size is increased from 8 to 16, the colors and widths for the first
eight pens remain the same, and those for the remainder are defaulted.

If the current pen is outside the range of the new palette size, the device applies a modulo func-
tion to select a pen number within the range of the new palette. The base of the modulo

NP Instruction 225
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function is eithen (for a pen plotter) on—1 (for a raster device), that is 8 or 7 in the examples
above. See the SP instruction on page 306.

This instruction is usually defaulted by the IN (Initialize) and BP (Begin Plot) instructions.

In dual context environments, you should import the palettes created within PCL, rather than
defining palettes with this instruction.

Possible Error Conditions

Error Condition Error Number Printer or Plotter Response

n<2 3 Ignores instruction

226
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NR, Not Ready

Purpose

To take the device off-line for a specified amount of time. This can enable you to set control-
panel conditions before starting to plot or print.

Syntax
NR timeout][;]
or
NR[]
Parameter Format Functional Range Parameter Default
timeout clamped integer 0 to 7200 0
Group

This instruction is in the Technical Graphics Extension.

Use

Place this instruction at the beginning of a plot after the IN or BP instructiontinTémutfea-

ture of this instruction allows the user to set up pen groupings, media registration, pen force and
acceleration, and so on. The device restores its online status and resumes plotting when either
thetimeoutelapses or the user puts the device back online (whichever comes first).

e No parameters Defaults theimeoutto zero (no time-out); equivalent to “NRO”.

e timeout: Specifies in seconds how long a user may need to perform any control-panel
set-up operations or media loading. The maximum time-out is device-dependent and
be clamped without error.

On devices that cannot perform a page advance, the PG instruction places the device in a
ready” state. The device remains off-line until new media is loaded or the necessary user
action occurs.

HP-GL/2
INSTRUCTIONS

The function performed by “NR;” may produce an indefinite time-out by enabling single-usg
mode in a device that can be logically configured to be either a shared or a single-user de
for example, a device that can accept plots from several ports at once, by interleaving plots in a
gueue, or from a single port with no interleaving. This change is device-dependent and is en-
abled using front-panel interaction or switches that can be set by the user.

NR Instruction 227
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OD, Output Digitized Point and Pen Status

Purpose
To output the X,Y coordinates and pen status (up or down) associated with the last digitized

point. The ranges of the X,Y coordinates are the hard-clip limits of the device; the pen status is
either O (up) or 1 (down).

Syntax
OD;
You must use a terminator with output instructions.
Group

This instruction is in the Digitizing Extension.

Use

Use the following procedure for sending output instructions:
1. Send the OD instruction to the device as you do other HP-GL/2 instructions.

2. Read the device’s output response immediately using an input statement appropriate to
your programming language, keeping in mind the number and type of the variables.

Response Format Range
X,y,pen statugfollowed | x,y: current units device-dependent
by a terminator) (at least -8 to 23-1)
pen status: intege| 0 (up) or 1 (down)

Receipt of this instruction clears bit position 2 of the OS instruction status byte. The tim-
ing of output depends on the interface you are using.

The terminator is a carriage retugRj for RS-232-C, Bi-Tronics, and MIO interfaces and
carriage return and line feedR LF) for HP-IB interfaces.

3. Output digitized points one at a time. Digitize the point, then output the point to the com-
puter. Continue in this manner until all points on your plot are digitized.

Related Instructions
DC Digitize Clear

DP Digitize Point
(0N} Output Status

Possible Error Conditions

Error Condition Error Number Printer or Plotter Response

One or more parameters are specifig2i The parameters are ignored

228 OD Instruction
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OE, Output Error

Purpose
To debug programs by retrieving a number that corresponds to the HP-GL/2 error received by

the plotter since the most recent OE, BP, or IN instruction, or power-upotidge this
instruction on networks or unidirectional interfaces.

Syntax
OE;
You must use a terminator with output instructions.
Group

This instruction is in the Technical Graphics Extension.

Use

The OE instruction outputs an integer in the range 0 through 7, corresponding to the first HP-
GL/2 error (if any) that has occurred. The plotter only outputs the first error. If you suspect
more than one error, place the instruction in as many locations in your program as necessary.
The following table defines the error numbers:

HP-GL/2

Error Number Meaning

0 No error

1 Unrecognized instruction (or not recognized in current state)

2 Wrong number of parameters )

3 Out-of-range or invalid parameter %

4 and 5 Not used §5

6 Position overflow (“lost” mode; see page 23) Q5

7 Buffer overflow, or out of memory %g
Z

After returning the error number, the plotter sets its internal error number to zero, and clea
bit 5 of the status byte (see the OS instruction), indicating that no error has occurred since
last OE instruction.

A posted error is not changed until it is cleared.

Multiple errors are set from left to right. For example, “LA 1,9,2;” causes an invalid parameter
error (3) because of the “9”, not a wrong number of parameters error (2).

An instruction is ignored for the following error conditions:

Unrecognized instruction
Missing required parameters
Parameter exceeds the defined limits.

OE Instruction 229
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If more parameters are supplied than are expected for an instruction, the extra parameters are
ignored and the instruction is executed normally. An error 2 is posted.

If the polygon buffer is full and insertion of more data is attempted, only the portion of the
polygon that fits in the buffer is edged and filled; then an error 7 is posted. The polygon buffer
is large enough to store at least 512 vertices.

If a parameter in the AD, LA, PA, PD, PR, PU, or SD instructions exceeds the limits defined by
the data format type, the out-of-range parameter and all subsequent parameters are ignored.
However, if akind or valueparameter to the AD, BP, LA, or SD instruction is within the data
format type limits, but outside the range defined by the instruction, that parameter pair is ig-
nored; all preceding and subsequent valid pairs are executed. Integer parameter values are
rounded before range checking is performed.

Example

This sequence of instructions contains two errors:

PA 1000,1000,20; PA instruction should have an even number of parameters
ED ; Non-existent instruction

OE ; Output Error

This OE instruction returns 2 followed by a terminator. (The terminator is a carriage return
[cR] for RS-232-C, Bi-Tronics, and MIO interfaces and carriage return and linedaad][for
HP-IB interfaces.) By referring to the table, you know that error 2 indicates the wrong number
of parameters. Once the first error is corrected, run the program again to find the other HP-
GL/2 error.

230

OE Instruction
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OH, Output Hard-Clip Limits

Purpose
To output the X,Y coordinates of the current hard-clip limits to the computer. Use OH to deter-

mine the plotter-unit dimensions of the area within which plotting can occunofse this
instruction on networks or on unidirectional interfaces.

Syntax
OH ;
You must use a terminator with output instructions.
Group

This instruction is in the Technical Graphics Extension.

Use

The OH instruction outputs four integer valueg, XY\ |, Xur, Yur, representing the hard-clip
limits.

The coordinates are always expressed in plotter-units and represent the lowel-leYt (X
and upper-right (¥R, Yur) corners of the hard-clip limits. After sending the OH instruction,
have your computer program immediately read the device’s output response.

Example

The following program outputs the plotter identification. Use whatever statements your com-
puter language requires to perform the input and output operations.

[9))]

Send to the device: ESC%—1BBPIN” Enter HP-GL/2 mode, begin a plot, and ini- %
tialize HP-GL/2. S

Send to the device: “OH;” Output Hard-Clip Limits. (?8
Read from the device: A,B,Y,Z Read the values into four variables, A, B, Y, and Z. [Eq=
Print: A,B,Y,Z Print out the four variables, A, B, Y, and Z. 2

Typical output from the OH instruction might be:
0 021050 15000

followed by a terminator. (The terminator is a carriage retRhfor RS-232-C, Bi-Tronics,
and MIO interfaces and carriage return and line fegdf] for HP-IB interfaces.)

Related Instruction

PS Plot Size

OH Instruction 231
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Ol, Output Identification

Purpose
To output the plotter’s identifying order number. This information is useful in a remote operat-
ing configuration (where several plotters are connected to the computer) to determine which

plotter model is online, or when software needs the plotter's model numbeiot Dge this
instruction on networks or on unidirectional interfaces.

Syntax
(O]
You must use a terminator with output instructions.
Group

This instruction is in the Technical Graphics Extension.

Use

The Ol instruction outputs th@otter ID, which is a character string of up to 30 characters, and
represents the device’s order number and letter.

Example

The following program outputs the plotter identification. Use whatever statements your com-
puter language requires to perform the input and output operations.

Send to the device: ESC%—-1BBPIN" Enter HP-GL/2 mode, begin a plot, and ini-
tialize HP-GL/2.
Send to the device: “Ol;” Output Identification.
Read from the device: A$ Read the device’s identification into the program.
Print: A$ Print it out.
Typical output from this instruction might be:
C4699A

followed by a terminator. (The terminator is a carriage recRhfor RS-232-C, Bi-Tronics,
and MIO interfaces and carriage return and line fegd.f] for HP-IB interfaces.)

232 Ol Instruction
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OP, Output P1 and P2

Purpose

To output the X, Y coordinates (in plotter-units) of the current scaling points P1 and P2 to the
computer. Use OP to help compute the number of plotter-units per user-unit when scaling is on.
OP can also be used with the IW (Input Window) instruction to set the window to P1 and P2
from your program. Dootuse this instruction on networks or on unidirectional interfaces.

Syntax

OP;

You must use a terminator with output instructions.

Group

This instruction is in the Technical Graphics Extension.

Use

The OP instruction outputs four integer values;,Fly, P2, P2, representing the values of
the coordinates of P1 and P2. The range is device-dependent, but is atfems221.

Note that P2 tracks P1 and can be outside your plotter’s range.

The P1 and P2 coordinates are output as plotter-units. After sending the OP instruction, have
your program immediately read the plotter’s response.

On completion of the output, bit position 1 of the status word is cleared; refer to the OS (Output
Status) instruction.

Example

The following program outputs the plotter’s P1 and P2 coordinates. Use whatever statem
your computer language requires to perform the input and output operations.
Send to the device: ESC%—1BBPIN” Enter HP-GL/2 mode, begin a plot, and ini-
tialize HP-GL/2.
Send to the device: “OP;” Output P1 and P2.
Read from the device: A,B,X,Y Read the values of P1 and P2 into your program.
Print: A,B,X,Y Print them out.

Typical output from this simple program might be:
0 0 21050 15000

followed by a terminator. (The terminator is a carriage rettrhfor RS-232-C, Bi-Tronics,
and MIO interfaces and carriage return and line feed.f] for HP-IB interfaces.)

N
=
-
<
o
T

INSTRUCTIONS

OP Instruction 233
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Related Instructions

P Input P1 and P2

IR Input Relative P1 and P2
(0N} Output Status

PS Plot Size

234 OP Instruction
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OS, Output Status

Purpose

To output the decimal value of the status byte. Use OS to debug your prograrat uSe this
instruction on networks or on unidirectional interfaces.

Syntax

oSs;

You must use a terminator with output instructions.

Group

This instruction is in the Technical Graphics Extension.

Use

The OS instruction outputs an integer in the range 0 through 255, corresponding to the value of
the status byte.

When this instruction is executed, the internal 8-bit status byte is converted into an ASCII inte-
ger between 0 and 255, followed by a terminator, and sent to your computer. (The terminator is
a carriage returrcR] for RS-232-C, Bi-Tronics, and MIO interfaces and carriage return and

line feed ER LF] for HP-IB interfaces.) Your computer program should read the response; refer
to the following table to find thiargest decimal valuéhat can be subtracted from the output
response; the condition corresponding to that value has been met.

Continue subtracting the largest possible decimal value from the remainder of the output re-
sponse. Each time you subtract a value, the corresponding condition has been met. Continue
this process until the remainder is 0.

[9))]
b
Decimal value Meaning Bit number g%
1 Pen is down 0 i@
2 P1 or P2 newly established; cleared by OP. 1 Ig
4 Digitized point entered; cleared by OD. 2
8 Initialized; cleared by OS. 3
16 Ready for data (bit always set to 1). 4
32 Error; cleared by OE. 5
64 Not used (reserved). 6
128 Not used (bit always set to 0). 7

On power-up, the status byte is 26, the sum of 16 (ready for data), 8 (initialized), and 2 (P1/P2
newly established). On execution of OS, bit number 3 is cleared and the status byte is 18.

