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Excuse Us, Please!

Please make the following corrections in your 7600 Series Programmer’s Reference
under the Encoded Polyline (PE) instruction. Delete the shaded text and use the
underlined words to replace inaccurate text.

Page 3-10

The SYNTAX appears as follows:
SYNTAX: PE(flag) (value):X.¥...(flag) (value);

Delete iX;¥;. A value can be either a single number or a coordinate pair.

Page 3-13
Steps 2 and 3 should read as follows:

2. After labeling (or any instruction which changes the current pen location
and does not update it), set lost to true.

3. 1If 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).

Page 3-14

Line 30 in the programming example appears as follows:

30 PRINT

‘Input number of fractional decimal places in
data"”

You must delete the: #f, (sending the statement to your display); otherwise, the
program will crash and cause an error.

Additional Information about the PE Instruction

After PE is executed, the pen remains in the current up/down position; the previous
plotting mode - (absolute or relative) is restored.

September 1988
Mfg. No. C1600-92001






Printing History

New editions are complete revisions of the manual. Change sheets,
which may be issued between editions, contain additional informa-
tion. The dates on the title page change only when a new edition
is published. Minor corrections that do not affect the function of
the product may be made at reprint without a change to the print
date.

Many product updates and fixes do not require manual changes
and, conversely, manual corrections may be done without accom-

panying product changes. Therefore, do not expect a one to one
correspondence between product updates and manual revisions.

First Edition June 1988



How to Use This Documentation

This Programmer’s Reference provides you with information about the
Hewlett—-Packard Graphics Language/2 (HP-GL/2) and how it is used with
your plotter. Once you are familiar with the fundamental plotting concepts and
HP-GL/2, use the manual as a detailed reference to specific questions. Use
the alphabetical listing at the end of the Table of Contents to locate instruc-
tions quickly.

You must use a programming language in addition to HP-GL/2. However, this
manual 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.

Organization

This manual primarily describes how to program your plotter using HP-GL/2,
When operating your plotter in emulate mode as an HP 7586 pen plotter, you
use HP-GL (the precursor to HP-GL/2). Chapter 13 covers HP-GL.

Chapters 1 and 2 introduce fundamental HP-GL/2 programming and plotting
concepts.

Chapters 3-6 cover producing graphics in your plots, from simple lines to
complex polygons.

Chapters 7 and 8 provide information on labeling plots and using fonts.

Chapter 9 explains techniques for changing the location, size, and orientation
of your plots.

Chapters 10-12 discuss device control. These chapters provide information on
obtaining information from the plotter, using device-control instructions, and
interfacing and handshaking.

Appendix A contains the information you’ll need if you use your plotter in
emulate mode.

Appendix B presents print-outs of the plotter’s character sets.
Appendix C provides more complex example programs.

Appendix D is an alphabetical, quick-reference of all the instructions’ syntax.
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Manual Terms and Conventions

The symbols and type styles used to represent the syntax requirements of
HP-GL/2 and device-control instructions are discussed in Chapters 2 and 11,

respectively.

Single, nonprinting ASCII characters (control codes) appear in bold type, for
example, ESC.T.

Numbers are typed using SI (International System of Units) standards. Num-
bers with more than four digits are placed in groups of three, separated by a
space instead of a comma, counting both to the left and right of the decimal
point (for example, 54 321. 123 45).

All references to RS8-232-C interface in this manual apply equally to RS§-232-C
and CCITT V.24 interfaces. The term RS-232-C is used for simplicity.
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Before You Begin

Before you can write graphics programs for your plotter, you need to be
familiar with your computer and a programming language such as BASIC,
FORTRAN, or Pascal. You can use any computer that inputs and outputs
ASCII®* information to and from a peripheral device. This manual assumes
that you already have some experience with your programming language.

This chapter discusses the following fundamental programming concepts
necessary to begin plotting.

* Plotting with a raster plotter versus a vector pen plotter.

® Using your plotter’s programming language, HP-GL/2, with your
computer’s programming language.

¢ Using the program examples in this manual.
¢ Maximizing your plotter’s throughput.

¢ Hints for the novice programmer.

Working with the Electrostatic Plotter

Although the plotter does not have physical pens, for the purpose of com-
patibility it has a ‘logical’ pen. Like a physical pen, this logical pen must be
selected if you want to draw. Instructions such as pen up or pen down and
phrases such as ‘current pen position’ or ‘moving the pen’ apply to the logical
pen just as they would a physical pen. For the remainder of this manual, sim-
ply think of the plotter as having an actual, physical pen.

You will also see many references to ‘vectors’ in this manual. Although the
plotter is a raster device, it uses a vector-based graphics language for simplic-
ity and compatibility.

* American Standard Code for Information Interchange
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The Plotter’s Programming Language

The plotter uses HP-GL/2, the next generation of Hewlett-Packard Graphics
Language, the language used by Hewlett-Packard pen plotters. HP-GL/2 in-
creases your plotter’s throughput, performance, and future compatibility. Your
plotter uses HP-GL/2 in HP-GL/2 mode; however, in 7586B emulate mode
your plotter acts as an HP 7586B pen plotter and uses HP-GL. This manual
primarily describes how to use the plotter in HP-GL/2 normal mode. The
remainder of this chapter through Chapter 12 assumes that you are in normal
mode. Appendix A, Using Emulate Mode, describes the differences between
HP-GL and HP-GL/2. Consult Appendix A when using emulate mode.

HP-GL/2 is a collection of graphics instructions used to write your own pro--
grams for plots. The plotter also uses instructions to control certain plotter
functions, called device-control instructions.

HP-GL/2 Instructions

Each instruction is a two-letter mnemonic code designed to remind you of its
function. For example, IN is the INitialize instruction, SP is the Select Pen
instruction, and CI is the ClIrcle instruction. Numbers, called parameters, are
used with certain HP-GL/2 instructions to tell the plotter to complete (exe-
cute) the instruction in a particular way. A typical HP-GL/2 instruction
appears as follows.

SP1l

The mnemonic tells the plotter to select a pen and the parameter specifies pen
number one.

There are two types of HP-GL/2 instructions: graphics instructions and output
instructions. Graphics instructions are presented in Chapters 2-9; output in-
structions in Chapters 10 and 11. Graphics instructions enable you to do the
following.

* Define your plotting area and select certain settings, such as default pa-
rameters, plot size, and plot rotation.

* Define and draw your plot, including shapes such as lines, arcs, circles,
polygons, rectangles, and characters.

Output instructions enable you to obtain information from the plotter, such as
the current size of plotting area and error messages.
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Device-Control Instructions

Device-control instructions are used primarily with an RS-232-C* interface,
and to some extent with HP-IB command sequences. Each device-control
instruction is an escape sequence, such as the following.

ESC.B

Device-control instructions are discussed in Chapters 11 and 12. These instruc-
tions control advanced operations, such as changing and monitoring buffer
sizes, handshaking, and verifying plotter operating conditions.

This manual gives full details on the capabilities of the plotter’'s HP-GL/2 and
device-control instruction set. To communicate with the plotter, you must
‘send’ the instructions with their parameters in an appropriate output
statement from your computer’s language. The following section provides
information and examples of how to send HP-GL/2 instructions with various
programming languages.

Using HP-GL/2 with Programming Languages

Before you can send instructions to the plotter, your computer and plotter
must be connected and communicating. Refer to the User’s Guide for inter-
connection information.

How you send an instruction to your plotter depends on the programming lan-
guage you are using. Some languages include some graphics statements, but
these are used primarily for the computer’s monitor. Common languages used
for plotting are BASIC, FORTRAN, Pascal and C.

Follow these steps to send an instruction in your language.

1. Use whatever opening statements are required to define the computer’s
output port and establish the plotter as the recipient of an output string.
These are called configuration statements and usually must be the first
statements in your program. Configuration statements are explained in
detail in the next section.

2. Send the string to the plotter using an output statement. Output statements
are explained after configuration statements.

*All references 1o the RS-232-C interface in this manual apply equally to RS-232-C and
CCITT V.24 interfaces. The term RS-232-C is used for simplicity.
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If you are programming in a language other than BASIC, FORTRAN, or
Pascal, you will have to make an extra effort to identify input, output, and
program statements that perform the same function as the BASIC statements
used in this manual. Refer to your computer documentation for information
about sending literal strings to a peripheral (in this case, literal strings of
HP-GL/2 to the plotter).

Configuration Statements

The configuration statement directs computer input and/or output to the plot-
ter. It will be specific to your computer language and the type of interface
(HP-IB, Centronics, or RS-232-C) you are using. You must use a configuration
statement at the beginning of every program; the following is an example for
the HP Vectra in Microsoft BASIC*.

10 OPEN "COM1:1920@,N,8,1,RS,CS65535,DS,CD" AS #1

The BASIC configuration statement shown above is for the HP Vectra PC
(also IBM PC, XT, and AT) RS-232-C interface. It OPENs COM1 (port 1)
for output at 19200 baud, No parity, 8 data bits, 1 stop bit, suppresses RTS
(RS), waits 65535 milliseconds before returning a Device timeout error
(CS65535), ignores the DSR and Carrier Detect lines (DS,CD) and calls the
file #1.

Your configuration statement will vary according to the programming language
and the hardware configuration of your computer. A table of sample configu-

ration statements follows listed below. Refer to the interconnection information
in the User's Guide for additional examples.

*Microsoft is a trademark of Microsoft Corporation.
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Sample Configuration Statements

Computer

Language

Example

HP 3000
DEC vAX

FORTRAN
(RS-232-C)

WRITE (9,10)
10 FORMAT (“instruction")

(The WRITE statement also func-
tions as a configuration statement.
Unless you specify otherwise, the
instruction is automatically directed
to the standard output device,
which is typically your terminal.

HP 9000, Series 300

HP BASIC
(HP-IB)

OUTPUT 765 ; (“instruction")

(In this case, the output statement
also functions as a configuration
statement, directing output to the
plotter at select code 7, HP-IB
address 5.)

Pascal
(HP-IB)

WRITELN (”instruction”)

(The WRITELN statement also
functions as a configuration state-
ment. Unless you specify otherwise,
the instruction is automatically
directed to a file called ‘output.’)
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Output Statements

After the configuration statement, use output statements to send instructions to
the plotter as a string. Output statements vary with the computer and language.
To give you an idea of the variety of statements available, the following table
lists a few computers and languages with their associated output statements.
The HP-GL/2 instruction (SPI) is used as the instruction being sent.

Computer Language Example
HP Touchscreen GW BASIC PRINT #1, "SP1"
HP Vectra PC
IBM PC/PC-XT/AT
HP 9000, Series 300 PASCAL WRITELN (“SP1°)

(HP-IB interface)
HP BASIC QUTPUT 705; "SP1"

HP 3000 FORTRAN WRITE(9,10)
DEC VAX 10 FORMAT (X, 3HSP1)

Input Statements

The computer language output statements discussed in the preceding section
are used to send information to the plotter. To get information from the plot-
ter, you must first send an HP-GL/2 output statement to the plotter directing
it to send information back to the computer; then you must use a computer
language input statement to read the plotter's output. The following table lists
a few computers and languages with their associated input statements. The
HP-GL/2 output instruction (OP;) is used as the instruction being sent.

Computer Language Example
HP Touchscreen GW BASIC INPUT #1, A,B,C,D
HP Vectra PC
IBM PC/PC-XT/AT
HP 9000, Series 300 PASCAL READLN(A,B,C,D);

(HP-IB interface)
HP BASIC ENTER 705; A,B,C,D

HP 3000 FORTRAN READ(9,40)
DEC VAX 40 FORMAT (417)
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Using the Programming Examples

Examples are presented as complete programs written in a version of

GW BASIC for the MS-DOS* 2.11 (or higher) operating system. Programs
show the use of each instruction as well as its interaction with other instruc-
tions and the BASIC language.

If you are using GW BASIC, replace line 10 with the proper configuration
statement for your computer; then, you can enter and run the program exam-
ples as shown.

If you are not using GW BASIC, you may need to change some of the pro-
gram statements as well as insert the proper configuration statement at the
beginning of the program.

Below is a simple example of the way complete programs appear in this
manual.

10 OPEN "COM1:96@0,N,8,1,R5,CS65535,DS,CD" AS #1
20 PRINT #1, "INPS5000,7000PA2000,0"

30 PRINT #1, "SP1PDAA@,0,45,25"

40 PRINT #1, "PU1050,1060PDAAG,0,-45,10"

50 PRINT #1, "PU1¢@@,0PDAAG,0,45PG;"

€0 END

. Computer
. Museum

*GW BASIC and MS-DOS are trademarks of Microsoft, Inc.
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fllustrations of program art in this manual are not actual plotter output. The
illustrations were produced using a 300 dots-per-inch (dpi) laser printer. Your
plotter's resolution, 406 dpi, gives superior output. The following photograph

of actual plotter output gives you a sample of the quality you can expect from

your plotter.
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Programming Statements You May Need to Change

You might need to change BASIC statements if you are not using the GW
BASIC version used here, or if you are programming in another language.
Your computer language documentation should tell you how to do this. You
will likely need to change the following statements.

PRINT #1 This statement sends the HP-GL/2 instructions, via an
output file, to the plotter. Your computer might use a
statement such as WRITE, WRITELN, OUTPUT,
LPRINT, or simply PRINT. Here ‘1’ corresponds to the
file number in the ‘OPEN’ statement.

INPUT #1 This statement causes information from the plotter to be
read by the computer. Your computer might use a state-
ment such as READ, READLN, or ENTER. Here ‘1’
corresponds to the file number in the ‘OPEN’ statement.

FOR...NEXT FOR... NEXT are loop statements. X=3.14 is a variable
X=3.14 assignment. Change these statements to whatever your
language uses.

Increasing Your Plotter’s Throughput

The throughput of your plotter refers to the time it takes to complete a plot.

You probably purchased this electrostatic plotter because of its throughput. To
take full advantage of your plotter’s significant speed, use a parallel interface,

such as Centronics or HP-IB. For the best throughput with an RS-232-C inter-
face, use 19 200 baud.

Here are some ways you can further enhance your throughput by reducing the
amount of data transmitted over the interface.

1. Use the polyline encoded (PE) instruction. HP-GL/2 uses base 10
{(decimal) for vector coordinates, but the PE instruction uses base 64 or
32 to encode vector coordinates. This vector encoding sends approximately
one quarter the amount of data bytes, which takes approximately one
quarter the amount of transmission time. This reduction in transmission
time can significantly improve your total throughput.

2. Take advantage of the plotter’s graphics instructions in your plots. For

example, use the plotter's rectangle instruction which allows you draw a
rectangle sending only one coordinate pair instead of four.
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3. Use the plotter’s internal character set, particularly for quick-check
plots. Internal sets require only one byte per character. Refer to
Chapters 7 and 8.

4. Eliminate separators (semicolons) between instructions in your pro-
grams. Eliminating separators in your programs can increase your plotter’s
throughput by approximately 10%. This is explained under Understanding
HP-GL/2 Syntax in Chapter 2. (Note that PE, PG, and output instructions
must still be followed by a semicolon.)

Hints for the Novice Programmer

If you are an inexperienced HP-GL/2 programmer, use the following guide-
lines to ensure success.

¢ Know your equipment, both the computer and plotter. Know how to write,
edit, save, and run a program. Determine how your computer sends
(outputs) information to and reads (inputs) information from peripheral
devices.

* Know your computer programming language. Even if you aren’t program-
ming in BASIC, get a BASIC book and look up unfamiliar statements.
Their definitions will help you find and use the equivalent statement in
your language. Always use the syntax your language requires. Notice the
syntax differences between the two versions of BASIC represented in the
tables under Qutput Statements and Input Statements earlier in this

chapter.
* Enter HP-GL/2 and device-control instructions exactly as they appear in ﬂ
the text. Every letter, symbol, and number is significant. Common mis- L

takes are substituting the letter ‘O’ for the number zero ‘@’ or a lowercase
letter ‘I’ for the number one ‘1’. Substituting a semicolon for a comma or
omitting a quotation mark can make the difference between success and
failure.

* Begin every program with the proper configuration statement and an IN or
DF instruction.

¢ End every program with a PG instruction.

To leamm HP-GL/2, practice running the example programs provided with each
instruction. Then try varying the parameter and combining the instructions in
simple programs of your own.

B
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Setting Up Your HP-GL/2 Program

This chapter explains the information necessary for plotting and using
HP-GL/2 instructions, as follows.

Using HP-GL/2 instructions in the proper programming sequence.
Establishing default conditions.

Working with your plotter’s coordinate system, units of measurement, and
graphics limits.

Scaling your plots.
Using correct HP-GL/2 syntax.

Understanding error messages.

The following instructions are described in this chapter.

DF, Defauit

FR, Frame Advance

IN, Initialize

IP, Input P1 and P2

IR, Input Relative P1 and P2
PG, Advance Full Page

PS, Plot Size

PW, Pen Width

RP, Replot

SC, Scale

SP, Select Pen

WU, Pen Width Unit Selection
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Outline of a Typical HP-GL/2 Program

When you write an HP-GL/2 program, there are certain instructions that must
be placed correctly in your program if they are used. These instructions are
listed in their required sequence and described briefly below.

s IN - The initialize (IN) instruction sets most of the plotter’s instructions
to their default conditions. If you use IN, it should be the first instruction
in your program.

¢ Other set-up instructions — Any set-up instructions you plan to use
usually come after IN and before any graphics instructions. These set-up
instructions include the page size (PS), input P1 and P2 (IP), input P1
and P2 relative {IR), and scale (SC).

¢ SP — You must send a select pen (SP) instruction for your plot to be
drawn. It must come after IN and before any graphics instructions. If you
want to change the pen width unit selection {WU) or the pen width (PW),
send these instructions before SP.

e All graphics instructions — All graphics instructions must come after the
set-up instructions or your plot may not be drawn the way you want it.

¢ PG — You must send the advance full page (PG) instruction at the end of ﬂ
your program to tell the plotter to rasterize and draw your plot. You may
send the replot (RP) instruction in place of or in addition to PG.

The following sections explain how to use these set-up instructions to establish
default conditions, size your plot, scale your plot, set P1 and P2, select a pen
and pen width, and advance the page.

Establishing Default Conditions

Establish default conditions at the beginning of each program to prevent unex-
pected results. The parameters for many instructions remain in effect until you
change them or the plotter is reset to default conditions. Always establish de-
fault conditions for each program unless you are certain you want to use these
‘leftover’ parameters.

There are four ways to establish default conditions: turning the plotter off and
on, using the control-panel RESET button, or using the initialize (IN) or de-
fault (DF) instructions. Using the IN "instruction and turning the plotter off
and on both set the plotter to its factory defaults (IN doesn’t default device-
control instructions). This process is called initialization. The DF instruction is
less powerful. Refer to the IN and DF instructions at the end of this chapter
for a complete list of the default conditions each instruction establishes.

&
B
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Sizing Your Plot

Use the plot size (PS) instruction to set the size of your plot. If you are draw-
ing small plots but always use the default plot size (roughly, 3 X 4 ft. on the
E-size plotter and 2 X 3 ft. on the D-size plotter), you will waste a great deal
of paper. PS also simplifies making very long plots, up to 50 feet. Be sure to
place PS before any graphics instructions in your program, but after IN.

The following sections explain the plotter’s coordinate system.

The Plotter’s Coordinate System

The plotter uses the Cartesian coordinate system. The Cartesian coordinate
system is a grid formed by two perpendicular axes, usually called the X- and
Y-axes. Refer to the following illustration. The intersection of the axes is
called the origin of the system and has a location of (0,0).

Y-axis

To locate any point on this grid (your plotter’'s plotting area), move from the
origin a number of units along the X-axis, then move a number of units paral-
lel to the Y-axis. The number of units you move is called a coordinate. Each
point is designated by the combination of its X-coordinate and Y-coordinate,
known as an X,Y coordinate pair. Positive X values are plotted to the right of
the origin, and positive Y values are plotted above the origin.

Look at the illustration again to locate these points: (0,0); (-2,2); (6,2);
(6.3); (10,0); (6,-3); (6,-2); (-2,-2); (0,0). Now draw a straight line between
each point in the order listed. (You should have drawn an arrow.) This is
how you define a picture on a two-dimensional coordinate system.
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To specify a point to your plotter, you must always give a complete X,Y coor-
dinate pair, the X-coordinate first and Y-coordinate second. The manual
shows coordinate pairs in parentheses (X,Y) for clarity — do not use paren-
theses when in your program, just the numbers.

On your plotter, the X-axis is always parallel to the longest edge of your plot;
the Y-axis is always parallel to the shortest edge of your plot (unless rotated
by an RO instruction). The following illustration shows the default axis orienta-
ton, with the X-axis in the rollfeed direction.

X-axis |

Y-axis

4 L /

Units of Measurement

You can measure along the axes and express coordinates using two types of
units: plotter units or user units.

Plotter Units

A plotter unit (plu) is the smallest addressable move the plotter can make.
Plotter units are whole numbers (integers). The following lists the equivalent
measurements for plotter units, millimetres, and inches. Note that plotter units
have a higher resolution than the plotter’s 406 dpi. The plotter converts plot-
ter units into equivalent pixel coordinates.

1plu = 0.025 mm or 0.00098 in.
40 plu = 1 mm
1016 plu = 1 in.

M
M
B
1

2-4 Setting Up Your HP-GL/2 Program

-



User Units

User units allow you to customize the coordinate system to your particular
needs. 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 June 13, you would simply give the
coordinate (13,6) rather than calculating the exact location in plotter units.

User units can represent months, years, dollars, francs, distances, tempera-
tures, population, or whatever meets your requirements. The plotter internally
converts user units to plotter units before locating the coordinates on paper.
You establish user units using a process known as scaling. Scaling is explained
later in this chapter.

User units can have fractional parts.

Graphics Limits

The plotter has two types of graphics limits: hard-clip limits and soft-clip lim-
its. These limits are boundaries of the plotting area. Any drawing that would
extend beyond the limits is clipped (and not drawn) as you would clip a news-
paper article.

Hard-Clip Limits

The hard-clip limits are your plotter’s physical boundaries, the area available

for plotting. The following table gives the default measurements of these limits,
in plotter units.

Plotter Hard-Clip Limits

D/Al-size (Model 240D) Default X-axis: 0 to 35 376
Default Y-axis: 0 to 24 000

E/A0-size (Model 240E) Default X-axis: 0 to 47 568
Default Y-axis: 0 to 35 840
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Soft-Clip Limits

Soft-clip limits are programmatically set boundaries that temporarily restrict
plotiing to a specified area of the page. You can use soft-clip limits to ensure
that nothing will be drawn beyond that portion of the page. Soft-clip limits are
often referred to as windows because they allow you to draw attention to a
particular set of data.

For example, look at the following floor plan.

Living Family
Room

Entry’

Full size plot

After plotting the full floor plan, suppose that you decide to make a new plot
showing only the sleeping areas, using the space on the right for text. To
create the new plot, use the program for the full floor plan, adding soft-clip
limits to restrict plotting to the left half of the plotting area. Finally, at the end
of the program, add program lines to extend the soft-clip limits and plot the
text.

B
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Master
Bedroom

You could drawn
labels or another plot
In this area

Soft-clip limits cause
only this much of the
previous plot to be drawn

Using soft-clip limits provides a great deal of flexibility with respect to where
you plot data, how much data you plot, and reducing/enlarging plots. The in-
put window (IW) instruction creates soft-clip limits. Refer to Chapter 9 for
specifics on using soft-clip limits.

Using Scaling

When you scale a plot, you define your own units of measurement which the
plotter internally converts to plotter units. Scaling lets you plot in units that
make sense to you and are easy for you to work with.

For example, you can scale your plot to divide the plotting area into 100
squares. As you plan you plot, you can think in terms of those 100 squares
rather than in plotter units. Here’s another use of scaling: since 400 plotter
units equals 1 centimetre, you can establish this scaling to plot in user units of
centimetres.

Scaling begins with the scaling points, P1 and P2. Think of P1 and P2 as two
points marking opposite corners of a rectangle. You can make this rectangle
any size and place it anywhere in the hard-clip limits depending on what plot-
ter-unit coordinates you specify for P1 and P2. You set P1 and P2 using the
input P1 and P2 (IP) or input relative P1 and P2 (IR) instruction.
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Next you use this rectangle to set up scaling for your plot. With the scale (SC)
instruction you specify how many sections the rectangle should be divided into
horizontally (the X-axis) and how many sections the rectangle should be di-
vided into vertically (the Y-axis). Now you have created your user units.

The following example will help you to understand the scaling instruction. To
divide the X-axis into 12 units representing months, and the Y-axis into 10
units representing thousands of dollars, specify the X-axis to scale from 0 to
12, and the Y-axis to scale from O to 10. P1 becomes the origin with user-unit
coordinate (0,0) and P2 becomes (12,10). The entire plotting area is now di-
vided into the desired units. Subsequent plotting instructions will use these
units. If you tell the plotter to move to the point (3,4), the plotter will move
to the location equivalent to (3,4) user units (nor (3,4) plotter units).

1L o2 (1

) N LU AL

s |

Hard-clip 8l :

|imts\ 7L |

6 |

s |

3.4

al (') :

] l

2 p1(0,0) !

1 |

p |

1 | | | | | | 1 1 | | |

1 2 8 4 5 6 7 8 9 10 11 12

User-Unit Scaling with Default P1 and P2

If you move the locations of P1 and P2, the size of user units will change.
The previous illustration showed P1 and P2 in their default locations (the
lower-left and upper-right corners, respectively, of the hard-clip limits). In the
following example, P1 and P2 have the same user-units values (set with SC),
but their physical locations have been changed (using IP). Note that the size
of the user units decreased.
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Same User-Unit Scaling with New Pl and P2

The framework set by the scaling points P1 and P2 is not a graphics limit. The
user-unit coordinate system extends across the entire plotuing area. You can
plot to a point beyond P1 or P2 as long as you are within the hard-clip limits,
as shown in the following illustration.

P2
{15,10)
(-15,7.5) r—1—"———--- -t
™ | |
Hard-clip : sk (12.4):
fimts | 10,0) . |
| | | J | | J |
20 -15 -10 -% 5 10 1}5 20
i I
e e J
P1 {16.4,-8.6)
(-5.-5) )
-10F

New Pl and P2 User-Unit Scaling with Negative Values

The scaling instruction also allows you to specify whether your units will be of
equal size on the X- and Y-axes (isotropic scaling) or unequal (anisotropic
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scaling). Refer to the scale (SC) instruction at the end of this chapter for
more information on scaling plots.

Selecting a Pen and Width

Although your plotter does not have physical pens, for the purpose of com-
patibility it has a ‘logical’ pen which you must select to draw your plot. Use
the select pen (SP) instruction at the beginning of your plot.

g e b

You can change the width of the logical pen using the pen width (PW)
instruction. Subsequent lines are drawn using the new width. Use PW to dis-
tinquish lines and enhance your plots. You may change widths as often as you
like, and do not need to send an SP again.

Pen (line) widths can be measured either in millimetres or as a percentage of
the diagonal distance from P1 to P2. Use the pen width unit selection (WU)
instruction to specify how the width (a parameter of PW) is measured. Since
using WU defaults all pen widths, with or without parameters, you should send
WU before PW.

Ending Your Program and Advancing the Page

You must indicate the end of your plot before the plotter will rasterize and
draw it. You can press the control-panel PLOT button or use the advance
page instruction (PG) at the end of your program. (Sending PG is recom-
mended since it saves you the trouble of walking over to the plotter.)

PG advances the plot size set by the PS instruction, or the default page size if
there is no PS instruction.

You can use the replot (RP) instruction to make multiple copies of a plot.
Since the plot is already stored in the plotter, using RP frees the computer
while the copies are drawn. (For one copy, you can simply send PG a second
time.)

J 333333333

-
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Understanding HP-GL/2 Syntax

HP-GL/2 instructions have four components: a mnemonic, parameter(s),
separator(s), and a terminator. Refer to the following illustration of a typical
HP-GL/2 instruction and description of its components.

Mnemonlc\ Separator
Terminator
P30 30,

Parameters

¢ Mnemonic — The two-letter mnemonic is designed to remind you of the
instruction’s function. The mnemonic can be upper- or lower-case.

¢ Parameter(s) — Some instructions have no parameters; for other instruc-
tions, parameters are optional.

¢ Separator(s) — When you use parameters, you must separate them with a
comma or space, and/or with a + or — sign. (Commas are recommended
because some computers eliminate spaces, especially when sending vari-
ables.

¢ Terminator — All instructions require a terminator. In both HP-IB,
Centronics, and RS-232-C interface configurations, HP-GL/2 instructions
are terminated by the first letter of the next mnemonic or a semicolon.
(Dropping the semicolon is recommended to enhance throughput.)

The following illustration shows the flexibility of the syntax. Each variation of
the two-instruction sequence is permissible; however, the first method is rec-
ommended for your programming. The recommended method uses the first
letter of the next mnemonic to terminate instructions, uses no space between
the mnemonic and its parameters, and separates parameters with a comma.

PDPU1@,20 PD;PU10G,20; PD PU 10 2¢;

Recommended

All the program examples in this manual use the recommended method. The
next section explains how the syntax of individual instructions is presented in
this manual.

NOTE: Using the recommended syntax can increase your plotter’s throughput
by approximately 10%. X
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Notations Used to Express Syntax

The following describes the notations used in the syntax section of the instruc-
tion descriptions at the end of each chapter.

MNemonic

parameters

[TERM]

For readability, the mnemonic is shown uppercase and
separated from the parameters and/or terminator.

Parameters are shown in italic.
Parameters in parentheses are optional.
Any number of labeling characters.

Any number of the previous parameter (you must have
an even number of X,Y coordinates).

Instruction terminator. A semicolon is optional and is
shown in parentheses in most instruction syntax. Excep-
tions are the advance page (PG), encoded polyline (PE),
and output instructions which must be terminated by a
semicolon.

The terminator sent back to your computer by the plotter
at the end of the response to an output instruction. The
default output terminators are: RS-232-C — a carriage
return (CR) and HP-IB — carriage return and line feed
(CR LF). You can change the default terminator using
the device-control instruction ESC.M, Set Output Mode.
Refer to Chapter 10 for more information on output
instructions.

NOTE: Remember that while X,Y coordinates are shown in parentheses in
text (e.g., (3,4) or (0,0)), the parentheses are not part of the syntax. Do not
enter these parentheses in your instructions. N
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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 pa-
rameters in the same instruction {the define label terminator (DT) instruction
is an exception).

For example, the line type (LT) instruction has three optional parameters:
type, pattern length, and mode. The following shows all three being used.

1LT6,25,1

If you omit the second parameter, you must also omit the third parameter, as
shown. The plotter uses the most recently specified pattern length and mode.
If you have not specified a length or mode since sending a default values
(DF) or initialize (IN) instruction, the plotter uses the parameters’ defaults.

LT6

Do not send the following (the plotter would interpret 1 as the second
parameter).

LT6.1

Parameter Formats

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

1. Integer — An integer from -67 108 863 (-226+1) to 67 108 863
(228-1)*. The plotter automatically rounds fractional parameters to the
nearest integer. Using a number outside this range causes an error.

Plotter units are always integer.

2. Clamped Integer — An integer from -32 767 (-275+1) to 32 767 (2'5-1).
The plotter 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, the
plotter treats all numbers between 32 767 and 67 108 863 as 32 767.

Certain instructions have parameters 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 causes an error.

*Numbers within this range do not cause errors; however, the range exceeds the plotter's
physical plotling area. Numbers greater than the plotter's hard-clip limits are not plotted.
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3. Real — A number where the integer portion is from ~-67 108 863 (-226+1)
to 67 108 863 (226-1)*, and the optional decimal fraction has a maximum
of 10 significant digits, additional digits are ignored. You may omit the
decimal point when no decimal fraction is specified. If you don’t specify a
sign, the parameter is assumed to be positive. Using a number outside this
range causes an error.

User units are real.

4. Clamped Real — A number where the integer portion is from

-32 767.9999 (-2'5+1) to 32 767.9999 (215~1), and the optional decimal
fraction has a maximum of 10 significant digits, additional digits are
ignored. You may omit the decimal point when no decimal fraction is
specified. If you don’t specify a sign, the parameter is assumed to be
positive. 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
plotter treats all numbers between 32 767 and 67 108 863 as 32 767.

Certain instructions have parameters 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 causes an error.

5. Label — Any sequence of characters. Refer to the label (LB) instruction
in Chapter 6 for a complete description.

When you see the term current units in a parameter table, the format of that
parameter depends on whether scaling is on or off. When scaling is on, the
format is interpreted as real (user units); when scaling is off, the format is
interpreted as integer (plotter units). '

NOTE: The plotter does not understand exponential format (i.e., 6.03EB). If
you are using a computer or language that uses exponential format, you must
use integer variables or a formatting technique to output fixed-point real
numbers. B

*Numbers within this range do not cause errors; however, the range exceeds the plotter’s
physical plotting area. Numbers greater than the plotter’s hard-clip limits are not plotted.
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Program Errors and Messages

If your plot is not drawn as you expected, you probably have an error in your
program. There are two types of errors: those related to HP-GL/2 instructions
and those related to device-control instructions. When you have an error, you
can send either the output error (OE, Chapter 10) or the output extended
error (ESC.E, Chapter 11} instruction to ‘read’ the error. The OE instruction
sends back a number(s) representing an HP-GL error(s); ESC.E sends back a
number(s) representing a device-control error(s).

HP-GL/2 Errors

The following table lists each error number, its meaning, and the probable
cause of the error. Note that the plotter may or may not complete your plot
correctly, depending on the severity of the error. Error number 0 indicates
that no error has occurred.

HP-GL/2 Errors o

Error # Meaning Description

1 Unrecognized command | A mnemonic is incorrect or missing;
an alphabetic character was specified
in a parameter when a numeric char-
acter was expected.

2 Wrong number parame- | Too few or too many parameters; an
ters incomplete X,Y coordinate pair.
3 Out-of-range or invalid A parameter is out of range.
parameter
S Unknown character set | An unknown character set value used
with AD or SD.
6 Position overflow A single label is so long that it exceeds

the numeric range, or the number of
relative moves is so great that it caused
an overflow.

7 Buffer overflow/out of The dynamically allocated polygon and
memory downloaded character buffer over-
flowed or the plotter’s disc overflowed.
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The plotter ignores the instruction causing the error in the following cases.

¢ The instruction is not recognized.

® The instruction is missing a required parameter(s).
® The instruction has an out-of-range parameter(s).
The plotter partially ignores an instruction in the following cases.

¢ The instruction is sent with more parameters than necessary — The

plotter ignores the extra parameters and executes the instruction as
normal.

® An PA, PD, PR, or PU instruction has a parameter exceeding the

numeric range — The plotter ignores out-of-range parameter and all
subsequent parameters.

® AD, LA, or SD instruction has a parameter exceeding the parameter

range — The plotter ignores the pair containing the out-of-range parame-
ter and executes all other valid pairs.

The plotter ignores all plotting instructions when you move the pen to a posi-
tion exceeding the plotter’s numeric range, either with an single instruction or
as a result of several instructions. (This is error 6, position overflow.)

When the plotter has an error 6, it ignores all plotting instructions until it
receives an absolute instruction moving the pen back to a position within the
plotter’s numeric range.

Device-Control Errors

M
M
s

The following table lists each error number, its meaning, and the probable
cause of the error. Error number 0 indicates that no error has occurred.

2 2 3
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Device-Control Errors

Error #

Meaning

Description

10

11

12

13

14

15

16

18

Bad output request

Bad byte after ESC.

Bad byte in I/O control

Bad parameter

Too many parameters

Bad transmission

Buffer overflow

Indeterminate error

(RS-232-C only) New output was re-
quested before previous ouput was
finished being transmitted. The new
output will be ignored (thus causing
the error).

Invalid character received after first
two characters (ESC.) in a device-
control instruction.

Invalid character received while pars-
ing a device-control instruction. The
parameter containing the invalid char-
acter and all following parameters are
defaulted.

One or more parameters are out of
range.

Too many parameters received. Addi-
tional parameters beyond the proper
number are ignored; parsing of the
instruction ends when a colon {normal
termination) or the next ESC charac-
ter (abnormal termiation) is received.

(RS-232-C only) A parity error has
been detected.

(RS-232-C only) The physical input
buffer has overflowed. As a result, one
or more characters have been lost; an
HP-GL/2 error will probably occur.

Input error of indeterminate cause.
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DF, Default Values

USE: Sets certain graphics functions to their factory default settings. Use DF
to return the plotter to a known state while maintaining the current locations
of P1 and P2. When you use DF at the beginning of a program, graphics pa-
rameters such as character size, slant, or scaling are not inherited from an-

other program.

SYNTAX: DF(;)

REMARKS: The DF instruction resets the plotter to the following conditions.

Function

Equivalent
Instruction

Default
Condition

Anchor Corner

Alternate Font Definition

Chord Tolerance Mode

Absolute Direction

Define Label Terminator

Define Variable Text
Path

Extra Space
Fill Type
Input Window
Line Attributes

Label Origin

AC

AD

CT
DI1,0

DT
DV

ES

w

LA

LO1

Lower-left corner of hard-
clip limits.

Roman8, fixed spacing, fixed
stick typeface.

Degrees mode.

Character direction parallel
to X-axis.

ETX and printing mode.

Text printed left to right with
normal line feed.

No extra space.
Solid fill.
Hard-clip limits.

Butt ends, mitered joins, and
miter limit=S$.

Standard labeling starting at
current location.
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(Continued)
Equivalent Default
Function Instruction Condition

Line Type LT Solid line, relative mode,
pattern length=4% of diago-
nal distance from P1 to P2.

Plotting Mode PA Absolute plotting.

Polygon Mode PMOPM2 Polygon buffer cleared.

Raster Fill RF Solid black.

Scale SC User-unit scaling off.

Standard Font Definition SD Roman8, fixed spacing, fixed
stick typeface.

Character Size Absolute SI Width=0.285 cm
Height=0.375 cm

Character Siant SL No slant.

Symbol Mode SM Off.

Select Font SS Standard font.

Transparent Data D Normal printing mode.

User-Defined Line Type UL Defaults all 8 line types.

In addition, the carriage-return point for labeling is updated to the current pen

position.
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The following plotter conditions are not affected by a DF instruction.
®* Locations of P1 and P2.

® Current pen, its location, width, width unit selection, and up/down
position.

* Plot size.
* Plot rotation.
® Generated errors (not cleared).

* Escape sequences.

RELATED
INSTRUCTIONS: IN, Initialize

FR, Frame Advance

USE: Advances the media to align adjacently drawn frames, forming the
equivalent of a long axis plot. The plotter treats each frame as a separate win-
dow and plots only the data falling within that frame. (Using the plot size (PS)
instruction for long-axis plotting is simpler and faster than than FR.)

SYNTAX: FR(;)

REMARKS: The length parameter of the plot size (PS) instruction determines
the frame size. After each frame advance, the plotter-unit origin moves to the
lower-left corner of the current frame. The P1 and P2 values adjust to reflect
this change. The physical location of P1 and P2 are retained, but the logical
location relative to the current origin changes.

The length advanced with an FR instruction is shorter than that of a PG in-
struction; the margins between the plotter areas are deleted so that the frames
share a common edge.

FR clears the polygon buffer.

RELATED
INSTRUCTIONS: PS, Page Size
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IN, Initialize

USE: Resets most plotter functions to their default settings. Use IN to
return the plotter to a known state and to cancel settings that may have
been changed by a previous program. The IN instruction clears existing 1/0
or HP-GL/2 error condition without affecting handshake protocol.

SYNTAX: INn(;)
or
ING)

Parameter Format Functional Range Default

n integer for1 no parameter

REMARKS: The plotter implements the parameters as follows.

* No Parameter — Defaults all programmable HP-GL/2 features to the
factory set conditions.

* n — Defaults all programmable HP-GL/2 features to the factory set condi-
tions. Equivalent to (/NV).

The IN instruction sets the plotter to the same conditions as the DF instruc-
tion, plus the following additional conditions.

® Raises the pen (PU).
¢ Returns pen location to lower-left corner of the hard-clip limits (PA0,0).
* Cancels plot rotation (RO).

* Sets P1 and P2 to the lower-left and upper-right corners, respectively, of
the hard-clip limits (/P).

* Sets plot length to approximately 1)4 times the paper width (PS).
® Sets pen width mode to metric, units are in millimetres (WU).

¢ Sets the pen width to 0.35 mm (PW).

* (Clears HP-GL/2 errors.

In this manual, all program examples begin with (/N) to clear unwanted con-
ditions from the previous program.
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RELATED
INSTRUCTIONS: DF, Default
OS, Output Status

IP, Input P1 and P2

USE: Establishes new or default locations for the scaling points P1 and P2.
P1 and P2 are used by the scale (SC) instruction to establish user-unit
scaling. You can also use IP in advanced techniques such as plotting mirror
images, enlarging/reducing plots, and enlarging/reducing relative character size
or direction (refer to Chapters 7 and 9).

SYNTAX: [IPPIX,P1yY(,P2X, P2Y;)

or
IP(;)
Parameter Format Functional Range Default
X.,Y coordinates integer —67 108 863 hard-clip
to 67 108 863 limits*

*The hard-clip limits, in plotter units, of the D-size plotter are (0,0) to (35 376,24 000); the
hard-clip limts of the E-size plotter are (0,0) to (47 568,35 840).

REMARKS: The default location of P1 is in the lower-left corner of the
hard-clip limits; the default location of P2 is in the upper-right corner of
the hard-clip limits, as shown in the following illustration.
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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
have been rotated, P1 and P2 locations change to reflect the rotation. M

X,Y Coordinates — Specify the location of P1 and P2 in plotter units. If
either coordinate of P1 equals the corresponding coordinate of P2, the
coordinate(s) of P1 is incremented by 1 plotter unit.

If you specify P1 and P2 beyond the hard-clip limits, your plot is scaled
with respect to those locations; however, only the portion of the plot fitting
within the hard-clip limits is drawn.

Specifying P2 is not required. P2 tracks P1 and its coordinates change so
that the distances of X and Y between it and P1 stay the same. This
tracking process can cause P2 to end up located outside the hard-clip lim-
its. Used carefully, the tracking function can be useful for preparing more
than one equal-sized plot on one page. For an example, refer to Drawing
Equal-Sized Pictures on One Page, in Chapter 8.
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The locations of P1 and P2 interact with the commands DR, IW, LB, PW,
RO, SC, SR, and WU. An IP instruction remains in effect until another IP
instruction is executed, an IR instruction is executed, or the plotter is
initialized.

RELATED
INSTRUCTIONS: SC, Scale
RO, Rotate Coordinate System

SPECIAL ERRORS:

Condition Error Plotter Response

1 or 3 parameters 2 ignores instruction

IR, Input Relative P1 and P2

USE: Establishes new or default locations for the scaling points P1 and P2
relative to the hard-clip limits. P1 and P2 are used by the scale (SC) instruc-
tion to establish user-unit scaling. IR can also be used in advanced techniques
such as plotting mirror images, enlarging/reducing plots, and enlarging/reducing
relative character size or direction (refer to Chapters 7 and 9).

SYNTAX: IRPIX,PIY(,P2X,P2Y;)

or
IR(;)
Parameter Format Functional Range Default
X,Y coordinates clamped real -32 767.9999 0,0,100,100%
to 32 767.9999

REMARKS: When P1 and P2 are set using IR, the scaled area is page-size
independent.

¢ No Parameters — Defaults P1 and P2 to the lower-left and upper-right
corners of the hard-clip limits, respectively.

® X,Y Coordinates — Specify the location of P1 and P2 as percentages of
the hard-clip limits. If either coordinate of P1 equals to the corresponding
coordinate of P2, the coordinate(s) of P2 is incremented by 1 plotter unit.

Sending the instruction (/R25,25,75,75) set P1 and P2 create an area half
as high and half as wide as the hard-clip limits in the center of the page,
as shown in the following illustration.
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100%
New P2

75% r———=——- -4

i |
50% & [ } Hard-clip

} limits
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New P1 /
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P1 or P2 can also be set outside the hard-clip limits by specifying
parameters less than zero and greater than 100. For example, sending
(IR-50,0,200,100) would set P1 and P2 as shown in the following
illustration.

New P2

we— T - "= —e
75% [

50%

26% [ Hard-clip

% limits
—— — — —— o . —_— e
New P1 0.0 26% 50% 75% 100%

If you specify P1 and P2 beyond the hard-clip limits, your plot will be
scaled with respect to those locations; however, only the portion of the
plot fitting within the hard-clip limits will be drawn.

Specifying P2 is not required. 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 end up located outside the hard-clip lim-
its. Used carefully, the tracking function can be useful for preparing more
than one equal-sized plot on one page. For an example, refer to Drawing
Equal-Sized Pictures on One Page in Chapter 9.

NOTE: The specified percentages are converted to the equivalent plotter
unit coordinates; if the coordinate system orientation subsequently changes
(e.g., by sending an RO instruction) the plotter unit position is
maintained. B
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The locations of P1 and P2 interact with the commands DR, IW, LB, PW,
RO, SC, SR, and WU. An IR instruction remains in effect until another IR
instruction is executed, an IP instruction is executed, or the plotter is
initialized.

RELATED
INSTRUCTIONS: SC, Scale
RO, Rotate Coordinate System

SPECIAL ERRORS:

Condition Error Plotter Response

1 or 3 parameters 2 ignores instruction

PG, Advance Page

USE: Terminates the plot being sent, then rasterizes and draws it, thus ad-
vancing the media one page-length and establishing the new pen location at
the plotter-unit origin at the lower-left corner of the hard-clip limits. Refer to
the plot size (PS) instruction to specify page length.

SYNTAX: PG(n);
or
PG;

NOTE: The PG instruction, with or without parameters, must¢ be termi-
nated with a semicolon. W

Parameter Format Functional Range Default

n clamped integer -32 767 to 32 767 no parameter

REMARKS: You must include a PG instruction at the end of your program
for the plot to be drawn automatically. If you do not end with (PG;), you
must press the control-panel PLOT button for the plot to be drawn.

¢ No Parameters — The PG instruction advances the page only if you have
plotted on the current page.

* n — Any integer (within the plotter’s range) included as a parameter in
the PG instruction forces a page feed whether or not you have plotted on
the media.
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PG moves the current pen location to the lower-left corner of the hard-clip
limits on the next page and raises the pen. PG does not effect P1 and P2 val-
ues or plot rotation.

RELATED
INSTRUCTIONS: PS, Plot Size

PS, Plot Size

USE: Changes the size of the hard-clip limits and sets the X-axis along the
longest edge of the plot. Use PS to simplify long-axis plotting or to minimize
paper waste when drawing small plots.

SYNTAX: PSlength(,width;)

or
PS(;)
Parameter Format Functional Range Default
length integer 400 to 609 920 plu machine dependent*”
width integer machine dependent®* | paper width

* The width range for the D/A1-size plotter is 400 to 24 000 plu; the width range for the
E/A0-size plotter is 400 to 35 840 plu.

** The default for the length parameter on the D/A1-size plotter is 35.4 in. (884 mm); the
default length on the E/AO0-size plotter is 47.8 in. (1189 mm).

REMARKS: Send PS, immediately after the IN instruction (IN defaults PS)
and before any drawing instructions. (DF does not default PS.)

® No Parameters - Defaults the plot width to the paper width and the plot
length to approximately 11/, times the width.

¢ Length — Establishes the new length, in plotter units, of the hard-clip
limits. The length is always in the rollfeed direction of the media. The
maximum length for a single plot is approximately 50 feet.

® Width — Establishes the new width, in plotter units, of the hard-clip
limits. The width is always the horizontal direction.

PS automatically orients the coordinate system so that the X-axis is parallel to
the longest edge of the plot. P1 and P2 are defaulted to the lower-left and
upper-right corners of the hard-clip limits.
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The following illustrates the direction of the X-axis when the length parameter
is greater than or equal to the width parameter (i.e., the longest edge is in the
rollfeed direction). When the width parameter is less than the paper width,
the plot is centered, leaving equal margins on the left and right.

Equal Margins
Edge of paper Length 4 Edge of plot
(X-axis)
Width
(Y-axis)
H 3
yAR VA /

‘When both dimensions of a plot are less than or equal to the paper’s width,
specify the smaller dimensions as the length to conserve paper. The advance
page (PG) instruction will advance the paper by the distance of the length pa-

rameter plus the necessary white space between plots (8.89 cm). The following

illustration table lists standard small paper sizes and equivalent PS parameters.
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Standard Paper Sizes

Equivalent PS Parameters

English
8 ¥% x 11 in. (A-size)

11 X 17 in. (B-size)
17 X 22 in. (C-size)

Metric
210 X 297 mm (Ad-size)

297 x 420 mm (A3-size)

420 X 594 mm (A2-size)

(PS8636,11176)
(PS11176,17272)
(PS17272,22352)

(PS8400,11880)
(PS11880,16800)

(PS16800,23760)

NOTE: Axis orientation always occurs after any clipping imposed by machine
hardware. For example, the instruction (P529000,35000) is oriented differ-
ently on D-size and E-size plotters. A D-size plotter automatically clips the
width to the hard-clip limit of 24 000 plotter units; the resulting width is

24 000 and the length is 29 000. No autorotation takes place, as shown in the
following illustration. On an E-size plotter, the length parameter is in the
rollfeed direction but the X-axis is along the longest edge of the plotter. B
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Paper
movement

(PS29000,35000)

If a rotate coordinate system (RO) instruction is sent after PS, the direction of
the X-axis will change. The implementation of RO is relative to the auto-
rotated position. PS sent after RO does not change the RO rotation, but does
update the autorotation to the new longest side.

PS clears the polygon buffer.

RELATED

INSTRUCTIONS: FR, Frame Advance
OH, Output Hard-Clip Limits
PG, Advance Full Page
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PW, Pen Width

USE: Specifies a new width for the logical pen. Subsequent lines are drawn in
this new width. Use PW to distinguish lines and enhance your plots.

SYNTAX: PWwidth(,pen;)

or
PW(;)
Parameter Format Functional Range Default
width clamped real =32 767 to 32 767 dependent*®
pen (ignore all but 0) (ignore) (ignore)

*Dependent on the mode set by the pen width unit selection (WU) 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 FP1 to P2.

REMARKS: You may change widths as often as you like, and do not need to
send an SP again. If the pen is down when you chanpe the width, the new
width takes affect at the next pen down. If you use WU to change the units of
the width parameter (metric or relative), send the WU before PW.

