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How to Use the HP 7550 Documentatien

All HP 7550 plotters are shipped with the following three documents.

» Operation and Interconnection Manual (Part No. 07550-80002).
The Operation and Interconnection Manual contains detailed operat-
ing information such as how to load paper and pens, how to use the
front-panel function keys, and how to obtain quality plots using proper
pen/media combinations. It also describes how to connect your com-
puter and plotter.

¢ Interfacing and Programming Manual (Part No. 07550-90001).
This is the manual you are reading now. It contains complete explana-
tions of the plotter’s graphics and intexrfacing instructions. It begins
with discussions of various programming languages and how to use
them with the plotter’s instruction set, HP-GI, (Hewlett-Packard
Graphics Language). It also explains some fundamental plotting con-
cepts to help get you started.

¢ Pocket Guide (Part No. 07550-90008). The Pocket Guide is a con-
venient reference list of all HP-GL and device-control instructions,
along with their parameters.

The following paragraphs describe how you can use these documents,
based on your expertise.

" For First Encounters with the HP 7550

If you have just received your plotter, read the first three chapters of
the Operation and Interconnection Manual. These chapters describe
initial inspection and explain the front-panel function keys. Next, lock
for your computer in Chapter 6 and verify communication between your
computer and plotter. If you are using a purchased graphics software
package, be sure o follow any special instructions provided in the docu-
mentation accompanying the software.

Now you can use your graphics software, or you can program the plotter
yourself, If you plan to write programs for the plotter, read the follow-
ing two paragraphs.

For First Encounters with HP-GL

If you have never written programs in HP-GL, begin with the first chapter
of this manual, This chapter will help you decide whether to program
with your computer’s graphics statements/routines or with HP-GL. The
second chapter explains some basic plotting concepts, and the remain-
ing chapters present the HP-GL instructions, The examples given with
the instructions will help you learn how the instructions work.

ii



For Experienced HP-GL Programmers

iv

If you are an experienced HP-GL programmer, you might find the
Pocket Guide or the instruction summary in Appendix C of this manual
most helpful. Also, look through this manual to learn about the new
instructions not found in earlier plotters — for example, the polygon
instructions, area-fill instructions, replot instructions, and expanded
character sets and character-designing capabilities. If you are inter-
ested in the differences in syntax between this and other HP plotters,
read Chapter 3 of this manual.
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What You’ll Learn in This Chapter

This chapter will help you become acquainted with your plotter and
how you can make it work for you. You will be introduced to HP.GL
(Hewlett-Packard Graphics Language) and device-control instructions,
learning how they are presented in this manual. Finally, you will see
HP-GL in action with a programming example that uses HP-GL to plot
a pie chart.

What Can Your HP 7550 Plotter Do for You?

Your HP 7550 plotter was designed to provide you with the flexibility,
speed, and intelligence necessary to produce almost any plot that you
require. You can use eight pens at any given time, but you have a choice of
several pen colors and pen widths, depending on what type of pen you are
using. You can use standard fiber-tip pens (for paper), transparency fiber-
tip pens (for overhead transparency film), roller-ball pens, and drafting
pens. You can also use a variety of plofting media: chart paper, vellum,
and double-matte polyester film. The Operation and Interconnection
Manual suggests which pens produce the best results on each type of
plotting medium. The plotter accepts four standard media sizes:

ISO* A4 (210X 297 mm) ANSI* A (85X 11in)
ISO A3 (297X 420 mm) ANSI B (11X 17in)

Many of the plotter’s features can be accessed from the front panel. This
means you don’t have to learn to program the plotter to use many of its
features, even if you are using a purchased graphics software package.
For full details of how to use the front panel, refer to the Operation and
Interconnection Manual. Here are some examples of what you can do
. from the front panel. First, you can cause paper to be loaded automatically
from the media loading tray, plus tell the plotter to replot a drawing a

*International Standards Organization (IS0}
American National Standards Institute (ANSD
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given number of times. Thus, if you need multiple copies of one plot, you
can tell the plotter and then walk away until it has finished all of the
copies. You can also select pens, increase their force to a maximum of 66
grams, and increase their speed to & maximum of 80 em/s (31.5 in./s).

Finally, you can set up your interface from the front panel. If you are
using an HP-IB (IEEE 488-1978) interface, you can change the HP-IB
address. If you are using an RS-232.C/CCITT V.24* interface, you can set
up standard handshakes and communication rates. (The Operation and
Interconnection Manual tells you how. However, if you find that you need
to set conditions not available from the front panel, you might need to set
up the handshake using device-control instructions in @ program. These
instructions are described in this manual in Chapter 16.)

You can also program the plotter to do everything you can do from the
front panel, plus a variety of sophisticated tasks. For example, you can
issue special graphics instructions known as HP-GL (Hewlett-Packard
Graphics Language) to have the plotter do automatic area-ill for any
polygon shape, and label with any of 20 international character sets in
two fonts. This manual provides full details on the capabilities provided
by the HP-GL instruction set. A glance at the following table will give
you an idea of the full range of capabilities provided by HP-GL. The
chapter references are provided so that you can find an instruction
quickly if you are already familiar with HP-GL.

Plotter Instruction Set

Instruction Desecription Chapter
AA Axc absolute 6
AP Automatic pen operations 10
AR Arc relative 6
AS Acceleration select 10
BF Buffer plot 10
BL Buffer label 7
CA Designate alternate character set i1
CC Character chord angle 11
CI Circle 6
CM Character selection mode 11
cp Character plot 7
CSs Designate standard character set 11
CT Chord tolerance 6
Ccv Curved line generator 10
DC Digitize clear 12

*All information in this manual applies equally to RS-232-C and CCITT V.24 interfaces,
except where noted, For purposes of simplicity, both are referred to as RS-232-C.
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Plotter Instruction Set (Continued)

Instruction Description Chapter
DF Default 3 o
DI Absolute direction 7 &
DL Define downloadable character 11 g
bP Digitize point 12 g
DR Relative direction 7 E
DS Designate character set into slot 11 =
DT Define iabel terminator 7
EA Edge rectangle absolute 6
EP Edge polygon 6
ER Edge rectangle relative 6
ES Extra space 7
EW Edge wedge 8
Fp Fill polygon 6
FSs Force select 10
-FT Fill type 6
GC Group count 10
GM Graphics memory 3
M Input mask 13
IN Initialize 3
P Input P1 and P2 3
v Invoke character slot 11
W Input window 9
KY Define key 10
LB Label 7
1L.O Label origin 7
r Line type b
NR Not ready (unload page) 10
OA Qutput actual position and 13
pen status
ocC Output commanded position and 13
pen status
Qb Output digitized point and 12
pen status
QE Output error 13
OF QOutput factors 13
OG Output group count 10
OH Output hard-clip limits 9
01 Output identification 13
OK Output key 10
OL Output label length 7
00 Output options 13
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Plotter Instruction Set (Continued)

Instruction Description Chapter
or 1 Qutput P1 and P2 9
05 Qutput status 13
OoT CGutput carousel type 13
OWwW Qutput window 9
PA Plot absolute 4
PB Print buffered label 7
PD Pen down 4
PG 1 Page feed 10
PM Polygon mode 6
PR Flot relative 4
PT Pen thickness 6
PU Pen up _ 4
RA Filt rectangle absolute 6
RO Rotate coordinate system 9
RF Replot 10
RR Fill rectangle relative 6
SA Select alternate character set 11
SC Seale 3
SI Absolute character size 7
SL Character slant 7
SM Symbol mode 5
SP Select pen 4
SR Relative character size 7
o] Select standard character set 11
TL Tick length 5
UC User-defined character 11
UF User-defined fill tvpe 6
Vs Velocity select 10
WD Write to display 10
WG Fill wedge 6
XT X-tick 5
YT Y-tick 5

If you have advanced applications, you should also note that the plot-
ter has a large 12800-byte buffer, or “graphics memory.” You can use
the graphics memory for replot functions, as well as for polygon,
character-designing, and input/output (I/0) functions. And, most im-
portantly, you can change the amount of memory devoted to each func-
tion so that unused memory isn’t wasted. Thus, if you are only using
one function, you can allocate (assign} all of the plotter’s memory to
that one function. Refer to Chapter 14 for information on how to allo-
cate graphics memaory.
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Programming Languages — Which
Should You Use?

In order to write graphics programs for the plotter, you will need to
learn the programming languages that the computer and the plotter
understand. This manual assumes that vou already have some general
experience programming with your computer’s language. You can use
any computer that can output in ASCII* and any language that
outputs literal strings.

g!
%&
g
Q
=3
o
=

To help vou understand how your computer communicates with the
plotter, some programming languages are described next. Begin with
the plotter’s HP-GL. instructions. Then read aboui yvour computer’s
language to see how it communicates with the plotter. Three common
computer languages are described: BASIC, FORTRAN, and Pascal. If

| you are programming in another language, your computer documenta-
tion should tell yvou how to. output literal strings to a peripheral (in this
case, literal strings of HP-GL to the plotter).

HP-GL and Device-Control Instructions

HP-GL

HP-GL instructions are codes that access the plotter’s graphics fune-
tions. Each instruction consists of a two-etter mnemonic designed to
remind you of its function. For example, SP is the select pen instruction,
and PD is the pen down instruction. Often these two-letter mnemonics
are followed by numerical parameters that tell the plotter how to
execute {complete) the instruction. A typical HP-GL instruction looks
like this: .

PD 1500 , 1500 ;

To program the plotter, you must insert the HP-GL instructions with
their parameters in an appropriate output statement from your com-
puter’s language. This is referred to as “sending” an HP-GL instruction
to the plotter. You'll learn more about this in the section How to Use the
Examples in this Manual, later in this chapter. When you send HP-GL
instructions to the plotter, they enter the plotter’s internal buffer; the
plotter executes them on a first-in/first-out basis.

Device-Control Instructions (RS-232-C Only)

Device-control instructions control operations such as data formatting,
input/output, handshaking, and buffer allocation. A device-control

*American Standard Code for Information Exchange
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instruction is a three-character sequence which may or may not have
parameters. A typical device-control instruction looks like this:

esc. L

Device-control instructions are sent to the plotter as literal strings in a
manner similar to sending HP-GL instructions. Uniike HP-GL, how-
ever, device-control instructions do not enter the plotter’s buffer and are
executed immediately upon receipt. Chapters 14 and 16 contain full
details on these instructions.

-BASIC

BASIC (Beginner's All-purpose Symbolic Instruction Code) is a common
programming language on many computers. It uses statements that
resemble English to perform many complex operations. Some graphics
statements may be included in your implementation of BASIC for the
CRT, but not necessarily for the plotter.

If you have an HP Series 80 or HP Series 200 computer, graphics
statements (sometimes called AGL - A Graphics Language) for the
plotter are available as an extension to BASIC. Like other BASIC
statements, these statements resemble English, but they translate their
functions into HP-GL so that the plotter can understand them. Refer to
this chapter’s section titled HP Series 80 and Series 200 Computers —
A Note to Users.

If you do not have an HP Series 80 or HP Series 200 computer, your
computer’s BASIC graphics statements aren’t translated into HP-GL
for the plotter. Therefore, you will need to program the plotter directly
by using BASIC output commands to send HP-GL strings.

FORTRAN and Pascal

FORTRAN (FORmula TRANslator) and Pascal are high-level pro-
gramming languages. They generally do not include graphics state-
ments that translate functions into HP-GL. Therefore you must program
the plotter by sending strings of HP-GL. instructions in a WRITE or
WRITELN statement. (Refer to Examples Presented as HP-GL Strings
in this chapter.)

How to Use the Examples in This Manual

The examples in this manual are designed primarily to show the use of
the instruction with which they appear. If vou are new to programming,
try entering and running some examples on your computer. You might
then wish to change some parameters in an instruction and rerun the
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program. The examples are presented in two ways, either as complete
programs or as listings of only the pertinent HP-GL. strings. These two
types of examples are described in the following paragraphs.

Examples Presented as Complete Programs

Some examples are presented as complete programs, written in a
version of Microsofi® BASIC for MS™DOS operating systems. This
BASIC is used by the HP Touchscreen and HP Touchscreen Max, the
IBM PC, and several other popular personal computers. (If you are
using an RS-232-C interface, be sure you have established the proper
handshaking protocol before running these programs. Refer to the
Operating Manual and Chapter 16 of this manual.)

]
g
e
o)
£
E’"._
.
5

You will always need a configuration statement at the beginning of
your program. It will be specific to your computer and the type of
interface (RS-232-C or HP-IB) you are using.

If you are using Microsoft® BASIC, you can enter and run these
programs as shown; just be sure to have the proper configuration
statement for vour computer in line 10.

If vou are not using Microsoft® BASIC, vou will need to insert the
proper configuration statement in line 16 and may need to change the
PRINT #1 or INPUT #1 statements as weil.

The next two sections in this chapter, Examples of Opening Configura-
tion Statements and Examples of Other BASIC Statements, will show
you how to make these changes on some computers. Or, refer to
Chapter 6, Plotter Interconnection, in the Operation and Interconnec-
tion Manual and use the interconnection program as a guide.

If your computer is not listed, refer to your computer documentation to
learn how to make your computer and plotter communicate.

Examples of Opening Configuration Statements

Following are common forms of a configuration statement that can be
used in Hne 10 of the BASIC programming examples. Refer to your
computer documentation for a complete discussion of the parameters.

HP Touchscreen (150) RS-232-C and HP-IB interfaces
10 OPEN "0",4,"PLT" (Series 100/BASIC)

10 OPEN “LPT3:® FOR OUTPUT RS #t

1BM PC/PC-XT/AT RS-232-C interface
AT&T PC 6300

10 OPEN "COM%:8500,H,8,1,RS,CS65535,D5,C0" AS #1
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Apple Ile RS-232-C and IEEE-488 interfaces

10 PRINT CHR$(4); "PRun" (for slot number n)
Apple He/1I Plus R8-232-C and IEEE-488 interfaces
10 PR#n {forslot number n)

Examples of Other BASIC Statements

You might need to change other BASIC statements if the BASIC on
your computer is different from the MS™DOS version used here, or if
you are programming in another language. Your computer’s documenta-
tion should tell you how to do this. Here are the statements that you
will likely need to change:

- PRINT #1, This statement sends the HP-GL insfructions,
via an output file, to the plotter. Your com-
puter 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 com-
puter might use a statement 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

X =314 is a variable assignment. Change these state-
ments to whatever is comparable in your
language.

Examples Presented as HP-GL Strings

Since input/output instructions {(e.g., PRINT # and INPUT #) do vary
so much among different computers, some examples present only the
pertinent HP-GL strings (the two-letter mnemonics and applicable
parameters). They are enclosed in quotation marks since most lan-
guages use quotation marks as string delimiters. The plotter does not
require the guotation marks; use whatever your computer requires.
Add the statements required by your system to send the string of
instructions. For example, suppose this string of HP-GL instructions is
printed in the manual.

(33 SP" ; H‘
First use whatever opening statements are required to define the
computer’s output port and establish the plotter as the recipient of an
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output string. Then, send the string within a statement similar to one
shown here, depending on your computer and language {only a few
computers are listed here to give you an idea of the variety of state-
ments available):

. o]
5o

HP Series 200, BASIC OUTPUT ?708; “SP1;" g

or "

PRINT “SPt;:" g

HP Touchécreen (150} Computer PRINT #1, "SP1;" _ g

IBM PC/PC-XT/AT

HF 9000, Pascal WRITELN( SP1:7)
HP 3000, FORTRAN WRITE (5,107

10 FORMRAT (X, 4HSP1;)

- HP Series 80 and HP Series 200
Computers — A Note to Users

If vou use BASIC on an HP Series 80* or HP Series 200 computer
{formerly models HP 9816, HP 9826 and HP 8836), you can use high-
level BASIC graphics statements to program your plotter. These com-
puters actually encode, or translate, the BASIC graphics statements
into HP-GLs instructions before sending them on to the plotter. For this
reason, you might find it easier to use these graphics statements for
much of your plotting.

For example, compare the BASIC graphics statements CLIP and GRID
with their equivalent HP-GL instructions: PA, PD, TL, XT, and YT, In
either case, the plotter draws grid lines every 10 units within a rec-
tangle, as shown. Yet, the CLIP and GRID statements are easier to
enter in the computer.

*Series 80 computers must contain a plotter ROM: Part No. 00085-15002 for the
HP-85, and Part No. 00087-15002 for the HP-86 and HP-87,
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BASIC Graphics HP-GL

CLIP ©,30,0,20 TL 100; PA 30,0; POD; XT;
GRID 10,10,0,0 PR 20,0 XT; PR 10,0; XT;
PR 0,0; PA 0,10; YT; PR 0,20; YT;
20
10
0

10 20 30

NOTE: This example is not a complete program. It requires additional
scaling statements to establish the plotting area and units. These
statements were omitted here to help clarify the direct comparison
between the BASIC graphics statements and their equivalent
instructions.

Understanding Manual Conventions

Before reading the rest of this manual, you should understand the
meaning of type styles, symbols, and number representation used in
the text. Words typed in SMALL BOLDFACE TYPE are either kevs, switches,
or words actually found on the plotter or computer. BOLD CONDENSED TYPE
denotes a single ASCII character which should be sent to the plotier.
Numbers are typed using SI (International System of Units) standards;
numbers with more than four digits are placed in groups of three,
separated by a space, counting both to the left and right of the decimal
point (54 321,123 45),

The symbols that represent the syntax requirements of HP-GL and
device-control instructions are discussed in Chapters 3 and 14,
respectively,

Developing a Plot

You are probably anxious to see HP-GL in action. Following is a very
simple program for plotting a pie chart with three sectors. This pro-
gram is presented here because there are only two BASIC statements
that you might have to change for your system -— the configuration
statement for your computer in line 10 and PRINT #.
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For now, key in the following program. If you are using the RS-232-C
interface, make sure your handshaking protocol is established. (Refer to
the Operation and Interconnection Manual or Chapter 16 of this
manual.) Then make sure your plotter and computer are properly
connected.

Finally, run the program to see the plotied results.

10 ’"Insert configuration statement here
20 PRINT #1, "IN;SP2;PR?000,2000;"

30 PRINT #1, "FT3,75,45;"

40 PRINT #1, "WG-1000,80,18B0;"

45 PRINT #1, "EP;"

50 PRINT #1, "SP2;PR-60,t10;FT1,0,0;"
60 PRINT #1, °"WG-1000,270,60;"

65 PRINT #1, "EP;"

70 PRINT #1, "SP4;PA?000,2000;FT4,80,45;"
BC PRINT #1, "WG-1000,330,120;"

BS PRINT #t, "EP;"

8¢ PRINT #1, “SPO;"

100 END

The program is explained fully under The Wedge Instructions, WG and
EW, in Chapter 6. Here we'll just discuss the concept of organizing a
program.

Lines 10, 20, 90, and 100 show how yvou might typically begin and end
every program. Line 10 is a computer-dependent statement that identi-
fies the plotter as the recipient of the strings of HP-GL instructions,
which are sent in PRINT # statements.

Line 20 issues the following instructions: initialize, IN; select pen, SP;
and plot absolute, PA. Brief descriptions of each instruction follow. For
more details, refer to Chapters 3 and 4.
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& IN resets the plotier to the conditions that exist when the plotter is
firgt turned on. In other words, any conditions that might have been
set in the plotter by a previous program are cleared (defaulted) before
your plot is drawn. In addition, most conditions that might have
been set in the plotter from the front panel are cleared. All examples
in this manual begin with IN to ensure that they are plotied as
shown. However, in your own programs, yvou might find it more
convenient to use the default instruction, DF, instead of the IN
instruction. DFE 18 a modified version of IN; while DF clears most
HP-GL. conditions, it does not affect most front-panel settings. This is
particularly useful, for example, if you want to run a program several
times and vary the pen speed or the settings of the scaling points P1
and P2. You can make the settings from the front panel and then run
-the program. (If you used IN instead of DF, the front-panel settings
would be cleared by the IN instruction, and nothing would change in
the way the program was running.) '

® SP causes the pen holder to take the specified pen from the carousel.
If you de not issue an SP instruction and there 1s not a pen currently
in the pen holder, the pen holder will go through the motions of draw-
ing the plot, but the page will remain blank.

® The PA instruciion establishes the beginning pen position (in this
case, it is the center of the pie chart).

Lines 30 through 85 are the body of the program: their organization
and content aepend on the purpose of the program.

Line 90 uses the SP instruction to return the pen to the carousel. This is
a good idea to prevent the pen from drving out, and to signal the
completion of the plot. You might alsc wish to include the not-ready
instruction, NR, to unload the plot (refer to Chapter 10). This prevents
another program from drawing over your plot before you have a chance
to remove it from the plotter.

Line 100 is a BASIC statement that ends the execution of the program.

1-12 INTRODUCTION TO PROGRAMMING THE PLOTTER



..... —t
g
. O
. 2.
B
¥
.=
......... =
i
I
L4
;
!
H

INTRODUCTION TO PROGRAMMING THE PLOTTER 1-13






Chapter 2

Fundamental
Plotting Concepts

What You’ll Learn in This Chapter

In this chapter, you will gain the foundation necessary to understand
hardcopy plotting concepts. For example, in order to use the plotiing
instractions, you need to be able to specify a location on the paper. This
chapter explains the Cartesian coordinate system which the plotter uses
for locating points, and discusses the units of measure that the plotter
‘understands. You will also learn about graphics limits, pen status, and
absolute and relative coordinates. This chapter will be useful to you if
you have never done any graphies programming or if you have written
programs for a graphics terminal but not for a plotter.
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Introduction to the Cartesian
.. Coordinate System

The plotting area is that portion of the paper in which the plotter’s pen can
draw. This plotting areais dividedinto a grid, as shown in the llustration
on the next page. Each grid line represents a unit of measurement in one
of two directions — horizontal or vertical. The horizontal direction is
known as the X-axis, whereas the vertical direction is known as the
Y-axis. The intersection of these two axes providesa convenient reference
point known as the origin. To locate a position {(or point) on the plotting
area, vou simply tell the plotter how many X-axis units and how many
Y-axis units to move away from the origin. These are known as the
X-coordinate and the Y-coordinate; together, they are an XY coordinate
pair. To specify a position, you must always specify a complete XY
coordinate pair, with the X-coordinate first and the Y-coordinate second.
This system of locating points is known as a two-dimensional Cartesian
coordinate system. (Cartesian comes from the name of the French
mathematician René Descartes, who invented the grid system.)

The origin 1s defined as the XY coordinate pair (or point) 0, 0. If youmove
to the right of or above the origin, you specify a positive X-coordinate or
Y-coordinate, respectively. Likewise, if you moveto the left of or below the
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origin, you specify a negative X-coordinate or Y-coordinate, respectively.
Look attheillustration again to locate these points: 0,0;4,5,—2,4,—2,—2;

6,~2: 8,3
. Y-AXIS
6 S—
...... 5 & N
: if4,5y .
~2.4) @ 4 T ;
. e
8,3}
ORIGIN .
{0,0) 1 N -
: ’ : ' » : . i X-AXIS
P 0—2 i 1 2 3 4 5 6 7 8 Q 10eee
—2,—2) % =2 ®
: {6,~2}
Cartesian Coordinate System

Plotting with the Coordinate System

HP-GLinstructs the plotter what to do and where to doit. Thus, you must
specify X,Y coordinates as the parameters in many HP-GLinstructions so
that the plotter will know where to plot. Of course, you can’t specify
exactly where an X,Y coordinate lies on the paper without some unit of
measurement,

You can express coordinates with two types of units, called plotter units
and user units. Plotter units are a constant, fixed size, and are the units
that the plotter always uses internally. When the plotter is turned on, it
assumes that your coordinates are expressed in plotter units. But you
might find that some other unit makes more sense fo you and your
application. This is called a user unit because it is up to you, as the
plotter’s user, to define the unit. You can define different user units for
each plot. If you define user units, the plotter automatically converts your
coordinates to plotter units so that it can find the correct location on the
paper. This conversion is internal to the plotter, so you can express your
coordinates in user units without ever calculating their equivalent plotter
units. Thus, user units are very convenient to use for plotting.
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Both plotter units and user units are discussed in detail in the following
paragraphs.

Plotter Units

The plotter assigns a measurement known as a plotier unit to each
“grid line” discussed previously. A plotter unit is the smallest move the
plotter can make (this is also known as the addressable resolution of
the plotter). A plotter unit is equal to 0.025 mm (0.00098 in} in length;
alternatively, 40 plotter units equal 1 mm, or 1016 plotter units equal
1 in. Because a plotter unit is the smallest move the plofter can make, it
is interpreted as an integer.*

The plotter-unit coordinate system is oriented on the paper so that the
origin (0,0) always lies inside the lower-left corner of the paper with the
Y-axis extending upward along the short side of the paper, and the
X-axis extending to the right along the long side of the paper.** The
orientation on the paper is the same, regardless of what direction the
paper 1s loaded in the plotter, as shown in the following iliustrations.

7550-A-28-1

Default Orientation of Plotter Coordinate System (Ad4/A Paper)

*Some instructions allow you to express X, Y coordinates as decimal numbers (with frac-
tions), even if you are using plotter units. In this case, the plotter will move using only
the integer portion of the number. This process is described under Parameter Formats in
the discussion on HP-GL Syntax in Chapter 3.

**You can change the orientation of this sysiem with the rotate instruction, RO, or with
the rotare function key on the front panel. The RO instruction is discussed in Chapter 9.
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0,0 (ORIGIN)

TREG-A-29-1 &
b

i s 7% 4 R

Default Orientation of Plotter Coordinate Systern (A3/B Paper)

You can see that the pen can plot only to positive XY coordinates.
However, the permissable range for coordinates includes negative plotter
units. In fact, the numerical range of plotter units thai the plotter
understands is —22 fo (2% — 1), or ~8388 608 to +8 388607. Obviously,
this is much larger than any sheet of paper that you could place on the
plotter. (Imagine a piece of paper that measures 209715 by 209 715 mm,
or 8256 by 8256 in.!) For practical purposes, the effective range of
plotter units is limited to the size of paper you are using. You can find a
list of plotter-unit ranges for standard paper sizes in the section titled
Hard-Clip Limits later in this chapter.

User Units

As mentioned before, vou might find it more convenient to use units
that fit your application. For example, you might want io make a bar
chart with total sales in dollars along the Y-axis and number of
months along the X-axis. It would be very cumbersome for you to
convert your units into plotter units so that the plotter would under-
stand the correct position on the paper. Fortunately, the plotter provides
a way for vou to specify your units so that the plotter will automatically
convert them to plotter units.
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This process is known as scaling, because in effect, you are assigning a

. scale of user units to plotter units. For example, consider a map whose
scale is 100 miles per inch. In this case, the miles are equivalent to user
units and the inch is equivalent to plotter units. The following section,
Scaling, describes how to scale plotter units into user units.

User units are useful for several reasons. As mentioned, they are more
convenient because they are more meaningful to you and your applica-
tion. User units can be months, years, dollars, francs, distances, temper-
atures, population, or whatever makes sense to you.

In addition, user units are very flexible. You can assign the origin (0,0)
to be anywhere on the paper (not just the Iower-left corner, as with
plotter units). This means you can specify negative XY coordinates (to
show, e.g., losses in a line chart). It also means you can specify coor-
dinates with fractions (instead of only integers, as with plotter units),
Therefore, yvou can plot your data accurately. Note that the maximum
numerical range for user units is the same as for plotter units, Le., —2%
to +{22—1), or —8 388 608 to -+8 388607. (Hint: If you want to plot data’
with values larger than this range, reduce your data by an arithmetic
process before sending it to the plotier. For example, divide all data by
some factor of 10 so that all data points are within the acceptable
range.)

)
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Scaling

Before we can discuss the process of scaling, vou should understand what
is meant by the scaling points P1 and P2. The plotter sets these points at
power-on so that Pl defines the lower-left corner of a rectangular area on
the paper, and P2 defines the upper-right corner. At power-on, P1 and P2
always represent an absolute plotter-unit location on the paper with an
orientation on the paper as shown in the next illustration. The actual
locations of P1 and P2 depend on the size of paper loaded in the plotter, as
listed in the tabie following the illustration.

Y-AXIS
P
®
q’i
0,0 (ORIGIN) X-AXIS

Default Orientation of P1 and P2 (Any Paper Size}
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Default Coordinate Values for P1 and P2

Default Scaling Points
Paper {in Plotter Units)
Size
P14, Ply P2y, P2y
Ad (210X 297 mm; 430,200 10430 ,7400
A3 (207 X 420 mmy 380,430 1565680,10430
A (8511 in) 80,320 10080, 7520
B (11X 17in.) _ 620, 80 15820,10080

You can change the plotter-unit locations of P1 and P2 either from the
front panel or with the input P1 and P2 instruction, IP. Use the [P
instruction if vou want to be sure that P1 and P2 are always in the
same location whenever you plot the program (vefer to Chapter 3). Use
the front-panel function keys if you want to change P1 and P2 just for
the current plot (refer to the Operation and Interconnection Manual).

P1 and P2 are called “scaling points” because they take on the user-
unit values that you specify in the scale instruction, SC. For details on
the SC mstruction, refer to Chapter 3. The scaling concepts discussed
here only require that you know that the SC instruction specifies the
minimum and maximum user-unit coordinates.

When you issue an SC instruction, PI takes on the minimum XY coor-
dinate values, and P2 takes on the maximum X,Y coordinafe valueg™
This is sometimes also referred to as mapping; the coordinate values
are ‘“mapped onto” Pl and P2. The entire plotting area is then
effectively divided into an imaginary grid based on the new user units.
The actual size of the units depends on the locations of P1 and P2.

For example, suppose you want the Y-axis to be divided into 10 units
representing thousands of dollars, and the X-axis to be divided into 12
units representing months, as shown on the next page. You would
specify minimum coordinates of 0,0 and maximum coordinates of
12,10. P! and P2 then take on these new user-unit values and the
entire plotting area is divided into these units. Subsequent plotting
instructions will now be interpreted using these units. This means that
if vou tell the plotter to move to the point 3, 4, the plotter will move to
the location equivalent to 3, 4 user units, not 3, 4 plotter units.