OS Instruction 235
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SeeMonitoring the Status Byten page 91 for further examples of how to use this instruction.

Related Instructions

IN
IP
IR
OE
OoP
PS

Example

Initialize

Input P1 and P2

Input Relative P1 and P2
Output Error

Output P1 and P2

Plot Size

The following program outputs the numeric representation of the status byte. Use whatever
statements your computer language requires to perform the input and output operations.

Send to the device: ESC%—-1BBPIN” Enter HP-GL/2 mode, begin a plot, and ini-
tialize HP-GL/2.

Send to the device: “OS;” Output Status.

Read from the device: S.

Print: S.

236

OS Instruction
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PA, Plot Absolute

Purpose

To establish absolute plotting and moves the pen to the specified absolute coordinates from the
current pen position.

Syntax

PAXY [,...11]

or
PA[]
Parameter Format Functional Range Parameter Default
X,Y coordinates current units device-dependent no default
(at least -8 to 23— 1)

Group

This instruction is in the Vector Group.

Use

The device interprets the parameters as follows:

e No Parameters: Establishes absolute plotting for subsequent instructions.

e XY coordinates: Specify the absolute location to which the pen moves. When you
include more than one coordinate pair, the pen moves to each point in the order given,
using the current pen up/down status. If the pen is up, PA moves the pen to the point;
pen is down, PA draws a line to the point. Lines are drawn using the current line width
type, and attributes.

Coordinates are interpreted in current units: as user-units when scaling is on; as plotte
units when scaling is off.

HP-GL/2
INSTRUCTIONS

Note: If an odd number of coordinates is specified (in other words, an X coordinate without a
corresponding Y coordinate), the device ignores the last unmatched coordinate.

When you use the SM (Symbol Mode) instruction, PA draws the specified symbol at each X,Y
coordinate.

When you use the PM (Polygon Mode) instruction, the X,Y coordinates enter the polygon buff-
er for use when the polygon is edged or filled.

The carriage-return point (see page 66) is moved to the last X,Y.
Related Instructions
PE Polyline Encoded

PR Plot Relative
PD Pen Down

PA Instruction 237
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PU Pen Up

LA Line Attributes
LT Line Type

PW Pen Width
SM Symbol Mode

Possible Error Conditions

Error Condition Error Number Printer or Plotter Response

Odd number of parameters 2 Unmatched parameter is ignoref.

238 PA Instruction
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PC, Pen Color Assignment

Purpose

Syntax

Group

To assign colors to specific pens. This instruction is ignored by pen plotters.

PCpen,primaryl,primary2,primary3[;]
or
PCpenl;]
or
PC[]
Parameter Format Functional Range Parameter Default
pen integer determined by NP no default
primaryl, primary?2, clamped real determined by CR (see table below)
primary3

This instruction is in the Palette Extension.

Use
With a red/green/blue (RGB) color modetimarylis red,primary2is green, angrimary3is
blue. o
zZ
PC remains in effect until another PC instruction assigns new values for a specific pen or Jgge]
pens in the palette, or until the device is initialized by the IN instruction. The first eight pen s
for color devices default to the colors in the table below, even when the palette is larger tha (&93
eight pens. The remaining pen colors are device-dependent. For a monochrome device, (=
faults to white; all remaining pen colors default to black. 2
¢ No parameters: Defaults the colors of all pens as follows:
Number of Pens in Palette  Pen Number Color | Monochrome
2 (NP2) 0 White | White
1 Black Black
4 (NP4) 0 White | White
1 Black Black
2 Red Black
3 Green |Black
PC Instruction 239
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Number of Pens in Palette Pen Number

Color Monochrome

8 (NP8)

e pen: Specifies the number of the pen being defined.

~NOUOR_AWNELO

White White
Black Black
Red Black

Green |Black
Yellow | Black

Blue Black
Magenta| Black
Cyan Blaox

When you specify opgrihe

number (and no RGB values), the pen assumes the color as specified in the table above for
the color space of the palette (for example, “PC3;” defaults pen 3 to green). The range for
thepenparameter is defined by the size of the palette; see the NP instruction on page 225.

e primaryl, primary2, primary3: Specify the primary component values for the specified
pen Refer to the CR (Set Color Range for Relative Color Data) instruction on page 131
for a description of the range associated with the RGB values.

If a primary parameter is outside the color range defined in the CR instruction, the value is
clamped to the color range limits.

For a monochrome device that accepts color descriptions, pen 0 defaults to white; all remaining
pen colors default to “equivalent gray levels”. An equivalent gray level means that lighter col-
ors (like yellow) are converted to light gray shades, and darker colors (like purple) are
converted to dark gray shades. The mapping algorithm is device-dependent. However, equiva-
lent gray levels are solid colors, and any white pixels in them are not subject to transparency

mode (TR).

Example

The following instructions set pens 1, 2, and 3, using the default color range for an RGB color

space:
PC 1,255,0,0;
PC 2,0,255,0;
PC 3,0,0,255;

Possible Error Conditions

Pen 1is red.
Pen 2 is green.
Pen 3 is blue.

Error Condition Error Number Printer or Plotter Response
2 or 3 parameters 2 Ignores instruction

More than 4 parameters 2 Ignores extra parameters
Out-of-range parameter 3 Ignores instruction

240 PC Instruction

This is the black on page 240 (seq: 258)

Company confidential. HP-GL/2 and HP RTL Reference Guide, draft 2. Freeze Status: open



PD, Pen Down

Purpose

To lower the device’s logical pen and draw subsequent graphics instructions.

Syntax

PD X,Y[,...][]

or
PD[]
Parameter Format Functional Range Parameter Default
X,Y coordinates current units device-dependent no default
(at least -8 to 23— 1)

Group

This instruction is in the Vector Group.

Use

On pen plotters, this instruction lowers the pen to draw lines on the page. On other devices it

emulates this lowering of the pen, and must be executed before lines can be drawn.

e No Parameters: Prepares the device to draw subsequent graphics instructions.

e X,Y coordinatesor increments: Draws (in current units) to the point specified. You can
specify as many X,Y coordinate pairs as you want. When you include more than one
coordinate pair, the device draws to each point in the order given. Coordinates are int¢
preted in current units: as user-units when scaling is on; as plotter-units when scaling i

Whether the PD instruction uses coordinates or increments depends on the most rece
executed PA or PR instruction. If no PA or PR instruction is issued, absolute plotting (
is used.

The carriage-return point (see page 66) is moved to the last X,Y.

HP-GL/2
INSTRUCTIONS

When you use the SM (Symbol Mode) instruction, PD draws the specified symbol at each X,Y

coordinate.

When you use the PM (Polygon Mode) instruction, the X,Y coordinates enter the polygon buff-

er (and are used when the polygon is edged or filled).

Note that “PD;PU;” leaves a dot.

PD Instruction 241
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Example

PA 10,10; Begin absolute plotting from coordinate (10,10).
PD 2500,10,10,1500,10,10; Set the Pen Down and draw lines between the specified points.

(10,1500)

. A
(10,10) > (2500,10)

Figure 119. Using the PD (Pen Down) Instruction

Related Instructions

LA Line Attributes

LT Line Type

PA Plot Absolute

PE Polyline Encoded
PR Plot Relative

PU Pen Up

PW Pen Width

SM Symbol Mode

Possible Error Conditions

Error Condition Error Number Printer or Plotter Response

Odd number of parameters 2 Unmatched parameter is ignorefl.

242 PD Instruction
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PE, Polyline Encoded

Purpose

To incorporate the PA, PR, PU, PD, and SP instructions into an encrypted format that substan-
tially decreases the size of your file and the time required for data transmission. (This
instruction is especially useful when using an RS-232-C interface or when you need to mini-
mize the file size.)

Syntax

PE[flag[value]]coord_pair...[flag[value]]coord_pair;
or
PE;

Note: Parameter values are self-terminating; do not use commas with this instruction. Also,
youmustuse a semicolon to terminate PE.

Parameter Format Functional Range Parameter Default
flag character oS = or ‘T no default
value character flag-dependent* see below
coord_pair character device-dependent no default
(at least -3 to 23— 1)

*

Refer to the table following the parameter description.

Group

This instruction is in the Vector Group.

Use

HP-GL/2
INSTRUCTIONS

Lines are drawn using the current line type and current units. The device draws to all poin
with the pen down unless a penflgg precedes the X,Y coordinates. If the final move is mad®

with the pen up, the pen remains in the up position; otherwise the pen is left in the down posi-
tion.

The PE instruction causes the device to interpret coordinate pairs as relative coordinates unless
they are preceded by an absolute vélag (“="). Relative integerccoordinatesproduce the

most compact data stream. For best results, scale your drawings so you use only integer coordi-
nates and use relative plotting mode. After PE is executed, the previous plotting mode

(absolute or relative) is restored. The PE instruction represents vectors in base 64 (default) or
base 32 (explained undeéncoding PE Flag Values and X,Y Coordinatels parametevalue

data, all spaces, delete characters, control characters, as well as ASCII characters 128 through
160 and 255 are ignored.

e No parameters: Updates the carriage-return point. The PE instruction without parameters
does not affect the pen’s current location or up/down status.

PE Instruction 243

This is the black on page 243 (seq: 261)
This is the blue on page 243 (seq: 261)

Company confidential. HP-GL/2 and HP RTL Reference Guide, draft 2. Freeze Status: open



e flag: Indicates how the device interprets subsequent vaklagsare ASCII characters
and are not encoded (unlikeluesandcoord_pairg. The device disregards the eighth bit
of aflag (for example, a character code of 61 and a character code of 189 both send “="
[the Absolute flag]).

Flag |Meaning | Description

Select Indicates that the subsequent value is the desired pen number. A PE
Pen instruction without a Select-pen flag defaults to the currently selected
pen.*

< |Pen Up |Raises the pen and moves to the subsequent coordinate pair value. (All
coordinate pair values not preceded by a Pen-up flag are considered
pen down moves.)**

> | Fraction- | Indicates that the subsequent value specifies the number of fractional
al Data |binary bits contained in the coordinate data. Default is zero.

= | Absolute [ Indicates that the next point is defined by absolute coordinates.

7 | 7-bit Indicates that all subsequent coordinate pair values should be inter-
Mode preted in 7-bit mode. Once you send a seven-bit flag, base 32 is used
and eighth bits are ignored for the remainder of the instruction.

*  Because SP is not allowed in polygon mode, if you select a pen within PE while in
polygon mode, the Select Pen flag is ignored.

** \We recommend you always follow a pen-up flag with a relative move of (0,0). This
ensures that the next plotting coordinates are drawn.

e value: Specifies data according to the preceding flag. For examydduefollowing a
Select-pen flag is a pen numb&faluesare encoded in the same manner as coordinate
data. Instructions for encodingluesfollow the parameter descriptions.

— Pen Number-Specifies the pen to be selected (the range is device-dependent). The
pen number must be encoded into a base 64 or base 32 equivalent.

— Number of Fractional Binary BitsSpecifies the number of fractional binary bits con-
tained in the coordinate data. The number of fractional binary bits must be encoded
into a base 64 or base 32 equivalent (see the explanation below).

Value Format Range

Pen number integer | device-dependent

Number of fractional binary bits|integer |device-dependent

If the current pen position goes out of the supported range, the device ignores plotting
instructions until it receives an absolute PA or PE coordinate within the range.

e X,Y coordinates: Specifies a coordinate pair encoded into a base 64 (default) or a base 32
equivalent. Use base 64 if your system can send 8 bits of data without parity. Use 7-bit
mode and base 32 coordinate values if your system requires a parity bit.

When you are in symbol mode (refer to the SM instruction), PE draws the specified symbol
at each X,Y coordinate. When you are in polygon mode (refer to the PM instruction), the
X,Y coordinates enter the polygon buffer; they are used when the polygon is edged or
filled.

This instruction updates the carriage-return point to the last X,Y position.

244 PE Instruction

This is the black on page 244 (seq: 262)

Company confidential. HP-GL/2 and HP RTL Reference Guide, draft 2. Freeze Status: open



Encoding PE Flag Values and X,Y Coordinates

Flag values and X,Y coordinates are encoded into a base 64 (default) or base 32 equivalent
(7-bit mode). The following steps give a generic algorithm for encoding a number. Assume x
is the number to be encoded. Use steps 1 and 2 only if you are encoding fractional data; other-
wise, begin with step 3. Note: When converting numbers to base 32 or 64 (step 4 in the
following instructions), note that highest order digits are always in the high range, all other dig-
its are in the low range. Therefore, if there is only one digit in a number, it is in the high range.