® No Parameters — Defaults the pen line width according to the current
units set by WU: 0.35 mm if metric; 1% of the diagonal distance from P1
to P2 if relative.

® Width — Specifies the line width. Widths greater than 0.80 are set to the
value specified. When specifying a width less than 0.80 mm, you are
limited to the following widths. Lines of these widths always have round
line caps and joins.

Line Widths (mm) Pixel Widths
0.125 2
0.1875 3
0.25 4
0.3125 5
0.375 6
0.50 8
0.625 10
0.6875 11

NOTE: Plotter performance is best for line widths less than 0.80 mm. m
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The width of a line less than or equal to 0.8 mm drawn on (parallel to) the
soft-clip limit is not clipped. The width of a line greater than 0.8 mm drawn
on (parallel to) the soft-clip limit is clipped, which can result in a line width
that is less than 0.8 mm.

NOTE: Pen width does not set the width of lines in labels. The width of lines
in labels is determined by the stroke weight attribute of the alternate font defi-
nition (AD) or standard font definition (SD) instruction.

A PW instruction remains in effect until another PW instruction or a WU
instruction is executed. PW is not defaulted by the default values (DF)

3 31 3 1

instruction.
EXAMPLE:
10 ‘Insert configuration statement here
20 PRINT #1, "INPS5000,7000SP1PA3500,2500"
30 PRINT #1, "PWl.5PD4500,2800,4500,1800,35¢0,1500,

3500,2500"

40 PRINT #1, "PW.8PD2300,2900,2300,1900,3500,1500"
50 PRINT #1, "PW.5PU2300,2900PD3300,3200,4500,2800"
60 PRINT #1, "PW.25PU4500,1800PD3500,2106"
70 PRINT #1, "PG;"
80 END
~ Line 50
Line 60
4 N
Line 40 Line 30

RELATED
INSTRUCTIONS: SP, Select Pen

WU, Pen Width Unit Selection

SPECIAL ERRORS:
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Condition Error Plotter Response
pen number = 0 3 ignores instruction
RP, Replot

USE: Draws multiple copies of plots. Since the plot is already stored in the
plotter, using RP frees the computer while the copies are drawn.

SYNTAX: RPn(;)

Parameter Format Functional Range Default
n clamped integer 1to 32 767 1

REMARKS: Use the RP instruction at the end of your plot either following or
in place of the advance page (PG) instruction.

® n — Selects number of copies to be made.
If the stored plot is not terminated by a PG instruction, RP terminates the
plot and makes the requested number of copies. If the stored plot is ter-

minated by a PG instruction, RP makes the requested number of copies in
addition to the original copy.

The plotter ignores RP when printing the current page would produce no
marks, i.e., the page is ‘clean’.

RELATED
INSTRUCTIONS: PG, Advance Page

Setting Up Your HP-GL/2 Program 2-33



SC, Scale

USE: Establishes a user-unit coordinate system by mapping user-defined coor-
dinate values onto the scaling points P1 and P2. Use SC to plot in units con-
venient to your application. In addition, use SC to establish automatic isotropic
scaling or to relocate the origin and set a specific ratio of plotter units to user
units.

SYNTAX: SCXmin, Xmax,Ymin, Ymax (,type(,left,bottom;))

SCX?nl;n,X factor, Ymin, Ytactor, type (;)
SC(Sr
Parameter Format Functional Range Default
Xmin real -67 108 863 to 67 108 863 —
Xmax real —67 108 863 to 67 108 863 —
Ymia real —67 108 863 to 67 108 863 —
Ymax real -67 108 863 to 67 108 863 —
type clamped integer Oto 2 0
left clamped real 0 to 100% 50%
bottom clamped real 0 to 100% 50%
Xtactor clamped real -32 767.9999
to 32 767.9999* -
Ytactor clamped real =32 767.9999
to 32 767.9999* —

*Excluding zero and values approaching zero

REMARKS: For a discussion of the basic concept of scaling, refer to Using
Scaling earlier in this chapter.

There are three forms of scaling: anisotropic, isotropic, and point-factor. The
type parameter tells the plotter which form you are using. Anisotropic and iso-
tropic set up standard user-unit scaling. Point-factor scaling aliows you to move
the origin while maintaining a specific ratio of plotter units to user units.
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* No Parameters — Turns off scaling; subsequent coordinates are in plotter
units.

FORMS 1 and 2: SCXmin, Xmax, Ymin, Ymax (, type(,left,bottom;))

These forms of scaling, anisotropic and isotropic, establish a user-unit coordi-
nate systemn by mapping user-defined coordinate values onto the scaling points
P1 and P2. The type parameter selects between anisotropic and isotropic scal-
ing.

*  Xmin, Xmax, Ymin, Ymax — Represent the user unit X- and Y-axis ranges,
respectively. As a result, the first and third parameters (Xmin and Ymin) are
the coordinate pair that is mapped onto P1; the second and fourth
parameters (Xmax and Ymax) are the coordinate pair that is mapped onto
P2. For example, (5C0,15,0,10) specifies P1 as (0,0) and P2 and
(15,10). This is different from the 1P instruction, where the parameters
are expressed as X,Y coordinate pairs rather than as ranges.

NOTE: Xmin cannot be set equal to Xmax, and Ymin cannot be set equal to
Ymax. W

As their names suggest, you will normally want to specify Xmin smaller than
Xmax, and Ymia smaller than Ymax. If you specify Xmin larger than Xmax and
Ymin larger than Ymax, your plot is drawn as a mirror image, reversed and/or
upside down, depending on the relative positions of P1 and P2.

The parameters of the SC instruction are always mapped onto the current P1
and P2 locations. 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 dis-
tance between P1 and P2 after an SC instruction is executed.

* Type — Specifies anisotropic or isotropic scaling.

0 Anisotropic scaling. Allows a user unit to be different sizes along
the X-axis and the Y-axis. Plotted shapes are distorted when you
use anisotropic scaling. For example, a circle might be drawn as an
ellipse (oval-shaped) rather than a circle.

1 Isotropic scaling. Produces user units which are the same size on
both the X- and Y-axes. The following illustrations show how the
plotter adjusts the location of of (Xmia,Ymin) and (Xmax,Ymax) to
create the largest possible isotropic area within the P1/P2 limits.
(Remember the user units are always square regardless of the shape
of the isotropic area.)
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P1/P2
Hard-clip / > limits

limits
\P1
(8C0,10,0,10,1)
> P1/P2
Hard-clip limits
limits

(5€0,20,0,10,1)

Left, Bottom — Positions the isometric area in the P1/P2 limits. (These
parameters are ignored when anisotropic scaling is specified.) The left
parameter indicates the percentage of the unused space on the left of the
isotropic area; the bottom parameter indicates the percentage of unused
space below.
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P1

P1

The isotropic area is normally centered with the unused space equally di-
vided between left and right or top and bottom, as shown in the previous
illustrations. Thus, the defaults of the left and bottom parameters are 50%.

Although you must specify both parameters, the plotter applies only one:
the left parameter applies when there is extra horzontal space; the bottom
parameter applies when there is extra vertical space. The following exam-
ples illustrate left and bottom parameters of 0% and 100%.

Left, Bottom = 0,0

1|(10,10)

(0.0)
(sC0,10,0,10,1,0,0)

P2 P2
(20,10
————————————— —e
P1 [0.0)
(§€0,20,0,10,1,0,0)
Left, Bottom = 100,100
P1 P2

T
|
|
|
[
[
|
|
[

i

(0.0)

(§C0,10,0,10,1,100,100)

{10,10) R - | t1e8,10)

Pi

(5§€0,20,0,10,1,100,100)
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FORM 3: SCXmin, Xtactor, Ymin, Ytactor, type(;)

The third form, point-factor scaling, sets a specific ratio of plotter units to user
units and establishes the user-units coordinate of P1.

®  Xnmin,Xtactor, Ymin, Ytactor —~ Establish the user unit coordinates of P1 and the
ratio of plotter to user units. Xmin and Ymin are the user unit coordinates of
P1. Xractor sets the number of plotter units per user unit on the X-axis;
Ytactor sets the number of plotter units per user unit on the Y-axis.

* Type — Must be 2 for this type of scaling.

An SC instruction remains in effect until another SC instruction is executed,
or the plotter is either initialized or set to default conditions.

EXAMPLE: The following examples explain the effect of several parameter
selections. '

(5C0,1,0,1,2) moves the origin to P1 and establishes a one-to-one ratio of
plotter to user units. This allows you to continue plotting in plotter units with
the advantage of using real numbers.

(SC0,40,0,40,2) allows scaling in millimetres since 1 millimetre = 40 plotter
units. Each user unit will be 1 millimetre.

(SC0,1.016,0,1.016,2) allows scaling in thousandths of an inch since
1 inch = 1016 plotter units. Each user unit will be }{go0 of an inch.

While scaling is on (after either form of the SC instruction has been exe-
cuted), only those plotting instructions that can be issued in ‘current units’ are
interpreted as user units; the instructions that can only be issued in plotter
units are still interpreted as plotter units. (The syntax section of each instruc-
tion tells you what kind of units each parameter requires.)

Remember that the SC parameters are mapped onto the current locations of
P1 and P2. P1 and P2 do not represent a graphic limit; therefore, the new
user-unit coordinate system extends across the entire range of the plotter-unit
coordinate system. Thus, you can plot to a point beyond P1 or P2, as long as
you are within the hard-clip limits. For example, you can plot from the point
(-1,3.5) to the point (5.5,1.5) as shown in the following illustration.
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70
] R - P2 "~ Hard-clip
(-1,3.5) | i limits
|
‘\:ﬂ-\i\, P1 = 0.0 (user units)
- (5.5,1.5)
4 0 P2 = 5,5 (user units)
] P1_ | ] 1 1 ! ]
1 1 2 3 4 5 6
-1
RELATED
INSTRUCTIONS: IP, Input P1 and P2
SPECIAL ERRORS:
Condition Error Plotter Response
no parameters none turns scaling off
more than 7 parameters 2 executes first 7 parameters
6 parameters or less than 4 2 ignores instruction

parameters

Xmip=Xmax Or Ymin=Ymax
or 3 ignores instruction
number out of range

Xiactor=0 or Yiactor=0 3 ignores instruction
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SP, Select Pen

USE: Selects the plotter’s ‘logical’ pen for subsequent plotting. An SP instruc-
tion must be included in the beginning of each program for the plotter to
draw.

SYNTAX: SPpen number(;)

or

SP(;)
Parameter Format Functional Range Default
pen number integer 0 to 67 108 863 0

REMARKS: Although your plotter does not have physical pens, for the pur-
pose of compatibility it has a ‘logical’ pen which you must select to draw your
plot.

® No Parameters — Cancels pen selection; subsequent plotting instructions
are not drawn. Equivalent to (SP0).

¢ Pen Number — Selects the plotter’s ‘logical’ pen. The plotter will not
draw unless an SP is sent.

0 Cancels pen selection; subsequent plotting instructions are not drawn.
Not required at end of program.

1 Selects the pen. (Since there is only one logical pen, numbers greater
than 1 are interpreted as 1.)

Use the pen width (PW) instruction to change the line width. You may change
widths as often as you like, and do not need to send an SP again.

RELATED
INSTRUCTIONS: PW, Pen Width
WU,Pen Width Unit Selection
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WU, Pen Width Unit Selection

USE: Specifies how the width parameter of the pen width (PW) instruction is
interpreted, in metric or relative units.

SYNTAX: WUrype(;)
or
wuU()

Parameter Format Range Default
type clamped integer Oor1 0 (metric)

REMARKS: Since using WU, with or without parameters, defaults all pen
widths you should send WU before PW (which sets a new pen width).

¢ No Parameters — Defaults all pen widths according to the current units
set by WU: 0.35 mm if metric; 1% of the diagonal distance from P1 to P2
if relative.

¢ Type — Specifies how the width parameter of the pen width (PW) instruc-
tion is interpreted.

0 Metric. Interprets the pen width parameter in millimetres.

1 Relative. Interprets the pen width parameter as a percentage of the
diagonal distance between P1 and P2.

A WU instruction remains in effect until another WU instruction is executed,
or the plotter is initialized. WU is not defaulted by the default values (DF)
instruction.

RELATED
INSTRUCTIONS: PW, Pen Width
SP, Select Pen
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Drawing Lines

The information in this chapter enables you to achieve the following results in
your programs.

¢ Draw lines.

¢ TUse absolute and relative coordinates when plotting.

¢ Encode coordinates to greatly increase your plotter’s throughput.
The following instructions are described in this chapter.

PA, Plot Absolute
PD, Pen Down

PE, Polyline Encoded
PR, Plot Relative

PU, Pen Up

Pen Position and Location

Although your plotter does not have physical pens, for the purpose of com-
patibility it has a ‘logical’ pen to which pen instructions apply. Terminology
such as pen position and location refer to this logical pen.

Pen Position

Pen position refers to whether the pen is up or down. Use the pen up (PU)

instruction to raise the pen and move to the desired plotting location. Use the
pen down (PD) instruction to lower the pen and begin drawing. You must be
aware of the pen’s position (up or down) to avoid drawing stray lines between

figures.
Every time you use a PU or PD instruction the plotter updates the pen up/

down position information. Most HP-GL/2 instructions plot according to the
current pen up/down position. The instructions in the following list have an
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automatic PD instruction and return the pen to its previous up/down position
after execution.

The instructions in the following list have an automatic pen down instruction
and return the pen to its previous up/down position after execution.

CI, Circle

EA, Edge Rectangle Absolute
ER, Edge Rectangle Relative
EW, Edge Wedge

FP, Fill Polygon

LB, Label

RA, Fill Rectangle Absolute
RR, Fill Rectangle Relative
SM, Symbol Mode

WG, Fill Wedge

NOTE: Whenever the plotter receives a pen down instruction, it produces a
dot at the next coordinate. (This simulates the dot created when a pen plotter
lowers its pen to the media.) If the pen is already down when the plotter re-
ceives an instruction with an automatic pen down, a second dot is produced at
the same coordinate. Refer to the following illustration.

For best results, include a pen up (PU) instruction before any instruction with
an automatic pen down. W

The definition of the instruction will tell you whether it has an automatic pen
down. If part of your plot isn't drawn, make sure your program uses the PD
instruction before the affected instructions. When you turn on the plotter or
return it to default conditions using the initialize (IN) instruction, the pen po-
sition is up.
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Pen Location

Pen location refers to the X,Y coordinates of the current plotting location (the
point at which the next plotting instruction will be drawn.) Whenever a plot-
ting instruction is completed, the pen location is updated to the current point.
The next instruction begins at the current pen location. Use the pen up (PU)
instruction to move the pen and change the current pen location.

Some instructions do not update the current pen location. For example, after
the circle (Cl) instruction finishes drawing a circle, it returns to the previous
pen location. The definition of each instruction will tell you whether the cur-
rent pen location is updated or restored.

The DF instruction does not reset the current pen location; the IN instruction
moves it to the lower-left corner of the hard-clip limits. You must specify your
beginning pen location for each plot.

Absolute and Relative Movement

The plot absolute (PA) and plot relative (PR) instructions allow you to set
whether you want to draw using absolute or relative movement. Absolute
movement uses X,Y coordinates to specify an exact, fixed point relative to the
origin (0,0). In the following illustration the coordinates (3,8), (5,4), and
(8,1) are always in the same place with respect to the origin, no matter where
the pen is when the coordinates are issued.

Drawing Lines 3-3



Y-axis
‘J_«E i 2
B {
1 s
{ : i
' i
11 @ :
M i
: l‘ -
' 5 4 E
] +—
Lo H :
S S S R I T —
to (54) : i P
- L 4 i R N
S b1t
! / i : i i3 ;
" | B —
ENEEEEERRENE
3 § L i N
TOrgn T = N B
¢ oo 't I
(0.0) ¢ ! e N R S
q N 14 s
/i N :5 R R
- — Tt X-axls

Absolute Coordinates

Relative movement uses X,Y increments to specify the number of units the
pen moves from its current pen location. As with absolute coordinates, the
units can be user units or plotter units. All instructions that use relative incre-
ments include ‘relative’ in their name (except the PE instruction).

For example, assume that the pen is currently at the origin. To get to the
same previously shown absolute points using .relative coordinates, count 3 units
to the left and 8 units up from the current pen location; these are both posi-
tive directions with respect to the origin. This is the relative location (3,8).
Now move § 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).
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Relative Coordinates

Relative movement is very useful in many applications where you know the
dimensions of the shape you want, but don’t want to calculate the absolute
coordinates. For example, if you knew you wanted a box 4 X-units by

8 Y-units, you could use the edge relative rectangle (ER) instruction (which
draws from the current pen location to the increments given)} to draw the box
without having to calculate the absolute coordinates of the opposite corner.

NOTE: Relative increments add to the current pen location. The plotter
automatically converts the new relative location to absolute coordinates and
updates the current pen location. Using relative coordinates increases

throughput. B
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Drawing Lines

You can draw lines between two points (X,Y coordinate pairs) using the PD
instruction and a series of absolute and/or relative coordinate pairs. (If one
(or both) coordinate pair falls outside the plotting area (soft- or hard-clip
limits), the plotter draws only the portion of the line that falls within the
plotting area.)

In the following example, note that the PA instruction sets absolute plotting,
and the coordinate pair (0,0) specifies the beginning pen location.

18 "Insert configuration statement here
2@ PRINT #1, "INPS5000,7000PA2000,0"

3¢ PRINT #1, "SP1PDAA®,®,45,25"

4@ PRINT #1, "PU1050,1060PDAAO,Q,-45,10"
5@ PRINT #1, "PU1000,@PDAAD,B,45PG;"

6¢ END

{0,1500)

Start

(0,0) —> (2500,0)

You can increase your plotter’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 can quadruple
your plotter’s throughput, particularly over an RS-232-C interface. Use PE in
place of PA, PD, PR, and PU.
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PA, Plot Absolute

USE: Establishes absolute plotting and moves the pen to the specified abso-
lute coordinates from the current pen position.

SYNTAX: PA XY (,...;)

or
PA(;)

Parameter Format Functional Range Default

X,Y coordinates | current units -67 108 863 to 67 108 863 -

REMARKS: The plotter interprets the parameters as follows.

No Parameters — Establishes absolute plotting for subsequent
instructions.

X,Y 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 position. If the
pen is up, PA moves the pen to the point; if the pen is down, PA draws a
line to the point. Lines are drawn using the current line width, type, and
attributes.

When you use the symbol mode (SM) instruction, PA draws the specified
symbol at each X,Y coordinate. When you use the polygon mode (PM)
instruction, the X,Y coordinate enter the polygon buffer (are not drawn).

Coordinates are interpreted in current units: as user units when scaling is
on; as plotter units when scaling is off.

RELATED
INSTRUCTIONS: PE, Polyline Encoded

PR, Plot Relative
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SPECIAL ERRORS:

Condition

Error Plotter Response

odd number of coordinates

2 ignores last coordinate

PD, Pen Down

USE: Lowers the plotter’s ‘logical’ pen and draws subsequent graphics instruc-

tions.

SYNTAX: PD X,Y (,...;)

or
PD(;)
Parameter Format Functional Range Default
X,Y coordinates/ | current units | —67 108 863 to 67 108 863 —
increments

REMARKS: This instruction emulates a pen plotter which must lower the pen

to draw lines on the

® No Parameters — Prepares plotter to draw subsequent graphics

instructions.

media.

® X,Y Coordinates/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 plotter draws to

each point in the order given.

Coordinates are interpreted in current units: as user units when scaling is
on; as plotter units when scaling is off.

Whether the PD instruction uses coordinates or 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.
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EXAMPLE:

190 ‘Insert configuration statement here
20 PRINT #1, "INPS5000,70806SP1"
30 PRINT #1, "PAO,0PD2560,0,0,1500,0,0PG;"

- Computer

. Museum

Y

40 END
(0,1500)
Start
e
{0,0)
RELATED

INSTRUCTIONS:

PA, Plot Absolute
PE, Polyline Encoded

PR, Plot Relative

PU, Pen Up
SPECIAL ERRORS:

(2500,0)

Condition

Error

Plotter Response

odd number of coordinates

ignores last coordinate

Drawing Lines
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PE, Encoded Polyline

USE: Reduces the size of your file by representing vectors in base 64 or base
32. Using PE can quadruple your throughput, particularly with an RS-232-C
interface.

SYNTAX: PE((flag)(value)X,Y...(flag) (value)X,Y);

NOTE: Parameter values are sell-terminating; do not use commas with
this instruction. Also, you must use a semi-colon to terminate PE. B

Parameter Format Functional Range Default
flag character S, D, L o T -
value character flag dependent* —
X.,Y coordinates character -67 108 863 to 67 108 863 —

plotter units**

*Refer 1o the table following the parameter description.

**PR and PE have extended ranges of -29' to 23'-1 plotter units. If the current pen position
goes out of this range, the plotter ignores plotting instructions until it receives an absoiute PA
or PE coordinate within the extended ranges.

REMARKS: The PE instruction incorporates PA, PR, PD, PU, and SP. Lines
are drawn using the current line types and attributes, in current units. The
plotter moves to all points with the pen down unless a pen-up flag precedes
the point. Relative mode and base 64 are assumed. In parameter value data,
all spaces, delete characters, and control characters are ignored, as well as
characters 128-160 and 255.

¢ Flag — Indicates how subsequent values should be interpreted. Flags are
ASCII characters. The plotter disregards the eighth bit of a flag, i.e., a
character code of 61 and a character code of 189 both send a ‘=" (the
absolute flag). Flag values are encoded in the same manner as coordinate
data.

Select Pen. Indicates that the subsequent value is the desired pen
number. A PE command without pen select 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.)

3-10 Drawing Lines

1 3 1 0 3 1 1 1 1 ]



-

> Fractional Data. Indicates that the subsequent value specifies the
number of fractional bits contained in the coordinate data. Defaults
to zero.

= Absolute. Indicates that the subsequent coordinate pair is defined by
absolute coordinates.

NOTE: Using absolute and real coordinates reduces the efficiency of the
PE instruction. Relative coordinates produce the most compact data
stream. For best results, scale your plots so that you use only integer
coordinates. &

7 Seven Bit. Indicates that all subsequent coordinate pair values should
be interpreted 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 com-
mand.

Value — Specifies data according to the preceding flag. For example, a
value following a select-pen flag should be a pen number; values following
an absolute flag should be a coordinate pairs. These values are encoded as
discussed under the next parameter (but without fraction adjustment).

The following table lists the functional ranges for the value parameters.

Flag Functional Range
:  Select Pen 0 to 67 108 863
< Pen Up -
> Fractional Data -26 to 26
= Absolute -
7 Seven Bit —

X.,Y Coordinates — Specifies a coordinate pair encoded into a base 64
(default) or a base 32 equivalent. An explanation of encoding follows. Use
base 64 if your system can send 8 bits of data without parity. Use base 32
(7 bit mode) if your system requires a parity bit.

When you use the symbol mode (SM) instruction, PE draws the specified
symbol at each X,Y coordinate. When you use the polygon mode (PM)
instruction, the X,Y coordinate enters the polygon buffer (are not drawn).

Each number in a coordinate pair is represented as zero or more non-
terminator characters, followed by a terminator character. A character is a
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non-terminator or terminator depending on the range it is in, refer to the fol-
lowing table. For example, in base 64 there are 64 non-terminator and 64
terminator characters. Either kind represents a ‘digit’.

Encoding Number Ranges

Non-Terminator Terminator
7-bit Range (base 32) 63-94 95-126
8-bit Range (base 64) 63-126 191-254

A generic algorithm for encoding a number is provided below. Assume x is
the number to be encoded.

1. Fraction adjustment. Multiply x by 27, where n is the number of frac-
tional binary bits specified by the fractional data flag.

a. Multiply the number of decimal places contained in the data by 3.33.
b. Round that number up to the next integer to get integer n.
n = round (decimal places X 3.33)
x=x X 2"
2. Round to an integer. Round the results of step 1 to the nearest integer.
x = round (x)
3. Set the sign bit. If x is positive, multiply it by two. If x is negative,
g;:ltiply the absolute value of x by two and add one. This sgts the sign

if (x>0

x =2 X abs(x)
else

x=2 X abs(x) + 1

4. Convert the number to base 64 or 32. Use base 64 if your system sends
8 bits without parity. Use base 32 is your system sends 7 bits with parity
(seven flag is sent).
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5. Encode the data. Encode each base 64 or 32 digit into the ASCII charac-
ter range, as described below, starting with the least significant digit, and
output each character as it is encoded. The most significant digit uses a
different range than the low order digits. Values following the fractional
data or select pen flag must also be encoded.

Base 64. Encode all the low order bits 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.

Base 32. Encode all the low order bits 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.

while n > base
output CHR$(63 + (n MOD base))
n = n DIV base

end

if base = 64 thenn =191 + n

if base = 32 thenn=95 +n

output CHR$(n)

When using PE (in the default relative mode), the computer program does not
know the current 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, take the following steps.

1. Create a flag called lost in your program.

2. After labeling (or any instruction which changes the current pen location
and does not update it), set lost to false.

3. If lost = true at the beginning or the PE instruction, use an absolute flag
for the next coordinate only (the coordinates will automatically return to
integer).

4, Set lost to false.

NOTE: At the beginning of your program, set lost to true. Then specify the
next coordinate in absolute mode (PA or PE=). W
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EXAMPLE: The following program converts relative real coordinates to

base 64.
19 ‘Insert configuration statement here
2@ PRINT #1, "INPS60¢0,8000SC1,20,1,20,1SP1PU5,5"
30 PRINT #1, "Input number of fractional decimal places in
data"
43 INPUT F
5@ ‘calculate number of fractional binary bits
60 F = F * 3.33
78 F = INT(F)
80 A=F
90 IF F >= 9 THEN F = 2*ABS(F) ELSE F = 2*ABS(F)+1

10¢ F = 191+F

110
124
13¢
140
156
160
179
180
190
200
210
220
230
240
250
269
274¢
280

3-14

PRINT #1, "PE>"+CHRS$ (F)
‘convert coordinate data to base 64
FOR J =1 to 6
READ C
C=C * (274)
C = INT(C)
IF C >= @ THEN C = 2*ABS(C) ELSE C
WHILE C >= 64
PRINT #1, CHR$(63+(C MOD 64))
C = C\64
WEND
C = 191+C
PRINT #1, CHR$ (C)
NEXT J
PRINT #1, " "
PRINT #1 "PG;"

DATA 10.58,06,-5.58,16.67,-5,-10.67
END
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Start

{(-5,-10.67)

(-5.58.10.67)

.Computer
. Museum

5,8

{10.58,0)
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PR, Plot Relative

USE: Establishes relative plotting and moves the pen to specified points with
each successive move relative to the current pen location.

SYNTAX: PR X,Y(,...;)

or
PR(;)
Parameter Format Functional Range Default
X,Y increments | current units | —-67 108 863 to 67 108 863* -

*PR and PE have extended ranges of 23' to 2%'~1 plotter units. If the current pen position
goes out of this range, the plotter ignores plotting instructions until it receives an absolute PA
or PE coordinate within the extended ranges.

REMARKS: The plotter interprets the parameters as follows.

No Parameters — Defaults plotting mode to relative for subsequent
instructions.

X, Y Increments — Specify incremental moves relative to the current pen
location. When you include more than one increment pair, the pen moves
to each point in the order given (relative to the previous point), using the
current pen up/down position. If the pen is up, PR moves the pen to the
point; if the pen is down, PR draws a line to the point. Lines are drawn
using the current line width, type, and attributes.

When you use the symbol mode (SM) instruction, PR draws the specified
symbol at each X,Y coordinate. When you use the polygon mode (PM)
instruction, the X,Y coordinate enter the polygon buffer (are not drawn).

Coordinates are interpreted in current units: as user units when scaling is
on; as plotter units when scaling is off.
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EXAMPLE:

10 “Insert configuration statement here
20 PRINT #1, "INPS5000,7000SP1L"
30 PRINT #1, "PA®,0PDPR2500,0,-2500,1500,0,-1500"

40 PRINT #1, "PG;"
50 END

(-2500,1500)

Start | (0,-1500

(0.0) > (2500,0)
RELATED
INSTRUCTIONS: PA, Plot Absolute
PE, Polyline Encoded
ERRORS:
Condition Error Plotter Response
odd number of coordinates 2 ignores last coordinate
number out of range 3 ignores wrong coordinate and
any subsequent coordinates
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PU, Pen Up

USE: Moves to subsequent points without drawing. Use PU to move between
points without drawing a connecting line.

SYNTAX: PUX)Y (,...;)

or
PUG)

Parameter Format Range Default

X,Y coordinates/ | current units -67 108 863 to 67 108 863 —
increments

REMARKS: This instruction emulates a pen plotter which must raise the pen
to prevent drawing stray lines on the media.

No Parameters — Prevents drawing subsequent graphics instructions
{unless the instruction contains an automatic pen down).

X, Y Coordinates/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 plotter moves to each point in the
order given.

When you use the symbol mode (SM) instruction, PA draws the specified
symbol at each X,Y coordinate. When you use the polygon mode (PM)
instruction, the X,Y coordinate enter the polygon buffer (are not drawn).

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 coordinates or 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.

RELATED
INSTRUCTIONS: PA, Plot Absolute

PD, Pen Down
PE, Polyline Encoded
PR, Plot Relative

SPECIAL ERRORS:

Condition Error Piotter Response

odd number of coordinates 2 ignores last coordinate
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4

Drawing Shape

The information in this chapter enables you to achieve the following results in
your programs.

® Draw rectangles.

® Draw circles, arcs, and wedges.

® Control the smoothness of circles, arcs, and wedges.
The following instructions are described in this chapter.

AA, Arc Absolute

AR, Arc Relative

AT, Absolute Arc Three Point
CI, Circle

CT, Chord Tolerance Mode
EA, Edge Rectangle Absolute
ER, Edge Rectangle Relative
EW, Edge Wedge

RT, Relative Arc Three Point

Drawing Rectangles

You can draw a rectangle by outlining (edging) the defined area using the
edge rectangle absolute (EA) or edge rectangle relative (ER) instructions.
(You can also create shaded (filled) rectangles, covered in the next chapter.)

To draw a rectangle, the plotter uses the current pen location for one corner;

you give the coordinates for the diagonally opposite corner. The plotter draws
the rectangle defined by these two points.
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The following simple program uses EA to draw a rectangle.

10 “Insert configuration statement here
20 PRINT #1, "INPS5000,7000SP1"

3¢ PRINT #1, "PAQ,QOEA2500,1500"

4¢ PRINT #1, "PG;"“

5@ END

(2500,1500)

——f

.

(0,0

Drawing Circles and Arcs

The circle (CI) instruction uses your current pen position as the center of the
circle; you specify the radius of the circle. The arc absolute (AA) and arc

relative (AR) instructions use a similiar method for drawing arcs: Your current
pen location becomes one end of the arc; you specify the center point (setting
the radius) and the number of degrees through which you want the arc drawn.

The following illustration shows a simple program using CI and AA to draw a
circle and an arc.

1@ “Insert configuration statement here

20 PRINT #1, "INPS5000,7000SP1PA2400,25¢0"

30 PRINT #1, "CI500PA4200,2900PDAA4600,2500,-18¢"
40 PRINT #1, "PG;"

50 END
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Current

pen location
(starting point)
{4200,2900)

2400,2500
( ) Radius

Current pen (4600,2500)

location ‘

500 plotter units

You can also draw arcs using the absolute arc three point (AT) and relative
arc three point (RT) instructions. These instructions use three known points
(your current pen location plus two points you specify) to calculate a circle
and draw the appropriate arc segment of its circumference. The arc is drawn
clockwise or counterclockwise, as necessary, so that it passes through the in-
termediate point before the end point. Refer to the following illustration.

Intermediate Intermediate

point point
End Starting End

point point (current point
\ | pen location) |\ |
\ / \ 7
\ / \ /
\ V4 N V4
~ rd ~ r'd
~ ”~ ~ -~

Drawing Wedges

A wedge is a section of a circle. Wedges are commonly used to draw pie
charts. You can draw a wedge by outlining (edging) the defined area using the
edge wedge (EW) instruction. (You can aiso create shaded (filled) wedges,
covered in the next chapter.)

The wedge instruction uses your current pen location as the center point; you
specify the radius, the start angle, and the sweep angle. The radius determines
the length of the two sides of the wedge. The sign (positive or negative)
determines the location of a ‘zero-degree’ reference point. The start angle is
the number of degrees from the zero reference point at which you want to
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draw the first radius. The sweep angle is the number of degrees through which
you want to draw the arc. The following illustration shows the different para-

meters of a wedge with a positive radius.

Sweep angle

Posltive start angle

1

1800 TTE O Foference point
Current /, Frade
pen location N\ /
(starting point) S -7
270°

The following simple program draws a wedge using the EW instruction.

10 ‘Insert configuration statement here
20 PRINT #1, "INPS5000,70600SP1l"

30 PRINT #1, "PA2500,3500EW600,90,60"
40 PRINT #1, "PG;"

50 END
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Chords and Chord Tolerance

To draw curves the plotter draws a series of straight lines, called chords, to
represent each arc segment. The apparent smoothness of the curve depends
on the number of chords used to draw it; the more chords, the smoother the
shape appears. The following illustration shows circles drawn with different
numbers of chords.

8 Chords 12 Chords 72 Chords
The number of chords is determined by the chord tolerance, which can be
specified in two ways: as an angle in degrees, or as the maximum distance
the arc drawn may deviate from the true arc. These two methods are calied

chord angle and deviation distance. Use the chord tolerance mode (CT) in-
struction to select the method you want to use.

Chord Angle

The chord angle method specifies, in degrees, the maximum angle created
when lines from each end of the chord intersect the center point of the circle.

Chord tolerance Arc segment
angle Drawn chord

When you specify the chord tolerance as a chord angle, the curved shape will
always have the same number of chords, regardless of its size. For example, a
circle drawn with the default chord angle of 5 degrees will always have 72
chords. One result is that a large circle will appear less smooth than a smaller
circle having the same chord angle.
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Deviation Distance

Deviation distance specifies, in current units, the maximum distance between
the chord and the arc segment it represents.

Deviation Arc segment

distance
\Q Drawn chord

~.

AN

When you specify a deviation distance, the plotter adjusts the number of
chords in the curved shape to maintain the deviation distance. A small circle
drawn with a specific deviation distance has fewer chords than a large circle
drawn with the same deviation distance.

AA, Arc Absolute

USE: Draws an arc, using absolute coordinates, which starts at the current
pen location and pivots around the specified center point.

SYNTAX: AAX center,Y center,sweep angle(,chord tolerance;)

Parameter Format Functional Range Default
X,Y center current units | —67 108 863 to 67 108 863 -
sweep angle clamped real | -360 to 360 degrees -_
chord tolerance

chord angle* clamped real | 0.5 to 90 degrees S degrees
chord deviation | current units | 0 to 67 108 863 5 degrees

*Chord angle is the default interpretation of chord tolerance.
REMARKS: The AA instruction draws the arc starting at the current pen lo-

cation using the current pen up/down position and line type and attributes.
After drawing the arc, the pen location remains at the end of the arc.
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X,Y Center — 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
were 360 degrees.)

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.

Sweep Angle — Specifies in degrees the angle through which the arc is
drawn. A positive angle draws counterclockwise from the current pen
location; a negative angle draws clockwise.

Chord Tolerance — Specifies the chord tolerance used to draw the arc.
The default is a chord angle of 5 degrees. Refer to the Chords and Chord
Tolerance discussion at the beginning of this chapter or the chord toler-
ance (CT) instruction for information on setting and determining chord
tolerance.

EXAMPLE:

18 “Insert configuration statement here
20 PRINT #1, "INSP1PS5000,7000PA2000,0"
30 PRINT #1, "PDAAD,0,45,25"

49 PRINT #1, "PU1050,1060PDAAD,0,—45,10"
5@ PRINT #1, "PU1000,0PDAAG,D,45PG;"

60 END

Line 30
Line 40

Line 50

Drawing Shapes 4-7



RELATED
INSTRUCTIONS:

AR, Arc Relative
AT, Absolute Arc Three Point

Cl, Circle

CT, Chord Tolerance Mode
LA, Line Attributes

LT, Line Type

PW, Pen Width
RT, Relative Arc Three Point

AR, Arc Relative

USE: Draws an arc, using relative coordinates, which starts at the current pen

location and pivots around the specified center point.

SYNTAX: ARX increment,Y increment,sweep angle(,chord tolerance;)

Parameter Format Functional Range Default
X,Y increments current units | -67 108 863 to 67 108 863 —
sweep angle clamped real [ -360 to 360 degrees -
chord tolerance

chord angle* clamped real | 0.5 to 90 degrees S degrees
chord deviation | current units | 0 to 67 108 863 5 degrees

*Chord angle is the default interpretation of chord tolerance.

REMARKS: The AR instruction draws the arc starting at the current pen lo-
cation using the current pen up/down position and line type and attributes.
After drawing the arc, the pen location remains at the end of the arc.

* X,Y Increments — 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 were 360 degrees.)

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.

¢ Sweep Angle — Specifies (in degrees) the angle through which the arc is
drawn. A positive angle draws counterclockwise from the current pen
location; a negative angle draws clockwise.
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¢ Chord Tolerance — Specifies the chord tolerance used to draw the arc.
The default is a chord angle of S degrees. Refer to the Chords and Chord
Tolerance discussion at the beginning of this chapter or the chord toler-
ance (CT) instruction for information on setting and determining chord
tolerance.

EXAMPLE:

18 “Insert configuration statement here

20 PRINT #1, "INSP1PS5000,7000PA1500,1500PD"
30 PRINT #1, "ARO,2000,80,25AR2000,0,80"

40 PRINT #1, "PG;"

5@ END

Chord angie Default chord
of 25° angle of 5°

RELATED

INSTRUCTIONS: AA, Arc Absolute
AT, Absolute Arc Three Point
CT, Chord Tolerance Mode
LA, Line Attributes
LT, Line Type
PW, Pen Width
RT, Relative Arc Three Point
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AT, Absolute Arc Three Point

USE: Draws an arc segment, using absolute coordinates, from a starting point
through an intermediate point to an end point. Use AT when you know these
three points of an arc.

SYNTAX: ATX inter,Y inter,X end,Y end(,chord tolerance;)

Parameter Format Functional Range Default

X,Y increments current units | -67 108 863 to 67 108 863 -

sweep angle clamped real | -360 to 360 degrees -
chord tolerance
chord angle* clamped real | 0.5 to 90 degrees S degrees
chord deviation | current units | 0 to 67 108 863 S degrees

*Chord angle is the defaull interpretation of chord tolerance.

REMARKS: The AT instruction uses the current pen location and two speci-
fied points to calculate a circle and draw the approprate 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 position. You specify the inter-
mediate and end points. After drawing the arc, the pen location remains at
the end of the arc.

* X,Y Inter — Specify the absolute location of an intermediate point of the
arc. The arc is drawn clockwise or counterclockwise, as necessary, so that
it passes through the intermediate point before the end point.

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.

* X,Y End — Specify the absolute location of the end point of the arc.
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.

®* Chord Tolerance — Specifies the chord tolerance used to draw the arc.
The default is a chord angle of § degrees. Refer to Chords and Chord
Tolerance discussion at the beginning of this chapter.

If the arc is defined by three identical points, the instruction draws a dot.
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If the intermediate point is the same as either the current pen position or the
end point, a line is drawn between the current pen position and the end
point. If the current pen position is the same as the end point, a circle is
drawn, with its diameter being the line from the current pen position to 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 cur-
rent pen location and the end point, two lines are drawn, one from the cur-
rent 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.

", Computer
.. Museum

-— — — / /- :\ —_———
End Current Intermediate
point pen point Hard-
location clip
;;77ﬁmhs
EXAMPLE:

10 ‘Insert configuration statement here

20 PRINT #1, "INPS5000,7000SP1PA10Q0,100PD2500,100"

30 PRINT #1, "PU650,1156PD1000,1150PU650,450PD1006,450"
40 PRINT #1, “PU1000,100PD1000,1500PD2500,1500AT3200, 800,

2500,100"

50 PRINT #1, "PU3200,880PDAT3300,800,3200,700PU3300, 800
PD3500, 800"

90 PRINT #1, "PG;"

100 END
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RELATED
INSTRUCTIONS: AA, Arc Absolute
AR, Arc Relative
CT, Chord Tolerance Mode
LA, Line Attributes
LT, Line Type
PW, Pen Width
RT, Relative Arc Three Point
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Cl, Circle

USE: Draws the circumference a circle using the specified radius and chord
tolerance. If you want a filled circle, refer to the WG or PM instruction.

SYNTAX: Clradius(,chord tolerance;)

Parameter Format Functional Range Default
radius current units | -67 108 863 to 67 108 863 —
chord tolerance

chord angle* clamped real | 0.5 to 90 degrees 5 degrees
chord deviation | current units | 0 to 67 108 863 5 degrees

*Chord angle is the default interpretation of chord tolerance.

REMARKS: The CI instruction includes an automatic pen down. When a CI
instruction is received, the pen lifts, moves from the center of the circle (the
current pen location) to the starting point on the circumference, lowers the
pen, draws the circle, then returns with the pen up to the center of the circle.
After the circle is drawn, the previous pen up/down position is restored. To
avoid leaving a dot at the center of the circle, move to and from the circle’s
center with the pen up.

Each chord of the circle is drawn using the currently defined line type, width,
and attributes. Do not use an adaptive (negative) line type to draw a circle as
the plotter will attempt to draw a complete pattern for every chord (72 in the
default chord angle mode). Always use isotropic scaling in plots that draw cir-
cles; anisotropic scaling may produce an ellipse. Refer to the discussion of
scaling in Chapter 2 and the scale (SC) instruction description for more infor-
mation.

Anisotropic Isotropic
scaling scaling
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Radius — Measured from the current pen location. Coordinates are

interpreted in current units: as user units when scaling is on; as plotter
units when scaling is off.

Chord Tolerance — Specifies the chord tolerance used to draw the arc.
The default is a chord angle of 5§ degrees. Refer to the Chords and Chord

Tolerance discussion at the beginning of this chapter or the chord toler-
ance mode (CT) instruction for information on setting and determining
chord tolerance.

EXAMPLE: Effects of Chord Angle on Circle Smoothness

1@ ‘Insert configuration statement here

2@ PRINT #1, "INPS6000,7000SP1SC-3000,3000,-2000,2000,1"

30 PRINT #1, "PA-17@0,2000CI756,45"

40 PRINT #1, "PA366,2000CI75@,30"

5¢ PRINT #1, “PA-1700,-200CI1750,15"

60 PRINT #1, "PA300,-200CI75QPG;"

78 END

Line 30 Line 40
45-Degree chord angle 30-Degree chord angle

Line 50 \ Line 60
15-Degree chord angle §-Degree chord angle
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Drawing Circles with Different Radii and Line Types

10 “Insert configuration statement here

20 PRINT #1, "INPS5000,7000SP15C~75,75,-75,75,1"
30 PRINT #1, "PA®,@LTCI5SLTOCI-12LT1CI19"

40 PRINT #1, "LT2CI-26LT3CI33LT4CI-4@"

50 PRINT #1, "LT5CI47LT8CI54PG;"

60 END

m————

S ————

RELATED
INSTRUCTIONS: CT, Chord Tolerance Mode
LA, Line Attributes
LT, Line Type
PW, Pen Wdith
SC, Scale
WG, Fill Wedge

Drawing Shapes
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CT, Chord Tolerance Mode

USE: Determines whether the chord tolerance parameter of the AA, AR,
AT, CI, EW, RT, and WG instructions is interpreted as a chord angle in de-
grees or as a deviation distance in current units.

SYNTAX: CTn(;)
or
CT()

Parameter Format Functional Range Default

n integer Oor1 0

REMARKS: A plotted circle or arc actually consists of a series of straight line
segments, or chords that represent arc segments. Increasing the number of
chords increases the smoothness of the circle (but uses more of the plotter’s
disc space). Chord tolerance is defined as the acceptable deviation from a
smooth circle and can be established as either a chord angle or a deviation
distance.

¢ No Parameter — Defaults the chord tolerance to a chord angle. Equiva-
lent to (CT0).

® n — Specifies the following types of chord tolerance.

0 Sets the chord tolerance mode to chord angle. A chord angle
specifies, in degrees, the maximum angle created when lines from
each end of the chord intersect the center point of the circle. When
chord tolerance mode is specified as chord angle, a circle or arc will
always have the same number of chords, regardless of its size.

Chord tolerance Arc segment
angle Drawn chord

1 Sets chord tolerance mode to deviation distance. Deviation distance
specifies, in current units, the maximum distance between the chord
and the arc segment it represents. When you specify a deviation dis-
tance, the number of chords in the circle will vary with its size.
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Devlation Arc segment
distance
% Drawn chord
r
Y
RELATED
INSTRUCTIONS: AA, Arc Absolute

AR, Arc Relative

AT, Absolute Arc Three Point
CI, Circle

EW, Edge Wedge

RT, Relative Arc Three Point
WG, Fill Wedge

-
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EA, Edge Rectangle Absolute

USE: Defines and outlines a rectangle using absolute coordinates. Use EA
when drawing charts or schematics that require rectangles.

SYNTAX: EAX,Y(;)

Parameter Format Functional Range Default

X,Y coordinates | current units | -67 108 863 to 67 108 863 -

REMARKS: The EA instruction defines and edges a rectangle using the cur-
rent pen, line type, line attributes, and absolute plotting. The EA instruction
includes an automatic pen down. When the instruction is completed, the origi-
nal pen location and up/down position are restored.

* X,Y Coordinates — Specify the opposite corner of the rectangle from the
current pen location. 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.

NOTE: 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. However, these points can be in either two diagonally opposite
corners. B

(2500,1500)
—e

o

(0,0

The only difference between the EA instruction and the RA instruction 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 to Using the Polygon Buffer in Chapter 6 for
more information.
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EXAMPLE: This example uses absolute coordinates to draw the same plot
shown with the ER instruction. Compare this program with the ER example
program to understand the differences between the coordinates used.

190
20
30
40
50
69
79
849
9d

Line 60

rectangl
(rec qe)\

“Insert configuration statement here

PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
END

Line 50 n . Line 40 ‘7 Line 70
T]ss.ss) (95,95) (125,95) i

#1, "INPS6000,80005C0,150,0,150,15P1"
#1, "PA75,105EA115,139"

#1, "PA9S5,185PD95,95"

#1, "PD65,95,65,90"

#1, "PU45,90EA85,65"

#1, "PUS5,95PD125,95,125,90"

#1, "PU145,90EA105,65PG;"

Line 30 (115,130)

{rectangle) _

Start

“a [(75,105) T95.105)

(45,90)

Line 80

{125,90)  (145,90) (rectangle)

(85,65) (105,65)

RELATED
INSTRUCTIONS:

SPECIAL ERROCRS:

RA, Fill Rectangle Absolute
ER, Edge Rectangle Relative
RR, Fill Rectangle Relative

Condition Error

Plotter Response

polygon buffer overflow 7

edges contents of buffer
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ER, Edge Rectangle Relative

USE: Defines and outlines a rectangle using relative coordinates. Use ER
when drawing charts or schematics that require rectangles.

SYNTAX: ERX,Y(;)

Parameter Format Functional Range Default

X,Y increments current units | -67 108 863 to 67 108 863 -

REMARKS: The ER instruction defines and edges a rectangle using the cur-
rent pen, line type, line attributes, and relative coordinates. The ER instruc-
tion includes an automatic pen down. When the instruction is completed, the
original pen location and up/down position are restored.

* X.,Y Increments — Specify the opposite corner of the rectangle from the
current pen location. 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 increments in the upper-right
corner. However, these points can be in any either diagonally opposite

comers. B
X.Y increment location
—
Current
pen location
{starting point) ¢

The only difference between the ER instruction and the RR 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 to Using the Polygon Buffer in Chapter 6 for
more information.
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EXAMPLE: This example uses relative coordinates to draw the same plot
shown with the EA instruction. Compare this program with the EA example
program to understand the differences between the coordinates used.

19
20
30
40
50
60
70
80
90

Line 50 :[‘, Line 40 ‘7- Line 70
: ‘E\ (0. T10) /
Line 60 {-30.0) (50.0) (30,0) [

‘Insert configuration statement here

PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
END

#1, "INPS6000,80005C¢,150,0,150,1SP1"
#1, “"PATS5,105ER40,25"
#1, "PR20@,0PDQ,-10"
#1, "PD-30,0,0,-5"
#1, "PU-20,0ER40,-25"
#1, "PU5Q,5FD30,0,0,-5"
#1, "PU20,0ER-40,-25PG;"
Line 30 (40,25)

(rectangie) -

Start | (75.105)  (20.0)

®. Line 80
(rectangle) (-20,0) (0.-5) {0.-5)  (20.0) (re?:tangle)
(40,-25) (-40,-25)
RELATED
INSTRUCTIONS: EA, Edge Rectangle Absolute

SPECIAL ERRORS:

RA, Fill Rectangle Absolute
RR, Fill Rectangle Relative

Condition Error

Plotter Response

polygon buffer overflow 7

edges contents of buffer
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EW, Edge Wedge

USE: Outlines any wedge. Use EW to draw sectors of pie charts.

SYNTAX: EWradius,start angle,sweep angle, (,chord tolerance;)

Parameter Format Functional Range Default
radius current units | -67 108 863 to 67 108 863 -
start angle clamped real | -360 to 360 degrees -
sweep angle clamped real | -360 to 360 degrees -
chord tolerance

chord angle* clamped real | 0.5 to 90 degrees S degrees
chord deviation | current units | 0 to 67 108 863 S degrees

*Chord angle is the default interpretation of chord tolerance.

REMARKS: The EW instruction defines and edges a wedge using the current

pen, line type and attributes. The EW instruction includes an automatic pen
down. When the instruction is completed, the original pen location and up/
down position are restored.

The only difference between the EW instruction and the WG instruction is
that the EW instruction produces an outlined wedge; and the WG, a filled

one.

Always use isotropic scaling in plots that draw wedges. Refer to the discussion

of scaling in Chapter 2 and the scale (SC) instruction description for more

information.

Anlsotropic
scaling
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Computer-
Museum

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 specifies the distance from the current pen
location (which becomes the center of the circle), to any point on the
circumference of the circle.

The radius is interpreted in current units: as user units when scaling is
on, as plotter units when scaling is off. The sign of the radius determines
the location of the zero-degree reference point. The illustration following
the parameter descriptions shows the location of the zero-degree reference
point for a positive and a negative radius.