*Actually, it is posgible to scale P1 and P2 so that P1 takes on the maximum coordinates
and P2 takes on the minimum cocrdinates. However, this is not the usual method, so it
is not discussed here. Refer to the explanations of the TP and SC instructions in Chapter
3, and to. Fechniques for Changing the Plotling Area in Chapter 9.
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User-Unit Scaling with Default P1 and P2

If the locations of P and P2 are moved, the sizes of the user units could
change. The previous illustration showed P1 and P2 in their default
locations. Following are the same minimum/maximum user units, only
with different locations of P1 and P2. Note that the sizes of the user
units are different along both the X- and Y-axes. Also, the range of
units across the page has increased.
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Same User-Unit Sealing with New P1 and P2
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To further illustrate the flexibility of user-unit scaling, the following
diagram shows P1 and P2 with the user-unit values of —5,—5 and
15,10 respectively. Remember that when user-unit scaling has been
established, you can piot anywhere on the page using negative or
positive values.

P2
(15, 10)
~15,7.5) I ¢
& i I
| I
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u % ! i ,/ | | | |
~2¢ =15 —i0 -5 5 10 15 20
E !
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5,-5)
&
Y (16.4,—8.6)

New P1 and P2, and User-Unit Scaling with Negative Values

An obvious benefit to user-unit scaling is that you can change the
P1/P2 settings so that vour plot occupies more or less space on the
page. Also, you can scale onto default P1/P2 settings so that your plot
will occupy the full area of any size of paper (A4/A or A3/B). Contrast
this flexibility with plotting in plotter units: since plotter units are
absolute with relation to a fixed origin, plots always occupy the same
space on any size of paper.

You can see that there are many possibilities for changing your plotting
area and your plot’s proportions using P1/P2 and the SC instruction.
Basic scaling information is presented in the explanations of the IP and
SC instructions in Chapter 3. However, if you wish to learn about more
advanced technigues, some are presented in Chapter 9. These techniques
include placing more than one plot on a page, enlarging/reducing a plot,
and plotting mirror images.

NOTE: Pl and P2 are mainly used in conjunction with the SC instrue-
tion to establish user-unit scaling. However, even when user-unit scaling
has not been established, the plotter monitors the settings of P1 and P2
for interpretation of certain HP-GL instructions such as fill type, FT,
line type, LT, relative character size, SR, and relative direction, DR. In
addition, your computer or graphics software package might use P1
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and P2 for other purposes, such as for establishing graphics limits.
(Refer to the next section in this chapter, Graphics Limits.)

Graphics Limits

The plotter recognizes two basic types of graphics limits; the “hard-clip
Hmits” and the “soft-clip limits.” Their names imply their functions.
First, “clip” indicates that some portion of the paper is being selected.
Think of clipping an article out of a newspaper: by clipping away the
edges, you select a smaller portion of the newspaper page.

“Hard-clip” refers to a physical boundary, the limits beyond which the
pen physically cannot move. “Soft-clip,” on the other hand, refers to a
software-controlled boundary that temporarily limits pen movement
within its borders, When the plofter is first turned on, the soft-clip
limits are set equal to the hard-clip limits. Each of these concepts is
discussed in more detail in the following paragraphs.

Hard-Clip Limits

Naturally, you would not like your plotter to start plotting off of the
edge of the paper. Therefore, the plotter automatically sets hard-clip
Hmits when it senses the paper size. The hard-clip limits represent the
physical boundary for pen movement. Thus, the limits are set a few
millimetres within the edges of the paper to allow room for the pinch
wheels to move without rolling over plotted lines and possibly smearing
ink. The hard-clip Hmits correspond to the maximum plotting range.
The maximum plotting ranges for standard paper sizes are listed in the
following table.
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Maximum Plotting Ranges

Maximum Plotting Range

Paper (in Plotter Units)
Size
X-axis Y-axis
A4 0~ 10870 6 - 7600
{210 > 297 mm) (271.75 mm/10.65 in.) {190.00 mam/7.45 in.)
A3 0-15970 0-310870
(297 > 420 mm) (399.25 mm/15.65 in.) (271.75 mm/10.65 in.)
A 0~10170 0 - 7840
(85X 111in.) (254.25 mm/9.97 in.) {196.00 mm/7.68 in.)
B 0 - 16450 0-10170
(1117 in. (411.25 mm/16.12 in.} (254.25 mm/9.97 in.)
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The following illustration shows the relationships between the axis
orientation, the P1/P2 scaling points, and the hard-clip hmits. This is
true for any size of paper when the plotter is first turned on.

e
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| l
[ f
¥-AX1S | | |
l | HARD-CLIP
| " LIMITS
| |
IP1 3
®__ 0.0 (ORIGIN) L

+X-AXIS
Hard-Clip Limits (Any Paper Size)

NOTE: You cannot change the hard-clip limits using HP-GL. However,
some BASIC graphics statements implemented on HP computers do
change the hard-clip limits. The PLOTTER IS statement, for example,
usually reads the P1/P2 scaling points and sets the effective hard-clip
limits to these points, rather than to the plotter’s hard-clip imits. In
this case, hard-clip limits relate to how the computer defines them, not
to how the plotter defines them. For more information, refer to your
computer’s documentation on its BASIC graphics statements. |

Soft-Clip Limits

Ag previously mentioned, sofi-clip limits temporarily restrict pen move-
ment to a specified area of the page. Usually you will use soft-clip limits
to define a portion of the page when you want assurance that nothing
will be drawn beyond that portion. For example, lock at the following
line chart. Suppose gfter plotting the full chart, you decide to make a
new plot showing only the first 6 months of data so that you can use
the space on the right for text. You could use the same program as for
the full line chart, but add soft-clip limits to restrict plotting to the first
half of the chart. Then you could add lines to the end of the program
with new soft-clip imits and instructions for the labels.
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When you look at the clipped area, it is almost like seeing part of the
chart through a window. In fact, soft-clip limits are often referred to as
windows. In HP-GL, use the input window instruction, IW, to define the
lower-left and upper-right boundaries of a window. In other programming
languages, refer to your documentation for the correct statements to
use (in BASIC, try CLIP or WINDOW,).

Soft-clip limits can be used in conjunction with user-unit scaling and
the scaling points P1 and P2 to provide a great deal of flexibility with
respect to where you plot data, how much of your data is plotted, and
reducing/entarging plots. The specifics are beyond the scope of this
chapter. For more information, refer to Chapter 9.

| Pen Movement

In addition to scaling and graphics limits, you should understand how
the plotter finds the correct positions on the paper. Then you'll be ready
to learn about the individual HP-GL instructions and put them to the
best use for your application.

= | Current Pen Status and Pen Position

When you first turn on the plotter, it initializes itself and establishes
the hard-clip limits and P1/P2 positions for the size of paper you have
loaded. It also sets other pre-determined conditions, known as defaults.
Among these defaults are the “pen status” and the “pen position.” (You
can find a full list of default conditions under The Default Instruction,
DF, and The Initialize Instruction, IN, in Chapter 3.)

The pen status refers to whether or not a pen is Joaded in the holder,
and whether the pen is up or down. At power on, the plotter assumes
there is no pen in the holder and the pen (holder) is up. This means no
lines will be drawn if you issue a plotting instruction. Therefore, you
must select a pen and lower it if you want something drawn on the
paper. You can do this with front-panel function keys, or you can issue
the select pen instruction, SP, and the pen down instruction, PD. The
pen remains down for subsequent plotting instructions until you issue a
pen up instruction, PU, or lift the pen using a front-panel function key.
Also, the pen remains in the holder until you select a new pen or return
the pen to the carousel.*

*The plotter automatically lifts the pen and returns it to the carcusel if it remains
inactive for an allotted time period. Although this causes the pen to be physically lifted
and/or stored, the plotter does not sense it and does not update the current pen status.
Refer to the Automatic Pen Operations Instruction, AP, in Chapter 10
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HEvery time you change pens or the up/down position, this pen status
information is updated in the plotter. Most plotting instructions plot
according to this concept of “current pen status.” If you plot a program
and portions of the plot aren’t drawn, check your program ito be sure
you have positioned the pen down before the affected instruction(s).
The descriptions of each plotting instruction tell you what happens to
the current pen status (i.e., whether it is updated at the end of the
instruction, or whether it is restored to the status that existed before the
instruction was isgued.)

The plotter keeps track of the current pen position in a similar manner.
At power-on, the plotter sets the current pen position (in plotter units) to:

0,7600  Ad-size paper

0,0 AJ-size paper
00,7840 A-size paper
0,0 B-size paper

If you do not specify a different position, any plotting instruction will
begin at one of the coordinates listed above, depending on the paper
size. Whenever vou issue a plot absolute or plot relative instruction, PA
or PR, the pen begins at its current position and moves (according to
the current pen status) to the new location specified by the PA or PR
instruction. The plotter then updates the “current pen position” with
the new location. Some plotting instructions do not cause the pen
position to be updated. For example, no matter where the pen physically
ends up after drawing a circle with the CI instruction, the plotter
returns the pen to its exact position before the Cl instruction was
issued. In other words, the current pen position is restored after a I
instruction. As with the pen status, the descriptions of each instruction
tell vou whether the current pen position is updated or restored.
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Absolute and Belative Movement

You know that the plotter interprets the pen position according to a
coordinate system, and that you can specify coordinates using plotter
units or user units. However, so far all discussions have assumed that
you are specifying coordinates in absolute terms. Absolute means that
the coordinates have an absolute, fixed position on the coordinate
systemn with respect to the origin (0, 0). In the following illustration, the
coordinates 2,8; 5,8; and 10,2 are always in the same place with
respect to the origin, no matter where the pen is when the coordinates
are issued.
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Absolute Coordinates

You can also specify coordinates whose location will be determined
relative to the current pen position; these are known as relative coor-
dinates. Relative coordinates are more accurately called increments,
because their values represent the number of units for the pen to move
from its current position. (As with absolute coordinates, the units can
be user units or plotter units.)

For example, assume that the pen is currently at the origin. To arrive at
the lower-eft point marked in the previous illastration, count 2 units o
the right and 3 units above the current position. This is the relative
position 2,3. Now count the X-units and the Y-units from this position
to the upper point. You are now at the relative position 3,5. Continue
for the lowerright point, arriving at the relative position 5,~-6. The new
coordinates are shown below.

10 . e e i
SO NN SN W ST A -
: p A \
2 J IS U — w{3q5}wg.' .... . 5 —
6 o :
L > 5 :
- : X
PR N R - :
{20}y SN S |
2 ) PG S —
rs e L {B.r6) ] .
STARTING 4 : L .
PEN 2 4 6 8 10 12
POSITION
Relative Coordinates
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Only the plotting instructions that include “relative” in their title will
interpret coordinates as relative increments. Relative plotting is par-
ticularly useful for shapes where you know the dimensions, but don’t
want to calculate the absolute coordinates for each endpoint. For
example, suppose you want to plot the letter X with a width of 5 units
and a height of 8 units, and the current pen position is at the origin.
Here is the sequence of relative coordinates to draw the X: 5,2: 5. 8;
-5,0;5,—8.

12 e :
g A \ 15,8
8 ac!
o
SO O
g:
4 -
g
R =
Py SO M- t
SN PR B 6,8}
START;'J\EK,:’; /. 2 4 8 8 10 12 14
POSITION

Relative Coordinates for Plotting “X”

NOTE: Relative coordinates (increments) add to the current pen posi-
tion monitored by the plotter. The plotter automatically converts the
new relative position to its absolute coordinates and updates the current
monitored position in absolute coordinates. &

FUNDAMENTAL PLOTTING CONCEPTS 2-15

!
I
i
|
|




S
I s
ey e S ke
P iy St i & S

S SERen At i S S
st . i B Fserai S
SR 8 At e s S i )
i ] K TReL S res St
= N - e L

o

%

S

P

e
2 e

s = 2 ; T
e SR ROt SR 7 Shnn e !
o g — = . e e e T ; R
s Semea : .

PG

N o B i A - 5 ? i 3 3 e

e :
LA e R e e
e e
£ s
A
S

G

SRR 55 % o &
T T S 3 3 T R
S o T : SRR
Lenie e Shanen

-

B
oy

b

L Sl
R
R

e R %
el L
o

i

HIR

e

Lyt

et

g
ey S

Ty

i

i
i




Chapter 3

Preliminary Setup
Using HP- GL

What You’ll Learn in This Chapter

This chapter explains how to interpret HP-GL syntax, and introduces
you to four HP-GL. instructions. You will learn about initialization and
default conditions, and you will learn how to scale the plotting area
into user units that are meaningful to your application.

I—IP-GL Instructions Covered

DE The Default Instruction

IN The Initialize Instruction

IFP The Input P1 and P2 Instruction
SC The Scale Instruction

Terms You Should Understand

String — a sequence of alphanumeric characters that are interpreted
precisely as themselves, not as representing something else, HP-GL
instructions and their parameters must be sent to the plotter as literal
strings in a computer-dependent output statement (for example, PRINT,
PRINT #, WRITE, or WRITELN).

Mnemonic — an abbreviation that is easy to remember. HP-GL instrue-
tions are two-letter mnemonics that represent the function of the instiuc-
tion. For example, SP for select pen, and LT for line type.

Parameter - one or more characters following the HP-GL mnemonic that
govern how the instruction is executed by the plotter. In the discussions of
each instruction in this manual, the SYNTAX section specifies which
parameters to include with the instruction and provides the range of
values for the parameters.

Syntax — rules governing the structure of a language, such as HP-GL.
In HP-GL, the syntax governs the sequence of mnemonics and param-
eters, the separators between mnemonics and parameters, and termi-
nators at the end of a string,.

o PRELIMINARY SETUP USING HP-GL  3-1

e
i
v
&
=
T
e
=
2.
e
5
-

[t
o
2]



Separator — a symbol that serves to separate each mmnemonic and its
parameters. The comma in this string is a separator: PA10, 20. If there
was no separator, the plotter would receive this string: PA1020. The
plotier would interpret this string differently from the previous string.

Terminator — a symbol that signals the end of a string consisting of a
mnemonic and its parameters,

Default — a known state. Default often refers to conditions that exist in
the plotter when it is first turned on. Default also vefers to the value of
a parameter if you do not specify a different value.

Initialize — to set the plotter to all of the conditions that exist when it
is first turned on. You can initialize the piotter by turning it on and off,
pressing RESET on the front panel, or executing the initialize instruction,
IN.

Becaling — dividing the plotting area into units convenient for your
application.

Scaling Points — points that are assigned the user-unit values specified
by the parameters of the scale instruction, SC. These points are known
as-P1 and P2, and define diagonally opposite corners of a rectangular
area. The locations of the points can be defined with the input P1 and
P2 instruction, IP.

User Units - the units that you specify with the scale instruction, SC.

Piotter Uniis — the fixed units that the plotter understands. Each
plotter unit is 0.025 mm; alternatively, 40 plotter units = 1 mm, or 1016
plotter units = 1 in.

NOTE: For more information on the basic concepts of scaling, refer to
the Scaling, User Units, and Plotter Units discussions in Chapter 2.

5 HP-GL Syntax

Each HP-GL instruction begins with a twoletter mnemonic, which
may be upper- or lowercase. If parameters are required following the
mnemonic¢, they must be separated from each other by at least one
comma or space.

In both the HP-IB and RS-232-C interface configurations, HP-Gl instruc-
tions are terminated by a semicolon or the first letter of the next
mnemonic. In the HP-IB configuration, HP-Gl. instructions are also
terminated by a line feed.

In either interface configuration, carriage-return characters are ignored,
except as label characters or as an output response terminator in an
RS5-232-C configuration. The label instruction, LB, buffer label instruc-
tion, BL, and write to display instruction, WD, are special cases: each
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must be terminated with the label terminator character. This character
defaults to the ASCIH end-oftext character, ETX {decimal code 3}, but
may be changed from its default value using the define texminator in-
struction, DT.

Only the terminator and the separators between parameters are re-
quired. Other separators may be inserted, as shown in this diagram.

INSTRUCTION PARAMETER FIELD
MNEMONIC {AS REQUIRED} MANDATORY
B —
L]
Sep X Sep X Sep Parameter Sep Parameter Sep Terminator
B wud B
1 LT .
1
OPTIONAL SEPARATORS ™ REQUIRED SEPARATOR
0 OR MORE COMMAS {1 OR MORE COMMAS
AND/OR SPACES) AND/OR SPACES)

To help you learn to recognize the mnemonics and their separators, the
syntax examples in this manual do not add separators between the
letters of the mnemonic. Also, parameters are separated by commas
{but you can use spaces instead of commas).

Omitting Optional Parameters

Some instructions have optional parameters which, when omitted,
assume a default value. In order to omit a parameter, all subsequent
parameters in the same instruction must be omitted. (The only
exceptions are the pen conirol parameters in the user-defined character
instruction, UC, and the define downloadable character instruction, DL.)

For example, the fill type instruction, FT, has three optional parameters.
If all three are included, the usual way to send FT to the plotter might be:

FT 3,100,45;
(In this example, commas are used as parameter separators. Spaces may

be used instead.) If you were to omit the second parameter, you must also
omit the third parameter. Thus, vou would send:

FT3; (not FT 3,,45; )
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PRELIMINARY SETUP USING HP-GL  3-3



Paranieter Formats

The parameter fields must be specified in the format defined by each
respective HP-GL instruciion {as shown in the syniax table accompany-
ing each instruction’s description throughout this manual). The format
can be of three types:

1. Integer: The parameter must be an integer between —2% and 22 —1
after rounding (2% = § 388 608). If the parameter must be an integer
and you specify a decimal number, rounding is automatically
performed. If the first digit after the decimal point is = 5, positive
parameters are incremented by 1 and negative parameters are decre-
mented by 1. If no sign is specified, the parameter is assumed to be
positive; e.g., 10085 is rounded to 1008 while —1008.6 is rounded
to —1009.

2. Decimal: A number where the integer portion is between —22 and
9222 —1, and the optional decimal fraction has a maximum of §
significant digits, The decimal point may be omitted when no
decimal fraction is specified. If no sign is specified, the parameter is
assumed to be positive,

NOTE: If a parameter can be in decimal format and scaling is on
{i.e., you are using user units), the plotter uses the full decimal frae-
tion {up to 8 digits) for moving the pen. However, if a parameter can
be in decimal format and scaling is off (i.e., you are using plotter
units}, the plotter will only move the pen to the point indicated by
the integer portion of the decimal parameter. This is because the
smallest move the plotter can make is 1 plotter unit (not a fraction of
a plotter unit). However, note that the plotter still monitors the pen
position using the complete decimal number (including the fractional
portion). This can affect future pen positions, particularly if you are
specifying a series of relative pen moves. For example, if you tell the
plotter to move to the point 0.6,0.6 relative to the current pen
position, the pen will not move (the integer position is 0, 0). However,
if you next tell the plofier to make an additional move to the relative
point 0.7,0.7, the pen will move. The monitored cumaulative move is
to the point 1.83,1.3 (0.6 + 0.7 = 1.3), but the pen will move only to the
point indicated by the integer portion, e, 1,1. %

3. Label: Any sequence of characters. Refer to The Label Instruction, LB,
(Chapter T) for a complete description.
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Notations Used in This Manual for Expreséing Syntax

The syntax shown under the description for each HP-GL instruction
uses the following notations:

MNemonic — For readability, the mnemonic is shown upper-
case and separated from the parameters and/or
terminator.

required parameier — All typeset items are required parameters.

( 3 — All items in parentheses are optional.
e...c — Any number of labeling characters.
(nr ) — Any number of the specified parametef {there

must be an even number of XY coordinates in
order to have complete XY coordinate pairs).

term — Required terminator. A semicolon or the next
mnemonic are valid terminators. For HP-IB con-
figurations, a line feed (LF) is also valid.

[TERM] — The output terminator. For HP-IB configura-
tions, all output responses include a carriage
return and line feed [CR LF] as a terminator.
For RS-232.C configurations, all cutput responses
include a terminator as defined by the set out-
put mode instruction, ESC . M (refer to Chapter
16). The default output terminator is a carriage
return [CR].

NOTE: The output terminator, denoted by [TERM] is sent from the
plotter to the computer at the end of a response to an output instruction.
This differs from the HP-GL terminator, denoted by term, which indi-
cates the end of an HP-GL instruction sent to the plotter from the
computer. You will learn more about output instructions and output
terminators in Chapter 13. m
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Compatibility with Syntax of Other HP-GL Plotters

The syntax rules implemented on the HP 7550 are extremely flexible
and backwards compatible with the HP 7470, 7475, 7580, 7585, and
7586 graphics plotters. However, if you are interested in writing soft-
ware to drive all of these plotters, you should note the minor differences
In syntax, as listed next.

e Separators — The HP 7550 and all of the above plotters allow a
comma or space as a separator. However, the HP 7470 and 7475 both
additionally allow a+ or — sign as a separator,
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# Terminators — The HP 7550 allows the same terminators as the above
plotters.

Also note that the flexible syntax of all of the above plotters will not be
able to drive earlier plotters such as the HP 9872, If you wish to write
software that will drive earlier HP plotters, you should use the more
rigorous syntax of the HP 9872, which is shown next.

XX Parameters (,Parameter) [;]

ENSTRUGTION —mmne | N TERMINATOR #
L OPTIONAL PARAMETER

The HP 9872 syntax totally ignores spaces. It does not allow commas
between the characters of the mnemonie; only one comma must separate
parameters, and only a semicolon or, in the HP-IB environment, a LF
may be used as the terminator. In addition, parameters requiring integer
format may not contain a decimal point or decimal fraction.

NOTE: The HP 7550 plotter implements an expanded HP-GL instruc.
tion set. Thus, some HP plotters may not respond to all of the instruc-
tions that the HP 7550 implements. In addition, some parameters and
parameter formats may be interpreted slightly differently. m

A Note about HP-GL Errors

If you execute an instruction that has errors in syntax or parameters,
the plotter informs you by displaying an error message on the front
panel. The error message remains on the front-panel display until you
press a front-panel key or read the error number using the output error
instruction, OE (presented in Chapter 13).

The following table provides a summary of the types of conditions that
can cause an error. (This table also appears in Appendix B.) In addi-
tion, the descriptions of each HP-GL instruction throughout this manual
provide tables that show the condifions that are most likely to cccur with
the particular instructions. Note that sending an instruction without
parameters never causes an error condition, Instead, the instruction
will either be ignored or it will be executed with default parameters,
depending on the particular instruction.

*In an HP-IB environment, a LF may also be used for the terminator.
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HP-GI. Eyxrors

Displayed | Usual .
Error Message Plotter Reaction Possible Cause
1 Command not | Ignores the A mnemonic is in-
recognized instruction correct or missing;
an alphabetic char-
acter was specified
in a parameter when
a numeric character
was expected.*
2 Wrong number | H too few param- Too few or toomany
of parameters | eters, ignores the parameters; an
instruction. If too ‘incomplete X, Y
many parameters, coordinate pair.
executes theinstruc-
tion with the correct
number of param-
eters and ignores
the rest.
3 Bad parameter | Ignores the A parameter is out-
ingtruction ofrange.**
4 {unused) {unused) {unhused)
5 Unknown Ignores the A set other than—1,
character set instruction 0-9, 10-19, 30-39, or
40-49 has been
designated or
invoked.
6 Position Ignores the A single label is s0
overflow mstruction long that it exceeds
the plotter’s
numeric range.

*Check for typographical errors in the mnemeonie and the parameters {a common mistake
is to type O for 0, or vice versa). Also, check to be sure instructions arve not being terminated
prematurely. For example, if you are using an HP-IB configuration, check to be sure the
computer is not inserting line feeds (1F) in the middle of a string of instractions. If an
instruction is terminated after the mnemonic and before the parameters, the subsequent
receipt of the parameters without a mnemonic will cause error 1.

**Check each parameter range for the instructions that are suspected of causing the ervor,
Parameter ranges are listed at the beginning of each instruction’s discussion throughout
this manual, as well as in Appendix C.

{Table continued)
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HP-GL: Errors (Continued)

_ Displayed Usual .
Error Message Plotter Reaction Possible Cause
7 Buffer Excecutes the data | One of the graphics
overflow that fits in the memory buffers
affected buffer does not have
and ignores the enough space
data that overflows | allocated. ™

s+:(heck buffer allocations. Refer to The Allocate Configurable Memory Instruction,
ESC.T, in Chapter 14 for information on the plotier’s buffers.

The Default Instruction, DF

USES: The DF instruction sets certain plotter functions to predefined
default conditions. Use this instruction to return certain HP-GL instruc-
tions to a known state while maintaining conditions that may have been
set from the front panel. This assures that unwanted graphics param-
eters such as scaling or character size are not inherited from another
program, but that operator-set conditions such as pen speed and force
remain unchanged.

SYNTAX: DF term

EXPLANATION: No parameters are used. However, the terminator
must be included to complete the instruction. If parameters areincluded,
error 2 is generated and the DF instruction is executed anyway.

The plotter functions affected by the DF instruction are listed in the

following table.
. Equivalent Default
Function Instruction Condition
Pen control AP; Automatic as follows:
® Lift or store a motionless pen
after 15 seconds for transpar-
ency fiber-tip pens or drafting
pens, or after 65 seconds for
paper fiber-tip pens and roller-
ball pens
o Select pen only when required
to draw
Label buffer BLETX Cleared
Alternate set CAQ; Character set 0

(Table continued)
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Funection Equivalent - Default
‘ Instruction Condition
Character CM; HP 7-bit mode
selection mode
Standard set CS0; Character set 0 _
Chord tolerance | CT; Set to angle mode for AA, AR,

Character chord
Digitize clear

Downloadabie
character buffer

Relative direction
L.abel terminator

Extra space

Fill type, spacing,
and angle

Mask value
Input window

Label origin

Line type and
pattern length

Plotting mode
Polygon mode
Pen thickness
Scaling
Character slant

Symbol mode

CC;
DC;
DL;

DR1,0¢;
DT
ES0,0;

IM223,0,0;
Iw;
1.O1;

Ir;

PA;
PMO; PM2;
PT;
8C;
SLO;
SM;

CI, and WG instructions

Set variable-space font chord
angle to 5 degrees

Clear DP instruction and return
to current display

Cleared

Horizontal characters
ETX (decimal code 3)

No extra space between
characters

¢ Type 1, solid bidirectional fili

® 1% of the diagonal distance
between P1 and P2

¢ () degrees

Recognizes all defined errors
Set to hard-clip limits

Standard labeling starting at
current position

¢ Typel, solid line
& 4% of the diagonal distance
between P1 and P2

Absolute

Polygon buffer cleared
0.3 mm

User-unit scaling off

0 degrees

Off

{Table continued)
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Function Eguivalent Defauit
Instruction Condition
Relative size SR, ¢ Character width = 0.75% of
|P2x— Ply|
¢ Character height= 1.5% of
P2y — Ply|
Select set S5 Select standard character set
Tick length TL; tp= tn= 0.5% of |P2x — P1x| for
Y-tick and 0.5% of |P2y— Plv for
X-tick
User-defined UF; Solid bidirectional fill
fill type

The following conditions are also established:

¢ The carriagereturn point for labeling instructions is updated to the
current pen position.

¢ PD and PU instructions with parameters are defaulted to be forms of
the PA instruction.

e Although character size is defaulted as if “SI;” were executed, subse-
quent changes to the scaling points P1 and P2 will cause the character
size to vary as if “SR;” were executed.

The following plotter functions are not affected by a DF instruction:
® Locations of P1 and P2

¢ Current pen and its position

¢ Pen speed, force, and acceleration

¢ O0-degree rotation or axis alignment

e Curved line generator (CV instruction)

& Seiting of these front-panel conditions: AUTO FEED key, standard/
enhanced, HP-IB address, eavesdrop/standalone, handshake, modem/
direct, full/half duplex, parity, 7-bit/8-bit, and baud rate

® Function key definitions established by the KY and WD instructions
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R The Initialize Instruction, IN

UUSES: The IN instruction returns most plotter settings to their initial
power-on conditions. Use this instruction to return the plotier 1o a
known state and to cancel most conditions that may have been set
from the front panel. In this manual, the program examples begin with
IN to clear unwanted graphics parameters from the previous program.
The IN instruction is equivalent to pressing RESET on the front panel.
This instruction has no effect on handshake protocol in any RS5-232-C
environment, but does clear any existing 1/0 error condition. It also
has no effect on buffer sizes changed by the ESC.T or GM instruction.
Any program that changes buffer sizes should return them to their
defaults at the end of the program.

SYNTAX: IN term
or
IN ~1 term

EXPLANATION: If parameters other than —1 are included, error 2
is generated and the IN instruction is executed anyway.

The IN instruction sets the plotter to the same conditions as the default
instruction, DF, and sets these additional condifions:

e Raises the pen graphically and physically.
& Cancels 90-degree rotation.

® Sets default pen speed, force, and acceleration values in accordance
with the carousel installed in the plotter.

e Sets bit position 3 of the status word to 1 (to indicate the plotter has
been initialized).

& Clears any HP-GL (graphics) error condition.

@ Clears lost mode {refer to Relationship of Plofting Instructions and
Graphics Limits in Chapter 4).

T
&
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¢ Clears the display and removes any function key definitions estab-
lished by the WD and KY instructions.

@ Sets the group count to 0 (GC instruction).
® Turns off the curved line generator (CV nstruction).

e Returns P1, P2, and the axis-align point to the X,Y coordinate values
that were set when the paper limits were established. However, any
existing axis alignment is maintained.

The IN —1 instruction resets all of the above conditions except the pen
control (AP instruction) settings.
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MNOTE: If an axis alignment has been set, only P1 will return to its
default physical position on the paper. The hard-clip limits are still com-
pressed, and P2 and the axis-align point will be rotated from their
default physical positions by an amount corresponding to the axis
alignment. Axis alignment is described in the Operation and Intercon-
nection Manual. W

An IN instruction is equivalent to switching the plotter off and then on
again, except that axis alignment is not changed and buffer sizes are
not reset. Remember that the following front-panel functions are stored
in the plotter’s continuous memory; neither an IN instruction, nor
switching power off and on, affects the current setting of these func-
tions: AUTO FEED key, standard/enhanced, HP-IB address, eavesdrop/
standalone, handshake, modem/direct, full/half duplex, parity, 7-bit/
8-hit, and baud rate.