Steps Example

1. Fraction adjustment. If you are using fractional data| x = 82.83
this step converts the number of decimal places in ypur
data to the number of binary fractional bits. Assume
“n” is the number of fractional binary bits specified b
the fractional data flag.

a. Multiply the number of decimal places contained 2 x 3.33 = 6.66
in the data by 3.33.

b. Round that number up to the next integer to get| n = round (decimal places
integer n. 3.33)=7
X=xx 2" x = 82.83x 27/ =10 525.42

2. Round to an integer. Round the results of step 1 to | x = round (10 525.42) = 10 524
the nearest integer.
x =round (x)

3. Set the sign bit. If x is positive, multiply it by two. If |x =2 x 10 525 =21 050
X is negative, multiply the absolute value of x by two
and add one. This sets the sign bit.

if (x > 0)
X=2X X
else
x=2x abs(x) +1

4. Convert the number to base 64 or 32 and encode the data.

HP-GL/2
INSTRUCTIONS

Convert x to a base 64 number if your system sends 8 bits without parity. Convert x
base 32 number if your system sends 7 bits with parity (seven-bit flag is sent).

Encode each base 64 or 32 digit into the ASCII character range, as described below{
Output each character as it is encoded, starting with the least significant digit. The most
significant digit is used to terminate the number and is encoded into a different ASCHI
character range than the low-order digits.

Each number in a coordinate pair is represented as zero or more non-terminator

characters, followed by a terminator character. A character is a non-terminator or
terminator depending on the range it is in; refer to the following table. For example, jn
base 64 there are 64 non-terminator and 64 terminator characters. Either kind reprdsents
a “digit.”
For 8-bit data (base 64), the non-terminators are in the range 63 through 126, and the
terminators are in the range 191 through 254.
For 7-bit data (base 32), the non-terminators are in the range 63 through 94, and the
terminators are in the range 95 through 126.

Note: Valuesfollowing the fractional data or select pen flag also must be encoded.

PE Instruction 245
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Steps

Example

while n> base
output CHR$(63 + (n MOD base))
n = n-= base

end

if base =64 thenn =191 +n

if base =32thenn=95+n

output CHR$(n)

4. a. Base 64.Encode all the low order digits into the
ASCII range 63 to 126. For a digit with value i, use
ASCII character CHR$(63 +i). Encode the highest
order digit (or the single digit in a one-digit number)
into the range 191 to 254.

4. b. Base 32Encode all the low order digits into the
ASCII range 63 to 94. For a digit with value i, use
ASCII character CHR$(63 + i). Encode the highest
order digit (or the single digit in a one-digit number)
into the range 95 to 126.

21 050+-4 096=5 rem 570
570 64 = 8 remainder 58
5in 4 096’s place
8 in 64's place
58 in 1's place
Low order digit: 1's place
(range 63 to 126)
63 +58 =121
output CHR$ (121)
Next order digit: 64's place
(range 63 to 126)
63+8=71
output CHRS$ (71)
High order digit: 4 096’s place
(range 191 to 254)
191 +5=196
output CHR$ (196)

21 050+1 024=20 rem 570
570+ 32 = 17 remainder 26
20in 1024's place
17 in 32’s place
26 in 1's place
Low order digit: 1's place
(range 63 to 94)
63 + 26 =89
output CHR$(89)
Next order digit: 32’s place
(range 63 to 94)
63+ 17 =80
output CHR$ (80)
High order digit: 1 024’s place
(range 95 to 126)
95 +20=115
output CHRS$ (115)

Programming Considerations with the PE Instruction

When using PE (in the default relative mode), the application program does not know the cur-
rent pen location after printing a label (normally, the current pen location is updated to the end

of the label.) If this presents a problem in your program, follow these steps:

1. Create aflag called “lost” in your program.

246 PE Instruction
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Note: At the beginning of your application program, set “lost” to “true
next coordinate in absolute mode (PA or PE=).

. Then, specify the

2. After labeling (or any instruction which updates the current pen location), set “lost” to
“true”.

3. If“lost” = “true” at the beginning of the PE instruction, use an Absolute flag for the first
coordinate pair only (subsequent coordinates are interpreted as relative).

4, Set “lost” to “false”.

When you are converting and encoding data, note the following:

e n--64. You can optimize your application by shifting six bits to the right, since shifting is
normally faster than division.

e n MOD 64. The number can be logically AND'd with 63, also for improved performance.
Example

The following partial program converts three relative real coordinates to base 64:

Prompt user: “Input number of fractional decimal places in data”.
Read the response into:  F (in this example, 2 decimal places).
Calculate Number of Fractional Binary Bits.

F=F*3.33
F = INT(F) INT is the integer function.
A=F
IF F> 0 THEN F = 2*ABS(F) ELSE F = 2*ABS(F)+1
F=191+F
Send to the device: “PE>"+CHR$(F) (using BASIC language notation)
Convert coordinate data to base 64
FORJ=1t06 n
READ C &
C=C*(2"A) (™ is the exponential function) gg
C = INT(C) =)
IF C>0THEN C = 2*C ELSE C = 2*ABS(C)+1 %E
WHILE C > 64 pd
Send to the device: CHR$(63+(C MOD 64))
C=C—+o64
End WHILE
C=191+C
Send to the device: CHR$(C)
NEXT J

Send to the device:
Typical data for this program might be: 10.58,0,-5.58,10.67,-5,-10.67

PE Instruction 247

This is the black on page 247 (seq: 265)
This is the blue on page 247 (seq: 265)
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(-5.58,10.67)

Start

(-5,-10.67)

556

(10.58,0)

Y

Figure 120. Triangle Drawn Using the PE (Polyline Encoded) Instruction

A PE instruction to draw this triangle, with numbers in brackets [] denoting ASCII characters,

might be:
Hexadecimal:
PE 1 [197] Select pen no. 6 (191+6). 3AC5
> [198] 7 fractional bits (2 decimal places, 191+73E C6
< Pen up. 3C
= [63][211][63][211] Absolute move to (5,5). 3D 3F D3 3F D3
[83][233][191] Plot relative by (+10.58,+0). 53 E9 BF
[84][213][107][233] Plot relative by (-5.58,+10.67). 54 D5 6B E9
[64][211][108][233] Plot relative by (-5,—-10.67). 40 D3 6C E9
; Terminate instruction. 3B

Related Instructions

LA Line Attributes
LT Line Type

PA Plot Absolute
PD Pen Down
PR Plot Relative
PU Pen Up

PW Pen Width
SM Symbol Mode

248 PE Instruction

This is the black on page 248 (seq: 266)
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PG, Advance Full Page

Purpose

For devices with page advance capabilitg: terminate the plot being sent, to draw it, and to
advance the page.

For devices without page advance capabilitfthe media has been plotted on, to perform the
function of the NR (Not Ready) instruction (see page 227).

On PCL devices with HP-GL/2 capabilithis instruction is ignored (séfsing PG in a PCL
Dual-Context Environmeriielow).

Syntax

Group

PGnN[;]
or
PG[]

The PG instruction, with or without parametersistbe terminated with a semicolon, unless it
is immediately followed by the RP (Replot) instruction (see page 279).

Parameter Format Functional Range Parameter Default

n clamped integer —-32 768 to 32 767 no parameter

This instruction is in the Configuration and Status Group.

[0}
Use Zz
=
Some devices require an end-of-file marker to designate the end of incoming data. The P( (3'8
instruction is a common marker for HP-GL/2 devices (the RP instruction is another). Whe c'L|n_:
PG instruction is received, the plot is drawn and the page is ejected. If the plotter expects H
does not receive the PG instruction, it will wait for user interaction through the control panciiliE
before it draws the plot.
PG moves the current pen location to the lower-left corner of the hard-clip limits on the next
page, raises the pen, and retains the current plotting mode (relative or absolute). PG does not
affect P1 and P2 values or plot rotation.
e No Parameter: Advances the page only if you have plotted on the current page. This is
the recommended method of using the PG instruction.
e n: Advances the page whether or not you have plotted on the media.
The current plot remains stored after a page eject until an instruction is received that marks the
page or adds edges in the polygon buffer.
PG clears the current pattern residue and terminates any continuous vector sequence (see the
LA and LT instructions).
PG Instruction 249
This is the black on page 249 (seq: 267)
This is the blue on page 249 (seq: 267)
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Using PG in a PCL Dual-Context Environment

PG is ignored in PCL. A page eject is possible only can only be accomplished by the form feed
(FF) control character. A form feed causes an unconditional page eject and advances the cur-
rent active position to the same horizontal position at the top of the next form (top margin).

Note that the HP-GL/2 pen position is not affected by a form feed; it occupies the same position
on the next page. A PCL reset, page length, page size, orientation, or input cassette control
instruction causes a conditional page eject. When a page is ejected, the PCL cursor is set to the
“home position” (at the left and top margin) on the new page. A page eject caused by a PCL
command does not effect the HP-GL/2 cursor position.

This HP-GL/2 instruction is ignored by the device since it could cause undesirable results when
importing plots. A page eject can be accomplished only from the PCL printer language mode.

In anHP RTL dual-context environment, @$CE (Reset) command performs the PG func-
tion; a form feedRF) character is ignored.

Related Instructions

BP Begin Plot
PS Plot Size
RP Replot

250

PG Instruction

This is the black on page 250 (seq: 268)
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PM, Polygon Mode

Purpose

To enter polygon mode for defining shapes, such as block letters or any unique area, and exits
for subsequent filling or edging. Fill polygons using the FP (Fill Polygon) instruction or outline
them using the EP (Edge Polygon) instruction.

Syntax
PM polygon_definition [;]
or
PM[]
Parameter Format Functional Range Parameter Default
polygon_definition | clamped integer 0,1,and 2 0
Group

This instruction is in the Polygon Group.

Use
In polygon mode, you define the area of the polygon(s) using graphics instructions. These
instructions (and associated X,Y coordinates) are stored in the polygon buffer. The polygon is
not drawn until you exit polygon mode and fill or outline the area.
e No Parameters: Clears the polygon buffer and enters polygon mode. Equivalent to .
“PMO”. z
)
e polygon_definition: Defines polygon mode status as follows. §5
Q5
0 Clears the polygon buffer and enters polygon mode. o
Ik
1 Closes the current polygon (or subpolygon) with a pen-up edge, and remains i
polygon mode; all instructions sent following PM1 but before a PM2 (or the ne .
PM1) are stored as one subpolygon.
2 Closes current polygon (or subpolygon) and exits polygon mode.
The following paragraphs explain how to use each parameter. The order in which you use these
instructions is very important. “PM1” and “PM2” are ignored if not preceded by “PMO”.
“PMO” or “PM”
Use ‘PMO” to clear the polygon buffer and enter polygon mode. While in polygon mode, only
certain instructions are allowed, as follows:
AA Arc Absolute
AR Arc Relative
AT Absolute Arc Three Point
PM Instruction 251
This is the black on page 251 (seq: 269)
This is the blue on page 251 (seq: 269)

Company confidential. HP-GL/2 and HP RTL Reference Guide, draft 2. Freeze Status: open



“PMl”

BP Begin Plot (this instruction automatically closes polygon mode and initializes the

device)

BR Bezier Relative

Bz Bezier Absolute

Cl Circle

CcO Comment

DF Default Values (this instruction automatically closes polygon mode and applies
defaults to the device)

IN Initialize (this instruction automatically closes polygon mode and initializes the
device)

PA Plot Absolute
PD Pen Down
PE Polyline Encoded

PM1/PM2 Polygon Mode
PR Plot Relative
PU Pen Up

RT Relative Arc Three Point

The polygon buffer stores the lines (vectors) that define your polygon. These vectors are ac-
cessed later when you exit polygon mode and fill or edge the polygon.

Note: While in polygon mode, the Cl instruction is interpreted differently than other graphics
instructions. Refer tBrawing Circles in Polygon Moden page 52 for more details. When

you use the PE instruction in polygon mode, you cannot change pens; any new pen selection is
ignored.