Start Angle — Specifies the beginning point for the arc as the number of
degrees from the zero-degree reference point. A positive start angle posi-
tions the radius counterclockwise (the direction from the positive X-axis
toward the positive Y-axis) from the zero-degree reference point; a nega-
tive start angle positions the radius clockwise from the zero-degree refer-
ence point.

Sweep Angle — Specifies the number of degrees through which the arc is
drawn. A positive sweep angle draws the arc counterclockwise; a negative
sweep angle draws the arc clockwise. If you specify a sweep angle greater
than 360 degrees, a 360-degree angle is used.

Chord Tolerance — Specifies the chord tolerance used to draw the arc.
The default is a chord angle of 5 degrees. Refer to the Chords and Chord
Tolerance discussion in Chapter 4 or the chord tolerance mode (CT)
instruction for information on setting and determining chord tolerance.

{EW700,30,60)

99° Sweep angle 60°

-
7
7/
/
/ \ itive °
/ /\,/ Posltive start angle 30
180° -I ——*———=0° Zero degree
{ ! reference point-radius
\ / {700 plotter units)
. /
Current ~ N e
pen location S~ - -

{starting point] 270°

Positive Radius
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(EW-700,45,95)
270°

Current

~
y, N\ pen location
Zero degree / \ {starting point)
reference point-radius ! \
00 + — e w— —
i

(700 plotter units) - 180°

90° Sweep angle 95°
Negative Radius

EXAMPLE:

10 “Insert configuration statement here

20 PRINT #1, "INPS5@00,7000SP1SC-3000,3000,-2000,2000,1"
30 PRINT #1, "PAQ,0"

40 PRINT #1, "EW-1000,00,180"

50 PRINT #1, "EwW-1000,330¢,12¢"

60 PRINT #1, "PR-606,110"

70 PRINT #1, "EwW-1008,278,60PG;"

80 END
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RELATED
INSTRUCTIONS: CT, Chord Tolerance Mode
LA, Line Attributes
LT, Line Type
PW, Pen Width
SC, Scale

WG, Fill Wedge

SPECIAL ERRORS:

Condition Error Plotter Response

polygon buffer overflow 7 edges contents of buffer

RT, Relative Arc Three Point

USE: Draws an arc segment, using relative coordinates, from a starting point
through an intermediate point to an end point. Use RT when you know these
three points of an arc.

SYNTAX: RTX incr inter,Y incr inter,X incr end,Y incr end(,chord toler-
ance;)

Parameter Format Functional Range Default
X,Y incr inter current units | -67 108 863 to 67 108 863 —_
X,Y incr end current units | -67 108 863 to 67 108 863 —
chord tolerance

chord angle* clamped real | 0.5 to 90 degrees 5 degrees
chord deviation | current units | 0 to 67 108 863 5 degrees

*Chord angle is the default interpretation of chord tolerance.

REMARKS: The RT instruction uses the current pen location and two speci-
fied points to calculate a circle and draw the approprate 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 position. You specify the inter-
mediate and end points. After drawing the arc, the pen location remains at
the end of the arc.

* X.,Y Incr Inter - Specify the location of an intermediate point of the arc
in relative increments. The arc is drawn clockwise or counterclockwise, as
necessary, so that it passes through the intermediate point before the end
point.
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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.

* X,Y Incr End - Specify the location of the end point of the arc in relative
increments.

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.

¢ Chord Tolerance - Specifies the chord tolerance used to draw the arc.
The default is a chord angle of 5 degrees. Refer to Chords and Chord
Angles discussion at the beginning of this chapter.

If the arc is defined by three identical points, the instruction draws a dot.

If the intermediate point is the same as either the current pen position or the
end point, a line is drawn between the current pen position and the end
point. If the current pen position is the same as the end point, a circle is
drawn, with its diameter being the line from the current pen position to 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 cur-
rent pen location and the end point, two lines are drawn, one from the cur-
rent 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.

-——— /- /% .\ ———
End Current Intermediate
point pen point Hard-
focation clip

L/ imits
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EXAMPLE:

19
20
30
40
59
90

“Insert configuration statement here

PRINT
PRINT
PRINT
PRINT
PRINT

108 END

RELATED
INSTRUCTIONS:

#1,
#1,
#1,
#1,
#1,

"INPS5000,7000SP1PA1000, 160PRPD1500, B
"PU-1850,1050PD359, 9PU-350, ~TPGPD350,9"
"PUG,-350PD0,1500PD1500, 0RT700,~-750,0,-1500"
"PUT00,850PDRT100,-100,0,-200PU100,100PD203, 6"
"PG; "

AA, Arc Absolute

AR, Arc Relative

AT, Absolute Arc Three Point
CT, Chord Tolerance Mode
LA, Line Attributes

LT, Line Type

PW, Pen Width
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Enhancing Your Plots

The information in this chapter enables you to achieve the following results in
your programs.

e Enhance your plots with line types.

* Enhance your plots with fill types.

® Position fill type patterns.

The following instructions are described in this chapter.

AC, Anchor Corner

FT, Fill Type

LA, Line Attributes

LT, Line Type

RA, Fill Rectangle Absolute
RF, Raster Fill Definition
RR, Fill Rectangle Relative
UL, User-Defined Line Type
WG, Fill Wedge

Using Line Attributes and Types
You can change the appearance of the lines you draw by using the line attrib-
ute (LA) and line type (LT) instructions. The line attribute instruction lets

you specify how the ends of lines and comers of joined lines should appear,
for example, square, round, or beveled.
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Square Round

ends ends \

Bevelad join Round join

Line types are repeated patterns of dots and/or dashes (including solid lines).

The following shows some examples of line types. Note that you can vary the
width of the lines and line types you draw by using the pen width (PW)
instruction.

(PW.13) — o

(PW.5)

2B 7 7T "7 ¥ T ¥ 7§ [
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Once you specify a line type and line attributes, all lines created by the follow-
ing instructions are drawn using the new line type and attributes. Line types
and their interactions with fill patterns are discussed later in this chapter.

AA, Arc Absolute

AR, Arc Relative

AT, Absolute Arc Three Point
CI, 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

Using Fill Types

Using the fill type (FT) instruction adds detail to your plots and increases
their visual effectiveness. You can fill any closed geometric shape that you've
drawn using fill rectangle absolute (RA), fill rectangle relative (RR), fill wedge
(WG), or fill polygon (FP) instructions. Fill types can be solid, parallel lines
(hatched), cross-hatched, or shaded as shown in the following illustration. You
can also create your own [ill type using the raster fill definition (RF)
instruction.

When you use hatched or cross-hatched fill types, the lines are drawn using
the currently selected line width, type, and attributes. For example, if you
have selected a dashed line type and a hatched fill type, your figure will be
filled with dashed, parallel lines. Note that solid and shaded fill types use less
of your plotter’s disc space than hatched and cross-hatched fill types.
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All fill types have an anchor corner, the starting point of the fill'’s pattern. Its
default location is in the lower-left corner of the hard-clip limits. Conceptually,
the fill type replicates out from the anchor corner in the X- and Y-directions,
as shown in the following illustration. Figures are filled by that portion of the
fill type resident to the area, refer to rectangles 1 and 2.

Anchor corner

1

S

e

™~ Anchor corner —*

Use the anchor corner (AC) instruction to position the fill type to the figure.
Rectangle 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 provide contrast to the adjacent figure.

Filling Rectangles

Use the fill rectangle absolute and relative instructions (RA and RR) to fill
rectangles. Like the edge rectangle instructions, the fill rectangle absolute and
relative instructions start at the current pen location; you specify the diagonally
opposite corner. The rectangular shape is formed by the fill pattern.

If you use an open fill type, you may want to also edge (or outline) the rec-
tangle for a cleaner edge. The following program draws two filled rectangles:
one edged and one not.
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18 ‘Insert configuration statement here
20 PRINT #1,
38 PRINT #1,
40 END

"INPS5000, 700dSP1PAQ, BFT3RR1500,1000"
"ER1500,1000PR2000, 9FT4,100,45RR1500,1000PG; "

Filling Wedges and Circles

Use the fill wedge (WG) instruction to fill wedges and circles. Like the edge
wedge instruction, the fill wedge instruction starts at the current pen location;
you specify the radius, the start angle, and the sweep angle. To fill a circle,
simply specify a 360-degree sweep angle.

The following program uses different fill types with wedges and circles.

10
20
30
40
50
60
70
80
90

“Insert configuration statement here

PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
END

#1,
#1,
#1,
#1,
#1,
#1,
#1,

"INPS500@, 7000SP1"
"PA1400,2500WG600,150,129"
"PA2300,2500FT3,75,45WG600,90,180"
"FT1,0,0WG600,270,60"
"FT4,60,45WG600,330,120"
"PA3500,2508WG400,0, 360"
"PA4500,2500FTWG400,0,360PG; "

VY
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AC, Anchor Corner

USE: Positions the starting point of any fill pattern. Use AC to ensure that
the selected fill pattern will be positioned within the figure as expected.

SYNTAX: ACX,Y(;)
or
AC(;)

Parameter Format Functional Range Default

X,Y coordinates | current units | -67 108 863 to 67 108 863 -

REMARKS: The ‘anchor corner’ is the point at which any fill pattern starts.
Setting the anchor corner guarantees that a corner point of the selected fill
pattern will be at the specified coordinate, aligned vertically and horizontally.

* No Parameters — Defaults the anchor corner to the lower-left corner of
the hard-clip limits. Equivalent to (AC0,0).

* X,Y Coordinates — Defines the position of the starting point for any fill
pattern.

EXAMPLE: The following example shows, first, three adjacent squares whose
fill patterns are anchored at the lower-left corner of the hard-clip limits. The
fill pattern is continuous across the squares. Each square in the second set has
an anchor corner set in its own lower-left corner. Notice how this helps distin-
guish between the adjacent figures.

1@ “Insert configuration statement here

20 PRINT #1, “INPS5000,7000SP1PA3000,3000"

38 PRINT #1, "FT3,400,4S5RR1000,1000ER1000,1000"

40 PRINT #1, "PR1000,0FT4RR1000,1000ER1600,1000"

50 PRINT #1, "PR1000,0FT3RR1000,1000ER1000,1000"

60 PRINT #1, "PA3000,1500AC3000,1500RR1000,1000ER1000,1000"

80 PRINT #1, "PA4000,1500AC4000,15006FT4RR1000,1000
ER1000,1000"

08 PRINT #1, "PA5000,1500AC5000,1500FT3RR10006,1000
ER1000,1000"

100 PRINT #1, "PG;"

11@¢ END
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/ /

/ /
/ /.

INSTRUCTIONS: FT, Fill Type
RA, Fill Rectangle Absolute
RF, Raster Fill Type
RR, Fill Rectangle Relative
WG, Fill Wedge
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FT, Fill Type

USE: Selects the shading pattern used to fill polygons (FP), rectangles (RA or

RR), or wedges (WG). Use FT to enhance plots with solid fill, parallel lines
(hatching), cross-hatching, or patterned (raster) fill.

SYNTAX: FT fill type(,optionl(,option2;))

or

FT(;)

Parameter

Format

Functional Range

Default

fill type

optionl and 2

clamped integer

clamped real

11to0 4, 10, 11

type dependent*

1

type dependent*

* Refer to the table following the parameter descriptions.

REMARKS: There are six forms of fill type. The type parameter tells the
plotter which form you are using. The plotter uses the current settings when
optional parameters are omitted.

¢ No Parameters — Defaults the fill type to solid fill. Equivalent to (FTI).

® Type — Selects the fill pattern. The table below lists the parameter values
and corresponding fill types.

¢ Optionl, Option2 - The definition of these optional parameters depends
on the type of fill selected. The following table lists the options available
for each fill type.

Fill Type Description Optiont Option2

1 and 2 solid bidirectional ignored ignored

3 hatched (parallel lines) spacing of lines | angle of lines
4 cross-hatched spacing of lines angle of lines
10 shading shading level ignored

11 user-defined raster raster-fill index ignored

For fill types 3 and 4, the optionl parameter specifies the distance
between the lines in the fill. This distance is specified in current units
measured along the X-axis. Optionl must be a positive number (if zero,
then solid fill is used). The default spacing is 1% of the diagonal distance
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from P1 to P2. Subsequent changes in the P1/P2 locations affect this dis-
tance and therefore affect spacing.

For fill types 3 and 4, the option2 parameter specifies an angle, in de-
grees, of the lines in the fill. This angle is referenced counterclockwise
from the positive X-axis, as shown in the following illustration {0 and 180
are horizontal; 90 and 270 are vertical). The first set of lines for cross-
hatched fill types are drawn at the specified angle and the next set drawn
at that angle plus 90 degrees.

90°

W
N

270°

Types 3 and 4 use the current line type defined by the line type, width,
and attributes.

For fill type 10, the option1 parameter specifies the level of shading. The
level is specified as a percentage®. The following illustration shows four
levels of shading and the specified percentage.

40% 90%

10%

For fill type 11, the optionl parameter selects the corresponding user-de-
fined raster fill. Refer to the raster fill type (RF) instruction. If you have
not issued a RF instruction, the plotter will use solid fill.
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EXAMPLE:
18 “Insert configuration statement here
20 PRINT #1, "“INPS5000,7000SP1PA2000,2000"
30 PRINT #1, “"FTRR2500,3@0ER2500,300"
40 PRINT #1, "PR@,300FT3,80,30RR2500,300"
50 PRINT #1, "PRO,300FT10Q,36RR2500,300ER2500,300"
60 PRINT #1, "PG:"
7@ END
Line 30
Line 40
Line 50
RELATED

INSTRUCTIONS: LA, Line Attributes

*The plotter uses 16 predefined levels of shading equally divided between 0 and 100%. Val-

LT, Line Type

PT, Pen Thickness

PW, Pen Width

RF, Raster Fill Definition

ues are rounded to the nearest predefined level.

5-10
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LA, Line Attributes

USE: Specifies how line ends and joins (corners) are phyisically shaped. Use
LA when drawing lines greater than 0.8 mm to define their appearance.

SYNTAX: LAkind,value( kind,value(,kind, value;))

or
LA()
Parameter Format Range Default
kind clamped integer 1 through 3 1
value clamped integer kind dependent*® kind dependent*

* Refer to the table following the parameter descriptions.

REMARKS: The LA instruction applies to lines drawn by the AA, AR, AT,
CI, EA, EP, ER, EW, FP, PA, PD, PE, PR, RA, RR, RT, and WG instruc-
tions. There are three line attributes: line ends, line joins, and the miter limit.
The LA parameters are used in pairs: the first parameter selects a line attrib-
ute and the second parameter defines the appearance of that attribute. The
plotter uses the current line attributes when optional parameter pairs are
omirted.

® No Parameters — Defaults the line attributes to butt ends, mitered joins,
and a miter limit of 5. Equivalent to (LA!,1,2,1,3,5).

* Kind — Specifies the line attribute for which you are setting a value.
Attributes and kind parameter values are listed in the following table.

® Value — Defines the characteristics of the attribute specifed by the kind

parameter. The available values are listed in the following table and de-
scribed under each attribute.
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Attribute Kind Value Description
Line Ends* 1 1 * Butt (default)
2 Square
3 Triangular
4 Round
Line Joins* 2 1 Mitered (default)
2 Mitered/beveled
3 Triangular
4 Round
S Beveled
6 No join applied
Miter Limit 3 0 to 32 767.9999** S (default, refer to
description under
Miter Limit)

*Lines with a width of 0.80 mm or less always have rounded caps, regardless of the current
attribute setting.

**Values less than 1.1 are set to 1.1, but do not cause an error.

NOTE: Labels are always drawn with triangular ends and joins. B
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Line Ends

The value you specify for line ends determines how the ends of line segments

are shaped. The following illustration describes the four types of line ends.

End polnt —

Butt ends (1) Terminate
at the end polnt.

172 '
line width

Triangular ends (3)
Terminate one half line width
beyond the end polnts.

1/2 |
line width

Square ends (2) Terminate
one half line width beyond
the end points.

1/2 ,' ‘.
fine width

Round ends {4) Terminate in
semiclrcular having a diameter
equal to the current line width.
Round ends use more disc
space than other ends.

Enhancing Your Plots
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Line Joins

The value you specify for the line joins attribute determines how intersecting

line ends (corners) are shaped.

types of line joins. If the first and last points of a series of lines are the same,

The following illustration describes the five

they join according to the current line join and miter limit.

miter length

Mitered join {1)

Formed by two lines extending
from the outer edge of each
vector until they meet. The
miter limit applies to this join.

172
iine width

Triangular join (3) Formed by
two lines extending from the

outer edge of each vector to a
point 1/2 line width beyond the
end intersection of the vectors.
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miter ¢ miter miter ., miter
len;',;ths limit length™ limit

Mitered/beveled join (2) Formed by two
lines extending from the outer-edge of each
vector until they meet. If the miter length
exceeds the miter limit, a beveled join is used.

Rounded join (4) Beveled join {5)
Formed by an arc witha Formed by a line con-
diameter equal to the necting the outer edge of

current line width. Round one vector to the outer
Joins use more disc space edge of the other vector,
than other joins.

2
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When you select ‘no join’, the currently selected line ends for the two lines
merely overlap. Refer to the following illustration.

No Join No Join
Butt End Square End

No Join No Join
Triangular End Round End

Miter Limit

The value you specify for miter limit determines the ‘length’ of a mitered join,
as shown in the following illustration. The miter limit is the ratio of the diago-
nal line through the join of two connecting lines to the width of the lines.

miter length I

__Miter Length
Miter Limit -—Lmtgﬁ—
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When the miter exceeds the miter limit, the point of the miter is clipped to
the miter limit; the maximum clipped miter is equivalent to a beveled join.
The default miter limit is S.

miter limit

2 miter limit

, Clipped mitered join Maximum clipped mitered
Join (beveled |oin)

An LA instruction remains in effect until another LA instruction is executed,
or the plotter is initialized or set to default conditions.
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EXAMPLE:
19 ‘Insert configuration statement here
20 PRINT #1, "INPS5000,7000SP1PA4000,3000"
3P PRINT #1, "PW2LAl,3PD3500,2500,4000,2000"
40 PRINT #1, "PU3500,2500LA2,2,3,20PD3000,2500,3000,2300"
50 PRINT #1, "PU2500,2300LA1,4PD3500,2300"
60 PRINT #1, "PU2700,21060PD3360,2100"
7@ PRINT #1, "PU2900,1990PD3160,1900"
83 PRINT #1, "PG;"“
90 END
Mitered join \
\ Triangular
ends
/ O /
/ -
Round ends/
RELATED
INSTRUCTIONS: LT, Line Type

PW, Pen Width
UL, User-Defined Line Type

Enhancing Your Plots
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LT, Line Type

USE: Specifies the line pattern to be used when drawing lines. Use LT to
distinguish lines and enhance your plot.

SYNTAX: LTline type(,pattern length(,mode;))

or
LTG)
or
LT99(;)
Functional
Parameter Format Range Default
line type clamped integer | -8 to 8 solid line
99 restores previous line
type
pattern length clamped real >0% 4% of the distance
between P1 and P2
mode clamped integer | O or 1 0 (relative)

REMARKS: The LT instruction applies to lines drawn by the AA, AR, AT,
CI, EA, EP, ER, EW, FP, PA, PD, PE, PR, RA, RR, RT, and WG instruc-
tions. Line types are drawn using the current line attributes set by the line
attribute (LA) instruction. For example, if you have used LA to specify
rounded ends, the plotter draws each dash in a dashed line pattern with
rounded ends.

® No Parameters — Defaults the line type to solid line and saves the previ-
ous line type, pattern length, and residue (if any).

¢ Line Type — Produces the corresponding line pattern. Line patterns can
be of fixed or adaptive type.

Positive line types (1 — 8) are fixed line types and use the specified pat-
tern length to draw lines. Any unused part of the pattern (residue) is car-
ried over into the next line, or CI, EA, EP, ER, EW, FP, PM, RA, RR,
or WG instruction. The current residue is cleared by a CP, DF, IN, IP,
IR, LB, LT (except (LT) and (LT99)), PG, PU, SC, and UL.

A zero line type (0) draws only a dot at the X,Y coordinates for AA,
AR, AT, CI, 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.
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Negative line types (-1 — -8) are adaptive line types. The pattern length
is automatically adjusted so that each line contains one or more complete

patterns.

Line patterns are composed of alternate pen down and pen up moves which

are percentages of the pattern length (the first percentage is always pen

down). The following illustration shows first the line type patterns, then gives

the pattern percentages.

_ No Parameter (Default Value)
8 . -— . —_— o -_— o —u
7 . o e e
) I il e p—————
line { i i ) - -
types 3
2
L 10 -
( 0 ot only at each point specified
_1 3 - .
-2 —
Adaptive | -2 . . . -
Nne‘-g._____ s N e
es |-
typ e——— - - —_——
_7—-. . o ® 0 —
_gf—-—- e— .-  ——
e —
One Pattern Length
e,
8 =<5 10 0 10 10 10 O 10
7E——'° 70 10 0 10 0 10
6[—— —~—|% 10 10 10 10 10
S —|70 10 10 10
4F—-180 10 0 10
3 70 30
2 50 &0
1L 0 100
0 Pattern Percentages
-1l 0 100 O
-2 25 80 25
-3— —35 380 35
-4 . 40 10 0 10 40
-5 — — — 3 10 10 10 35
§F—-~——{25 10 10 10 10 10 2§
-7 ..—1]3 10 0 10 0 10 35
gl—.-.—]25 10 o0 10 10 10 o0 10 25

NOTE: Do not use an adaptive line type when drawing circles, arcs, wedges,

or polygons. The plotter will attempt to draw the complete pattern in every
chord; there are 72 chords in a circle using the default chord angle. B
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If you are currently plotting with a solid line type (L7), you can use
(LT99) to return to plotting with the previous line type. The plotter
ignores (LT99) if you are currently plotting with a nonsolid line type.
Sending a DF, IN, IP, IR, PG, SC, or UL instruction while plotting
with a solid line type clears the previous line type and a subsequent
(LT99) has no effect.

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 millimetres. You must specify a length greater than zero
or the plotter ignores the instruction. If you don’t specify a length, the
plotter uses the last value specified.

Mode — Specifies how the values of the pattern length parameter are
interpreted. If you don’t specify a mode, the plotter uses the last value
specified.

0 Relative mode. Interprets the pattern length parameter as a per—
centage 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 the pattern length parameter in
millimetres.

When specified in millimetres, fixed-line type pattern lengths are
constant, but adaptive-line type pattern lengths are adjusted down to
fit an integral number of patterns per vector.

An LT instruction remains in effect until another LT instruction is executed or
the plotter is initialized or set to default conditions.
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EXAMPLE
[ T T T 7 T T T T
| | |
‘ I |
| ! |
! . 1
o ! e
Fixed LTH6 Adaptive LT-6
Dots LT1 Dots LTO
RELATED
INSTRUCTIONS: AA, Arc Absolute

AR, Arc Relative

AT, Absolute Arc Three Point
CI, 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

RA, Fill Rectangle Absolute
RR, Fill Rectangle Relative
RT, Relative Arc Three Point
UL, User-Defined Line Type
WG, Fill Wedge

Enhancing Your Plots
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RA, Fill Rectangle Absolute

USE: Defines and fills a rectangle using absolute coordinates. Use RA to fill
rectangular shapes in plots. To outline a rectangle using absolute coordinates,
use the EA instruction.

SYNTAX: RAX,Y(;)

Parameter Format Functional Range Default

X,Y coordinates | current units -67 108 863 to 67 108 863 —

REMARKS: The RA instruction defines and fills a rectangle using the current
pen, the current line and fill types, and absolute plotting. The RA instruction
includes an automatic pen down. When the instruction is completed, the origi-
nal pen location and up/down position are restored.

* X,Y Coordinates — 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 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 coordinates in the upper-right
corner. However, these points can be in either two opposite corners. B

XY
increment
location

Current
pen location
(starting point)

The only difference between the RA instruction and the EA instruction is that
the RA instruction produces a filled rectangle; and EA, an outlined one.
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The RA instruction clears the polygon buffer and then uses it to define the

rectangle before drawing. Refer to Using the Polygon Buffer in Chapter 6 for

more information.

EXAMPLE: This program uses RA with three different fill types (refer to the

FT instruction) to create rectangles such as those you might use in a PERT
chart. The rectangles in the right bar are edged using the EA instruction.

16 ‘Insert configuration statement here

"INPS5000, 7000SP1PA400, 400RARGO, 1200"
"PA40GO,1200FT3,50RA800,1600"
"PA400,1600FT4RASG0,2000"

"PA1200, 400FTRAL1600,1200EA1600,1200"
"PA1200,1200FT3,50RA1600,16D0PEA1600,1600"
"PA1200,1600FT4RA1600,2000EA1600,2000"
"PG; "

20 PRINT #1,
3¢ PRINT #1,
40 PRINT #1,
50 PRINT #1,
60 PRINT #1,
7¢ PRINT #1,
8@ PRINT #1,
90 END

RELATED
INSTRUCTIONS:

EA,

EP,
ER,
FT,
LT,
RF,
RR,

Edge Rectangle Absolute
Edge Polygon

Edge Rectangle Relative
Fill Type

Line Type

Raster Fill Definition
Fill Rectangle Relative

Enhancing Your Plots
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SPECIAL ERRORS:

Condition

Error

Plotter Response

polygon buffer overflow

edges contents of buffer

I

RF, Raster Fill Definition

USE: Defines a rectangular pattern that may be used as area fill. Use RF to
create your own fill types.

SYNTAX: RFindex,width,height,pen number(,...pen number;)

or
RFindex(;)
or
RF(;)
Parameter Format Range Default
index clamped integer 1to 8§ 1 (solid)
width clamped integer 8, 16, 32, or 64 -
height clamped integer 8, 16, 32, or 64 -
pen number | integer 0 to 67 108 863 -~

REMARKS: The RF instruction does not itself select a fill type; use the fill
type (FT) instruction with a type parameter of 11 and the corresponding raster
fill index number for the second parameter.

NOTE: If you redefine an RF index in the middle of a plot, the plotter uses
the pattern in effect when rasterization begins. B

®* No Parameters - Defaults all raster fill patterns to solid fill.

* Index - Specifies the index number of the pattern being defined. Eight
patterns can exist concurrently.

When you send RF with an index parameter only (RFn), the correspond-
ing pattern is defaulted to solid fill.

* Width, Height - Specify the width and height in pixels of the pattern

being defined. These parameters must be powers of two, from eight to 64
pixels.
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® Pen Number - Represents a pixel in the ﬁattem being defined and indi-
cates its color.

0 White.

>0 Black.

The pen number parameter defines pixels left to right, top to bottom. The
total number of pen number parameters should be equal to the

width X height parameters. For example, to define a pattern that is 8 X
16 pixels, you need 128 pen number parameters. If you do not include
enough pen number parameters, the rest of the pixels are assumed to be
white (zero). Patterns are printed in rows parallel to the X-axis.

EXAMPLE:

16 ‘Insert configuration statement here
20 A$=",0,0,0,0,0,0,0,0,06,0,0,0,0,0,0,0"
30 B%=",0,0,0,6,0,1,1,1,1,1,1,0,0,0,0,0"
40 PRINT #1, "INPS5000,7000SP1PA3500,2500"
50 PRINT #1, "RF2,16,16"

60 FOR I =1 TO &

770 PRINT #1, A%

80 NEXT I

98¢ FOR M =1TO 6

166 PRINT #1, BS$

116 NEXT M

126 FOR I = 1 TO 5

130 PRINT #1, A$

140 NEXT I

156 PRINT #1, ";"

160 PRINT #1, "FT11,2RR500,800EP"

200 PRINT #1, "PG;"

210 END

-

RELATED
INSTRUCTIONS: FT, Fill Type
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RR, Fill Rectangle Relative

USE: Defines and fills a rectangle using relative coordinates. Use RR to fill
rectangular shapes in plots. To outline a rectangle using relative coordinates,
use the ER instruction.

SYNTAX: RRX,Y(;)

Parameter Format Range Default

X,Y increments | current units -67 108 863 to 67 108 863 —

REMARKS: The RR instruction defines and fills a rectangle using the current
pen, the current line and fill types, and relative plotting. The RR instruction
includes an automatic pen down. When the instruction is completed, the origi-
nal pen location and up/down position are restored.

* X,Y 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 interpreted in current units: as user units when
scaling is on; as plotter units when scaling is off.

NOTE: This illustration shows the current pen location in the lower-left
corner and the instruction’s X,Y increments in the upper-right corner.
However, these points can be in any two opposite corners. #

XY
increment
focation

Current
pen location
(starting point)

The only difference between the RR instruction and the ER instruction is that
the RR instruction produces a filled rectangle; and ER, an outlined one.
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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. The default buffer size is sufficient. Refer to Using the Polygon

Buffer in Chapter 5 for more information.

EXAMPLE: This program uses RR with three different fill types (refer to the

FT instruction) 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.

10
29
30
40
50
6@
70
8@
8¢

“Insert configuration statement here

PRINT #1,
PRINT #1,
PRINT #1,
PRINT #1,
PRINT #1,
PRINT #1,
PRINT #1,
END

RELATED
INSTRUCTIONS:

SPECIAL ERRORS:

"INPSS5000,7000SP1PA400, 400RR400, 800"
"PR@, 800FT3, 50RR400, 808"
"PR@,400FT4RR400, 400"
"PA1200,400FTRR400, 80GER400, 800"
"PR@, 800FT3,50RR400, 400ER400, 400"
"PRO,400FT4RR400, 400ER400, 400"

"PG:"

EA, Edge Rectangle Absolute
ER, Edge Rectangle Relative
RA, Fill Rectangle Absolute

Condition

Error Plottar Response

polygon buffer overflow 7

ignores excess data
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UL, User-Defined Line Type

USE: Creates line types by specifying gap patterns.

SYNTAX: UL index (,gapl,...gap20;)

or
UL()
Parameter Format Range Default
index clamped integer |1 through 8| -
gaps clamped real 0 to 32 767.9999 | default line types

REMARKS: The UL instruction allows you to define and store your own line
types. The instruction does not itself select a line type. Use the LT instruction
to select the pattern you've defined using UL.

No Parameters — Defaults all line types, refer to the LT instruction.

Index — Identifies the line type to be redefined. Specifying an index
without gap parameters sets the line type identified by the index to its
default pattern.

The index parameter uses absolute values, so (UL-n) is the same as
(ULn). Redefining a standard fixed-line type automatically redefines the
corresponding adaptive-line type.

Gaps — Specify alternate pen-down and pen-up stretches in the line type
pattern; odd numbered gaps are pen-down moves, even numbered gaps
are pen-up moves. The first gap is a pen-down move. Gap values are
converted to percentages of the LT instruction’s pattern length parameter.

A maximum of 20 gaps are allowed for each user-defined line type. Gap
values must be positive; a gap value of zero produces a dot if specified for
an odd numbered gap. The sum of the gap parameters must be greater
than zero.
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EXAMPLE:
160 “Insert configuration statement here
2¢ PRINT #1, "INPS5000,7000SP1PA4000,3000"
30 PRINT #1, "ULS8,9,15,0,15,0,15,40,15"
40 PRINT #1, "LT8,10PU2080,2500PD5000,2500"

86 PRINT #1, "PG;"
90 END
Pattern
length
re A
I I
i . T — } . — . — [ . —
] [
| . J
RELATED
INSTRUCTIONS: LT, Line Type

SPECIAL ERRORS:

Condition Error Plotter Response
sum of gap parameters 3 ignores instruction
equals zero
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WG, Fill Wedge

USE: Defines and fills any wedge. Use WG to draw filled sectors of a pie
chart.

SYNTAX: WGradius,start angle,sweep angle(,chord tolerance;)

Parameter Format Functional Range Default
radius current units | -67 108 863 to 67 108 863 —
start angle clamped real | -360 to 360 degrees —
sweep angle clamped real | -360 to 360 degrees —
chord tolerance

chord angle* clamped real | 0.5 to 90 degrees S degrees
chord deviation | current units | 0 to 67 108 863 S degrees

*Chord angle is the default interpretation of chord tolerance.

REMARKS: The WG instruction defines and fills a wedge using the current
pen, fill type, and line types. The WG instruction includes an automatic pen
down. When the instruction is completed, the original pen location and
up/down position are restored.

The only difference between the WG instruction and the EW instruction is
that the WG instruction produces a filled wedge; and the EW, an outlined
one.

Always use isotropic scaling in any plot that draws wedges. Refer to the discus-
sion of scaling in Chapter 2 for more information.

g

Anisotroplc Isotroplc
scaling scaling

* 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 specifies the distance from the current pen
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location (which becomes the center of the circle), to any point on the
circumference of the circle.

The radius is interpreted in current units: as user units when scaling is
on; as plotter units when scaling is off. The sign of the radius determines
the location of the zero-degree reference point. The illustration following
the parameter descriptions shows the location of the zero-degree reference
point for a positive and a negative radius.

Start Angle — Specifies the beginning point of the arc as the number of
degrees from the zero-degree reference point. A positive start angle posi-
tions the radius counterclockwise (the direction from the positive X-axis
toward the positive Y-axis) from the zero-degree reference point; a nega-
tive start angle positions the radius clockwise from the zero-degree refer-
ence point.

Sweep Angle — Specifies the number of degrees through which the arc
extends. A positive sweep angle defines the arc counterclockwise; a nega-
tive sweep angle defines the arc clockwise. If you specify a sweep angle
greater than 360 degrees, a 360-degree angle is used.

Chord Tolerance — Specifies the chord tolerance used to define the arc.
The default is a chord angle of 5 degrees. Refer to the Chords and Chord
Tolerance discussion at the in Chapter 4 or the chord tolerance mode

(CT) instruction for information on setting and determining chord
tolerance.

(WG700,30,60)

h Sweep angle 60°

\ Positive start angle 30°

——=——=0° Zero degree
reference-point radius
/ (700 plotter units)
/

180° =|

-

Current N ~ - s

pen location S~

. i
(starting point) 270°

Positive Radius
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(WG-700,45,95)

270°
i
yad - =~ Current
/ N pen location
Zero degree / \  (starting point)
reference-point radius ! \
(700 plotter units) @° -+———— |- 180°
!
Positive start angle 45° /\\/' /
00° Sweep angle 95°

EXAMPLE:

19
20
3e
35
40
45
50
60
65
70
86

5-32

Negative Radius

“Insert configuration statement here

PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
END

#1,
#1,
#1,
#1,
#1,
#1,
#1,
#1,
#1,

"INPS5000,7006SP1SC-3000,3000,-2000,2000,1"
"PAQ,@FT3,75,45WG-1000,90,180"
"EW-1000,9¢,180"
"FT4,60,45WG-1000¢,33¢,120"
"EW-1000,336¢,120"

"PR-6@,110FT1,06,0"

"WG—-1000,270,60"

"EW-1000,270,60"

”" PG ; "
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DORRIIRR
7000002020202 20 %0 % 20 %!
LRRERKERRRRS

ARRRRHAILAKN
090%0 202020202000 %% %%
000702000 % % %% % 2%
1205050202650 %262 % % %%,
12070003020 20t %0 % %0 %
0200020207020 % %020 % %,
etetetetetetetetetetetetd
2020202020002 %0 % %0 %0 %%
/0262626262026 %%6%%%)

0002020200 % 2% 20 %% %%
(RKRERLKHARKSS
£GGRHIRANRRAKA
KLKRRAXHIRKLS

5

CT, Chord Tolerance Mode

INSTRUCTIONS:

RELATED
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Plotter Response
fills contents of buffer
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Using Polygon Mode

The information in this chapter enables you to achieve the following results in
your programs,

® Use polygon mode for drawing polygons, subpolygons, and circles.
®* Approximate buffer use.
The following instructions are described at the end of the chapter.

EP, Edge Polygon
FP, Fill Polygon
PM, Polygon Mode .. Museum

Computer.

Drawing Polygons

A polygon is a closed sequence of connected line segments (which may cross
each other). Drawing polygons requires the use of polygon mode. The polygon
mode (PM) instruction tells the plotter to store subsequent instructions and
coordinates in the polygon buffer before plotting the shape. (Rectangles, cir-
cles, and wedges are exceptions since they have their own drawing instruc-
tions).
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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 plotter is initialized.

PM1/PM2, Polygon Mode

PA, Piot Absolute

PE, Polyline Encoded

PR, Plot Relative

PU, Pen Up

PD, Pen Down

AA, Arc Absolute

AR, Arc Relative

AT, Absolute Arc Three Point
Cl, Circle

CT, Chord Tolerance Mode
RT, Relative Arc Three Point

Drawing Subpolygons

While in polygon mode, you can define either one polygon or a series of sub-
polygons. 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 subpolygons: the outline and the ‘hole’.

One One

polygon subpolygon
One
subpolygon

To create one polygon (e.g., the letter C), move the pen to the starting loca-
tion for the polygon, then use the polygon mode (PM) instruction to enter
polygon mode. Define the shape of the C using the appropriate instructions
and coordinates, then exit polygon mode. Now draw the polygon using either
the edge polygon (EP) or fill polygon (FP) instruction.

To create a series of subpolygons (e.g., the letter D), move the pen to the
starting location of the first subpolygon, then enter polygon mode. Define the
outer shape of the letter D using the appropriate instructions and coordinates,
then enter subpolygon mode. Define the inner shape of the D, then exit
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polygon mode. Now draw the subpolygons using either the edge polygon (EP)
or fill polygon (FP) instruction.

For more information on entering and exiting polygon mode, refer to the poly-
gon mode (PM) instruction at the end of this chapter. Note that you can de-
fine points with the pen up or down. However, the EP instruction only draws
between points that were defined when the pen was down. The FP instruction
fills between all points, regardless of whether they were defined when the pen
was up or down.

You can use all of the output instructions while in polygon mode.* The plotter
does not store the output instructions in the polygon buffer; they are executed
immediately. If you initialize the plotter while in polygon mode, the plotter
exits polygon mode and begins executing the next instructions. You must exit
polygon mode to execute other HP-GL/2 instructions.

Filling Polygons

There is a simple rule for determining what portion of a single polygon or
series of subpolygons will be filled when you send a fill polygon (FP) instruc-
tion: FP fills an area if a line of infinite length, starting at any point in the
area, intersects the polygon an odd number of times. An example of this
‘odd-even’ rule follows.

The line intersects the
polygon once (odd=filled)

The line intersects
the polygon twice
{even=not flled)

Single polygon Two subpolygons

¢ The output instructions are OE, OH, OI, OP, and OS. (Refer to Chapters 9 and 10.)
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Drawing Circles in Polygon Mode

Polygon mode interprets the circle (CI) instruction differently from the other
HP-GL/2 instructions. The plotter treats a circle as a complete subpolygon.
The plotter 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 have not completely closed your first polygon before sending the CI
instruction, the plotter automatically closes the polygon by adding a point. This
can change your current pen location and the placement of the circle in your
polygon resulting in an inaccurate polygon.

NOTE: In polygon mode, the smaller a circle’s chord tolerance, the more
chords will be stored in the polygon buffer to draw it. B

Using the Polygon Buffer

A buffer is a temporary storage area for information. The polygon buffer col-
lects the instructions and coordinates that define your polygon. This polygon
remains in the buffer until replaced by another polygon, or the buffer is
cleared by initializing the plotter. The following instructions use the polygon
buffer (but do not require you to enter polygon mode first).

EA, Edge Rectangle Absolute
ER, Edge Rectangle Relative
EW, Edge Wedge

PM, Polygon Mode

RA, Fill Rectangle Absolute
RR, Fill Rectangle Relative
WG, Fill Wedge

The plotter has 16 900 bytes of available memory. The plotter has two buff-
ers: the polygon buffer and the downloadable character buffer (discussed in
Chapter 8). The plotter’s available memory is allocated to the downloadable
character buffer as needed, the rest goes to the polygon buffer.
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Approximating Polygon Buffer Use

You can use the following formula to estimate how much buffer space a
polygon consumes. Each point in a polygon uses 8 bytes. (If your program
contains downloadable characters, refer to the download character (DL) in-
struction in Chapter 8 to estimate how many bytes are being used by the
downloadable character buffer. Subtract this amount from the available mem-
ory, 16 900 bytes, to determine the size of the polygon buffer.)

# of points in polygon X 8 = buffer space consumed by polygon
For example, dividing 16 900 by 8 equals 2112.5. If you allow some extra for
fill types and such, you can estimate that a polygon with up to 1500 points
easily fits in the polygon buffer. The following explains how to count the num-
ber of points in a polygon.
Counting the Points in a Polygon
The starting pen location and each subsequent point define a polygon. As
shown in the following illustration, a rectangle is defined by five points, not

four. This is because the starting location is counted again as the ending
location.

1 (Start) 5 (Close)

The following shape has seven points.

2 3
4
L1
1 6
7

Using Polygon Mode 6-5



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 chords in the arc. When you are using chord angles to determine
chord tolerance, use the following formula to determine the number of points
used to draw a circle or arc.

arc angle (degrees)
# of points = +1
chord angle (degrees)

Using this formula, a full circle with the default chord angle of S degrees con-
sists of 73 points (360/S + 1 = 73) and a 45-degree arc with an chord angle of
3 consists of 16 points (45/3 + 1 = 16).

NOTE: 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. &

When using deviation distance rather than degrees, the calculation changes.
Use the following procedures to convert your deviation distance information to
a chord angle, then use the formula above.

When you draw a circle or arc using a specific deviation distance, two things
are known, the radius (R) and the deviation distance (D). When you bisect a
chord, the distance to the chord is the radius minus the deviation distance
(R - D). Refer to the following illustration.

Center
point ,

The angle 8 is determined by the following equation.

0 = ARCCOS ((R-D)/R)
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Because you want the angle that created the whole chord, not the bisected
chord, the chord angle, then, is twice 8. When you have the chord angle, use
the chord angle formula to determine the number of points in the circle.

For example, consider a circle when the radius is 1000 and the deviation
distance is 20, the angle & equals ARCCOS (1000 - 20/1000) or 11.5 degrees.
The chord angle that created the whole chord is 23 degrees (11.5 X 2).
Using the chord angle formula above the number of points is then

(360/23) + 1 =16 + 1 = 17.

EP, Edge Polygon

USE: Outlines the polygon currently stored in the polygon buffer. Use EP to
edge polygons that you defined in polygon mode and with the rectangle and
wedge instructions (EA, ER, EW, RA, RR, and WG).

SYNTAX: EP(;)

REMARKS: The EP instruction outlines any polygon that is currently in the
polygon buffer. This includes wedges and rectangles defined using the WG,
RA, and RR instructions. EP accesses 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 is
completed, the original pen location and up/down position are restored.

EXAMPLE: The following creates a shape in polygon mode, then uses EP to
outline it.

10 ‘Insert configuration statement here
20 PRINT #1, "INPS5000,7000SP1PA2000,0"
30 PRINT #1, "PMOPDO,2000,0,0,2000,0PM1"
49 PRINT #1, "PU6GG0G,600CIS00PM2"

58 PRINT #1, "EPPG;"

70 END
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RELATED

INSTRUCTIONS: EA, Edge Rectangle Absolute
ER, Edge Rectangle Relative
EW, Edge Wedge
LA, Line Attributes
LT, Line Types
PM, Polygon Mode

FP, Fill Polygon

USE: Fills the polygon currently in the polygon buffer. Use FP to fill polygons
defined in polygon mode and by the edge rectangle and wedge instructions
(EA, ER, and EW).

SYNTAX: FP(;)

REMARKS: The FP instruction fills any polygon that is currently in the poly-
gon buffer. This includes wedges and rectangles defined using the EA, ER,
EW, WG, RA, and RR instructions. FP accesses the data in the polygon
buffer, but does not clear the buffer or change the data in any way.

The FP instruction fills between points defined both with the pen down and
the pen up. The polygon is filled using the current pen, fill type, line type and
attributes (if the fill type is not solid). The FP instruction includes an auto-
matic pen down. When the instruction is completed, the original pen location
and up/down position are restored.

6-8 Using Polygon Mode

B0 S R S S S (R S RS S S R R R



EXAMPLE: The following creates a polygon composed of two subpolygons. In
this case, the FP instruction fills alternating areas, beginning with the outside

area.

1¢p ‘Insert configuration statement here

2¢ PRINT #1,
30 PRINT #1,
40 PRINT #1,
5¢ PRINT #1,
60 END

RELATED
INSTRUCTIONS:

SPECIAL ERRORS:

.
& 7

W

i,
T
i .

"INPS6Q00,8000SP1PA1500,1500"
"PMOCI1008,60PA1500,1500CI500PM2"
“LT4FT3,50,45"
"FPPG; "

EA, Edge Rectangle Absolute

EP, Edge Polygon

ER, Edge Rectangle Relative

EW, Edge Wedge
FT, Fill Type

LA, Line Attributes
LT, Line Type
PM, Polygon Mode
PW, Pen Width

Condition

Error

Plotter Response

the polygon buffer

previous PM, RA, RR, or 7*
WG instruction overflowed

ignores instruction

*Error actually occurs when buffer overflows. It is possible to define and edge a polygon, but

not be able 1o fill it.
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PM, Polygon Mode Instruction

USE: Enters polygon mode for defining shapes, such as block letters or any
unique area, and exits for subsequent filling and/or edging. Fill polygons using
the fill polygon (FP) instruction and/or outline them using the edge polygon
(EP) instruction.

SYNTAX: PMpolygon definition(;)

or
PM(;)
Parameter Format Functional Range Default
polygon definition | clamped integer 0, 1, and 2 —

REMARKS: 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 plotted until you exit polygon
mode and fill and/or outline the area.

®* No Parameters — Clears the polygon buffer and enters polygon mode.
Equivalent to (PM0).

® 0 — Clears the polygon buffer and enters polygon mode.
® 1 — Closes the current polygon (or 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.

(PMO) or (PM)
Use (PMO) to clear the polygon buffer and enter polygon mode. While in

polygon mode, you can use certain instructions to define your polygon. The
following lists these instructions.
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AA, Arc Absolute

AR, Arc Relative

AT, Absolute Arc Three Point
Cl, Circle

CT, Chord Tolerance Mode
DF, Default Values

IN, Initialize

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 accessed later when you exit polygon mode and fill and/or edge
the polygon.

NOTE: While in polygon mode, the CI instruction is interpreted differently
than other graphics instructions. Refer to Drawing Circles in Polygon Mode,
earlier in this chapter for more details. ®

You can also use the initialize (IN) or default values (DF) instructions while in
polygon mode. IN and DF 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 buffer, but are executed immediately.
You must exit polygon mode to execute other graphics instructions.

When you define polygons, the pen location before (PMO) is the first point
(vertex) of the polygon, and the first point stored in the polygon buffer. For
example, if you execute the instructions (PAQ,1750PM0) the absolute coordi-
nates (0,1750) are 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 between points that are defined when the pen is down. The FP
instruction fills the area(s) between all vertices, regardless of whether the pen
is up or down when defined.

NOTE: For best results, define points with the pen up if you plan to fill the
polygon since FP has an automatic pen down, refer to Pen Position in
Chapter 3. B

It is good programming practice to ‘close’ the polygon before exiting polygon

mode. Closing a polygon means adding the final vertex that defines a continu-
ous shape; the last coordinates or increments represent the same location as
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the first. If you have not closed the polygon, executing (PMI) or (PM2)
forces closure by adding a point to close the polygon. However, you can end
up with an unexpected polygon by not closing it yourself.

(PM1)

Use (PM1) to close the current polygon (or subpolygon) and remain in poly-
gon mode. When you use (PM1), the point after (PM!) becomes the first
point of the next subpolygon. This move is not used as a boundry when filling
a polygon with FP. When drawing the polygon, the pen will always move to
this point in the up position, regardless of the current pen status. Each subse-
quent coordinate pair after (PM ) defines a point of the subpolygon.

(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. For best results, include a pen up (PU) instruc-
tion before a (PM2). Refer to Pen Position in Chapter 3.

EXAMPLE: The following draws the surface area of a 3-prong receptacle as a
series of subpolygons, fills and edges it using the FP and EP instructions,
respectively.

10 ‘Insert configuration statement here

20 PRINT #1, "INPS6000,7000SP1PA200G,2000"

30 PRINT #1, “"PMO"

409 PRINT #1, "PD3¢00,2000,3000,3000"

56 PRINT #1, "PD20G0,3000,2000,2000"

60 PRINT #1, "PM1“

7@ PRINT #1, "PD2080,2160,2480,2160,2480,2340,20808,2340,
2080,2160"

80 PRINT #1, "PM1"

80 PRINT #1, "PD2080,2660,2480,2660,2480,2840,2080,2840,
2080,2660"

1606 PRINT #1, "PM1"

110 PRINT #1, "PD292¢,2340,2920,2660,2720,2660"

120 PRINT #1, "AA2720,2500,180PD29820,2349"

130 PRINT #1, "PM2FPEPPG;"

149 END
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RELATED
INSTRUCTIONS: EP, Edge Polygon
FP, Fill Polygon

SPECIAL ERRORS:

Condition Error

Plotter Response

invalid instruction used in 1
polygon mode

buffer overflow 7

ignores illegal instruction

ignores overflowing points
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Labeling Your Plots

The information in this chapter enables you to achieve the following results in
your programs.

* Draw and position labels.

® Work with the character plot cell.

®* Change label size, slant, and direction.

® Use variables in labels.

The following instructions are described in this chapter.

CP, Character Plot

DI, Absolute Direction

DR, Relative Direction

DT, Define Label Terminator
DV, Define Variable Text Path
ES, Extra Space

LB, Label

LO, Label Origin

SI, Absolute Character Size
SL, Character Slant

SM, Symbol Mode

SR, Relative Character Size
TD, Transparent Data

Using and Terminating Labels

Use labels 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. This
chapter covers the instructions that control these features.
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These techniques are illustrated using the plotter’s default character set
(Roman8). All of the instructions in this chapter are valid with the plotter’s
other character sets and fonts. Chapter § discusses the plotter’s other charac-
ter sets and fonts.

Terminating Labels

The label (LB) instruction tells the plotter to draw everything following the
instruction, rather than interpreting the characters as graphics instructions.
Since the semicolon (;) is normally a text character, you must use a special
‘label terminator’ to tell the plotter to return to interpreting characters as
graphics instructions.

The default label terminator is the nonprinting ASCII end-of-text character
ETX (decimal code 3). In BASIC, this is accessed by the character string
function CHR$(3). You must use the label terminator, or the plotter will label
the rest of your program on your plot. You can change the label terminator
using the define label terminator (DT) instruction. Read the following section
for more information on inserting ASCII control characters in your labels.