The Input P1 and P2 Instruction, IP

USES: The IP instruction aliows you to establish new or default loca-
tions for the scaling points P1 and P2. P1 and P2 are used by the scale in-
struction, 8C, to establish user-unit scaling. The IP instruction is often
used to ensure that a plot is always the same size, regardless of how P1
and P2 might have been set from the front panel. This instruction 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: IP Plx, Plv{, P2, P2v) term

or

P term
Parameter Format Range Default
X-and Y- integer —2B o 28 1 depends on
coordinates plotter units paper size

EXPLANATION: IssuingIP withoutparameters (IP ;) sets Pland P2
to the default positions established by the current paper size, adjusied by
any current axis alignment or coordinate-system rotation. The default
coordinates of P1 and P2 when neo coordinate-system rotation has
occurred are listed in the following table. (If axis alignment has occurred,
P1 and P2 might be adjusted by a few plotter units. Axis alignment can
only be accomplished with the ALIGN function key; refer io the Operation
and Interconnection Manual.)
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Default
Paper {in Plotter Units)
Size
Pix,Ply P2y, P2y
A3 380,430 156580,10430
Ad 430,200 10430, 7400
A 80,320 10080, 7520
B 620,80 156820,10080

NOTE: If an IP instruction is execuied without parameters after the
coordinate system has been rotated 90 degrees by the front-panel
ROTATE-90 function key or the RO 90; instruction, the default locations
of P1 and P2 are changed to reflect the rotation. The X- and Y-coordinates
for each scaling point are reversed. For example, IP; after a 90-degree
rotation on A-size paper sets P1 to be 320, 80 and P2 to be 7520, 10080.

Specifyving the P2 XY coordinates is optional. However, if they are not
specified, then P2{racks P1 and its coordinates change so that the X-and
Y-distances between P1 and P2 do not change. P2 could become located
outside the hard-clip limits when this happens. (The axis-align point
always tracks P1, and its coordinates change when Pl moves.) This
tracking phenomenon is usefu] for preparing more than one equal-sized
plot on one page. For an example, refer to Technigques for Changing the
Plotting Area in Chapter 9.

If you specify both P1 and P2 coordinates, and either coordinate of P2 1s
set equal to the corresponding coordinate of P1, then the plotier incre-
ments that coordinate of P2 by one plotter unit. For example, suppose you
specify IP 0, 1000,500, 1000 ;. The plotter increments the Y-coordinate of
P2 ag if you had specified [P0 1000,500,1001;,

The usual orientation of P1 and P2 is for PI to define the lower-left
corner of a rectangular area (“lower-left” is with relation to the origin
0,0, which is in the lower-left corner of the page), and for P2 to define
the upper-right corner. It is possible to specify coordinates such that P1
and P2 define different diagonal corners (e.g., P1 is lowerright and P2
is upper-left). If so, and scaling is on, the plot will be reversed and/or
turned upside down (this is called a mirror image). These possibilities
are discussed in Chapter 9. It is also possible to set P1 and P2 to be
outside the hard-clip imits.

The IP instruction remains in effect until another IP instruction is
executed, P1 and P2 are changed from the front panel, or the plotter is
initialized.
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The Scale Instruction, SC (presented next in this chapter), shows exampies
of changing the locations of P1 and P2. Many other examples through-
out this manual also use IP to change P1 and P2.

The following table summarizes the possible error conditions or un-
expected results that yvou might observe with the IP instruction.

Condition Error Plotier Response

no parameters none establishes default P1 and
P2 for paper size, adjusted
by any axis alignment or .

rotation
Pix=P2; or Ply = P2y none mcrements P2x or P2y
by 1
1 or 3 parameters 2 ignores instruction
more than 4 parameters 2 executes first 4 parameters
parameter out-of-range 3 ignores instruction

The Scale Instruction, SCt

USES: The SC instruction establishes a user-unit coordinate system
by mapping values onto the scaling points P1 and P2. Thus, you can
plot in user units convenient to your application. In addition, you can
use this instruction to establish automatic isctropic scaling or to relocate
the origin and set a specific ratio of plotter units fo user units. For a
discussion of the concept of scaling, refer to Scaling in Chapter 2.

SYNTAX: SC  Xain, Xoax, Yonins Ymax G type(, left, bottom)) term
or -
SC Xmin, Xfacmr, Ymin, Yfactor, 2 term

Parameter Format Range Default
Kinin decimal —9% 10 2% —1 none
X max decimal -2 0 22 —1 none
Yomin decimal 928 g 288 1 none
Yinax decimal —223 4 2% —1 none

(Table continued)

+Thig instruction applies to plotters whose serial number prefix is 2629A or higher. If
the serial number prefix is 2520A or lower, refer to Appendix A for the 8C instruction for
vour plotter.
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Parameter Format Range Default
tvpe nteger Oand1 0
left decimal 0 to 100% 50%
bottom decimal 0 to 100% B0%
Xtactor decimal 0.1 t0 22 -1 none
Yeuctor decimal 0.1 to 2% —1 none

EXPLANATION: The Scale instruction comes in two forms. The
Xinin, Xmax, Ymin, Ymee DArameters represent the X- and Y-axis ranges,
respectively. As a result, the first and third parameters (Xni, and Vi)
in these ranges are the coordinate pair that is mapped onto P1; the
second and fourth parameters (Xue and Yuma.) are the coordinate pair
that is mapped onto P2. (This is different from the IP instruction,
where the parameters are expressed as XY coordinate pairs rather
than as ranges.)

As their names suggest, you will normally want to specify Xuiw smaller
than Xuey, and Yo smaller than Y. However, it is permissible to
specity X larger than Xmw and Yo larger than Yo.,. (If you do this,
your plot could be drawn as a mirror image — reversed and/or upside
down — depending on the relative positions of P1 and P2)) X, cannot
be set equal t0 X, and Ymn cannot be set equal to Yyax.

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 distance between P1 and P2 after an SC
mstruction is executed.

The optional type, left, and bottom parameters allow you to specify
anisotropic or automatic isotropic scaling. Anisotropic scaling (type
parameter = 0) is the default setting and allows a user unit to be a
different size along the X-axis and the Y-axis. If your plot includes
letters or shapes such as circles, they will be distorted if your scaling is
anisotropic. For example, a circle will turn out as an ellipse (egg-shaped)
rather than a circle,

Isotropic scaling means the user unit is the same size on the X- and the
Y-axis. You can set isotropic scaling manually by setting P1 and P2 so
that they define a square area (refer to Appendix A for more information
on manual methods of establishing isotropic scaling). The easiest way,
however, is to set it automatically using the type parameter. When the
type parameter equals 1 and the plotter encounters a CI circle, PM
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polygon, SR character size, DR label direction, LT pattern length, or TL.
tick length instruction -— it will automatically create the largest square
(isotropic) plotting area that will fit in the current P1,P2 plotting area
and use the isotropic area for plotting.

Normally, the isotropic area is centered with the blank space equally
divided between left and right or top and bottom; e.g., the defaults of
the left and bottom parameters of 50%. You can however, move the
isotropic area around in the P1,P2 plotting area using the left and
bottom parameters. The left parameter indicates the percentage of the
blank space on the left of the isotropic area; the bottom parameter
indicates the blank space below the isotropic area. For example,
SC 0,500,0,1000,1,0,0 would establish P1 as 0,0, P2 as 500, 1000,
isotropic scaling, and locate the plotting area in the bottom left-hand
corner of the P1, P2 plotiing area.

The second form of the scaling instruction allows you to shift the
plotter-unit origin (0, 0) relative to P1 while maintaining a specific ratio
of plotter units to user units. The position of P2 is irrelevant with this
form of scaling. Xmin and Yuwin are the user-unit coordinates of P1. Xpwior
represents the number of plotter units per user unit on the X-axis; Yecor
represents the number of plotter units per user unit on the Y-axis. For
example, SC 0,40,0,40, 2 allows metric scaling since 1 millimetre = 40
plotter units. Each user unit will be 1 millimetre. SC 0,1.016,0,1.016,2
allows scaling in thousandths of an inch since 1 inch = 1016 piotter
units. Each user unit will be 0.001 of an inch. SC 600,1,600,1,2 shifts
the plotter-unit origin to the lower-left corner while maintaining user
units the same size as plotter units. This allows you to plot to the lower-
left corner without using negative coordinates.

While sealing is on (ie., after an SC instruction has been executed),
only those plotting instructions that can be issued in “current units”
are interpreted as user units; all instructions that can only be issued in
plotter units are still interpreted as plotter units. (The table in the
SYNTAX section of each instruction tells you what kind of units each
parameter requires.)

An SC instruction without parameters (SC;} turns off user-unit scaling;
all subsequent plotting instructions will then be interpreted in plotter
units.

The table on the next page summarizes the possible error conditions or
unexpected results that you might observe with the SC instruction.
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Condition Error Plotter Response

no parameters none | turns scaling off

more than 7 parameters 2 executes first 4 parameters
less than 4 parameters 2 ignores instruction

Kinin = Kinas 0F Yiin = Yomax 3 ignores instruction

type other than 0 or 1 or
parameter out-of-range

Remember that the SC parameters are mapped onto the current loca-
tions 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 —1,8.5 to the point 5.5,1.5 as
illustrated below.

"IP 2000,2000,8400,6000;"

"SC 0,5,0,5;"
7 -
A-SIZE
B . ™ PAPER EDGE
HARD-CLIP o
FTLIMITS F;

33
i

’519 = 0,0 (USER UNITS)
2000, 2000 (PLOTTER UNITS)
g:z; 5,5 (USER UNITS)
8400, 6000 (PLOTTER UNITS)

ol
T
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.
-
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e
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b
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The Graphics Memory Instruction, GM

USES: The GM instruction allocates memory to four of the five sepa-
rate buffers in the configurable graphics memory. Use this instruction
to change buffer sizes when your program includes any of the following
HP-GL. instructions: polygon mode instruction, PM; downloadable
character instruction, DI; replot instructions, BF and RP; curved line
generator mstruction, CV, '

SYNTAX: GM (polygon buffer) {, downloadable character buffer)
(, replot buffer) (, vector buffer) term

Parameter Format Range* Defaunlt
polygon buffer integer | 4-12752 bytes 1778
downloadable character buffer | integer | 0-12754 bytes 0
replot buffer integer | (-12750 bytes 90564
vector buffer ' integer | 44-12794 bytes 44

*Range values assame the defaunit /0 buffer size of 1024 bytes.

EXPLANATION: The configurable graphics memory is an area in
the plotter reserved for temporary data storage. The memory can store
up to 12800 bytes of information. Storage is divided between five
buffers: physical I/0 buffer, polyvgon buffer, downloadable character
buffer, replot buffer, and vector buffer.

You can change buffer sizes with either of two instructions: the graphic
memory instruction, GM, or the allocate configurable memory instruc-
tion, ESC.T. The ESC.T instruction is a device-control instruction that
allocates memory to all five buffers. Each of the buffers is described in
detail under The Allocate Configurable Memory Instruction, ESC. T, in
Chapter 14. Refer to these descriptions for information about GM
parameters.

In comparing the GM and ESC.T instructions, note that GM first
clears all the buffers, then allocates memory to four of the five buffers;
unlike ESC.T, the GM instruction does not change the size of the
physical 170 buffer. The number of bytes available to the remaining
four buffers depends on the current size of the physical /O buffer.
(Unless you or someone else changes memory allocations, the physical
I/0 buffer will be set at its default value, 1024 bytes.)

The combined default values of all five buffers equals the total storage
capacity of the configurable memory, 12800 bytes. So, when you increase
one buffer above its default value, you must “borrow” byles from
another or you will exceed the memory limits. When this happens, the
plotter uses an algorithm to reduce the largest parameters. (The algo-
rithm is described at the end of the ESC. T instruction in Chapter 14}
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Each parameter in the GM instruction reflects the number of bytes
assigned to a specific buffer. A buffer must remain within the size
range listed in-the previous table. If you specify fewer bytes than the
‘minimum, the plotter allocates the minimum. If you specify more bytes
than the maximum, the plotter will perform the algorithm and reduce
the buffer’s size accordingly. When a GM parameter is omitted, the
plotter assigns the default value to the corresponding buffer. A GM
instruction without parameters sets the four buffers to their default
values.

The memory allocations you assign remain in effect until one of the
folowing conditions occurs:

© The plotter is turned off. When the plotter is turned on again, the
buffers are automatically cleared and set to default vailues,

® The plotter receives the reset instruction, ESC. R. This instruction
clears all buffers and defaults buffer allocations.

¢ The plotter receives a GM or ESC. T instruction with different memory
allocations, Each new memory allocation instruction clears the buffers
before allocating memory.

The following table summarizes the possible error conditions or un-
expected results that you might observe with the GM instruction.

Condition Error Plotter Response
o
too many parameters 2 ignores extra parameters @ _
parameters’ sum 3 performs algorithm and reduces Q
exceeds 12800 bytes parameters accordingly el
H 5
buffer overflow 7 executes data that fits in affected E— '
buffer and ignores the data that 8
overflowed 2 |

Hints for Using the GM Instruction

Send GM at the beginning of a program, before you send the HP-GL
instructions that draw your plot. If the buffers receive plot information
before memory has been allocated, all data stored in them will be lost
when they are cleared by GM.

Allocate memory with GM when your computer cannot read an output
statement; otherwise, allocate memory with ESC.T. The ESC.T in-
struction allows you to control the size of all five buffers, However, to
avoid losing data, when you send ESC.T you must also precede and
follow it with ESC.I. The ESC.L instruction generates an output
statement that must be read by your computer.
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To check memory allocations, send the output configurable memory
gize instruction, ESC. S, described in Chapter 14. The ESC. S instruction
outpuis the total number of bytes allocated in the configurable graphics
memory, or the number of bytes in any of its buffers.
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Chapter 4‘

Pen Control and
Plotting

-~ What Yow’ll Learn in This Chapter

Now that vou understand the unit systems in which data can be
represented, you are ready to create plots. In this chapter, you will iearn
how to select or change pens, how to raise and lower the pen, and how
to plot lines. You will also learn what happens when you try to plot
beyond the graphics limits, and how to send variables as part of a
plotting instruction.

HP-GL Instructions Covered

SP The Select Pen Instruction
PU The Pen Up Instruction

PI} The Pen Down Instruction
PA The Plot Absolute Ingtruction
PR The Plot Relative Instruction

Terms You Should Understand
Point — an X,Y coordinate pair.

Absolute Plotting - plotting to a point whose location is specified with
respect to the fixed origin (0,0). This concept is described in detail
under Absoclute and Relative Movement in Chapter 2,

Relative Plotting — plotting to a point whose location is specified
relative to the current pen position. This concept is described in detail
under Absolute and Relative Movement in Chapter 2.

Current Units — plotter units (if scaling is off) or user units {f scaling
is on). Scaling is on when an SC instruction with parameters has been
executed; otherwise, scaling is off. For discussions of plotter units, user
units, and scaling, refer to Chapters 2 and 3. The parameters of some
plotting instructions can be interpreted as plotter units or user units
(depending on whether scaling is off or on). If this is the case, the
descriptions of parameter ranges in this manual indicate “current
units.”
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Constant — a number that has a fixed value. The coordinates of the
point 10, 20 are constants.

Variable — a symbol that represents a value and can be changed. The
coordinates of the point XY are variables. To define the values for the
variables, you would need expressions such as X =25 and ¥ = 35.

The Select Pen Instruction, SP

USES: The SP instruction moves pens between the carousel and the
pen holder. Use this instruction to load a pen into the pen holder so
that drawing will occur. You can also use it to select pens of different
colors or widths during a plotting program. Then, use SP at the end of
a program to return the pen to the carousel.

SYNTAX: SP pen number term

or
SP term

Parameter Format Range Default

pen aumber integer 0-8 4]

EXPLANATION: The pen number parameter corresponds to the
pen numbers marked on the carousels. The pen number is interpreted
as follows:

1. Pen Number = 1-8, Pen numbers 1 through 8 cause the appropriate
pen to be placed in the pen holder. If there is currently a pen in the
holder, this pen is stored before the new pen is selected. When
selecting a pen, the SP instruction is ignored in these cases: there is
no pen in the selected stall, a pen number larger than 8 is selected, or
there is no carousel in the plotter. After selecting a new pen, the pen
holder returns to the current graphics position.

2. Pen Number = 0 or No Parameter. Pen number 0 (or no parameter)
returns the pen currently in the pen holder to the stall from which it
came, if possible. If the stall is occupied, the pen is placed in the
vacant stall with the lowest number. The SP; instruction is ignored
if there are no vacant stalls, or if there is no carousel in the plotter.
After storing a pen, the pen holder remains by the carousel, but the
current graphiecs position does not change,

An 5P ingtruction remains in effect until the plotter is initialized, a new
pen is selected, or the current pen is returned to a stall in the carousel.
Pens can be selected and returned by using the front-panel controls or
by executing valid SP instructions.
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NOTE: When bit 2 of the pen control word is set (refer to The Automatic
Pen Operations Instruction, AP, in Chapter 10), the pen is not selected
in response to an SP instruction until it is needed to draw. This is the
case when the plotter is first turned on or set to default conditions with
the DF or IN instructions. ®

The following table summarizes the possible error conditions or un-
expected results that you might observe with the SP instruction.

Condition’ Error Plotter Response
no parameter - none returns pen to stall,
-} if possible
pen number less than 0 3 ignores instruction
pen number greater than 8 none ignores ingtruction

The Pen Instructions, PU and PD

USKES: The pen up instruction, PU, raises the pen; the pen down in-
struction, PD, lowers the pen. Use PU or PD with parameters to move
or draw to the points specified by the parameters.

SYNTAX: PU X-coordinate, Y-coordinate(,...) term
or
PU term

and

PD  X-coordinate, Y-coordinate (,...) term

or
PD  term
Parameter Format Range " Default
X-and Y- decimal —2% tp B 1 none
coordinates current units

EXPLANATION: The PU and PD instructions are interpreted as
follows:

1. X- and Y-coordinates. When parameters are included, PU and PD
are inferpreted as forms of one of the plot instructions, PA and PR,
depending on which (PA or PR) was the most recent plot instruction.
(If no plot instruction has been previously executed, PA is assumed.)

For example, if you execute PDX,Y; and absolute plotting is in
effect, the X,Y coordinates are interpreted as absolute coordinates.
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Similarly, if relative plotting is in effect, PD X, Y ; causes the plotter
to draw to the relative point X, Y. For complete information o how
the parameters are interpreted, refer to The Plot Absolute Instrue-
tion, PA, and The Plot Relative Instruction, PR, located next in this
chapter.

2. No Parameters. The PU instruction without parameters raises the
pen without moving the pen to a new location. Similarly, the PD
instruction without parameters lowers the pen without moving the
pen to a new location. However, the pen is physically lowered only if
it is within the current graphics limits (window) and is not in the
“up” portion of a dashed line pattern. Executing a PU or PD instruc-
tion without parameters is the same as pressing the PEN-UP or PEN-DN
function keys on the front-panel display.

The Plot Absolute Instruction, PA

USES: The PA instruction establishes absolute plotting mode and
moves the pen to the specified poini(s). You can wuse this instruction
with PU to move to a point with the pen up, or with PI) to plot to a
point with the pen down.

SYNTAX: PA X-coordinate, Y-coordinate{,...) term

or

PA term
Parameter Format Range Default
X-and Y- decimal —P% 4o 28— 1 none
coordinates current units

EXPLANATION: The PA instruction is interpreted as follows:

1. X- and Y-coordinates. The X- and Y-coordinates specify the absolute
position to which the pen will move. Both coordinates of each pair
must be specified, and you may specify as many coordinate pairs as
you wish. (This is limited only by the ability of your controller to
output long strings.)

When you include more than one coordinate pair, the pen moves to
each point in the order given, using the current up/down status. The
up/down status is based on the most recent PU or PD instruction.
This concept is discussed in the next section, titled Plotting with PA,
PU, and PD.

The coordinates are interpreted as user units if gcaling is on, or as
plotter units if scaling is off.
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2. No Parameters. The PA instruction without parameters establishes
absolute plotting mode for subsequent PD or PU forms of the PA
instruction.,

The following table summarizes the possible error conditions or un-
expected results that you might ohserve with the PA instruction.

Condition Exror Plotter Response
no parameters none establishes plot absolute mode
odd number of 2 executes each coordinate pair;
coordinates ignores extra coordinate
parameter out-of-range 3 | ignores wrong coordinate and

the rest of the instruction

lost mode none conforms to the conditions-
described under Relationship
of Plotting Instructions and
Graphics Limits later in

this chapter

Plotting with PA, PU, and PD

As mentioned previously, the PA instruction moves the pen to the
specified point(s) using the current pen up/down status. At power-on,
after a front-panel reset, and after an IN instruction, the pen is up.
Therefore, the following string of instructions will cause the pen to
move to the point 2000, 2000 without drawing a line.

"IN; SP1;PA2000, 2000; "

Now, in order to draw from that point to another point, you must put
the pen down. The following instructions draw a line from 2000, 2000 to
5000, 50060,

“IN; SP1;PAZO00, 2000; PIS000, 5000; "

Note that PD was used to do absolute plotting, This is equivalent to
issuing these separate instructions:

"IN} SP1;PARZOGO, 2000 PD; PRSO0O, S000;"

You can also msert PD or PU within a list of XY coordinate pairs.
When you do this, commas or spaces are required between numeric
parameters, but are optional before and after the two-letter mnemonics.
You must include the required terminator after the last entry. In the
following example, the comma is used to indicate the optional separators
and the semicolon is used to indicate the required terminator,
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PA,X},YI,PD,XZ,Y2;X3;Y3:PU1X’§5Y4;

l ] I t 1 OPTIONAL

The following BASIC program illustrates the concepts of using PA, PD,
and PU to draw two triangles. The resulting plot is also shown, along
with coordinates and arrows showing pen direction.

Line 10 of the program identifies the plotter as the system printer; this
is because the PRINT statement is used to send the strings of HP-GL
instructions to the plotter. Change the first line and the PRINT statements
as necessary for your computer. Before running the program, be sure
paper is loaded in the plotter.

10 ‘Insert configuration statement here

20 PRINT #1, "IN;SP1;PR2G0OG,1500;"

30 PRINT #1, "PDO,1500,2000,3500,2000,1500;"

40 PRIWNT #1, "PUZS00,1500;" _

50 PRINT #1, "PD4500,1500,2500,3500,2500,1500;"
50 PRINT #1, "SPO;"

70 END

(2000,3500) {2500, 3500

N

N

{0, 1509) (4500, 1500)
15T START 2ND START
AND END . AND END
{2000, 1500) {2500, 1500)

The Plot Relative Instruction, PR

USES: The PR instruction establishes relative plotting mode and
moves the pen to the specified point(s), relative to the current pen position.
You can use this instruction with PU to move to a point with the pen up, or
with PD to plot to a point with the pen down.
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SYNTAX: PR X-increment, Y-increment(,...) term

or

PR term
Parameter | Format ‘Range Default
X-and Y- decimal —2¥t02%—1 none
increments current units

EXPLANATION: The PR instruction is interpreted as follows:

1. X- and Y-increments. The X- and Y-increments specify the position
to which the pen will move, relative to the current pen position. The
X-increment specifies the number of units for the pen to move in the
direction of the X-axis; the Y-increment specifies the number of units
for the pen to move in the direction of the Y-axis, The signs of the
increments determine the relative direction in which the pen moves;
a positive value moves the pen to the right for X-increments and up
for Y-increments, and a negative value moves the pen to the left for
X-increments and down for Y-increments. Refer to Absolute and
Relative Movement in Chapter 2 for details on relative plotting
using mcrements.

Both increments of each pair must be specified, and you may specify
as many increment pairg as you wish. (This is limited only by the
ability of your controller to output long strings.)

When you include more than one increment pair, the pen moves to
the first point using the current up/down status. This point then
becomes the current pen position for the next increment pair. In this
way, the pen moves to each point in the order given, still using the
current up/down status. The up/down status is based on the most
recent PU or PD instruction. This concept is discussed in the next
section, titled Plotting with PR, PU, and PD.

The increment parameters are interpreted as user units if scaling is
on, or as plotter units if scaling is off.

2. No Parameters. The PR instruction without parameters establishes
relative plotting mode for subsequent PD or PU forms of the PR
instruction.

The following table summarizes the possible error conditions or un-
expected results that you might observe with the PR instruction.
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Condition Error Plotter Response

no parameters none | establishes pi.ot relative mode

odd number of increments 2 executes each increment pair;
ignores extra increment

parameter out-of-range 3 ignores wrong coordinate and
the rest of the instruction

lost mode none | conforms to the conditions
described under Relationship
of Plotting Instructions and
Graphics Limits later in

this chapter

Plotting with PR, PU, and PD

The PR instruction operates with PU and PD in the same manner as
described in this section under The Plot Absolute Instruction, PA. The
only difference is that PR moves are relative to the current pen
position, whereas PA moves are absolute with respect to the origm.

The following BASIC program illustrates this difference by using PR to
draw the same triangles previously drawn with PA. Again, change line
10 and the PRINT statements as necessary for your computer. Also, be
sure paper is loaded in the plotter before running this program.

10 "Insert configuration statement here

24 PRINT #t, "IN;SPt1;PR2CG00,1300;"

30 PRINT #1, "PR;PD-2000,0,2000,2000,0,-2000;"
40 PRINT #1, "PUSOOC,0;"

SO PRINT #1, "PD200O,0,-2000,2000,0,-2000;"
8C PRINT &1, "SPO;"

70 ENWD
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H2000,+2000}  —2000,+2000}

Za

‘———.....W
2000, 0} (2000, 0}
18T START 2nd START
(2000, 1500) £+500, 0}
1ST END 2ND END
{0, 2600} {0,—2000]

NOTE: Absolute coordinates are shown in parentheses, asin (2000, 1500).
Relative increments are shown in braces, as in {00,—2000}.

Relationship of Plotting Instructions
and Graphics Limits

For most plotting situations, the pen will probably draw as you expect
it to. However, depending on what your graphics limits (windows) are
and the XY coordinates you specify, the pen might not always move
and plot. This section describes the situations that affect the movement
of the pen. It applies directly to these plotting instructions: PA, PR, RA,
RR, EA, ER, CI, AA, AR, WG, EW, EP, FP, CP, LB, PB, UC, XT,
and YT.

Types of X,Y Coordinates

The pen motion caused by plotting instructions depends on the type of
XY coordinates specified. There are three types of X,Y coordinates:

1. Inside window ares
2. Outside window area and in-range
3. Outrof-range

QOut-of-range coordinates are defined as either X or Y, or both, being
less than —2% or greater than 2% 1. Specifying out-of-range coor-
dinates sets error 3 (bad parameter) and results in the plotting instruc-
tion bheing ignored. (In a PA, PR, PU, or PD ingtrauction, where you can
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specify multiple coordinate pairs, only the pair with the out-of-range
coordinate and all subsequent pairs are ignored; the previous pairs are
still executed.)

The other two types of coordinates (inside window and outside window)
are discussed below. Remember that plotting occurs only within the
currently defined window. At power-on, the currently defined window is
the hard-clip limits. However, you can define smaller windows (soft-clip
limits) using the input window instruction, IW (refer to Chapter 9).

Plotting Inside and Outside of Windows

There are, in general, four types of line segments that can be specified
from a given point to some new point, as follows:

Last Point New Point

1. Inside window area  to inside window area
2. Inside window area  to outside window area
3. Outside window area to inside window area
4. Qutside window area to outside window area

HARD-CLIP
LIMITS

TYPE 1

WINDOW
(SOFT-CLIP
LEETS)

TYPE2OR3

In type 1, the pen moves from the last point to the new point with the
pen up or down as programmed. ‘

In type 2, the pen moves from the last point toward the new point and
stops where the line segment between these points intersects the window
limit. The pen up/down state is as programmed until the intersection
point is reached. Then, the pen lifts and remains in this position until a
plotting instruction is received that brings the pen back inside the
window (refer to type 3).

In type 3, the pen movement depends on whether the pen is pro-
grammed to be up or down. If the pen is programmed to be up, it moves
directly to the new point. If the pen is programmed to be down, it
moves, up, to the point where the line segment between the last point
and the new point intersects the window limit. When the pen reaches
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this point, the pen assumes its programmed down position. The pen
then continues plotting to the new point.

In type 4, no pen movement occurs unless some part of the line segment
between the last and new points intersects the window area. If part of
the line is in the window area, the pen moves, up, to the first inter-
section point with the window. The pen then moves as programmed (up
or down) to the second intersection point, where i lifis and stops
moving. Thus, this situation is a combination of type 3, followed by
type 1, followed by type 2. If none of the line segments lies within the
window area, the X- and Y-coordinates of the current pen position are
updated even though the pen does not move.

Lost Mode

You should be aware of a condition known as lost mode, although vou
will probably never encounter it under normal plotting situations. Lost
mode is established when the monitored graphics position exceeds the
plotter’s numeric range of —22 {o 22— 1. When scaling is on, this can
occur when the plotter-unit equivalents of the specified user-unit coor-
dinates exceed the plotier’s numeric range. When scaling is off, lost
mode is not likely to occur because error 3 (bad parameter) is generated
when plotter-unit coordinates exceed this range, and the plotting instruc-
tion is ignored. However, regardless of whether scaling is on or off,
relative moves (as with the PR, AR, RR, ER, and PM instructions) can
cause the plotter to enter lost mode. Remember that relative moves are
added to the current pen position. Thus, when a relative move causes
the pen position to exceed the plotter’s range, lost mode is entered.

While the plotter is in the lost mode, the AA, AR, CI, CP, LB, PB, PR,
UC, XT, YT, RA, RR, EA, ER, WG, EW, FP, and EP are all ignored
until lost mode is cleared. If a PD or PU instruction is received while in
lost mode, the current pen status is updated, but{ the pen remains
physically up until lost mode is cleared. However, pressing the PEN-DN
fanction key on the front panel both lowers the pen and updates the
pen status.

Any of the following will clear lost mode:

¢ executing a PA instruction with in-range parameters (if PA coor-
dinates are in-range but outside of the window, lost mode is cleared,
but the pen does not move)

e executing an IN or RO instruction

® pressing any of the following function keys on the front panel: RESET,
P1, P2, ENTER P1, ENTER P2, any cursor key, or ALIGN

& transition to not-ready state (with the NR instruction or the front-
panel ViIEw function key)
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Plotting with Variables

In many plotting applications, you might wish to use variables for the
parameters of an HP-GL instruction. (For example, you might want to
set up a program for drawing a line chart, but be able to change the
data points each time you plot the chart.) This is simple to do. Just
remember these principles:

e The values of all parameters have the same restrictions (integer or
decimal in a valid range) when sent as variabies as they do when
sent as constants.

# HP-GL mnemonics, their separators, and their terminators all must
be sent to the plotter along with the variable parameters.

NOTE: There are several ways that you can send HP-GL instructions
to the plotter. Also, specific methods for defining output format vary
from computer to computer. However, the principles are applicable to
any computer. B

Methods for Sending Variable Parameters

The usual way to send an HP-GL instruction with constant parameters
is to send the mnemonic, parameters, separators, and terminator as a
literal string. {On many computers, literal strings are delimited by
quotation marks.) As shown below, this results in a compact field of
characters being sent to the plotier, which reduces activity on the
interface and saves time.