When you define a polygon, the pen location before the “PMQ” instruction is the first point
(vertex) of the polygon, and the first point stored in the polygon buffer. For example, if you
execute the instructions “PA0,1750;PMQ0”, the absolute coordinates (0,1750) specify the first
point of your polygon. Each subsequent pair of coordinates defines a point, or vertex, of the

polygon.

You can define points with the pen up or down. However, the EP instruction only draws be-
tween points that are defined when the pen is down. On the other hand, the FP instruction fills
the area(s) between all vertices, regardless of whether the pen is up or down when the vertices
are defined.

It is good programming practice to “close” the polygon before exiting polygon mode. Closing

a polygon means adding the final vertex that defines a continuous shape; the last coordinates or
increments represent the same location as the first. If you have not closed the polygon, execut-
ing “PM1” or “PM2” forces closure by adding a point to close the polygon.

You can also use the IN (Initialize) or DF (Default Values) instructions while in polygon mode.
Both instructions exit polygon mode, clear the polygon buffer, and begin executing subsequent
instructions immediately. Output instructions can also be used; they are not stored in the poly-
gon buffer, but are executed immediately. You must exit polygon mode to execute other
HP-GL/2 graphics instructions.

Use “PM1” to close the current polygon (or subpolygon) and remain in polygon mode; the de-
vice adds a closure point if necessary. When you use “PM1”, the point after “PM1” becomes
the first point of the next subpolygon. This movaasused as a boundary when filling a poly-
gon with FP. When drawing the polygon, the pen always moves to this point in the up position,

252

PM Instruction

This is the black on page 252 (seq: 270)
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regardless of the current pen status. Each subsequent coordinate pair after “PM1” defines a
point of the subpolygon.

With the exception of the first chord in AA, AR, AT, and RT, this point is treated as a pen-up
move regardless of the current pen state. All subsequent points become vertices of the subpoly-
gon until “PM1” or “PM2". “PM1” adds a point to implicitly close a polygon that has not

already been explicitly closed.

‘PM2”

Use “PM2” to close the current polygon (or subpolygon) and exit polygon mode. Remember, if
you have not closed your polygon, executing “PM2” adds a point to close the polygon. Refer
to Pen Locatioron page 23.

After you exit polygon mode, the EP (Edge Polygon) or FP (Fill Polygon) instructions draw the
polygon. Although points may be defined with the pen up or down, EP draws only between
points defined with the pen down, while FP fills the areas between all defined points.

A polygon with fewer than three points is not drawn; it is not filled by FP nor edged by EP.
This syntactical incompleteness is different from when a polygon is correctly specified but geo-
metrically degenerate (for example, a polygon limited to coincident points is rendered as a dot,
and one limited to collinear points is rendered as a line).

A point added by implicit closure counts as one of the three points. If a complex polygon con-
tains a dot (a zero-dimension subpolygon), enough points must be specified (for example, by
“PRO0,0;") to have three upon closure.

Using PM in a Dual-Context Environment

ESCE is also recognized in polygon mode. It causes the device to exit polygon mode, clear the
polygon buffer, exit HP-GL/2 mode, and eject a page. Sendiggci while in polygon
mode is not recommended, but it performs an important function (allowing you to recover fi
a previous job that left the device in polygon mode).

HP-GL/2
INSTRUCTIONS

Example

The following example draws the surface area of a 3-prong electrical receptacle as a serie

subpolygons, then fills and edges it using the FP and EP instructions, respectively.

PA 2000,2000; Specify absolute plotting and move to (2000,2000).

PM 0 Enter polygon mode.

PD 3000,2000,3000,3000; Store a Pen Down instruction, and store locations (3000,2000)
and (3000,3000).

PD 2000,3000,2000,2000; Store two more pen-down locations, (2000,3000) and
(2000,2000).

PM 1, Close the first polygon (the outer square).

PD  2080,2160,2480,2160, 2480,2340,2080,2340,2080,2160; Store 5 pen-down locations
for a subpolygon.

PM 1, Close the subpolygon (the lower rectangle).

PD 2080,2660,2480,2660,2480,2840,2080,2840,2080,2660; Store pen-down locations for
another subpolygon.

PM 1, Close the second subpolygon (the upper rectangle).

PM Instruction 253

This is the black on page 253 (seq: 271)
This is the blue on page 253 (seq: 271) .
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PD

PD
PM
FP
EP

2920,2340,2920,2660,2720,2660; Begin a third subpolygon that draws the ground plug

2720,2500,180;
2920,2340;
2;

portion of the receptacle.
Store a 18@rc that goes from (2720,2660) to (2720,2500).
Complete the ground-plug subpolygon.

Close the subpolygon and exit polygon mode.

Fill (even/odd) the polygon.

Then edge the polygon and subpolygons currently stored in the
buffer.

(3/000,3000)

(2000,2000)

Figure 121. Example that Uses Polygon Mode

Related Instructions

EP
FP

Edge Polygon
Fill Polygon

Possible Error Conditions

Error Condition

Error Number Printer or Plotter Response

Invalid instruction used in polygon |1 Ignores invalid instruction
mode

Parameter out of range

Ignores instruction

Buffer overflow

Ignores overflowing points

254 PM Instruction

This is the black on page 254 (seq: 272)
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PP, Pixel Placement

Purpose

To control how pixels are placed on a grid during polygon fills on raster devices.

Syntax
PPmodel[;]
or
PP[]
Parameter Format Functional Range Parameter Default
mode clamped integer Oorl 0
Group

This instruction is in the Advanced Drawing Extension.
Use

e No parameter. Places pixels centered at grid intersections. Same as “PP0".

e mode Specifies the placement mode.
0 Grid intersection (the default). Places pixels centered at grid intersections.

1 Grid centered. Places pixels inside the boxes created by grid intersections.

Microsoft® Windowd fills polygons based on pixels placed between grid intersections. HP-
GL/2 normally fills polygons with pixels placed at grid intersections (see below). Unwanted
results occur when a polygon with a grid intersection-based fill is combined with ROPs (se¢
MC instruction on page 220). For example, two squares laid down side by side using an e
sive-OR logical operation will result in a blank line between them. Further details are in
Placing Pixelson page 93.

HP-GL/2
INSTRUCTIONS

Figure 122 shows the differences between filling a 2x2 rectangle with pixels placed at grid
tersections (mode 0) and non-grid intersections (mode 1).

Y
24

Figure 122. Pixel Placement

PP Instruction 255

This is the black on page 255 (seq: 273)
This is the blue on page 255 (seq: 273)
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“PP1” decreases by one pixel the height and the width of the trapezoids formed by decomposi-
tion. “PPO” renders portions that are zero height or width as lines, and portions that are both
zero length and width as dots. “PP1” does not render portions that are zero height or width.

Note that pixel placement is applied after the soft-clip window is established, so pixels may be
subject to clipping.

Possible Error Conditions

Error Condition Error Number Printer or Plotter Response

Any modevalue otherthanOor1. |3 Ignores instruction

256 PP Instruction

This is the black on page 256 (seq: 274)
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PR, Plot Relative

Purpose

To establish relative plotting and move the pen to specified points, with each move relative to

the current pen location.

Syntax

PRX,YI,...]]

or
PR[]
Parameter Format Functional Range Parameter Default
X,Y increments current units device-dependent no default
(at least -8 to 23— 1)

Group

This instruction is in the Vector Group.

Use

The device interprets the parameters as follows:

If the pen is up, PR moves the pen to the point; if the pen is down, PR draws a line to the p
Lines are drawn using the current line width, type, and attributes.

When you use the SM (Symbol Mode) instruction, PR draws the specified symbol at each

No Parameters: Defaults to relative plotting mode for subsequent instructions.

X, Y (increments): Specify incremental moves relative to the current pen location. Whexg
you include more than one relative coordinate pair, the pen moves to each point in the

order given (relative to the previous point), using the current pen up/down status.
The carriage-return point (see page 66) is moved to the last X,Y.

HP-GL/2
INSTRUCTIONS

coordinate. When you use the PM (Polygon Mode) instruction, the X,Y coordinates enter the
polygon buffer (and are used when the polygon is edged or filled).

Coordinates are interpreted in current units: as user-units when scaling is on; as plotter-units
when scaling is off.

Related Instructions

LA
LT

PA
PD
PE

PW

SM

Line Attributes

Line Type

Plot Absolute

Pen Down

Polyline Encoded

Pen Width

Symbol Mode

&

This is the black on page 257 (seq: 275)

This is the blue on page 257 (seq: 275)
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Example

PA 10,10; Move to absolute position (10,10).

PD ; Put the pen down.

PR 2500,0,-2500,1500,0,—-1500; Specify relative plotting and draw lines beginning at
(10,10) and then moving the relative coordinate distances indi-

cated.

(-2500,1500)

Start 401500
(10,10) > (2500,0)

Figure 123. Plotting Using Relative Coordinates

Possible Error Conditions

Error Condition Error Number Printer or Plotter Response

An odd number of coordinates (an X2 Ignores the last unmatched coof-
coordinate without a corresponding dinate.

Y coordinate)

258 PR Instruction

This is the black on page 258 (seq: 276)
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PS, Plot Size

Purpose

To set the hard-clip limits to a given size. Use PS to simplify long-axis plotting or to minimize
paper waste when drawing small plots. This is especially useful for plotters with roll-feed me-
dia. When used, this instruction must appear in the picture header information (see page 78).

Syntax

PSlength[,width][;]
or
PS[}]
Parameter Format Functional Range Parameter Default
length integer device-dependent hard-clip limits*
width integer device-dependent hard-clip limits*
* The defaultengthandwidth for single-sheet media is the hard-clip limits; for roll-feed

media the defaulengthis approximately 1.5 times the media width.

Group

This instruction is in the Technical Graphics Extension.

Use

Send PS immediatebfter the BP (Begin Plot) or IN (Initialize) instruction (IN defaults PS if

the device is in picture header state [see page 78], that is no marks have been made on th
dia) andbeforeany drawing instructions. DF (Default Values) does not default PS. Note th
the entire plot must be done within the scope of a single PS instruction; you cannot change
plot size in the middle of a plot.

HP-GL/2
INSTRUCTIONS

e No Parameters: Defaults the plot length and width to the hard-clip limits (the maximum
printable area).

e length: Establishes a new length, in plotter-units, of the hard-clip limits.erggh
always corresponds to the direction of the plot frame advance. Refer to the documentation
for your device or HP-GL/2 option for the maximum length of a single plot. letigth
is less than or equal to 0, the device ignores the instruction.

e width: Establishes the new width, in plotter-units, of the hard-clip limits. Witith is
always the horizontal direction. If tedthis less than or equal to 0, the device ignores
the instruction.

If you specify a plot size larger than your media’s maximum plotting area, your plot size is
clamped to the hard-clip limits. Figure 124 indicates how PS orients the default coordinate
system according to thengthandwidth after clamping. The default origin defines the lower-
left corner of the hard-clip limits and is always located on the side of the plot frame opposite
the next plot frame.

PS Instruction 259

This is the black on page 259 (seq: 277)
This is the blue on page 259 (seq: 277)
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0,0

Y

+Y logical
ogical page
Y —
+X
0,0
+ X
. . 4
Direction +Y
of frame
advance Direction
of frame
advance
Plot Size (PS) Plot Size (PS)
length > width length <width

Figure 124. How Plot Size Affects the Coordinate System

PS defaults P1 and P2 to the lower-left and upper-right corners of the hard-clip limits, defaults
the size of the user-defined window and the location of the anchor corner. and clears the poly-
gon buffer. Any previous rotation (RO) is then added to the default X-axis orientation. Current
scaling is applied to the new physical area. The device also updates the current pen location to
the lower-left corner of the new plotting area.

If an RO (Rotate Coordinate System) instruction (see page 275) is sent after PS, the direction of
the X-axis changes. The implementation of RO is relative to the autorotated position. PS sent
after RO does not change the RO rotation, but does update the X-axis to the new longer side.

The PG (Advance Page) instruction will advance the media by the distance of the length param-
eter plus the necessary white space between plots. The following lists some standard paper
sizes and equivalent PS parameters.