Carriage Returns and Line Feeds

You can also insert carriage returns and line feeds in your labels. Carriage
returns and line feeds are also nonprinting ASCII control characters. You can
insert these formatting characters using a character string function like CHR$S
or by producing them directly from the keyboard. The examples in this man-
ual use the BASIC CHR$ function.

When you use a string function such as CHRS, you must separate it from the
label string to prevent the plotter from drawing it. Separate it by closing the
quotation marks, then inserting the string function. To ensure that the charac-
ter produced by the string function is sent immediately after the label string
without any extra space, you may need to link the label and the string func-
tion with a concatenation symbol such as ‘+’, ‘&', *,’, or ‘;'. For example, in
BASIC use: ...label”+CHRS$(3). Use the symbol your system and language
requires. '

Check the table in Appendix B for the complete list of the plotter’s responses
to ASCII control characters. Here are some common CHR$ equivalents.

CHRS$(3) produces ETX (end-of-text)
CHRS$(10) produces LF (line feed)
CHRS$(13) produces CR (carriage return)

On some computers, you can produce these ASCII control characters from the

keyboard by pressing two keys simultaneously. Check your computer documen-
tation for the availability of this option and for the appropriate combination of
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keys on your system. Here are some common combinations and their
equivalents.

CONTROL and C produces ETX
CONTROL and J produces LF
CONTROL and M produces CR
If you enter the character directly from the keyboard, you can enter the char-
acter within the label; you do not need to close quotes or use a concatenation
symbol as you do with the CHRS function.
The following instructions use string functions.
"LBLabel"+CHRS$ (3)
or
"LBLabel"+CHR$ (13)+CHR$ (1¢) +"return"+CHRS (3)
The following shows equivalent instructions using the keyboard.

"LBLabelfx"

"LBLabel Sgirreturn&x"

Both methods produce the following labels.

Label Label
return

The Carriage Return Point

The current pen location (before being adjusted by a prior LB instruction)
is the carriage return point. If the plotter encounters a carriage return (CR,
CHRS(13), or CP), the pen moves to the carriage return point, adjusted
down by any line feeds.

The carriage return point is updated to the current pen location by these in-
structions: AA, AR, AT, CP, DF, DI, DR, DV, IN, LO, PA, PE, PR, RO,
and RT. A PR or PU instruction with parameters also updates the carriage-
return point. The LB instruction does not update the carriage return point,
just the current pen location. This feature allows you to issue several label
instructions that write one long label and still use a carriage return to get to
the beginning of the entire label.
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Using Variables in Labels

You may want to use numeric or string variables in your label instructions
instead of writing the numbers or text in each instruction. Note that the punc-
tuation mark (delimiter) you use to separate the variable from the instruction
determines the format that the number is printed in and can have a major
effect on the appearance of your label.

Many computer languages use the quotation mark (single or double) to define
the literal (actual) characters to be sent. The graphics instructions are en-
closed in quotation marks because the computer program itself does nothing
with them; since they’re in quotation marks, it just sends them along to the
plotter.

Variables are not enclosed in quotation marks because the computer program
works with them — it substitutes the variable definition for the variable when it
issues the instruction. Further, the variables are separated from the quotation
marks by another punctuation mark, typically a comma or semicolon, called a
delimiter.

* (Commas (in BASIC) typically cause numbers and text to be right-justified
in a specific character field width. (The field width may be different for
numbers and text.) For example, if the character field width is 15 charac-
ters, a 5-digit number will be indented 10 spaces to be printed in spaces
11 through 15.

* Semicolons (in BASIC) typically suppress the extra blank spaces and are
recommended for use in labels. However, in many computer languages,
numbers will still be printed with a blank space in front for the sign and
one after for separation. (Refer to the table of control characters in
Appendix B for the backspacing control characters.) Text will be printed
with no spaces between the variable strings.

Any blank spaces that you need within a label should be sent within the
quotation marks as part of the character string.

The following illustrations show the use of variables with a comma, a semico-
lon, and spaces within the quotation marks (hyphens are used for visual
clarity). The vertical line indicates the current pen location when the label
instruction was issued. The first example uses numeric variables; the second
uses string variables.
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Numeric Variables

10 “Insert configuration statement here
20 PRINT #1, "INPS5000,7000SP1SI.187,.269PA1500,3000"
30 X=50
40 PRINT #1, "LB",X,X+1l,X+2,+CHR$(3)
50 PRINT #1, "PAl500,2560"
60 Y=50
76 PRINT #1, "LB":Y;Y+1l;Y+2;+CHR$(3)
80 PRINT #1, "PA1500,2000"
90 2Z=50
160 PRINT #1, “LB"“;Z;"——-";Z+1;"————1:742:4+CHRS$(3)
110 PRINT #1, "PA1500,3000WG20,0,360"
115 PRINT #1, "PD1500,2500WG20,0,360"
120 PRINT #1, "PD1500,2000WG20,0,360"
130 PRINT #1, "PG;"
140 END
50 51 52
50 51 52
50 ———— 51 ———— 52
NOTE: This version of GW-BASIC uses such a wide character field width

with commas that the ‘AND STILL MORE’ is plotted off the right side of the

page. &
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String Variables

10
20
30
40
50
60
70
80
90
100
119
115
120
130
149

“Insert configuration statement here

PRINT

#1,

"INPS4000,5000SP1SI.187, .269PA0Q, 3000"

X$="VARIABLE"
Y$="MORE TEXT"
Z3="AND STILL MORE"

PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
END

#1,
#1,
#1,
#1,
#1,
#1,
#1,
#1,
#1,

"LB",X$,Y$,Z$,+CHRS (3)

"PAG,2500"

"LB"X$Y$Z$+CHRS (3)

"PAG,2000"

"LB"X$" e "Y$" ————"Z$+CHRS (3)

"PAO,3000WG20,0,360"
"PDO, 2500WG20,0, 360"
"PDO, 2000WG20,0,360"
IIPG; n

VARIABLE MORE TEXT AND S

ARIABLEMORE TEXTAND STILL MORE

ARIABLE----MORE TEXT----AND STILL MORE

Default Label Conditions

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

®* Character set — Roman8 fixed-space vector font (character set 0 or 277).
Refer to Chapter 8 for information about the various plotter character sets.

* Label terminator — ASCII end-of-text character ETX (decimal code 3).
Refer to the DT instruction.

* Label starting point — Current pen location. Refer to the LO instruction.

® Character size — Width=0.285 cm, height=0.375 cm. Refer to the AD,
SD, SI, and SR instructions.

¢ Label direction — Horizontal. Refer to the DI, DR, and DV instructions.
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®* Space between characters and lines — Normal. Refer to the ES
instruction.

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

Working with the Character Plot Cell

The character plot (CP) cell is the basis for almost all positioning and move-
ment of labels. Think of the CP cell as a rectangular area around a character
that includes blank areas above and to the right of the character. In a fixed-
space font (such as the default font being discussed in this chapter), the CP
cell is the same size for every character. (Refer to Chapter 8 for information
on the CP cell in variable-space fonts.)

The CP cell is based on the uppercase ‘A’. The CP cell height corresponds to
a text line and is twice the height of the A. The CP cell width corresponds to
a character space and is one and one-half times the width of the A. If you
use the SI or SR instructions to change the size of the characters or use the
ES instruction to add extra space around them, you will alter the size of the
CP cell.

1 space = 1.5 X
uppercase A width

—ervare———
1
1lne=2 X
uppercase
A height
Uppercase
character
height
2 y
/. ——
Character Character
origin width

The current pen location when the label (LB) instruction is issued becomes
the ‘character origin’ of the first CP cell (unless you have used the label origin
(LO) instruction to alter the origin). After drawing the first character, the pen
moves to the character origin of the next CP cell and draws the next charac-
ter. This continues until the end of the label unless an embedded control
character (for example, a carriage return) is encountered.
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The character origin is the lower left corner of the CP cell. It is not necessar-
ily the lower left corner of the character. Since the CP cell is based on an
uppercase A, some of the lowercase characters begin slightly to the right of
the left edge of the CP cell in order to maintain a reasonable appearance.
Observe the location of the lowercase ‘i’ in the word ‘Size’ in the illustration
below.

1 space = 1.5X
uppercase A width

1iline =2 X
uppercase
i A height
Uppercase
character
height

N _

Character Character
origin width

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 and/or
placement of the label on the page. Before using these enhancements, be sure
you understand the character plot (CP) cell described previously.

Character Size and Slant

You can change the size of the characters using the absolute character size
and the relative character size (SI and SR) instructions. The absolute charac-
ter size (SI) instruction establishes the size of the uppercase A in centimetres
and maintains this character size independent of the location of P1 and P2 or
the media size. The relative character size (SR) establishes the size of the up-
percase A as a percentage of the distance between P1 and P2. Subsequent
changes in the location of P1 and P2 will cause the character size to change.
Changing the character size changes the size of the CP cell and proportionaily
changes the line width used in labels (refer to AD and SD).

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

You can use the extra space (ES) instruction to automatically put extra spaces
or lines between all characters or lines. For example, you could use ES to
skip a space between every character (such as, MEM O R A N D U M) or
to skip a line between every line of text, double-spacing your text. You can
also decrease the spacing between characters and lines.

You can use the character plot (CP) instruction to move the pen a specific
number of lines or spaces (CP 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 almost any orientation you
desire. The direction absolute (DI) instruction specifies the angle at which you
want the characters drawn, independent of the location of P1 and P2. The
direction relative (DR) instruction specifies the angle at which you want the
characters drawn 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.

XNOI133ddIUOx*

O =z
— O
X1 (o
m - —
o % O
— \/VN L
L oC
O (o
=z (|

*DIRECTIONXx

DI and DR allow you to plot labels at any angle with the letters in their nor-
mal side-by-side orientation. The define variable text path (DV) 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. Refer to the following iilustration.
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TFEL RIGHT

ZZDDv—I——CU

Using the label origin (LO) instruction greatly simplifies placing labels on a
plot. 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 offset slightly (in any direction you desire), offset distinctly, centered,
and right- or left-justified from the current pen location. For example, the
following illustration shows four centered lines of text.

Lines of any length
can easily be
centered
without cumbersome calculations.

This plot was programmed with one X,Y coordinate pair, one LO instruction
to center labels, and a carriage return and line feed after each line. An alter-
native method would involve calculating the length of the line in CP cells,
dividing by two, and using the CP instruction to ‘backspace’ the required
number of cells — and that’s just the first line.

The LO instruction also works well for offsetting a label from a data point so
that the point is not obscured. Many of the plotted examples in this manual
use the LO instruction to label X,Y coordinate points and to offset the label
slightly from a line.
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CP, Character Plot

USE: Moves the pen the specified number of character piot cells from the
current pen location. Use CP to position a label for indenting, centering, etc.

SYNTAX: CPspaces,lines(;)

or
CP(;)

Parameter Format Functional Range Default

spaces clamped real -32 767.9999 to 32 767.9999 -

lines clamped real -32 767.9999 to 32 767.9999 -

REMARKS: The CP instruction includes an automatic pen up. When the
instruction is completed, the original pen up/down position are restored. For
more information on spaces, lines, and the character plot cell, refer to Work-
ing with the Character Plot Cell earlier in this chapter. :

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 character plot cell widths (spaces) the
pen moves relative to the current pen location. Positive values specify the
number of spaces the pen will move 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 current label direction. The width of
the character plot cell is uniquely defined for each font; use ES to adjust
the width.

NOTE: If you are using a variable-space font, the average character plot
cell will be used. Refer to Chapter 7 for information about variable-space
fonts. W

Lines — Specifies the number of character plot cell heights (lines) the
pen will move relative to the current pen location. Positive values specify
the number of lines the pen will move up from the current pen position;
negative values specify the number of lines the pen moves down (a value
of -1 is equivalent to a line feed). Up and down are relative to the cur-
rent label direction. The height of the character plot cell is uniquely
defined for each font; use ES to adjust the height.

When you move the pen up or down a specific number of lines, the car-
riage return point shifts up or down accordingly.
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The illustration below shows the effect of label dlrecnon on the positive and
negative parameters.

Left () Uy Right (+)
—LABEL DIHEC*TIUN pIl1, 0—
Down (-)

Down (-)

Right (+) . Left {-)
—0 "7-I0 NDI%JEHIG 13gvV]——
Up (+)

The following illustration shows the direction of labeling with a vertical text
path (refer to the DV instruction).

Left (-)

—HImM<

Down (-) «— I — Up (+)

C
A
L

Right (+)

CP moves pen up with respect to the current character origin. CP only affects
the next label, you must issue new CP instructions for subsequent labels.
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EXAMPLE: This example produces lettering along a line (but not directly on
top of it) and aligns labels along a left margin.

The CP instruction in line 30 moves the next label 0.35 lines up so it will be
drawn just above the line. The PA instruction in line 40 establishes a new car-
riage return point (the current pen location when the LB instruction is issued);
the dot on the line marks the new carriage return point. Notice that the CP
instruction without parameters (CP;) in line 60 performs the same function as
the carriage return and line feed (CHR$(13)+CHR$(10)) in line 50.

10
20
30
40

‘Insert configuration statement here

PRINT #1, “"INPS7000,8000SP1FPA5000,2500PD1500,2508PU"
PRINT #1, "CPS5,.35LBABOVE THE LINE"+CHR$ (3)

PRINT #1, "PA2500,2500wWG20,0,360"

50 PRINT #1, “"CP@,-.95LBBELOW THE
LINE"+CHR$ (13)+CHR$ (10)+"WITH A
NEAT"+CHR$(3)
60 PRINT #1, "CPLBMARGIN"+CHRS (3)
70 PRINT #1, "PG;"
80 END
ABOVE THE LINE
BELOW THE LINE
WITH A NEAT
MARGIN
RELATED

INSTRUCTIONS: DI, Absolute Direction

DR, Relative Direction

DV, Define Variable Text Path
ES, Extra Space

LO, Label Origin

SI, Absolute Character Size
SR, Relative Character Size
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DI, Absolute Direction

USE: Specifies the direction in which labels are drawn, independent of P1
and P2 settings. Use DI to change labeling direction when you are labeling
curves in line charts, schematic drawings, blueprints, and survey boundaries.

SYNTAX: Dlrun,rise(;)

or
DI{;)
Parameter Format Functional Range Default
run (or cos 8) | clamped real | -32 767.9999 to 32 767.9999 1
rise {(or sin ©) | clamped real | —-32 767.9999 to 32 767.9999 0

REMARKS: The DI instruction updates the carriage-return point to the
current location. While DI is in effect, with or without parameters, the label
direction is not affected by changes in the location of P1 and P2. However,
the define variable text path (DV) instruction interacts with the DI (and DR)
instructions, as explained later in this section.

¢ No Parameters — Defaults the label direction to absolute and horizontal
(parallel to X-axis). Equivalent to (D/1,0).

® Run or Cos 6 — Specifies the X-component of the label.
¢ Rise or Sin 8 — Specify the Y-component of the label.
Together, the parameters specify the slope and direction of the label.

You can express the parameters in measured units as rise and run, or using
the trigonometric functions cosine and sine according to the following relation-
ships.
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where: run and rise = number of measured units

6 = the angle measured in degrees

sin6 rise
cosf run
rise 5in®
0=tan"1 (—— ) and tan 6§ =
run cos8

Suppose you want your label plotted in the direction shown in the following
illustration. You can do this by measuring the run and rise or by measuring
the angle.

N [ —
. f49unts  (DIB.54.9)

or
(D1.8686,.5)

|
| .
1
i
!

To measure the run and rise, 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 a 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 the
run. In the illustration above, the run is 8.5. Now, count the number of units
from your selected point along a perpendicular line that intersects the line
along the label. This is the rise. In the illustration above, the rise is 4.9.

Your DI instruction using the run and rise would be (D/8.5,4.9;).
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If you know the angle (6), you can use the trigonometric functions sine (sin)
and cosine (cos). In this example, 8 = 30, cos 30 = 0.866, and sin 30 = 0.5.

Your DI instruction using the sin and cos would be (DI.866,.5;).

Whichever set of parameters you use, the label will be drawn in the same
direction as shown in the previous illustration.

Use the following table when you know the angle and want to specify the co-
sine and sine values. You can also use the SIN and COS functions available in
most programming languages. The example at the end of this section shows

both methods.

3] Cosine Sine 0 Cosine Sine

0 1 0 0 1 0
-30 0.87 -0.50 30 0.87 0.50
-45 0.71 -0.71 45 0.71 0.71
-60 0.50 -0.87 60 0.50 0.87
-90 0 -1 90 0 1
-120 -0.50 -0.87 120 -0.50 0.87
-135 -0.71 -0.71 135 -0.71 0.71
-150 -0.87 -0.50 150 -0.87 0.50
-180 -1 0 180 -1 0
=210 -0.87 0.50 210 -0.87 -0.50
=225 -0.71 0.71 225 -0.71 -0.71
-240 -0.50 0.87 240 -0.50 -0.87
-270 0 1 270 0 -1
-300 0.50 0.87 300 0.50 -0.87
-315 0.71 0.71 315 0.71 -0.71
-330 0.87 0.50 330 0.87 -0.50
-360 1 0 360 1 0

When using either method, at least one parameter must not be zero. The ratio
of the parameters to each other is more important than the actual numbers.
The following table lists three common label angles produced by using 1's and
0’s.

DIl Instruction Label Direction

DI 1,0 horizontal
DI o,1 vertical

DI 1,1 or DI 0.7,0.7 45-degree angle

(any parameters equal to each other)
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The relative size and sign of the two parameters determine the amount of ro-
tation. If you imagine 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 guadrant the label will be in.

10
29
3¢
49
59
69
79
1)

“Insert configuration statement here

PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
END

Quadra—nrtu :: é/ \/\O Q&’ Quadrinnt‘ r:

#1, "INPS5000,7000SP1PA3500,2500"

#1, "DI1,1LB DIRECTION"+CHR$(13)+CHRS(3)
#1, "DI1,-1LB DIRECTION"+CHR$ (13)+CHR$(3)
#1, "DI-1,-~1LB DIRECTION"+CHR$ (13)+CHRS(3)
#1, "DI-1,1LB DIRECTION"+CHRS$ (13)+CHR$(3)
#1, "PG;"

Computer:
.- Museum

2

+rise +rise

-run O +run
-rise -rise
Quadrant I @ \/\ Quadrant IV

9@0 >
& 2%

‘When plotting with a horizontal (Right) text path, the run and rise appear to
determine the slope of the entire label. However, if you have used the define
variable text path (DV) instruction to select vertical (Down) text path, the
label appears to slant in the opposite direction even though the base of each
letter is plotted on the same slope. The following illustration compares how
labels plotted with the same run and rise parameters appear with horizontal
(DV0) and vertical (DV1) text paths.
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The DI instruction remains in effect until another DI or DR instruction is exe-
cuted, or the plotter is initialized or set to default conditions.

EXAMPLE: This example illustrates the use of positive and negative parame-
ters, the use of the BASIC COS and SIN functions, how the LB instruction
updates the current pen location, and how DI updates the carriage return
point.

10 “Insert configuration statement here

20 PRINT #1, "INPS500@,7000SP1"

30 PRINT #1, "PA3500,2500"

40 PRINT #1, "DI@,1LB___ 1987"+CHR$ (3)

5§06 PRINT #1, "DI1,1LB___ 1988"+CHR$(3)

60 PRINT #1, "DI1,0LB___ 1989"+CHR$(3)

760 ‘Angle = 135 degrees. Must convert degrees to

80 - radians. Radians=Degrees*PI/180

9¢ - Vvariables are integer.

100 PI1=3.14593

110 A%=COS(315*(PI/180))

120 B%=SIN(315%*(PI/18@))

130 PRINT #1, "DI"A%","B%"LB___ 1990"+CHR$ (3)

140 C%=COS(270*(P1/180))

150 D%=SIN(270*(P1/180))

166 PRINT #1, "DI"C%","D%"LB___ 1991"+CHR$(13)+CHR$(3)
17¢ =C0S (225*(P1/180))

180 F%=SIN(225*(P1/18@))

190 PRINT #1, "DI"E%","F%"LB___ 1992"+CHR$(13)+CHR$ (3)
200 G%=COS(-180*(PI1/180))

219 H%=SIN(-180*(P1/180))

220 PRINT #1, "DI"G%","H%"LB___ 1993"+CHR$ (13)+CHRS$ (3)
23¢ PRINT #1, "PG;"

240 END
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RELATED
INSTRUCTIONS: DR, Relative Direction
DV, Define Variable Text Path
LB, Label
SPECIAL ERRORS:
Condition Error Pliotter Response
both parameters = 0 3 ignores instruction
or number out of range
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DR, Relative Direction

USE: Specifies the direction in which labels are drawn, relative to the scaling
points P1 and P2. Label direction is adjusted when Pl and P2 change so that
labels maintain the same relationship to the plotted data. Use DR to change
labeling direction when you are labeling curves.

SYNTAX: DRrun,rise(;)

or
DR(;)
Parameter Format Functional Range Default
run clamped real -32 767.9999 1% of P2Xx-P1X
to 32 767.9999
Tise clamped real -32 767.9999 0% of P2Y-P1Y
to 32 767.9999

REMARKS: 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 define variable text path (DV) instruction, as explained later
in this section.

* No Parameters — Defaults the label direction to relative and horizontal
(paraliel to the X-axis). Equivalent to (DRI1,0).

® Run — Specifies a percentage of the distance between P1X and P2X.
® Rise — Specifies a percentage of the distance between P1Y and P2Y.

You can define the parameters of run and rise as shown in the following
illustration.
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With the DR instruction, the use of run and rise is somewhat different than
with DI. Run is expressed as a percentage of the horizontal distance between
P1 and P2; rise is a percentage of the vertical distance between P1 and P2.

run = run{(P2X - P1X)
rise = rise(P2Y - P1Y)
At least one parameter must not be zero. The ratio of the parameters to each

other is more important than the actual numbers. The table below lists three
common label angles produced by using ones and zeros.

DR Instruction Label Direction
DR 1,0 horizontal
DR 0,1 vertical
DR 1,1 or DR 0.7,0.7 diagonal from P1 to P2
(any parameters equal to each other)

The relative size and sign of the two parameters determine the amount of ro-
tation. If you imagine 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 wili be.

2

Quadrant I é’ {\0

+rise

-run +run

-rise

-rise 0
Quadrant Il Q ~/\ Quadrant IV
/géx' /QQ\
N
¥
?Q
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A DR instruction remains in effect until another DR or DI instruction is exe-
cuted, or the plotter is initialized or set to default conditions.

EXAMPLE: This example illustrates the use of positive and negative parame-
ters, how the LB instruction updates the current pen location, and how DR
updates the carriage return point.

NOTE: Labels begin at the current pen location and thus will be drawn paral-
lel to the directional line, not necessarily on it. B

10 “Insert configuration statement here

20 PRINT #1, "INPS5000,7000SP1"

30 PRINT #1, "PA3500,2500"

49 PRINT #1, "DR@,1LB__ 199¢"+CHR$(3)

50 PRINT #1, "DRL,1LB___ 1991"+CHR$(3)

69 PRINT #1, "DR1,0LB__ _1992"+CHR$(3)

70 PRINT #1, "DR1,-1LB__ 1993"+CHR$(3)

80 PRINT #1, "DR@,-1LB__ 1984"+CHR$(13)+CHR$(3)
8¢ PRINT #1, "DR-1,-1LB___ 1995"+CHR$ (13)+CHR$(3)
160 PRINT #1, "DR-1,0LB___ 1996"+CHR$(13)+CHR$(3)
110 PRINT #1, “PG;"

12¢ END

~__ 1992

& N\

BT =~ carriage return
O point
a)
a Q;\‘ .
< 0o
LN
RELATED
INSTRUCTIONS: DI, Absolute Direction
DV, Define Variable Text Path

LB, Label
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SPECIAL ERRORS:

Condition

Error Plotter Response

both parameters = 0
or number out of range

3 ignores instruction

DT, Define Label Terminator

USE: Specifies the character to be used as the label terminator and whether
it is printed. Use DT to define a new label terminator if your computer cannot
use the default label terminator (ETX, decimal code 3).

SYNTAX: DTlabel term(,mode;)

or
DT()
Parameter Format Functional Range Default
label terminator | label any character except ETX
NULL, LF, ENQ, and (decimal code 3)
; (decimal codes 0, 5,
27, and 59 respectively)
mode clamped | 0 or 1 0 (printing)
integer

REMARKS: The character immediately following DT is interpreted to be the
new label terminator. You must terminate all label (LB) instructions following
a DT instruction with the specified label terminator.

* No Parameter — Defaults the label terminator to ETX (not a semicolon)
and the mode to printing (0).

* Label Terminator — Specifies the label terminator as the character
immediately following the DT mnemonic. (If you use a space between the
mnemonic and the label terminator parameter the space becomes the label

terminator.)

® Mode — Specifies whether the label terminator is printed.

0 (Default) The label terminator prints if it is a printing character and
performs its function if it is a character code.

1 The label terminator does not print if it is a printing character and
does not perform its function if it is a character code.

Labeling Your Plots
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A DT instruction remains in effect until another DT instruction is executed, or
the plotter is initialized or set to default conditions. .

EXAMPLE: The following program shows how to change the label terminator,
as well as what happens to plotted labels with different terminators in the de-
fault mode.

NOTE: Although some program lines are shown on two lines to fit on this
page, you should write them on just one line. &

10 ‘Insert configuration statement here

20 PRINT #1, “"INPS500¢,7000SP1SC@,5000,0,5000"

39 PRINT #1, "SI.187,.269PA0,4500"

49 PRINT #1, "LBDefault control character
ETX"+CHR$ (13)+CHR$ (10)+CHR$ (3)

50 PRINT #1, "LBterminates by performing
end-"+CHRS (13)+CHR$ (18)+CHRS$ (3)

60 PRINT #1, "LBof-text function."+CHR$(3)

70 PRINT #1, "CPCPDT#"

80 PRINT #1, "LBPrinting characters termi
nate, "+CHR$ (13 ) +CHRS (10)+"#"

90 PRINT #1, "LBbut are also printed.#"

100 PRINT #1, “CPCPDT"+CHR$(13)+"

110 PRINT #1, "LBControl characters termi
nate"+CHRS$ (10) +CHR$(13)

129 PRINT #1, "LBand perform their function."+CHR$(13)

130 PRINT #1, "PG;"

140 END

Default control character ETX
terminates by performing end-
of-text function.

Printing characters terminate,
#but are also printed.#

Control characters terminate
and perform their function.

RELATED
INSTRUCTIONS: LB, Label
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DV, Define Variable Text Path

USE: Specifies either right, left, up, or down as the text path for subsequent
labels and the direction of line feeds. Use DV to ‘stack’ characters in a col-
umn.

SYNTAX: DVpath(,line;)

or
DV(;)
Parameter Format Functional Range Default
path clamped integer 0,1, 2,0r3 0 (horizontal)
line clamped integer Oorl 0 (normal line feed)

REMARKS: The DV instruction determines the direction that the current lo-
cation moves after each character is drawn (text path) and the direction that
the carriage-return point moves when a line feed is included in the label
string.

* No Parameter — Defaults the text path to horizontal (not stacked) with
normal line feed. Equivalent to (DV0).

* Path — Specifies the location of each character with respect to the pre-
ceding 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 degrees. (Right) Each character begins to the right of the previous
character. This is a horizontal text path (unless altered by DI or DR.)

1 -90 degrees. (Down) Each character begins below the previous char-
acter. This is a vertical text path (unless altered by DI or DR.)

2 -180 degrees. (Left) Each character begins to the left of the previous
character. This is a horizontal text path (unless altered by DI or DR.)

3 -270 degrees. (Up) Each character begins above the previous charac-
ter. This is a vertical text path (unless altered by DI or DR.)

The following illustration shows the four text paths.
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TFEL RIGHT

zzoo-teco

* Line — Specifies the location of each character with respect to the pre-
ceding character, relative to the labeling direction defined by the DI or
DR instructions.

0 -90 degrees. (Normal line feed) Sets the direction of line feeds
-90 degrees with respect to the text path.

r=HZmMm Mmmo

LAMRDN*%*NORMAL
LINE FEED

ommT MmZHr
mr>xX1o0Z
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0 +90 degrees. (Reversed line feed) Sets the direction of line feeds
+90 degrees with respect to the text path.

0
E D
EE
=S
R
EE
N V
TE
L A
DESREVEH«+4
DEEF ENIL
RL
EI
VAN
EE
g E
EE
OE
0

—
H
Z
m
T
m
m
O

REVERSED

The DV instruction rotates the label origins set using the LO instruction. The
following illustration shows some of the LO instruction label origins for a down

text path.

~Oor-

or—=
waor.,
HDOT

o©r-

L L L
. 0 0 0
5 7 8 9
6
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EXAMPLE: The following illustrates how line feeds and carriage returns affect
vertical labels. Horizontal labels are shown for comparison. All terminators,
line feeds, and carriage returns are sent using their ASCII decimal code
equivalents with the CHR$ function, as follows.

CHRS$(3) produces ETX (end-of-text)
CHR$(10) produces LF (line feed)
CHR$(13) produces CR (carriage return)

10 “Insert configuration statement here

20 PRINT #1, "INPS7000,8000SP1PA1000,3000DV1"
30 “vertical

40 PRINT #1, "LBABC"+CHRS$ (10)+CHR$(13)+CHRS$ (3)
50 PRINT #1, "LBDEF"+CHR$ (10)+CHRS(3)

60 PRINT #1, "LBGHI"+CHR$(3)

70 “horizontal

80 PRINT #1, "PA3000,3000DVO"

99 PRINT #1, "LBABC"+CHR$(10)+CHR$(13)+CHR$ (3)
100 PRINT #1, "LBDEF"+CHR$ (10)+CHR$(3)

110 PRINT #1, “LBGHI"+CHR$ (3)

120 PRINT #1, "PG;"

130 END
0 A ABC
E B DEF
FC GHI
G
H
I
RELATED

INSTRUCTIONS: DI, Absolute Direction
DR, Relative Direction
LO, Label Origin
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ES, Extra Space

USE: Adjusts space between characters and lines of labels without affecting
character size.

SYNTAX: ESwidth(,height;)

or
ES(;)
Parameter Format Functional Range Default
width clamped real | -32 767.9999 to 32 767.9999 0
height clamped real | -32 767.9999 to 32 767.9999 0

REMARKS: The plotter interprets the parameters as follows.

® No Parameters — Defaults the spaces and lines between characters to no
extra space. Equivalent to (ES0,0).

® Spaces — Specifies increases (positive number) or decreases (negative
number) in the space between characters as a fraction of the ‘space’
character. For maximum legibility, do not specify more than one extra
space or subtract more than half a space.

* Lines — Specifies increases (positive number) or decreases (negative
number) in the space between lines as a fraction of the ‘space’ character.
For maximum legibility, do not specify more than two extra lines or
subtract more than half a line.

An ES instruction remains in effect until another ES instruction is executed,
or the plotter is initialized or set to default conditions.
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EXAMPLE:

10
24
30
40
50
60
79
80
90

“Insert configuration statement here

PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT

100 PRINT
116 PRINT
120 END

RELATED
INSTRUCTIONS:

7-30

#1,
#1,
#1,
#1,
#1,
#1,
#1,
#1,
#1,
#1,

"INPS5000,8000SP1PA2500,3200S1.187, .269"
"ESLBES CAUSES"+CHR$(3)

"CPLBTHIS SPACING."+CHR$ (3)
"PA25080,2500"

"ES-.1,-.2S5LBES~-.1,-.25 CAUSES"+CHRS (3)
"CPLBTHIS SPACING."+CHR$ (3)

“PA2500,1800

"ES.2, .25LBES.2, .25 CAUSES"+CHR$ (3)
"CPLBTHIS SPACING. "+CHRS$ (3)

"pG: "

ES: CAUSES
THIS SPACING.

ES-.1, —.25; CAUSES
THIS SPACING.

ES.2. .25; CAUSES
THIS SPACING.

CP, Character Plot
LB, Label
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LB, Label

USE: Piots text using the currently defined font. Use LB to annotate drawings
or create text-only charts.

SYNTAX: LB ¢ ... clabel terminator

Parameter Format Functional Range Default
c...cC label any character —

REMARKS: The LB instruction includes an automatic pen down. When the
instruction is completed, the original pen up/down position are restored. La-
bels are always drawn with triangular line ends and joins.

® c...c — Includes up to 150 ASCII characters. Printing characters are
drawn using the currently selected character set. (Refer to Chapter 8 for
information on selecting alternate character sets.)

You can include nonprinting characters such as the carriage return (CR,
decimal code 13) and line feed (LF, decimal code 10). These characters
invoke the specified function, but are not drawn. Refer to Appendix B for
a list of ASCII characters.

The label begins at the current pen location, (unless altered by LO). Aflter
each character is drawn, the pen location is updated to be the next char-
acter origin (refer to Working With the Character Plot Cell earlier in the
chapter.)

* Label Terminator — Terminates the LB instruction. You must use the
special label terminator (refer to the DT instruction) to tell the plotter to
exit from the label mode. If you don’t use the label terminator, everything
following the LB mnemonic will be printed in the label, including other
instructions. The default label terminator is the nonprinting end-of-text
character ETX (decimal code 3). In BASIC, CHR$(3) accesses ETX. If
you wish, you can define a different terminator using the DT instruction.
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EXAMPLE:

16 ‘Insert configuration statement here
2@ PRINT #1, "INPS5000,7000SP1PA2500,2500"
3¢ PRINT #1, "LBThis is a label."+CHR$(3)
40 PRINT #1, "PG;"

50 END
This 1s a label.
RELATED
INSTRUCTIONS: AD, Alternate Font Definition

CP, Character Plot

SA, Select Alternate Font
SD, Standard Font Definition
SS, Select Standard Font
DT, Define Label Terminator
DI, Absolute Direction

DR, Relative Direction

DV, Define Variable Text Path
LO, Label Origin

SI, Absolute Character Size
SR, Relative Character Size
SL, Character Slant

LO, Label Origin

USE: Positions labels relative to current pen location. Use LO to center, left
justify, or right justify labels. The label can be drawn above or below the cur-
rent pen location and can also be offset by an amount equal to one half the
character’s width or height.

SYNTAX: LOposition(;)

or
LOG)
Parameter Format Functional Range Default
position clamped integer 1to 9 or 11 to 19 1

REMARKS: The plotter interprets the parameters as follows.

® No Parameters — Defaults the label origin. Equivalent to (LO!).
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® Position — The position numbers are graphically illustrated below. Each
dot represents the current pen location.

1. 01 LQ4 LD
¢ 02 LES LO8
L03 LO6 LOS

The label positions LO 11 through LO 19 differ from LO 1 through LO 9
only in that the labels are offset from the current pen location.

LO11  LOp4 L017,
L012  L045 LD18

LD13 LO16 L 019

The amount of offset is equal to one-half the character’s width and one-half
of the character’s height as specified by the most recent SI or SR instruction.
The offset is shown in the following illustration.

Vertical ———} [ } 1 1
offset = |
%2 character 1
height

Horizontal offset =
Current /2 character width

pen location

Thereafter, LO updates the carriage-return point to the current location. The

current pen location (but not the carriage return point) is updated after each

character is drawn and the pen automatically moves to the next character ori-
gin. If you want to return a pen to its previous location prior to the next label
instruction, you can send a carriage return, CHR$(13), after the label but be-
fore the label terminator.

Labeling Your Plots 7-33



The define variable text path (DV) instruction rotates the label origins set by
LO. The following illustration shows the label origins and normal carriage-
return points for right and down text paths. The position of these points is
mirrored for left and up text paths. The numbers in the illustration refer to
the label origin position numbers illustrated on the preceding page.

s — Label origin o - Carriage-return point
13 16 19 130 ©16,18
3 4] 9 ©3.6.9
12e 2 5815 8 e18 129 ©2,5,8,15,18
1 3 7 °1.4.7
i1e ®*14 ® 17 11e ©14,17

Right text path

11 12 13
[ ] [ ] L]
1 2 3
14 4 5 6 16
L J q ® ® e
15
11 12 13
o g L]
7 8 9
L L] | ] © L L4 o (-]
17 18 19 14, 1. 2. 3, 16
17 4, 5, 6, 19
7 8 9
15,
18 ﬂ

Down text path

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.
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An LO instruction remains in effect until another LO instruction is executed,
or the plotter is initialized or set to default conditions.

EXAMPLE:

10
20
30
40
50
60
70
80
90
100
110
120

Left

‘Insert configuration statement here

"INPS5000, 7000SP1SI. 17, .26PAQ, 500"
"PD-500,0,0,-500,500,0,0, 500"
"CI10,LO4LBCentered on point"+CHR$(3)
"PU-5060,08CI10,L018"

"LBLeft center offset"+CHRS$(3)
"PUG,-50698CI16,L013"

"LBRight offset from pcint"+CHR$(3)
"PA5G0,0,CI16,L03"

"LBRight hang from point"+CHR$(3)

PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
END

#1,
#1,
#1,
#1,
#1,
#1,
#1,
#1,
#1,
#1,

||PG; "

Centered ,on point

center offset

RELATED
INSTRUCTIONS:

Computer

Museum

ight hang from point

Right offset from point

DV, Define Variable Text Path

LB, Label
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S|, Absolute Character Size

USE: Specifies the size of labeling characters in centimetres. Use SI to estab-
lish character sizing independent of P1 and P2.

SYNTAX: SIwidth, height(;)
or

SI(;)

Parameter Format Functional Range Default

width clamped real | -32 767.9999 to 32 767.9999 | dependent®
height clamped real | <32 767.9999 to 32 767.9999 | dependent*

*Dependent on the current pitch and font height set by the AD or SD instructions. If set to
default values, the width is 0.285 cm and the height is 0.375 cm.

REMARKS: While SI is in effect, with or without parameters, the size of

characters of the currently selected set are not affected by changes in P1 and
P2.

* No Parameters — Defaults the width of the absolute character size to the

current pitch and the height to one half of the current font height set by
the AD or SD instructions.

* Width — Specifies the width of the nominal character in centimetres. A
negative width parameter mirrors labels in the right-to-left direction.

The nominal character width is the en space. The en space (a typographi-
cal measurement) is equal to one half of the width of the font. SI adjusts
the width of the en space to equal the specified width.

NOTE: Changing character size also changes the width of line used to
draw labels according to the stroke wieght attribute of AD or SD. &

¢ Height — Specifies the height of the nominal character in centimetres. A
negative height parameter mirrors labels in the top-to-bottom direction.

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.

An SI instruction remains in effect until another SI instruction is executed, an
SR instruction is executed, or the plotter is initialized or set to default
conditions.
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EXAMPLE: The following draws the word ‘plot’ in two sizes: the default and
1 cm wide by 1.5 cm high.

10 -“Insert configuration statement here

20 PRINT #1, "INPS5000,7000SP1PA2500,3000"

30 PRINT #1, "LBPlot"+CHR$(3)

40 PRINT #1, "PA2500,2000SI1,1.5LBPlot"+CHRS (3)
5¢ PRINT #1, "PG;"

60 END

Plot

- 10T

The following are examples of negative parameters producing mirror images of
Jabels. A negative width parameter mirrors labels in the right-to-left direction.

"SI-.3,.45;LBPlot"+CHR$(3)

j_ D [ q/ Current pen location

A negative height parameter mirrors labels in the top-to-bottom direction.

"SI.3,—.45;LBPlot"+CHR$(3)

Current pen location /.b ] O L

Negative width and height parameters together mirror labels in both directions,
causing the label to appear to be rotated 180 degrees.

"SI-.3,-.45;LBPlot"+CHRS$ (3)

1 O [ Cr\ Current pen location
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RELATED

INSTRUCTIONS: AD, Alternate Font Definition
SD, Standard Font Definition
SR, Relative Character Size
DI, Absolute Direction
DR, Relative Direction

SL, Character Slant

USE: Specifies the slant at which labels are drawn. Use SL to create slanted
text for emphasis, or to reestablish upright labeling after an SL instruction with
parameters has been in effect.

SYNTAX: SLtangent of angle(;)

or
SL(:)
Parameter Format Functional Range Default
tangent of angle | clamped real | -32 767.9999 to 32 767.9999 0

REMARKS: The plotter interprets the parameters as follows.

* No Parameter — Defaults the slant to zero (no slant). Equivalent to
(SLO).

* Tangent of Angle — Interpreted as an angle 6 from vertical. The base of
the character always stays on the horizontal as shown in the following

illustration.
le-g ~/ e o>
U \
] \
/ \
! \
Positive Slant Negative Slant

The SL instruction only affects each character relative to an imaginary line
beside the label. The direction or placement of the label on the plot does not
affect the SL instruction; neither do the settings of P1 and P2. The DI and

7-38  Labeling Your Plots



DR instructions, do affect the slant direction, since the base of a character
always stays on the baseline of the label.

You can specify the actual tangent value, or you can use the TAN function
available on most computers. A table of tangent values for selected angles
follows.

0 Tangent
0 0
-10 -0.18
-20 -0.36
-30 -0.58
-40 -0.84
-45 -1.00

0 0

10 0.18
20 0.36
30 0.58
40 0.84
45 1.00

An SL instruction remains in effect until another SL instruction is executed,
or the plotter is initialized or set to default conditions.

EXAMPLE: The following shows you two methods for specifying the slant pa-
rameter. The first label uses a variable generated by the TAN function. The
second label uses a tangent value given in the previous table.

10 “Insert configuration statement here

20 PRINT #1, "INPS5000,7000SP1SI.7,1PA1000,1000"
30 P1=3.141593

40 A=TAN(20*(P1/180))

50 PRINT #1, "SL"A"LBSlant"+CHR$(3)

60 PRINT #1, "PAl000,306@¢SL-.36LBSlant"+CHR$ (3)
70 PRINT #1, "PG;"

S/
ST
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NOTE: If you want to use the TAN function on your computer, check your
computer documentation to see how your computer interprets angles. This ver-
sion of GW BASIC interprets angles as radians, so line 40 in this program
converts radians to degrees. W

RELATED

INSTRUCTIONS: DI, Absolute Direction
DR, Relative Direction
LB, Label

SM, Symbol Mode

USE: Draws the specified symbol at each X,Y coordinate point with PA, PD,
PE, PR, and PU instructions. Use SM to create scattergrams, indicate points
on geometric drawings, and differentiate data points on multiline graphs.

SYNTAX: SMcharacter(;)

or
SM(;)
Parameter | Format Functional Range Default
character label | most printing characters (decimal —
codes 33-58, 60-126, 161, and 254)*°

*Decimal code 59 (the semicolon) is an HP-GL/2 terminator and cannot be used as a symbol
in any character set. Use it only to cancel symbol mode (e.g., (SM)).

REMARKS: The SM instruction draws the specified symbol at each X,Y co-
ordinate point for subsequent PA, PD, PE, PR, and PU instructions. The SM
instruction includes an automatic pen down; after the symbol is drawn, the
pen position is restored.

® No Parameter — Terminates symbol mode.

® Character — Draws the specified character centered at each subsequent
X,Y coordinate. The symbol is drawn in addition to the usual function of
each plotting instruction.

The character is drawn in the character set selected at the time the SM
instruction is executed. The character does not change even if you subse-
quently select a new character set. If you have defined downloadable
characters in set -1, you can use these in symbol mode plotting, refer to
the downloadable character (DL) instruction. Also, the size (SI and SR),
slant (SL), and direction (DI and DR) instructions affect how the charac-
ter is drawn. Specifying a nonprinting character cancels symbol mode.
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An SM instruction remains in effect until another SM instruction is executed
or the plotter is initialized or set to default conditions.

EXAMPLE: The following program shows several uses of symbol mode: with
the pen down for a line graph, with the pen up for a scattergram, and with
the pen down for geometric drawings.

NOTE: Symbol mode works only with the PA, PD, PE, PR, and PU instruc-
tions. Notice that the circle and rectangle have symbols only for the PA in-
struction coordinate point.

1@
20
30
40
50
60
70
80
90
1460
119
129

“Insert configuration statement here

PRINT #1,
PRINT #1,
PRINT #1,
PRINT #1,
PRINT #1,
PRINT #1,
PRINT #1,
PRINT #1,
PRINT #1,
PRINT #1,
END

"INPS5000,7600SP1SC0,1,06,1,2"
"SM*PAQ,1000PD200,1230,400,1560"
"PD700,1670,1300,1600,1800,2600PU"
"SM3PA700,500,900,4590,1300,850"
"PA1750,1300,2508,1358PUSM"
"PA3300,11008PDSMYPA4400, K 1890SMZ"
"PA4600, 1590SMXPA3300,1100PU"
"SMAPA4000,400CI400"

"SM*PA2600, 7T60EA1500, 200"

"PG ; "
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RELATED

INSTRUCTIONS: PA, Plot Absolute
PD, Pen Down
PE, Polyline Encoded
PR, Plot Relative
PU, Pen Up

SR, Relative Character Size

USE: Specifies the size of characters as a percentage of the distance between
P1 and P2. Use SR to establish relative character sizes so that if the P1/P2
distance changes, the character sizes adjust to occupy the same relative
amount of space.

SYNTAX: SRwidth height(;)

or
SR(;)
Parameter Format Functional Range Default
width clamped real -32 767.9999 0.75% of P2x-P1x
to 32 767.9999
height clamped real -32 767.9999 1.5% or P2Y-Ply
to 32 767.9999

REMARKS: While SR is in effect, with or without parameters, the size char-
acters of the currently selected font are affected by changes in P1 and P2.

e No Parameters — Defaults the relative character width to 0.75% of the
distance (P2X - P1X) and the height to 1.5% of the distance (P2Y - P1Y).

® Width — Sets the character width to the specified percentage of the
distance between the X-coordinates of P1 and P2. A negative width pa-
rameter mirrors labels in the right-to-left direction.

NOTE: Changing character size also changes the width of line used to
draw labels according to the stroke wieght attribute of AD or SD. W

* Height — Sets the character height to the specified percentage of the

distance between the Y-coordinates of P1 and P2. A negative height
parameter mirrors labels in the top-to-bottom direction.
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The character size you specify with SR is a percentage of (P2X - P1X) and
(P2Y - P1Y). The plotter calculates the actual character width and height
from the specified parameters as follows:

width

width/100 x (P2X - P1X)

height height/100 X (P2Y - P1Y)

For example, suppose P1 and P2 are located at (-6956,-4388) and
{6956,4388), respectively. If you establish relative sizing and specify a width of
2 and a height of 3.5, the plotter determines the actual character size as fol-
lows:

width

2/100 x { 6956 — (-6956) ) 278.24 plotter units or 0.695 cm

height = 3.5/100 x (4388 - ( -4388) )

307.16 plotter units or 0.768 c¢cm

If you changed P1 and P2 settings to (100,100) and (5000,5000), but didn’t
change the SR parameters, the character size would change as follows:

width 2/100 x (5000 - 100) = 98 plotter units or 0.245 cm

height 3.5/100 x (5000 - 100) = 171.5 plotter units or 0.429 cm
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.

NOTE: Either negative SR parameters or switching the relative position of P1
and P2 will produce mirror images of labels. When P1 is in the lower left and
P2 is in the upper right, the SR instruction gives the same mirroring results as
the SI instruction. However, if you move P1 to the right of P2, characters are
mirrored right-to-left; when you move P1 above P2, characters are mirrored
top-to-bottom. When both of these situations occur (using negative parameters
in the SR instruction with an unusual P1/P2 position) double mirroring may
result in either direction, in which case the two inversions cancel, and lettering
appears normal. B

An SR instruction remains in effect until another SR instruction is executed,

an SI instruction is executed, or the plotter is initialized or set to default con-
ditions.
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EXAMPLE: The following shows a label with character size relative to P1 and
P2 (SR). Next, the locations of P1 and P2 are changed; then, the character
size percentages are specified. Notice that the new character size has equal
parameters of 2.5; because the P1/P2 area is square, the resulting characters

are square.

10
20
30
40
50
60
70
89
90

‘Insert configuration statement here

PRINT
PRINT

PRINT
PRINT

PRINT
PRINT

10@ PRINT
110 PRINT
120 END

RELATIVE LABEL SIZE

NE¥ P{ AND P2 CHANGE LABEL SIZE

NEW SR INSTRUCTION
CHANGES LABEL SIZE

RELATED
INSTRUCTIONS:

7-44
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#1,
#1,

#1,
#1,

#1,
#1,
#1,
#1,

"INPST7000, BOGGSP1IP-6956,-4388,6956,4388"
“SRPA®, 2700LBRELATIVE LABEL SIZE"+CHR$(3)

"IPQ.0,5500,5500PAB, 20p0"
"LBNEW Pl AND P2 CHANGE LABEL SIZE"+CHR$(3)

"PA®,1000SR2.5,2.5"

"LBNEW SR INSTRUCTION"+CHRS (3)+"CP"
"LBCHANGES LABEL SIZE"+4CHR$(3)

" PG: "

SI, Absolute Character Size
DI, Absolute Direction
DR, Relative Direction




TD, Transparent Data

USE: Specifies whether control characters perform their associated function
or print their character when labeling. Use TD to access printable characters
that in normal mode function only as control characters.

SYNTAX: TDmode(;)
or
TD()

Parameter Format Functional Range Default
mode clamped integer Oor1 0 (normal)

REMARKS: The plotter interprets the parameters as follows.

¢ No Parameters — Defaults the labeling mode to normal. Equivalent to
(TDO0).

¢ Mode — Selects the normal or transparent mode for labeling.

0 Normal. Characters with an associated functionality perform their
function and do not print. Refer to the table of control characters in
Appendix B.

1 Transparent. All characters print and perform no other function
(except the currently defined label terminator, which prints and
terminates the label.) The plotter prints a space for nonprinting or
undefined characters.

RELATED o
INSTRUCTIONS: DT, Define Label Terminator
LB, Label
SD, Standard Font Definition
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Using Character Sets

The information in this chapter enables you to achieve the following results in
your programs.

® Plot with variable- and fixed-space font character sets.
® Use downloadable characters.

® Select standard and alternate character sets.

The following instructions are described in this chapter.

AD, Alternate Font Definition
DL, Download Character

SA, Select Alternate Font
SS, Select Standard Font
SD, Standard Font Definition

Working with Character Sets

The plotter has 22 character sets and three fonts. (Refer to Appendix A for
information on using the Kanji character set, available only in emulation
mode.) A font is simply a style of lettering. Your plotter has three fonts you
can use when drawing from 21 of its character sets. The differences between
these fonts are described as follows.
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8-2

* Fixed vector font — Each character occupies an equal horizontal space
(like a typewriter) and are always drawn using a fixed number of vectors.