Instructions sent: PRINT 41, "PR10,20,80,%0;"
Characters received: PR10;20,80,80;

If you were to send variable parameters in the same manner, as shown
next, you would generate an error because the plotter would not recog-
nize the variables. The plotter looks at the characters X and Y and tries
to interpret them as an HP-GL mnemonic, but-does not recognize them.
(Assume that the variables have been defined as X =280 and Y = 90.)

Instructions sent: PRINT #1, "FR10,20,X,Y;"
Characters received: PA10,20,%,Y; and error 1
(instruction not recognized)

Thus, you cannot send variables to the plotter as part of a literal string.
Following are two acceptable methods of sending variables to the
plotter, along with the characters that the plotter receives. Of course,
there are many acceptable methods, which depend on vour computer’s
formai and outpui statements, These are formatted for Microsoft®
BASIC. (Again, assume In each case that the variables have been
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defined as X = 80 and Y = 80.) Note that the mnemonic and the
terminator are always sent as literal strings.

(1) Instructions sent: PRINT #1, "PR1Q,20," ,X,",",Y," ;"
Characters received:
FA 10 20 80 90 5
(2) Instructions sent: PRINT #1, "PR10,20,";X;",";Y; ;"
Characters received: PR t2 20 80 8C ;

The methods are similar, except for the use of commas versus semi-
colons between the parameters. The commas result in fields of 10
characters being sent to the plotier. If the parameters are less than 10
characters, this means unnecessary blanks are sent, resulting in extra
activity over the interface bus. The semicolons compress these fields,
except for leading and trailing blanks between the numeric variables.

Example — Plotting a Line Chart with
Variable Parameters

The following BASIC program illustrates method (2) for sending vari-
ables as part of an HP-GL instruction. If you want to plot this line
chart with different data points, simply substitute the new XY coor-
dinate pairs in the DATA statements (lines 80 and 90).
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*Insert configuration statement heres

20 PRINT #1, "IN;SP1;SC-20,BC,-10,80;"

30 FOR I=1 T0 7

40 READ X,Y

50 PRINT #1, "PRU;X;",";v;";PD;"

B0 NEXT I _

70 PRINT #1, "PUO,40,;PD0,0,60,0;5P0;"

80 DRTA 0,10,10,12,20,18,30,22,40,17

30 DATR 50,25,60,24

100 END

Program Explanation

10 defines the plotier as the system printer - change as necessary for
your computer

20 initializes the plotier; selects pen 1; assigns user-unit scale to the
plotting area

30 BASIC statement for starting a loop

40 BASIC statement to read the X- and Y-coordinates from lines 80
and 90

50 moves to the point specified by the current X,Y coordinates — the
first point is moved to with the pen up, and all subsequent points
are moved t6 with the pen down

60 BASIC statement to close the loop

70 moves with the pen up to the top of the Y-axis; draws the Y- and
X-axes with the pen down; returns the pen to the carousel

80 BASIC statement that declares the first five X,Y coordinate pairs
to be read by line 40

90 BASIC statement that declares the next two XY coordinate pairs

to be read by line 40
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- Chapter 5

Enhancing Your Plots

e

-y
B
j=3
=4

| &
5
G.
3
o
=
=+

What You’ll Learn in This Chapter

In this chapter you will learn how to: draw tick marks on axes, create
grids, draw a symbol at each data point, and draw with dashed or
dotted line patterns. Using thege enhancements makes your data easier

to interpret.

HP-GL Instructions Covered

XT The X-Tick Instruction

YT The Y-Tick Instruction

TL The Tick Length Instruction
SM The Symbol Mode Instruction
LT The Line Type Instruction

| Terms You Should Understand

Tick ~ a small mark that indicates a certain number of units along an
axis. Major ticks often mark every 5th or 10th unit, whereas minor
ticks often mark single units.

Grid — a major tick that extends across the full height or width of a
graph.

~ The Tick Instructions, XT and YT

USES: The XT instruction draws a vertical X-tick at the current pen
location. The YT instruction draws a horizontal Y-tick at the current
pen location. Use these instructions to draw tick marks on axes, and to

draw grids,

SYNTAX: XT term
and

YT term

EXPLANATION: Both instructions cause a tick mark to be drawn
at the current pen position; X'T draws a vertical tick, and YT draws a
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horizontal tick. They include an automatic pen down feature. After the
tick is drawn, the current pen status (up or down) is restored.

You can vary the length of the tick mark with the tick length instruc-
tion, TL. However, if you do not specify a tick length, defaulis are used
as follows: 0.5% of [P2x~ Plx| for YT, and 0.5% of |P2y—Ply| for XT.

The following table summarizes the possible error conditions or un-
expected results that vou might observe with the X'T and YT instructions.

Condition Error Plotter Response
ho parameters none draws tick
1 or more parameters 2 draws tick

Example — Drawing X-Ticks

The following example draws a horizontal line 3000 plotter units long,
placing X-ticks 1000 plotter units apart. Refer to the TL instruction,
described next, for another example that draws ticks.

CIN;SPZ;PR200,500; XT;PD;PRIOCO,0; KT
TPR1000,0; XT;PRIOO0O, O XT; PU; SPO; "

A 2

{200, 500} (1200, 500} {2200, 500} {3200, 500)

The Tick Length Instruction, TL

IUSES: The TL instruction specifies the length of the tick marks on
the X-axis and Y-axis. Use this instruction to set the lengths of both the
positive and negative portions of tick marks, or to draw a grid.

SYNTAX: TL tp( tn) term

or
TL term
Parameter Format Range Default
tp and tn decimal 0to2%—1 0.5% of |P2x — Pix|
percentage and of |P2y— Ply]

EXPLANATION: A TL instruction without parameters (T1.;) sets
default values of 0.5,0.5. A TL instruction with only one parameter
specifies the length of tp; tn is assumed to be 0 in this case. The
parameters are interpreted as follows:
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1. Tp. The positive tick length, tp, determines the length of the upward
portion of the tick marks drawn along the X-axis, and the right-side
portion of the tick marks drawn along the Y-axis.

2. Tn. The negative tick length, tn, determines the length of the down-
ward portion of the tick marks drawn aleng the X-axis, and the left-
side portion of the tick marks drawn along the Y-axis.

Both parameters are specified as a percentage of the vertical and hori-
zontal distances between P1 and P2, Therefore, although alarger rangeis
permitted, a more practical range is 0 to 100 percent. The parameter
values are a percentage of the vertical scale length |P2y — P1y|
when used with the XT instruction. With the YT instruction, the
parameter values are a percentage of the horizontal scale length

EPZX“" Plxl.

Note that the actual tick length is a function established by P1 and P2,
Therefore, unless the area defined by P1 and P2 is square, the tick
lengths on the X- and Y-axis will differ even if the same tick length
percentage value is specified for both X'T and YT.

Use the instruction with both parameters to draw a tick that extends
on both sides of the axis. To suppress the negative portion of the tick,
use the instruction with only one parameter. To suppress the positive
portion of the tick, specify 0 (zero) for tp and specify the desired per-

centage for tn.

A TL instruction remains in effect until another TL instruction is
executed or the plotter is initialized or set to default conditions.

The following table summarizes the possible error conditions or un-
expected results that you might observe with the TL instruction.

more than 2 parameters

parameter out-of-range

Condition Error Plotter Response
no parameters none sets tp and tn to 0.5%
1 parameter none draws only positive portion

of tick when XTor YT is
executed

executes first 2 parameters

ignores instruction

Example — Drawing Grid Lines, Major Ticks,

and Minor Ticks

The following program illustrates how to draw grid lines, major ticks
and minor ticks along the Y-axis and X-axis.
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| 100% Y-TICK LENGTH —*-3392
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GRID : v
LINE J
A ados fodi et P o d
Pie
10 “Insert configuration statement here
20 PRINT #1, “IN;IFP200,1000,4400,3B800;"
3¢ PRINT #1, "SC0,80,0,40;5P2;PR0O,40;ERBD,O;"
40 FOR I=1 TO 4
50 PRINT #1, “PD;PRG,-2.5;TL1.5;YT;PRO,-2.5;"
80 PRINT #1, "TL3;¥YT;PRO,-2.5;TL1.5;YT;"
70 PRINT #1, "PRO,-2.5;TL100;YT;"
BG HNEXT I
S50 FOR J=1 70 &
100 PRINT #1, "TL100;XT;PR2.5,0; TL1.5;XT;"
110 PRINT #1, "PRZ.5,0;TL3;XT;PRZ.5,0;"
120 PRINT #1, "TL1.5,0;XT;PRZ.5,0;"
130 HEXT 3
140 PRINT #1t, “GPO;"
150 END

Program Explanation

10

20
30

40

defines the plotter as the system printer — change as necessary for
your computer

initializes the plotter; establishes scaling points P1 and P2

assigns user-unit scale; selecis pen 2; sets the starting pen position;
draws a rectangle around the P1/P2 area {the EA instruction is
described in Chapter 6)

BASIC statement for starting a loop to repeat lines 50-70 four
times in order to draw horizontal ticks and grids in the entire
P1/P2 area
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50 pen down; draws to first tick position; sets tick length of
1.5%; draws minor Y-tick; draws to next tick position

60 new tick length of 3%; draws major Y-tick; draws to next tick
position; new tick length of 1.5%; draws minor Y-tick

70 draws to next tick position; new tick length of 100%; draws
the gnid line

80 BASIC statement to close the loop

90 BASIC statement to start a loop to repeat lines 100-120 six
fimes to draw verfical ticks and grids in entire P1/P2 area

100-120 similar to lines 50-70, except that X-ticks are drawn
130 BASIC statement to close the loop

140 returns the pen to the carousel

~ The Symbol Mode Instruction, SM

USES: The SM instruction is used with the PA and PR instructions
to draw a symbol at each X,Y coordinate. Use symbol mode plotting to
draw a specified character at each data point to differentiate data
contained in scattergrams, geometric drawings, or multiple-line graphs.

SYNTAX: SM character term

T
o
=
=i
:‘3
&
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o
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8
&

or
SM term
Parameter | Format Range Default
" character label most printing characters none
{decimal codes 33-58 and 60-126)*

*The semicolon {decimal eode 59) 15 an HP.GL terminator and cannot be used as a
symbol in any character set. It is used only to cancel symbol mode.

EXPLANATION: After an SM instruction has been executed, subse-
quent PA and PR instructions function as described in Chapter 4,
except that the symbol mode character is drawn at each XY coor-
dinate, centered over the point, The SM instruction includes an auto-

matic pen down feature. After the symbol is drawn, the current pen
status (up or down) 1s restored.

The character 1s drawn in the character set selected at the time the SM .
instruction is executed. The character does not change even if a new
character set is subsequently selected. (If the downloadable character
set, defined by the DL instruction, i1s selected, the character is not
centered over the points unless it was defined that way. Refer to
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Chapter 11.) In addition, the size (SI and SR), slant (SL), and direction
{DI and DR) instructions affect how the character is drawn. (Refer to
Chapter 7.)

An SM instruction remains in effect uniil another valid SM instruction
is executed or the plotter is initialized or set to default conditions.

The following table summarizes the possible error conditions or un-
expected results that yvou might observe with the SM instruction.

Condition Error Plotter Response
no parameter none cancels symbol mode
parameter out-of-range 3 ignores instruction®

*1f the out~of—ran%e parameter is a carriage return {decimal code 13}, an error is not gener-
ated and symbel mode is canceled,

Example — Plotting in Symbol Mode

The following instructions cause symbols to be plotied in three situations:
with the pen down for a line graph, with the pen up for a scattergram,
and with the pen down for a geometric drawing.

WINPT SM*; PAZ0C, 1000; "

"PD400, 1230,600, 1560, 306, 1670, 1500, 1600, 2000, 2000; "
"PL; SM; PR1O0, 300; 8M3 ;"
"PA300,500,500,450,900,850,1350, 1300,2100, 1350; PU; "
" SM; PA1 SO0, 560 PD; SMY; FA3300, 12503

" SMZ; PA3500, 950; SMx; PR1800, 560; PU; SPO; "

o

33
The Line Type Instruction, LT

USES: The LT instruction specifies the line pattern that will be used
with AA, AR, CI, PA, PR, RA, RR, WG, FP, EP, FT, and UF instruc-
tions. Use the LT instruction so you can differentiate between curves on
multiple-line graphs. Also use LT to emphasize or deemphasize other
plotted lines and shapes.
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SYNTAX: LT patiern number (, pattern length) ferm

or
LT term

Parameter Format Range Defauit

pattern number integer -6 to +6 no parameter

(solid line)

patiern length decimal Oto2%—1 4% of the diagonal
distance between
Pl and P2

e
%1
i~
=)
&
=3
gg.
o)
o
@
]
o
2
o

EXPLANATION: An LT instruction without parameters (LT;) de-
faults the line type to a solid line.. The pattern number and pattern
length parameters are interpreted as follows.

1. Pattern number. The pattern numbers and the line patterns they
each generate are shown below. A positive pattern number uses the
actual specified pattern length to draw lines. Any portion of a
pattern that is not used to draw the specified line is carried over into
the next line. A negative pattern number, on the other hand, auto-
matically adjusts the specified pattern length so that each line
contains one or more complete pattern segments. The positive pat-
terns are known as “fixed line types,” whereas the negative patterns
are known as “adaptive line types.”

NO PARAMETER {DEFAULT VALUE)

ADAPTIVE
> LINE
TYPES
Py
0 + SPECIFIES DOTS ONLY AT PA/PR COORDINATES
1 ~
2
3 FIXED
>~ LINE
4 TYPES
5 — —
6 - - — —

[ —
ONE PATTERN LENGTH
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2. Pattern length. The optional pattern length parameter specifies the
length of one complete pattern and is expressed as a percentage of
the diagonal distance between the scaling points P! and P2. There-
fore, although a larger range is permitted, a more practical range is
0 to 100 percent. If you do not specify a patiern length, the plotter
uses the last value issued. If no pattern length has ever been
specified, the plotter uses a length of 4%.

After an LT instruction is executed, subsequent vectors drawn with AA,
AR, CL PA, PR, EF, FP, WG, RA, and RR instructions will be drawn in
the specified line type. The UF and FT instructions also use the current
line type for designing area-fill patierns. (PA and PR are described in
Chapter 4. The other instructions are described in Chapter 6). Once
selected, the line type remains in effect until another valid LT instruc-
tion is executed or the plotter is initialized or set to default conditions.

NOTE: If you issue an arc (AA, AR) or cirele (CI) instruction while a
negative pattern number is in effect, the pattern length is adjusted to
the chord length of the arc or circle. Because the chord length is usually
very short, patterns cannot be easily distinguished (they often appear
to be solid lines). Therefore, use positive patiern numbers when drawing
arcs and circles. (Refer to the instruction descriptions in Chapter 6.)

You should also be aware that if a line segment ends in the pen up
porfion of a positive line pattern, a pen down instruction, PD, will not
physically lower the pen until the next vector instruction is executed.
Also, the pen up instruction, PU, clears any carry-over portion of a
pattern segment; in other words, the next line will be drawn from the
beginning of the line pattern. M

The following tablé summarizes the possible error conditions or un-
expected results that you might observe with the LT instruction.

Condition Error Plotter Response
no parameters none establishes solid line type
1 parameteyr none uses the previously
established pattern length
more than 2 parameters 2 executes first 2 parameters
parameter out-of-range 3 ignores instruction
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Example — Fixed and Adaptive Line Types

The following example demonstrates the difference between positive
and negative pattern numbers. The program plots two rectangular
boxes, one with line type 6 and one with line type —6. The pattern
length in both cases is 20%. Notice that each line drawn with the
adaptive pattern contains complete pattern segments, whereas the
lines drawn with the fixed pattern contain partial pattern segments. In
this case, unused portions of patbtern segments are carried over into the
next line. The lines are numbered in the order in which they are drawn.

“IN;IPG,0,4000,4000;"
"SCO,16,0,10;8P1;"
"LT8,20;PUT,E;PD1,9,9,9,8,6,1,8,9,9;"
"PUS,E;PDT,3;PU;"
WLT-B,20;PR1,1;PD1,4,9,4,8,1,1,1,8,4;"
"RUG,1;PD1,4;"

1 Spo; i
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Fixed Pattern Length

(Line Type = 6; Pattern Length = 20)
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Adaptive Pattern Length
(Line Type=—6; Pattern Length = 20)
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What You’ll Learn in This Chapter

In this chapter you will learn about plotting circles, arcs, and polygons.
You can create some simple polygoens (such as circles, arcs, and rec-
tangles) using a single instruction. In addition, you can define your
own polygons using the polygon mode instruction.

Besides creating polygons, you will also learn how to outline them and
how to fill them with various shading patterns. These shading patterns
include patterns offered by the plotter and patterns that you can
design.

Finally, you will learn about the polygon buffer and how to detexmine

Chapter 6

Circles, Arcs, and
Polygons

e
v
=
]
@
5
wn

the proper memory allocation for this buffer so that it will hold your
polygon,.

HP-GL Instructions Covered

CT
CI

AA
AR
FT
UF
PT

The Chord Teierance Instruction

The Circle Instruction

The Arc Absolute Instruction

The Arc Relative Instruction

The Fill Type Instruction

The User-Defined Fill Type Instruction
The Pen Thickness Instruction

WG The Fill Wedge Instruction
EW The Edge Wedge Instruction

RA
EA
RR
ER
PM

EP

FP

The Fill Rectangle Absolute Instruction
The Edge Rectangle Absclute Instruction
The Fill Rectangle Relative Instraction
The Edge Rectangle Relative instruction
The Polygon Mode Instruction

The Edge Polygen Instruction

The Fill Polygon Instruction
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Terms You Should Understand

Arc — a portion of the circumference of a circle.

Wedge — the combination of an arc and the radii connecting the arc
endpoints to the circle center. Wedge is equivalent to the geometric term
“sector.”

Chord — a straight line joining two points on an arc or the circam-
ference of a circle.

Chord Tolerance — the allowable deviation from a perfectly smooth
circle or arc. A perfectly smooth circle or arc is composed of an infinite
number of chords; the human eye cannot discern the individual chords.
However, the plotter cannot draw an infinite number of chords. There-
fore, you need to specify an acceptable chord tolerance. The chord
iolerance determines the number of chords (and thus the smoothness)
for a circle or arc. The chord tolerance is defined in the CT instruction
to be an angle in degrees, or a deviation distance in current units.

Polygon — any shape constructed of a number of points in such a way
that lines connecting the points meet to form a closed area. Simple
shapes such as circles, rectangles, and wedges are polygons. More
complex shapes such as block letters can also be polygons. In this
chapter, polygon most often refers to the shapes that are defined in
polygon mode.

Subpolygon — a polygon defined as part of a larger polygon. For
example, the block letter O is a polygon that consists of two sub-
polygonas: the outside circle and the inside circle.

Vertex — a coordinate point that is used to define part of the shape of a
polygon. To define a rectangle, for example, you would specify the
coordinate points for each corner of the rectangle. These points are also
called vertices.

Polygon Mode — a mode established by the PM instruction, used for
defining polygons. In this mode, certain HP-GL instructions are col-
lected in the polygon buffer (rather than being executed) so that they
can be used to define the vertices of the polygon,

Polygon Buffer — a portion of the plotter’s “graphics memory” that is
used to store the vertices of the polygon that is currently being defined.
The polygon can be one defined by the WG, EW, RA, EA, RR, ER, or
PM instructions.

Edge — the outline of a polygon.
Fill Type — the shading pattern used in a polygon.
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Hatch — a fill type that consists of parallel lines.

Cross-hatch — a fill type that consists of one set of parallel lines drawn
at a 90-degree angle to another set of parallel lines.

The Chord Tolerance Instruction, CT

USES: The CT instruction establishes whether the chord tolerance
parameter of all subsequent CI, AA, AR, WG, and EG instructions is
interpreted as an angle in degrees or as a deviation distance in current
units. (The chord tolerance parameter governs the smoothness of circles,
arcs and wedges, as described later in the following explanation.) Since
these instructions assume degrees mode, you only need to execute CT if
you want to change to deviation-distance mode, or if you have pre-
viously specified deviation-distance mode but want to return to degrees

mode.
I,
SYNTAX: CT n term o,
dar i
4
CT term g
u
Parameter Format Range Default
n integer Oorl 0

EXPLANATION: A CT instruction without parameters (CT;) is
equivalent to a CT instruction with the parameter 0, which sets degrees
mode. The two possible parameter values are listed next.

NOTE: The CT instruction determines the mode for the chord tolerance
parameter of subsequent CI, AA, AR, WG, and EW instructions. For
simplicity, the following discussion refers to “circles.” However, the
discussion applies equally to circles, arcs, and wedges. W

1. n=0. A parameter of 0 sets degrees mode for subsequent chord
tolerance parameters. When in degrees mode, the chord tolerance
parameter sets the maximum angle at the end of whose radii a
chord will be drawn to represent an arc segment. (The radii will not
be drawn. Also, the actual angle may be slightly smaller than
specified in order for the plotter to divide the circle into equal angles
so that all chords are the same length.) The degrees mode is illu-
strated on the next page.
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ARC SEGMENT
DRAWN CHORD

CHORD TOLERANCE
\ ANGLE

Degrees Mode

Note that specifying larger angles for the chord tolerance parameter,
while maintaining the same radius of the circle, will cause fewer
chords to be drawn. This decreases the smoothness of the circle.
(Refer to the example under The Circie Instruction, CI1.) Also note
that increasing the radius of a circle, while maintaining the same
angle, will result in longer chords (the number of chords remains the
same, but the chords increase in length because the circle is larger).
If the circle is large enough, this could make it appear less smooth.

. n=1. A parameter of 1 sets deviation-distance mode for subsequent
chord tolerance parameters. When in deviation-distance mode, the
chord tolerance parameter sets the maximum radial distance per-
mitted between the chord drawn and the arc segment that it repre-
sents. This distance is expressed in current units. (The actual radial
distance may be slightly less than specified in order for the plotter to
divide the circle into chords of equal length.) The deviation-distance
mede is Hlustrated below.

CHORD TOLERANCE DEVIATION
(RADIAL DISTANCE)

ARC SEGMENT

DRAWN CHORD

Deviation Distance Mode

Note that specifying a larger deviation distance for the chord toler- -

ance parameter, while maintaining the same radius for the circle,
will cause fewer chords to be drawn. This decreases the smoothness
of the circle. Also note that increasing the radius of a circle, while
maintaining the same deviation distance, will result in more chords
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of a shorter length. The smoothness remains the same, but the circle
takes longer to plot when it has more chords.

The current mode {(degrees or deviation distance) remains in effect until
another valld CT instruction is executied, or the plotter is initialized or
set to default conditions.

The following table summarizes the possible error conditions or un-
expected results that you might observe with the CT instruction.

Condition Error Plotter Response
no parameter none establishes degrees mode
more than 1 parameter 2 executes first parameter
parameter not 0 or 1 3 ignores instruction

| The Circle Instruction, Cl

USES: The CI instruction draws a circle of a specified radius and
chord tolerance.

SYNTAX: CI radius{, chord tolerance) tferm

e
o
_—
g
=
A
3
n

Parameter Format Range Default

radius decimal —2B o 28 —1 none
current units

chord tolerance decimal —2% t0 28— 1 b degrees
current mode

EXPLANATION: The radius and chord tolerance parameters are
interpreted as described in the following paragraphs and illustrations.

1. Radius. The radius determines the size of the circle. As shown on
the next page, the sign of the radius parameter defines the starting
point of the circle; a circle with a positive radius starts at the O-degree
point; a circle with a negative radius starts at the 180-degree point.
The current pen position is the center of the circle. If scaling is off, the
radius is in plotter units. If scaling is on, the radius is in user units. If
user units are not the same size in the X- and Y-directions, ellipses will
be drawn. (Refer to The Scale Instruction, SC, in Chapter 3.)
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CIRCLE /
STARTING POINT:
NEGATIVE RADIUS

a0°

CIRCLE
STARTING POINT:
POSITIVE RADIUS

180° v @

CURRENT
PEN POSITION

2. Chord Tolerance. A plotied circle is actually made up of a series of

straight line segments, or chords, as shown below. Increasing the
number of chords (by decreasing the chord tolerance parameter)
increases the smoothness of the circle. However, this also increases
the length of time required to draw the circle.

The chord tolerance parameter is interpreted as either degrees or a
deviation distance, depending on whether degrees mode or deviation
mode has been set (by the CT instruction or default conditions).
Refer to The Chord Tolerance Instruction, CT, earlier in this chapter.
If degrees mode is set, the chord tolerance parameter is interpreted
as modulo 360,

The sign of this parameter is ignored. The default chord tolerance is
5 degrees, which causes the circle to be made up of 72 chords. The
first example later in this section illustrates the effects of different

chord tolerance angles.
f\ OSTAIN DESIRED CHACLE

USING

o CHORD TOLERANCE DEVIATION
OR

CHORD TOLERANCE ANGLE
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The CI instruction includes an automatic pen down feature. When a CI
instruction is received, the pen lifts (if it was down), moves from the
center of the circle (the current pen position) to the starting point on the
circuamference, lowers the pen, draws the circle, then returns with the
pen up to the center of the circle. After the circle is drawn, the current
pen status (up or down) is restored. To avoid drawing lines to 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.
(Refer to The Line Type Instruction, LT, in Chapter 5.) Since each
chord is small, patterns adjusted to chord endpoints are hard to
distinguish. Therefore, use positive parameters in the LT instruction
when drawing circles.

The following table summarizes the possible error conditions or un-
expected results that you might observe with the CI instruction.

e
Condition Error Plotter Response %
g
no parameters none | ignores instruction g
73
1 parameter none | draws a circle with the specified
radivs and a chord tolerance
of b degrees
more than 2 parameters 2 executes first 2 parameters
parameter out-of-range 3 ignores instruction
lost mode none | ignores instruction (refer to
Relationship of Plotting Instruc-
tions and Graphics Limits in
Chapter 4)

Example — Effects of Chord Tolerance
on Circle Smoothness

The following instructions draw circles with the same radius, but with
different chord tolerance angles. Note that the circle becomes smoother as
the chord tolerance parameter decreases. The circles are shown on the
next page.

PIN; SR
“PBA3700,6050;CIE00, 45"
"PAG300, 6050; CI800, 30;"
"ERIT00, 3850 CIB00, 15,
"PAB300, 3850 CIB00,5;"
HI SPO; i

CIRCLES, ARCS, AND POILYGONS 6-7




45-Degree Chord Angle 30-Degree Chord Angle

15-Degree Chord Angle 5-Degree Chord Angle

Example — Drawing Circles with Different Radii
and Line Types

The following instructions draw eight circles with increasing radii and
different line types. Positive (fixed) line types are specified, If negative
(adaptive) line types had been specified, the line patterns would be in-
distinguishable; they would appear almost solid. This example includes
the SC instruction to establish user units. Note that the user units are
equal in the X- and Y-directions.

VTN SP1;IP100C, 1000, 6000, B8060;"
"gC-100, 100, -100, 100; "

“PRO, O;LT;CI10;LTO;CI-20;LT1;CIa0;"
HLT2;CI-40;LT3;CI50;LT4;CI-60;"
"LTS;CI?O;LTE;CIBO;"

i SPO; H|
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The Arc Instructions, AA and AR

USES: The AA and AR instructions each draw an arc based on the
present pen position and the specified center point. Use the arc absolute
instruction, AA, to specify the center point in absolute coordinates. Use
the arc relative instruction, AR, to specify the center point in relative
coordinates.

SYNTAX: AA X-coordinate, Y-coordinate, arc angle
{, chord tolerance) ‘term

AR X-increment, Y-increment, arc angle
{, chord tolerance) term

CIRCLES, ARCS, AND POLYGONS 69



Parameter Format . Range Default

X- and Y-coordinates decimal —2% {0 22— 1 none

or current units

X- and Y-increments

arc angle decimal —2% 10 2% —~1 nene
degrees

chord tolerance decimal —-28 10 22 —1 5 degrees
currentmode

EXPLANATION: The AA and AR instructions are identical except
for the way the center point is specified. For in-depth discussions of
absolute and relative plotting, refer to Chapter 2 and to The Plot
Absoclute Instruction, PA, and The Plot Relative Instruction, PR, in
Chapter 4.

The parameters are interpreted as described in the following para-
graphs and illustrations.

1. XY Coordinates (for AA) or X,Y Increments (for AR). These param-
eters specify the center of the arc in plotter units if scaling is off, or
in user units if scaling is on. If user units are not the same size in the
X- and Y-directions, distorted arcs will be drawn. The center of the
arc is the center of the circle that would be drawn if the arc were 360
degrees. Refer to the following illustration.

CURRENT PEN POSITION

DRAWN ARC ~ ARG CENTER
P >o<-—-—-—-L--» X, Y COORDINATE (FOR AA)

I X, Y INCREMENT (FOR AR)

ARC ANGLE

2. Arc Angle. The arc angle is the angle through which the arc is
drawn. A positive angle draws counterclockwise from the current
pen position, and a negative angle draws clockwise, as shown on the
following page.
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CURRENT

PEN POSITION CURBENT

| PEN POSITION |
FINAL | | FINAL o
PEN POSITION ¥~ ~° PEN POSITION
~ [ ANGLE ANGLE | P
<] S
@ &
ARC CENTER ARC CENTER
Positive Angle Negative Angle

3. Chord Tolerance. The chord tolerance parameter is interpreted as
either degrees or a deviation distance, depending on whether degrees
mode or deviation mode has been set (by the CT instruction or
default conditions). Refer to The Chord Tolerance Instruction, CT,
earlier in this chapter.

The sign of this parameter is ignored, The default chord tolerance is
b degrees. As discussed under the ClI and CT instructions, increasing
the number of chords (by decreasing the chord tolerance parameter)
generates a smoother arc,

Arcs are drawn starting at the current pen position using the current
pen status (up or down) and line type. As with the CI instruction, you
will find that positive parameters in the LT instruction produce more
distinguishable line patterns than negative parameters produce. After
the are has been drawn, the pen position will remain at the end of the
arc, rather than returning to the beginning. -

The arc center can be located on or off the plotting surface. The plotter
draws the arc according to the definitions given for plotting in Rela-
tionship of Plotting Instructions and Graphics Limits in Chapter 4.
Remember that AR moves add to the present pen position. If cumulative
moves result in a pen position that exceeds the range of —22 to 2%5—1, the
plotter enters the lost mode.

The following table summarizes the possible error conditions or unex-
pected results that you might observe with the AA and AR instructions.