Measurement Standard Paper Sizes Equivalent PS Parameters*
English 8.5 x 11 inches (A-size) PS 8900,7350;

11 x 17 inches (B-size) PS 15000,9850;

17 x 22 inches (C-size) PS 21050,15000;

22 x 34 inches (D-size) PS 32300,21050;
Metric 210 x 297 mm. (A4-size) PS 9600,7100;

297 x 420 mm. (A3-size) PS 14550,10600;

420 x 594 mm. (A2-size) PS 22450,14550;

594 x 840 mm. (Al-size) PS 31400,22450;

*  These plot sizes are based on 16-mm margins on three sides of the media, the fourth mar-
gin being 40-mm. These values are also based on loading C-sized media horizontally in
the device, with all other media being loaded vertically. Refer tosee’s Guidefor your
device for instructions on loading media.

260 PS Instruction

This is the black on page 260 (seq: 278)
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When combining the PS (Plot Size) and SC (Scale) instructions and accurate scaling is essen-
tial, note the following:

If you specify a plot size larger than your media’s maximum plotting area, your plot size will be
reduced to the hard-clip limits and your user-units will be smaller than you intended. To cor-
rect this, add an IP (Input P1 and P2) instruction so that the P1/P2 area is equal to the intended
size of your PS instruction (IPOR%lengtkPSwidth. This moves P2 off the page, but guaran-

tees accurate scaling. Place the IP instruction between the PS and SC instructions.

Note that devices that support the PS instruction have their origin as shown in Figure 124; other
devices have their origin and orientation as shown in Figure 125.

/ logical page

Direction
of frame
advance
A +Y
+ X
(0,0

Figure 125. Origin and Orientation for Other Devices

Using PS in a PCL Dual-Context Environment

PS is ignored when HP-GL/2 is enteredesg%#B with 0 or a positive value; the plot size is
set by the PCL picture frame.

N
=
-
<
o
T

Related Instructions

INSTRUCTIONS

FR Frame Advance
OH Output Hard-Clip Limits
PG Advance Full Page

Possible Error Conditions

Error Condition Error Number Printer or Plotter Response
Lengthorwidth<< 0 3 Ignores instruction
Instruction used outside picture heafit Ignores instruction

er state (see page 78)

PS Instruction 261

This is the black on page 261 (seq: 279)
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PU, Pen Up

Purpose

To move to subsequent points without drawing. Use PU to move to another location without
drawing a connecting line.

Syntax
PUX,YI,...;]
or
PU[]
Parameter Format Functional Range Parameter Default
X,Y coordinatesr current units device-dependent no default
increments (at least -3 to 23— 1)
Group

This instruction is in the Vector Group.

Use

The PU instruction emulates a pen plotter which must raise the pen to prevent drawing stray

lines on the page.

e No Parameters: Prevents drawing subsequent graphics instructions (unless the instruction
contains an automatic pen down).

e X,Y coordinatesor increments: Move to the point(s) specified. You can specify as many
X,Y coordinate pairs as you want. When you include more than one coordinate pair, the
device moves to each point in the order given.

The carriage-return point (see page 66) is moved to the last X,Y.

When you use the SM (Symbol Mode) instruction, PU draws the specified symbol at each X,Y

coordinate.

When you use the PM (Polygon Mode) instruction, the X,Y coordinates enter the polygon buff-
er (for use when the polygon is edged or filled).

Coordinates are interpreted in current units: as user-units when scaling is on; as plotter-units
when scaling is off. Whether the PU instruction uses absolute coordinates or relative coordi-
nates (increments) depends on the most recently executed PA or PR instruction. If you have not
issued a PA or PR instruction, absolute plotting (PA) is used.

Note that “PD;PU;" leaves a dot.

262 PU Instruction

This is the black on page 262 (seq: 280)
This is the blue on page 262 (seq: 280)
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Related Instructions

PA
PD
PE
PR
SM

Plot Absolute
Pen Down
Polyline Encoded
Plot Relative
Symbol Mode

Possible Error Conditions

Error Condition Error Number

Printer or Plotter Response

An odd number of coordinates (an X2
coordinate without a corresponding
Y coordinate)

Ignores the last unmatched coo

dinate.

N
~
-
Q
o
I

INSTRUCTIONS

This is the black on page 263 (seq: 281)
This is the blue on page 263 (seq: 281)
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PW, Pen Width

Purpose

To specify a new width for the logical pen. Subsequent lines are drawn in this new width. Use
PW to vary your lines and enhance your drawings. Pen width can be specified as a fixed value
or relative to the distance between P1 and P2. The pen width units are selected using the WU
instruction (the default is metric—millimeters).

Syntax
PW width[,pen][;]
or
PW[]
Parameter Format Functional Range Parameter Default
width clamped real device-dependent* dependent**
pen integer device-dependent all pens

*  Normally 0 to 32 767, but at least 16 384 plotter-units (409.6 mm).

**  Dependent on the mode set by the WU (Pen Width Unit Selection) instruction: if mode is
metric, default width is 0.35 mm; if mode is relative, default width is 0.1% of the diagonal
distance from P1 to P2.

Group

This instruction is in the Line and Fill Attributes Group.

Use

You may change the pen width as often as you like, without sending another SP instruction. If
the pen is down when you change the width, the new width takes effect at the ndxkiyine.

use WU to change the type of units used for the width parameter (metric or relative), send the
WU instruction before PW.

e No Parameters: Defaults the pen line width according to the current units set by WU:
0.35 mm if metric; 0.1% of the diagonal distance from P1 to P2 if relative.

e width: Specifies the line width. When the parameter is zero or is thinner than the thinnest
supported width, the device assumes the thinnest line width (1 dot wide). When it is
greater than the device’s maximum, the maximum is used.

e pen: Specifies the pen number to which the new width applies. If the pen parameter is not
specified, the device applies the width to both pens. Specifying pen numbers less than O or
greater than the number of pens available causes the device to ignore the instruction.

Note: Pen width does not set the width of lines for drawing labels (unless the stroke weight
value is set to 9999 [Stick/Arc fonts only]). The width of character lines is determined by the
stroke weight attribute of the AD (Alternate Font Definition) or SD (Standard Font Definition)
instructions.

264 PW Instruction
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Vectors are drawn centered on coordinates, but any portion of a line width that extends beyond
the window is clipped.

PW clears the current pattern residue and terminates any continuous vector sequence (see the
LA and LT instructions).

A PW instruction remains in effect until another PW instruction or a WU instruction is
executed. PW is not defaulted by the DF (Default Values) instruction.

Using PW in a PCL Dual-Context Environment

Metric widths are scaled by the ratio of the size of the PCL picture frame to the HP-GL/2 plot
size. For example, if HP-GL/2 plot size is twice as large as the PCL picture frame, “WUPW.3”
sets the vector width to 0.15 mm.

Example
PA 3500,2500; Specify absolute plotting and move the pen to (3500,2500).
PW 15; Select a pen width of 1.5 mm.

PD  4500,2800, 4500,1800,3500,1500,3500,2500; Set the pen down and draw a line from
the current position to (4500,2800), then (4500,1800), next to
(3500,1500), and then to (3500,2500).

PW .8; Set the pen width to 0.8 mm.

PD 2300,2900,2300,1900,3500,1500; Place the pen down and print a line to (2300,2900),
then to (2300,1900), and finally to (3500,1500).

PW 5 Set the pen width to 0.5 mm.

PU 2300,2900; Lift the pen, and move to (2300,2900).

PD  3300,3200,4500,2800; Set the pen down and draw a line to (3300,3200) and then
another line to (4500,2800).

PW  .25; Set the pen width to 0.25 mm.
PU  4500,1800; Lift the pen, and move to (4500,1800). -
PD 3500,2100; Set the pen down and print a line to (3500,2100). ~2
35
=]
(2300,2900) oo
%)
pd

(3500,2500) l

Figure 126. Pen Width

PW Instruction 265

This is the black on page 265 (seq: 283)
This is the blue on page 265 (seq: 283)

Company confidential. HP-GL/2 and HP RTL Reference Guide, draft 2. Freeze Status: open



Related Instructions

SP Select Pen
SV Screened Vectors
wWu Pen Width Unit Selection

266 PW Instruction
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QL, Quality Level

Purpose

To set “best”, “normal” or “draft” mode for your output. Use QL on raster devices to optimize
your usage of toner or ink when draft quality is sufficient.

Syntax
QL quality_level [;]
or
QL[]
Parameter Format Functional Range Parameter Default
quality_level clamped integer 0to 100 device-dependent
Group

Use

This instruction is in the Technical Graphics Extension.

The entire plot must be done with one quality level setting. You cannot change quality levels in
the picture body state.

e No Parameter: Device-dependent. Each device makes different use of this instruction
depending on the hardware technology and firmware implementation. The result will be
seen in different speed/quality trade-offs. For example, a pen plotter primarily varies p
speed, but may vary acceleration as well. An electrostatic plotter might vary paper spe
resolution, or rasterization algorithms. Refer to the manual for your product or HP-GL/
option for the number of quality levels and the effects the various levels have on the
output.

HP-GL/2
INSTRUCTIONS

e quality_level: Specifies the level of quality for your plot from 0 (draft quality) to 100
(presentation, best, or final quality). The number of quality levels supported is device-
pendent. When quality level is O (draft), a plotter may not implement MC (Merge Contro
or may limit it to vectors only.

A device with only one quality level will ignore this instruction. A device with two or more
levels will support at least 0 and 100 and will map any other value to one of the supported val-
ues. Mapping to another value may occur either through rounding to the nearest supported
value (for example, a device with only two levels would treat “QL60;” the same as “QL100;"),
or through applying a threshold (for example, anything over 80 is mapped to 100).

For a pen plotter, QL is primarily a speed control. The pen speed set by the VS (Velocity Se-
lect) instruction or from the device’s control panel is the maximum speed, which corresponds to
“QLO;". If the pen speed is not set by VS or from the control panel, the plotter determines the
maximum speed based on its knowledge of the media type (from the MT instruction) and pen
type (from the carousel). Minimum speed, corresponding to “QL100;", is linearly interpolated
between the media and pen types. The default level for pen plotters is usually “QLO;” (maxi-
mum speed).

QL Instruction 267
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Possible Error Conditions

Error Condition

Error Number

Printer or Plotter Response

Instruction used outside picture hed

o

er state (see page 78)

Ignores instruction

268
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RA, Fill Rectangle Absolute

Purpose

To define and fill a rectangle using absolute coordinates. Use RA to fill rectangular shapes in
drawings. (To outline a rectangle using absolute coordinates, use the EA instruction.)

Syntax
RAX,Y[}]
Parameter Format Functional Range Parameter Default
X,Y coordinates current units device-dependent no default
(at least -2 to 23— 1)
Group

This instruction is in the Polygon Group.

Use

The RA instruction defines and fills a rectangle using the current pen, the current line and fill
types, and absolute X,Y coordinates. The RA instruction includes an automatic pen down.
When the instruction operation is complete, the original pen location and up/down status are
restored.

e X,Y coordinates: Specify the corner of the rectangle that is diagonally opposite from the
current pen location (the starting point of the rectangle). Coordinates are interpreted i
current units: as user-units when scaling is on; as plotter-units when scaling is off.
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X, Y
coordinate
location

INSTRUCTIONS

Current
pen location
{starting point)

Figure 127. Fill Rectangle Absolute
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Note: Figure 127 shows the current pen location in the lower-left corner and the instruction’s
X,Y coordinates in the upper-right corner. Depending on the X,Y coordinates used, these
points can be in any two diagonally opposite corners.

The only difference between the RA instruction and the EA (Edge Rectangle Absolute) instruc-
tion is that the RA instruction produces a filled rectangle, and EA, an outlined one.

The RA instruction clears the polygon buffer and then uses it to define the rectangle before
drawing. Refer tdJsing the Polygon Buffesn page 45.

A dot is drawn if X,Y are coincident with the current position. A line is drawn if the X or Y
coordinate equals the corresponding coordinate of the current position; for some hatch or raster-
filled patterns, the line may fall in white spaces of the fill and not be drawn.

Related Instructions

EA Edge Rectangle Absolute
EP Edge Polygon

ER Edge Rectangle Relative
FP Fill Polygon

FT Fill Type

LT Line Type

RF Raster Fill Definition

RR Fill Rectangle Relative

Example

The following example uses RA with three different fill types to create rectangles such as those
you might use in a bar chart. The rectangles in the right bar are edged using the EA instruction.
(For more information about fill types, refer to the FT instruction description on page 183.)