® Variable arc font — Characters are proportionately spaced (the amount
of horizontal space occupied by each character varies with the character)
and are drawn using arcs for smoother contours.

* Fixed arc font — Characters all occupy an equal horizontal space (like a
typewriter) and are drawn using arcs for smoother contours.

®* Drafting font — Characters are designed to provide reliable character
recognition in situations where photo reduction may cause image degrada-
tion and loss of resolution. The characters are drawn in a way to avoid
confusion between lines and figures as described in the following table.
The set also contains symbols used in drafting, such as 1 or n . Refer to
Appendix B to see the entire set. The HP Drafting font is a fixed-space
vector font.

-B- Bottom wider than top.

-6~ Large body, stem curved and open.

- 8_ Lower part larger than upper,
. full and round to avoid blur.

-Q- Large body, stem curved but open.

The following illustration shows a portion of the default character set
(Romans8) in the following fonts: fixed vector, variable arc, and fixed arc.
The difference in the total space required to plot the sets emphasizes the dif-
ference between fixed-space fonts and variable space fonts. Also, note the
variation in the smoothness of characters between the arc and vector fonts.
Refer to the alternate font definition (AD) and standard font definition (SD)
instructions for a complete list of the your plotter’s character sets. The charac-
ter sets are shown in Appendix B (except Kanji, shown in Appendix A).

Using Character Sets
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| "#$%L" () %+, —./0123456789: ; <=>7@
ABCDEFGHIJKLMNOPGQRSTUVWXYZ [\] ~_"
abcdefghijklmnopgrstuvwxyz { |}~

Fixed Vector Font

"#S AR (0%+,-./0123456789: ;<=>70
ABCDEFGHIJKLMNOPQRSTUVWXYZ \I™_ °
abcdefghijkimnopqrstuvwxyz{[}~

Variable Arc Font

I " #5%8° () %+, —. /0123456789 : ;<=>78@
ABCDEFGHIJKLMNOPQRSTUVWXYZ [\] ~_°
abcdefghijklmnopgrstuvwxyz { |}~

Fixed Arc Font

All sets except HP Special Symbols, HP Roman Extensions, and HP Katakana

draw the same upper- and lowercase letters and numbers. With these excep-

tions, the sets differ only in the additional characters that are needed in cer-

tain languages.

Using Character Sets
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The variable-space fonts, by definition, use different amounts of horizontal
space for each letter. This variance produces some differences in the defini-
tion of the character plot cell and in the way some of the labeling instructions
work with variable-space fonts. These differences are described in this section.

8-4

Plotting with Variable-Space Fonts

As mentioned in Chapter 7, the character plot cell is defined as being

2 times the height of the uppercase A and 1) times the width. Refer to the

following illustration.

CP cells 1 space = 1.5 X
Z\ character width
d‘w
1

|l /e

4

Uppercase
character
helight
[S———
Character Character
origin width
{fixed)

With variable-space fonts, the character plot cell remains 2 times the height of
an uppercase A, but the width is defined as 1) times the average character

L 3

Subsequent
character
origins

Fixed-Space Font

1line=2X
uppercase
character
height

width. The actual space used by each character will vary according to the

character’s width, but a blank space will always be 1)4 times the width of an

average character. Refer to the following illustration.
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Average CP cell
for this font

CP cells 1 space Is variable
3
tline=2X
} uppercase |
] character
Uppercase ] height
character Q
height
N’ |
Character Character Character =1.5 X
origin width orign ! spaafeera-g;'s
(varles) Subsequent character width
character for this font
origins

Variable-Space Font

When plotting in variable-space fonts, the CP instruction (CPspaces, lines)
and the ES instruction (ESspaces, lines) use the average character plot cell in
computing lines and spaces. Both the SI and SR instructions (SIwidth, height)
and (SRwidth, height) use the average character plot cell in calculating charac-
ter size. Otherwise, these instructions behave the same as they do with fixed-
space fonts.

Note that using ES with variable-space fonts tends to make them look as
though they were fixed-space. Refer to the following illustration.

ES CAUSES
THIS SPACING.

ES-1.-.25 CAUSES
THIS SPACING.

ES.2,.25 CAUSES
THIS SPACING.

Using Character Sets 8-5



The Downloadable Set and User-Defined Characters

If you need special label characters or symbols that are not included in any of
the character sets, you can design your own character or even an entire char-
acter set using the download character (DL) instruction.

The DL instruction allows you to define up to 94 characters that are stored in
a buffer for repeated use. The character plot cell used by the DL instruction
is always a fixed-space character cell, regardless of the font currently selected.

Designating and Selecting Fonts

If you always intend to label with the default fixed-space 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, you must use these in-
structions to designate fonts before you can select those fonts (using either SA
or SS) for labeling. Refer to the descriptions for each of these instructions at
the end of this chapter.

Standard and Alternate Fonts

The following outlines some of the principles to use when labeling with differ-
ent fonts.

* Designate the standard and alternate fonts using the SD and/or AD in-
structions before labeling. If you are using set 0 (the default) as your
standard set, you need specify only your alternate font.

® Select either the standard or alternate font using either the SS or SA
instruction before labeling.

Note that labeling always begins with the standard font. If you want to
start with the alternate font first, use the SA instruction before you label.

¢ 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 label
string, the shift-in/shift-out method is usually more efficient. Switch from
the standard set to the alternate font using the ASCII shift-out control
character (SO, decimal code 14). Switch from the alternate font to the
standard font using the ASCII shift-in control character (SI, decimal code
15).

Using Character Sets
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Special Characters
There are four ways to access special characters in any set.

® Use the equivalent ANSI ASCII English character on your keyboard in the
label string. (Refer to the Character Sets and ASCII Codes table in
Appendix B.) For example, to draw the character ‘)%’ in set 5, you can
use the ‘x’ from an English keyboard.

A
2

¢ Use a computer language dependent function such as CHRS to enter the
decimal code. For example, to draw the character ‘)4’ in set S, use
CHRS$(120).

Computer

L
2 < Museum

® Use the SS and SA instructions to shift fonts to use a character from
another set.

19 ~‘Insert configuration statement here

20 PRINT #1, "INPS5000,70660SPr1"”

39 PRINT #1, "PA1000,4000SD1,21,2,0,7,48AD1,83,2,1,7,50"

40 PRINT #1, "SSLB USASCII, fixed vector font"+CHRS$(3)

590 PRINT #1, "CP-22,-2SALB SPANISH SET, variable arc font"
+CHRS (3)

60 PRINT #1, "CP-17,-2LB}su compa"+CHR$(124)+"ia?"+CHR$ (3)

70 PRINT #1, "PG;"

80 END

USASCII, fixed vector font

SPANISH SET, variable arc font

s Su compania?
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¢ If you need to use a special character from another set in the middle of a
label string, using SS and SA to toggle between sets can be inefficient.
Instead, use the control characters shift-in (SI, decimal code 15) and
shift-out (SO, decimal code 14) to toggle between the sets. You can use
either the keyboard method or the CHRS method to shift-in/shift-out. The
following example shows both methods.

10 “Insert configuration statement here

2¢ PRINT #1, "INPS5000,8000SP1"

30 PRINT #1, "PA300,1000SD1,115,3,3,4,30AD1,5"

40 PRINT #1, "LB3"+CHR$(14)+"x"+CHR$(15)+"-5]R"+CHR$(3)

50 PRINT #1, "CP2,0"

60 PRINT #1, "LB3"+CHR$(14)+CHR$(120)+CHRS3(15)+"-5"
+CHR$ (93)+"R"+CHR$ (3)

70 PRINT #1, "PG;"

80 END

35-5 AR 33-5 AR
Control Characters
The plotter recognizes only the following control characters.
® Backspace, decimal code 8.
¢ Horizontal tab, decimal code 9.
¢ Line feed, decimal code 10.
¢ (Carriage return, decimal code 13.

¢ Shift-out, decimal code 14.

¢  Shift-in, decimal code 15.

Using Character Sets
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AD, Alternate Font Definition

USE: Defines an alternate character set and its attributes:

font spacing,

pitch, height, stroke weight, and typeface. Use AD to set up an alternate char-
acter set that you can easily access when labeling.

SYNTAX: ADkind,value...(,kind,value;)

or
AD(;)
Parameter Format Functional Range Default
kind clamped integer 1t 7?7 -
value clamped real kind dependent*® kind dependent*

* Refer to the table following the parameter descriptions.

REMARKS:

* No Parameters — Defaults the alternate font attributes.

* Kind — Specifies the attribute for which you are setting a value: charac-
ter set, font spacing, pitch, height, stroke weight, or typeface.

®* Value — Defines the characteristics of the attribute specified by the kind
parameter. The available values are listed in the following table and de-
scribed under each attribute.
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Attribute Kind* Value Description ISO No.
Character 1 277 (0) Roman8 (default) —
set 21 ANSI USASCII 006
14 ECMA 94 Latin 1 —
6 French vl 025
38 French v2 069
39 German 021
563 HP Drafting —
531 HP-GL/2 Download —
267 HP Kana$8 -
43 HP Katakana —
5 HP Roman Extensions -
595 HP Special Symbols -
8§ Intnl. Ref. Version 002
9 Italian 015
11 JIS ASCII 014
4 Norwegian vl 060
36 Norwegian v2 061
147 Portuguese 016
115 Swedish 010
19 Swedish Names 011
83 Spanish 017
37 United Kingdom 004
Font spacing 2 0 fixed spacing (default)
1 variable spacing
Pitch 3 0to characters per inch
32 767.9999 | default: 5.942
Height 4 0to font point size
32 767.9999 | default: 21.3
Stroke 6 -7 very light
Weight -3 light 4
0 normal (default)
3 bold
7 very bold
Typeface 7 48 fixed vector (default)
49 drafting
50 fixed arc

*The kind parameter § is ignored.

Using Character Sets
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Character Sets

The character set attribute defines the character set to be used as the alter-
nate set. Refer to Appendix B to see each of the plotter’s 22 character sets.

Font Spacing
The font spacing attribute defines whether the spacing is fixed (all characters
occupying an equal horizontal space) or variable (each character occupying a

space proportional to its size). Refer to Using Fonts in the beginning of this
chapter.

Pitch and Height

The pitch attribute defines the number of characters per inch. The following
illustration shows text in three different pitches.

— o &= < M P
Pitch 5.9
Pitch 9

The height attribute defines the font point size, i.e., the height of the charac-
ter plot cell (discussed in Chapter 7). The following illustration shows text in
three different heights.

Height 21.3

Height 32

The pitch and height attributes apply only when (SI) is in effect. Otherwise,
the SI or SR width and height parameters determine the character size.

Stroke Weight

The stroke weight attribute defines the line width used in labels. The following
illustration shows labels in the five different stroke weights.

Using Character Sets 8-11



Sbb, =7/

sDe, -3

sSDe, 0
SDe, 3
SD6, 7

Typeface

very light
light
normal
bold
very bold

The typeface attribute selects the font, which defines the smoothness of the

lettering. Characters drawn

with arcs have a smoother, more rounded appear-

ance than characters drawn with vectors. The drafting font is for use with the

HP Drafting character set.
ter.

Refer to Using Fonts in the beginning of this chap-

The following examples shown how to select each of the plotter's three fonts
for an unspecified character set.

Fixed vector (AD2,0,7,4,8,1,character set)
Variable arc  (AD2,1,1,character set)
Fixed arc (AD2,0,7,50,1,character set)

RELATED

INSTRUCTIONS: LB,
SA,
SD,
SI,
SR,

SS,

8-12 Using Character Sets

Label

Select Alternate Font
Standard Font Dinition
Absolute Character Size
Relative Character Size
Select Standard Font

M
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DL, Download Character

USE: Allows you to design characters and store them in a buffer for repeated
use. Use DL whenever you want to create characters or symbols not included
in the plotter’s character sets.

SYNTAX: DLcharacter number(,up),X,Y..,(up),X,Y;)

or
DLlcharacter number(;)
or
DL(;)
Parameter Format Functional Range Default

character number | clamped integer 33 to 126 -

up clamped integer -128 —
X,Y coordinates clamped integer -127 to 127 primitive -
grid units

REMARKS: After designating (SD or AD) and selecting (SS or SA) the
HP-GL/2 Download character set (character set 531) use the DL instruction
to create characters line by line, one character per command. Once defined
with DL, characters can be used in the LB instruction. All text attributes
(size, slant, direction and label origin) apply to downloadable characters. The
characters you define in the downloadable set have fixed spacing.

® No Parameters — Clears all characters in the downloadable character set
(freeing the buffer space for polygons).

® Character Number — Specifies the decimal value (33-126) of the
character. If the character number has been previously defined, the
new definition overwrites the old one.

When not followed by additional parameters (DLcharacter number), clears
the corresponding character from the downloadable set. Clearing a charac-
ter means that it is undefined; referring to that character in a label string
results in a space.

e Up (-128) — When used, this up flag indicates that the next coordinate
pair defines a move with the pen up; subsequent moves are made with the
pen down. (Pen up is the default for the first coordinate pair.)

* X,Y Coordinates — Absolute coordinates ranging from -127 to 127;
drawn on a 32 X 32 unit grid. After the first pair, which always defines a
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pen up move, all coordinates define moves w1th the pen down (unless
preceded by an up flag).

The number of parameters following the character number parameter is not
restricted. Your plotter can download 94 characters, with at least 20 points in
each character, and still have enough memory available for a 1000 point poly-
gon.

Defining a Downloadable Character

Define the character in absolute units on a 32 X 32 unit grid in a 48 X 64
unit cell. The origin (0,0) is in the lower-left corner. This is the same grid
used for the fixed-vector character sets in the plotter. The area occupied by a
32 X 32 unit grid approximates the size of an uppercase A. The downloaded
character may extend outside this grid to 4127 units on each axis.

EEr
i !

1. The plotter allocates space in the downloadable character buffer as
needed. The DL font uses a fixed overhead of 206 bytes (consumed when
the first character is downloaded), plus two overhead bytes per defined
character. The points in a DL character average 1} bytes each.

2. Assign a character number (decimal code) to the downloadable character.

3. Designate the starting point with the first X,Y coordinate pair (this will
always be a pen up move).

4. Specify the vectors of the character using absolute X,Y coordinates.

The diagram below shows the grid for a gamma symbol and is followed by the
program that draws it.

B

N B R
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Space

Line
. 64 grid units
Character
height ¢ a
32 grid units ‘ +
3 mip e e
- -t :
) R S i1 T
1 e . .
sty b sl oot Rl e
| [ipliintass merer o
Character width
"32 grid units

EXAMPLE:

10 “Insert configuration statement here

20 PRINT
3@ PRINT
40 PRINT
50 PRINT
6@ PRINT
70 PRINT
806 END

The

#1, "INPS5000,7060SP1AD1,531,3,3,4,20"
#1, "DL65,10,0,10,30,28,30,28,24"

#1, "PA300,300"

#1, "LB The symbol for gamma "+CHRS$(3)
#1, "LBis "+CHR$(14)+"A"+CHRS$(3)

#1, "PG; "

symbol for gamma 1is T
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RELATED
INSTRUCTIONS: AD, Alternate Font Definition
LB, Label
SA, Select Alternate Character Set
SD, Standard Font Definition
SS, Select Standard Character Set

SPECIAL ERRORS:

Condition Error Piotter Response
buffer overflow 7 ignores instruction

SA, Select Alternate Font

USE: Selects the alternate font (already designated by the AD instruction) for
subsequent labeling. Use SA to shift from the currently selected standard font
to the designated alternate font.

SYNTAX: SA(;)

REMARKS: The SA instruction tells the plotter to draw subsequent labeling
instructions using characters from the alternate character set previously desig-
nated by the AD instruction. The SA instruction is equivalent to using the
shift-out control character (SO, decimal 14) within a label string. H

The default designated alternate font uses character set 277 (or 0). The alter-
nate font remains in effect until an SS instruction is executed, a shift-in con-
trol character (SI, decimal 15) is encountered, or the plotter is initialized or
set to default conditions.

RELATED

INSTRUCTIONS: AD, Alternate Font Definition
LB, Label
SD, Standard Font Definition
SS, Select Standard Font

M
M
M
M
M
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SD, Standard Font Definition

USE: Defines the standard character set and its attributes: font spacing,
pitch, height, stroke weight, and typeface.

SYNTAX: SDkind,value...(,kind,value;)

or
SD(;)
Parameter Format Functional Range Default
kind clamped integer 1to?7 —
value clamped real kind dependent* kind dependent*

* Refer 10 the table following the parameter descriptions.

REMARKS:

® No Parameters — Defaults the standard font attributes.

® Kind — Specifies the attribute for which you are setting a value: charac-
ter set, font spacing, pitch, height, stroke weight, or typeface.

® Value — Defines the characteristics of the attribute specified by the kind
parameter. The available values are listed in the following table and de-
scribed under each attribute.

Using Character Sets 8-17



Attribute Kind* Value Description ISO No.
Character 1 277 (0) Roman§ (default) -
set 21 ANSI USASCII 006
14 ECMA 94 Latin 1 —
6 French v1 025
38 French v2 069
39 German 021
563 HP Drafting —
531 HP-GL/2 Download -
267 HP Kana$8 —
43 HP Katakana -
S HP Roman Extensions —
595 HP Special Symbols -
85 Intnl. Ref. Version 002
9 Italian 015
11 JIS ASCII 014
4 Norwegian v1 060
36 Norwegian v2 061
147 Portuguese 016
115 Swedish 010
19 Swedish Names 011
83 Spanish 017
37 United Kingdom 004
Font spacing 2 0 fixed spacing (default)
1 variable spacing
Pitch 3 0to characters per inch
32 767.9999 default: 5.942
Height 4 0 to font point size
32 767.9999 default: 21.3
Stroke 6 -7 very light
Weight -3 light
0 normal (default)
3 bold
7 very bold
Typeface 7 48 fixed vector (default)
49 drafting
50 fixed arc

*The kind parameters 5 and 6 are ignored.
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Character Sets

The character set attribute defines the standard character set. Refer to Appen-
dix B to see each of the plotter's 22 character sets. -

Font Spacing
The font spacing attribute defines whether the spacing is fixed (all characters
occupying an equal horizontal space) or variable (each character occupying a

space proportional to its size). Refer to Using Fonts in the beginning of this
chapter.

Pitch and Height

The pitch attribute defines the number of characters per inch. The following
illustration shows text in three different pitches.

— a2 = < m =
Pitch 5.8
Pitch 9

The height attribute defines the font point size, i.e., the height of the charac-
ter plot cell (discussed in Chapter 7). The following illustration shows text in
three different heights.

Height 21.3

Height 32

The pitch and height attributes apply only when (S7) is in effect. Otherwise,
the SI or SR width and height parameters determine the character size.

Stroke Weight

The stroke weight attribute defines the line width used in labels. The following
illustration shows labels in the five different stroke weights.
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SpDB, -7 very light
SDe, -3 light
SD6, 0 normal
SD6, 3 bold

SD6, 7 very bold

Typeface

The typeface attribute selects the font, which defines the smoothness of the
lettering. Characters drawn with arcs have a smoother, more rounded appear-
ance than characters drawn with vectors. The drafting font is for use with the
HP Drafting character set. Refer to Using Fonts in the beginning of this chap-
ter.

The following examples shown how to select each of the plotter's three fonts
for an unspecified character set.

Fixed vector (AD2,0,7,4,8,1,character set)
Variable arc  (AD2,1,1,character set)
Fixed arc (AD2,0,7,50,1,character set)

RELATED

INSTRUCTIONS: AD, Alternate Font Definition
LB, Label
SA, Select Alternate Font
SI, Absolute Character Size
SR, Relative Character Size
SS, Select Standard Font

4 3 3

J 2
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SS, Select Standard Font

USE: Selects the standard font (already designated by the standard font defi-
nition (SD) instruction) for subsequent labeling. Use SS to shift from the cur-
rently selected alternate font to the designated standard font.

SYNTAX: SS(;)

REMARKS: The SS instruction tells the plotter to draw subsequent labeling
instructions using characters from the standard character set designated by the
SD instruction. The SS instruction is equivalent to using the shift-in control
character (SI, decimal 15) within a label string.

The default designated standard font uses character set 277 (or 0). Character
font 277 is in effect when the plotter is initialized or set to default conditions.
The SS instruction remains in effect until an SA instruction is executed.

RELATED

INSTRUCTIONS: AD, Alternate Font Definition
LB, Label
SA, Select Alternate Character Set
SD, Standard Font Definition
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Chahging Picture Area and Orientation

The information in this chapter enables you to achieve the following results in
your programs.

* Use windows (soft-clip limits).

* Enlarge and reduce plots.

* Draw equai-sized and mirror-imaged plots.

* Rotate plots.

The following instructions are described in this chapter.
IW, Input Window
OH, Output Hard-Clip Limits

OP, Output P1 and P2
RO, Rotate Coordinate System

Windowing: Setting Up Soft-Clip Limits

Soft-clip limits temporarily restrict pen movement to a rectangular area, or
window. When you initialize or set the plotter to default conditions, the soft-
clip limits are the same as the hard-clip limits. You set the soft-clip window
using the input window (IW) instruction. The window has the same effect as
the hard-clip limits — the plotter does not draw outside the window.

The following illustration shows the four types of line segments you can specify
from one point to another.
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Last Point New Point

. Inside window area to inside window area
. Inside window area to outside window area
. Outside window area to inside window area
. Outside window area to outside window area

H WD =

Hard-clip
limits

Window
(soft-cilp
limits)

Type 2 or 3

The IW instruction enables you to control the size of the plotting area so that
you can draw a particular portion of a plot. You can use the remaining area
for labels, or another plot. Refer to Soft-Clip Limits in Chapter 2 and the IW
instruction description later in this chapter.

Enlarging or Reducing a Picture

The basic technique for changing a picture’s size is to scale the plotting area
defined by P1 and P2, then move the locations of P1 and P2 so they define a
smaller or larger area. (Only scaled plots are affected by the changes in the
P1/P2 locations.) This is especially useful when you want to be able to plot
the picture on any portion of the page.

To maintain the proportions of scaled plots, set P1 and P2 so they define an
area with the same aspect ratio as the original scaling rectangle. For example,
if the area defined by P1 and P2 is 3000 X 2000 plotter units in its X- and
Y-axes, respectfully, 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 illustrates this technique using a square (isotropic) P1/P2 scaling
rectangle (the ratio is 1:1) with a scale of 0 to 10 in both axes. After drawing
a circle within the scaled area, the locations of P1 and P2 move to form a
new rectangular area that maintains the 1:1 ratio. Note that the circle plotted
in the new area is smaller but is proportionally identical.

9-2 Changing the Picture Area and Orientation
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1¢ ‘Insert configuration statement here

20 PRINT #1, "INPS5000,70001P0,0,2000,62000"
3@ PRINT #1, "SC@,10,0,10sp1"

43 PRINT #1, "PA5,5;CI13"

56 PRINT #1, "IP2500,500,63508,1500"

60 PRINT #1, "PA5,5CI3PG;"

7@ END

Original P2
e *
| |
I |
| | New P2
l l r————-
| | | |
i | | |
| | o
| | New P1
| i
b o e —— ——— — — 4

Original P1

Drawing Equal-Sized Pictures on One Page

You may occasionally want to plot more than one drawing on the same page
for a side-by-side comparison. This can be useful for comparing parts, assem-
blies, layouts, or other similar information. 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.

For example, the following locates P1 and P2 on the left side of the paper
and scales the area. After drawing a boundary using the scaling parameters,
only the P1 location is moved to the right side of the paper; P2 automatically
tracks P1 so the plotting area retains the same dimensions as the first. The
plotted rectangle around the second area shows P2 in its new location.

16 ‘Insert configuration statement here

20 PRINT #1, "INPS8000,11000IP500,500,5450,7500"
30 PRINT #1, "SC0,10,0,15"

40 PRINT #1, "SP1PAG,@0PD10,0,10,15,0,15,0,0PU"
50 PRINT #1, "IP5550,500"

60 PRINT #1, "PAO,6PD10.,¢,10,15,0,15,06,0"

70 PRINT #1, "PG;"

80 END
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Original P2 New P2
(10,15) user units (10,15) user units
Original P1 New P1
(0,0) user units r(0.0) user units

NOTE: These P1/P2 frames are not windows or graphics limits; the pen can
plot anywhere within the hard-clip limits. The new P1 and P2 retain their
scaled values. This allows you to use the same coordinates on both halves of
the page. If you do not assign a scale to P1 and P2, you must calculate the
new plotter unit coordinates for the plot on the second half of the page. B

Creating Mirror Images

For most plots, you will probably set P1 and P2 so that P1 is in the lower-left
corner and P2 is in the upper-right corner of the scaling area. However, you
can change the relationship of P1 and P2 to produce mirror imaging.

You can mirror image any scaled plot by changing the relative locations of P1
and P2. You can mirror image labels using the absolute direction and relative
direction (DI and DR) instructions or the relative character size (SR) instruc-
tion. The DI, DR, and SR instructions are discussed in Chapter 7, Labeling
Your Plots.
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The following program uses a subroutine to draw the same picture (an arrow)
four times. 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 pro-
gram 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 plot is shown in each picture so you can compare the
orientation of the mirror image.)

10 “Insert configuration statement here

20 PRINT #1, "INPS5000,7000SP1IP1000,0,2500,1600"
3¢ PRINT #1, "SC-15,15,-1¢,16"

49 GOSUB 130

50 PRINT #1, "IP2500,0,1000,1600"

60 GOSUB 1360

70 PRINT #1, "IPl1000,1600,2500,0"

88 GOSUB 139 Computer
9f PRINT #1, "IP2500,1600,1000,0" Museum.
100 GOSUB 130
110 PRINT #1, "PG;"

120 END

139 “draws the plot

149 PRINT #1, "PAl,2PD1,4,3,4,3,7,2,7,4,9,6,7,5,7"
150 PRINT #1, "PD5,4,12,4,12,5,14,3,12,1PU"

160 PRINT #1, "PD12,2,1,2PU"

170 RETURN
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®
P2 (3000,3600) P2 (1500,3600)

Upside Down Upside Down and Reversed
(Lines 70-80) (Lines 90-100)

Rotating a Picture

The plotter always sets the X-axis parallel to the longest edge of your plot.
However, you can change this orientation using the rotate coordinate system
(RO) instruction to rotate the coordinate system counterclockwise 90, 180, or
270 degrees.

The following shows the default and rotated orientation of the axes and loca-
tions of P1 and P2.

B
M
R
B
M
M
-
M
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Y

— ¢ b—-
Default P1 P2 90-degree Rotation

Note that P2 is now off the page. This occurs because the X,Y coordinates of
P1 and P2 do not change. You can use the IP instruction after the RO in-
struction to set the locations of P1 and P2 within the hard-clip limits. If you
reset your coordinate system to its default orientation, remember to reset P1
and P2 (using the IP instruction again).

Using the Output Instructions in This Chapter

NOTE: Do not use output instructions if the plotter will be used on a network
which doesn’t accomodate two-way communication, or if your program will be
sent on a Centronics interface. @

When changing a plot’s size or orientation, you often need to know the hard-
clip limits and the locations of P1 and P2. You can get this information from
the plotter by using the output hard-clip limits (OH) and output P1 and P2
(OP) instructions described later in this chapter.

Cutput instructions are a special type of graphics instructions. They perform
no plotting. They ask for information from the plotter to the computer. Gutput
instructions can be used only in HP-IB and RS-232-C configurations. Read
Notes for Obtaining Plotter Output in Chapter 10 before using the output in-
structions in this chapter.
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W, Input Window

USE: Defines a rectangular area, or window, that establishes soft-clip limits.
Subsequent programmed pen motion is restricted to this area. Use IW to re-
strict plotting to a specified area on the media.

SYNTAX: IW XLL,YLL XUR,YUR(;)

or
w() ﬂ
Parameter Format Functional Range Default
X,Y coordinates | current units | ~67 108 863 to 67 108 863 | hard-clip
limits

REMARKS: The plotter interprets the parameters as follows.

® No Parameters — Defaults the soft-clip limits to the hard-clip limits.

® X,Y Coordinates — Specify the opposite, diagonal corners of the window
area, usually the lower-left and upper-right corners. Coordinates are inter-
preted in current units: as user units when scaling is on; as plotter units
when scaling is off.

When you turn the plotter on, the window is automatically set to the hard-clip
limits. You can define a window that extends beyond the hard-clip limits; how-
ever, the plotter can not plot beyond the hard-clip limits. All programmed pen
motion is restricted to this area. For more information, refer to Windowing:
Setting Up Soft-Clip Limits at the beginning of this chapter.

3333

Hard-clip limits

/
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If the window falls entirely outside of the hard-clip limits, no plot will be
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 of the hard-clip limits.

When you define a window in user units, the size of window changes with any
subsequent changes in P1 or P2. However, sending a subsequent SC instruc-
tion binds the window to its equivalent plotter units.

The IW instruction remains in effect until another IW instruction is executed,
or the plotter is initialized or set to default conditions.

EXAMPLE: The following draws a label, then establishes a window and draws
the label again along with a line. Notice how the line and label are clipped
after the window has been established but not before.

10 “Insert configuration statement here

20 PRINT #1, "INPS8000,10000SP1"

30 PRINT #1, "SI.2,.35PA2000,3200"

40 PRINT #1, "LBTHIS IS AN EXAMPLE OF IW"+CHR$(3)
58 PRINT #1, "IwW3000,1300,4500,3700"

60 PRINT #1, "PD200@,1700"

70 PRINT #1, "LBTHIS IS AN EXAMPLE OF IW"+CHR$(3)
8@ PRINT #1, "PU3000,1300PD4500,1300,4500,3700"
90 PRINT #1, "PD3000,3700,3000,1300PU"

100 PRINT #1, "PG;"

110 END
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(2000,3200) [
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Noo77 AN EXAMPLE OF
(3000, 1300) "\

Window
established by IW

RELATED

INSTRUCTIONS: IP, Input P1 and P2
IR, Input Relative P1 and P2
SC, Scale

I R
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OH, Output Hard-Clip Limits

USE: Outputs the X,Y coordinates of the current hard-clip limits to the com-
puter, Use OH to determine the plotter unit dimensions of the area in which
plotting can occur. (Do not use on networks or Centronics interfaces.)

SYNTAX: OH;

NOTE: You must use a terminator (;) with output instructions. W

Parameter Response Format Range

- XLL,YLL,XUR,YUR integer hard-clip limits

REMARKS: The coordinates are always expressed in plotter units and repre-
sent the lower-left and upper-right corners of the hard-clip limits. After
sending the OH instruction, have your program immediately read the plotter’s
output response.

Plotter Hard-Clip Limits
D/A1-size (Model 240D) X: 0 to 35 376 Y: 0 to 24 000
E/A0-size (Model 240E) X: 0 to 47568 Y: 0to 35 840
RELATED
INSTRUCTIONS: PS, Plot Size

OP, Output P1 and P2

USE: Outputs 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
input window (IW) instruction to programmatically set the window to P1 and
P2. (Do not use on networks or Centronics interfaces.)

SYNTAX: OP;

NOTE: You must use a terminator (;) with output instructions. B

Parameter Response Format Range

- Pix,P1Y,P2X,P2Y integer -67 108 863 to 67 108 863°

*P2 tracks P1 and may be outside this range.
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REMARKS: The P1/P2 coordinates are output as plotter units. After sending
the OP instruction, have your program immediately read the plotter’s output
response.

Upon completion of output, bit position 1 of the status word is cleared (refer
to the output status (OS) instruction in Chapter 10).

EXAMPLE: Note that your computer may use different statements and format
to read input from a peripheral. Use whatever is required by your computer.
The following reads output from the plotter and prints the information on the
computer’s screen.

10 “Insert configuration statement here
20 PRINT #1, "INOP;"

30 INPUT #1, A,B,Y,Z

40 PRINT A,B,Y,Z

50 END

RELATED

INSTRUCTIONS: IP, Input P1 and P2
IR, Input Relative P1 and P2
OS, Output Status
PS, Plot Size

RO, Rotate Coordinate System

USE: Rotates the plotter’s coordinate system 90, 180, and 270 degrees about
the plotter-unit coordinate origin. Use RO to orient your plot vertically, hori-
zontally, or reverse the orientation.

SYNTAX: ROangle(;)

or

RO(:)
Parameter Format Range Default
angle clamped integer | 0, 90, 180, or 270 degrees 0 degrees

REMARKS: The plotter interprets the parameters as follows:

® No Parameter — Defaults the orientation of the coordinate system to 0
degrees (horizontal). Equivalent to (ROO0).
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M
M
M
M
B
F’i
M
M
M
-
M

]



®* Angle — Specifies the degree of rotation.
0 Sets the orientation to horizontal.

90 Rotates and shifts the coordinate system counterclockwise 80 de-
grees to place the plotter-unit origin at the appropriate corner of the
physical plotting surface.

180 Rotates and shifts the coordinate system counterclockwise 180 de-
grees to place the plotter-unit origin at the appropriate corner of the
physical plotting surface.

270 Rotates and shifts the coordinate system counterclockwise 270 de-
grees to place the plotter-unit origin at the appropriate comer of the
physical plotting surface.

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 (R0O90)
or (RO270) with (JP) or (JR) to relocate points P1 and P2 within the hard-
clip limits.

The soft-clip limits are also rotated if IW has been set. If a portion of a win-
dow is rotated outside the hard-clip limits, it is clipped. Use (/W) to reset the
window to the hard-clip limits.

Note that the pen location does not change when you rotate the coordinate
system. Instead, the plotter updates the pen's X,Y coordinate location to re-
flect the new orientation.

The RO instruction remains in effect until the rotation is changed by another
RO instruction or the plotter is initialized.
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® P2

(RO180)

EXAMPLE: The following illustration shows the default orientation and the
result of rotating the orientation without relocating P1 and P2.
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The next illustration shows the locations of P1 and P2 when you follow the
rotation with the IP instruction.

o

Y

® P1 @ P2

Y

T—’x
P2 @ Pl @

(ROSOIP) (RO2701P)

Refer to Example 4 in Appendix C for additional illustrations of plot rotation.

RELATED

INSTRUCTIONS: IP, Input P1 and P2
IR, Input Relative P1 and P2
IW, Input Window
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10

Obtaining Information from the Plotter

The information in this chapter enables you to achieve the following results in
your programs.

e Use output instructions in HP-IB and RS§-232-C configurations.

* Use output instructions to obtain error, plotter, and status byte
information.

The following instructions are described in this chapter.

OE, Output Error
OlI, Output Identification
0OS, Output Status

Notes on Obtaining Plotter Output

When the plotter receives an output instruction, it responds by making the
information available in the form of an output response. If you want to re-
trieve this information, your computer must read the output response.

Most languages use an input statement such as ENTER, INPUT#, READ, or
READLN to read the output response. When you read the output response,
be sure to specify the correct number and type of variable(s) the computer
will require to store the output response. For example, BASIC requires that a
character string variable be in the form A$, and numeric variables be in the
form A. The examples in this chapter use these conventions.

Refer to your computer documentation for the correct input statement to use
and the correct format for numeric and character string variables.

NOTE: Output instructions must be terminated with a semicolon. B
When an output response includes more than one piece-of information, read

each piece of information whether or not you need it. This ensures that the
response is cleared from the output buffer. Read each piece of information
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into a separate variable. For example, the output hard-clip limits (OH) in-
struction outputs four integers; your input statement might resemble the follow-
ing.

INPUT #1, A,B,Y,Z
For Centronics Users

The Centronics interface only supports data transmission in one direction.
However, output instructions will perform other expected operations, such as
setting or clearing status bits.

For HP-IB Users

When using an HP-IB. configuration, the response to an output instruction is
sent after the output instruction is completely processed and the input buffer is
completely empty. For example, the following sends the output error (OE)
instruction and then other HP-GL/2 instructions before reading the output re-
sponse.

"OE; PMBCI5QOPM2FP"

In this example, the plotter does not respond to the output instruction (OE)
until the circle is completely filled.

If you are sending device-control instructions along with HP-GL/2 output in-
structions, note that you can get an overwrite error if the outputs from both
are simultaneous. Generally, you can prevent this by reading the output re-

sponse for each output instruction or device-control instruction immediately,
before sending any other instructions.

The plotter signals the end of its output response with output response termi-
nator, noted in this manual by [TERM]. For HP-IB users, the output response
terminator is a carriage return followed by a line feed (CR LF).

NOTE: Be sure the plotter is not set to LISTEN ONLY. Otherwise, the plot-
ter will not send an output response and your program will hait. Refer to
Chapter 12 in this manual and Chapter 6 in your User’s Guide for more infor-
mation regarding HP-IB addressing. B

For RS-232-C Users
The plotter outputs information according to the handshake protocol estab-

lished by the ESC.P, ESC.M, ESC.N, and ESC.@ instructions. Use these in-
structions to specify turnaround delays and intercharacter delays as necessary
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to prepare your computer to receive the output response. Your computer
documentation should specify whether or not such delays are required.

The plotter signals the end of its output response with an output response ter-
minator, noted in the manual by [TERM]. When using the RS-232-C inter-
face, the default output response terminator is a carriage return (CR).

Computer

Using Output Instructions Museym
Use the following procedures for sending output instructions. '

1. Send the output instruction to the plotter as you do other HP-GL/2 in-
structions. Note that none of the output instructions use parameters.

2. Read the plotter’s output response immediately using a input statement
appropriate to your language, keeping in mind the number and type of
variable(s).

Don’t send multiple output instructions and then try to read the responses se-
quentially. This often leads to intermittent timing problems that are dependent
on what the computer and plotter are currently doing.

Identifying the Plotter and Its Functions

When you have more than one peripheral (such as plotters and printers) si-
multaneously connected to your computer, it may be necessary to have the
plotter output its identification so that you know it is on-line. Use the output
identification (OI) instruction to output the plotter ID to the computer.

Obtaining Error Information

Use the output error (OE) instruction for error retrieval. The OE instruction
outputs the error number that corresponds to the first HP-GL/2 error the plot-
ter receives. Use this instruction to identify errors by number when debugging
a program. In addition, these are the only errors that set the error bit of ihe
status byte and response to the output status (OS) instruction. (Status byte
information follows this section.)

Obtaining Status Byte Information

The eight-bit status byte stores information about plotter operating conditions.
You can use the output status (OS) instruction to learn the status of the plot-
ter’s current operating conditions. Each condition is assigned a bit number
(from 0 to 7) and a corresponding decimal value. (The conditions, bit num-
bers, and corresponding decimal values are shown in the description for the
OS instruction.)
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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 plotter.

Summary of Output Responses

The following table summarizes the output responses generated by HP-GL/2
output instructions. Use this table when programming in languages that require
you to specify the variable type and maximum number of digits to be stored as
variables (as in FORTRAN).

Note in the following table 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.

Output Responses Types

Parameters
Instruction Returned* Type and Range
OE Error number Integer, 1 digit
OH XLL, YLL Integer, << 6 digits (plotter units)
XUR, YUR
O1 Model number | 6-character string
OP Pi1x, P1y Integer, << 8 digits
P2x, P2y
(81 Status Integer, << 3 digits

*In addition to these paramaeters, the output terminator [TERM] is always sent at the end of
output, and commas are sent 1o separate parameters.

10-4  Obtaining Information from the Plotter

R

I —



OE, Output Error

USE: Outputs a number corresponding to the type of HP-GL/2 error (if any)
received by the plotter after the most recent IN instruction, front-panel reset,
or OE instruction. Use OE for debugging programs. (Do not use on networks
or Centronics interfaces.)

SYNTAX: OE;

NOTE: You must use a terminator (;) with output instructions. ®

Parameter Response Format Range
none error number clamped integer 0t 7

REMARKS: The OE instruction outputs an integer (within the range 0 to 7)
corresponding to first HP-GL/2 error (if any) that occurred. The plotter out-
puts only the first error. If you suspect more than one error, place the instruc-
tion 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.
2 Wrong number of parameters.
3 Out-of-range parameter, or invalid character.
4 and 5 Not used.
6 Position overflow.
7 Buffer overflow/out of memory.

Executing an OE instruction clears bit position 5 of the status byte (if previ-
ously set).

Obtaining Information from the Plotter 10-5



EXAMPLE: In the following program, line 20 contains two errors.

10 ~“Insert configuration statement here
200 PRINT #1, "INSP1PA1000,1000,20EDOE;"
30 INPUT #1, A

40 PRINT A

590 END

2¢ PRINT #1, "INSP1PA1G0G,1000,28EDOE;"

L T

first error (wrong number of parameters :

second error (instruction not recognized)
Plotter response: 2 [TERM]

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.

RELATED
INSTRUCTIONS: ESC.E, Output Extended Error

Ol, Output Identification

USE: Outputs the plotter’s identifying order number. This information is use-
ful in a remote operating configuration (where several plotters are connected
to the computer) to determine which plotter model is on-line, or when soft-
ware needs the plotter’s model number. (Do not use on networks or
Centronics interfaces.)

SYNTAX: OI;

NOTE: You must use a terminator (;) with output instructions. B

Parameter Response Format Range
none C1600A or C1601A character string —

REMARKS: The plotter outputs its order number and letter as a six-character
string. For your reference, the following table lists the different means of iden-
tifying your plotter.
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Plotter Size Family Model Number Order Number
D/A1 7600 Series Model 240D C1600A
E/A0Q 7600 Series Model 240E C1601A

EXAMPLE: The following program outputs the plotter identification.

10 ‘Insert configuration statement here
2@ PRINT #1, “INOI;"

3¢ INPUT #1, A3

4@ PRINT A$

5@ END

RELATED

INSTRUCTIONS: ESC.A, Output Identification

OS, Output Status

USE: Outputs the decimal value of the status byte. Use OS.when debugging a
program. (Do not use on networks or Centronics interfaces.)

SYNTAX: OS;

NOTE: You must use a terminator (;) with output instructions.

Format Range
clamped integer 0 to 255

Parameter Response
none status number

REMARKS: On execution of the OS instruction, the internal 8-bit status byte
is converted to an ASCII integer between 0 and 255 and output to your com-
puter. Instruct your computer to read the output response then refer to the
following table and find the largest decimal value that can be subtracted from
the output response. The condition corresponding to the decimal value has
been met.

Continue subtracting the largest possible decimal value from the remainder of
the output response. Each time you subtract a decimal value, the correspond-
ing condition has been met. Continue this process until the remainder is zero.
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Decimal
Value Meaning Bit No.

1 Pen is down. 0
2 P1 or P2 newly established; cleared by OP. 1
4 Not used (bit always set to 0). 2
8 Initialized; cleared by OS. 3
16 Ready for data buffer empty (bit always set to 1). 4

32 Error; cleared by OE.
64 Not used (bit always set to 0). 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 (Initial-
ized), and 2 (P1/P2 newly established). On execution of OS, bit position 3 is
cleared and the status byte is 18.

EXAMPLE: The following outputs the numeric representation of the status
byte.

16 “Insert configuration statement here
20 PRINT #1, "INOS;"

30 INPUT #1, S

40 PRINT S

50 END

RELATED

INSTRUCTIONS: IN, Initialize
IP, Input P1 and P2
OE, Output Error
OP, Output P1 and P2
PD, Pen Down
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11

Using Device-Control Instructions

The information in this chapter enables you to achieve the following results in
your programs.

e Send device-control instructions.
® Work with device-control syntax and omit optional parameters.

®* Use device-control instructions to establish default conditions; identify the
plotter; monitor buffer sizes; and verify errors or operating conditions.

The following instructions are described in this chapter.

ESC.A, Output Identification

ESC.B, Output Buffer Space

ESC.E, Output Extended Error

ESC.J, Abort Device Control

ESC.K, Abort Graphics

ESC.L, Output Buffer Size When Empty
ESC.O, Output Extended Status

ESC.R, Reset

ESC.S, Output Configurable Memory Size
ESC.@, Set Plotter Configuration
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Working with Device-Control Instructions

Device-control instructions serve two basic purposes: to provide information

about certain internal plotter conditions, and to control data transfer between
the computer and plotter. Device-control instructions differ from graphics in-
structions in the following ways.

¢ Device-control instructions are not represented by mnemonics; they consist
of the single ASCII character ESC (decimal code 27) followed by a period
( . ) and a character that represents the instruction’s unique function.

¢ Device-control instructions follow specific syntax conventions that are
different from the graphics instructions.

¢ Device-control instructions don’t enter the plotter’s buffer but are
processed immediately. (Graphics instructions enter the buffer and
are processed in the order they are received.)

Sending Device-Control Instructions

The principles for sending device-control instructions to the plotter are the
same as for graphics instructions; send them as a literal string in an ourput
statement such as PRINT or OUTPUT.

Send the ESC character the same way you send other ASCII characters;
either by using a character string function such as CHRS, or by producing the
character directly from the keyboard. Send the period and the final character
as a literal string. You may need to link the CHR$ function with the literal
string using one of the following symbols: +, &, or ;. Use the symbol required
by your system or language.

The examples in this chapter and Chapter 12 use the CHRS function with the
concatenation (linking) symbol +. The following shows the ESC.L instruction.

PRINT #1, CHRS(27)+".L"
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Syntax for Device-Control Instructions

A complete device-control instruction includes the three character sequence
consisting of ESC and . followed by the character or uppercase letter indicat-
ing its function (e.g., @, A, or M). Some instructions also include parameters
and a terminator according to the following syntax conventions.

ESC The single ASCII character, escape (decimal code 27) is
shown in bold, condensed print.

¢ ) Parameters in parentheses are optional.

H Separates parameters. A semicolon without a parameter

sets the parameter to its default value.

Terminates any instruction that uses parameters, whether
or not the parameters are used. Instructions that do not
have parameters need no terminator.

[TERM] The terminator sent back to your computer by the plotter
at the end of the response to an output instruction. The
default output terminators are: RS-232-C, a carriage
return (CR); and HP-IB, carriage return and line feed
(CR LF)

Omitting Optional Parameters

Unlike the graphics instructions, you can set a parameter of a device control
instruction to its default value by entering only the semicolon or colon. Thus,
you can send an instruction such as (ESC.M50;;10;:). The omitted parameters
are set to their default values.

Using Device-Control Instructions

All device-control instructions with the word ‘output’ in their title cause the
plotter to send information (called an output response) back to your comput-
er. Immediately after sending a device-control instruction, have your program
read the output response into a variable. Refer to Notes on Obtaining Plotter
Output in Chapter 10.
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Establishing Default Conditions

You should already be acquainted with the following methods for establishing
known plotter conditions.

® Turning the power switch off then on.
® Pressing RESET on the front control panel.
® Sending the DF or IN instructions to your plotter.

The first two methods require your presence at the plotter. The third method
is not immediate; the DF and IN instructions are processed in the input buffer
with other graphics instructions in the order they are received. The following
three device-control instructions can establish specific default conditions and/or
immediately clear the buffers of any HP-GL/2 instructions.

e ESC.J, Abort Device-Control, aborts any device-control instruction par-
tially decoded.

e ESC.K, Abort Graphics, aborts any partially sent HP-GL/2 graphics in-
struction and clears the input buffer of all remaining graphics instructions
(but does not clear the plotter’s disc).

o ESC.R, Reset, resets certain input conditions to power-up default states,
including clearing the buffers. (In an RS-232-C interface, this instruction
sets the handshake protocol to default conditions.)

Note that you can also use the ESC.M, Output Mode, instruction (in an
RS-232-C interface) to change the output terminator from its default value
(carriage return). This instruction, however, is primarily used in establishing
certain handshaking conditions and is discussed in detail in Chapter 12.

Identifying the Plotter
When using the plotter in a remote location, you may need to confirm that
the plotter is connected to your computer, and that it is turned on. Use the

ESC.A instruction to immediately output the plotter’s model number and firm-
ware revision level.

Monitoring the Buffer Sizes

You can use the following device-control instructions to monitor the sizes of
the plotter’s buffers.
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e ESC.B, Output Buffer Space, outputs the number of bytes currently
available in the logical input buffer.

* ESC.L, Output Buffer Size When Empty, outputs the size of the logical
input buffer when empty.

® ESC.S, Output Configurable Memory Size, outputs the current size of

allocated memory.
Computer

« Museum

Veritying Errors or Operating Conditions

The following device-control instructions are useful in debugging operations.

e ESC.E, Output Extended Error, outputs any input error related to device-
control instructions, and is used in RS-232-C block input error checking.

e ESC.O, Output Extended Status, outputs information about the plotter’s
current operating status.

ESC.A, Output Identification

USE: Outputs the plotter's model number and firmware revision level.

SYNTAX: ESC.A

Parameter Response Format Range
none order number character string | C1600A or C1601A
firmware revision | integer 1 to 32 767
level
RELATED

INSTRUCTIONS: OI, Output Identification
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ESC.B, Output Buffer Space

USE: Outputs the plotter's currently available logical input buffer space.

SYNTAX: ESC.B

Parameter Response Format Range
none available logical input integer 0 to 4096 bytes
buffer space

REMARKS: The plotter outputs the number of unused bytes in the logical
input buffer. If your program continually interrogates the plotter until the re-
sponse indicates a specific amount of available space, use a pause routine to
allow the plotter to execute other instructions; this increases the amount of
available space.

For HP-IB Users Only: The plotter outputs only four responses when using a
parallel interface. These responses are interpreted as follows.

0 Buffer full.
1 Buffer at least half full.
2049 Buffer less than half full.

4096 Buffer empty.

RELATED
INSTRUCTIONS: ESC.L, Output Buffer Size When Empty
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ESC.E, Output Extended Error

USE: Outputs the error number for any input error related to device-control
instructions. Use OE when debugging a program to determine which program-
ming errors have occurred (if any). For RS-232-C users, use with ESC.@ for
block input error checking.

SYNTAX: ESC.E

Parameter Response Format Range

none error number integer 0, 10 to 18

REMARKS: The plotter's response is one of the following error numbers. For
RS-232-C users, all numbers listed are valid. For HP-IB users, the valid error
numbers are 0 and 11 through 14.

Error # Description

0 No input error has occured.

10 (RS§-232-C only) New output was requested before previous ouput
was finished being transmitted. The new output will be ignored
(thus causing the error).

11 Invalid character received after first two character (ESC.) in a
device-control instruction. ‘

12 Invalid character received while parsing a device-control instruc-
tion. The parameter containing the invalid character and all fol-
lowing parameters are defaulted.