Condition Error Plotter Response

no parameters none ignores instruction

1 or 2 parameters 2 ignores instruction

more than 4 parameters 2 executes first 2 parameters

parameter out-of-range 3 ignores instruction

lost mode none ignores ingtruction (refer to
Relationships of Plotting
Instructions and Graphics
Limits in Chapter 4)
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. Example -~ Using the AA Instruction

The following instructions illustrate the effects of changing the dis-
tance to the center point while keeping the same arc angle. They also
show the effect of changing the sign of the angle. Note that the pen
remains down at the end of each arc, so you must lift the pen with the PU
instruction in order to move to the beginning of the next arc without
drawing a line.

"IN;BF1;"

YRR OBS000, 2000;7

"PD; AR 3000 GOO 45;"

“Pu4080 3080 PL; RA 3000 aOOO -45;"
"PL4000, Z000;P0; AR 3000 Z2000,45;8P0;"

{4060, 3060)

END \

® START
{3000 , 2000} (4000, 2000) (5000 , 2000)

Example — Using the AR Instruction

The following instructions draw an arc centered around 0, 2000 plotter
units relative to the starting pen position, followed by an arc centered
around 2000,0 plotter units relative to the new starting pen position.
Note that the PD instruction is required to draw the arcs.

TN SR
"PA10, 10;PD; ARG, 2000, 80; RRZ000, G, 30; SPO; "

I
I
|
|
%
l
l
l

i
START &

® END

6-12 CIRCLES, ARCS, AND POLYGONS




The next instructions show the effects of changing both the relative
centers of the ares, and the signs of the angles. The first arc is drawn
clockwise around the center (negative angle}, whereas the second arc is
drawn counterclockwise (positive angle).

"IN SPY;"
"ER10,5000; PD; PR1000, Q) ARG, - 700, -90;
"RR?00,C,90;FPR1000,0;"

[} S{:ﬁo; 111

/DRAWN WITH PR
START @ -

DRAWN WITH AR

e
=
o
&
g |
[o
5
i

/ DRAWN WITH PR

& END

 The Fill Type Instruction, FT

USES: The FT instruction selects the type of area shading for use
with an FP, RA, RR, or WG instruction. You can use this instruction to
enhance pie charts, bar charts, and other charts with solid fili, parallel
lines, eross-hatching, or a fill type of your own design.

SYNTAX: FT type(, spacing (, angle)) term

or
FT term
Parameter Format Range Default
fill type integer i-6 1
spacing decimal 0to 22 —1 depends on
current units fill type
angle decimal —28 1028 —1 0 degrees
degrees, modulo 360

EXPLANATION: The FT instruction can have three parameters: fill
type, spacing, and angle. If you omit parameters and this is the first FT
instruction since the plotter was turned on or set to default conditions,
the plotter uses the default parameter values. If this is not the first FT
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instruction, and you omit parameters, the plotter uses the parameter
values from the previous FT instruction. If you omit all parameters
(E'T';}, the plotter uses the default values.

The following paragraphs list further details of each parameter.

1. Fill Type. The six parameters and corresponding fill types are listed
below. “Bidirectional” means the pen draws back and forth; “uni-
directional” means the pen draws in one direction only. For the
highest quality solid fill on transparency film, use a unidirectional
fill (type 2 or 6).

1 solid bidirectional filling (lines with spacing as defined in the
pen thickness instruction, PT, discussed later in this chapter)

2 solid unidirectional filling (ines with spacing as defined in
the PT instruction)

3 parallel lines {always bidirectional for solid kne types; uni-
directional for dotted or dashed line types)

4 cross-hatch (always bidirectional for solid line types; unidirec-
tional for dotted or dashed line types)

5 user-defined bidirectional (as defined by the user-defined fill
type instruction, UF, described later in this chapter)

6 user-defined unidirectional (as defined by the UF instruction)

All fill types are drawn using the current pen. Fill types 3-6 use the
currentlinetype, whereas solid-fill types 1 and 2 always use a solid line.
In this case, any line type specified by the LT instruction is ignored
until the solid fill is completed.

To use parameters b and 6, you must first define a fill style using the UF
instruction. If you specify parameter 5 or 6 but do not define a fill style
with UF, the FT instruction will be executed with the default UF (solid
fill). The angle and the direction of fill will remain the same as specified
in the FT instruction.

2. Spacing. The spacing parameter is ignored for solid-fill types 1 and 2;
in these cases, spacing is determined by the PT instruction. For fill
types 3 and 4, the spacing parameter is the distance between parallel
linesin the fill area. For fill types 5 and 6, the spacing parameteris used
by the UF instruction as the pattern repeat length.

For fill types 3 through 6, the spacing parameter is interpreted as
plotter units if scaling is off or user units if scaling is on. If scaling ison
and the units on the X- and Y-axes are not equal in size, the spacing
parameter is interpreted using the units along the X-axis.

The default is 1% of the diagonal distance between P1 and P2. Subse-
quent changes in the P1/P2 locations affect this distance and therefore
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affect spacing. A parameter of } causes the plotter to use this default
spacing.

3. Angle. The angle is referenced counterclockwise from the positive
direction of the X-axis as shown below (0 and 180 are horizontal; 90 and
270 are vertical). The angle applies to all fill types! For cross-hatching,
the first set of lines is drawn at the specified angle. The cross-haiched
lines are then drawn at that angle plus 90 degrees.

90°
180° o°

70°

The following table summarizes the possible error conditions or un-
expected results that you might observe with the FT instruction.

Condition Error Piotter Response
1no parameters none establishes solid fill at an
angle of 0 degrees
1 parameter none establishes specified fill

type with spacing and
angle of previous FT
instruction

2 parameters nene establishes specified fill
' type and spacing with
angle of previous FT

mstruction
more than 3 parameters 2 executes first 3 parameters
parameter outrbf-range 3 uses parameter of previous

FT instruction

Example - Effects of Line Type Patterns

The following BASIC program shows the effects of positive and negative
hnetypesin filling a rectangular area. The positive line type produces an
alternating pattern that can often be quite attractive. For more examples
of area fill, refer to the following instructions, later in this chapter: The
Wedge Instractions, WG and EW; The Absolute Rectangle Instructions,
RA and EA; The Relative Rectangle Instructions, ER and ER; The
Polygon Mede Instruction, PM; and the Fill Polygon Instruction, IFP.
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‘Ingsert configuration statement here
PRINT #t, “"IN;5P1;PRO,0O;"

PRINT #1, “LTE;FT3,100,0;RA1000,2000;"
FRINT #1, "ER1000,2000;"

PRINT #1, “PR1500,0;"

PRINT #1, "LT-E;RRZ500,2000;"

PRINT #1, “ERZ500,2000;"

PRINT #1, "SPO;*

END

Program Explanation

10

20

30

40
50
60

70
80

defines the plotter as the system printer — change as necessary for
your computer

initializes the plotter; selects pen 1; sets the starting pen position

selects line type 6 (fixed pattern); selects fill type 3 (paraliel lines)
with lines spaced every 100 plotter units at an angle of 0 degrees;
defines and fills a rectangle (the RA and EA instructions are
described later in this chapter)

edges the rectangle
sets the starting pen position for the next rectangle

selects line type —6 (adaptive pattern); defines and fills a rectangle
using the same fill pattern specified in line 30

outlines the rectangle

returns the pen to the carousel
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The User-Defined Fill Type
Instruction, UF

USES: The UF instruction enables you to define a fill pattern com-
posed of “gaps” between paralle] lines. This is then the fill pattern used
by parameters 5 and 6 in the FT instruction. Use this fill pattern with
the RA, RR, WG, and FP instructions to generate unigue line patterns
such as a semilog pattern, or a candy-stripe effect.

SYNTAX: UF gap: (, gaps,...gapx term
or
UF term

Parameter Format Range Defaunlt

gap integer Oto 221 none

EXPLANATION: The gap parameters for the UF instruction are
unitless numbers that represent the distance to the next fill line. In
order to access the fill style described by the UF instruction, you must
also execute the FT instruction. You can use the parameters in the FT
instruction to influence the appearance of your fill style. This is because
the plotter fits the total number of gaps specified in the UF instruction
mto an area equal to the spacing parameter of the F'T instruction. The
spacing parameter thus becomes a pattern repeat length for the fill
pattern you have defined. This concept is shown below, and further
illustrated in the example at the end of this section.

o
g, |
Jad
@ |
i
Q ]
5
7]

1-UNIT GAP 3-UNIT GAP
/“&'\ r‘—‘h\

\..._.........Y—_J

PATTERN REPEAT LENGTH DEFINED BY
SPACING PARAMETER OF FT INSTRUCTION

UF1,3;
FT &, SPACING , 90;

NOTE: The pattern repeat length is always calculated with respect to
the plotter-unit origin (0,0}, regardless of where the shape you wish to
fill begins. Thus, depending on where your shape begins in the plotting
area, you might notice that your fill pattern does not always begin with
the same gap parameter, 8

You can specify up to 20 parameters in one UF instruction. Each
parameter must be a positive integer. You may include parameters
equal to zero (0), but the sum of the parameters must be greater than
zero. A UF instruction without parameters (UF;) produces solid fill.
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Lines are drawn using the current pen and line type. Because of the
way gaps are defined, positive parameters in the LT instruction do not
always produce the alternating fill pattern described under the FT
instruction. Therefore, you will probably find that negative line-type
parameters produce more satisfactory results. Lines are either bidirec-
tional or unidirvectional, depending on whether parameter 5 or 6 was
specified in the FT instruction.

The following table summarizes the possible error conditions or un-
expected results that you might observe with the UF instruction,

Condition Error Plotter Response
0 or 1 parameter none establishes solid fill
more than 20 parameters 2 executes first 20 parameters
parameter out-of-range 3 ignores instruction
or sum of gap
parameters << 0

Examples — Creating Special Effects

The following BASIC program shows the effects of executing the same
UF instruction, but decreasing the spacing parameter in the FT instruc-
tion to produce shorter pattern repeat lengths.

SPACING
750 500 300 ~a— PARAMETER

10 “Insert configuration statement here
20 PRINT #1, "IN;&P1;¢

30 PRINT #1, “"UFt,4,1,4,1;"

40 PRINT #1, "FT735,750,0;"

S50 PRINT #1, "PRO,0;RA500,1500;"

BEC PRINT #1, “"FT5,500,0;"

7C PRINT #1, "PR1OOO,0;RA1500,1500;"
BCG PRINT &1, "FT75,300,0;"

8C PRINT #1, "PRZ000,0;RRZ500,15300;"
100 PRINT #1, "SFO;"

110 END
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Program FExplanation

10 defines the plotter as the system printer — change as necessary
for your computer

el

0  initializes the plotter; selects pen 1
0 defines the fill pattern gaps

B Lo

0  selects fill type 5 (unidirectional) with a spacing parameter of 750
plotter units at an angle of 0 degrees

ot

0  sets the starting pen position; defines and fills a rectangle (the RA
instruction is described later in this chapter)

fur)

0 changes the fill-type spacing parameter to 500 plotter units

70 sets the starting pen position for the next rectangle; defines and
fills the rectangle -
80 changes the fill-type spacing parameter to 300 plotter units %
90  sets the starting pen posiﬁon for the next rectangle; defines and 'ng'
u

fills the rectangle
100  returns the pen to the carousel

If the pattern repeat length is small, so that spaces between clusters of
lines are much greater than the spaces between lines in a cluster, the
appearance of different line widths can be created. The following
program lines illustrate this effect.

S— YIN;SP1;PR3000, 0"

—— POF O1,5,1,1,5,1,1,1,5,1,1,1,1,5;"

E o] E%?'i‘ 8,300,9;”

Pt "RA 3500, 1500;"

R—— # SP{}; "

o

xmr—

o]

SRS

You can also arrange gaps to produce a semilog pattern, as shown on
the following page. (Hint: T'o be sure the pattern begins with the largest
gap at the bottom, start the filled rectangle at Y==0.)
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"IN SP1; PRAOCO, O;"

"UF 9,8,7,6,5,4,3,2,1;"
"FT 5,750,0;" e
"RE 4500, 1500;" . Lo
18 SPO; H

T

The Pen Thickness Instruction, PT

USES: The PT instruction determines the optimum spacing between
the lines drawn in a solid fill for rectangles, wedges, and polygons. Use
this instruction with the FT, RA, RR, WG, and FP instructions fo

produce a good solid fill.
SYNTAX: PT penthickness ferm
or
PT term
Parameter Format Range Default
pen thickness decimal 01-5.0 0.3
millimetres

EXPLANATION: The pen thickness parameter represents the phys-
ical pen-tip width in millimetres. The following table lists typical pen
thicknesses. Specify the number that corresponds to the currently

selected pen.
Pen Type Thickness
Narrow fiber-tip (paper or transparency) 0.3*
Wide fiber-tip (transparency) 0.6*
Wide fiber-tip (paper) 0.7*
Roller-ball 0.3*%
Drafting 4 X 0 (not commonly used) 0.18
Drafting 3 X 0 (not commonly used) 0.25
Drafting 0 0.35
Drafting 1 0.50
Drafting 2 0.70
Drafting 4 1.00

*The tip width is stamped on the end of each pen, along with P (for paper), T {for
transparency), or R {for roller-ball).
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The pen thickness determines (but is not identical to) the apacing of
lines needed to produce a solid fill. The thicker the pen, the wider the
gap allowed between lines. If your solid fill has gaps showing between
the lines, adjust the pen thickness downward. If a fiberdip pen is
getting wider through wear, or if improved throughput is desired at the
expense of less dense fill, adjust the pen thickness upward.

NOTE: Pen tip width is an. average width. Some tips could be slightly
narrower or wider. Adjustments might be necessary to compensate for
these differences. M '

PT.7;ET 1 drawn with 0.7-mm wide PT.7:FT1 drawn with (.3-mm wide

pen. This example produces the opti- pen. This example plote faster than if

mum solid fill for a 0.7-mm wide pen. PT .3 had been specified, but the solid
' : fill is less dense.

&
£
=

The PT instruction pertaing only to the currently selected pen. It remains
in effect until:

@ a new pen is selected using either an SI instruction or the front-panel
controls '

& a new PT instruction is executed
¢ the plotier is indtialized or set to default conditions

The following table summarizes the possible error conditions or un-
expected results that yvou might observe with the PT instruction.

Condition Error Plotter Response
more than 1 parameter 2 executes first parameter
parameter out-of-range 3 ignoves instruction
new pen selected none | establishes 0.3-mm pen thickness

' The Wedge Instructions, WG and EW

USES: The fill wedge instruction, WG, fills any wedge (sector) of a
circle: the edge wedge instruction, EW, outlines any wedge. Use these
instructions to produce sectors of a pie chart,
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SYNTAX: WG radius, start angle, sweep angle
{, chord tolerance) term

EW radius, start angle, sweep angle
(, chord tolerance} term

Parameter Format Range Default

radius decimal — 3 g0 22— 1 none
current units

start angie decimal 9% 9B — 1 none
degrees, modulo 360

sweep angle decimal 28 fp 25— 1 none
degrees

chord tolerance decimal 2B 4028 —1 5 degrees
current mode

EXPLANATION: The WG and EW instructions are interpreted by
the plotter in the same way. The only difference is that the WG
instruction produces a filled wedge, whereas the EW instruction pro-
duces an outlined wedge.

The first three parameters are required since they have no default
values. The next paragraphs describe each parameter.

1. Radius. The radius specifies the distance from the current pen
position to the start of the wedge’s arc. The radius is in plotter units
if scaling is off and user units if scaling is on. If user units are not
the same size in the X- and Y-directions, distorted wedges will be
drawn. The sign of the radius determines the zero-degree reference
point for the start angle and sweep angle, as shown on the next
page.

2. Start Angle. The start angle specifies where the radius is first
drawn. A positive start angle positions the radius counterclockwise
from the zero-degree reference point; a negative start angle positions
the radius clockwise from the zero-degree reference point.

3. Sweep Angle. The sweep angle specifies the number of degrees
through which the arc of the wedge is drawn from the start angle.
Parameters greater than 360 are set to 360. A positive sweep angle
draws the arc counterclockwise; a negative sweep angle draws the
arc clockwise,
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SWEEP ANGLE 60°

START RADIUS
A +3TART ANGLE 30°
| ZERQ DEGREE

180° ~} —~ =~ —j— 0° REFERENCE POINT
+ RADIUS
\ I
\ /
CURRENT ’
PEN POSITION =+, ’
(STARTING POINT) ~e_  _-7
[
270°
Positive Radius
270°
- L. - CURRENT
- ~ PEN POSITION

(STARTING POINT)

ZERO DEGREE

J
REFERENCE POINT 0° = — —— = | 180°
— RADIUS \ !
+START ANGLE 45° =] /
’
START RADIUS END RADIUS

!
900

Negative Radius

SWEEP ANGLE 95°

4, Chord Tolerance. The chord tolerance parameter is interpreted as
either degrees or deviation distance, depending on whether degrees
mode or deviation mode has been set (by the CT instruction or
default conditions). Refer to The Chord Tolerance Instruction, CT,
earlier in this chapter.

The sign of this parameter is ignored. The default chord tolerance is
5 degrees. As discussed under the CI and CT instructions, increasing
the number of chords (by decreasing the chord tolerance parameter)
generates a smoother arc.

The WG instruction defines and fills a wedge using the current pen and
fill type (and the current line type if the fill is not solid). The EW
instruction defines and edges a wedge using the current pen and a solid
line (regardless of the current line type defined by LT).

With both WG and EW, the starting point for the wedge is the current
pen position, which should be thought of as the center of the circle that
would be drawn if the wedge were 3560 degrees. The WG and EW
instructions include an automatic pen down feature. Upoen completion
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of the wedge, the pen returns to the current pen position and the pen
status is restored.

NOTE: The WG and EW instructions clear the polygon buffer and then
use this buffer for the wedge definition before filling or edging the
wedge. In order for these instructions to work, you must be sure
enough memory has been allocated in the polygon buffer to hold the
number of chords in the wedge, The default memory is sufficient for
even the largest wedge possible (125 chords). If you wish to change the
polygon buffer size, refer to The Polygon Buffer at the end of this
chapter. &

The following table summarizes the possible error conditions or unex-
pected results that you might observe with the WG and EW instructions.

Condition Error Piotter Response
no parameters none ignores instruction
fewer than 3 parameters 2 ignores instruction
more than 4 parameters 2 executes first 4 parameters
parameter out-of-range 3 ignores instruction
polygon buffer overflow 7 if WG, does not fill the

wedge; if EW, edges what-
ever is in the buffer. All
data that overflowed is lost.

lost mode none ignores mstruction (vefer to
Relationship of Plotting
Instructions and Graphics
Limits in Chapter 4)

Example — Defining and Filling Wedges Using
the WG Instruction

The following BASIC program illustrates how to use the WG instruction
to creat a pie chart with one wedge offset for emphasis. Following this
program is another example that shows two methods for outlining the
wedges.
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ZERO DEGREE

DRAWN BY LINE 80

1C
20
3¢
40
80
80
O
BG
80
100

DRAWN BY LINE 60

DRAWN BY

REFERENCE LINE 40

POINT

A\

“Insert configuration statement here
PRINT #1, "IN;SPZ;PR7000,2000;"

PRINT #1, “FT3,75,45;"

PRINT #1, “WG-1000,80,180;"

FRINT #1, "SP3;PR-8C,110;FT1,0,0;"
PRINT &1, "WG-1000,270,60;"

PRINT #1, "SP4;PA?O00,2000;FT4,80,4%5;"
PRINT #1, "WG-1000,330,120;"

PRINT #1, “&PO;"

END

Program Explanation

10

20

30

40

50

60

defines the plotter as the system printer — change as necessary for
your computer

initializes the plotter; selects pen 2; sets the starting pen position
{center of the pie)

selects fill type 3 (parallel lines) with lines spaced every 75 plotter
units at an angle of 45 degrees

defines and fills a wedge based on the zero-degree reference point
for a negative radius of 1000 plotter units, starting at 90 degrees,
sweeping counterclockwise through 180 degrees

selects pen 8; sets a new pen position which changes the pie’s
center point in order to offset the wedge; selects fill type 1 (solid,
bidirectional at a 0-degree angle with spacing defined by default
PT .3 established by IN in line 20)

defines and fills a wedge with the same zero-degree reference point
and radius, starting at 270 degrees, sweeping counterclockwise
through 60 degrees
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70  selects pen 4; sets the pen position back to the original pie center;
selects fill type 4 (cross-hatch) with lines spaced every 60 plotter
units at an angle of 45 degrees

80 defines and fills a wedge with the same zero-degree reference point
and radius, starting at 330 degrees, sweeping counterclockwise
through 120 degrees

90 returns the pen to the carousel

Example — Qutlining the Wedges Using
the EW or EP Instructions

A good graphics programming habit is to outline filled areas after they
have been filled. This creates a clean edge and minimizes ink bleed that
could result if an area were outlined before being filied.

There are two methods for outlining a wedge. One uses the edge wedge
ingtruction, EW, and the other uses the edge polygon instruction, EP.
Both methods are presented below, along with reasons that you might
use each method. Both methods produce the same plot, which is shown
firgt.

Method A.To edge the wedges in the previous program using the EP
instruction, simply add these lines to that program. (The
complete program, including these three lines, is shown at
the end of Chapter 1 under Developing a Plot.)

45 PRINT #1, "EP;¢
65 PRINT #1, "EP;"

85 PRINT #1, "EP;"

Notice that an EP instruction follows each WG instruction.
This is because EP outlines whatever currently resides in
the polygon buffer. Only one wedge resides in the buffer at a

6-26 CIRCLES, ARCS, AND POLYGONS




given time; therefore EP must be executed following each
wedge. The EF instruction is very simple and efficient be-
cause it does not use parameters. Refer to The Edge Polygon
Instruction, EP, later in this chapter.

Method B.To edge the wedges in the previous program using the EW
instruction, simply add these lines to that program. (If you
have already added lines 45, 65, and 85 in method A, replace
them with the following lines.)

45 PRINT #1, “EW-1000,80,180;"
§5 PRINT #1, "EW-1000,270,60;"

B85 PRINT #1, "EW-1000,330,120;"

Notice that the EW instruction requires parameters to define
the wedge before outlining it (unlike the EP instruction). This
increases the chance for typographical errors when entering
the instruction in the computer. However, the EW instruction
is more flexible than the EP instruction, because you can place
EW instructions anywhere in the program, before or after any
WG instructions. You can also execute .an EW instruction
alone (without an accompanying WG instruction).

-
=)
2
9%
2
2
n

- The Absolute Rectangle Instructions,
RA and EA

USES: The fill rectangle absolute instruction, RA, defines and fills a
rectangle; the edge rectangle absolute instruction, EA, defines and
outlines a rectangle. Use these instructions to fill and/or outline
rectangles using absolute coordinates. The RA and EA instructions
make it easy to create any chart that requires many rectangles; for
example, a bar chart, flow chart, or organization chart. (To fill and
outline rectangles using relative coordinates, refer to The Relative
Rectangle Instructions, RR and ER, next in this chapter.)

SYNTAX: RA X-coordinate, ¥Y-coordinate term
EA  X.coordinate, Y-coordinate term

Parameter Format Range Default

X. and. Y-coordinates decimal —9% o 28 —1 none
current units

EXPLANATION: The RA and EA instructions are interpreted by
the plotter in the same way. The only difference is that the RA
instruction produces a filled rectangle, whereas the EA instruction
produces an outlined rectangle.
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The current pen position is the starting point of the rectangle to be
defined. The X,Y coordinates specify the opposite diagonal corner of the
rectangle, as shown in the following illustration. Parameters are in
plotter units if sealing is off and inuser units if scaling is on.

XY COORDINATE POSITION

AREA DEFINED BY RA XY
OR EA XY
: CURRENT
PEN POSITION
(STARTING POINT)

NOTE: The iltustration shows the current pen position in the lower-left
corner and the XY parameters in the upper-right corner. However, both
positions can be in any corner as long as the XY parameters are in a
corner diagonally opposite to the current pen position. B

The RA instruction defines and fills a rectangle using the current pen
and fill type (and the current line type if the fill is not solid). The EA
instruction defines and edges a rectangle using the current pen and a
solid line (regardless of the current line type defined by LT.)

Both the RA and EA instructions include an automatic pen down
feature. Upon completion of the rectangle, the plotter returns fo the
starting point and restores the pen status.

NOTE: The RA and EA instructions clear the polygon buffer and then
use this buffer for the rectangle definition before filling or edging the
rectangle. In order for these instructions to work, you must be sure
enough memory has been allocated in the polygon buffer. A rectangle
requires encugh memory to hold five points. The default memory is
sufficient; howevey, if you wish to change the polygon buffer size, refer
to The Polygon Buffer at the end of this chapter. &

The table on the following page summarizes the possible error conditions
or unexpected results that you might observe with the RA and EA
instructions.
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Condition Error Plotter Response
no parameters none ‘ignores instruction
1 parameter 2 ignores instruction
more than 2 parameters 2 executes first 2 parameters
parameter out-of-range 3 ignores instruction
polygon buffer overflow 7 if RA, does not fill the
rectangle; if EA, edges
whatever is in the buffer.
All data that overflowed
is lost.
lost mode none ignores instruction (refer to _
Relationship of Plotting e
Instructions and Graphics -
Limits in Chapter 4) ! ﬁ _
3 |
w

Example — Defining and Filling Rectangles
Using the RA Instruction

The following BASIC program demonstrates the use of the RA instruc-
tion with the FT instruction to create rectangles such as those you
might use in a bar chart. (To create the same rectangles with relative
coordinates, refer to The Relative Rectangle Instructions, RR and ER,
next in this chapter.) Following this program is another example that
shows two methods for outlining the rectangles.

DRAWN BY
LINE 70
DRAWN BY {3600 , 3000
LINE 50 l_—- )

(2600 , 2600)

DRAWN BY
LINE 30
(1600 , 2000)
/ (2000 , 1000) (3000 , 1009)
START
(100G , 1000}
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"Insert configuration statement here
PRINT #1, "IN;SPt1;PR1000,1060;"
PRINT #1, "FT1;RR1600,2000;"

PRINT #1, "FA2000,1000;"

PRINT #1, "F74,100,45;RRA2E00,2800;"
PRINT #1, "PR3003,1000;"

PRINT #1, "FT3,100,0;RA3800,3000;"
PRINT #1, ®SPQO;"

END

Program Explanation

10

20

30

40

50

60
70

30

defines the plotter as the system printer -— change as necessary for
youyr computer

initializes the plotter; selects pen 1; sets the starting pen position
for the first rectangle

selects fill type 1 (solid, bidirectional at an angle of 0 degrees);
defines and fills the rectangle (with default PT .3 established by IN
in line 20}

sets the starting pen position for the next rectangle

selects fill type 4 {cross-hatch) with lines spaced every 100 plotter
units at an angle of 45 degrees; defines and fills the rectangle

sets the starting pen position for the next rectangle

selects fill type 3 (parallel lines) with lines spaced every 100 plotter
units at an angle of 0 degrees; defines and fills the rectangle

returns the pen to the carousel

Example — Outlining the Rectangles
Using the EA or EP Instructions
A good graphics programming habit is to outline filled areas after they

have been filled. This creates a clean edge and minimizes ink bleed that
could result if an area were outlined before being filled.

There are two methods for outlining a rectangle. One uses the edge
rectangle absolute instruction, KA, and the other uses the edge polygon
instruction, EP. Both methods are presented on the next page, along
with reasons that you might use each method. Both methods produce
the same plot, which is shown first.
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Method A.

Method B.

To edge the rectangles in the previous program using the EP
instruction, simply add these lines to the program.

35 PRINT #1, “EP;"
55 PRINT #1, "EP;Y
?5 PRINT £1, "EP;®

Notice that an EP instruction follows each RA instruetion.
This is because EP outlines whatever currently resides in
the polyvgon buffer. Only one rectangle regides in the buffer
at a given time; therefore EP must be executed following
each rectangle. The EP instruction is very simple and effi-
cient because it does not use parameters. Refer to The Edge
Polygon Instruction, EP, later in this chapter.

To edge the rectangles in the previous program using the
EA instruction, simply add these lines to that program. (If
you have already added lines 35, 85, and 75 in method A,
replace them with the following lines.)

35 PRINT #1, "ER1800,2000;"
55 PRINT #1, "ER2600,2600;"

?5 PRINT #1, "ER3B00,3000;"

Notice that the EA instruction requires parameters to define
the rectangle before outlining it (unlike the EP instruction).
This increases the chance for typographical errors when
entering the instruction in the computer. However, the EA
instruction is more flexible than the EP instruction, because
you can place EA instructions apywhere in the program,
before or after any RA instructions. You can also execute an
FA insiruction alone (without an accompanying RA instruc-
tion), as shown in the following example.
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1B,

Example — Drawing an Organization Chart
- with the EA Instruction

You can also outline rectangles for use in flow charts, organization
charts, and scheduling charts. The following BASIC program illu-
strates how you can use the EA instruction to set up the outline of an
organization chart.

(6400 , BOOD)
DRAWN BY
LINE 30
START
(3600 , 4600) - DRAWN BY LINE 50
DRAWN BY
LINE 70 DRAWN BY LINE 110
= -
(4200 , 2800} (8600 , 2800)
DRAWN BY
™ (INE 130
{1400 , 1400) f (5800, 1400)
DRAWN BY
LINE 80

10 “"Insert configuration statement here
20 PRINT #1, "IN;&P1;PA3E0OG,4600;"

30 PRINT #1, "ERE400,8000;"

40 PRINT &1, "PRSCOO,4600;"

50 FPRINT #1, "PDSCOO,3400;"

680 PRINT #1, "PU?Z200,3400;"

70 PRINT #t%t, "PD2800,3400,2B800,2800;"
B0 PRINT #1%, "PU4Z00,2800;"

90 PRINT #1, "ER1400D,1400;"

100 PRINT #1, "PR7200,3400;"

110 PRINT #1, "PDO?200,2800;"

120 PRINT #1, "PUBEOO,2B00;"

130 PRINT #1, "EARSE00,1400;"

140 PRINT #1, "SPO;"

150 END
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Program FExplanation

10

20

30
40

60

70

80
90
100

110
120
136
140

defines the plotter as the systern printer — change as necessary
for vour eomputer

initializes the plotter; selects pen 1; sets the starting pen position
using absolute coordinates

defines and outlines the top rectangle

moves to the starting pen position for the first vertical connecting
line and establishes absolute coordinates for all subsequent PU
and PD instructions

draws the first vertical connecting line

moves to the starting pen position for the horizontal connecting
line

draws the horizontal connecting line, followed by the left vertical
connecting line

moves to the starfing pen position for the left rectangle
defines and outlines the left rectangte

moves to the starting pen position for the right vertical connecting
line

draws the right vertical connecting line
moves to the starting pen position for the right rectangle
defines and outlines the right rectangle

returns the pen to the carousel

- The Relative Rectangle Instructions,
R and ER

USES: The fill rectangle relative instruction, RR, defines and fills a
rectangle; the edgerectangle relative instruction, ER, defines and outlines
a rectangle. Use these instructions to fill and/or outline rectangles using
relative coordinates. The RR and ER instructions make it easy to create
any chart that requires many rectangles; for example, a bar chart, flow
chart, or organization chart. (To fill and outline rectangles using absolute
coordinates, refer to The Absolute Rectangle Instructions, RA and EA,
earlier in this chapter.)