PA 400,400; Enter absolute plotting mode and move to (400,400).

RA  800,1200; Draw a rectangle with (400,400) as the lower left corner and
(800,1200) as the upper right corner.

PA 400,1200; Move the pen to (400,1200).

FT 3,50; Select fill type 3 (parallel lines) with a 50 plotter-units space be-
tween lines.

RA  800,1600; Draw a rectangle with (400,1200) as the lower left corner and
(800,1600) as the upper right corner.

PA 400,1600; Move to (400,1600).

FT 4, Specify fill type 4 (cross-hatching).

RA  800,2000; Draw a rectangle with a lower left corner of (400,1600) and an
upper right corner of (800,2000).

PA 1200,400; Move to location (1200,400).

FT X Select the default fill type (solid black).

RA  1600,1200; Fill and edge a rectangle using (1200,400) as the lower left corner

EA  1600,1200; and (1600,1200) as the upper right corner.

PA 1200,1200; Move to absolute position (1200,1200).

FT 3,50; Select fill type 3, with a 50 plotter-units distance between each
line.

RA  1600,1600; Draw a rectangle with (1200,1200) as the lower left corner and

(1600,1600) as the upper right.

270
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EA  1600,1600; Using the default line type, edge the rectangle just drawn.

PA 1200,1600; Move to (1200,1600).
FT 4, Select the cross-hatch pattern fill type.
RA  1600,2000; Draw and edge a rectangle with the current pen location as one
EA  1600,2000; corner and (1600,2000) as the opposite corner.
(800,2000) (1600,2000)

(400400)  (1200,400)
Figure 128. Filling a Rectangle Specified by Absolute Coordinates
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RF, Raster Fill Definition

Purpose

To define a rectangular pattern that may be used as area fill and for screened vectors (see the
SV instruction). Use RF to create your own fill types and screen patterns.

Syntax
RFindex,width,height,pen_number|,...pen_number][;]
or
RFindex[;]
or
RF[]

Parameter Format Functional Range Parameter Default
index clamped integer device-dependent 1 (solid)
width clamped integer device-dependent no default
height clamped integer device-dependent no default

pen_number integer device-dependetit no default

* The range is between 1 and a positive power of 2; at least the values 8, 16, 32, and 64
are supported.
*x See the NP (Number of Pens) instruction on page 225.
Group

This instruction is in the Line and Fill Attributes Group.

Use

The RF instruction does nselecta fill type; use the FT (Fill Type) instruction with a type pa-
rameter of 11 and the corresponding rasteimiidlexnumber for the second parameter (for
example, “FT11,3” for amdexnumber of 3).

e No Parameters: Defaults all raster fill patterns to solid fill.

e index: Specifies the index number of the pattern being defined. At least eight patterns can
exist concurrently.
When you send RF with an index parameter only (“RFn”), the corresponding pattern is
defaulted to solid fill.

e width, height: Specify the width and height (in pixels) of the pattern being defined. A
pixel is equal to the size of one dot at the current device resolution.

e pen_number; Represents a pixel in the pattern being defined and indicates its color.

272 RF Instruction
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Thepen_numbeparameters define pixels left to right, top to bottom. Each pixel takes on the
color of the specified pen (hegative numbers are treated as zero). The total number of
pen_numbeparameters should be equal towhdth times theheightparameters. For exam-

ple, to define a pattern that is 8 x 16 pixels, you neecp&B8numbeparameters. If you do

not include enoughen_numbeparameters, the rest of the pixels are assumed to be white
(zero). Patterns are printed in rows parallel to the plotter-unit X-axis.

The color palette current at the time of the fill, not at the time of the pattern definition, deter-
mines the pattern colors actually used (by FP, RA, RR, or WG)pdhanumbeis larger than

the palette in effect at the time of rendering, the modulo function is applied, as described for
SP.

If the pattern associated with the particutettexis defined multiple times during a single plot

and all definitions are used to fill objects, the resulting patterns are device-dependent. (Devices
using a direct bitmap may print the pattern defined when the object was filled, while devices
using an intermediate data format may render all objects with the last pattern defined.)

A pattern defined only with theen_numbeparameters 0 or 1 can be printed directly using the
currently selected pen (see the FT instruction on page 183).

RF terminates the current vector path (see the LA instruction).
Related Instructions

AC Anchor Corner
FT Fill Type

Sy Screened Vectors
Example
PA ; Specify absolute plotting.
PU 5,5; Lift the pen and move to absolute position (5,5).

RF 2,8,4, 0,0,0,0,0,0,0,0, 0,0,0,1,1,0,0,0, 0,0,0,1,1,0,0,0, 0,0,0,0,0,0,0,0; Define a rz
fill pattern (index number 2) that is 8 dots wide by 4 dots high.

FT 11,2; Select the user-defined pattern having an index number of 2.

RR  4000,800; Fill a rectangle with the fill pattern just specified, with a lower I¢
corner of (5,5) and an upper right corner 4000 plotter-units to th
right and 800 plotter-units up.

EP ; Edge the outline of the rectangle.

HP-GL/2
INSTRUCTIONS

(6:5)

Figure 129. Raster Fill Definition

RF Instruction 273

This is the black on page 273 (seq: 291)
This is the blue on page 273 (seq: 291)

Company confidential. HP-GL/2 and HP RTL Reference Guide, draft 2. Freeze Status: open



Possible Error Conditions

Error Condition

Error Number

Printer or Plotter Response

Indexout of range

3

Ignores instruction

274
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RO, Rotate Coordinate System

Purpose

To rotate the device’s coordinate system relative to the default HP-GL/2 coordinate system, in

the following increments of rotation: 90180°, and 270. Use RO to orient your drawing ver-

tically or horizontally, or to reverse the orientation.

Syntax
RO angle[;]
RO[]
Parameter Format Functional Range Parameter Default
angle clamped integer | 0°, 90°, 180", or 270 0°
Group

This instruction is in the Configuration and Status Group.

Use

The device interprets the instruction parameters as follows:

e No Parameter: Defaults the orientation of the coordinate systent toEBquivalent to

“RO0". This is the same as PCL’s current orientation in PCL devices; for other devices,

see the description of the PS (Plot Size) instruction on page 259.

e angle: Specifies the degree of rotation:
0 Sets the orientation to horizontal (+X direction).

90 Rotates and shifts the coordinate systefhiB@ positive angle of rotation from
the horizontal (+X direction).

180 Rotates and shifts the coordinate system’ 8@ positive angle of rotation from
the horizontal (+X direction).

270 Rotates and shifts the coordinate systent 2@ positive angle of rotation from
the horizontal (+X direction).

The carriage-return point is updated to the current pen location.
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A positive angleof rotation is in the direction of the +X-axis to the +Y-axis as shown in Figure
27 on page 44). (Aegative anglef rotation is not allowed in the RO instruction.)

The relationship of the X-axis to Y-axis can change as a result of the scaling point or scaling
factor changes, thus changing the direction of a positive angle of rotation.

The physical location of the pen does not change when you rotate the coordinate system. The
device updates the pen’s X,Y coordinate location to reflect the new orientation.

This is the black on page 275 (seq: 293)

This is the blue on page 275 (seq: 293)
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The scaling points P1 and P2 rotate with the coordinate system. However, they maintain the
same X,Y coordinate values as before the rotation. This means that P1 and P2 can be located
outside of the hard-clip limits. Follow the “RO90” or “RO270” instructions with “IP;” or “IR;”

to relocate points P1 and P2 to their default locations for that orientation.

Rotation is not cumulative; “RO90R0O90;” rotates 9ot 180 .

The RO instruction remains in effect until the rotation is changed by another RO instruction, or
the device is initialized. Figure 130 shows the default orientation and the result of rotating the
orientation for PCL devices, without relocating P1 and P2.

P2
 J
P2
R e up—
|
|
Y I X
t, | |
[ X L M
Default 90° P
P1 P1
—® | & N
X Y
l |
Y X '
l
|
______ L %
P2
>

P2
180° 270°

Figure 130. Using the RO Instruction without Using the IP Instruction

When the RO instruction is used, the soft-clip window, if defined, is also rotated, and any por-
tion that is rotated outside of the picture frame is clipped to the picture frame boundaries. The
soft-clip window can be set equal to the picture frame by issuing an “IW;” instruction (see Fig-
ure 131; the “PCL Picture Frame” is the hard-clip limits on non-PCL devices).

The RO instruction also rotates the contents of the polygon buffer, changes pen coordinates to

reflect the new orientation (but does not affect the pen position), and terminates the current vec-
tor path (see the LA instruction).

276 RO Instruction

This is the black on page 276 (seq: 294)
This is the blue on page 276 (seq: 294)

Company confidential. HP-GL/2 and HP RTL Reference Guide, draft 2. Freeze Status: open



P2

e
PCL
Picture
Frame and IZZ_ - _
Soft-Clip |
Window |
Y Soft-Clip
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Figure 131. Using IP and IW after the RO Instruction
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P

Roo;Ip)  P? (Roz70;IP) P2
Figure 132. Using IP after the RO Instruction

Figure 132 shows the locations of P1 and P2 when you follow the rotation with the IP instruc-
tion.

When you set-up a soft-clip window (see the IW instruction), RO also rotates the window. If a
portion of a window rotates outside the hard-clip limits, it is clipped. Note that “IP;” does not
affect the window limits. Use “IW;” to reset the window to the size of the hard-clip limits.

RO Instruction 277
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Using RO in a PCL Dual-Context Environment

Rotations are relative to the default HP-GL/2 coordinate system, as defined for PCL. P1 or P2
may be rotated outside the current picture frame; they can be repositioned to the rotated lower-
left and upper-right corners of the picture frame by issuing an “IP;” or an “IR;” instruction.

The user-defined window is rotated, and any portion that is rotated outside the picture frame is
clipped to the picture frame. The window can be set equal to the picture frame by an “IW;”
instruction.

Related Instructions

IP Input P1 and P2
IR Input Relative P1 and P2
W Input Window

278 RO Instruction
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RP, Replot

Purpose

To draw multiple copies of plots. Your device must have an internal hard disk or designated
buffer area to store the plot. This instruction is ignored on devices that cannot store the plot
data.

Syntax

RPnN;
or
RP;

This instruction, with or without a parameter, must be terminated by a semicolon.

Parameter Format Functional Range Parameter Default
n clamped integer -32 768 to 32 767 1

Group

This instruction is in the Configuration and Status Group.

Use

Use the RP instruction at the end of your plot, following the PG (Advance Full Page) instruc-
tion when you want more than one copy of a plot.

e No Parameter: Assumes you want one additional copy.

e n: Specifies the number of additional copies required.

The device ignores the instruction when printing the current page would produce no marks
the media.

HP-GL/2
INSTRUCTIONS

RP prints the page when the plot has not already been terminated by a PG instruntisn. If
less than or equal to zero and there is no previous PG instruction, the device prints the pag
issues a “PG;” instruction) and otherwise ignores the instructiamisifreater than the maxi-
mum value allowed for the device, the value is clamped to the maximum value.

RP clears the current pattern residue and terminates any continuous vector sequence (see the
LA and LT instructions).

Using RP in a PCL Dual-Context Environment

This instruction is ignored in PCL; a page eject can only be accomplished from the PCL con-
text by sending a form feedr) control character. To print more than one plot, use the NC
(Number of Copies) instruction described on page 225.

RP Instruction 279
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Related Instructions

BP Begin Plot
NC Number of Copies
PG Advance Full Page

280 RP Instruction

This is the black on page 280 (seq: 298)

Company confidential. HP-GL/2 and HP RTL Reference Guide, draft 2. Freeze Status: open



RR, Fill Rectangle Relative

Purpose

To defines and fills a rectangle using relative coordinates. Use RR to fill rectangular shapes in
drawings. (To outline a rectangle using relative coordinates, use the ER instruction.)

Syntax
RRX,Y[]
Parameter Format Functional Range Parameter Default
X,Y increments current units device-dependent no default
(at least -2 to 23— 1)
Group

This instruction is in the Polygon Group.