13 One or more parameters are out of range.

14 Too many parameters received. Additional parameters beyond
the proper number are ignored; parsing of the instruction ends
when a colon (normal termination) or the next ESC character
(abnormal termiation) is received.

15 (RS-232-C only) A parity error has been detected.

16 (RS-232-C only) The physical input buffer has overflowed. As a
result, one or more characters have been lost; an HP-GL/2 error
will probably occur.

18 Input error of indeterminate cause.
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RS-232-C Users Only: In addition to checking input errors, you can use the
ESC.E instruction to start and end a data block for block input checking. If
block input error checking has been activated (bit 4 of the second parameter
of the ESC.@ instruction is set to 1), the ESC.E instruction will terminate a

block.

If there are no input errors (response to ESC.E is 0), the plotter executes the
data normally. If the response to ESC.E indicates an input error, the plotter
discards the entire data block. You can then retransmit the entire block of
data and prevent errors in the plot.

RELATED
INSTRUCTIONS: OE, Output Error
ESC.@, Set Plotter Contfiguration

ESC.J, Abort Device-Control

USE: Aborts any device-control instruction that may be partially decoded or
executed. Use ESC.J in an initialization sequence when you first access the
plotter.

SYNTAX: ESC.J

REMARKS: Unspecified parameters of partial instructions are defaulted. All
pending or partially transmitted output requests, from either HP-GL/2 or de-
vice-control instructions, are immediately terminated, including handshake
outputs. Intermediate output operations, such as turnaround delay and echo
suppression, are aborted, and buffer input is enabled. Only the specified exe-
cution of an output operation is aborted. The handshake and output mode
parameters remain as specified.

RELATED
INSTRUCTIONS: ESC.K, Abort Graphics
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ESC.K, Abort Graphics

USE: Aborts any partially decoded HP-GL/2 instruction and discards remain-
ing instructions in the input buffer. Use ESC.K as part of an initialization
sequence when starting a new program or to terminate plotting of HP-GL/2
instructions in the buffer. The portion on the plot already stored on disc is not
affected.

SYNTAX: ESC.K

REMARKS: This instruction allows the instruction or vector being executed to
finish, aborts any partially decoded instruction, and clears the input buffer of
all remaining graphic instructions. The plotter finishes storing its current vector
on the disc, but all remaining vectors are discarded.

RELATED
INSTRUCTIONS: ESC.J, Abort Device Control

ESC.L, Output Buffer Size When Empty

USE: Outputs the size (in bytes) of the logical input buffer.
SYNTAX: ESC.L

Parameter Response Format Range

none available logical input integer 2 to 4096 bytes*
buffer space

*For HP-IB users, the input buffer is always 4096 byites.

REMARKS: The plotter outputs an ASCII integer equal to the number of
bytes allocated to the logical input buffer. The response is not transmitted by
the plotter until the buffer is empty.

NOTE: If your plotter is in block mode, using ESC.L could disrupt communi-
cation. If you use ESC.L while in block mode, send it immediately after read-
ing the ESC.E response.

RELATED
INSTRUCTIONS: ESC.B, Output Buffer Space
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ESC.O, Output Extended Status

USE: Outputs the plotter’s extended status. Use this instruction to obtain in-
formation about the current operating status of the plotter.

SYNTAX: ESC.O

Parameter Response Format Range
none operating status integer 0 to 63

]

REMARKS: When used with an RS-232-C interface, the instruction is subject
to any turnaround or intercharacter delays specified by ESC.M and ESC.N.

-

The operating status is the decimal equivalent of a 16-bit extended status
word. The status word bits are defined in the following table. Bits 6~-15 are
always zero.

IR R R B

3 1 1

-
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Bit Logic Decimal
Position State Value Meaning
0 0 0 Not used.
1 1 Roll media loaded.
1 0 0 ‘Clean’ media loaded or at power-up.
1 2 Current page is not clean (PA or other
drawing command executed). Set after
executing PD or any instruction with an
automatic pen down.
2 0 0 No media advance (no PG instruction
executed) since last ESC.O instruction.
ESC.O resets the bit to 0.
1 4 Plotting done.
3 0 0 Input buffer not empty.
1 8 Input buffer empty and ready for data.
4 0 0 Control-panel ON-LINE light on.
S Processing HP-GL/2 instructions.
4 1 16 Control-panel ON-LINE light off.
5 0 0 Media loaded but graphics suspended.
4 0 0 Out of paper detected. Media not
5 1 32 loaded, graphics suspended.
RELATED
INSTRUCTION: OS, Output Status
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ESC.R, Reset

USE: Resets certain input conditions to power-up default states. Use ESC.R
to establish known conditions when starting a new plot.

SYNTAX: ESC.R

REMARKS: The ESC.R instruction aborts any device-control instruction

currently in use, aborts any partially parsed HP-GL/2 instruction, resets the
parser, clears all buffers.

ESC.R is equivalent to sending the following three instructions:
ESC.J
ESC.K
ESC.P: (without parameters)

(Refer to the detailed descriptions of ESC.J and ESC.K in this chapter. Refer
to Chapter 12 for a detailed description of the ESC.P instruction.)

After sending ESC.R, send the ESC.L instruction to ensure that all conditions
have been reset before any subsequent instructions are parsed. In this applica-
tion, the ESC.L response is not important. However, to avoid potential errors,
read the output response before sending more data. Refer to the ESC.L in-
struction for additional information.

RELATED

INSTRUCTIONS: ESC.J, Abort Device Control
ESC.K Abort Graphics
ESC.P, Set Handshake Mode
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ESC.S, Output Configurable Memory Size

USE: Outputs the total memory size of user-definable RAM, or the memory
space available in one of its two configurable buffers: the polygon buffer and
downloadable character buffer. Use ESC.S to determine how much memory is
currently allocated to each buffer or to confirm the allocation performed by

ESC.R.

SYNTAX: ESC.S n:

Parameter Response Format Range
n (table follows) integer 0 to 16 900
RESPONSE:
Parameter Response Format Range
none allocated memory size integer 0 to 16 900

REMARKS: The following table shows each parameter value with its corre-
sponding memory designation.

Parameter Value

Memory Specification

0 total configuration memory
1 not used; 0 is output
2 polygon buffer
3 downloadable character buffer
=>4 0 is output
RELATED
INSTRUCTION: ESC.R Reset

ESC.@ Set Plotter Configuration
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ESC.@, Set Plotter Configuration

USE: For RS-232-C users, sets an effective logical input buffer size and con-
trols hardwire handshake, communications protocol, and block input error
checking.

SYNTAX: ESC.@ (logical input buffer size);(input conditions):

Parameter Format Range Default
logical input buffer size integer 0 to 4096 bytes 4096
input conditions integer 0 to 31 bytes 0

REMARKS: The physical input buffer is the actual portion of the graphics
memory where storage and parsing of HP-GL/2 instructions takes place. The
logical input buffer can be thought of as the operational subset of the physical
input buffer; it is not a separate buffer. It is the size of the logical input buffer
that limits plotter input functions such as the quantity of HP-GL/2 instructions
waiting to be parsed, and threshold levels in certain handshaking methods.

For HP-IB users only, this instruction is ignored. The logical buffer is always
4096.

The logical input buffer cannot be larger than the physical input buffer. The
physical input buffer is always 4096 bytes. At power-on, the logical input
buffer is equal to the physical input buffer.

Use ESC.@ to change the logical input buffer size. The plotter interprets the
parameters as follows.

* Logical input buffer size — Sets the size of the logical input buffer. If
you do not specify this parameter, the plotter sets the logical input buffer
to the same size as the physical input buffer.

* Input conditions — Specifies an integer equivalent value that controls the
states of bits 0 through 4. When using an RS-232-C interface, these bits
control hardwire handshake and block input error checking.

At power-on, bits 0 and 1 are set according to the position of the
XON-XOFF/HARDWIRE switch; bits 2 through 4 are set to zero. When
hardwire handshake is enabled, the plotter uses the Data Terminal Ready
(DTR) line in the same manner that buffer threshold indicators are used
in the Xon-Xoff handshake. DTR is set high at power-on and is not set
low until available buffer space is less than the data block size specified by
either ESC.H or ESC.I (default is 80 bytes). DTR remains low until the
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buffer space is greater than twice the data block size available. The condi-
tion occurring first causes DTR to be set high.

The following table shows the logic states of the significant bits 0-4.

Bit Logic
Number State Description
0 0 Disable hardwire handshake mode (set and hold
pin 20 of RS-232-C port connector high)

1 Enable hardwire handshake mode.

1 0 Enable Xon-Xoff handshake mode.
1 Disable Xon-Xoff handshake mode.

2 0 Ignored.

3 0 Ignored.

4 0 Disable block input error checking.
1 Enable block input checking.

EXAMPLE:

CHR$ (27)+".@5000;1:"

0 0 0 0 0 0 0 1 = Decimal 1
Enable hardwire
Ignored — handshake
Disable Xon-Xoff
handshake
Ignored
Disable block input error checking
RELATED
INSTRUCTIONS: ESC.E, Output Extended Error

ESC.L, Output Buffer Size When Empty
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Interfacing and Handshaking

This chapter provides information on the following interfaces. Read the section
that applies to the interface you are using.

® Centronics parallel interfacing.

e HP-IB (IEEE-488) parallel interfacing, including normal and secondary
command support modes.

* RS-232-C/CCITT V.24 serial interfacing and handshaking.

* Using device-control instructions to establish handshakes.

* Data transmission modes.

The following instructions are described at the end of the chapter.

ESC.H, Set Handshake Mode 1

ESC.I, Set Handshake Mode 2

ESC.M, Set Output Mode

ESC.N, Set Extended Output and Handshake Mode
ESC.P, Set Handshake Mode

Centronics Information

The Centronics interface is recommended over RS-232-C for faster throughput
with your plotter. The Centronics interface transfers data and commands be-
tween the computer and plotter on 15 signal lines. Eight data input lines are
reserved for the transfer of data and other messages in a byte-serial, bit paral-
lel manner. Data and message transfer is asynchronous, coordinated by three
handshake lines. The remaining four lines are for management of bus activity.

Addressing is not necessary with this interface since it is not a shared bus. The
foliowing table lists and describes the Centronics connector pin assignments.
(The second number in the Pen No. column refers to a ground wire that is
twisted with the signal wire.)
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Pen No.* Signal Source Description

1, 19 STROBE Computer | A low pulse of at least 0.5 psec
causes plotter to read 1 byte of
data.

2,20 DATA1 Computer | Data bit 0

3,21 DATA2 Computer | Data bit 1

4, 22 DATA3 Computer | Data bit 2

5, 23 DATA4 Computer | Data bit 3

6, 24 DATAS Computer | Data bit 4

7, 2§ DATA®6 Computer Data bit §

8, 26 DATA7 Computer | Data bit 6

8, 27 DATAS Computer | Data bit 7

10, 28 ACKNLG Plotter Plotter sends a low pulse indicat-
ing it has accepted a byte of data
and is ready for more data.

11, 29 BUSY Plotter A high logic level indicates plotter
can’t receive data due to data en-
try, full buffer, or error status.

12 Out of Paper | Plotter 1 A high logic level indicates the
plotter is out of paper.

13 SLCT Plotter Always high. Indicates the plotter
is selected.

16 SIG GND

17 CHS GND

31, 30 INIT Computer | A low pulse of at least 0.5 usec
resets the plotter to power-up
conditions.

32 ERROR Plotter A low level indicates a self-test
failure, out of media, plotter off-

33 SIG GND line, or any other hardware error.

*Pins 14,15,18,34,35,and 36 are not used.
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When using Centronics, the plotter responds to the following three device-
control instructions, described in Chapter 11. (The plotter recognizes but

ignores 14 additional device-control instructions, which are used in HP-IB
and/or RS-232-C interfaces.)

ESC.J
ESC.K
ESC.R

The Centronics interface only supports data transmission in one direction. All
output instructions are ignored when using this interface.

HP-IB (IEEE-488) Information

The Hewlett-Packard Interface Bus (HP-IB) provides for compatibility between
all devices adhering to the ANSI/IEEE-488 (1978) standard. HP-IB is the
most common interface between Hewlett-Packard computers, peripherals and
instruments. HP-IB is recommended over RS-232-C for faster throughput with
your plotter. Refer to the User’s Guide for instructions on setting the plotter’s
switches for the address code and for implementation of normal or secondary
command support.

Interface Modes: Normal or Secondary Command Support

Two command modes are available on the plotter: the standard (normal)
HP-IB mode and secondary command support (SCS). To change command
mode, turn off the plotter and select either HP-IB or SCS using the appropri-
ate interface switch. Turn on the plotter; the command mode you selected is
now in effect.

The following table shows what functions are implemented according to the
mode selected.
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Normal SCS
Interface Function Name Implementation Implementation

Source Handshake SH1 SH1
Acceptor Handshake AH1 AH1
Talker T6 —
Listener L3 —_
Extended Talker — TE®6
Extended Listener —_ LE4
Service Request SR1 —
Parallel Poll PP2 or PPO* PP2
Device Clear DC1 DC1
No Remote Local RLO RLO
No Device Trigger DTO DTO
No Controller Co Co

*PPO if listen only mode; PP1 if address > 8; PP2 if address < 8.

When using the HP-IB or SCS, the plotter responds to the following 10
device-control instructions (which can also be used in an RS-232-C interface.)

ESC.A ESC.J ESC.O
ESC.B ESC.K ESC.R
ESC.E ESC.L ESC.S

All of the above instructions are described in Chapter 11. The plotter recog-

nizes five additional device-control instructions which are valid only for
RS-232-C interfacing and handshaking (described at the end of this chapter).

Normal HP-IB Protocol

This is the standard implementation of HP-IB that establishes mechanical,
electrical, timing, and data compatibility between devices. It allows high-speed
communication between many peripherals on one computer port. A device on
the HP-IB may function in the following ways.

® As a ‘listener’ that receives data sent over the bus.

®* As a ‘talker’ that transmits data to other devices on the bus.

®* As a ‘controller’ (computer) that regulates interaction of the devices on
the HP-IB system.

The plotter functions primarily as a ‘listener,’ receiving data sent over the bus.
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Controlling Addressing Sequences

Using HP-IB addresses, the controller can identify and individually access
various devices on the interface. Select the HP-IB address using the plotter’s
interface switches (refer to the User’s Guide).

An addressing sequence is made up of three major parts, with the ATN (At-
tention) line true.

<Unlisten Command> <Talk Address> <Listen Addresses>
The purpose of these parts is as follows.

¢ Unlisten command — A universal bus command; its character is ? (ASCII
decimal code 63). It unaddresses all listeners. After transmitting the
unlisten command, no active listeners remain on the bus.

e Talk address — Indicates the device that is to talk, or send data. A new
talk address automatically unaddresses the previous talker.

® Listen addresses — Indicate one or more devices that are to listen, or
receive data. A listen address adds the designated device as listener along
with other addressed listeners.

This addressing sequence directs who talks to whom. You can implement the
commands (unlisten, talk, listen) by putting data on the bus and setting the
ATN control line true. The unlisten command (?) plays a vital role in this se-
quence. It is important that a device receive only the data that is intended for
it.

When a new talk address is transmitted in the addressing sequence, the previ-
ous talker is unaddressed. Therefore, only the new talker can send data on
the bus and you don’t need to use an untalk command in the same manner
as the unlisten command.

For example, to tell a computer at address 21 to talk and a plotter at address

05 to listen, the controller (usually the computer) sets the proper control line
true and sends the following sequence.

70 %
where: ? — tells all devices on the bus to unlisten,

U — designates the device at address 21 as the talker,
% - designates the device at address 05 as the listener.
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To have the plotter talk and the computer listen, you would set the control
lines and set the following, with ATN true.

2ES
Listen-Only Mode

In listen-only mode, the plotter plots all data transmitted over the bus without
being addressed by a computer.

To activate listen-only mode, turn on the LISTEN ONLY switch as shown in
the User’s Guide.

NOTE: Listen-only mode is disabled if Secondary Command Support is se-
lected for the plotter. W

Serial and Parallel Polling

Serial and Parallel Polling are processes used by the controller to determine if
any of the devices (such as plotter and printers) on the HP-IB require service.
Like most HP-IB devices, your plotter can request service.

Serial Polling

Refer to your computer’s documentation to determine whether or not your
system has serial poll capability, and for the necessary (enable/disable)
commands.

In a serial poll, the computer polis the devices on the bus in sequence, one at
a time. The computer requests the status of one specific device by addressing

only that device and asking it to respond. The plotter responds to this request
by sending a status byte. The definition of each bit in the status byte is shown
in the following table.
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Status Byte Bit Definition

Bit Value Condition Indicated
Bit When Set When Bit Set to 1
0 1 Pen is down.
1 2 P1 or P2 changed; cleared by OP.
2 4 (Reserved)
3 8 Initialized; cleared by OS.
4 16 Ready for data; always set to 1.
5 32 HP-GL/2 error occured; cleared by OE.
6 64 (Reserved)
7 128 Not used; always set to 0.

Use an interrupt routine to halt your program when the computer receives a
service request. Then, send a serial poll to determine which device on the line
needs service. Sending a serial poll clears bit 6 of the status byte.

NOTE: The plotter cannot respond to a serial poll when it is in either listen-
only mode or secondary command support mode. W

Parallel Polling

Refer to your computer’s documentation to determine if your system has par-
allel polling capability and for the necessary (enable/disable) commands.

Parallel polling provides a fast way for the computer to determine which, if
any, of the devices on the bus needs service. The computer performs a paral-
lel poll by asserting the EOI (End or Identify) and ATN (Attention) lines
simultaneously. If it requires service, the plotter responds by asserting its as-
signed DJ/O line.

When enabled in normal HP-IB mode, the plotter responds to a parallel poll
when it is out of media. Loading media terminates the plotter’s response.

When enabled in SCS mode, the plotter responds to a parallel poll under the
following conditions: ready for data, ready to transmit, media error, and
power up. Eliminating the cause (loading media, for example) terminates the
response.

NOTE: In listen-only mode, the plotter cannot respond to a parallel poll. B
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Bus Commands

Devices on the HP-IB receive special instructions in the form of commands.
To send a command over the bus, the controller asserts the ATN line. Once
the ATN line is asserted, the devices on the bus understand that what follows
is a command, not data.

Listen Address (LAD) X01AAAAA

AAAAA represents the HP-IB address of the device for which the command
is intended. This command causes the plotter to become a listener.

Device Clear (DCL) X0010100
If the plotter is parsing an instruction, DCL aborts it; if the plotter is executing

an instruction (processing and storing it internally), it is completed. DCL does
not affect instructions already stored on the plotter’s disc.

Selected Device Clear (SDC) X0000100

This command clears only those devices on the bus that are selected to listen.
Except for this difference, SDC has the same effect as DCL.

Interface Clear (IFC)

The controller uses the IFC line to override all bus operations and return the
bus to a known inactive state. All pending output on the bus is cleared.

Secondary Command Support

Your system must support secondary commands for the plotter to function in
this mode. Secondary command support extends the capabilities of normal
HP-IB protocol. Implementation of secondary commands avoids HP-IB lock-
up in a multi-user environment.

When this protocol is selected, listen-only mode and the service request are
automatically disabled. The plotter can be identified with addresses 0-7.

Secondary commands have a two-byte structure to carry their more detailed
instructions. The plotter functions as Extended Talker or Extended Listener.
The first byte is always a primary talk or listen command, which sets up the
second byte as a more specific talk or listen instruction.

The plotter supports four secondary commands, two talk and two listen.
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Secondary Talk Commands

The secondary talk commands are Talk Data, Device Specified Jump, and I/O
Status.

Talk Data (DATA) X1100000

This command instructs the plotter to send data in response to an output
command.

Device Specified Jump (DSJ) X1110000
When the plotter receives the primary talk command followed by a secondary

DSJ command, it will respond with one byte of data with the EOI line as-
serted. The value of the byte will be decimal zero, one, or two.

Decimal Value of

Cor )
Response Byte Plotter Status Museqm
0 Ready to receive e
1 Ready to send
2 Status change (power cycle, out

of paper, paper motion failure)

/O Status X1101110

The 1/0 status is a means by which the controller checks the current plotter
status. When the plotter receives the primary talk command followed by the
secondary 1/O status command, it will respond with one byte of data with the
EOI line asserted. Bits 2 through S of the status byte are undefined. If the
plotter shuts down, bit 6 of the status byte is cleared.

Bit Value Condition Indicated
Bit When Set When Bit Set to 1
0 1 Power cycle
1 2 Out of paper
2-5 — Undefined
6 64 Ready for data
7 128 On-line
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Unrecognized Secondary Talk Commands

When the plotter receives a secondary talk command that it does not recog-
nize, it will respond by sending a null byte (00000000) with the EOI iine
asserted.

Secondary Listen Commands
The secondary listen commands are Device Clear and Data.
Device Clear X1110000

This command performs the same function as a DCL. Device Clear is followed
by a required parity byte, used by other devices, which the plotter ignores.

Data X1100000

This command tells the plotter that bytes following the command contain data
to be plotted. For maximum throughput, the plotter should receive data bursts
of 1000 bytes (or less) in length. A burst length that exceeds 1000 bytes may
be processed at a slightly reduced rate.

Unrecognized Secondary Listen Commands

When the plotter receives a secondary listen command that is does not recog-
nize, it will still acknowledge the command as valid. It then reads but ignores
all incoming data bytes until it receives an Unlisten command or a data byte
with the EOI asserted.

Identify Command Sequence

This command is used by the controller to identify devices on the bus and
determine their characteristics. When the plotter receives a primary untalk
command followed by a secondary identify command specifying the plotter’s
address in the lowest three bits, it will respond with two data bytes. The first
byte is a general device classification which tells the controller that the plotter
is a plotter/terminal device. The second byte tells the controller that the plot-
ter is an HP 7600A. The response bytes are shown below.

Byte 1 (printer/terminal) 00100000 (20 hex)
Byte 2 (HP 7600A designator) 00010011 (13 hex)
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RS-232-C Interfacing and Handshaking

Interfacing establishes communication by matching a set of conditions between
the computer and the plotter. Your system’s requirements dictate the interface
conditions you must set on your plotter. To establish compatible interface con-
ditions, your computer and plotter must agree on the following.

® Number of data bits — The plotter uses standard 7-bit ASCII code; it is
not compatible with 6-bit or 12-bit ASCII devices. (If data from the
computer is not in this format, you need a protocol converter.)

¢ Parity — ASCII characters are coded in seven bits, with an eighth bit
optionally used for parity or data. Refer to the User’s Guide to set the
parity the same parity as your computer.

¢ Baud rate — The rate at which transmitted data is sent (equal to bits per
second). You must set the plotter’s baud rate to match the baud rate of
the computer; otherwise, the plotter will not be able to understand the
data. Refer to the User's Guide to set the baud rate to the same as the
computer.

¢ Number of stop bits — On the plotter, baud rates 75 and 110 use two
stop bits while baud rates of 300 and faster use one stop bit.

If your computer is not listed in the User’s Guide, check your computer sys-
tem documentation to determine the values for the above information.

Choosing a Handshake

Once you establish the interface conditions, you must select a handshake
method. The plotter can implement any of the following four handshakes.
(Refer to Connecting Your Plotter to a Computer in your User’'s Guide for
information on setting the plotter’s configuration switches for your interface.)
* Xon-Xoff (factory default).

* Hardwire.

¢ Enquire/acknowledge (ENQ/ACK).

* Software checking.

NOTE: Using the Xon-Xoff handshake is strongly recommended. B
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Handshaking establishes the manner in which your plotter and computer trans-
mit data once the interface is established. A handshake method is required to
prevent data from being lost or misinterpreted.

For information on which handshake to use, consult your system’s documenta-
tion or the installation manual for your computer and/or graphics software
package. Most graphics software packages designed for use with RS-232-C
plotters contain the instructions necessary to set up a handshake. You may
need to provide your software with parameters suitable for your system. In-
structions for setting the parameters can be found in the software installation

guide.

The following paragraphs describe each of the handshake methods listed
above. Use these descriptions along with your computer documentation to
determine the handshake you should use. You must know your computer’s
requirements to have your computer and plotter communicate efficiently.

Xon-Xoff Handshake

The Xon-Xoff handshake is the plotter’s factory default handshake and is
strongly recommended. The Xon-Xoff handshake is controlled by the plotter.
You can use this handshake only if your computer supports an Xon-Xoff pro-
tocol. When using the Xon-Xoff handshake, the plotter transmits a control
character to the computer when the plotter’s I/O buffer is almost full, and
another character when the buffer is ready to receive more data.

Hardwire Handshake

The hardwire handshake uses the plotter’s Data Terminal Ready (DTR) con-
trol line (pin 20) to control handshaking. You can use this handshake if your
computer ¢an monitor pin 20.

NOTE: Using a hardwire handshake in a PC environment is likely to cause
device timeouts. Since the DTR line remains low while the plot is rasterized
and executed, the PC is likely to time-out while waiting for the DTR to go
high. =

The hardwire handshake requires that the plotter be connected directly to the
computer; there can be no intermediary devices (such as modems).

Enquire/Acknowledge Handshake
The enquire/acknowledge (ENQ/ACK) handshake is controlled by the com-
puter. The computer sends an enquire character that prompts the plotter to

respond when there is enough room in the buffer for more data. When suffi-
cient input buffer space is available, the plotter sends an acknowledgment
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string that signals the computer to send data. The enquire/acknowledge hand-
shake is not as efficient as the Xon-Xoff handshake.

Software Checking Handshake

Probably the least efficient of the handshakes, you can implement this method
on almost any computer system. You must use it, however, if your computer
system can not implement any of the other handshaking methods. This hand-
shake is managed by the programmer. To use this handshake, you must
include device-control instructions in your program to repeatedly check the
availability of input buffer space.

Handshaking Through Device-Control Instructions

You can establish each handshake programmatically using device-control in-
structions. This enables you to switch from one handshake to another for
different applications.

The following list of device-control instructions directly affect your handshake
and handshake capabilities. Use these instructions in combination with the de-
vice-control instructions in Chapter 11 to enhance the communication between
your computer and plotter.

ESC.H, Set Handshake Mode 1

ESC.I, Set Handshake Mode 2

ESC.M, Set Output Mode

ESC.N, Set Extended Output and Handshake
ESC.P, Define Handshake

Xon-Xoff Handshake

Xon-Xoff is the factory default handshake. Using an Xon-Xoff handshake is
strongly recommended. Refer to your computer system’s documentation to de-
termine whether or not you can use the Xon-Xoff handshake. Your plotter’s
XON-XOFF/HARDWIRE switch must be set correctly, refer to Connecting Your
Plotter to a Computer in your User's Guide.

When using the Xon-Xoff handshake method, the plotter controls the data
exchange sequence by signaling the computer when it has sufficient room in its
input buffer for data and when to stop sending data. The plotter uses buffer
threshold indicators (an Xon trigger level and an Xoff trigger leve) to prevent
buffer overflow, as follows.
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1. IF data enters the plotter’s buffer faster than it can be processed (unlikely
even at 19 200 baud), and the buffer starts to fill. When the data in the
input buffer reaches the Xoff threshold level, the plotter sends the Xoff
trigger character to the computer.

2. The plotter’s buffer empties as data is processed. When the Xon threshold
level is reached, the plotter sends the Xon trigger character to the comput-
er, restarting the flow of data.

This process is repeated until all data has been sent. The following is a graphic
representation of this process.

Overshoot (due to time required
to react to Xoff character)

Logical input
\ .
Xoff threshoid

buffer full \'\
(Xoff character
sent)
Total
logical input
Xon threshold - buffer
<7

(Xon character

space
sent) avallable

Logical Input ‘ uM ‘?"Q".;“ut

buffer empty Time t:.lgflfcer sIzF:a

NOTE: There is a delay between the time the signal is sent from the plotter
and the time the computer stops sending data. Allow extra buffer room to
avoid losing data. ®

Use either of the following device-control instructions to initiate a Xon-Xoff
handshake in your program.

ESC.P
ESC.I and ESC.N
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Using ESC.P To Initiate an Xon-Xoff Handshake

Using ESC.P with a parameter of 1 (ESC.P1:) sets several Xon-Xoff parame-
ters for you. It is the simplest way to initiate an Xon-Xoff handshake with a

device-control instruction. Be aware that these parameter values may not be

the best for your computer. If your computer requires other values, consider
the following instructions.

® ESC.I to change the Xoff threshold level and Xon character.
® ESC.N to change the intercharacter delay and Xoff character.

® ESC.M to change the turnaround delay, output trigger character, echo
terminate character, and output terminator.

To override parameter values set by the ESC.P instruction, place the appropri-
ate instruction qfter the ESC.P instruction.

Using ESC.I and ESC.N To Initiate an Xon-Xoff Handshake

To initiate an Xon-Xoff handshake using the ESC.I instruction, you must omit
its second parameter (enquiry character) or set it to zero. Also, send the
ESC.N instruction to establish an intercharacter delay and the Xoff trigger
character. The following shows an example using the ESC.N and ESC.I
instructions. The ASCII decimal code 27 sends the ESC character.

CHRS$ (27)+".110;;17:"
CHRS$ (27)+".N@;19:"

The parameter values defined by the above example are as follows.

ESC.I
Xoff threshold level
Enquiry character
Xon character

10 bytes
omitted (indicates Xon-Xoff)
17 (ASCII DC1)

i

ESC.N
Intercharacter delay
Xoff character

0 (no delay)
19 (ASCII DC3)

These are commonly used Xon-Xoff character values. Check your system
documentation to determine your system'’s requirements.
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Hardwire Handshake

The hardwire handshake takes place in the hardware rather than the software.
To use hardwire handshake, you must connect the plotter directly to the com-
puter with the appropriate cable (refer to the cable schematics in Appendix A
of the User’s Guide); there can be no intermediate hardware {(such as mo-
dems) between the plotter and computer. You can turn hardwire handshake
on or off using the plotter’s interface switches. Software can also turn it on or
off using the ESC.@ instruction.

In a hardwire handshake, the computer monitors one of the interface lines
from the plotter. The hardwire handshake works as follows.

1. When the plotter has room for data in its input buffer, it signals the
computer to send data by setting the DTR line high (turning it on). The
DTR line is pin 20 on the plotter's RS-232-C connector. The DTR line is
high at power-on.

The plotter raises the DTR line when the input buffer space is twice the
data block size plus 80 bytes (default data block size is 80 bytes).

2. The plotter has a threshold level that determines when the input buffer is
in danger of overflowing and losing data. When the threshold level (the
data block size specified by the ESC.H or ESC.I instructions) is reached,
the plotter sets the DTR line low (off).

The computer continually checks the status of the line: if the line is high, it
sends data; if the line is low, the computer waits until the line is high again
before sending more data. This prevents the computer from over-filling the
plotter’s input buffer.

Overshoot (due to time required to
react to DTR drop)

Logical input
buffer full \ A\ 9
DTR goes low =N 3
{off threshold) \
Total
logical Input
DTR goes high < i ::::er
avallable
Logical input - Pé'ai"c'ﬁ‘fnmm
buffer empty Time bx?ffer slzpe
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NOTE: Using a hardwire handshake in a PC environment is likely to cause
device timeouts. Since the DTR line remains low while the plot is rasterized
and executed, the PC is likely to time-out while waiting for the DTR to go
high. m

Use either of the following device-control instructions to initiate a hardwire
handshake in your program.

ESC.P
ESC.@

Using ESC.P To Initiate a Hardwire Handshake

The ESC.P device-control instruction with a parameter of 3 (ESC.P3:) sets
several parameters for you. It is the simplest method to initiate a hardwire
handshake with a device-control instruction. Be aware that these parameter
values may not be the best for your computer system. If your system requires
other values, consider the following device-control instructions.

e ESC.M to change the output terminator.
e ESC.I to change the ‘off’ threshold level.

To override parameter values set by the ESC.P instruction, place the appropri-
ate instruction after ESC.P.

Using ESC.@ To initiate a Hardwire Handshake

If a hardwire handshake has been disabled by a previous program, use ESC.@
to enable it. As with the ESC.P instruction, you can add the ESC.I instruction
to set the threshold level. Since the other parameters of ESC.I are unneces-
sary for a hardwire handshake, they need not be included. The following
shows an example using the ESC.@ and ESC.I instructions. ASCII decimal
code 27 sends the ESC character. The first parameter of the ESC.@ instruc-
tion is set to its default value by using just the semicolon.

CHR$ (27)+".@;1:"
CHR$ (27)+".I10:"
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The following defines the parameter values indicated by the above example.

ESC.@
Input Buffer size = 4 96 bytes (default)
Hardwire handshake = hardwire handshake (enabled)

ESC.I
‘Off' Threshold level

1}

10 bytes
Enquire/Acknowledge Handshake

This handshake method derives its name from the two ASCII characters, ENQ
and ACK, used on some systems as the enquiry character and acknowledg-
ment string. The enquire/acknowledge handshake prevents the computer from
sending the plotter more data than its buffer can accommodate. The computer
sends the enquiry character to the plotter, asking if there is enough room in
its input buffer for a block of data. The computer waits until it receives an
acknowledgment string from the plotter signaling that there is sufficient room
in the input buffer for a block of data. Only then does the computer send a
block of data. In this way, the computer does not send the plotter more data
than its buffer can accommodate.

When a proper enquire/acknowledge handshake is not established, the plotter
responds with a ‘dummy’ acknowledge to any enquire character received.
Refer to the ESC.H and ESC.I instruction descriptions at the end of this
chapter.

The diagram below illustrates how an enquire/acknowledge handshake works.

Computer Piotter
ENQ

The comater asks:
“Do you have the buffer space
for a data biock? "

The plotter answers: ACK

“Yes, there Is room in the
input buffer.”

Biock of data sent

Use any of the following device-control instructions to initiate an enquire/ac-
knowledge handshake in your program.

ESC.P

ESC.I
ESC.H
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The method you use depends on your computer system’s requirements. 1f your
computer documentation lists the enquire/acknowledge handshake, you should
consider either ESC.P or ESC.I. You can use the ESC.H instruction in sys-
tems where the output trigger character, echo terminator, and output termina-
tor must be used with the enquire and acknowledge exchange in addition to
being used with plotter output responses.

Using ESC.P to Initiate Enquire/Acknowledge Handshake
Using ESC.P with a parameter of 2 (ESC.P2:) sets several enquire/acknowl-
edge parameters for you. Be aware that these parameter values may not be

the best for your system. If your computer requires other values, consider the
following instructions.

e ESC.I to change the block size, enquiry character, and acknowledgment
string.

e ESC.M to change the turnaround delay, output trigger, echo terminate,
and output terminate characters.

®* ESC.N to change the intercharacter delay and immediate response string.

To override the parameter values set by the ESC.P instruction, place the ap-
propriate instruction after ESC.P.

Using ESC.! to Initiate an Enquire/Acknowledge Handshake
The ESC.I instruction also lets you establish an enquire/acknowledge hand-
shake. If your computer does not require that you use the output trigger

character, echo terminator, or output initiator with the handshake characters,
use ESC.I to initiate the enquire/acknowledge handshake.

CHR$ (27)+".I20;5;6:"
The following lists the parameter values this instruction specifies.
20 byte

5 (ASCII ENQ)
6 (ASCII ACK)

Block size
Enquiry character
Acknowledgment string

The following illustration shows the data exchange this handshake implements.
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Computer Plotter
ENQ

The computer asks:
“Do you have the buffer space
for a data block?”

ACK
The plotter answers:

“Yes, there is room in the
input buffer for 20 bytes."

20-byte block of data sent

Note that you can also use the ESC.M instruction to specify the turnaround
delay and the ESC.N instruction to change the intercharacter delay and imme-
diate response string.

The following escape sequences are in effect when the plotter’s default
Xon-Xoff handshake is used.

ESC.I;;17:
ESC.N;19:
ESC.H
ESC.@;0:

Upon receipt of any escape sequence that sets up handshaking, the plotter
overrides the above Xon-Xoff setting and retruns to a no-handshake state
before implementing the programmed handshake. The prevents setting up
ENQ/ACK using ESC.I with an unwanted immediate response string residual
in the second parameter of (ESC.N;19:) (otherwise interpreted as the Xoff
trigger character for Xon-Xoff).

Using ESC.H to Initiate an Enquire/Acknowledge Handshake

If your computer cannot implement a true enquire/acknowledge handshake,
you can use the ESC.H to initiate a form of a software checking enquire/ac-
knowledge handshake that can be implemented by your software and used on
all computers. This method, however, is time consuming and requires that you
specify ESC.M and ESC.N parameters. The following shows an example of
this generic enquire/acknowledge handshake. The ASCII decimal code 27
sends the ESC character.

CHR$ (27)+" .M;17:;0;13;:"

CHR$ (27)+".N;21:"
CHRS$ (27)+".H20;5;6:"
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The following lists the parameter values these instructions specify.

ESC.M
Turnaround delay = none
Output trigger character = 17 (ASCII DC1)
Echo terminate character = none
Output terminator = 13 (ASCII CR)
Output initiator = none

ESC.N
Intercharacter delay none

Immediate response string 21 (ASCII NAK)
ESC.H
Data block size
Enquiry character
Acknowledgment string

20 bytes
5 (ASCII ENQ)
6 (ASCII ACK)

The following illustrates the data exchange this handshake would implement.

*Do you have room for a 20-byte
Computer data block?"” Plotter

ENQ

Enquiry character

Ou t haracter sent
e tput trigger ¢

immediate response string sent

NAK
Acknowledge string sent
after space becomes avaliable
ACK
Output terminator sent
CR

Data block sent

The following table summarizes the maximum specifications (instructions and
parameters) needed to establish an enquire/acknowledge handshake using the
ESC.T or ESC.H instructions. In particular, it shows which parameters of the
ESC.M instruction are used with ENQ/ACK characters depending on the de-
vice-control instruction that initiates the handshake. All specified ESC.M pa-
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rameters are used with plotter output responses regardless of the device-control
instruction establishing the handshake.

Enquire/Acknowledge Instructions and Parameters
Used in Handshake Response

ESC.H ESC.I
block size block size
enquiry character enquiry character
acknowledgment string acknowledgment string
ESC.M ESC.M
turnaround delay turnaround delay

output trigger character
echo terminate character
output terminator

output initiator

ESC.N ESC.N
intercharacter delay intercharacter delay
immediate response string immediate response string

Software Checking Handshake

When your computer system cannot use any of the previously described hand-
shakes, you must incorporate some form of software checking handshake to
prevent data from being lost when transferred between the computer and plot-
ter. The ESC.B, output buffer space, instruction is an effective way to monitor
the plotter’s input buffer. After you send the ESC.B instruction, the plotter
outputs the number of empty bytes in the input buffer. Send the block of data
when there is sufficient room in the plotter’s input buffer. Repeat this process
until all data has been sent.

The following chart illustrates how a typical software checking handshake
works within a program.
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Prepare block
of data for trans-
mission to plotter

v

Send output buffer
P space instruction,
ESC.B, to plotter

v

Recelve ESC.B
Delay* response and
(optional) enter buffer space
data into program

Space to
send entire
data block?

No

Send block of
data to plotter

Any

more data

for plotter
?

Yes

* Insert computer Instructions that will temporarfly halt the
program, such as a WAIT statement or a FOR...NEXT loop.

Software Checking Handshake
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This method can use large amounts of computer and plotter input processing
time and is inefficient in any environment. It is especially slow in time-shared
environments. The following techniques can help reduce the inquiries about
the availability of input buffer space.

1. Count the number of bytes to send to the plotter, then fill the input buffer
before you send the initial inquiry about available input buffer space.

2. After filling the input buffer, or receiving a negative reply concerning
available buffer space, wait a short time before sending another buffer
space inquiry.

Use the folowing instructions to match the requirements of your computer
system. Check your computer’s documentation to determine which of the fol-
lowing parameters are required.

Device-Control
Instruction Parameter

ESC.M Turnaround delay
Output trigger character
Echo terminate character
Output terminator
Output initiator

ESC.N Intercharacter delay

Using ESC.B to Initiate a Software Checking Handshake

You can use the ESC.B, Output Buffer Space, instruction to set up a software
checking handshake. (Refer to Chapter 11 for a complete description of this
device-control instruction.) In addition to the ESC.B instruction, the following
example also uses the ESC.M and ESC.N instructions to establish a turn-
around delay and an intercharacter delay. Since all other parameters are
omitted, they assume their default values. Use the ESC.B instruction to send a
block of data after ESC.M and ESC.N. The ASCII decimal code 27 sends the
ESC character.

CHRS$ (27)+".M250:*

CHR$ (27)+".N5@:"
CHRS$ (27)+".B:"
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The parameter values for the above example are as follows.

ESC.M
Turnaround delay
Output terminator

250 milliseconds
ASCII code 13 (CR; default value)

ESC.N

Intercharacter delay 50 milliseconds

Data Transmission Modes

When you are using the plotter in an RS-232-C environment, you can use two
modes of data transmission: normal mode and block mode. Normal mode is
the default mode. Use the ESC.@ instruction to switch from one mode to the
other. Refer to Chapter 11 for a complete description of the ESC.@
instruction.

Normal Mode

The plotter is in normal mode when you turn it on. In normal mode, all
HP-GL/2 instructions are stored in an input buffer where they are parsed in
the order in which they are received. Device-control instructions do not enter
the buffer, but are executed immediately.

Block Mode

Block mode lets you monitor the transmission of a block of data for any er-
rors that may reach the plotter. This allows you to retransmit the block of
data again so that the plotter receives it correctly, thus preventing errors in the
plot.

After sending the ESC.@ instruction to turn on block mode, you define a
block by sending some data followed by the ESC.E instruction. The ESC.E
instruction serves as a block separator by terminating the first block of data
and signaling the beginning of the subsequent block (if any). Refer to the
ESC.E instruction in Chapter 11 for more information.

In block mode, all HP-GL/2 instructions are stored in the input buffer until
you send an ESC.E instruction to determine whether or not errors occurred;
device-control and handshake instructions are not stored. You should always
send the ESC.E instruction before you turn off block mode (using the ESC.@
instruction). Device-control instructions do not enter the buffer, but are exe-
cuted immediately.
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Block mode has no effect on the type of handshake used or on the handshak-
ing parameters defined. For example, if the number of characters in the block
exceeds the logical buffer size, your handshake should prevent a buffer over-
flow error (error 16) from occurring.

NOTE: Do not use the ESC.L instruction in block mode as it may disrupt
communication. If you must use the ESC.L instruction in block mode, send it
immediately after an ESC.E instruction. Send the ESC.E instruction, read the
response, send the ESC.L instruction, read the response, and then send the
additional HP-GL instructions. B

The following shows an example of a block mode transmission process.
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Block Input Error Checking

Computer

Plotter

Comments

ESC.@;16: —>

Data block A —>

ESC.E —>

Data block A —>

ESC.E S

Data block B —>

ESC.E —>

Data block B —>

ESC.E —>

<— 15[TERM]

<— O[TERM]

<— 16[TERM]

<— O[TERM]

Enable block input checking.
Send a block of data.
[Assume a character gets
garbled (e.g., bad parity).]
Any input errors?

Parity error. At this point,

the plotter discards the block
because an error occurred.

Retransit the block.
Any input errors?

No errors.
Plotter executes block.

Send a block of data.
[Assume a handshake char-
acter gets lost, and buffer
overflows. ]

Any input errors?

Buffer overflow.

Plotter discards block be-
cause an error occurred.
Retransmit the block.

Any input errors?

No errors.
Plotter executes block.
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ESC.H, Set Handshake Mode 1(Software Enqg/Ack)

USE: Configures the plotter for enquire/acknowledge handshake when the

computer requires the parameters of ESC.M and ESC.N to be used during the
handshaking sequence. Use ESC.H in systems where the output trigger charac-
ter, echo terminator, and output terminator must be used with the enquire and
acknowledge exchange in addition to being used with plotter output responses.

SYNTAX: ESC.H (data block size);(enquiry character);(acknowledgment

string):
or
ESC.H:
Parameter Format Range Default
data block size integer 0 to 4096 bytes 80 bytes

enquiry character ASCII value 0 to 26, 28 to 31* | 0 (no character)

acknowledge ASCII value 0 to 126 0 (no character)
string

*Practical range; printable characters (ASCII codes 32 1o 126) should be avoided as they are
required to send the HP-GL instructions.

REMARKS: When you send an ESC.H instruction without parameters
(ESC.H:), the enquire/acknowledge handshake is disabled, data block size is
80 bytes, and there is no enquiry character or acknowledgment string. If how-
ever, the computer is configured to send an ENQ character anytime it is ready
to send data to the plotter, the plotter automatically responds with ACK when
it receives ENQ. This ‘dummy’ handshake is not dependent on available
buffer space and does not protect against buffer overflow.

The plotter interprets the parameters as follows.

¢ No Parameters — Establishes default dummy enquire/acknowledge hand-
shake.

e Data Block Size — Specifies the maximum size of each block of data the
plotter will receive from the computer. This must be less than the logical
input buffer size.

. Enquiry Character — Prompts the plotter to acknowledge when there is
room in the input buffer for a block of data. Any value other than zero
enables the enquire/acknowledge handshake. Decimal code 5 (ENQ) is
generally used as the enquiry character.
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* Acknowledgment String — Signals the computer that the plotter has space
available in the input buffer for a block of data. This parameter can be a
string of up to 10 ASCII character codes, each subsequent character code
separated from the previous one by a semicolon. Zero is not transmitted
and terminates the string. Decimal code 6 (ACK) is generally used as the
acknowledgment string. Avoid using characters that have a special meaning
to the computer.

RELATED Computer
INSTRUCTIONS: ESC.I, Set Handshake Mode 2 Museym -
ESC.M Set Output Mode o
ESC.N, Set Extended Output and Handshake Mode

ESC.|, Set Handshake Mode 2 (Operating System)

USE: Configures the plotter for either the Xon-Xoff or enquire/acknowledge
handshakes when the computer does not expect the parameters of the ESC.M
and ESC.N instructions to be used during the handshaking sequence. This is
often true when the handshake protocol is part of the computer’s operating
system.

SYNTAX for Xon-Xoff: ESC.I (Xoff threshold level);(omitted); (Xon trigger

character(s)):
Parameter Format Range Default
Xoff threshold | integer 0 to 4093 80 bytes
level
omitted integer 0 -
Xon ASCII value 0 to 126, 1 to 10 0 (no character)
character(s) decimal codes

*You can designate the omitted parameter by entering a 0 or by putting the semicolon without
a parameter.
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SYNTAX for Enquire/Acknowledge: ESC.I(data block size);(enquiry
character); (acknowledgment string):

Parameter Format Range Default
data block size | integer 0 to 4093 bytes 80 bytes
enquiry ASCII value 0 to 26, 28 to 126
character decimal code® 0 (no character)

acknowledge- ASCII value 0to 126, 1 to 10 '
ment string decimal codes 0 (no character)

*Practical range; printable characters (ASCII codes 32 10 126) should be avoided as they are
required to send the HP-GL/2 instructions.

REMARKS: When you send an ESC.I instruction without parameters
(ESC.I:), neither the Xon-Xoff nor enquire/acknowledge handshake is en-
abled, the data block size is 80 bytes, and there is no enquiry character or
acknowledgment string. However, if the computer is configured to send an
ENQ character anytime it is ready to send data to the plotter, the plotter
automatically responds with ACK when it receives ENQ. This ‘dummy’ hand-
shake is not dependent on available buffer space and does not protect against
buffer overflow.

For an Xon-Xoff handshake, the plotter interprets the parameters as follows.

e  Xoff Threshold Level — Specifies the number of available bytes in the
input buffer when the Xoff character is to be sent. Xon is sent when
the 80 bytes over the threshold are available (or when the buffer is empty
if 80 bytes over the threshold is greater than the buffer size).

* Omitted Parameter — Sets an Xon-Xoff handshake when you omit this
parameter by entering only the semicolon, or the value zero followed by
the semicolon. To enable the Xon-Xoff handshake, you must specify the
next parameter.

¢ Xon Character — Specifies the character or characters the plotter sends
the computer when there is sufficient space available in the input buffer.
Although the DC1 character (decimal code 17) is often used as the Xon
character, you can specify up to ten character codes separated by semico-
lons.
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For an enquire/acknowledge handshake, interpret the parameters as follows.

* Data Block Size — Specifies the maximum size of each block of data the
plotter will receive from the computer.

¢ Enquiry Character — Prompts the plotter to acknowledge when there is
room in the input buffer for a block of data. Any value other than zero
enables the enquire/acknowledge handshake. Decimal code 5 (ENQ) is
generally used as the enquiry character.

¢ Acknowledgment String — Signals the computer that the plotter has space
available in the input buffer for a block of data. This parameter can be a
string of up to ten ASCII character codes, each subsequent character
separated from the previous one by a semicolon. Zero is not transmitted
and terminates the string. Decimal code 6 (ACK) is generally used as the
acknowledgment string. Avoid using characters that have a special meaning
to the computer.

EXAMPLE: For the Xon-Xoff Handshake
CHRS (27)+".110;;17:"

The ASCII decimal code 27 sends the ESC character. The parameters set the
Xoff threshold level to 10 (the Xoff character is sent when 10 bytes remain in
the plotter’s input buffer) and the Xon trigger character to DC1. Note that the
second parameter is omitted (as required by this handshake) by entering the
semicolon only. Set the Xoff trigger character using the ESC.N instruction.

For the Enquire/Acknowledge Handshake
CHRS$ (27)+".I;5;6:"

The ASCII decimal code 27 sends the ESC character. The parameters set the
block size to its default value of 80 bytes, the ASCII character ENQ as the
enquiry character, and the single ASCII character ACK as the acknowledg-
ment string. No output initiator will precede it, even if one is defined, and no
output terminator will follow it.

For more information concerning these handshakes, refer to Xon-Xoff Hand-
shake and Enquire/Acknowledge Handshake earlier in this chapter.

RELATED
INSTRUCTIONS: ESC.H, Set Handshake Mode 1
ESC.N, Set Extended Output and Handshake Mode
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ESC.M, Set Output Mode

USE: Establishes parameters for the plotter’s communication format. Use
ESC.M to establish a turnaround delay, an output trigger character, an echo
terminator, and an output initiator character. Also use it to change the output
terminator from its default value, ASCII decimal code 13 (carriage return).
This instruction is valid only when using an RS-232-C interface.