SYNTAX: RR ZX-ncrement, Y-increment term

EER Xdincrement, Y-increment ferm
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Parameter Format Range Default

X- and Y-ancrements decimal —28B to 28 —1 none
current units

EXPLANATION: Refer to The Absolute Rectangle Instructions, RA
and EA, described previously, for complete details of how rectangle
instructions are interpreted by the plotter. Unlike the EA instruction, -
the ER instruction outlines a rectangle using the current line type.

The main difference between the RA/IA instructions and the RR/ER
instructions is that RA and EA use absolute coordinates to define a
rectangle, whereas RR and ER use relative coordinates. The use of
relative coordinates by the RR/ER instructions is shown next. For a
complete discussion of the differences between absolute and relative
coordinates, refer to Chapter 2 and to the PA and PR instructions in

Chapter 4.
XY INCREMENT POSITION
Y INCREMENT
CURENT AREA DEFINED BY RR XY
PEN POSITION @ —sssmmmsmumnmms ORER XY
(STARTING POINT) g

X INCREMENT

NOTE: The illustration shows the current pen position in the lower-teft
corner and the X,Y parameters in the upper-right corner. However, both
positions can be in any corner as long as the XY parameters are in a
corner diagonally opposite to the current pen position. B

Examples — Using Relative Coordinates
to Draw Rectangles

The following examples use the relative rectangle instructions to draw
the same plots presented previously for the absolute rectangle instruc-
tions. Compare these programs with the previous programs to under-
stand the differences between the coordinates used. Program explana-
tions are not included here, because the explanations ave the same ag
for the previous programs, except for the types of coordinates used
{(relative instead of absoclute).
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Defining and Filling Rectangles Using the RE Instruction
DRAWN BY
LINE 70

DRAWN BY {600, 2000}
LINE 50

:

DRAWN BY
-LINE 30

{600, 1009)

{1000, 0} 1000, 0} ?

el

START : ﬁ
{1000 , 1000) -2
B

w

10 ’“Insert sonfiguration statement here
Z0 PRINT #1, "IN;SP1;PR100O0,1000;"

30 PRINT #1, "FT1;RRE00,1000;"

40  PRINT #1, “PR10OO,0;"

50 PRINT #1, "“FT4,100,45;RRE600, 16800;"
BO PRINT #1, "PRI1COO,0;"

70 PRINT #1, "FT3,100,0;RRE600,2000;"

BO PRINT #1, "SPO;*

80 END

Outlining the Rectangles Using the ER or EP Instructions
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Method A (using EP). Add these lines to the previous program.
35 PRINT #t, “EP; e

55 PRINT #1, "EP;"

75 PRINT #1, "EP;"

Method B (using ER). Add these lines to the previous program.
35 PRINT #1t, "ERBGO,1000;"

3% FRINT #1, "ERBQO,1B00;"

7?5 PRINT #1, "EREBOD,Z2000;"

Drawing an Organization Chart with the ER Instruction

(2800, 1400}
DRAWN BY
LINE 30
START
(3600 , 4600) -« DRAWN BY LINE 50
DRAWN 3Y
LINE mv - DRAWN BY LINE 110
114000} _ {1400, 0}
DRAWN BY
LINE 130
(2800, ~1400} f £~2800,—1400}
DRAWN BY
LINE 90

10 “Insert configuration statement here
20 PRINT #1, "IN;SP1;PR3600,4600;"
30 PRINT #1, "ERZ2EOC,1400;"

40 PRINT #®1, "PR1400,0;"

50 PRINT #1, "PDO,-1200;"

EC  PRINT #1, "PUZZ00,0;"

70 PRINT #1, "PD-4400,0,C,-600;"
80 PRINT #1, "PW400,0;"

80 PRINT #1, “"ER-ZBO0O,~1400;"

100 PRINT #1, "PR3000,800;¢

110 PRINT #1, "PDO,-600;"

120 PRINT #1, "PU1400,0;"

130 PRINT #1, "ER-Z800,-1400;"

140 PRINT #1, "&PO;"

180 END
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The Polygon Mode Instruction, PM

USES: The PM instruction places the plotter in polygon definition
mode. In this mode, you can construct polygons using other HP-GL
instructions. These instructions are stored in the polygon buffer area of
the plotter’s graphics memory; they are not executed by the plotter until
the polygon is drawn. The PM instruction only defines the polygon. In
order to draw the polyvgon, vou must fill it with the FP instruction
and/or outline it with the EP instruction. Use the polygon instructions
to design shapes such as block letters and logos.

SYNTAX: PM n term

Parameter Format Range Default

n infeger 0-2 0

EXPLANATION: The PM instruction accepts only three parameters,
as follows.

pe
<
IS
5
73

{0 Clears the polygon buffer and enters polygon mode
1 Closes current subpolygon

2 Closes current subpolygon and exits polygon mode

In addition, the plotter recognizes only the following HP-GL instruc-
tions while it is in polygon mode. (All other instructions are ignored.)
The first column lists those instructions that are not executed by the
plotter; instead, they are stored in the polygon buffer, where they can
be accessed by the EP and FP instructions to draw the polygon. The
second column lists the instructions that are executed by the plotier.

Stored in Polygon Buffer Executed by Plotter
PM Polygon mode instruction IN Initialize instruction
PA/PR Plotting instructions {exits polygon mode)
PU/PD Pen instructions * Al output instructions
AA/AR  Arcinstructions
CI Circle instruction
CT Chord tolerance instruction

* 04, OC, OD, OF, OF, OG, OH, 01, OK, OL, 00, OP, 08, OT, OW

While in polygon mode, you can define either one polvgon, or a series of
subpolygons. For example, the block letter € is one complete polygon.
However, the block letter D consists of two subpolygons: the outline
and the “hole.”
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ONE POLYGON < ONE SUBPOLYGON

ONE SUBPOLYGON

¢ 'To define one polygon (e.g., the letter €): move the pen to the desired
starting location on your plot. Then execute PM 0 to enter polygon
mode and specify the appropriate HP-GL instructions to define the
shape of the polygon. Finally, execute PM 2 to exit polygon mode.

¢ To define a series of subpolygons (e.g., the letter D}): move the pen to
the desired starting location on your plot. Then execute PM 0 to enter
polygon mode and specify the appropriate HP-GL instructions to
define the shape of the first subpolygon; end this subpolygon with
PM 1. Now specify the appropriate HP-GL. instructions to define the
shape of the next subpolygon, ending it with PM 1. (Continue in this
way for any more subpolvgons.) Finally, execute PM 2 to exit pelygon
mode.

The current pen position before PM O is the first point (vertex) of the
poelyvgon, and thus the first point stored in the polygon buffer. Each
subsequent point defines a vertex of the polygon. If you also include
PM 1, the point after the PM 1 is the first point of the next subpolygon.
This point is always moved to with the pen up, regardless of the
current pen status. Each subsequent point defines a vertex of the
subpolygon.

The vertices can be defined with the pen up or down. However, if you
intend to outline the polygon with the EP instruction, note that EP
only draws those points that are defined with the pen down. The FP
instruction, on the other hand, fills all vertices, regardless of the pen
up/down status.

It is good programming practice to “close” the polygon before executing
PM1 or PM 2, as shown in the following illustration. “Closing” a poly-
gon means adding the final vertex that defines a continuous shape.
However, if you have not explicitly closed the polvgon, PM1 and PM 2
do force the closure. In this case, executing PM 1 or PM 2 adds a vertex
to close the polygon. The original pen position and status (up/down)
are restored after PM 2 is executed.
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WIN;SP1;PUG, ?50;PMO; Y
"PDS00, 1750, 1000, 750,0, 750; PM2 ;EP;*

. 2ND VERTEX
(500 , 1750)
0, 750)
18T VERTEX AND (1000 , 750)
CLOSING VERTEX; 3RD VERTEX
ORIGINAL _

PEN POSITION
AND STATUS
RESTORED

NOTE: The PM instruction clears the polygon buffer and then uses the
buffer to hold the polygon definition. In order for the PM instruction to
work, .vou must allocate enough memory in the polygon buffer before
you execute the PM instruction. The default buffer size is sufficient for
a polygon with 127 points (vertices). For full details on determining the
proper memory allocation, refer to The Polygon Buffer at the end of
this chapter. §

e,
j=)
=
e
e}
2
[d
5]

The following table summarizes the possible error conditions or un-
expected results that you might observe with the PM instruction.
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Condition Error Plotter Response
no parameter none | clears the polygon buffer and
_ enters polygon mode

parameter other than 0, ;] ignores instruction

Lor2

PM1 or PM 2 executed none | ignores PM 1 orPM 2instruction

before PMO (therefore, executes any HP-GL
instructions after the PM 1 or
PM 2, rather than placing them
in the polygon buffer; and
ignores subsequent FP and EP
instructions)

use of any HP-GL 1 ignores illegal instruction

instruction other than

those listed in previous

table, while in polygon

mode

t00 many points; 7 ignores all points that

polygon buffer overflow overflowed

polygon mode not exited | none | ignores all instructions after

(PM 2 not executed after PMO

PMO)

lost mode none | ignores instruction (refer to

Relationship of Plotting Instruc-
tions and Graphics Limits in
Chapter 4)

Example — Creating Block Letters in Polygon Mode

The following BASIC program demonstrates how you can define the
letter H as a polygon, and the letter P as two subpolygons. To design
polygons, it is often helpful to draw them first on grid paper, in order to
help vou determine the proper coordinates. The letters in this program
are defined using relative coordinates, starting at the lower-left corner of
each letter and moving up and clockwise around the letter. Remember, the
plotter will not draw the polygons until instructed to fill or edge them.
For details, refer to The Fill Polygon Instruction, FP, and The Edge

Polygoen Instruction, EP, next in this chapter.
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START AND END
OF 2ND SUBPOLYGON

START AND END START AND END

OF POLYGON OF 187 SUBPOLYGON
10 “Insert configuration statement here
20 PRINT 81, “"IN;S5P1;PRO,0;"
30 PRINT 81, “PMO;PR;PDO,10006,200,0,0,-400;"
40 PRINT 81, "PD250,0,0,400,200,0,0,-1000,-200,0;"
50 PRINT #1, "PD0,400,-250,0,0,-400,-200,0;"
60 PRINT #1, "PuU;pPmz;"
70 PRINT #1, "FP;EP;PUBSC,0;"
BO PRINT #1, "PMO;PDC,1000,325,0;"
80 PRINT #1, "ARO, -300,-180;" :
100 PRINT #1, *PD-125,0,0,-400,~200,0;PM1;"
110 PRINT #1, “"PUZ0GD,B00;PD0O,200,150,0;"
120 PRINT #1, "RRO,-100,-180;"
130 PRINT #1, "PD-150,0;PuU;PMz;"
140 PRINT #1, "FP;EP;"
150 PRINT #1, "&PO;"
180 END
Program Explanation

NOTE: This program shows polygon mode definitions broken into read-
able segments of strings. For example, the definition for the polygon
“H” is spread out over lines 30-60. You can combine these lines and
send longer strings; the only limitation is the ability of your controller
to output long strings. &

10

20

30

40

50

60

defines the plotter as the system printer — change as necessary for
your computer

initializes the plotter; selects pen 1; sets the initial pen position

clears the polygon buffer and enters polygon mode; specifies rela-
tive coordinates; lowers the pen and defines three vertices of the
letter H (beginning from the lower-left corner)

defines the next five vertices of the H

defines the last four vertices of the H (including the closing vertex
at the lower-left corner) '

lifts the pen (as a precaution against unwanted lines being drawn);
exits polygon mode
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70 fills the H using default values (solid, bidirectional fill); outlines
the H; moves with the pen up to the starting position for the
outsi_de of the letier P

80 clears the polygon buffer and enters polygon mode; lowers the pen
and defines two vertices of the outline of the P (beginning from
the lower-left corner)

90  defines the outside rounded portion of the P, still using relative
coordinates, and a counterclockwise angle of 180 degrees

100 defines the last three vertices of the outline of the P (including the
closing vertex at the lower-left corner); closes this subpolygon

110 mowves with the pen up to the starting position for the inside of the
P; defines three vertices of the inside of the P

120 defines the inside rounded portion of the P

130 defines the final {closing) vertex of the inside of the P: lifts the
pen; exits polygon mode

140 filis the P; outlines the P

150 returns the pen to the carousel

Example — Using the CI Instruction in Polygon Mode

A circle is interpreted slightly differently from the other HP-GL instruc-
tions that can be used in polygon mode, The difference is that a circle is
always considered to be a complete subpolvgon. That is, when the CI
instruction is used in polygon mode, the plotter treats it as if it were
preceded and followed by PM1. The first coordinate points entered
after a Cl instruction thus become the first vertex of the next sub-
polygon. If a circle is to be the first element of a polygon, be sure to
move the pen to the desired center point before executing PM 0.

As noted previously, PM 1 closes the current subpolygon if it is open.
This usually adds another vertex to the subpolygon and changes the
pen position. Thus, if you do not close the current subpelygon before
executing a Cl instruction, the pen position could change. Since the CI
instruction is based on the current pen position, this means that the
location of the circle could change. You should alse note that there is no
need to specify PD, as the CI instruction includes an automatic pen
down feature. Remember also that when the circle is complete, the pen
returns to the last position before the CI instruction was executed.

The following BASIC program demonstrates the use of the CI instruc-
tion in defining the two subpolygons needed to draw a hexagonal nut,
Notice that the alternating line patterns are aligned even though there
is a center “island.”
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10 "Insert configuration statement here

20 PRINT #1, "IN;SFP1;PA3000,3000;"

A0 PRINT #1, "PMO;CI1000,B60;CIS00;PM2 ;Y

40 PRINT #1, "LT4;FT3,50,45;FF;LT;EP;"

SO PRINT #1, “SPo;¢

80 END

Program Explanation

10 defines the plotter as the system printer — change as necessary for
your computer

20 initializes the plotter; selects pen 1; sets the initial pen position (the
center of the circle)

30 clears the polygon buffer and enters polygon mode; specifies a
circle with a radius of 1000 plotter units and chord tolerance of 60
degrees as the first subpolygon (the outer hexagon); specifies a
circle with a radius of 500 plotter units and default chord tolerance
of & degrees as the second subpolygon (the inner circle); exits
polygon mode

40  selects line type 4 (dashed lines); defines fill type 3 (parallel lines)
with lines spaced every 50 plotter units at an angle of 45 degrees;
fills the polygon; selects a solid Hne type: edges the polygon

50 returns the pen to the carousel

The Edge Polygon Instruction, EP

USES: The EP instruction outlines the polygon that is currently
stored in the polygon buffer. Use this instruction to edge polygons that
have been defined with the PM, RA, RR, and WG instructions.

SYNTAX: EP term

EXPLANATION: The EP instruction outlines any polygon that has
been previously placed in the polygon buffer. Valid polygons include
those defined by the PM, RA, RR, and WG instructions. While the EP
instruction does access the data in the polygon buffer, note that EP
does not clear the buffer or change the data in any way.
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Only vertices that were defined with the pen down are edged. These are
edged using the current pen and line type. Upon completion of the EP
instruction, the original pen position and status (up/down) are restored.

For examples using the EP instruction, refer to the RA, RR, WG, and
PM instructions in this chapier.

The following table summarizes the possible error conditions or un-
expected results that you might observe with the EP instruction.

Condition Error Plotier Response
previous PM, RA, RR, or WG none edges only those points
instruction overflowed the that remain in the
polygon buffer buffer
no polygon previously defined none ignores instruction
1 or more parameters 2 edges the currently

stored polygon

2 The Fill Polygon Instruction, FP

USES: The FP instruction fills the polygon that is currently stored in
the polygon buffer, using the fill type specified in the FT instruction.
Use the FP instruction to fill pelygons that have been defined with the
PM, EA, ER, and EW instructions.

SYNTAX: FP term

EXPLANATION: The FP instruction fills the polygon that has been
previously placed in the polygon buffer. Valid polygons include those
defined by the PM, EA, ER, and EW instructions. While the FP

instruction does access the data in the polygon buffer, note that FP
does not clear the buffer or change the data in any way.

The polygon is filled using the current pen, fill type, and line type. If
subpolygons are defined, the FP instruction fills alternating areas,
beginning with the outside area. (To see how this works, refer to the
examples at the end of this section.) Upon completion of the FP
instruction, the original pen position and status (up/down) are restored.

The following table summarizes the possible error conditions or un-
expected results that you might observe with the FP instruction.

Condition Error Plotter Response
previous PM, RA, RR, or WG none ignores instruction;
instruction overflowed the does not fill polygon
polygon buffer
no poilygon previously defined none ignores instruction
1 or more parameters 2 fills the currently stored

polygon
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Example — Creating a Surface Chart

The following BASIC program shows how to use the PM and FP
instructions to draw and fill a curve in a surface chart, leavinga blank
area for the legend. {This program also uses labeling and tick instrue-
tions that are described in Chapters 7 and 5, respectively.)

sueSklog

10 ‘Insert configuration statement here
20 PRINT %1, "IN,;5C-20,80,-106,E80;"

30 PRINT #%, "8Pz;PRO,0;"

40 PRINT #1%, "PMO;PDRO,10,10,16;"

50 PRINT #1, "PD2(,20,30,14,40,18,50,18;"
60 PRINT #1, "PDEG,22,860,0,0,0;:PM1;"

70 PRINT #1, "PU4,4;FD4,8,16,8,16,4,4,4;PU;PMz;"
80 PRINT 81, "FP;EP;"

80 PRINT #1, "SP1;81.25,.5;*"

100 PRINT #1, "PUS.5,5;LBLegend" +CHR$(3}
110 PRINT %1, "PAO,0;EREB0,40;"

120 PRINT #1, “TL1.5,0;"

130 FOR X=0 TG BO STEP 10

140G PRINT #1, "PRY,;%;",0;XT;"

150 NEXT X

180 PRINT #1, "7TL1,0;"

170 FOR Y=0 TO 4C STEF S

180 PRINT #1, "PRO,";Y;";¥YT;"

180 NEXT ¥

200 PRINT ut, "SPO;"

210 END

CIRCLES, ARCS, AND POLYGONS 6-4H




Program Explanalion

10

20

30

40

50

60

70

80

90
100

110

120
130

140
150
160
170

180
190
200

defines the plotter as the system printer — change as necessary
for your computer

initializes the plotter; scales the plotting area to user units (subse-
quent plotting instructions will now be interpreted as user units)

selects pen 2: sets the initial pen position

clears the polygon buffer and enters polygon mode; lowers the pen
and defines two vertices of the outside of the surface curve
{(beginning from the user-unit origin)

defines the next four vertices

defines the last three vertices (including the closing vertex at 0,0);
closes this subpolygon

moves with the pen up to the starting position for the rectangular
“legend” area (this is also the first vertex); lowers the pen and
defines four vertices (including the closing vertex); lifts the pen;
exits polygon mode

fills the surface curve using default fill conditions (solid, bidirec-
tional with default PT.3 established by IN in line 20); edges the
surface curve and legend area

selects pen 1; defines the character size

moves with the pen up fo the starting position for the label; draws
the label (“Legend”) — refer to The Label Instruction, LB, in
Chapter 7 for an explanation of the label terminator CHRS$(3)

moves to the user-unit origin; defines and edges a rectangle
around the chart

defines the size of the X-axis tick marks

BASIC statement that starts the loop for drawing the X-axis ticks
at intervals of 10 user units

draws to the tick location; draws the tick
BASIC statement that ends the loop
defines the size of the Y-axis tick marks

BASIC statement that starts the loop for drawing the Y-axis ticks
at intervals of b user units

draws to the tick location; draws the tick
BRASIC statement that ends the loop

returns the pen to the carousel
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Example — Filling Alternating Subpolygons

The following BASIC program shows the effects of defining and filling
several subpolygons within one PM 0 instruction. In addition, it shows
how to use the ESC. T instruction to increase the polygon buffer size in
order to accommodate all of the subpolygons. (For further details, refer
to The Polygon Buffer at the end of this chapter, and The Allocate
Configurable Memory Size Instruction, ESC. T in Chapter 14.)

If you are using the RS-232.C interface, you can probably use the
program example as is. To use this program as written, your computer
must be able to read output statements; otherwise, replace lines 20
through 40 with this line: 20 PRINT #1, “GMS110;"

",
ch
e
a8
oy
=
45}

10 “’Insert configuration statement here
20  PRINT #1, CHR$(27)+" ,T;5110:"

30 PRINT #1, CHR$(27)+* LM

40  INPUT #1, L

50 PRINT #%1, "IN;SP1;PAS000,S000;"

B0 PRINT #1, "PMQ;CI250;CIS500;CI?50;"
70 PRINT #1, “CI1000;CI1250;FPMz;"

BO PRINT #1, “FP;EP;"

80 PRINT #1, "SPC;*

100 END

MOTE: The HP Touchscreen (150} computer cannot read output
statements when using the HP-IB interface. When using RS-232-C, the
HP Touchscreen (150) requires the use of separate files for output and
input, only one of which may be open at a given time. Refer to Chapter
6 of the Operation and Interconnection Manual for an example. ¥
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Program Explanation

10 defines the plotter as the system printer — change as necessary for
your compiter

20 allocates 5110 bytes of available graphics memory into the polygon
buffer (sets other buffers to default allocations)

30 causes the program to pause until all of the bytes are allocated in
the buffer by requesting that the plotter output the buffer size when
it is empty

40 reads the output response generated by line 30 (the actual response
is not important, but it should be read by the computer anyway;
refer to Chapter 14 for hints on using the ESC . Linstruction with the
ESC. T instruction and for methods of reading the output response.)

50 initializes the plotter; selects pen 1; sets the initial pen position

60 clears the polygon buffer and enters polygon mode; defines three
subpolygons consisting of progressively larger concentric circles

70 defines two more subpolygons consisting of larger concentric circles;
exits polygon mode

80 fills alternate subpolygons using default fill conditions (solid, bi-
directional with default PT.3 established by IN in line 50); edges
the subpolygons

90 returns the pen to the carousel

The Polygon Buffer

When a polygon is created with the PM, RA, RR, EA, ER, WG, or EW
instructions, the points defining the polygon are stored in the polygon
buffer. When you want to fili or edge a polygon, the points are accessed
from this buffer by the FP and EP instructions.

The size of the polygon buffer is determined by the first parameter in
the GM or the second parameter in the ESC.T instruction. In many
cases, you can leave the buffer at the default size of 1778 bytes.
However, if you are defining a large polygon, you must first increase
the buffer to avoid ervor 7, buffer overflow. Also, if you arve not defining
polygons and need extra bytes for one of the other buffers (e.g., the
replot buffer), you might want to decrease the polygon buffer size. For
information about the GM instruction, refer to The Graphics Memory
Instruction, GM, in Chapter 3. For specifics on the ESC. T instruction,
refer to The Allocate Configurable Memory Instruction, ESC.T, in
Chapter 14.
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Determining the Approximate Size of the Polygon Buffer

The size of the polygon buffer is specified in bytes. To determine how
much space to set in the buffer, you must convert the number of points in
your polygon into bytes. The following formula will suit most situations;
however, it is approximate. If you need a more accurate determination,
read the paragraphs titled Determining the Exact Size of the Polygon
-Buffer, later in this section,

# of bytes = # of points X 14 |
The default size of the polygon buffer is 1778 bytes. This will accomino-
date approximately 127 points (1778/14).

Counting the Points in Your Polygon

The starting pen position and each vertex defined with a coordinate pair

are all points defining a polygon. Thus, although a rectangle has 4 e
corners, it consists of 5 points, as shown below. . é“
2 3 2
"PUO, 0; PMO; PDO, 500, B0O0, 600,800,0,0,0;" B

OR

"PM2;EP;"

K\ 5 4
p {CLOSE)

ISTART)

The following shape has 7 points.

2 3

"PLO, 03 PMO; PDO, 800, 200, 800,200,200; "
4 "PDE0O, 200,600,0,0,0;PM2; EP; "

L 1
1 8

7

The number of points in an arc or circle depends on the number of chords
in the arc. You can use this formula:

arc size (degrees)

# of points =
: chord angle (degrees)

Thus, a full circle with the défault chord angle of 5 degrees consists of 73
points {360/5 -+ 1 ="73). On the otherhand, a 45-degree arc with an angle of
3 degrees consists of 16 points (45/3 + 1 = 16).
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Determining the Exact Size of the Polygon Buffer

To determine the exact number of bytes required for any polygon, use
the equation shown next. Each segment of the equation is described in
the following paragraphs; an example is provided at the end of this
section.

total # of bytes = 2 + [(p1 + fi) T (p2 1 fo) +..]
where '
2 1s the number of bytes required for overhead,
pis 1 byte caused by a PU, PD, PM 1, or PM 2 instruction, and

f is the following formula:
f= (12 X # of points) + (F’_‘?_fi.‘_;?éi?__ﬂ X 2)

The ceiling symbol T 1indicates that the result of the division is
to be rounded up to the next integer. Thus, for 1 pomt, F= (12 X 1} +
(17128711 2) = 12 + 2= 14 (remember, [ 1/1287 = 1, not 0.078).
Similarly, for 4 points, f = (12 X 4) -+ ({4/1287 X 2) = 48 +
2 = B0,

The easiest way to understand this egquation is to try an example. Con-
sider the polygon created for the surface chart in the example given
previcusly under The Fill Polygon Instruction, FP:

PAO,0;

PMO;PDO0,10,10,16;
PD20,20,30,14,40,18,50, 16;
PD60,22,60,0,0,0;PM1;

PU4,4;PD4,8,16,8,16,4,4,4; PU:PM2;

The total number of bytes will be determined as shown on the next
page.
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Overhead: 2
Current pen position before PM 0 (0, 0) counts as 1

point, so solve f for 1 point: 14
PD causes 1 byte: 1
2 points follow PD, so solve f for 2 points: 26
PD causes 1 byte: 1
4 points follow PD, so solve f for 4 points: 50
PD causes 1 byte: 1
3 points follow PD), so solve f for 3 points: 38
PM 1* causes 1 byte: 1
PU causes 1 byte: 1
1 point follows PU, so solve f for 1 point: 14
PD causes 1 byte: 1
4 points follow PD, so solve f for 4 points: 50
PU causes 1 byte: 1
PM 2* causes 1 byte: 1

Total number of bytes required for this polygon: 202

Contrast this number with the previous general formula of 14 X # of
points. This polygon has 15 points, so according to that formula, the
polygon would require 210 bytes. By using the more precise equation,
you save 8 bytes, which can be allocated to one of the other buffers in
the configurable graphics memory. Of course, if you sent longer strings,
thus eliminating the extra PD instructions, you would save a few more
bytes. For example, sending all of the points between the first PD and
the PM 1 in one string, you would save 6 more bytes.

*In this example, the last point before PM 1 closed the subpolygon, and was already
included in the previous point count when solving for f. However, If you do not include a
point that cioses the subpolygon, the plotter will add this point, s¢.you would need to
add 14 {f for one point) after the PM 1, This alse holds true for PM 2 if you do not include
a point that closes the polygon,
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Chapter 7

Labeling Basics

What You’ll Learn in This Chapter

In this chapter you will learn how to label so that you can annotate plots
or make text charts. You will learn how to position labels and how to
change their size, slant, and direction. This chapter assumes that you are
labeling only with the standard (default) character set, ANSI ASCII
(Ernglish), and the standard font, fixed-space. However, all of the instruc-
tions in this chapter are valid for any character set and font. If you are
interested in labeling with another character set, or with the variable-
space font, read about the character set instructions in Chapter 11 after
vou have learned about labeling in this chapter.

HP-GL Instructions Covered

LB The Label Instruction

DT The Define Label Terminator Instruction
-y 81 The Absolute Character Size Instruction
i SR The Relative Character Size Instruction
SL The Character Slant Instruction
DI The Absolute Direction Ingtruction
DR The Relative Direction Instruction
LO The Label Origin Instruction
CP The Character Plot Instruction
ES The Extra Space Instruction
BL The Buffer Label Instroction
PB The Print Buffered Label Instruction
OL The Output Label Length Instruction

Terms You Should Understand

Fixed-Space Font — a set of characters where each character occupies a
fixed, uniform amount of space, This is also called a vector font because
the characters are drawn as a series of vectors (short line segments).

mete

Variable-Space Font — a set of characters where each character occupies
- a variable (proportional) amount of space. This is also called an arc font
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because the characters are drawn as a series of chords that approxi-
mate arc segments. This gives the characters a smoother appearance
than vector-font characters.

Character Set — a group of characters, each of which is defined by a
unique ASCII decimal code. Typically, a character set contains related
characters, such as a character set composed of math symbols, or a
Swedish character set. The HP 7550 has 20 character sets, each of
which can be drawn in the fixed-space font, or the variable-space font.

Character Plot Cell — the concept used by the plotter to define a
character, a line, and a space. The character plot cell is one space wide
by one line high. The character occupies the lower-left portion of the
cell, so that there is a blank area to the right and above the character.

Space — the width of the character plot cell; the space includes both the
character and the blank area to the right. The default size of the space
depends on the font; the average space is 1.5 times the average char-
acter width.

Line — the height of the character plot cell; the line includes both the
character and the blank area above it. The default size of a line is 2
times the height of an uppercase A.

Character Origin — the lower-left corner of the character {i.e., the lower-
left corner of the character plot cell).

Carriage-Return Point — the point to which the pen moves when it
receives a carriage return (decimal code 13) in a label string.

Label Terminator — the final character in every label string. It ter
minates the label mode, so that the.plotter will interpret subsequent
characters as HP-GL instructions rather than as labeling characters.
Its default value is the ASCII character ETX (decimal code 3), but it may
be redefined using the DT instruction.