Use

The RR instruction defines and fills a rectangle using the current pen, the current line and fill
types, and relative coordinates. The RR instruction includes an automatic pen down. After the
instruction is executed, the original pen location and up/down status are restored.

e XY increments: Specify the corner of the rectangle that is diagonally opposite from the
current pen location, which is the starting point of the rectangle. Coordinates are inter-
preted in current units: as user-units when scaling is on; as plotter-units when scaling i

Note: Figure 133 shows the current pen location in the lower-left corner and the instructio
X,Y increments in the upper-right corner. However, these points can be in any two opposit
corners depending on the coordinates used.

HP-GL/2
INSTRUCTIONS

X,Y
increment
location

Current
pen location
(starting point)

Figure 133. Fill Rectangle Relative

RR Instruction 281
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The only difference between the RR instruction and the ER (Edge Relative Rectangle) instruc-
tion is that the RR instruction produces a filled rectangle, and ER, an outlined one.

The RR instruction clears the polygon buffer and then uses it to define the rectangle before
drawing. A rectangle requires enough buffer space to hold five points.

A dot is drawn if both X and Y coordinates are zero. A line is drawn if one of the coordinates
is zero.

Related Instructions

EA Edge Rectangle Absolute
EP Edge Polygon

ER Edge Rectangle Relative
FP Fill Polygon

RA Fill Rectangle Absolute

Example

The following example uses RR with three different fill types (refer to the FT instruction de-

scription) to create rectangles such as those you might use in a bar chart. The rectangles in the

right bar are edged using the ER instruction.

PA 400,400; Specify absolute plotting and move to location (400,400).

RR  400,800; Fill a rectangle with the default fill (black), with (400,400) as the
lower left corner and the upper right corner 400 plotter-units to the
right and 800 plotter-units up from there.

PR 0,800; Enter the relative plotting mode and move 800 plotter-units in the
Y direction.

FT 3,50; Select fill type 3 (parallel lines).

RR  400,400; Draw a rectangle using the current pen location as the lower left

corner; the upper right corner is 400 plotter-units to the right and
400 plotter-units up from the lower left corner.

PR 0,400; Move 400 plotter-units up.
FT 4; Select fill type 4 (cross-hatching).
RR  400,400; Draw a rectangle using the current pen position as the lower left

corner and a point 400 plotter-units to the right and 400 plotter-
units up as the upper right corner.

PA 1200,400; Move to absolute location (1200,400).

FT ; Select the default fill type (solid black).

RR  400,800; Draw and edge a rectangle that begins at the current pen position

ER  400,800; and extends 400 plotter-units to the right, then 800 plotter-units up
from there.

PR 0,800; Move 800 plotter-units up from the current position.

FT 3,50; Select fill type 3 (parallel lines), with 50 plotter-units between
each line.

RR  400,400; Draw and edge a rectangle using the current pen location as the

ER  400,400; lower left corner and a point 400 plotter-units up and 400 plotter-
units to the right as the upper right corner.

PR 0,400; Move 400 plotter-units up from the current pen position.

FT 4, Select fill type 4 (cross-hatching).

282
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RR  400,400; Draw and edge a rectangle using the current pen location as the
ER  400,400; lower left corner, the right corner being (400,400) relative plotter-
units away.

(800,2000) (1600,2000)

(400400)  (1200,400)
Figure 134. Filling Rectangles with Different Patterns Using Relative Coordinates
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RT, Relative Arc Three Point

Purpose

To draw an arc segment, using relative coordinates, from a starting point through an intermedi-

ate point to an end point. Use RT when you know these three points of an arc.

Syntax

RT Xincr_inter ¥incr_inter Xincr_end Yincr_end,chord_angle][;]

Parameter

Format

Functional Range

Parameter Default

X, Y increments
(intermediate and
end points)

current units

device-dependent
(at least -2 to 23— 1)

no defaults

chord_angle*

clamped real

0° to 360

device-dependent

(usually 5)

* If you have used the “CT1” instruction, tisbord_anglds interpreted as @eviation dis-
tancein current units; see the CT instruction on page 133.

Group

This instruction is in the Vector Group.

Use

The RT instruction uses the current pen location and two specified points to calculate a circle

and draw the appropriate arc segment of its circumference. The arc starts at the current pen

location, using the current pen, line type, line attributes and pen up/down status. You specify

the intermediate and end points. After drawing the arc, the pen location remains at the end of
the arc; the carriage-return point (see page 66) is moved to the end of the arc.

®  Xincr_inter: Yincr_inter:  Specify the location of an intermediate point of the arc in relative
increments (relative to the current pen location). The arc is drawn in a negative or positive
direction, as necessary, so that it passes through the intermediate point before the end point.

®  Xincr_end: Yiner_end: Specify the location of the end point of the arc in relative increments
(relative to the current pen location).

e chord_angle: Specifies the chord angle used to draw the arc. The default is a chord angle
of 5°. (The Arc Absolute instruction description on page 100 contains more information
on chords and chord angles.)

Intermediate and end point coordinates are interpreted in current units; as user-units when scal-
ing is on; as plotter-units when scaling is off. If current scaling is not isotropic, the arc drawn is
elliptical rather than circular. Note the following about intermediate and end points:

e If the intermediate point and end point are the same as the current pen location, the instruc-
tion draws a dot.

284 RT Instruction
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If the intermediate point is the same as either the current pen location or the end point, a
line is drawn between the current pen location and the end point.

If the end point is the same as the current pen location, a circle is drawn, with its diameter
being the distance between the current pen position and the intermediate point.

If the current pen position, intermediate point, and end point are collinear, a straight line is
drawn.

If the intermediate point does not lie between the current pen location and the end point,
and the three points are collinear, two lines are drawn, one from the current pen location
and the other from the end point, leaving a gap between them. Refer to the following
illustration. Both lines extend to the hard-clip limits or current window.

S e
End Current Intermediate .
point pen point Effective
location Window

/

/|

Figure 135. Relative Arc Three Point with Intermediate Point Outside End Points

Note that the CT (Chord Tolerance Mode) instruction in the Technical Graphics extension

changes the above computation.

Related Instructions

AA
AR
AT
BR
BZ
Cl

LA
LT

PW
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Arc Absolute

Arc Relative

Absolute Arc Three Point
Bezier Relative

Bezier Absolute

Circle

Line Attributes

Line Type

Pen Width

INSTRUCTIONS
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Example

PA
PR
PD

PU
PD

PU
PD

PU
PD

RT

PU
PD
RT
PU

PD

1000,100;
1500,0;

—1850,1050;
350,0;

-350,-700;
350,0;

0,-350;
0,1500,1500,0;
700,-750,0,-1500;
700,850;

100,-100,0,-200;

100,100;

200,0;

Specify the absolute point (1000,100) as the starting location.
Specify relative plotting.

Pen down, and draw to (1500,0) relative plotter-units from the
current pen location (1000,100).

Lift the pen and move (—1850,1050) relative coordinates.
Place the pen down, and draw a line 350 plotter-units in the X
direction.

Lift the pen and move (-350,—700) plotter-units from the current
location.

Place the pen down, and draw a line 350 plotter-units in the X
direction.
Lift the pen and move 350 plotter-units to the left.

Place the pen down, draw a line 1500 plotter-units up and then
another line 1500 units to the right.

Draw an arc from the current pen position through a point
(700,—750) plotter-units away, with an ending point (0,—1500)
plotter-units from the beginning of the arc.

Lift the pen and move it (700,850) plotter-units from the current
pen position.
Pen down.

Draw an arc from the current pen position, through a point
(100,-100) plotter-units away, with an ending point (0,—200) from
the starting point of the arc.

Lift the pen and move it (100,100) plotter-units from the current
pen position.
Pen down, and draw a line 200 plotter-units in the X direction.

(650,1150) —

(3300,800)

(1000,100)

Figure 136. Example Using the RT Instruction
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SA, Select Alternate Font

Purpose

To select the alternate font (already designated by the AD instruction) for subsequent labeling.
Use the SA instruction to shift from the currently selected standard font to the designated alter-
nate font.

Syntax
SA[]
Group

This instruction is in the Character Group.

Use

The SA instruction tells the device to draw subsequent labeling instructions using characters
from the alternate symbol set previously designated by the AD instruction. The SA instruction
is equivalent to using the Shift Out control charader, flecimal 14) within a label string.

The default designated alternate font uses symbol set 277 (Roman-8). The alternate font re-
mains in effect until an SS instruction is executed, a Shift In control charsictge¢imal 15)
is encountered, or the device is initialized or set to default conditions.

Related Instructions

AD Alternate Font Definition

DT Define Label Terminator
Fl Select Primary Font

FN Select Secondary Font
LB Label

SD Standard Font Definition
SS Select Standard Font

N
=
-
<
o
T
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SB, Scalable or Bitmap Fonts

Purpose

To specify the type of font to be used in subsequent labeling. It allows you to restrict font
selection to only scalable fonts and the stick and arc fonts, disregarding bitmap fonts.

Syntax
SBnN[;]
or
SB[]
Parameter Format Functional Range Parameter Default
n clamped integer Oorl 0
Group

This instruction is in the Dual-Context and Advanced Text Extensions.

Use

This instruction is defaulted by the DF (Default Values) and IN (Initialize) instructions. The SB
instruction takes effect immediately, changing both the standard (primary) and alternate (sec-
ondary) fonts to bscalableonly or bitmapallowed as requested.

e No Parameter: Defaults to scalable fonts. Equivalent to “SBO”.

e n: Determines the type of font according to the following parameter values:
0 Scalable fonts only.

1 Bitmap fonts are allowed. All fonts will be subject to the same restrictions as bit-
map fonts; that is, there is limited character fill, no slant, limited direction and
size, and character-clipped rather than bit-clipped.

SB1 (bitmap) changes the meanings of the following HP-GL/2 kernel instructions,
and can affect their performance:

CF Bitmap characters cannot be edged.

DI, DR  Bitmap characters can be printed only with orthogonal orientations
(0°, 90°, 180", or 27C0). Refer to the DI instruction for an illustra-
tion of direction instructions with bitmap fonts.

Sl, SR Sizes for bitmap fonts are approximate only.

SL Slant is ignored for bitmap fonts.

Scalable fonts respond more accurately to some HP-GL/2 instructions. The choice of scalable
or bitmap fonts can affect the performance of the following HP-GL/2 instructions: AD, SD, CP,
LB.

Note: The Fl and FN instructions implicitly change the value of SB. For example, if SB =0
and FI selects a bitmap font, SB is set to 1.
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SB is ignored in devices that do not support both scalable and bitmap fonts.

Scalable fonts are computationally more complex than bitmap fonts, but they respond more
accurately to some HP-GL/2 instructions. Bitmap fonts may offer a wider range of typefaces
on some devices for plots that do not use the size, direction, slant, or character fill instructions.

SB takes place immediately, changing both the standard and alternate fonts to scalable or bit-
map, as requested.

The DF and IN instructions default SB to 0.

Related Instructions

CF Character Fill Mode

DI Absolute Direction

DR Relative Direction

SI Absolute Character Size
SL Character Slant

SR Relative Character Size

N
~
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SC, Scale

Purpose

To establish a user-unit coordinate system by mapping user-defined coordinate values onto the
scaling points P1 and P2. For more information about the basic concept of scaling, refer to
Scalingon page 24.

Syntax
SCXmiN.Xvax, YN, Yuax[,type[, left,bottom]][;]
SCXuiN 'C;z:ACTORYMINaYFACTORtype[;]
SC[] >
Parameter Format Functional Range Parameter Default
X, Y coordinates real device-dependent no default
(at least -2 to 23— 1)
type clamped integer 0,1,0r2 0
left clamped real 0 to 100% 50%
bottom clamped real 0 to 100% 50%
Group

This instruction is in the Configuration and Status Group.

Use

There are three forms of scaling: anisotropic, isotropic, and point-factotyddwarameter
tells the device which form you are using. Refer to the following table.

Scaling Form | Type Description
Anisotropic 0 Establishes standard user-unit scaling allowing different unit size
on X-axis and Y-axis.
Isotropic 1 Establishes standard user-unit scaling with same unit size on X-

axis and Y-axis.

Point Factor 2 Establishes P1 user-unit location and a specific ratio of plotter-
units to user-units.