SYNTAX: ESC.M (turnaround delay); (output trigger);(echo terminator);(out-

put terminator); (output injtiator):

Parameter Format Range Default
turnaround integer 0 to 32 767 0
delay*®

output trigger ASCII value 0to 4, 6to 26, 28 to | 0 (no character)

echo ASCII value 0to 4, 6to 26, 28 to | 0 (no character)
terminator 126 decimal code

output ASCII value 0to 4, 6to 26, 28 to | 13 (carriage
terminator 126, return)

output initiator | ASCII value 0 to 126 decimal code | 0 (no character)

126 decimal code

1 or 2 decimal codes

*If the delay is odd, the plotter adds 1 to make it even.

REMARKS: The plotter interprets the parameters as foilows.

Turnaround Delay — Prevents the plotter from sending data until the
computer is ready to receive and process it. (An intercharacter delay set
by ESC.N increments the turnaround delay.)

Output Trigger Character — Is the last character output by the computer
when making a request of the plotter. This signals the plotter to respond
to the request. Most computers use the LF character (decimal code 10)
for output trigger.

Echo Terminator — Closes the plotter’s input buffer while the computer
echoes the plotter’s responses. The input buffer remains closed until the
echo response terminator is received. Refer to your computer documenta-
tion to determine if your computer echoes data. If your computer does
not echo data, specify this parameter as zero or omit it.

12-32 Interfacing and Handshaking

M
M

3 0 3



The LF character (decimal code 10) is often used for the echo terminate
character. If the computer echoes the plotter’s response without a termi-
nating character, then use the plotter’s output terminator (next parameter)
as the echo terminator.

Output Terminator — Indicates the end of plotter response to the com-
puter. This can be a one- or two-character terminator. If the next parame-
ter (output initiator) is to be specified, the output terminator must consist
of two characters, or the second character must be set to zero or omitted
(by entering a semicolon). Most computers use the CR character (decimal
code 13).

Output Initiator — Indicates the beginning of a plotter response to the
computer. To specify an output initiator, the output terminator must
consist of two characters (see previous parameter description). Most
computers do not use an output initiator. However, many of those that do
use STX for the output initiator.

The flowchart on the next page illustrates a plotter output request.
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ESC.N, Set Extended Output and Handshake Mode

USE: Establishes parameters for the plotter’s communication format. Use
ESC.N to specify an intercharacter delay in all handshake modes and either
the immediate response string for the enquire/acknowledge handshake or the
Xoff trigger character(s) for the Xon-Xoff handshake.

SYNTAX: ESC.N (intercharacter delay);(handshake dependent parameter):

Parameter Format Range Default
intercharacter delay integer 0 to 32 767 0

handshake dependent
parameter
for Xon-Xoff:
Xoff trigger character(s) ASCII value | 0 to 126, up to 0 (no
10 decimal codes | character)
for Enquire/Acknowledge:
immediate response ASCII value | 0 to 126, up to 0 (no
string 10 decimal codes | character)

*If the delay is odd, the plotter adds 1 to make it even.

REMARKS: The plotter interprets the parameters as follows.

* Intercharacter Delay — Specifies the length of transmission delay between
each character output by the plotter. This allows extra time for computers
with limited input port buffering capability to process data. The inter-
character delay (minus the character transmission time) is added to the
turnaround delay (if one has been specified using the ESC.M instruction)
before the plotter sends the first character, and is also inserted before
each subsequent character in a string being sent to the computer.

¢ Handshake Dependent Parameter — Depends on the method imple-
mented on your plotter. It is valid in either an Xon-Xoff or enquire/ac-
knowledge handshake environment and is interpreted as follows.

®* Xoff Character — (Xon-Xoff handshake environment only) signals the
computer to temporarily stop sending data while the plotter processes
what it has already received. The DC3 character (decimal code 19) is
often used for the Xoff trigger character.
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¢ Immediate Response String — (Enquire/Acknowledge handshake
environment only) indicates to the computer that the plotter is ac-
knowledging receipt of an enquiry character and is checking for
available buffer space. The NAK character (decimal code 21) is often
used for the immediate response string.

In either handshake environment, the handshake dependent parameter can list
up to ten ASCII characters, each separated from another by a semicolon.

RELATED

INSTRUCTIONS: ESC.I, Set Handshake Mode 2
ESC.M, Set Output Mode

ESC.P, Set Handshake Mode

USE: Sets one of three standard handshakes, or no handshake.

SYNTAX: ESC.P (handshake):

Parameter Format Range Default
handshake integer 0 (none) 0

1 (Xon-Xoff)

2 (ENQ/ACK)

3 (hardwire)

REMARKS: You can use this instruction to select among the three standard
handshakes. (Use ESC.@, H, I, M, and N to enhance, or select nonstandard
handshakes.) The following table shows the parameters and the handshakes
they implement.
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Parameter Value
and Handshake Medthod

] x;n- E:Ql -3 Predefined Handshake
None Xoft* ACK Hardwire Parameters Established

0 50 0 0 Turnaround delay

0 0 17 0 Output trigger character

0 10 10 0 Echo terminate character

13 13 13 13 Output terminator

80 N/A 80 N/A Block (record) size

4096 4096 4096 4096 Logical input buffer size

0 10 0 0 Intercharacter delay

0 N/A 0 0 Immediate response string

N/A 17 N/A N/A Xon character

N/A 19 N/A N/A Xoff character

0 0 5 0 Equire character

6°° N/A 6 6** Acknowledgement string

N/A 80 N/A 80 Threshold level

*This handshake method is established as though you had used the ESC.I instruction.
**This is a ‘dummy’ acknowledge and does not prevent buffer overflow.

RELATED
INSTRUCTIONS: ESC.H, Set Handshake Mode 1
ESC.I, Set Handshake Mode 2
ESC.M, Set Output Mode
ESC.N, Set Extended Output and Handshake Mode
ESC.@, Set Plotter Configuration
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Using Emulate Mode

In emulate mode, the plotter can successfully run on software written for an
HP 7586B pen plotter. This appendix discusses differences in program instruc-
tions between HP-GL/2 and HP 7586B emulate mode in the following areas.

* Coordinate systems, including plot size and P1/P2 locations.
¢ DPen selection.

¢ Instructions not available, NOPed, or with functional differences in emu-
late mode.

* Kanji character set accessability.

The differences between using your plotter in emulate mode and using an
HP 7586B pen plotter are discussed in the product note supplied with the
plotter, Using HP 7586B Emulation Mode. (The information is repeated in
Chapter 8 of the User’'s Guide.)

Coordinate Systems

In HP-GL/2 mode, the origin of the coordinate system is in the lower-left cor-
ner of the hard-clip limits. In emulate, the origin of the coordinate system is
in the center of the hard-clip limits.

Plot Size

The plot size is the area within the hard-clip limits. The size of the hard-clip
limits are the same for both HP-GL/2 and emulate modes (since the electro-
static plotter uses a fixed media width.) Note that the plotting area on your
plotter in emulate mode is larger than the plotting area of an HP 7586B pen
plotter.
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Hard-Clip Limits in Emulate Mode

X-Axis Range Y-Axis Range
Model 240D +17 688 +12 000
Model 240E +23 784 +17 920

P1 and P2 Locations

The following illustrations compare the default locations of the scaling points
P1 and P2 in emulate mode.

P1
b {default)
Origl
an +Y
+X
P2
{default) @
==
VA A /

Because the plotting area is larger in emulate mode than on an HP 7586B pen
plotter, distance between the scaling points P1 and P2 is larger. (P1 and P2
are located 600 plotter units (15 mm) within the hard-clip limits in emulate
mode.) You can expect the output of scaled plots to be larger on your plotter
in emulate mode than on an HP 7586B pen plotter.
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Pen Selection

In emulate mode, your plotter operates as an eight-pen plotter by using eight
‘logical’ pens of different line widths to represent eight physical pens. The fol-
lowing table lists the line widths of the eight logical pens.

Select Pen

Instructions Line Widths (mm) Pixel Widths
SP1; 0.375 6
SP2; 0.6875 11
SP3; 0.1875 3
SP4; 0.25 4
SPS; 0.3125 5
SPé6; 0.50 8
SP7; 0.625 10
SP8; 1.0 16

HP-GL Instruction Comparison

In HP-GL/2 mode, your plotter uses HP-GL/2 instructions. In emulate mode,
your plotter uses HP-GL instructions. HP-GL instructions do not use clamped
integer and clamped real ranges.

The syntax recommended for use with HP-GL instructions differs slightly from
HP-GL/2. In emulate mode, you can insert a space or comma between the
letters of an instruction mnemonic, and terminate instructions with a line feed
when using HP-IB. In HP-GL/2 mode, you can not use either of these syntax
variations.

The following sections list the differences between the instruction sets of

HP-GL and HP-GL/2. Certain instructions available in one set are not avail-
able in the other.
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Instructions Not Available in Emulate Mode

The following instructions are HP-GL/2 instructions and can be used only in
HP-GL/2 mode.

A-4

AC, Anchor Corner

AD, Alternate Font Definition
AT, Absolute Arc Three Point
CF, Character Fill*

IR, Input P1 and P2 Relative
LA, Line Attributes

PE, Polyline Encoded

RF, Raster Fill Definition

RT, Relative Arc Three Point
SD, Standard Font Definition
TD, Transparent Data

UL, User-Defined Line Type
WU, Pen Width Unit Selection

Instructions NOPed in Emulate Mode

Although the following instructions are used with the HP 7586B pen plotter,
they are ‘no operation’ (NOP) instructions in emulate mode. The plotter

ignores these instructions and does not generate an error.

AP, Automatic Pen Operations
AS, Acceleration Select

DC, Digitize Clear

DP, Digitize Point

EC, Enable Cut Line

FS, Force Select

GP, Group Pen

PT, Pen Thickness

VS, Velocity Select

The plotter also ignores these instructions and does generate an error (these

instructions are used by plotters other than the HP 7586B):
KY, OB, OG, OK, VA, VN, and WD.

*The plotier recognizes but ignores CF in HP-GL/2 mode.
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Instructions With Functional Differences in Emulate Mode

The following list briefly describes instructions whose mnemonics are the same
that can be used in both modes but whose functionality differs between
modes.

CP, Character Plot — An automatic pen up is included in HP-GL/2.

DT, Define Terminator* — A parameter is added in HP-GL/2 which can
disable printing of the label terminator.

DV, Define Variable Text Path (Direction Vertical, HP-GL) — Four
text directions and two directions of line feeds are added in HP-GL/2.

EA and ER, Edge Rectangle Absolute and Relative — The current line
type is used in HP-GL/2; a solid line is used in HP-GL.

FT, Fill Type — Shading and raster fill are added in HP-GL/2.

Computer
~Museym

LB, Label — VT is ignored and HT performs a horizontal tab in
HP-GL/2.

LT, Line Type* — Up to eight line type patterns are available in HP-
GL/2; up to six are available in HP-GL.

RO, Rotate* — 180- and 270-degree rotation is added in HP-GL/2.

SA and SS, Select Alternate and Standard Character Sets — HP 8-bit
mode is the default in HP-GL/2; HP 7-bit compatibility mode is the
default in HP-GL.

SC, Scale* — Isotropic point-factor scaling is added in HP-GL/2.

SR, Relative Character Size — The default sizes are larger in HP-GL/2
(width is 0.75% and height is 1.5%).

*The extended capabililies of the instructins are also available in emulate mode although
they are not available on the HP 7586B.
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Instructions Used In Emulate Mode Only

The following instructions are HP-GL instructions and can be used only in
emulate mode. The functionality of these instructions is described in detail in
the Hewlett-Packard 7580B, 75858, and 7586B Drafting Plotters Interfacing

and Programming Manual.

AF,
AH,
BL,
CA,
CC,

YT,

*OD returns a ‘dummy’ response of 0,0,0; OF returns a ‘dummy’ response of 40,40; OT

Advance Full Page

Advance Half Page

Buffer Label

Designate Alternate Character Set
Character Chord Angle
Character Selection Mode
Designate Standard Character Set
Designate Character Set into Slot
Input Mask

Invoke Character Slot

Not Ready

Output Actual Pen Status

Output Commanded Pen Status
Output Digitized Point and Pen Status®
Output Factors®

Output Label Length

Output Options

Output Carousel Type*

Output Window

Print Buffered Label

Select Pen Group**

Tick Length

User-Defined Character
User-Defined Fill Type

X-Tick

Y-Tick

returns ‘dummy’ repsonse of -1,255.
**SG is treated the same as SP.
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Accessing the Kanji Character Set

The Kanji character set can only be accessed in emulate mode. Designate
either Kanji set (100 or 101) for use as the standard or alternate character set
just as you do other character sets in emulate mode, using the designate stan-
dard character set (CS set;) or designate alternate character set (CA set;) in-
structions. Of the two sets, only set 101 contains printing characters. For this
reason, you will probably only want to use set 101 as either the standard or
alternate character set.

Access and use the nonprinting control characters in set 101 just as you do
when labeling with other character sets. However, because of the quantity of
printing characters in set 101, you must supply two pieces of information (two
bytes) to access and draw any printing character. To draw printing characters,
both bytes must be within the ASCI1 decimal value range 33 to 126. The first
type accesses the character group; the second byte accesses the printing char-
acter within the group. The following table lists the valid first byte values and
the character group they access. Since only some of the character groups use
all of the available 94 ASCII codes (33-126), the table also lists the valid sec-
ond-byte ranges for the printing characters in that group.

First Byte Value Group Second Byte Value Range
33 General Graphics 33-126
34 33-46
35 Numbers 48-57
35 Latin alphabet 65-90, 97-122
36 Hiragana 33-115
37 Katakana 33-118
38 Greek alphabet 33-56, 65-88
39 Cyrillic alphabet 33-65, 81-113
48-78 Kanji 33-126
79 33-83

For example, the first printing character in the general graphics character
group would be specified by its group character byte, then by the first byte of
the valid printing character range (33, 33). The first printing character of the
Cyrillic alphabet is (39, 33). The last printing character of the Kanji group is
(79, 83).
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If you specify two bytes within the 33-126 range for which there is no printing
character, the plotter draws a substitution character. The substitution character
is four dots set in a square configuration. All of the printing characters for set
101 are shown at the end of this appendix.

You can specify each byte using the BASIC CHRS$ function, or by using the
corresponding keyboard character for that byte value. For example, when
character set 101 is selected, the following examples access the same Kanji
character.

PRINT #1, "LB";CHRS$ (65);CHRS (42);CHRS$(3)

PRINT #1, "LBA*",CHR$(3)
RE

When labeling with Kanji characters, use the define variable text path (DV)
instruction to label the characters vertically. In vertical mode, a carriage return
moves the pen up to the carriage return point instead of moving left to the
carriage return point. A line feed moves the pen to the left instead of down.
Thus labeling in vertical mode is from top to bottom, right to left.

The following illustrates carriage returns and line feeds in vertical mode. Note
that the listing uses both methods to access Kanji characters.

PRINT #1, “CS@;CA101;5A;DV1;"

PRINT #1, "LBJS8,;Z"+CHR$(13)+CHR$ (10)+CHRS (3)

PRINT #1, "LB";CHRS$ (37)+CHR$(59);CHR$(37)+CHRS$(67);
CHR$ (37)+CHR$(72) ; CHRS (1@) +CHRS$ (3)

PRINT #1, "SS;LB1@1"+CHRS$(3)
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ld_

7
\\\ Line feed
1 carriage return

Line feed only

In the first column (at the far right), the first character is accessed using the
characters ‘J8’; the second character is accessed by the characters ‘,z’. The
characters in the second column are accessed using ASCII decimal values.

7 =

Using Kanji Characters in Symbol Mode

The symbol mode (SM) instruction has been modified for use with Kanji.
Usually the SM instruction lets you specify only a single character for use in
symbol mode. When you are using character sets 100 or 101, you must specify
two characters to properly define your character. Symbol mode allows you to
define a single printing character to use as a symbol in geometric drawings or
graphs. When you are not using either character set, you can specify only one
character byte for the symbol. If you specify more than one byte or character,
only the first character byte is used.

In symbol mode, both of the character bytes you specify must be within the
printing character range. However, note that printing character (33, 33) is a
space, which terminates symbol mode. If either the first or second character is
a printing character but the other character is a nonprinting control character
{has a value of 32 or less), then symbol mode is terminated. If the second
character is the control character, the plotter also generates an "out of range”
error.

Note that you can not specify one character and then use a semicolon to ter-

minate the SM instruction. Symbol mode uses the semicolon as the second
byte that defines your symbol character. However, (SM;;;) is valid for Kaniji.
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Terminating Kanji Labels

The define label terminator (DT) instruction has not been modified for char-
acter set 101. There is no two-byte form of the DT instruction. The default
label terminator is the ETX (end of text) character (ASCII decimal code 3).
Only ASCII codes 1-9, 11-26, 28-31 or the space character (ASCII decimal
code 32) can be used as label terminators. You can not use the LF character
(ASCII decimal code 10) or the ESC character (ASCII character code 27).
Nor can you use the semicolon (ASCII decimal code 59). If the DT instruc-
tion defines a printing character as a label terminator, that character termi-
nates labels for all character sets but sets 100 and 101; the designated termi-
nator for sets 100 and 101 is not altered.

The Kanji Character Set

The following pages show the characters in set 101. Note that the value of the
first byte (which specifies a particular group of characters) is listed vertically
along the side of the page. The second byte (which specifies a particular char-
acter in the group) is listed horizontally across the top of the page. The illus-
tration below shows how the characters are arranged on the following pages.
The number in the box is the page number; the numbers along the top and
the left side show the values listed on that page.

33-44 45-56 57-68 69-80 81-92 93-104 105-116 117-126

-
M
M
M

33
39
4 D-7 D-8 D-9 D-10 | D-11 | D-12 | D-13 D-14
53
D-15 D-16 | D-17 D-18 | D-19 | D20 ( D-21 | D-22
. M
67
n
D-23 | D-24 | D-25 | D~26 | D-27 | D-28 | D~29 | D-30
79 r-l
¥

oo
.
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Kanji Character Set

Decimal SECOND BYTE
Value 33 34 35 36 37 3B 39 40 41 42 43 44

33 ;o

w|¢ DB A & VY XF > 1

SRR AN T N B S I B
2|7 744991 It hA
A BTAEZHBI1IKAM
olA B BT 0D EE X3 NI K
PR ERNREROGREZD R
s ERENGTFRANTIRY
S BEERRISRER &N
«BEBERENREET ERE
2 BNABEREEHND B 2
= BRAXAEF IR EHER

m-— <o —~nDoD—=TM

(Table continues)
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Kanji Character Set

Decimal
Value

SECOND BYTE
45 46 47 48 49 50 5§ 5 53 54 5B5 56

3

34

36

39

m— =< —~SuVmDr—~TM

48

49

50

51

52

53

Bl ..

7| .

38 |!

) C 4

012345578

((Ulf A Y

7 7k T4 4% 359
T

¢ 8
f
=0 IP ¢ X ¥ 0
M
E

) —3 (I [

H 0 1 Ty ox |
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B = o

N
]
%
&

PR BAAERERER

(Table continues)
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Kanji Character Set

Decimal
Value

57 58 59 60 b1 62 63 bH4 65 66 67 68

SECOND BYTE

m—a <o —AwVmITIr—M

33

35

3

37

39

48

49

50

51

52

53
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2 Xt

o
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BERLEE-EZEHE@E
B REFTLRANAEEDT
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(Table continues)
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Kanji Character Set

Decimal
Yalue

B9 70 71 72 73 74 75 76 77 78 79 80

SECOND BYTE

34

3

36

37

38

m —t - O — D™

48

49

50

51

52

53

33 (X

EF
7T

J 5

]
i
R %

b
T
53

c (0 ok gy €0
EXERAUBPOURER R
BYRIFXAABER AR
:EGZAERERRET AN
SHELERBURERESR
TERETANER
BoULBEEo KX

g

AV T2 e Y 3

B I G B B

H | J KLMNGOP
EE S LeRORBK
N N S B S A A
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Kanji Character Set

Decimal
Value

SECOND BYTE
B B B3 84 B 8 87 86 83 90 9 9

m—a=<wm —~AMDHT

33
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5

36
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3

39

48

49

50
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5
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ARERERE
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(Table continues)
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Kanji Chara

cter Set

Decimal
Value

% 9% 97

SECOND BYTE
98 99 100 104 102 103 104
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Kanji Character Set

Decimal
Value

SECOND BYTE

105 106 107 108 108 410 111 112 113 114 145 116

33

34

ki)

36

37

39

ma-<oo —AWMMID—=TM

48

49

50

51

52

53

A
ok
U a4
30 b
N
¥ uw w v
BEHB-

b

=+

B

BRI I T A A
P
10 pqr s
n Db hEAL
78323 9

3

SRR IS
AR R TER
EXEEERGEERE R B
DEBRERRENCEO R
REEREBENNESR
EEETREEREGEFER
RYEH+ZEBEERER

Ak b

(Table continues)
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Kanji Character Set

117 118 118 120 121 122 123 124 125 126

SECOND BYTE

49

30

51

52

33

B I B S I BB

S sl =

=00
sy

Wox oy oz oo

Decimal
Value
n|d *x @
wlb &1
s (U v
% |.. ..
n|h 7
F R
I
Ro3s|. ..
g
: L
0 (.. ..
'
T 4 “@
EB

8

&gU Mg S\ S om0 0 0 D

{

.1.
{

% 0 8 0 9
{0

=t s . . . 0 0 T

Mt IDH S

H OSH= M s\ >B = 00 0 0 0 00
a0 - B T = S - = B = == S
S (1D < IS S I Y+ * <

3 == oSt By OS8O & 00 L L
e = OB & (=

A
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Kanji Character Set

Decinal SECOND BYTE
Valte a3 3y 35 % 37 3B 39 40 4 42 43 44

~ERERRANBEBUS
sHELdBEERERE R
«BREEABRTREEREERE R
SBENEELZEIDER
«fESHREEEERE &R R
S ETERELRERZEREDN B
wABEEERHRMEEER
a7 A MERENFNREZ
< BENESEBEERZER
2 fEREREEBRRAGR
BB VEEBREDELEL
s B XEIRESERERG
= BBEECRAANDEREA

m— < —tW»nND—=TM

(Table continues)
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Kanji Character Set

Decimal
Value

SECOND BYTE
45 4 47 48 49 B0 51 52 53 54 55 5p

54

55

56

57

58

59

60

m—e-<<m 4N Dr M

b1

62

63

b4

65

66

TERELEELERER
INZEIBEDHEDG
EVERREBRTEE
LEELIERAHERRT
BERGBALE TRET
GEIBE-25060885"
EYETBETRRELL
ENEREEHERENE
EODEERBYRY RS
BEBEEBENEF ¥ &
ERABEERBIE Y
G HEAZNRSREEE
RRPENGEABAHE

(Table continues
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Kanji Character Set

Decimal SECOND BYTE

Valte |0 g3 53 g0 61 62 63 64 65 66 67 68

X BEHNEREFREEZRT
sENRBETREEIVERE
«EREXEENSZRT B
SERREEINEERT 2
EEDEDFRRLERE
SBERREZEREHER
A AEEFEILRRERXTE
s BEERTRAZNXE YK
< RAEBEERREETHSD
RERRBLERERED
«EREFRAAEZAER
sBEEHESERERRB R E
s SERBEHISAANTEE

m — =< D — MmO T

(Table continues)
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Kanji Character Set

Decimal
Yalue

SECOND BYTE
69 70 74 72 73 74 75 76 77 78 719 80

54

55

56

57

58

59

60

m-d-<aa —AWXIIr- T

61

62

63

64

65

66

REBZEOHDEIANEY
s BRUREREE R R
CRBRACEAPH & XM
BRBEARRAUERER
EERAXZEIVIRAGR
tEAERATPED T LM
RAXEGRSSHERS
ERARENREREAL
REERTERERN B X
FRHIBTLEHRALCTE
PAHEERBRAENGE
HEZERFEREEB AN
YENEEBRABGEN

(Table continues
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Kanji Character Set

Decimal SECOND BYTE
Value
B1 82 83 84 8 8 87 83 89 490 91 92

T EFARELRG SR
M ETIHEIEENES
HBEERRREE B EE
SERREAEFERAEGE
S EKFERESEAEAD
SEIRAAESEZHEE
ZELHEEEELTE YR
St REEEREY EES
EBHEEEER2 T3
SEEERBRLEYSAE
EBEZERNBED N B
< EEELERREE DA E
OB EAERERRER

m— <o — N O M

(Table continues)
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Character Sets

The plotter has 22 character sets. The following table lists these character sets
and their corresponding AD or SD value and ISO number.

Plotter Character Sets

Description Value 1ISO No.
Roman8 (default) 277 (0) -
ANSI USASCII 21 006
ECMA 94 Latin 1 14 —_
French v1 6 025
French v2 38 069
German 39 021
HP Drafting 563 -
HP-GL/2 Download 531 —
HP Kana$8 267 -
HP Katakana 43 -
HP Roman Extensions 5 —
HP Special Symbols 595 -
Intnl. Ref. Version 85 002
Italian 9 015
JIS ASCII 11 014
Norwegian v1 4 060
Norwegian v2 36 061
Portuguese 147 016
Swedish 115 010
Swedish Names 19 011
Spanish 83 017
United Kingdom 37 004

The following pages show the plotter’s character sets in fixed vector font. (The
Kanji character set is shown in Appendix A.) All printing ASCII characters

and their decimal codes (33-126) are listed for each character set.

B-4
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Kanji Character Set

Decimal
Value

SECOND BYTE
105 106 107 108 109 110 111 112 113 114 115 116

54

59

56

57

58

59

60

m—-<0o AW DM

61

b2

63

b4

65

66

nhEEEEEDEARE
IREDZENRBRES
FEERIZENIBRAE

FEBANSEHEES
FEEEETANRG R
EERAGAGEAELS
JEAERREEAEGE
IFEERERSEER
EEEREERE ENE
TREDEEREEZER
FTEERANBEERER
FEZBRBEREFFER

FEEEREESBTERAR

(Table cont
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ASCIlI Control Codes

The plotter’s reactions in label mode to nonprinting ASCII control codes
(decimal codes 0-32 and +128 codes) are shown in the following table. These
reactions are true regardless of the character set currently used for labeling.

Reaction to Nonprinting Control Characters

Decimal ASCII

Code Character All Sets
0 NULL No Operation (NOP)
1 SOH NOP
2 STX NOP
3 ETX Terminate Label Instruction
4 ETO NOP
5* ENQ NOP
6 ACK NOP
7 BEL NOP
8 BS Backspace
g** HT Horizontal Tab
10 LF Line Feed
11 vT NOP
12 FF NOP
13 CR Carriage Return
14 SO Shift-Out

(Select Alternate Character Set)

*With an RS-232-C interface, unless 5§ has been established as an enquiry character, the

plotter will respond to an ENQ with an ACK.

**Using control character horizontal tab (decimal code 9) inside a label string moves the pen
one-half character space back (equivalent to a CP-0.5,0;).

B-2
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Kanji Character Set

Decimal
Value

SECOND BYTE
33 34 35 36 37 38 39 40 41 42 43 44

67

68

B9

70

7

72

73

m— <o —AWNTD— M

74

%

78

77

8

79

PTEERERZELAD
BEETIEAEHBRE
BgISERERRD
E % %T?J%iﬁﬁ
TG AARN
K # {ﬁ%%%ﬁ%ﬁwﬂ
ERELREECRZ
FEEEENR T LR L
ERRBERY B

f

il

B
E%ﬁ*%Bﬁﬂﬂiﬁg
W %

g

B

A
i
i
B
i
i
&
R
&

B
?
AEELRERE B

REEBEERZXT
FEERERPEER

g
4
B
B
il
i\
i
K

R
il -

(Table contin
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Kanji Character Set

Qlaw R B < e MK B BB HE e RS & 0
Glas B2 & == o 0 R 1D WX 58 BN & | |
IET M Ee O MK MR X B D G WK W
s Wz HT o WE B8R oE e W G b @ |
mm?ﬁﬁuﬂ@%ﬁﬁmﬁmﬁ:@ﬁ“
S aloz m owr & omK oSE oBR D @ o X KK
Sleim oM ME Ms D WM On B N & M K2
SHh MK U 0T S HE ER Rt HE WER QR g8
Sla@E = ST s B B W W hC B R S
SR o s X B MR TR O B Pe mE R
Tz |5 88 8 & & B 2 X ® & R 2 2
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Kanji Character Set

Decinal
Value

SECOND BYTE
57 58 59 60 61 62 63 b4 65 66 67 68

b7

68

69

70

71

72

73

m4 <o AWM ID—T

14

75

76

77

78

79

ER R G ERNUBZARD
RERDSERTYRAER
ERETDEERGR RO
BEREKRRERRBARNE
EHNFRNEREREZEL
REERAFRAREKIAR
FRBAZRIDAERDE
AAGEHREYTERTEA

EEERESGHEXKZE
FERYTRFTEEERE
FETREMEERE2RH

EEIrRESFEENNE

EANERDRAENGZZ

(Table con

tinues)
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Kanji Character Set

Decimal
Value

SECOND BYTE
93 94 95 9 97 98 99 100 101 102 103 404

67

68

69

70

71

72

73

m-— <o —N WD TN

74

75

76

77

78

TREZKRZABED O H
a N EFEBEA

FHEBRSARNBSRE
BNZEERREBRENR
DB AIRNEBRENMAT
TNa X FEREER R
EREETGARUERD

(Table continue
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Kanji Character Set

Decimal
Value

SECOND BYTE
B1 B8 B3 B4 BS B6 B7 8B B9 90 91 92

67

68

69

70

"

72

73

m— <o AWM D—=TM

74

75

76

77

8

139

WEXRHEENNERE
BEkit Be 5 &R ﬂﬁ&%
EERHEBHEEINGR
CEBBEUEANE B E
EERNNARBNERE
FERERERBELR B
BORANRAEEENR
TREELRREDGH B
NAEBIDRHRER ZD
rhEREEXRRENARE
RETRSERIRERB
{@E&Mﬂﬁlﬂiﬁﬁﬁﬁ&@
EHE

(Table continues
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Kanji Character Set

D CrCC

C O

L

C

gR «#8 T TN BB HE BT MK F MR @ @1 o<
SHE #h [0 &8 BB #=2 =5 b # W HF B0 &R
ITm B D dr AR BE K e W EE BN B =
Qe pE D S2 O HR BE S o4 0 82 HE Hm
mm%ﬁ%@ﬁ?ﬂ&%@%ﬁ%%
mmﬁﬁw&ﬂw M #E WS M N R R e
PR B ST EX R HR EX DB M MR B0 W wm
SEr BT 2 88 bk = #HRk X B o =K IR W3
SIBE o o oE B B & Bl BB B8R He B
SEH TR omE e B 4R OHX &R T @ WS Nk B

m,.

ntinue.

(Table co
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Kanji Character Set

Decimal SECOND BYTE
Value e 106 107 108 103 110 114 112 113 114 145 416

B BEBRTUREIEGEHE
«RERERERE B K R B
w BRERKERED R EN
 BENBRERZANCE
A BHREBYBEEEAD B A
RBYHREERFER R
nBERAEHNERESEFES
WFNEBREENEIREE
sBEFRELBELERHENRX
B REEFFRERAR
nREEBEEEALNEERER
R 3 %Eﬁgﬁﬂ’%

m— <o —S o=

(Table continues)

Using Emulate Mode A-33



A-24

Kanji Character Set

Decimal
Value

SECOND BYTE
93 94 9 9 97 98 99 400 10¢ 102 103 104

54

G4

56

57

58

59

60

m— <o —Am» o=

b1

62

63

64

65

66

EbRELEEENEOK
s BHGEARANR IR
AL EhTEEREARR
HERREBRUNICGR
RARHENARRANE
EREFSAALHAE XE
PORERAENSE LN
ERREREBRALAERA
SEETRAERB YRR
FRERREBDNEXRER
RiabBasegaR IR
FEEREERREERRS
EEERRREEAG AR

(Table continues)
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Reference Material

This appendix provides information on the following topics.
¢ ASCII character codes.
¢ ASCII control codes.

® Character sets. (Information on the Kanji character set is provided in
Appendix A.)

ASCIl Character Codes

One of the most commonly used computer codes is ASCII. The plotter uses
7-bit ASCII encoding with an optional eight bit for parity on RS1-232-C.
ASCII is used by the plotter for I/O operations. The parity bit here is set to 0.
Characters in ASCII are either nonprinting control characters or graphic print-
ing characters.

Often, it is convenient to refer to ASCII characters using their decimal codes
(the decimal equivalents of their binary codes). The following table shows
three ASCII characters, their binary codes, and their decimal codes. (The
graphic representation of the decimal code is dependent on the currently
selected character set.

ASCII ASCII
Character Binary Code Decimal Code
A 0100 0001 65
B 0100 0010 66
? 0011 1111 63

Reference Material B-1



Kanji Character Set

Decimal
Value

SECOND BYTE
b H 47 48 49 50 51 52 53 54 55 56

67

68

69

70

74

72

73

m— <o - DO+ T

74

75

76

7

78

79

EEIMHERBEBRE X
FOIKBEEEAZER &
RAEHABRGERERXE
ERBYODSEERENRE
EREZERRBEDBAY
MEXBENARRRRE
EIRGEERBZRER
NEEEHNXRERENFX
ETREEBRRTEHND
KEDERBEBES E8 7 3
REERBOBEBRIRE
AIREREHRNEREE R
BAARERRTREZE

(Table continues)
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Reaction to Nonprinting Control Character (Continued)

Decimal ASCII
Code Character All Sets
15 S1 Shift-In
(Select Standard Character Set)
16 DLE NOP
17 DC1 NOP
18 DC2 NOP
19 DC3 NOP
20 DC4 NOP
21 NAK NOP
22 SYN NOP
23 ETB NOP
24 CAN NOP
25 EM NOP
26 SUB NOP
27 ESC Begins device-control instruction
28 FS NOP
29 GS NOP
30 RS NOP
31 Us NOP
32 SP Space

Reference Material

B-3



Kanji Character Set

Jecimal
Value

SECOND BYTE
B9 70 74 72 73 74 75 76 77 78 79 80

67
B8
69
70
7
72

13

m-—4 < ~N NI M

14

75

76

I

78

73

ERHREERIXEANNY
PERRBERRREEE B R
ERNMBEZ2HEBREIMLEES
FEs0abhBO0RRER
BEERKERERER G
PRREERERARER
i w b ERNERREAE
EXEREREHNERER
s REEDRKRELENE R
EXEARREDBRER
KB ERER KT BB
FREBRREEEA R

BB X &%EE%’%%&%

(Table
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C O CC

C

-

C

SET
14 44 19 24 36 37 38 39 43 83 B85 115 147 267 563585

9

6

A A A A A A

A

¢

B B 7

c c c ¢

c
o]

c ¢ ¢ ¢

6§ 0D DD

E E 6

al

D

0

E E E E E E E E 7 E E E E ?

3

3

6 &§ 8 & R

G

6

6 & &

&

"

P P P

PP PP

p

E S S S

S

U u v v

U

X X X X X X X X yp x x X X y X
Y Y Y Y Y b Y
b4

X

Y

Y

Y

2z

Z 71 1 2 v

7 2

120 1 1 12

PO S
0 ¢

2

¢ ¥ \ O

¢

\ 8 ¢

Decimel

value

67

70

7

72
73

74

78

78
79

80

81

82

83

84

85

a7
88

a9
90

94

92

[

(Table continues)

Reference Material

B-6



n
a c n v 2| LI I R T - R O A T N Y P U}
m
8 @ 8 U TV W - @ g - - x — @&@® € 6 @ @ ¢ W+ D B B M > N L e & 2
~
o
N
~
3 ® O U vV W+ ooE M - X ~ B C O 6 @ € W & D > E XK »N N W OO K e
1}
a ©® O U VT @ w o £ M v ¥ - o@m € O QA F L v £ 3 > X X > N W O @ |
a3 ® O U T W+ @ g M o X —~ ®B € @ 6 O & @ & 3 3> B X > N~ .
2 ®© 0O LU VU @ + O £ M~ xXx ~ E € @ G G € @ + D > B X > N o £ o1
m
<
a ® O U TV @+ @£ M o X o 8 € 0 G G & w +# 3 > X X > N w O o @
m o 0 (5] © @ -— o = - — £ —-~ =1 (= o (=% (-2 [ S w -~ =1 > » » > ~N - =1 -~ '
> M O U W W+ L M o~ X —~ & € G Q@ g & W M D > B X > N T e e}
- 8 M A4 U T W+ O£ M o~ X = E € D Q @ C W & 3 > E X > N N @ W
w
@ ~ ® B LU BV W - &L M~ o— XM et E £ O Q @ & @ O+ D > B OX Om™ N T
@ W O U VUV @ - m LS M o~ X ~ BE € ©0 QO g « 9w +# I > E X > N W O w O
b M O UV W v oS ~ — X ~ B € © O g & ¢ ¥ I > X XK PN e
- " O U Vv & - o C ~ —~ X ~ E € ©O0 @ O t @9 + 33 > F X > N " _ |
o0 L =] (%) a L] N— o = ol ~— ] ~ (-] [ o [~ 9 (-2 [ 5 w - =] kd k3 » > ~N ~ <~ ~ L
w < 0o LR LI [= = tal —~ M e [ < < a o LI 2 » = x N W D A
n 1S4 wp @ W NH o4 0O O Qo D D> > a0 oo [ e e 1 -t vn W o v [=] A +
< ©®© O U VU ® v @£ A cm X M & €C O O F & ¥ & DI > B X > N N o @
a M H U V W@ = &L o M O~ & £ O @ g & @ e D > B oK > N ™ o
m -
3 © - o (] b d w w0 ~ @ [+2] o - N oy i n w ~ < O (<] - 4
S s 5 2 2838 33 885 83 g2 a2 92T IRRRIEE
2 > e -~ - - - - - -t - - - - -t - - - - - - o v s W

B-7

Reference Material



T o CCCCCCOCCCCrCoCoDror




Sample Pliots and Program Listings

This appendix provides six example programs. The first four examples

are designed to give you a better understanding of some of the fundamental
HP-GL/2 concepts, such as scaling, rotation, and using windows. The last two
are written in FORTRAN and Pascal as well as BASIC.

The explanatory text for each program listing describes the combination of
HP-GL/2 concepts illustrated by the program. As you enter each program,
concentrate on seeing how these concepts interact with the rest of the program
to bring about the desired result.

Each sample plot follows a listing of its program. Also, the first four examples
use the PS instruction to fit in a 17 X 22 in. area (C-size); the remainder fit
in an 8% X 11 in. area (A-size).

NOTE: In the listings, a single program line may be printed on two lines to fit
on the page. You should enter such a line as though it were unbroken on the
page; otherwise, you may receive unexpected results. B

Example 1: Scaling and P1/P2 Locations

This program illustrates the effect of P1 and P2 on scaling and uses relative
plotting to draw a series of figures at any location on the paper. The program

is divided into four sections.

® Section 1 sets P1 and P2 to near-default locations and uses no scaling ‘
when drawing the figures.

* Section 2 adds isotropic scaling to the current P1/P2 settings.

* Section 3 turns off scaling and dramatically changes the locations of P1
and P2. (Note the similarity in size and shape to the figures in Section 1.
When scaling is off, the locations of P1 and P2 have no affect on how a
figure is drawn.)

e Section 4 isotropically scales these P1/P2 locations.

Sample Plots and Program Listings C-1



Each section is numbered and labeled on the plot. The numbers are labeled
using size relative characters; that is, the size of the numbers is dependent on
the relative locations of P1 and P2.

14a
15
25
30
35
45
50
60
65
75
80
o0
145
115
120
130
135
145
150
160
170

180
185
195
200
205
210
220
225
230
235
240
250
255
260
270

289
200

295
365

C-2

‘Insert configuration statement here

s

 Section 1 -- IP sets P1/P2; no scaling
PRINT #1, "INPSIP0,0,20000,614000"

“draws box around the quadrant

PRINT

#1,

"SP1PUQ,14@08"

PRINT #1, "PD9900,14000,69900,7100,0,71006,0,14000"

‘draws figures

PRINT #1,
GOSUB 800

"PU5000,10500"

‘numbers quadrant

PRINT

#1,

"SR1.2,2.4PU7000,11000LB# 1'"+CHR$(3)

PRINT #1, "SI"

“labels quadrant

PRINT
PRINT
PRINT

PRINT

#1,
#1,
#1,

#1,

"PUG,7100"

"CP3,4PRG,QPA"

"LBP1/P2 locations set with IP instruction
no scaling"+CHR$(13)+CHRS$ (10)+CHRS (3)

"LB Sent “IP@,0,20000,14000° "+CHRS (3)

‘Section 2 - Same P1/P2 locations; isotropic scaling

PRINT

PRINT
PRINT

PRINT

PRINT
GOSUB

PRINT
PRINT

PRINT

PRINT

#1,

#1,
#1,

#1,

#1,
600

#1,
#1,

#1,

#1,

"SCO,10000,0,7000"

"SP2PU5050,3550PD5@50, 7000"
"PD10000,7000,10000,3550,5050,3550"

"PUSG0G,60005R1.2,2.4LB# 2"+CHR$ (3)

"PA7525,6380"

"PU5850,3558SICP3,4PRO, OPA"

"LBSame P1/P2 locations as #1 isotropic
scaling"+CHR$ (13)+CHRS (10) +CHRS (3)

"LB Sent °“SC@,10000,0,7000° "+CHR$(13)
+CHRS (10) +CHR$ (3)

"LB 2 plotter units per user unit"+CHRS$ (3)

“Section 3 - Turn off scaling, move Pl/P2

Sample Plots and Program Listings
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310 PRINT #1, "SR1.2,2.4IP10100,1000,19000,6900SC"

320 PRINT #1, "SP3pPU@,¢"

330 PRINT #1, "PD9900,0,9900,6900,0,69060,0,0"

335 °

340 PRINT #1, "PU5008,b3500"

3506 GOSUB 600

355 -

360 PRINT #1, "PUT000,5700LB# 3"+CHRS$(3)

376 PRINT #1, "PUP,OSICP3,4PRQ,0PA"

380 PRINT #1, "LBNew P1/P2 locations set with IP no
scaling"+CHR$ (13)+CHRS (10)+CHR$(3)

396 PRINT #1, "LB Sent “IP10100,1000,19000,669500SC""
+CHRS (3)

395

400 “Section 4 - New P1/P2, isotropic scaling

410 PRINT #1, "IPSR1.2,2.4IP10100,1000,19000,6900"

420 PRINT #1, "SC@,10000,0,6629PUQ,-11233P4"

43@ PRINT #1, "PD11123,-1123,11123,6629,0,6629,0,-1123"

435 -

440 PRINT #1, “PU5080,5979"

45¢ GOSUB 600

455 °

460 PRINT #1, "PU9S000,5629"

470 PRINT #1, "LB# 4"+CHR$ (3)

480 PRINT #1, "“PU@,-1123SICP3,4PR@, 0PA"

490 PRINT #1, "LBSame P1/P2 locations as #3 isotropic
scaling”"+CHR$ (13)+CHR$ (10)+CHRS (3)

500 PRINT #1, "LB Sent “SC0,10000,0,6629°"+CHR3$(13)
+CHR$ (10) +CHR$ (3)

510 PRINT #1, "LB .89 plotter units per user unit"+CHR$(3)

515 -

528 PRINT #1, "PG;"

530 END

535 -

688 “draws a circle, an equilateral triangle,

605 “and a square

629 PRINT #1, "PRPU-600,-600CIS500PU1200,0"

630 PRINT #1, "PD250,-500,-500,0,250,500"

640 PRINT #1, "PU-350,-708"

650 PRINT #1, "PD-500,0,0,-500,500,0,0,500PU"

660 PRINT #1, "PA"“

670 RETURN
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P1/P2 locations set with IP instruction: no sceling Sama P1/P2 locations as #4: ieotropic aceling
Sent ‘IPO0,0,20000,14000; Sent “5C0, 10000, 0, 7000
2 plotter units per ueer unit

va OD | a

O

O a

Now P1/P2 locations set with IP ilnatruction; no scallng Same P1/P2 locations as #3; isotropic scelinp
Sent ‘IP10100,1000, 18000,68005C 8snt ‘&CO, 10000, 0, 6623
.89 plotter units per user unit
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Example 2: Moving a Scaled P1

This program illustrates that scaling moves with subsequent changes in the
location of P1. This allows you to plot a figure using absolute coordinates any-
where on the page by changing the location of the scaled Pl point. The figure
is drawn at the same scaled location each time it is drawn; only P1 moves.
The scaling is isotropic.

1@

20

30

490

59

60

70

88

90

190
110
120
130
150
160
170
189
190
200
210
220
230
240
2590
260
270
280
299
300
314
320
340
350
360
3170
380
394
400
410

‘Insert configuration statement here
PRINT #1, "INPS17350,22450IP30¢,300,83¢0,17000"
PRINT #1, "SC@,5000,0,8214"

-label from scaling origin (0,9)
PRINT #1,"SP1PA®,0L02LBOriginal Pi: 30%,30¢8"+CHRS(3)

“draw figure
GOSUB 449

‘change Pl only; P2 follows

PRINT #1,"IP300,5¢00"

PRINT #1,"PAQ,OLBP1 set to: 300,5000"+CHRS$ (3)
GOSUB 409

‘change Pl, label, draw figure

PRINT #1,"IP300,9600"

PRINT #1,"PA@,Q0LBPl set to: 300,9600"+CHR3$(3)
GOSUB 400

-change P1, label, draw figure

PRINT #1,"IP3000,7300"

PRINT #1,"PAO,QOLBPl set to: 3000,7300"+CHRS$ (3)
GOSUB 400

“last Pl change

PRINT #1,"IP6800,3200"

PRINT #1,"PAOG,OLBP1 set to: 6800,3200"+CHR$(3)
GOSUB 400

‘return P1 to original values; label scaling

PRINT #1,"IP300,300;"

PRINT #1, "SCPU4400,19000L05S8I.45,.65CP0,-5"

PRINT #1,"LBDrawn with scale SC@,5000,0,8214"+CHRS$ (3)
PRINT #1,"PG;"

END

‘draws a house using absolute coordinates
‘main structure, roof, chimney, door,

Sample Plots and Program Listings C-§



420
430
440
450
460
470
480
490
500
510
520
530

C-6

‘window frame, panes, address

PRINT #1,

PRINT #1,

PRINT #1,
PRINT #1,

PRINT #1,
PRINT #1,

PRINT #1,
PRINT #1,
‘restore

PRINT #1,

RETURN

"PU500, 500PDEAL1500, 100"
"PD1000,800,1500, 500"
"PU1300,620PD1300,710,1200,710,1200,680"
"PUT00,100PD700,400,900,400,900,100"
"PU120¢,300PDEA1400, 200"
"PU1300,200PD1300, 300PU1200,250"
"PD1406@,250PUSI.15,.25L04"
"PUSGO,420LB2721"+CHRS (3)

program defaults

"SILO2"

Sample Plots and Program Listings
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Drawn with scale SCO, 5000, 0, 8214

Computer

P4 aet to: 300, 8600

T

P1 set tao: 3000, 7300

s

P41 sst to: 300, B9000

>

Pi set tao: 6800 3200

g

P4 sst to: 300, 300

Sample Plots and Program Listings
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Example 3: Using a Window

This program illustrates how a window restricts plotting to a specific area. The
program first sets P1 and P2 to define an area on the left side of the paper,
and then scales the area isotropically. After drawing the figures, the program
moves only P1 to the right side of the paper (and P2 tracks P1). The program
then establishes a window to restrict plotting to the top of the paper so that
one of the figures is within the window area and the other is outside of the
window. After drawing only what is within the window, the program removes
the window and labels the area.

10
15
20
25
35
44
5@
60
70

‘Insert configuration statement here
‘sets P1 and P2 to left side of paper
PRINT #1, "INPSIP250,25@,3900,1365@"

‘frames P1/P2 area;labels

PRINT
PRINT
PRINT
PRINT

#1, "SP1PU@,0EA4150,13900"

#1, "PA250,256CI28LO11LBP1"+CHR$(3)
#1, "PA3900,13650CI20LO1SLBP2"+CHRS$ (3)
#1, "PU250,13656CP®,-3LO1"

80 PRINT #1, "LBNo window sent"+CHR$(3)
90 PRINT #1, "CPLB SCO,3830,8,13956° "+CHR$(3)

105
115
120
130
140
145
205
210
220
225
230
240
245
250
260
2790
280
285
295
300
310
315
325
330
3490

C-8

‘scales area and draws figures

PRINT
PRINT
GOSUB

#1, "SC@,3830,08,13956"
#1, "PA1915,7350"
405

‘resets Pl (P2 tracks), labels, frames area

PRINT
PRINT

PRINT
PRINT
‘sets
PRINT
PRINT
PRINT
GOSUB

#1, "IP450@,250scC"
#1, "PU4250,0EAB8400,13900"

#1, "PU4500,250CI20LO11LBP1"+CHRS$(3)
#1, "PU8150,13650CI20LO19LBP2"+CHR3(3)
window and draws figures

#1, "SCO0,3830,08,13956"

#1, "IWQ,6978,383@,13956"

#1, "PU1915,7350"

405

‘outlines window area

PRINT
PRINT

#1, "LT-2PU®,6978PD3830,6978,3830,13956"
#1, "PD@,13956,0,6978;PU;LT;IW;"

“indicate the window
PRINT #1, "SCPU4500,7000CP.5,-1CA5SA"
PRINT #1, "CP;LBWindow; sent "+CHR$(3)

Sample Plots and Program Listings

S

3 3 3 3 0 20 3

-



350
360
370
405
415
420
43¢
440
459
460
479
480
490

505
515
520
530
5490
550
560
570
5890
585
595
600
610

PRINT #1, "CP;LB"IwW0,6978,3830,13956;  "+CHR$(3)

PRINT #1, "PG;"

END

‘draws two houses

“drawing the left house

PRINT #1, "SP2PRPU-1700,1700ER2000,-1600"

PRINT #1,"PD100@,1200,1000,-1200"

PRINT #1,"PU-400,480PD0,360,-200,0,0,-120"

PRINT #1,"PU-1000,-2320PD®,1200,400,0,0,-1200"

PRINT #1,"PU600,800ER400,—-400"

PRINT #1,"PU200,—400PD?,400PU-200,-200PD406, OPU"

~label address and return to carriage return point

PRINT #1,"SI.15,.25L04PU-1200,680LB2721"
+CHR$ (13) +CHRS$ (3)

“drawing the bottom house

PRINT #1,"PUSO0®,-3500PDER2000,-1600"

PRINT #1,"PD1000,1200¢,1000,-1200"

PRINT #1,"PU-400,480PD@3,360,-200,0,0,-120"

PRINT #1,"PU200,—-2320PD@,1200,-400,0,0,-1200"

PRINT #1,"PU-600,800ER-400,—-400"

PRINT #1,"PU-200,0PD@,-4030PU-200,200PD400, @PU"

PRINT #1,"SI.15,.25L04PU800,680LB1350"+CHRS (3)

‘restore defaults

PRINT #1,"SILO1PASP1"
RETURN

Sample Plots and Program Listings
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No window; sent P1
*SCO0, 3830, 0, 13956;

2721

p2’

1350

P1

2721

|
|
I
|
|
|
|
|
|
|

wWindow; sent
~Iw0, 6978, 3830, 13956

P
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Example 4: Rotating a Plot

This example illustrates the effect of rotaion and anisotropic scaling. First, use
the following program to draw the plot shown below. The program uses abso-
lute coordiantes to draw the pencil. then scales the area isotropically to draw
the circles. Following the program are instructions for adding rotation and
anisotropic scaling.