The Label Instruction, LB

USES: The LB instruction plots text using the currently defined
character set. Use this instruction to annotate drawings or create text-
only charts,

SYNTAX: LB ¢...c term
{where term is the label terminator defined by the DT

mstruction)
Parameter Format Range Default
c...c label any character none
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EXPLANATION: All printing characters following the LB instruc-
tion are drawn using the currently defined character set. (Refer to
Chapter 11 for defining character sets other than the default character
set 0, ANSI ASCII English.) You can include nonprinting characters
such as carriage return (€&, decimal code 13) and line feed (LF, decimal
code 10); these characters are not drawn, but do cause the specified
function to be performed.

NOTE: To terminate the LB instruction; vou must use a special label
ferminator instead of the usual HP-GL terminator; if you don’f use the
label terminator, everything following the LB mnemonic will be printed,
including other HP-GL instructions. The defauit label terminator is the
nonprinting end-oftext character ETX (decimal code 3). You can change
the label terminator with the define label terminator instruction, DT,
described next in this chapter. B

The label begins at the current pen position unless you have used the label
origin instruction, LO, to specify thelabel’s position. In addition, the label
is plotted using the current direction, size, slant, and spacing. (Refer to the
LO, DI, DR, 81, SR, SL, and ES instructions in this chapter for defaults
and methods of changing these conditions.) After the label is drawn, the
pen position is updated to be the next character origin (refer to Character
Positioning later in this discussion).

It is possible to use the print buffered label instruction, PB, to repeat
labels that have been drawn with the LB instruction. This is because
the LB instruction clears the label buffer and places the first 150
characters in this buffer, at the same time drawmg the label on your
plot. The example later in this section shows how to use PB to repeat
labels. However, the setting of the label origin (IO instruction) can
limit the use of PB. If you are using label origins 1 through 3 or 11
through 13, you can repeat the last label any number of times. If you
are using other label origins and the label contains an embedded
carriage return (decimal code 13), only the part of the label following
the carriage return will be repeated. In these situations, use the BL

instruction ingtead of the LB instruction prior to printing the label with
PB.

The label buffer is cleared by setting the plotter to default or initialized
conditions, by executing a CM instruction, or by executing an LB or BL,
instruction without parameters.

NOTE: The label buffer is independent of the buffers in the configur-
able graphics memory, You cannot change the size of this buffer. #
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The following table summarizes the possible error conditions or un-
expected results that you might observe with the LB instruction.

Condition Error Plotter Response
no parameter none | clears label buffer
more than 150 none | labels all characters, but places
characters only the first 150 characters in
the label buffer
label terminator invalid | none | labels all characters {including
or omitted HP-GL mnemonics and param-

eters) until valid Iabel terminator
is encountered

lost mode none | if location of label causes lost
mode, conforms to conditions
described under Relationship of
Plotting Instructions and
Graphies Limits in Chapter 4; if
plotter is already in lost mode,
ignores instruction

length of character 6 ignores instruction (plotier
string’s baseline usually enters lost mode before
exceeds 2% primitive this error occurs)

grid units®

*Primitive grid units aye the units the plotier uses to generate characters; refer to the User-
Defined Character Instruction, UC, in Chapter 11. To clear the position-overfiow condi-
tion, execute a UC or CP instruction without parameters, or any PA, PR, DL, DR, AA, AR,
DF, or IN insiruction. Pressing a cursor key on the front panel also clears the condition,
as does a carriage return embedded in the label character string (assuming the plotter is
not already in lost mode).

Character Positioning

The following illustration defines the relationships of a space, a line, the
character origin, and the width and height of a character. The physical
sizes of the space, line, width, and height depend on the current settings
of the SI, SR, and ES instructions. The space size is the same for each
character in the fixed-space fonts; in variable-space fonts, the space
size varies with the width of each character. (For more details, refer to
Adjusting Character Size, Spacing, and Position later in this chapter.)
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When you issuze an LB instruction, the current pen position becomes
the first character origin (unless altered by an LO instruction). Affer
the first character is drawn, the pen moves to the next character origin
and draws the next character (if any). This continues until the end of
the label string, unless an embedded control character such as a
carriage return (CR, CHR$(13)) or line feed (LF, CHR$(10)) is encountered.
If a line feed is encountered, the pen moves down one line from its
current position. If a carriage return is encountered, the pen moves to
the carriage-return point (usually the current pen position when the LB
instruction was executed, adjusted up or down by any line feeds or
inverse line feeds). At the end of the string, the pen position is updated
to be the character origin for the next character. These concepts are
shown in the illustration on the next page.

NOTE: The carriagereturn point is updated to be the current pen
position after these instructions-are executed: PA, PR, DI, DR, AA, AR,
RO, DF, and IN. In addition, moving to a new point using the front-panel
P1, P2, ALIGN, and cursor keys updates the carriage-return point to the new
pen position. Also, the front-panel cLEAR and RESET function keys update
the carriage-return point to the current pen position. Note that although
the current pen position is updated after an LB instruction, the carriage-
return point is not updated, except as described above. &
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WIN;BP1;8I.5,.8;¢
"BA3010,4000; "
"LBRB" +CHR&(3)

CHARACTER
ORIGIN AT
18T CR POINT

(ESTABLISHED #<-— UPDATED

Y PA) FPEN POSITION

"PA3010, 2000;"

M LBCDM +CHR$ (3)

"PRZOO, ~500;"

LB +CHR$ (13)+CHR$ (10)+" FG' +CHR$ (3)

CHARACTER :
ORIGIN AT
NEW OR POINT
{ESTABLISHED e~ UPDATED
BY PA) PEN POSITION

®=—— (PR 200,500}

CHARACTER
ORIGIN AT
NEW CR POINT
(ESTABLISHED R UPDATED
BY PR) PLUS LF PEN POSITION

How to Send the Label Terminator and Other
.Nonprinting Characters

In the HP-GLstrings shown in the previous illustration, the characters LF,
CR, and ETX all represent nonprinting characters. To determine whether
vou can produce these characters on your computer, check the ASCII
character and key code table in your computer language documentation.
On most HP computers, you can produce the iF character by pressing the
cTrL (control) key followed by J. Likewise, the 6& character is produced by
cTRLM, and the ETX character is produced by ¢TRL €. If you cannot produce
these characters from the kevboard, you will have to use a string function
such as CHRS(value), which produces the character whose decimal code
valueis specified. For example, CHR$(3) produces ETX, CHR$(10) is LF, and
CHR$(13)is 6R. Again, check vour computer language documentation for
the proper function to use. (You can also refer to the programs for
individual computers in Chapter 6 of the Operation and Interconnection
Manual: they use string functions for labeling).
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If you can produce the character directly from the keybeard, you can
simply enter the character within the label instruction. However, if you
must use a string function such as CHRS, you will have to send it sepa-
rately from the string, as shown below. If necessary, substitute your
computer’s string function for CHRS. In addition, notice that the conca-
tenation (linking) symbol + is used between the label string and the
string function. This ensures that the character produced by the string
function is sent immediately after the label string without any extra
spaces. On some computers, & is used as the concatenation symbol; if
this is true for your computer, substitute & for +.

Instruction Using String Function

PRINT #1, "IN}SP1;PA2000,5000;S1.55,.8;"

PRINT #1, “LBLabel"+CHR$(3)

PRINT &1, "PR4500,5000;"

PRINT #1, "LBtabel" +CHR$(13)+CHR$(10)+" return+
CHR$ (3)

Whichever method you use to send the label and nonprinting characters,
here 1s the plotted output:

Label Label
return

Example — Repeating Labels from the Label Buffer

The following example illustrates the LB instruction, also showing that
the contents of the label buffer can be drawn at different locations with
the PB instruction. The labels are drawn using default conditions for the
character set, size, direction, spacing, and slant. The PB instruction is
described later in this chapter.

o
g,
[
=
jiie}
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10 “Insert configuration statement here
20 PRINT #1%1, "IN;SP4;PR10,6000;"
36 FPRINT #1, "LBlLabe! strings are buffered."+CHRS$
(133+CHRS$ (103 +CHR${3)
40 PRINT #1, "LBlLast string is repeatable. "+
CHR$ (33
S0 PRINT #1, "PR1000,5000;PE;"
B0 PRINT 81, "PRS00,49000;PB;"
7C PRINT #t, "“SPO;"
BO END

"Label strings are buffered.
LLast string is repeatable.

Last string is repeatable.

Last string is repeatable.

The Define L.abel Terminator
Instruction, DT

USES: The DT instruction specifies the character to be used as the
label terminator. Use this instruction to define a new label terminator if
the default label terminator (ETX, decimal code 3) cannot be used by
your computer.

SYNTAX: DT label terminator term

or
DT term
Parameter Format Range Default
Iabel terminator iabel any character except | ETX {(decimal

NULL, ENQ, LF, ESC, code 3)
and ; (decimal codes
0, 5, 10, 27, and 59,

respectively)

EXPLANATION: The character following the DT mnemonicis inter-
preted to be the new label terminator. Label instructions react differently
depending on which character you specify to be the label terminator.
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The label terminator specified stays in effect until a new label termi-
nator is specified, or the plotter is initialized or set to default conditions.
All labeling instructions (LB, BL, and WD) following the DT instruction

LF or; (decimal Restores ETX (decimal code 3) as the label

code 10 or 59)
printing

character

nonprinting

character

{control

character)

terminator.

Terminates the instruction and prints the
character.

Terminates the instruction and performs
the function specified by the character.

must be terminated by the specified character.

The following table summarizes the possible error conditions or un-

expected results that you might observe with the DT instruction.

Condition Error Piotter Response

LF or; specified

NULL or £S¢ characters specified none | ignores instruction

none | restores default (ETX)

more than 1 character specified 2 executes first character

Example — Changing Label Terminators

The following program shows how to change the label terminator, as

well as what happens to plotted labels with different terminators.

10
20
30

40
50
B0
70
B0
g0
100
110

120

*Insert configuration statement here

PRINT
PRINT

PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT

END

#1,
51,

#1,
%1,
81,
#1,
#1,
81,
#1,

#1,

WIN;EFZ;5C0,5000,0,5000;PR0, 4500'“

“LBDefault cantrol character ETX"+CHR
$(12)+CHR$ (10)+CHR$(3)

“{ Bterminates by performing end-"+CHR
$C13)+CHR$ (101 +CHRS$ (3D

"{ Bof-text function.,"+CHR$CI)D

"PRO, 3900;DT#;"

“UBPrinting characters terminate,”+
CHR$ (13)+CHRS$ (102 +" &%

| Bbut are also printed.#”

"PAO, 3400; DT +CHR$ (13 +" ;"

"| BControl characters terminate’ +CHRS
(10+CHR$ (13

“{ Bard perform their function."+CHRS
(13047820,
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I

Default controcl character -ETX
terminates by performing end-
of-text function.

Printing characters terminate,
#but are also printed.#

Control characters terminate
and perform their function.

Labeling with Variables

In some applications, it is desirable to label the plot using variables
rather than literals to define the label string. The principles of sending
variables in ldabel instructions are similar to those for sending variables
in plotting instructions (refer to Chapter 4). However, the format for the
character field is important for a different reason — labels will be posi-
tioned differently and plotted with extra spaces, depending on the
format you use. Many different conventicns are used in various com-
puter languages and computers to define variable length and the char-
acter field format in which these variables will be printed. To avoid
unexpected placement of the labels defined by variables, refer to your
computer manual for a definition of the conventions used to define the
output character field.

Quotation marks are used by many computers to define the literal char-
acters that are to be sent, but variables are not included within guota-
tion marks. The comma is used by some computers as a delimiter
between variables to cause the label siring to be rightjustified in a
specific character-field width. The unused character positions in this
field are normally sent as leading blank spaces to establish fixed spac-
ing between label strings. For close spacing of label strings, the blank
spaces can normally be suppressed by substituting a semicolon as a
delimiter between variables. '

The following exampie illustrates use of the comma to establish fixed
spacing when using variables for labeling. When the value of X is 50,
the labels shown are produced by the given HP-GIL. instructions. The
second statement causes the plotter to label the values of X, X+ 1, and
X + 2. Blank spaces between the printed integers normally include
space for the sign, which might not be printed, depending on your com-
puter. The number of blank characterfield spaces might vary with dif-
ferent computers.
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K=50
WPR300, 13005 LB, X, %+1, X+2, +CHR$ (3)

l. %50| ;511 §52

i l |
1 i

BLANK CHARACTER FIELD SPACES

The following example illustrates the closer spacing achieved in
Microsoft® BASIC when semicolons separate variables in labeling
instructions. The semicolons between the variables cause suppression
of blank spaces. The space between the printed integers varies with
different computers, but normally includes the sign space.

X=50
"PR300, 1000 LB jX; X+1; X+2; +CHRS (3)

50 51 52

Any spaces required to fit into the context of the item being labeled
must normally be sent enclosed in quotation marks. The following
example labels the same variables as above, but with four extra spaces
between each of the integers. Note that four spaces enclosed in quota-
tion marks are sent between each variable, but the semicolon suppresses
unwanted blank spaces.

Ke50
"PR300, 700 LE" ;K" e b %+2 s +CHR$ (3)

] ‘ FOUR EXTRA SPACES

50° ' 51 ' 52

el

&

o]
i

- Adjusting Character Size, Spacing,
~ and Position

Now that you can plot labels, you are probably interested in learning
how to adjust conditions such as size, slant, direction, space, and posi-
tion. Most of these conditions are based on the concept of the “character
plot cell,” which is a rectangular grid used by the plotter to generate
characters. The character plot cell is described in this section, followed
by a summary of how various character conditions relate to this concept.
The instructions for changing character conditions are presented in the
remainder of this chapter. Note that these conditions affect both fixed-
space and variable-space fonts. Refer to Chapter 11 for details on select-
ing fonts and character sets.
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The Character Plot Cell

You can think of the character plot (CP) cell as a rectangular area around
a character that includes blank areas above and to the right of the
character, as shown below. Mapped onto this CP celi is a special coor-
dinate system known as the “primitive grid;” the size of the grid (i.e., the
number of grid units across the width and height) depends on the font
selected. The grid isn’t shown in the llustration, because it is only
conceptual and changes with fonts. You will become better acquainted
with the grid if you decide to design characters with the UC and DL
instructions in Chapter 11.

The origin point of the grid (0,0) is also the character origin, and is
always in the lower-left corner of the CP cell. The height of the character
depends on the character size selected. However, the height of the CP cell
(one Hne) is always 2 times the height of an uppercase A in the selected
font. The width of the cell (one space) depends on whether a fixed-space
font or a variable-space font is selected. If the font is fixed-space, the
width of each character in the selected font is the same, and the CP cell
is 1.5 times the width of a character. If the font is variable-gpace, the
width of each character varieg, as well as the width of the CP cell.
Therefore, variable-space fonts have an “average” CP cell. The width of
the average CP cell is 1.5 times the average character width.

CP CELLS
1 SPACE = 15X
/\\ CHARACTER WIDTH
g,
N
CTLINE = 2%
UPPERCASE
' CHARACTER

UPPERCASE HEIGHT
CHARACTER
HEIGHT
k 2 J
CHARACTER Mo i 3
ORIGIN™ CHARACTER
WIDTH

(FIXED) SUBSEQUENT
CHARACTER
ORIGINS

Fixed-Space Font
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CP CELLS AVERAGE CP CELL
FOR THIS FONT

1 SPACE IS VARIABLE
ey
-1 ~
1 LINE=2x
|, UPPERCASE
CHARACTER Y
UPPERCASE HEIGHT
CHARACTER
MEIGHT
o \
GHARACTER % ‘g / ~——t
ORIGIN™ CHARACTER CHARACTER " 1 gpACE== 15X
WIDTH OHIGIN AVERAGE
C{(VARIES)  SUBSEQUENT CHARACTER WIDTH
_ CHARACTER FOR THIS FONT
ORIGINS
Variable-Space Font

Character Size

The absolute character size and relative character size instructions, SI
and SR, define the width and height of the characters in the font selected.
If the font is fixed-space, the new width and height are applied to every
character in the font. If the font is variable-space, the height is applied to
every character, but the width is interpreted as an average width, so that
each individual character width still varies, based on the average. The
character size determines the size of the CP cell, as described earlier.

Thus, whenever you change character size, you automatically change
the CP cell size.

Direction and Slant

=
o]
jop
2,
g
ag

The absolute direction and relative direction instructions, DI and DR,
define the orientation of the label on the page. For example, you can
label horizontally (parallel to the X-axis), or you can label at any other
angle, You can also change the slant of the characters with the character
slant instruction, SL, fo create an italicized effect. The direction and
slant do not affect the size of the CP cell.

Spacing and Position

Default spacing is as described previously under The Character Plot
Cell. To change spacing, use the extra space instruction, ES. This instruc-
tion does not affect the character size; it only allows you to add or sub-
tract from the space around the character in the CP cell. You can adjust
the vertical space (i.e., the line) and/or the horizontal space.

You can control the character position in a number of ways. Labels are
drawn at the current pen position, so you can arrive at that position
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with a plotting instruction such as PA, PR, AA, or AR. You can also
define where the label is placed relative to the current pen position using
the label origin instruction, L.O (for example, centered, left-justified, or
right-justified). Finally, you can use the character piot instruction, CP, to
move the pen position in terms of the CP cell. This is useful for aligning
labels. For example, when Indenting to the third character of a previous
label in a fixed-space font, you can use the CP instruction to move two
CP cells, rather than having to measure that distance in current units.

It is sometimes tricky to position variable-space fonts, because the total
length of the label depends on the widths of each character in the label.
Usually you can use the LO instruction to position labels; the LO instruc-
tion automatically calculates the proper starting position for centered,
left-, or right-justified labels, relative to the current pen position. Or, you
can use the buffer label and cutput label length instructions, BL and OL,
to determine the length of the label. (The length is also referred to as the
baseline of the label.) Then you can use the length to calculate the posi-
tion for the label.

The Absolute Character Size
Instruction, SI

USES: The Sl instruction specifies the size of characters in centi-
metres. Use this instruction to establish absolute character sizing that is
not dependent on the settings of P1 and P2

SYNTAX: S/ width, height term

or
SI term
Parameter Format Range Default
width decimal —2% {0 28 —1 0.285 ecm
centimetres® (A3/B-size paper)
0.187 cm
- (Ad/A-size paper)
height decimal —22 {0 28— 1 0.375 em
centimetres® {A3/B-size paper)
0.269 ecm
{A4/A-size paper)

*excluding zero (0) and values approaching zero

EXPLANATION: An Slinstruction without parameters (SI;) sets the
character size to default values for the current paper size. The character
size specified by SI is absolute, and is not affected by the changes in P1
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or P2. The width is the actual character width for fixed-space fonts. For
variable-space fonts, the width is the average character width. For all
fonts, the height is the actual uppercase character height.

An 5] ingtruction remains in effect until another SI or SR instruction is
executed, or the plotter is initialized or set to default condifions.

The following table summarizes the possible error conditions or un-
expected results that you might observe with the SI instruction,

Condition Error Plotter Response
no parameters none establishes default values
1 parameter 2 ignores instruction
more than 2 parameters 2 executes first 2 parameters
either parameter is zero 3 ignores instruction
{0) or out-of-range :

Example — Chang‘ing Absolute Character Size

The following instructions draw the plotter’'s model number, 7550, in
twe different sizes: first, in the default size, and then 1.cm wide and
1.5-cm high.

"IN;SP13PR100,B00; "

"SI LEB?S50" +CHRS (33

"PA10G, 0;"
"SI1,1.5;LB?S50" +CHRS (3)

7850

/220

Example — Using Negative Parameters to Mirror Labels

Negative parameters produce mirror images of labels. A negative width
parameter mirrors labels in the right-to-left direction.

“SI-.35,.6;LBHP" +CHR$ (3) qH

Anegative height pararheter mirrors labels in the top-to-bottom direction.
“81,35,-.6;LBHPY +CHR$ (3) Hb
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Two negative parameters mirror labels in both directions, causing the
label to appear to be rotated 180 degrees.

“GI-,35,-.6;LBHP" +CHRS (3) dH

NOTE: The interactions of the SI, SR, DI, and DR instructions are
complex when using negative parameters to produce mirror images.
Refer to Parameter Interaction in Labeling Instructions at the end of
this chapter for more examples of mirror images. M :

The Relative Character Size
Instruction, SR

USES: The SR instruction specifies the relative size of characters as
a percentage of the distance between scaling points Pl and P2. This
means that character sizes are adjusted proportionally when P1 or P2
change positions. At power-on, the plotter assumes character sizes are
relative. Use this instruction to change the percentage values for
relative character sizes, or to reestablish relative character sizes afier
an absolute character size instruction, SI, has been executed.

SYNTAX: SE width, height term

or
SR term
Parameter Format Range Default
width decimal —28 jp 28— 1 0.75% of |P2x— P1x|
percentage®
height decimal ~22 tp 2% —1 1.5% of {P2y— Ply]
percentage®

*axcluding zero 0) and values approaching zero

EXPLANATION: An SR instruction without parameters (SR ;) sets

- the character size to default values. If P1 and P2 are at their default
locations, this produces the same size characters (in centimetres) as
Hsted previously under the SI instruction. However, with the SR instruc-
tion, the character size adjusts (expands or contracts) with subsequent
changes in the locations of P1 and P2.

The character size specified by SR is a percentage of the distance in
plotter units between the X- and Y-coordinates of P1 and P2. The plotter
calculates the actual character width and height from the specified
width and height parameters as follows:

actual character width = (width/100) X |P2x— Plx|
actual character height = (height/100) X |P2y — Piy]|
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Thus, if you have default P1 and P2 settings for Ad/A-size paper and
specify a width of 2% and a height of 3.6%, the actual character width
would be (2/100) > (10000} == 200 plotter units (or 0.5 cm). The actual
character height would be (3.5/100) > (7200) = 252 plotter units (or 0.63
emy). If vou changed the Pl setting to 100,100 and the P2 setting to
5000, 5000 but didn’t change the SR parameters, the new character width
would be (2/100) X (5000 — 100) = 98 plotter units (or 0.245 cm). The new
character height would be (3.5/100) X (5000 — 100) = 171.5 plotter units
{or 0.429 cm).

As with the SI instruction, the width is the actual character width for
fixed-space fonts. For variable-space fonts, the width is the average

character width. For all fonts, the heightis the actual uppercase character
height.

NOTE: Either negative SR parameters or switching the relative posi-
tions of P1 and P2 will produce mirror images of labels. Refer to The
Absolute Size Instruction, 81, and Parameter Interaction in Labeling
Instructions in this chapter for more information on mirror images. &

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

The following table summarizes the possible error conditions or un-
expected results that you might observe with the SR instruction.

Condition Error Plotter Response
no parameters none establishes default values
1 parameter 2 ignores instruciion &
o
more than 2 parameters 2 executes first 2 parameters 2.
either parameter is zero 3 ignores instruction sy
{0) or out-of-range

Example — Changing Relative Character Size

The instructions on the next page show how changes in P1 and P2
affect labels drawn while an SR instruction is in effect. The first line
initializes the plotter, which establishes default PI and P2 settings
along with default relative character size. Then the first Iabel is drawn.
Next P1 and P2 are changed to define a square area, and a new label is
drawn with the default character size. Finally, the character size is
changed without changing P1 and P2, and another label is drawn.
Notice that the new character size has egual parameters of 3% each;
because the P1/P2 area is square, the characters are square. The
‘plotted result was drawn on Ad/A-size paper.

LABELING BASICS 7-17




EIe

WIN;SPZ;PR100,7000; LEDEFAULT SIZE" +CHR$(3)

MIPG, 0, 5500,5500; PR100,B8500;"

WUBNEW P1 BND Pz CHANGE LABEL SIZE“+CHRS$(3)

"GR3,3;PA100,B000;" :

"UBNEKW SR INSTRUCTION"+CHRS$(13)+CHR$(10)+" CHRNGES
LABEL SIZE"+CHR$ (3>

b SPO; 11

DEFAULT SIZE

NEW P1 AND P2 CHANGE LABEL SI7E

NEW SH INSTRUCT ION
CHANGES LABEL SIZE

Thé Character Slant Instruction, SL

USES: The SL instruction specifies the siant at which characters are
drawn, Use this instruction to create slanted text for emphasis.

SYNTAX: SL tané term

or
SL term
Parameter Format Range Default
tangent 6 decimal £0.056 to £2 0 (no slant)
- for default characters*
+0.05 to £3.5

for large characters™®

*Thege are practical ranges; the plotter actually accepts the full range of —2% t0 28 —1.

EXPLANATION: An SL instruction without parameters (SL.;) sets
the charaecter slant to the default value of no slant. This is the same as
an SL instruction with a parameter of zero (SL0;). The settings of P1
and P2 do not have any effect on the slant,

The parameter is the tangent of the angle 6 from vertical, as shown on
the next page. The base of the character always stays on the horizontal.
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Positive Slant

Negative Slant

You can specify the actual tangent value (in degrees), or you can use
the TAN function available on most computers (send the TAN function
to the plotter as you would send a variable). Both methods are shown
in the example at the end of this section. A table of tangent values for
selected angles from —90 to 90 degrees follows. Note that the tangen$ of
+90 1s infinity, and will cause a computer error on most systems.

6 Tangent ] Tangent
0 0 0 0
~10 —0.18 10 0.18
—20 ~0.36 20 0.36
—30 —0.58 30 0.58
—40 —0.84 40 0.84
45 ~1.00 45 1.00
=50 —1.19 50 1.19
-6 -1.73 60 1.73
70 -2.75 70 2.75
—80 ~5.67 80 5.67
—a0 infinity 90 infinity

=
s
o
o
o
jod
w®

A practical parameter range for this instruction is £.05 to =1.5. An SL
instruction remains in effect until another SL instruction is executed, or
the plotter is initialized or set to default conditions.
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The following table summarizes the possible error conditions or un-
expected results that you might observe with the SL: instruction.

Condition Error Plotter Response
no parameters none establishes no slant
{vertical characters)
more than 1 parameter 2 executes first parameter
parameter out-of-range 3 ignores instruction

Example — Specifying Character Slant

The following example shows two methods of specifying slant. The
first label is drawn at a slant of 20 degrees by using a variable
generated by the TAN function. The second uses the tangent value
given in the previous table to draw at a slant of —20 degrees.

NOTE: If you want to use the TAN function, check your documentation
to see how your computer interpreis angles. Microsoft® BASIC inter-
prets angles as radians, so line 40 in this program converts degrees to
radians. On the HP Series 200 computers, simply execute the BASIC
statement DEG before using the TAN function. M

10
20
30
40

‘Insert configuration statement hers

PRINT #1, “"IN;SF1;811,1.5;PAS00,3000;"
PI=3.141583

FsTAN(ZO*(PT~1B0))

PRINT #1, "SL";f;";LBElant"+CHR$ (3D

PRINT #1, "PASOO,Z00C;5L-.36;LEBSlant"+CHRE(3)
PRINT #1t, "&PO;*

EmS]ant
S\antT
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The Absoclute Direction Instruction, DI

USES: The DI instruction specifies the direction in which labels are
drawn, independent of P1 and P2 settings. Use this instruction to change
labeling direction when you want to label a curve in a line chart or label
schematic drawings and blueprints.

SYNTAX: DI run,rise ferm

or
DI ferm
Parameter Format Range Default
run {(or cos 6) decimal —2% tp 28 — 1] 1
- rise {or sin ) decimal Q%o 28 —1 0

EXPLANATION: A DI instruction without parameters (DI ;) sets the
label .direction to horizontal (parallel to the X-axis). The settings of F'1
and P2 do not have any effect on the label direction.

You can express the parameters as the run and rise, or using trigono-
metric functions cos and sin according to the following relationship:

. g e o] g_gg) .. sinf _rise
where: 6 =tan ( Ton a.nd tan 6 = 5 = -
e
P
~
i
g RISE
A \

=
B
oy
@,
e
=]
g’q:

Suppose you want your label to be plotted in the direction shown in the
following graph You can do this in either of two ways: measure the
run and the rise, or the angle. To use the first method, extend lines
along the label and parallel to the X-axis. If you measure the run and

rise, you can use these as the parameters of the DI instruction
(DI8.5,4.9;).

Or, if yvou know the angle, you can use the trigonometric values (since
sin/cos = yise/run). In this example, 8 = 30°; cos 30° = 0.866, and sin
30° = 0.5. Thus, you can use these as parameters of the DI instruction
(D1.866,.5;). Whichever set of parameters you use, the label will be
drawn in the same direction as shown in the following figure. '
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 DI85,49;
or
" Di.Bes, 5.

If you know the angle, you can specify the actual cusine and sine
values, or you can use the SIN and COS functions available on most
computers (send these functions to the plotter as you would send a
variable). Both methods are shown in the example at the end of this
section. A table of cosine values and sine values for selected angles
from —360 to 360 degrees follows.

] Cosine Sine ] Cosine ‘Sine
¢ 1 0 0 1 0
-30 0.87 ~0.50 30 0.87 0.50
—45 0.71 ~{.71 45 0.71 0.71
—60 0.50 —{(.87 60 0.50 0.87
—90 0 —1 a6 0 1
—120 - (.50 (.87 120 (.50 0.87
—135 -0.71 —0.71 136 —0.71 0.71
—150 —{.87 -(.60 150 —0.87 0.50
180 -1 0 180 —1 0
—~210 —0.87 0.50 210 —0.87 —{).50
—225 —Q.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 (.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
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" Examples — Rotating Label Direction

At least one parameter must be nonzero. For example:

DI Instruction ‘ Label Direction
"DI1,0 horizontal
DI, vertical
DI1,1or D107 ,0.7 45-degree angle
(any parameters equal to each other)

A DI instruction remains in effect uniil another DI or DR instruction is
executed, or the plotter is initialized or set to default conditions. A DI
instruction updates the carriage-return point to the current pen position.

The following table summarizes the possible error conditions or un-
expected results that you might observe with the DI instruction.

Condition Error Plotter Response

no parameters none | establishes horizontal
' label direction

more than 2 parameters 2 executes first 2 parameters
1 parameter 2 ignores Instruction
parameter out-of-range 3 ignores instruction
both parameters are zero (0) 3 ignores instruction

The size and sign of the two parameters in the DI instruction determine
the amount of rotation. In the following example, a label is drawn four
times using each possible combination of positive and negative parame-
ters. If you imagine the current pen position to be the origin of a
coordinate system, you can see that the signs of the parameters deter-
mine which guadrant the label will be in.