An SC instruction remains in effect until another SC instruction is executed, or the device is
initialized or set to default conditions.

e No Parameters: Turns off scaling; subsequent coordinates are in plotter-units.

e Parameters: Turns on scaling as specified by the parameters; subsequent coordinates are
in user-units.
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Scaling Types 0 and 1

The following forms of scaling establish a user-unit coordinate system by mapping user-defined
coordinate values onto the scaling points P1 and P2. The type parameter selects between aniso-
tropic (Type 0) and isotropic scaling (Type 1).

Scaling Form | Type Syntax
Anisotropic 0 | Xmin.Xmax,YmIN,Ymax [typel;
Isotropic 1 | Xmin.Xmax,Ymin, Y max 1 left,bottom]][;]

e Xmin .- Xmax:YMIN:Ymax: These parameters represent the user-unit X- and Y-axis ranges,
respectively.

For example, “SCO0,15,0,10” indicates 15 user-units along the X-axis and 10 user-units
along the Y-axis. As a result, the first and third parameteggy(C&nd Yy n) are the coor-

dinate pair that is mapped onto P1; the second and fourth paramejgss €Xd Ywax)

are the coordinate pair mapped onto P2. Using the same example, the coordinate location
of P1is (0,0) and P2 is (15,10). This is different from the IP instruction, where the param-
eters are expressed as X,Y coordinate pairs rather than as ranges.

Note: Xuwin cannot be set equal tagkx, and Yyn cannot be set equal tauXx -

As their names suggest, you will normally want to specjfynXsmaller than ¥ax, and

Ymin smaller than Yjax . If you specify XN larger than Xpax and Ywn larger than

Y max ., your illustration is drawn as a mirror-image, reversed and/or upside down, depend-
ing on the relative positions of P1 and P2.

The parameters of the SC instruction are always mapped onto the current P1 and P2 loca-
tions. P1 and P2 retain these new values until scaling is turned off or another SC
instruction redefines the user-unit values. Thus, the size of a user unit could change if any
change is made in the relative position and distance between P1 aftdr@® SC instruc-

tion is executed.

The new P1 and P2 points become the basis for all instructions that normally use P1 and P2
(DR, FT, SR, and so on); however, the new P1/P2 are temporary anchor points that arg
in effect while the SC instruction that produced them is in effect; a new SC instruction
the old P1/P2.

e type: Specifies anisotropic or isotropic scaling.
0 Anisotropic scaling. Allows a user-unit along the X-axis to be a different size t
user-units along the Y-axis. Printed shapes are distorted when you use anisot
scaling. For example, a circle might be drawn as an ellipse—oval-shaped insteat

of round. [Leftandbottomparameters are ignored for anisotropic scaling.)

HP-GL/2
INSTRUCTIONS

1 Isotropic scaling. Produces user-units that are the same size on both the X- and
Y-axes. The following illustrations show how the device adjusts the location of
Xmin,YMmin) and (Xuax,Ymax) to create the largest possible isotropic area with-
in the P1/P2 limits. (Remember, the user-units are always square regardless of the
shape of the isotropic area.)

e left, bottom: Positions the isotropic area in the P1/P2 limits. (These parameters are
always specified together and are valid for isotropic scaling only.)leftygarameter
indicates the percentage of the unused space on the left of the isotropic dvetipthe
parameter indicates the percentage of unused space below.
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The defaults for théeft andbottomparameters are each 50%. This centers the isotropic
area on the page with the unused space equally divided between left and right or top and
bottom, as shown in the previous illustrations.

Although youmustspecify both parameters, the device applies only ondeftiarameter
applies when there is extra horizontal spacebtimmparameter applies when there is
extra vertical space. The following examples illusttatieandbottomparameters of 0%
and 100%.

P2

P1

LN

Hard-clip
(5C0,10,0,10,1) limits

P2

P1 \ \
Hard-clip

limits
(SC0,20,0,10,1)

Figure 137. Isotropic Scaling
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Left, Bottom = 0,0

P2 P2

(20,10)

P1

P1

(0,0) (0,0)
(SCo0,10,0,10,1,0,0) (SC0,20,0,10,1,0,0)
Left, Bottom = 100,100
P1 ) P2
10,10) (10,10)
(0,0)
(0,0
P1 ¢ P1
(SC0,10,0,10,1,100, 100) (SC0,20,0,10,1,100,100)

Figure 138. Left and Bottom Parameters Set to 0 or 100%

Scaling Type 2

The third form of scaling, point-factor scaling, sets a specific ratio of plotter-units to user-u
and establishes the user-units coordinate of P1.

N
~
-
Q
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I

INSTRUCTIONS

Scaling Form |Type | Syntax

PointFactorl 2 |XMIN,XFACTOR,YMIN,YFACTOR,Z;

e XmiN.XrFacTor, YMIN  YFACTOR: Establish the user-unit coordinates of P1 and the ratio of
plotter to user-units. pjin and Yy are the user-unit coordinates of PlgaXror Sets the
number of plotter-units per user-unit on the X-axiga¢¥ror sets the number of plotter-
units per user-unit on the Y-axis.

e type: Must be 2 for this type of scaling.
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Using SC in a PCL Dual-Context Environment

When user-scaling mode is off, current units are:
(plotter-units * (PCL picture-frame-size — HP-GL/2 plot-size))

Left and bottom parameters are relative to the PCL picture frame, viewed from the current
orientation. The directional implications of left and bottom assume the default P1/P2 orienta-

tion.
Examples
The following examples explain the effect of several parameter selections.
SC 0,1,0,1,2; Moves the origin to P1 and establishes a 1:1 ratio of user-units to
plotter-units.
SC 0,40,0,40,2; Allows scaling in millimeters since 1 millimeter = 40 plotter-

units. Each user-unit is 1 millimeter.
SC 0,1.016,0,1.016,2;  Allows scaling in thousandths of an inch since 1 inch = 1016 plot-
ter-units.

While scaling is on (after any form of the SC instruction has been executed), only those HP-
GL/2 instructions that can be issued in “current units” are interpreted as user-units; the
instructions that can be issued only in plotter-units are still interpreted as plotter-units. (The
instruction syntax discussion pertaining to each instruction tells you which kind of units each
parameter requires.)

The SC parameters are mapped onto the current locations of P1 and P2. P1 anot Rshds

sent a graphic limit; therefore, the new user-unit coordinate system extends across the entire
range of the plotter-unit coordinate system. Thus, you can print to a point beyond P1 or P2, as
long as you are within the effective window. For example, you can print from the point

(-1,3.5) to the point (5.5,1.5) as shown in the following illustration.

7+
Sr—m————=- —tP2 ™ Effective Window
(-1,3.5) L !
'\? : P1 = 0,0 (user units)
_\:E;SJ .5) P2 = 5,5 (user units)
1 |
1 Pl 1 ] 1 ] || 1
-1 1 2 3 4 5 6
-1+

Figure 139. Example of Plotting beyond the P1/P2 Limits
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Related Instructions
P Input P1 and P2

IR Input Relative P1 and P2
W Input Window

Possible Error Conditions

Error Condition Error Number Printer or Plotter Response
More than 7 parameters 2 Executes first 7 parameters
For types 0 or 1: 2 Ignores instruction
More than 6 or less than 4 parametgrs
For type 2: 2 Ignores instruction
Other than 5 parameters
XMIN=XMax Of YMIN=Y MAx OrF 3 Ignores instruction
number out of range
XeacTor=0 or Yeactor=0 3 Ignores instruction
%)
pd
o2
()
=)
o
I
%)
Z
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SD, Standard Font Definition

Purpose

To define the standard character set (font) and its characteristics: symbol set identification, font
spacing, pitch, height, posture, stroke weight, and typeface. To define an alternate font, use the
AD instruction.

Syntax
SDkind,value...[,kind,valuef;]
or
SD[]
Parameter Format Functional Range Parameter Default
kind clamped integer lto7 no default
value clamped real kind-dependent* kind-dependent*

*  Refer to the table following the parameter descriptions.

Group

This instruction is in the Character Group.

Use

This instruction is similar to the AD (Alternate Font Definition) instruction (see page 106) that
defines a secondary HP-GL/2 font. The SD instruction defines the standard HP-GL/2 font and
its characteristics: font spacing, pitch, height, posture, stroke weight, and typeface. It allows
the font characteristics to be assigned to the primary font definition. Use SD to set up the stan-
dard font that you can easily access when labeling.

e No Parameters: Defaults the standard font characteristics to that of the device-dependent
default scalable font, not a bitmap font.

e kind: Specifies the characteristic for which you are settinglae(see the following
table).

e value: Defines the properties of the characteristic specified biitfteparameter.

Note: When selecting fonts, the different characteristics (symbol set, spacing, pitch, etc.) are
prioritized as shown in the table above, with symbol set being the highest priority and typeface
being the lowest. The font selection priority is the same for HP-GL/2 as for PCL font selection.
For more information about the priority of font characteristicsH®e Your Device Selects
Fontson page 63.

The tables irAppendix C: Font Definitionen page 477 list thieind parameters with their
associated values (note that these tables are also valid for the AD [Alternate Font Definition]
instruction). For kinds 1 and 7, your device may support values other than those listed there.
Refer to youlUser’s Guideor HP-GL/2 option manual for more information about the attrib-
utes and values supported.
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Any combination okind, valueparameters is allowed; the l&#td specified prevails.

Kind Attribute Range of Values Default Value Description

1 Character set| device-dependent 277 Roman-8

2 Font Spacing 0 (fixed), device-dependen fixed spacing
1 (proportional)

3 Pitch >0 to 32 767 (valid to|] device-dependenfy characters per inch
2 decimal places)

4 Height 0to 32 767 device-dependen font point size

5 Posture 0to 32 767 device-dependen upright or italic

6 Stroke Weight —7t07,9999 0 normal

7 Typeface device-dependent | device-dependen scalable font

The IN (Initialize) and DF (Default Values) instructions restore default primary font attributes.

Related Instructions

AD Alternate Font Definition

DT Define Label Terminator
FI Select Primary Font

FN Select Secondary Font
LB Label

SA Select Alternate Font
SB Scalable or Bitmap Fonts

Sl Absolute Character Size
SR Relative Character Size
SS Select Standard Font
TD Transparent Data
Example o
zZ
The instruction “SD1,21,2,1,4,25,5,0,6,3,7,51;” designates a 25@iif8ans Boldont in the g%
ASCII symbol set (use the Select Standard Font (SS) instruction to select this font after it ig @g
designated): o
SO 121 Symbol set—US ASCII :
2,1 Spacing—proportional -
4,25 Height—25-point
5,0 Posture—upright
6,3 Stroke weight—bold
7,51; Typeface—Gill Sans

Note that thepitch parameter is missing in the above instruction because the designated font is
proportionally spaced.
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Sl, Absolute Character Size

Purpose

To specify the size of labeling characters in centimeters. Use Sl to establish character size in-
dependent of P1 and P2.

Syntax
Sl width, height[;]
or
SI[]
Parameter Format Functional Range Parameter Default
width clamped real —32 768 to 32 767 (see note)*
height clamped real -32 768 to 32 767 (see note)*

*  Note: Dependent on the current pitch and font height set by the AD or SD instruction.

Group

This instruction is in the Character Group.

Use

While Sl is in effect, with or without specifying parameter values, the size of characters in the
currently selected font are not affected by changes in P1 and P2.

e No Parameters: Character size is as specified by the SD (Standard Font Definition) and
AD (Alternate Font Definition) instructions.

e width: Specifies the width of the nominal character in centimeters. A negative width
parameter mirrors labels in the right-to-left direction. The nominal character width is 0.5
of the point size (0.67 for the stick font).

e height: Specifies the cap height in centimeters. A negative height parameter mirrors
labels in the top-to-bottom direction.

If both the width and the height are negative, characters are rotated throdgh 180
Changing character size also changes the width of line used to draw Stick font characters.

Note that in most languages the width of a letter is typically less than the height. If you set
your characters to have a different “aspect ratio”, they may look odd to your readers.

The maximum size of a character is device-dependent, but is larger than a page; for A-size de-
vices, characters at least as large as 12 times the page width and height are possible; for
rolll-feed devices, characters up to the paper roll length are possible.

An Sl instruction remains in effect until another Sl instruction is executed, an SR instruction is
executed, or the device is initialized or set to default conditions.
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