O
O
O

10 “Insert configuration statement here
20 PRINT #1,"IN"
30 PRINT #1,"PS22000,16500"

80 ‘draw the pencil

80 PRINT #1,"SP1PU1200,8000"

100 PRINT #1,"PD2200,8200,20800,8200,20800,7800,2200,7800,
1200, 8000"

110 PRINT #1,"PUPMOPD1600,8080,1600,7920,1200, 8000PM2FT"

120 PRINT #1,"FPPU2200,8200PD2200, 7800PU18800, 8200"

130 PRINT #1,"PMOPD19800,8200,19800,7800,188008, 7800,
18800, 8200PUPM2"

140 PRINT #1,"FT3,40,0FPFT"

150 PRINT #1,"SP2PU16300,8000LBNo. 2 Pencil"+CHRS$(3)

Sample Plots and Program Listings C-11



160
170
180
190
200
210
220
230
240
250
260
270
280
2900
300

Add the following lines to rotate the plot. The pencil, drawn with absolute

’

‘draw a frame around plot
PRINT #1,"SP3PUSGO, 800"
PRINT #1,"EA21100,15200"

‘isometric scale for unrotated Pl/P2 ‘values
PRINT #1,"SC0,9800,0,6300SP4"

‘draw the circles

PRINT #1,"PU4900,5175CI506@"
PRINT #1,"PU3800,4175CI500"
PRINT #1,"PU5900,4175CI50@"

PRINT #1,"PG;"
END

coordinates, is clipped when the plot is rotated.

40 ‘rotate plot and set P2 within rotated limits

50 PRINT #1,"RO9¢"

C-12
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Add the following line to move P2 within the rotated limits. The resulting
anisotropic scaling distorts the circles.

60 PRINT #1,"IP16500,0,0,16500"

O O

Sample Plots and Program Listings
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Example 5: FORTRAN and Pascal — AR Instruction

The following programs produce the example plot shown for the arc relative
(AR) instruction. The GW BASIC program is shown first, followed by the
FORTRAN and the Pascal programs. All three programs produce the same
plot.

Use this example to help you get started with converting the program examples
to FORTRAN or Pascal.

GW BASIC

19 “Insert configuration statement here

20 PRINT #1, "INSP1PS5000,7000PA1500,1506PD"
30 PRINT #1, "AR@,2000,80,25AR2000,0,80"

40 PRINT #1, “PG;"

5@ END

FORTRAN

PROGRAM AR
INTEGER ESCAPE
ESCAPE = 27
WRITE (6,108) ESCAPE,ESCAPE
190 FORMAT (1X,1R1,°.9°.P2:INSP1PS5000,7000PA1500,1500FPD
ARD,2000,80,25")
WRITE (6,28) ESCAPE
20 FORMAT (1X,°”ARO,2000,80,25AR2000,0,80PG;”“,1R1," .2 ")
STOP
END

C-14 Sample Plots and Program Listings

g d Jd 20

4 3 3d 3

1 1

I

.mﬂ
ad



Pascal

PROGRAM AR (OUTPUT) ;
CONST
esc = CHR(27);

PROCEDURE Arcs;
BEGIN
Writeln
(esc,”.(’,esc,”.P2:INSP1PS55000, 7000PA1500,1560FD") ;
Writeln (°AROG,2008,80,25AR2000,9,80°);
Writeln (“PG;”,esc,”.27);
END; (*Arcs*)

BEGIN
ATCS
Writeln
END (*AR¥).

Chord angle Default chord
of 25° angle of 5°

~

Example 6: FORTRAN and Pascal — DI and LB
Instruction

“The following programs produce the example plot shown for the direction ab-

solute (DI) instruction. The GW BASIC program is shown first, followed by
the FORTRAN and the Pascal programs. All three programs produce the same
plot.

Use these programs to help you convert program examples that use the label
(LB) instruction to FORTRAN or Pascal.
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GW BASIC

19
29
39
49
50
60
70
80

Insert configuration statement here

PRINT #1,
PRINT #1,
PRINT #1,
PRINT #1,
PRINT #1,
PRINT #1,
END

FORTRAN

10

20
30
40
50
60

C-16

"INPS5000, 7000SP1PA3500,2500"

"DI1,1LB DIRECTION"+CHR$(13)+CHR$ (3)
"DI1,-1LB DIRECTION"+CHRS3 (13)+CHRS$(3)
"DI-1,-1LB DIRECTION"4+CHR$ (13)+CHR$(3)
"DI-1,1LB DIRECTION"+CHR$ (13)+CHR$(3)
“PG; "

PROGRAM DI
INTEGER ESCAPE,CR,ETX

ESCAPE
CR = 13
EXT = 3
WRITE (
FORMAT

WRITE (
FORMAT
WRITE (
FORMAT
WRITE (
FORMAT
WRITE (
FORMAT
WRITE (
FORMAT
STOP

END

= 27

6,10) ESCAPE,ESCAPE

(1X,1R1,".(",1R1,".P2:INPS5000,7000SP1
PA3500,2500

6,20) CR,ETX

(1X,"DI1,1LB DIRECTION",1R1,1R1)

8,30) CR,ETX

(1X,"DI1,-1LB DIRECTION",1R1,1R1)

6,40) CR,ETX

(1X,"DI-1,-1LB DIRECTION",1R1,1R1)

6,50) CR,ETX

(1X,"DI~1,1LB DIRECTION",1R1,1R1)

6,60) ESCAPE

(1X, "PG;",1R1,".Z")

Sample Plots and Program Listings
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Pascal

PROGRAM DI (OUTPUT)
CONST
esc = CHR(27);
cr = CHR(13);
etx = CHR(3);

PROCEDURE LabelDirection;

BEGIN
Writeln (esc,’.(’esc,” .P2:INPS5000,70008 ) ;
Writeln (°SP1PA3500,2508 cr,etx);
Writeln (°“DI1,1LBR DIRECTION‘cr,etx);
Writeln (°DI1,-1LB DIRECTION’cr,etx);
Writeln (’DI-1,-1LB DIRECTION’cr,etx);
Writeln (°DI-1,1LB DIRECTION’cr,etx);

END :; (*LabelDirection¥)

BEGIN
LabelDirection;
Writeln;

END (*DI¥*).

1
2
<

Quadrant I ‘/\ Q Quadrant |
—run O +run

+rise +rise

-run O +run
~rise -rise
Quadrant il @ Quadrant IV
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Syntax Summary

This appendix lists the syntax and parameter ranges for HP-GL/2 and device-
control instructions. For a complete description of each instruction, refer to
the indicated page number.

AA, Arc Absolute Page 4-6
SYNTAX: AAX center,Y center,sweep angle(,chord tolerance;)
Parameter Format Functional Ranga Detault
X.Y center current units | -67 108 863 to 67 108 863 -
sweep angle clamped real | -360 to 360 degrees -

chord tolerance
chord angle* clamped real | 0.5 to 90 degrees 5 degrees

chord deviation | current units | 0 to 67 108 863 S degrees

*Chord angle is the default interpretation of chord tolerance.

AC, Anchor Corner Page 5-6
SYNTAX: ACX,Y(;)
or
AC(;)
Parameter Format Functional Range Default

X,Y coordinates | current units | -67 108 863 to 67 108 863 —

Syntax Summary D-1



AD, Alternate Font Definition Page 8-9
SYNTAX: ADkind,value...(,kind,value;)
AD()
Parameter Format Functional Range Default
kind clamped integer 1to?7 -
value clamped real kind dependent* kind dependent*

* Refer to the 1able following the parameter descriptions.

D-2 Syntax Summary

1313333333333

1 1

I N R



*The kind parameter $ is ignored.

Syntax Summary D-3

Attribute Kind* Value Description ISO No.
Character 1 277 (0) Roman8 (default) -
set 21 ANSI USASCII 006
14 ECMA 94 Latin 1 -
6 French vi 025
38 French v2 069
39 German 021
563 HP Drafting -
531 HP-GL/2 Download —
267 HP Kana8 —
43 HP Katakana —
5 HP Roman Extensions -
595 HP Special Symbols —
85 Intnl. Ref. Version 002
9 Italian 01s
11 JIS ASCII 014
4 Norwegian v1 060
36 Norwegian v2 061
147 Portuguese 016
115 Swedish 010
19 Swedish Names 011
83 Spanish 017
37 United Kingdom 004
Font spacing 2 Q fixed spacing (default)
1 variable spacing
Pitch 3 0 to characters per inch
32 767.9999 default: 5.942
Height 4 0 to font point size
32 767.9999 default: 21.3
Stroke 6 -7 very light
Weight -3 light
0 normal (default)
3 bold
7 very bold .
Typeface 7 48 fixed vector (default)
49 drafting
50 fixed arc




AR, Arc Relative

SYNTAX: ARX increment,Y increment,sweep angle(,chord tolerance;)

Page 4-8

Parameter Format Functional Range Default
X,Y increments current units | -67 108 863 to 67 108 863 —
sweep angle clamped real | -360 to 360 degrees —
chord tolerance

chord angle* clamped real | 0.5 to 90 degrees 5 degrees
chord deviation | current units | 0 to 67 108 863 S degrees
*Chord angle is the default interpretation of chord tolerance.
AT, Absolute Arc Three Point Page 4-10
SYNTAX: ATX inter,Y inter,X end,Y end(,chord tolerance;)

Parameter Format Functional Range Default
X,Y increments current units | -67 108 863 to 67 108 863 —
sweep angle clamped real | -360 to 360 degrees —
chord tolerance

chord angle®* clamped real | 0.5 to 90 degrees S degrees
chord deviation | current units | 0 to 67 108 863 5 degrees
*Chord angle is the default interpretation of chord tolerance.
Cl, Circle Page 4-13
SYNTAX: Clradius(,chord tolerance;)

Parameter Format Functional Range Default
radius current units | -67 108 863 to 67 108 863 -
chord tolerance

chord angle* clamped real | 0.5 to 90 degrees S degrees
chord deviation | current units | 0 to 67 108 863 5 degrees

*Chord angle is the default interpretation of chord tolerance.
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CP, Character Plot Page 7-11
SYNTAX: CPspaces,lines(;)
S30]
Parameter Format Functional Range Default

spaces clamped real =32 767.9999 to 32 767.9999 -

lines clamped real -32 767.9999 to 32 767.9999 -
CT, Chord Tolerance Mode Page 4-16
SYNTAX: CTn(;)
or
CT()
Parameter Format Functional Range Default
n integer Oorl 0

DF, Default Values Page 2-18
SYNTAX: DF(;) omputer
. Museum.
DI, Direction Absolute Page 7-14
SYNTAX: Dlrun,rise(;)
or
DI1{(;)
Parameter Format Functional Range Default
run (or cos 8) | clamped real | -32 767.9999 to 32 767.9999 1
rise (or sin 8) | clamped real | -32 767.9999 to 32 767.9999 0

Syntax Summary D-§




DL, Download Character

Page 8-13
SYNTAX: DLcharacter number(,up),X,Y..,(up),X,Y;)
or
DLcharacter number(;)
or
DL(;)
Parameter Format Functional Range Default
character number | clamped integer 33 w0 126 -
up clamped integer -128 -
X,Y coordinates clamped integer -127 to 127 primitive —
grid units
DR, Relative Direction Page 7-20
SYNTAX: DRrun,rise(;)
‘or
DR()
Parameter Format Functional Range Default
run clamped real ~32 767.9999 1% of P2X-P1X
to 32 767.9999
rise clamped real —32 767.9999 0% of P2Y-Ply
to 32 767.9999

D-6 Syntax Summary

B
B
R
.
M

g 1

1 1




DT, Define Label Terminator Page 7-23
SYNTAX: DTlabel term(,mode;)
DT(?)r
Parameter Format Functional Range Default

label terminator | label any character except
NULL, LF, ENQ, and
s+ (decimal codes 0, 5,

27, and 59 respectively)

ETX
(decimal code 3)

mode clamped | O or 1 0 (printing)
integer
DV, Define Variable Text Path Page 7-25
SYNTAX: DVpath(line;)
or
DV()
Parameter Format Functional Range Default
path clamped integer 0,1,2,0r3 0 (horizontal)
line clamped integer Qor1 0 (normal line feed)

EA, Edge Rectangle Absolute Page 4-18
SYNTAX: EAX,Y(;)
Parameter Format Functional Range Default

X,Y coordinates | current units | —-67 108 863 to 67 108 863 -
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EP, Edge Polygon Page 6-7
SYNTAX: EP()
ER, Edge Rectangle Relative Page 4-20
SYNTAX: ERX,Y(;)
Parameter Format Functional Range Default
X,Y increments | current units | -67 108 863 to 67 108 863 —
ES, Extra Space Page 7-29
SYNTAX: ESwidth( height,;)
ES(;(;r
Parameter Format Functional Range Default
width clamped real | -32 767.9999 to 32 767.9999 0
height clamped real | -32 767.9999 to 32 767.9999 0
EW, Edge Wedge Page 4-22
SYNTAX: EWradius,start angle,sweep angle,(,chord tolerance;)
Parameter Format Functional Range Default
radius current units | -67 108 863 to 67 108 863 -
start angle clamped real | -360 to 360 degrees -
sweep angle clamped real | -360 to 360 degrees -
chord tolerance
chord angle* clamped real | 0.5 to 90 degrees 5 degrees
chord deviation | current units |0 to 67 108 863 5 degrees

*Chord angle is the default interpretation of chord tolerance.
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FP, Fill Polygon Page 6-8
SYNTAX: FP(;)
FR, Frame Advance Page 2-20
SYNTAX: FR(;)
FT, Fill Type Page 5-8
SYNTAX: FT fill type(,optionl (,option2;))
or
FT(;)
Parameter Format Functional Range Default
fill type clamped integer 1to4, 10, 11 1

option! and 2

clamped real

type dependent®

type dependent*

* Refer to the table following the parameter descriptions.

Fill Type Description Option1 Option2
1 and 2 solid bidirectional ignored ignored
3 hatched (parallel lines) spacing of lines angle of lines
4 cross-hatched spacing of lines angle of lines
10 shading shading level ignored
11 user-defined raster raster-fill index ignored
IN, Initialize Page 2-21
SYNTAX: INn(;)
or
ING)
Parameter Format Functional Range Default
n integer Oor1t no parameter
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IP, Input P1 and P2 Page 2-22
SYNTAX: IPPIX,PlY(,P2X, P2Y;)

or
1P(;)
Parameter Format Functional Range Default
X,Y coordinates integer -67 108 863 hard-clip
to 67 108 863 limits*

*The hard-clip limits, in plotter units, of the D-size plotter are (0,0) to (35 376,24 000); the
hard-clip limis of the E-size plotter are (0,0) to (47 568,35 840).

IR, Input Relative P1 and P2 Page 2-24
SYNTAX: IRPIX PlY(,P2X,P2Y;)
or
IR(;)
Parameter Format Functional Range Default
X,Y coordinates clamped real -32 767.9999 0.0,100,100%
to 32 767.9999

IW, Input Window Page 9-8
SYNTAX: IW XLL,YLLXUR,YUR()
WG)
Parameter Format Functional Range Default
X.Y coordinates | current units | —-67 108 863 to 67 108 863 Exa;idt;clip

D-10 Syntax Summary




LA, Line Attributes Page 5-11
SYNTAX: LAkind,value(,kind,value(,kind,value;))
or
LAG)
Parameter Format Range Default
kind clamped integer 1 through 3 1
value clamped integer kind dependent* kind dependent*
* Refer 10 the table following the parameter descriptions.
Attribute Kind Value Description
Line Ends* 1 1 Butt (default)
2 Square
3 Triangular
4 Round
Line Joins* 2 1 Mitered (default)
2 Mitered/beveled
3 Triangular
4 Round
S Beveled
6 No join applied
Miter Limit 3 0 to 32 767.9999** 5 (default, refer to
description under
Miter Limit)

*Lines with a width of 0.80 mm or less always have rounded caps,

atlribute setting.
**Values iess than 1.1 are set to 1.1, but do not cause an error.

Syntax Summary
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LB, Label

Page 7-31
SYNTAX: LB ¢ ... clabel terminator
Parameter Format Functional Range Default
c...cC label any character —
LO, Label Origin Page 7-32
SYNTAX: LOposition(;)
or
LOG)

Parameter Format Functional Range Default
position clamped integer 1to9o0r 111t 19 1
LT, Line Type Page 5-18

SYNTAX: LTline type(,pattern length{,mode;))
or
LT()
or
LT99(;)
Functional
Parameter Format Range Default
line type clamped integer | -8 to 8 solid line
99 restores previous line
type
pattern length clamped real >0% 4% of the distance
between P1 and P2
mode clamped integer | 0 or 1 0 (relative)
D-12 Syntax Summary




OE, Output Error Page 10-5
SYNTAX: OE;

NOTE: You must use a terminator (;) with output instructions. R

Parameter Response Format Range
none error number clamped integer Oto7
OH, Output Hard-Clip Limits Page 9-11
SYNTAX: OH;

NOTE: You must use a terminator (;) with output instructions. R

Parameter Response Format Range
- XLL,YLL,XUR,YUR integer hard-clip limits
Ol, Output Identification Page 10-6
SYNTAX: OI;

NOTE: You must use a terminator (;) with output instructions. B

Parameter Response ' Format Range
none C1600A or C1601A character string -
OP, Output P1 and P2 Page 9-11
SYNTAX: OP;

NOTE: You must use a terminator (;) with output instructions. R

Parameter Response Format Range
— P1x,P1Y,P2X,P2Y integer -67 108 863 to 67 108 863"

*P2 tracks P1 and may be outside this range.
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OS, Output Status

SYNTAX: OS;

Page 10-7

NOTE: You must use a terminator {;) with output instructions. W

Parameter

Response Format Range
none status number clamped integer 0 to 255
PA, Plot Absolute Page 3-7
SYNTAX: PA X,Y (,...;)
or
PAG)
Parameter Format Functional Range Defauit
X,Y coordinates | current units | -67 108 863 to 67 108 863 -
PD, Pen Down Page 3-8
SYNTAX: PD X,Y (,...;)
or
PD(;)
Parameter Format Functional Range Default
X,Y coordinates/ | current units | -67 108 863 to 67 108 863 -
increments
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PE, Polyline Encoded Page 3-10
SYNTAX:  PE((flag)(value)X,Y... (flag) (value)X,¥);

NOTE: Parameter values are self-terminating; do not use commas with
this instruction. Also, you mus! use a semi-colon to terminate PE. &

Parameter Format Functional Range Default
flag character 2T, D, =, or T —
value character flag dependent* -
X,Y coordinates character -67 108 863 to 67 108 863 -

plotter units**

*Refer to the table following the parameter description.

**PR and PE have extended ranges of 22! to 22'-1 plottcr units. If the current pen position
goes out of this range, the plotter ignores plotting instructions until it receives an absolute PA
or PE coordinate within the extended ranges.

PG, Advance Page Page 2-26
SYNTAX: PG(n);
or
PG;

NOTE: The PG instruction, with or without parameters, must be termi-
nated with a semicolon. #

Parameter Format Functional Range Default
n clamped integer -32 767 to 32 767 no parameter
PM, Polygon Mode Page 6-10
SYNTAX: PMpolygon definition(;)
or
PM(;)
Parameter Format Functional Range Default
polygon definition | clamped integer 0, 1, and 2 -
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PR, Plot Relative Page 3-16

SYNTAX: PR X,Y(,...;)
or
PR(;)

Parameter Format Functional Range Default
X.Y increments | current units | —-67 108 863 to 67 108 863" -
*PR and PE have exiended ranges of 22! o 2%'~1 plotter units. If the current pen position

goes out of this range, the plotter ignores plotting instructions until it receives an absolute PA
or PE coordinate within the extended ranges.

PS, Plot Size Page 2-27
SYNTAX: PSlength(,width;)
PS(;())r
Parameter Format Functional Range Default
length integer 400 to 609 920 plu | machine dependent**
width integer machine dependent® | paper width

* The width range for'the D/A1l-size plotter is 400 to 24 000 plu; the width range for the
E/A0-size plotter is 400 to 35 840 plu.

** The default for the length parameter on the D/A1-size plotter is 35.4 in. (884 mm); the
default length on the E/A0-size plotter is 47.8 in. (1189 mm).

PU, Pen Up Page 3-18
SYNTAX: PUX,Y (....;)
or
PU()
Parameter Format Range Default

X.,Y coordinates/ | current units -67 108 863 to 67 108 863 —
increments
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PW, Pen Width Page 2-31
SYNTAX: PWwidth(,pen;)
PW ()
Parameter Format Functional Range Default
width clamped real -32 767 to 32 767 dependent*
pen (ignore all but 0) (ignore) (ignore)

*Dependent on the mode set by the pen width unit selection (WU) instruction: if mode is
metric, default width is 0.35 mm; if mode is relative, default width is 0.1% of the diagona!l
distance from P1 to P2.

RA, Fill Rectangle Absolute Page 5-22

SYNTAX: RAX,Y(;)

Parameter Format Functional Range Default
X,Y coordinates | current units -67 108 863 to 67 108 863 —

RF, Raster Fill Definition Page 5-24
SYNTAX: RFindex,width,height,pen number(,...pen number;)
or
RFindex(;)
or
RF(;)
Parameter Format Range Default
index clamped integer 1to8 1 (solid)
width clamped integer 8, 16, 32, or 64 -
height clamped integer 8, 16, 32, or 64 -
pen number | integer 0 to 67 108 863 -
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RO, Rotate Coordinate System Page 9-12
SYNTAX: ROangle(;)

or
RO(;)
Parameter Format Range Default
angle clamped integer | 0, 90, 180, or 270 degrees 0 degrees
RP, Replot Page 2-33
SYNTAX: RPn(;)
Parameter Format Functional Range Default
n clamped integer 1to 32 767 1
RR, Fill Rectangle Relative Page 5-26

SYNTAX: RRX,Y(;)

Parameter Format Range Default
X,Y increments | current units | -67 108 863 to 67 108 863 -

RT, Relative Arc Three Point Page 4-25

SYNTAX: RTX incr inter,Y incr inter, X incr end,Y incr end(,chord toler-
ance;)

Parameter Format Functional Range Default
X,Y incr inter current units | -67 108 863 to 67 108 863 -
X,Y incr end current units | -67 108 863 to 67 108 863 -
chord tolerance

chord angle” clamped real | 0.5 to 90 degrees S degrees
chord deviation | current units | 0 to 67 108 863 S degrees

*Chord angle is the default interpretation of chord tolerance.
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SA, Select Alternate Font Page 8-16
SYNTAX: SA(;)
SC, Scale Page 2-34
SYNTAX: SCXmin, Xmax, Ymin, Ymax (,type(,left,bottom;))
SCX?nrin, Xtactor, Ymin, Ytactor, type(;)
SC(;(Br
Parameter Format Functional Range Default
Xmin real -67 108 863 to 67 108 863 —
Xmax real ~67 108 863 to 67 108 863 -
Ymin real -67 108 863 to 67 108 863 -
Ymax real -67 108 863 to 67 108 863 -
type clamped integer Oto2 0
left clamped real 0 to 100% 50%
bottom clamped real 0 to 100% 50%
Xiactor clamped real -32 767.9999
to 32 767.9999* -
Yractor clamped real -32 767.9999
to 32 767.9999* -

*Excluding zero and values approaching zero
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SD, Standard Font Definition Page 8-17
SYNTAX: SDkind,value...(,kind,value;)
SD(;C;r
Parameter Format Functional Range Default
kind clamped integer 1w 7 -
value clamped real kind dependent* kind dependent*®

* Refer to the table following the parameter descriptions.
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Attribute Kind* Value Description 1SO No.
Character 1 277 (0) Roman8 (default) —
set 21 ANSI USASCII 006
14 ECMA 94 Latin 1 —_
6 French vi1 025
38 French v2 069
39 German 021
563 HP Drafting —
531 HP-GL/2 Download -
267 HP Kana8 —
43 HP Katakana —
5 HP Roman Extensions —
595 HP Special Symbols —
85 Intnl. Ref. Version 002
9 Italian 015
11 JIS ASCII 014
4 Norwegian vi 060
36 Norwegian v2 061
147 Portuguese 016
115 Swedish 010
19 Swedish Names 011
83 Spanish 017
37 United Kingdom 004
Font spacing 2 0 fixed spacing (default)
1 variable spacing
Pitch 3 0to characters per inch
32 767.9999 | default: 5.942
Height 4 0to font point size
32 767.9999 | default: 21.3
Stroke 6 =7 very light
Weight -3 light
0 normal (default)
3 bold
7 very bold
Typeface 7 48 fixed vector (default)
49 drafting
50 fixed arc

*The kind parameters 5 and 6 are ignored.
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Sl, Absolute Character Size Page 7-36
SYNTAX: Slwidth, height(;)
SI(;;’ ‘
Parameter Format Functional Range Default
width clamped real | -32 767.9999 to 32 767.999% | dependent*
height clamped real | -32 767.9999 to 32 767.9999 | dependent*

*Dependent on the current piich and font height set by the AD or SD instructions. If set to
default values, the width is 0.285 cm and the height is 0.375 cm.

SL, Character Slant Page 7-38
SYNTAX: SLtangent of angle(;)
or
SL(:)
Parameter Format Functional Range Default
tangent of angle | clamped real | -32 767.9999 to 32 767.9999 0
SM, Symbol Mode Page 7-40
SYNTAX: SMcharacter(;)
or
SM(;)
Parameter | Format Functional Range Defauit
character label | most printing characters (decimal —
codes 33-58, 60-126, 161, and 254)*

*Decimal code 59 (ihe semicolon) is an HP-GL/2 terminator and cannot be used as a symbo)
in any character set. Use it only to cancel symbol mode (e.g., (SM)).
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SP, Select Pen Page 2-40
SYNTAX: SPpen number(;)
or
SP(;)
Parameter Format Functional Range Default
pen number integer 0 to 67 108 863 0
SR, Relative Character Size Page 7-42
SYNTAX: SRwidth height(;)
or
SR(;)
Parameter Format Functional Range Default
width clamped real =32 767.9999 0.75% of P2x-P1x
to 32 767.9999
height clamped real -32 767.9999 1.5% or P2Y-P1y
to 32 767.9999

SS, Select Standard Font Page 8-21
SYNTAX: S5(;) Computer
e,
TD, Transparent Data Page 7-45
SYNTAX: TDmode(;)
or
TD()
Parameter Format Functional Range Default
mode clamped integer Oorl 0 (normal)
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UL, User-Defined Line Type Page 5-29
SYNTAX: UL index (,gap!,...gap20;)

or
UL()
Parameter Format Range Default
index clamped integer |1 through 8§| -
gaps clamped real 0 to 32 767.9999 | default line types
WG, Fill Wedge Page 5-31
SYNTAX: WGradius,start angle,sweep angle(,chord tolerance;)

Parameter Format Functional Range Default
radius current units | -67 108 863 to 67 108 863 —
start angle clamped real | -360 to 360 degrees -
sweep angle clamped real | -360 to 360 degrees -
chord tolerance

chord angle* clamped real | 0.5 to 90 degrees S degrees
chord deviation | current units | 0 to 67 108 863 S degrees

*Chord angle is the default interpretation of chord tolerance.

WU, Pen Width Unit Selection Page 2-41
SYNTAX: WUrype(;)
WU ()
Parameter Format Range Detault
type clamped integer Oor1l 0 (metric)

&
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ESC.A, Output Identification Page 11-5
SYNTAX: ESC.A
Parameter Response Format Range
none order number character string C1600A or C1601A
firmware revision | integer 1 to 32 767
level
ESC.B, Output Buffer Space Page 11-6
SYNTAX: ESC.B
Parameter ' Response Format Range
none available logical input integer 0 to 4096 bytes

buffer space

ESC.E, Output Extended Error Page 11-7
SYNTAX: ESC.E
Parameter Response Format Range
none error number integer 0, 10 to 18
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ESC.H, Set Handshake Mode 1 Page 12-28
(Software Eng/Ack)

SYNTAX: ESC.H (data block size);(enquiry character);(acknowledgment

string):
or
ESC.H:
Parameter Format Range Default
data block size integer 0 to 4096 bytes 80 bytes

enquiry character | ASCII value 0 to 26, 28 to 31* | 0 (no character)

acknowledge ASCII value 0 to 126 0 (no character)
string

*Practical range; printable characters (ASCII codes 32 to 126) should be avoided as they are
required to send the HP-GL instructions.

ESC.l, Set Handshake Mode 2 Page 12-29
(Operating System)

SYNTAX for Xon-Xoft: ESC.I (Xoff threshold level); (omitted);(Xon trigger

character(s)):
Parameter Format Range Default
Xoff threshold | integer 0 to 4093 80 bytes
level
omitted integer 0" -
Xon ASCII value 0 to 126, 1 to 10 0 (no character)
character(s) decimal codes

*You can designate the omitted parameter by entering a 0 or by putting the semicolon without
a parameter.
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SYNTAX for Enquire/Acknowladge: ESC.I(data block size),; (enquiry

character); (acknowledgment string):

acknowledge- ASCII value 0to 126, 1 to 10

ment string decimal codes

Parameter Format Range Default
data block size | integer 0 to 4093 bytes 80 bytes
enquiry ASCII value 0 to 26, 28 to 126
character decimal code* 0 (no character)

0 (no character)

*Practical range; printable characters {ASCII codes 32 to 126) should be avoided as they are

required to send the HP-GL/2 instructions.

ESC.J, Abort Device-Control
SYNTAX: ESC.J

ESC.K, Abort Graphics
SYNTAX: ESC.K

ESC.L, Output Buffer Size When Empty

SYNTAX: ESC.L

Page 11-8

Page 11-9

Page 11-9

Syntax Summary
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ESC.M, Set Output Mode

SYNTAX: ESC.M (turnaround delay);(output trigger);(echo terminator); (out-
put terminator); (output initiator):

Page 12-32

echo
terminator

output
terminator

output initiator

ASCII value

ASCII value

ASCII value

Parameter Format Range Default
turnaround integer 0 to 32 767 0
delay*
output trigger ASCII value 0to 4, 6 to 26, 2B to | O (no character)

126 decimal code

0to 4, 6 to 26, 28 to
126 decimal code

0to 4, 6to 26, 28 to
126,
1 or 2 decimal codes

0 to 126 decimal code

0 (no character)

13 (carriage
return)

0 (no character)

*If the delay is odd, the plotter adds 1 10 make it even.

ESC.N, Set Extended Output

and Handshake Mode

Page 12-35

SYNTAX: ESC.N (intercharacter delay);(handshake dependent parameter):

Parameter Format Range Default
intercharacter delay integer 0 to 32 767 0
handshake dependent
parameter

for Xon-Xoff:
Xoff trigger character(s) | ASCII value | 0 to 126, upto |0 (no
10 decimal codes | character)
for Enquire/Acknowledge:
immediate response ASCII value | 0 to 126, up to 0 (no
string 10 decimal codes | character)

*If the delay is odd, the plotter adds 1 to make it even.
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ESC.O, Output Extended Status Page 11-10
B SYNTAX: ESC.O
. ESC.P, Set Handshake Mode Page 12-36
SYNTAX: ESC.P (handshake):
. Parameter Format Range Default
handshake integer 0 (none) 0
1 (Xon-Xoff)
. 2 (ENQ/ACK)
3 (hardwire)
ESC.R, Reset Page 11-12
. SYNTAX: ESC.R
. ESC.S, Output Configurable Memory Size Page 11-13
SYNTAX: ESC.S n:
. Parameter Response Format Range
n (table follows) integer 0 to 16 900
ESC.@, Set Plotter Configuration Page 11-14
. SYNTAX: ESC.@ (logical input buffer size);(input conditions):
' Parameter Format Range Defauit
. logical input buffer size integer 0 to 4096 bytes 4096
. input conditions integer 0 to 32 767 bytes 4096
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Glossary

Address The address specifies the plotter’s location on the
HP-IB (IEEE-488) interface cable (bus).

ASCII American Standard Code for Information Inter-
change. An B8-bit code that uses 7 bits to represent
character data such as letters, punctuation, symbols,
and control characters. Bit 8 can be used for parity
or as an eighth data bit.

ASCII Control A nonprinting ASCII character {decimal codes 0-32

Character and 127) that starts, modifies, or stops a device
function. Control functions affect data processing,
transmission, or interpretation.

BASIC Beginner’'s All-purpose Symbolic Instruction Code; a
programming language which uses common English
words.

Baud Rate For an RS-232-C interface, the data transmission
rate between a computer and a peripheral (bits per
second).

Buffer A part or parts of computer or device memory
where data is held until it can be processed. Usually
refers to a memory area reserved for 1/0 operations.

Bus Short for HP-1B (IEEE-488) interface.

Byte Eight bits; the size of a computer word. Used by
ASCII binary code to represent alphanumeric
characters.

Communication Data exchange between two or more devices.

Glossary G-1



Configuration

Configuration
Switches

Default
Device-Control

Instruction

DPI

Driver

Eavesdrop

Emulate

Escape Sequence

Handshake

G-2 Glossary

The way in which computer equipment and software
is interconnected and set up to operate as a system.
The plotter is configured using the switches on the
front of the vector-to-raster converter. The software
is configured to the plotter in the installation portion
of the software.

The switches on the front of the vector-to-raster
converter that configure the plotter for different soft-
ware.

A value or condition that is assumed if no other
value or condition is specified.

The portion of the plotter’s instruction set that con-
trols internal plotter conditions such as buffer size,
input/output conditions, RS-232-C interface
conditions and handshakes.

Dots per inch, the plotter’s resolution of raster
images on the media. (This plotter has 406 dpi.)

Configuration data used by software to control input
and output between the computer and a peripheral
device (e.g., a plotter).

This plotter cannot be set up in an Eavesdrop con-
figuration. Eavesdrop refers to a configuration in
which the plotter is physically connected between a
computer and some other device such as a modem,
terminal, or another computer.

To imitate. For example, this plotter can emulate an
HP 7586B. For more information, refer to
Appendix A.

A string of characters, beginning with the escape
character (decimal 27 in ASCII). All HP-GL/2
device-control instructions are escape sequences.

RS-232-C communication between a computer and
the plotter about the availability of I/O buffer space.
A handshake ensures correct and complete data
transfer.

70



Hewlett-Packard The standardized, reduced graphics instruction set
Graphics Language/2  that is a subset of HP-GL.

(HP-GL/2)

HP-IB Short for Hewlett-Packard Interface Bus. Hewlett-

Packard’s version of IEEE Standard 488-1978 for
interfacing programmable devices (e.g., computers,
plotters, and printers).

IEEE 488-1978 A parallel interface standardized by Electronic
Interface Industries Association Standard 488-1978.

Initialize To set plotter conditions to known default values.
Interface Anything (a cable, for example) used to join compo-

nents of a computer system so they function in a
compatible and coordinated fasion. Standards that
allow systems to connect with each other

{e.g., HP-IB, RS-232-C).

Interface Cable The data transmission cable used to connect a pe-
ripheral device to a computer. Most devices require
an HP-IB, Centronics, or RS§-232-C interface cable.

I/0 Error Examples of I/O errors are mismatched interface
conditions, such as baud rate and parity.

Literal String When using BASIC, any sequence of letters, num-
bers, and symbols enclosed by quotation marks. The
plotter can only accept literal strings or a specific set
of ASCII control characters.

P1 A scaling point the plotter uses that generally
specifies the location of a plot’s lower-left corner.

P2 A scaling point the plotter uses that generally
specifies the location of a plot’s upper-right corner.

Parallel Interface An interface type in which a separate line is used for
each data bit in a byte or word and all bits are
transferred simultaneously.

Parity An error-checking method for information transfer

between a computer and a peripheral device. Parity
is used to check the accuracy of binary data.

Glossary G-3
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Peripheral (device)

Print Engine

Raster

RS-232-C Interface

Resolution

Scale

Scaling Points

Serial Interface

Standalone

Configuration

Stop Bit

Vector-to Raster
Converter

G-4  Glossary

A device separate from, but used with, a computer.
For example, a disc drive,, printer, or plotter.

The part of the plotter that prints the raster data on
the media. The vector-to-raster converter is not part
of the print engine.

A matrix of pixels, where each pixel is defined by a
bit. A bit that is ‘on’ will print 2 dot on the paper.
A bit that is ‘off’ will leave the area blank.

A serial interface standardized by the Electronic
Industries Association Standard RS-232-C.

A measure of image sharpness. In electrostatic
plotters, resolution is measured in dots per inch
(dpi).

To divide the plotting area into units convenient for
your application.

Points assigned the user-unit values specified in the
HP-GL/2 scale (SC) instruction. These points, also
known as P1 and P2, define opposite corners of a
rectangular area.

A serial interface uses a single data line to transfer
data bits sequentially between devices. RS-232-C is a
serial interface.

When using the RS-232-C interface, a configuration
where the plotter is connected to the computer via a
separate (not a shared) cable.

In an RS$-232-C configuration, one or two bits fol-
lowing a transmitted piece of information; used to
notify the receiving device that the information is

complete.

(Also called the VRC.) A device that converts the
vector data to raster data after all of the data has

been sent to the plotter and stored on the internal
disc.




Subject Index

A

AA instruction 4-6—4-8
AC instruction 5-6—5-7
AD instruction 8-9—8-12
AR instruction 4-8—4-9
AT instruction 4-10—4-12

Abort Device-Control instruction
11-8

Abort Graphics instruction 11-9

Absolute Arc Three Point instruction
4-10—4-12

Absolute Character Size instruction
7-36

Absolute coordinates 3-3—3-4

Addressing (HP-IB) 12-5—12-6

Advance Page instruction
2-26—2-27

Advancing the page, description
2-10, 2-26—2-27

Alternate Font Definition instruction
8-9—8-12

Alternate fonts, description 8-6

Anchor corner, description 5-4
Anchor Corner instruction, 5-6—5-7
Anisotropic scaling 2-34—2-35

Arc Absolute instruction 4-6—4-8
Arc Relative instruction 4-8—4-9

Arcs, description 4-2—4-3

ASCII
character codes B-1
control characters B-2—B-3

Automatic pen down 3-2

B

Base 32 or 64 3-10-—3-15

Block transmission mode
12-25—12-27

Buffer

downloadable character 8-14
monitoring 11-4

polygon 6-4—6-7

Bus commands (HP-IB) 12-8

Cc

CI instruction 4-13—4-15

CP instruction 7-11—7-13
CT instruction 4-16—4-17
Carriage returns 7-2, 7-34

Centronics information 10-2,
12-1—12-3

Character codes B-1

Chord Tolerance Mode instruction
4-16—4-17
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Character Plot instruction
7-11—7-13

Character sets
description 8-1—8-3
displaying 4-7

Character Slant instruction 7-38

Chord angle
description 4-5
effects on circle smoothness 4-14

Chord tolerance, description
4-5—4-6

Chords, description 4-3
Circle instruction 4-13—4-15
Circles

description 4-2—4-3

filling 5-5
Clamped integer format 2-13
Clamped real format 2-14
Configuration statements 1-4—1-5
Control characters B-2—B-3
Coordinate system 2-3—2-4

Coordinates
absolute 3-3—3-4
relative 3-3—3-5

Current units 2-14

D

DF instruction 2-18—2-20
DI instruction 7-14—7-19
DL instruction 8-13—8-16
DR instruction 7-20—7-23
DT instruction 7-23—7-24
DV instruction 7-25—7-29

Default conditions
establishing 11-4
label conditions 7-6—7-7

S1-2 Subject Index

plotter conditions 2-2, 2-18—2-20

Default Values instruction
2-18—2-20

Define Label Terminator instruction
7-23—7-24

Define Variable Text Path instrution
7-25-7-29

Deviation distance 4-6

Device-control
description 1-3, 11-2
errors 2-16—2-17
handshaking 12-13—12-25
instructions 1-3
omitting optional parameters 11-3
sending 11-2
syntax 11-3

Direction Absolute instruction
7-14-—7-19

Download Character instruction
Downloadable set, description 8-6
Drafting font 8-2

E

EA instruction 4-18—4-19

EP instruction 6-7—6-8

ER instruction 4-20—4-21

ES instruction 7-29—7-31

EW instruction 4-22—4-25

Edge Polygon instruction 6-7—6-8

Edge Rectangle Absolute instruction
4-18—4-19

Edge Rectangle Relative instruction
4-20—4-21

Edge Wedge instruction 4-22—4-25
Electrostatic plotters 1-1
Emulate mode 1-2, 8-1, A-1—A-6




Encoding 3-10—3-15
Ending a program 2-10
Enlarging a picture 9-2—9-3
Enquire/Acknowledge handshake
12-12—12-22
Errors
device-control 2-16—2-17
HP-GL/2 2-15—2-16
messages 2-15-—2-17
verifying 11-5
ESC.A instruction 11-5
ESC.B instruction 11-6
ESC.E instruction 11-7—11-8
ESC.H instruction 12-28—12-29
ESC.I instruction 12-29—12-31
ESC.J instruction 11-8
ESC.X instruction 11-9
ESC.L instruction 11-9
ESC.M instruction 12-32-12-34
ESC.N instruction 12-35—12-36
ESC.O instruction 11-10—11-11
ESC.P instruction 12-36—12-37
ESC.R instruction 11-12
ESC.S instruction 1-13
ESC.@ instruction 11-14—11-15
Exponential format 2-14
Extra Space instruction 7-29—7-31

F

FP instruction 6-8—6-9

FR instruction 2-20

FT instruction, 5-8—5-10

Fill Polygon instruction

Fill Rectangle Absolute 5-22—5-23

Fill Rectangle Relative instruction,
5-26~—5-27

Fill Type instruction $5-8—5-10
Fill types 5-3, 5-8—5-10

Fill Wedge instruction, 5-30—5-33
Frame Advance instruction 2-20

Fonts
description 8-1—8-3
selecting 8-6, 8-20

FORTRAN 1-3—1-6, C-14, C-16

G

Graphics limits 2-5—2-7

H

Handshaking
choosing 12-11—12-13
enquire/acknowledge 12-12,
12-18—12-22
hardwire 12-12, 12-16—12-18
software checking 12-13,
12-22—12-25
Xon-Xoff 12-12, 12-13—12-15
Hard-clip limits, description 2-5
Hardwire handshake 12-12,
12-16—12-18
Hints for novice programmers 1-10
HP-GL A-1—-A-6
HP-GL/2
errors 2-15—-2-16, 2-21
instructions 1-2
syntax 2-11—2-14
using with programming languages
1-3
HP-1B information 10-2,
12-3—12-10
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IN instruction 2-21

IP instruction 2-22-—2-24
IR instruction 2-24—2-26
IW instruction 9-8
Illustrations 1-8

Increasing throughput 1-9, 2-11,
3-6, 3-10—3-15

Increments 3-4—3-5
Initialize instruction 2-21

Input P1 and P2 instruction
2-22-2-24

Input Relative P1 and P2
2-24—2-26

Input statements, description 1-6
Input Window instruction 9-8
Integer format 2-13

Integer format, clamped 2-13

Interfacing
Centronics 12-1-12-3
HP-IB 12-3—12-10
RS-232-C 12-11-—-12-27

Isotropic scaling 2-34—2-37

K

Kanji character set 8-1, A-7—A-34

L

——

LA instruction, 5-11—5-17
LB instruction 7-31
LO instruction 7-32
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LT instruction, 5-18—5-21

Label
centering 7-10, 7-11-7-13, 7-32,
7-35
default conditions 7-6—7-7
direction 7-14-—7-19, 7-20—7-22
mirroring 7-37, 7-43
orientation 7-9
position 7-9, 7-11—-7-13, 7-32,
7-35
terminating 7-2
Label instruction 7-31
Label Origin instruction 7-32
Labeling with variables 7-4—7-6
Line Attributes instruction
5-11-5-17
Line
attributes, description 5-1
ends, description 5-13
joins, description 5-14
‘no-join’ 5-5
types, description 4-15, 5-2
width, description 2-10, 2-31
width in labels 2-32, 7-36, 7-42,
8-11
Line Type instruction §-18—5-21
Listen-only mode (HP-IB) 12-6
‘Logical’ pen 1-1, 2-10, 2-40, 3-1,
3-8
Long-axis plotting 2-20, 2-27

M

Mirroring
labels 7-37—7-43
plots 9-4—9-6

Miter limit 5-15—5-16




Mnemonic 2-11—-2-12

N

Numeric variables 7-5

O

QE instruction 10-5—10-6

OH instruction 9-11

Ol instruction 10-6—10-7

OP instruction 9-11-9-12

OS instruction 10-7—10-8

Outlin; of a typical HP-GL program
2-

Output Buffer Size When Empty
instruction 11-9

Output Buffer Space instruction
11-6

Output Configurable Memory Size
instruction 1-13

Output Error instruction 10-5

Output Extended Error instruction
11-7—11-8

Output Hard-Clip Limits instruction
9-11

Ourput Identification instruction
10-6—10-7

Output instructions 9-7, 10-1,
10-3—10-4

Output P1 and P2 instruction
9-11—9-12

Output statements, description 1-6
Output Status instruction 10-7

P

PA instruction 3-7

PD instruction 3-8—3-9

PE instruction 3-10—3-15

PM instruction 6-10—10-13

PR instruction 3-16—3-17

PU instruction 3-18

PG instruction 2-26—2-27

PS instruction 2-27

PW instruction 2-31—2-33

Pl and P2 2-7—2-8, 2-22, 2-24,
2-34—2-39

Parallel polling 12-7

Parameters
description 2-11-2-12
formats 2-13—2-14
omitting optional device-control
11-3
omitting optional HP-GL/2 2-13
Pascal 1-3—1-6, C-15, C-17

Pen
location 3-3
‘logical’ 1-1, 2-10, 2-40, 3-1, 3-8
position 3-1
selection 2-10, 2-40
width 2-10 _
Pen Down instruction 3-8—3-9
Pen Up instruction 3-17
Pen Width instruction 2-31—2-33
Pen Width Unit Selection instruction
2-41

Pixels 2-31, 5-24-5-25
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Plot Absolute instruction 3-7

Plot Relative instruction 3-16—3-17
Plot size, description 2-3

Plot Size instruction 2-27

Plotter units 2-4

Point-factor scaling 2-38—2-29
Polygon buffer 6-4—6-7

Polygon Mode instruction 6-11

Polyline Encoded instruction
3-10-—-3-15

Program

art 1-8

errors 2-13, 2-15—2-17
examples 1-7

Programming statements you may
need to change 1-9

R

RA instruction, 5-22—5-23
RF instruction, 5-24—5-25
RO instruction 9-12—9-15
RP instruction 2-33
RR instruction, 5-26—5-27
RT instruction 4-25
RS-232-C
handshaking 12-11—12-25
interfacing 12-11-12-27
output information 10-2
Raster Fill Definition, 5-24—5-25

Real format 2-14

Real format, clamped 2-14

Relative Arc Three Point instruction
4-25
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Relative Character Size instruction
7-42

Relative coordinates 3-3—3-5, 3-11

Relative Direction instruction
7-20—-7-23

Recommended HP-GL/2 syntax
2-11

Reducing a picture 9-2—9-3
Replot instruction 2-33

Rectangles
description 4-1—4-2
filling 5-4

Reset instruction 11-12

Rotate Coordinate System instruction
9-12—9-15

S

SA instruction 8-16—8-20
SC instruction 2-34—2-36
SD instruction 8-17—8-20
SI instruction 7-36

SL instruction 7-38

SP instruction 2-40

SR instruction 7-42

SS instruction 8-21

Scale instruction 2-34-2-39
Sample plots C-1-C-17

Secondary command support
12-3—12-4, 12-8~12-10

Serial polling 12-6—12-7

Set Extended Output and Hand-
shake Mode 12-35—12-36
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Set Handshake Mode instruction
12-36—12-37

Set Handshake Mode 1 instruction
12-28—12-29

Set Handshake Mode 2 instruction
12-29—12-31

Set Output Mode 12-32—12-34

Set Plotter Configuration instruction
11-14—11-15

Scaling 2-7—2-10, C-1—-C-8

Scaling points P1 and P2
2-7—2-10, 2-22, 2-24,
2-34--2-39, C-1-C-8

Select Alternate Font instruction
8-16—8-20

Select Pen instruction 2-40

Select Standard Font instruction
8-21

Selecting
a font 8-20
a pen 2-10

Separators 2-11—-2-12

Soft-clip limits, descrip-
tion 2-6—2-7, 9-1-9-2

Standard Font Definition instruction
8-17—8-20

Software checking handshaking
12-13, 12-22—-12-25

Standard fonts, description 8-6
Standard paper sizes 2-29
String variables 7-6

Special characters 8-7—8-8

Syntax
device-control 11-3
HP-GL/2 2-11

T

TD instruction 7-45
Terminators 2-11—2-12

Text paths 7-9, 7-12, 7-17,
7-25—7-28

Throughput, increasing 1-9, 2-11,
3-6, 3-10—3-15

Transparent Data instruction 7-45

U

UL instruction 5-28-—5-29
Units of measurement 2-4

User-defined characters, description
8-6

User-Defined Line Type instruction
5-28—5-29

User units 2-5, 2-7—2-10

Vv

Variables in labels
numeric 7-5
string 7-6

W

WG instruction, 5-30—5-33
WU instruction 2-41

Wedges
description 4-3—4-4
filling 5-5
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White space between plots 2-28 X

Windows, description 9-1—9-2,
indows, Jescription 9 Xon-Xoff handshake 12-12,

12-13—12-15

a3

SI-8 Subject Index

&
B