"IN;SP1351.3,.5;"

"PA3000,3000;DI1,1;LB DIRECTION"+CHRS$ (13)+CHRS(3)
WDI1,-1;LB DIRECTION'+CHR$(13)+CHRS(3)
nDI-%,-1;LB DIRECTION"+CHRS$ (13)+CHRS$ (3)
“DI-1,1;LB DIRECTION"+CHRS$ (13)+CHR$(3)

IISPO;EI

jug
| ©
cd.
o
e
=
m
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% &
< S
Oy | &L
& W
QUADRANT I JO Q QUADRANT |

-~ RUN + RUN
+ RISE + RISE

— RUN + RUN
- RISE — RISE

QUADRANT IH 0 QUADRANT |V
SHRRCY
>
N
Q¥ 9

The next instructions label the years 1984 through 1991, in a circular
pattern starting with a vertical label. The direction in which each year
is labeled is changed in increments of 45 degrees. Then the labels in the
center are drawn to illustrate the use of the COS and SIN functions as
parameters. The label _*_2000 contains both a carriage return,
CHR%(13}), and a line feed, CHR$(10), before the label terminator,
CHR3(3), so the pen position at the end of that label is one line below
the beginning of that label. You can see that DI instructions update the
carriage-return point by observing the pen’s position at the end of the
program. The final character in the last iabel is a carriage return, and
the pen returns to the carriage-return point, the position of the pen at
the last DI instruction.

NOTE: If you want to use the COS and SIN functions on your com-
puter, check your documentation fo see how your computer interprets
angles. Microsoft® BASIC interprets angles as radians, so lines 130-140
and 170-180 convert degrees to radians when using the COS and SIN
functions. On the HP Series 200 computers, simply execute the BASIC
statement DEG when using the SIN and COS functions. M
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10 “Insert configuration statement here
20  PRINT #1, "IN;SFP1;PRE00D,3000;"

20 FPRINT #1, "DIO,{;LB_%_1984"+CHR${3)
40 PRINT #1, "DIf,t;LB_*_1885"+CHR$(3)
S0 PRINT #1, "DIT,0;LB_%_1988"+CHR$(3)
60 PRINT #1, "DI1,-1;LB_¥_1887"+CHR$(3)
70 PRINT #1, "DIO,-1;LB_x_1888"+CHR$(I)
80 PRINT #1, "DI-1,~-1;LB_%_13B%"+CHR$(3)
80 PRINT #1, "DI-1,0;LB_%_1830"+CHR$(3)
100 PRINT #1, "DI-1,1;LB_%_1831"+CHRS$(3)
110 PRINT #1, "PRBE450,3800;"

120 PI=3.141583

130 A=COS(O%{PI 180

140 B=SIN(O*(PI~-1BG))

150 PRINT #1, "DIY";&;",";B;" ;"

160 PRINT #1, "LB_%*_2000"+CHR$ (13)+LHR$CI1CI+CHRE (D)
1?70 C=COS(-45%(P1-/180))

480 D=SIN{(-45%(PI~-/180))

190 PRINT w1, "DIY;C v, hpnr;n

200 PRINT #1, "LB_FETURN POINT"+CHR$(13)4+CHRS$(3)
210 PRINT #1, "gPO;*

220 END

@2
FINAL N
PEN POSITION=_ 4 /

carRIAGE-RETURN ~J 7 - X¥_2000 s
POINTV\\O i
‘SN *

INITIAL %5
PEN POSITION o)

The Relative Direction Instruction, DR

USES: The DR instruction specifies the direction in which labels are
drawn, relative to the scaling points P1 and P2. This means that label
direction is adjusted when PI and P2 change so that labels maintain
-the same relationship to the plotted data. At poweron, the plotter
assumes label direction is relative. Use this instruction to change the
percentage values for relative label direction, or to reestablish relative
direction after a DI instruction has been executed.
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SYNTAX: DR run, rise term

or
DR term
Parameter Format Range Default
run decimal —023 po 2 — 1 1% of P2x — Ply
rise decimal =28 i 2% — 1 0% of P2y — Ply

EXPLANATION: A DR instruction without parameters (DR;) sets
the label direction to horizontal (parallel to the X-axis). When you include
parameters, the actual angle at which the label is plotted will vary with
the settings of P1 and P2. At least one parameter must be nonzero.

You can express the parameters as the run and rise according to the
following relationship:

~
S
rd

// ] RISE
-
: L ~l
~
RUN

where: run — interpreted as a percentage of P2, — Pl,

rise — interpreted as a percentage of P2, — Pl,

The concept of specifying the run and the rise is similar to the DI instruc-
tion (refer to the discussion under The Absolute Direction Instruction,
DI, described previously,) However, there is a very important distinction
between the DR and DI insfructions. In the DR instruction, the run and
rise parameters are a percentage of the X- and Y-distances between P1
and P2, as shown below. As a result, when the settings of P1 and P2
change, the percentage remains constant and the angle changes. The
.examples at the end of this section show how relative label direction
changes when P1 and P2 are changed.

A DR instruction remains in effect until another DR or DI instruction
is executed, or the plotter is initialized or set to default conditions.

The following table summarizes the possible error conditions or un-
expected results that you might observe with the DR instruction.
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Condition Error Plotter Response

no parameters none establishes horizontal
label direction

more than 2 parameters 2 executes first 2 parameters
1 parameter 2 ignores instruction
parameter out-of-range 3 ignores instruction
both parameters are zero (0) 3 ignores instruction

Example — Effects of Changing P1 or P2 on
Relative Label Direction

The following description and program will help you visualize the direc-
tion of labeling when using the DR instruction with various parameters.

Think of label directions as being parallel to a line starting at the lower-
left scaling point (usually P1) and intersecting the top edge or the opposite
side of the P1/P2 area. To calculate where the intersection is, determine
which is larger — the run or the rise.

e If run = rise, the directional line will go directly from P1 to P2.

o If rise > run, the directional line will infersect the top of the plotting
area, a fraction of the way across toward P2. The fraction is determined
by run/rise. If run = 2 and rise = 6, the line intersects the top of the
plotting area one-third (2/6) of the way toward P2.

s If run > rise, the directional line will intersect the side of the plotting
area, a fraction of the way up toward P2. The fraction is determined by
rise/run. If run = 4 and rise = 2, the line intersects the side of the
plotting area one-half (2/4) of the way toward P2.

g
D,
-
]
jtie]

Remember, since labeling starts at the current pen position, labels will
bhe parallel to these directional lines, not necessarily. on them. Also,
negative parameters have the same effect on direction as described
under the DI instruction.

The following example illustrates relative label directions.
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10 “‘Insert configuration statement here

20 PRINT &1,
30 PRINT #1,
40 PRINT #1,
50 PRINT #1,
60 PRINT #1,
70 PRINT #1,
BO PRINT #1,
30 PRINT #1,
100 PRINT #1,
110 PRINT #1,
120 END
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"IN} SP1;IP0,0,4800,4800;"

“8CO, 100C, 0, 1000;SR2, 3;°
"PA1GOO, 1000;ERD, O3 "
“PpO,0;PU;DRT, 13"
“CP18,,25;LBDR 1,1;"+CHR$(3)
"PU333.33, 1000; P00, 0; PU; DR2,6; "
"CP1S, . 25;LBDR Z,E;"+CHRE(3)D
"PU10O0, 500 PO, 0;PU; DR4, 25"
"CPYE, . 25;LBOR 4,2;" +CHR$(3)
lISPO;Ii'




Prograem Explanation

10

20

30
40
50

60

70

80

90

100

110

defines the plotter as the system printer — change as necessary for
your computer

initializes the plotter; selects pen 1; sets the scaling points P1 and
P2 to define a square area

scales the P1/P2 area into user units; sets a relative character size
moves to P2; outlines the P1/P2 area

draws a line from P2 to P1 and lifts the pen; establishes a relative
label direction

moves the pen 15 CP-cell spaces and 0.25 CP-cell lines (the CP
instruction is described later in this chapter); labels “DR 1,1

draws a line between P and a point that is one-third of the way to
P2 along the top of the P1/P2 area and lifts the pen; establishes
a new relative label direction

moves the pen 15 CP-cell spaces and 0.25 CP-cell lines; labels
“DR2,6;”

draws a line between P1 and a point that is one-half of the way to P2
along the side of the P1/P2 area and lifts the pen; establishes a new
relative label direction

moves the pen 15 CP-cell spaces and 0.25 CP-cell lines: labels
“DR 4,27

returns the pen to the carousel

Now change the relative positions of P1 and P2 by replacing line 20 in
the previous program with the line shown on the next page. Notice that
each directional line is drawn the same fraction of the way toward P2;
however, the angles of the lines have changed in order to maintain the
correct relative direction. Notice also that the character size has changed
because a relative size was specified in line 30.
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20 PRINT #1, “IN;SP1;IPS000,0,3800,3000;"

1/3
A

R~ /2

The Label Origin Instruction, LO

USES: The LO instruction positions labels relative to the current pen
position. Use this instruction to center labels or justify them fo the left
or right of the current pen position. Positioning can be above or below
the current pen position and can also be offset by an amount equal to
1/2 the character’s width and height.

SYNTAX: LO position number term

or
LO term
Parameter Format Range Default
position number integer 1-9or 11-18 1

EXPLANATION: The position number determines the posifion of
the Iabel with respect to the current pen position. The illustration on
the following page summarizes this relationship by showing the in-
structions LO 1 through LO 9 in the labeled position that they produce.
Each dot represents the current pen position. An LO instruction without
parameters {LO:) sets the default label origin, 1.O 1.
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L0O3 LO6 LO09Z
02 LBS L 08

[ 01 L 04 -~ LO7

The positions resulting from the instructions LO 11 through LO 19 are
the same as shown for the instructions LO 1 through LO 9, except that
the labels are offset from the current pen position as shown below.

L013 L0156 L0419
L1012 L0155  LO1s:

011 LO14  LO17

The amount of offset is equal to 1/2 of the character’s width and 1/2 of
the character’s height. (The width and height are specified by the most
recent SI or SR instruction.) The offset is shown below,

e U1 1

OFFSET =

)
w&‘
[
5
2

172 CHARACTEH
HEIGHT i
u..,,../
HORIZONTAL OFFSET=
CURRENT PEN POSITION 1/2 CHARACTER WIDTH

An LO instruction remains in effect unfil another L0 instruction is
executed, or the plotter is initialized or set to default conditions.

If position numbers 1 through 3 or 11 through 13 are specified, posi-
tioning calculations are performed on individual characters and the
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characters are drawn as they are received and stored in the Jabel buffer.
However, if position numbers 4 through 9 or 14 through 19 are speci-
fied, positioning calculations are not performed until the length of the
label string is established by receipt of either a carriage return or the
label terminator. In these cases, the characters are stored in the label
buffer and the label string is not drawn until a carriage return or label
terminator is received. The capacity of the label buffer limits line
length for these centered or rightjustified labels to 150 characters, in-
cluding control characters and the carriage return or label terminator.

The pen position is updated after each character is drawn, and the pen
automatically moves to the next character origin in anticipation of
additional characters. If you wish to return the pen to its location prior
to the label instruction, vou can send a carriage return following the
label string and before the label terminator.

The following table summarizes the possible error conditions or un-
expected results that you might observe with the LO instruction.

Condition Error Plotter Response
no parameters none establishes label origin 1
more than 1 parameter 2 executes firgt parameter
parameter out-of-range 3 ignores ingtruction

Examples — Positioning Labels with LO

The following example demonstrates the use of the carriage-return with
an LO instruction. '

"IN GP1;PRZO00, 0}

"PD1500, 1200; LO18;LBLEFT OF POINT+CHR$(13)+CHRS(3)
"PDZS00,1200;L012;LERIGHT OF POINT"+CHR$ (13)+CHR$(3)
“PD2Z000,0; 5PO; "

LEFT OF POINTg 7AIGHT OF POINT

(1500, 1200) / (2500, 1200)

V (2000, 0)

The plot on the following page shows the effect on the pen position
when vou do not include the carriage return in the previous two LB
instructions.
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WIN;SP1;PAZOOD, 1500;"
"PD1500,2700; L0163 LBLEFT OF POINT"+CHR$(3)
" PD2500,2700;L012;LBRIGHT OF POINT"+CHR$(3)
"PDIZ0O00, 15003 SPO; ™

LEFT OF POINTY

RIGHT OF POINJ

When you divide a label by embedding carriage returns in an LB label.

string, each portion of the label is positioned according to the label
origin. Refer to the following example.

"IN;SP1;PAR2000,5000,1014;"

" | BEMBEDDED" +CHR$ ( 13)+CHRS (10) +" CARRI AGE -RE TURN" +
CHR$ (13)+CHRS (10) +" CHRRACTERS" +CHR$ (3)

i SFO; [H

EMBEDDCED
CARRIAGE-RETURN
CHARACTERS

" The Character Plot Instruction, CP

USES: The CP instruction moves the pen the specified number of
character plot cells. Use this instruction to move the pen any number of
character spaces or lines from the current pen position. For example,

you can move the pen any number of character spaces in order to
indent a label.

SYNTAX: CP spaces, lines ferm

23
e
=
3
m

or
CP term
Parameter Format Range Default
spaces decimal —2% 4 281 none
lines decimal —9B tg 281 none

EXPLANATION: A CP instruction without parameters (CP;} per-
forms a carriage return and line feed, moving one line down and
returning to the carriage-retuwrn point. When specified, the parameters are
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interpreted as follows. (For more information on spaces, lines, and the
character plot cell, refer to Adjusting Character Size, Spacing, and
Position earlier in this chapter.)

1. Spaces. A space is defined as the width of one character plot cell (or
average character plot cell, for variable-space fonts), including any
adjustments made by the extra space instruction, ES (described next
in this chapter).

The width of the character plot cell is 1.5 times the character width,
which is specified in the SI or SR instructions. Thus, for “SIw.,h;”
and “ESs,1;”, the formula for a CP space is (1+8) X (1.5X w) em
(where w = width, h = height, s= space, and 1= line).

Positive space 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 will move to the left. Refer to the illustra-
tion following the description of the lines parameter.

2. Lines. A line is defined as the height of one character plot cell (or
average character plot cell, for variable-space fonts), including any
adjustments made by the extra space instruction, ES (described next
in this chapter). :

The height of the character plot cell is 2 times the uppercase char-
acter height, which is specified in the SI or SR instructions. Thus,
for “SIw,h;” and “ESs,1;”, the formula for a CP line is (1-+ DX
{2 X h) cm {(where w= width, h = height, s+ space, and 1 = line).

Positive line 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 will move down. A CP instruction that has a nonzero lines
parameter shifts the carriage-return point up or down by the amount
specified.

Note that the right, left, up, and down movements of positive and nega-
tive parameters are relative to the label direction, as shown here.

UP [}

}
LeFT ) =—LABEL DIRECTION, DI4, O0—=RiGHT ()

DOWN ()
DOWN ()

t

RIGHT t=—0 ‘F—I0 °‘NOILIZHIO 1389V LT )

UP ()
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CP instructions are executed with the current pen status (up or down),
and all moves are made with respect to the current character origin. If
an LO instruction is in effect, a pen-up move is made to the label origin
hefore the CP instruction is executed. The CP instruction affects only
the placement of the next label; you must issue new CP instructions to
affect subsequent labels.

The following table summarizes the possible error conditions or un-
expected results that you might observe with the CP instruction.

Condition Error Plotter Response
no parameters nohe performs carriage return
and line feed
1 parameter 2 ignores instruction
more than 2 parameters 2 executes first 2 parameters
parameter out-of-range 3 ignores instruction

Example — Using CP to Align Labels

This example uses the CP instruction to produce lettering along a line
{but not directly on top of it) and to align labels along a left margin.

ABOVE THE LINE

BELOW THE LINE
WITH A NEAT
MARGIN

10 ‘Insert configuration statement here

20 PRINT #1, "IN;SP1;PR4000,7000;PD1000,7000;PU;"

30 PRINT #1, "CPS5, ., 3%5;LBRBOVE THE LINE"+CHR$(3)

40 PRINT #1, "PRZOOC,7000;xT;CP0O,~.85;"

S0 PRINT #1, "ULBBELOW THE LINE"+CHR$ (13)+CHR$ (103
+"AND WITH A NERTY +CHR${(33

B0 PRINT #1, “CP;LBMARGIN*+CHR$(3}

70 PRINT #1, "SPO;¢

BO END

i
B
_'(P_.
e
=
et

Program Explanation

10 defines the plotter as the system printer — change as necessary for
your computer

20 initializes the plotter; selects pen 1; draws a line 3000 plotter units
long, ending at the point 1000, 7000 (this is the starting position
and the carriagereturn point for the label in line 30); lifts the pen
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30 moves b CP-cell spaces to the right and 0.35 CP-cell lines up; labels
“ABCVE THE LINE”

40 moves to the point 2000, 7000 (this is the new starting position and
carriagereturn point for the label in line 40}; draws an X-tick to
mark the new carriage-return point; moves .95 CP-cell lines down

50 labels “BELOW THE LINE”; uses embedded carriage return and
line feed to move to the carriagereturn point and down 1 CP-cell
line, and labels “AND WITH A NEAT”

60 moves to the carriage-return point and down 1 CP-cell line; labels
“MARGIN”

70 returns the pen to the carousel

Notice that a fractional line parameter was specified in line 30 so that
the label would not be drawn on the line, as would happen with a line
parameter of zero. Also notice that the instruction CP; in line 60 causes
the same moves as the embedded carriage return and line feed in line 50.

The Extra Space Instruction, ES

USES: The ES instruction adjusts the spaces and lines between char-
acters without affecting character size.

SYNTAX: ES spaces(, lines) term
or -

ES term
Parameter Format Range Default
spaces decimal ~2%t0 2% —1 0
lines decimal —28 {p 28 1 0

EXPLANATION: An ES instruction without parameters (ES;) is
equivalent to ES0,0;, and defaults spaces and lines between characters
to the dimensions of the character plot cell, as set by the most recent SI
or SR instruction. When specified, the parameters are interpreted as
follows. (For more information on spaces, lines, and the character plot
cell, refer to Adjusting Character Size, Spacing, and Position earlier in
this chapter.)

1. Spaces. The spaces parameter is in terms of the current character
plot cell {or average character plot cell, for variable-space fonts). A
parameter of +1 adds or subtracts one full cell space to the current
spacing between characters. To draw legible labels, you will probably
find that you should not specify extra space greater than 1; vou can
specify a decimal fraction.
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2. Lines. The lines parameter is in terms of the current character plot
cell {or average character plot cell, for variable-space fonts)., A param-
eter of +1 adds or subtracts one full cell line to the current line
spacing between labels. You can specify a decimal fraction.

‘Positive space and line values specify extra space to be added; as a
result, characters will be drawn further apart. Negative values specify
extra space to be subtracted; as a result, characters will be drawn closer

together, even overlapping.

The following illustration shows fixed-space and variable-space fonts
with default, decreased, and increased spacing. Notice that changing
spacing on variable-space fonts tends to make them look as though they
were fixed-space. (Tb select variable-space fonts, refer to Chapter 11.)

ES; CAUSES
THIS SPACING.

ES-. 4, -.25, CAUSES
THIS SPACING.

£ES.2, .25, CAUSES

THIS SPACING.

Character Set 0
{Fixed Space)

The ES instruction remains in effect until ancther ES instruction is
executed, or the plotier is initialized or set to default conditions.

The following table summarizes the possible error conditions or un-
expected results that you might observe with the ES instruction.

ES, CAUSES
THIS SPACING.

ES-1-25, CAUSES
THIS SPACING.

ES.2,.25; CAUSES

THIS SPACING.

Character Set 10
(Variable Space)

o
o
@
Lot
:.-
s

Condition Error Plotter Response
no parameters none establishes no extra spaces
or lines
1 parameter none adjusts space, but not line
more than 2 parameters 2 executes first 2 parameters
parameter out-of-range 3 ignores instruction
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The Buffer Label Instruction, BL

USES: The BL instruction stores a label string in the label buffer.
Use this instruction when you want to determine the space require
ments of a label prior to drawing it.

SYNTAX: BL c¢...c term

or
BL term
{(where term is the label terminator defined by the DT
instruction)
Parameter Format Range Default
c I label | any character none

(up to 150 characters
are buffered)

EXPLANATION: All printing characters following the BL instruc-
tion are stored in the label buffer. The capacity of the label buffer limits
the length of the label string to 150 characters, including control char-
acters and the label terminator,

NOTE: To terminate the BL instruction, you must use the label ter-
minator instead of the usual HP-GL terminator. The default label ter-
minator is the nonprinting end-of-text character (ETX, decimal code 3).
You can change the label terminator with the define terminator instruc-
tion, DT, described earlier in this chapter. #

The BL instruction clears the label buffer, then stores the first 150
characters in the label buffer. The current BL contents remain in the
buffer until another BL or LB instruction overwrites the buffer, a BL or
LB instruction without parameters or any CM instruction clears the
buffer, or the plotter is initialized or set to defaunlt conditions.

The BL instruction does not draw labels. Once the label string is stored
in the label buffer, you can draw it by executing the PB instruction. You
can also use the BL instruction in conjunction with, the OL instruction
to obtain information about the size of the label string prior to drawing
it. Refer to The Qutput Label Length Instruction, OL, and the Print
Buffered Label Instruction, PB, next in this chapter.

NOTE: The label buffer is independent of the buffers in the configur-
able graphics memory. You cannot change the size of this buffer. m

The foliowing table summarizes the possible error conditions or un-
expected results that vou might observe with the BL. instruction.
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Condition Error Plotter Response

no parameter none clears label buffer

movre than 150 characters none- stores 150 characters;
ignores the rest

Example - Positioning Buffered Labels with
the LO Instruction

Buffered labels, like labels drawn with the LB instruction, are subject to
positioning and control characters. However, when embedded carriage-
returns are used, an LO instruction positions a buffered label differently
from an LB label. Each line is left-justified and the entire label is
positioned (using the label origin in effect) as though it were enclosed in
a rectangular box the length of the longest text line.

This example shows how the LO instruction positions a buffered label.

Compare this to the example given previously under the LO instruction,
where each line of the label is centered.

"IN;SP1;PRE000,4000;L014;" |

" BLEMBE DDED" +CHR$ (132 +CHR$ (10)+" CRRRI AGE -RE TURN
CHARACTERS" +CHR$ (3)

"PB; SPO; Y

o T T T s s ——— i

1EMBEDDED !
CARRIAGE-RETURN CHARACTERS!

i
i
L e e -

______________ -
0

N )

8,

COMMANDED 5
PEN POSITION g

- The Print Buffered Label Instruction, PB

USES: The PB instruction plots the contents of the label buffer. Use
this instruction to repeatedly plot the contents of the label buffer.

SYNTAX: PB term

EXPLANATION: The PB instruction plots the contents of the label
buffer at the current pen position using the parameters of any ES, DI,
DR, LO, 81, 5L, and SR instructions in effect when the PR is executed. You
can change spacing, direction, position, slant, and size between repeated
printings of a label.

However, the setting of the label origin (LO instruction) can limit the use
of PB. If you are using label origins 1 through Jor 11 through 13, youcan
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repeat the last label any number of times. If you are using other label
origins and the label contains an embedded carriage return (decimal
code 13), only the part of the label following the carriage return will be
repeated. To print the entire label, use the BL instruction instead of the
LB instruction prior to printing the label with PB.

The label buffer contains the most recent siring of label characters
received in a BL or LB instruction and holds a maximum of 150 char-
acters. The label buffer is not cleared by any PR instruction. The buffer
contents remain until a CM instruction or an L.B or BL instruction
without parameters is executed, or the plotter is initialized or set to
default conditions.

For examples using the PB instruction, refer to The Label Instruction,
LB, The Buffer Label Instruction, BL, and The Output Label Length

Instruction, OL, all in this chapter.

The following table summarizes the possible error conditions or un-
expected results that you might observe with the PB instruction.

Condition Krror Piotter Response

noe parameter none plots current contents of
label buffer

1 or more parameters 2 plots current contents of
label buffer

no label in buffer none ignores instruction

The Output Label Length Instruction, OL

USES: The OL instruction outputs information on the contents of the
label buffer. Use this instruction along with the BL instruction o
determine the space needed for the buffered label prior to drawing it.

SYNTAX: OL term
RESPONSE: length, characters, line feeds [TERM]

EXPLANATION: After an OL instruction is received, the plotter
outputs information concerning the buffered label as one decimal and
two integers in ASCII, separated by commas and followed by the output
terminator. If the buffer is empty, three zeros are output.

1. Length — containg the length of the longest line in the buffered 1abel
in character plot cell spaces. The length is output with 4 decimal
places.

2. Characters — contains an integer that represents the number of
printing characters and spaces in the longest line of the buffered
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jabel. A backspace counts as —1I; a character with automatic back-
space {for example, some accent characters) counts as zero.

‘8. Line Feeds — contains an integer representing the net number of
line feeds that will occur when the buffered label is drawn. An
inverse line feed (T, CHR$(11}) counis as —1, and a line feed (1§,
CHRS$(10)) counts as +1. If the buffered label contains the same
nuamber of both types of line feeds, zero is output.

The OL instruction is normally used with the BL instruction, but cutputs
information on the current contents of the buffer whether it was filled
with the LB or BL instruction.

After you send the OL instruction, you should read the output response.
Refer to Hints for Obtaining Plotter Output Responses in Chapter 13.

The following table summarizes the possible error conditions or un-
expected results that you might observe with the OL. instruction.

Condition Error Plotter Response’
no parameter none outputs label information
1 or more parameters 2 outputs Iabel information

~ Example — Underlining a Label Using Information
from OL

This example uses the OL instruction to determine the correct length of a
label so that the entire label can be underlined. You must read the OL
values into the computer in order to use them (line 50, INPUT #1).

Underline this label.

[l
R
e
jor
2}
=y
o

i

10 “Insert configuration statement here

20 PRINT #1, "IN;SP1;PR5000,3000;"

30 PRINT #1, "BlLUnderline this ltabe! ,"+CHR$(13)+
CHR$(3)

40 PFRINT #1, “oL;"

50 INPUT #1, #,8,C

80 PRINT #1, "PB;"

70 PRINT #1, "CPQ,-.25;P0;CP";A;",C;"

BO PRINT #1, "SPO;"

80 END

Pragrdm Explanation

10 defines the plotter as the system printer — change as necessary for
yvour computer

20 initializes the plotter; selects pen 1; moves to the starting label
position
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30 places a label in the buffer (the label ends with a carriage return so
that the current pen position will return to the starting point of
the lahel)

40 .causes the plotter to output label information

50 - system-dependent BASIC statement that causes the computer to
read in the response parameters of the OL. instruction (refer to
Chapter 13 for more information on reading the output response)

60 draws the buffered label

70 moves the pen down onefourth of a line feed; lowers the pen;
draws a line to the end of the label by using the length output by the
Ol: instruction

80 returns theé pen to the carcusel

Parameter Interaction in Labeling
Instructions

There are three interacting factors that affect the direction and mirror-
ing of labels: the label direction as specified by DI or DR instructions,
the sign of the parameters for the size instructions SI or SR, and the
relative positions of P1 and P2. These interactions are complex. This
section considers the four possibie combinations of DI, DR, SI, and SR
and illustrates the effects of vanous parameters and settings of P1 and
P2 on labels.

The labels used in the illustrations are the instructions that cause the
direction, size, and mirroring of the label. All descriptions are in terms of
the standard X,Y coordinate system; quadrant numbers refer to those
shown in the first example under The Absolute Direction Instruction,
DI. An arrow is shown for each label; this arrow is the baseline along
which labeling occurs, and shows the left-to-right divection that is the
standard direction of a label without mirroring. The same P1/P2 area,
that area set by default P1 and P2 for A4/A-size paper, is always used.
During the course of the illustrations, P1 and P2 are assigned to opposite
corners of this rectangle in all possible ways. All illustrations assume
that scaling is not in effect,

Using DI and SI Together

When the DI and SI instructions are used together, the DI instruction
establishes the label’s direction and the SI instruction establishes its
size. The direction serves as the axis along and about which lahels are
mirrored. {To mirror labels in this case, use negative SI parameters.)
Positions of P1 and P2 do not affect the labels.
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Two examples of mirrored labels are shown below. In illustration 1, the
DI parameters 3,2 place the directional line in the first guadrant. The
negative width parameter of the SI instruction mirrors the label in the
right-to-left direction. In illustration 2, the DI parameters 3,~2 place
the directional line in the fourth quadrant. The negative height param-
eter of the Sl instruction mirrors the label from top to bottom.

o>
A2

9.

L)

Using DR and SI Together

When the DR and SI instructions are used together, the label size is
determined by the SI instruction and does not change with changes in
the settings of P1 and P2. However, changes in the settings of P1 and
P2 will affect the label direction. The plotier multiplies the algebraic
differences (P2x— Ply) and (P2y— Ply) by the run and rise parameters
of the DR instruction. The resulting parameters, when applied to the
standard coordinate system, determine the label baseline. Mirroring
about this baseline is determined by the signs of the SI parameters.

In illustration 8, P1 and P2 are at their default settings for Ad/A-size
paper, so the algebraic differences (P2x— Ply) and (P2y— Ply) are both
positive. The DR parameters 3,2 are used as is and establish the direc-
tional line in the fourth quadrant. The negative SI height parameter
mirrors the label from top to bottom.

3
.o
@
=)
%

In illustrations 4 and 5, P1 is moved to the lower-right corner and P2 is
moved to the upperleft corner. Now (P2x— Ply) is negative. The DR
instruction asgivenis DR 3, —2; the run parameter of the DR ingfruction
is multiplied by —1 and the effective DR instruction becomes DR—3 ,—2,
placing the directional line in the third quadrant. The negative SE height
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parameter mirrors the label from top to bottom. In illustration 5, both
SI parameters are negative and the label is mirrored in both directions,
making it appear upright.

Using DI and SR Together

When the DI instruction is used with SR, only the DI instruction affects
the directional baseline of labels; changes in the relative positions of P1
and P2 do not affect the baseline. Mirroring about this baseline will
oceur when either a negative SR width or height parameter with a posi-
tive difference (P2x— Ply) or (P2y— Ply), or a positive SR parameter
and a negative difference are present. If respective parameters and dif-
ferences are both positive or both negative, no mirroring will occur.

Label direction is horizontal for all illustrations in this section. The
first three illustrations are drawn with P1 and P2 at their power-on
settings. In illustration 6, the SR ; ingtruction is the same as SR.75,1.5.
Since the parameters are positive, there is no mirroring. In illustration
7, the negative width parameter causes mirroring from right to left. In
illustration 8, the negative height parameter causes mirroring from top
to bottom.
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In the next three illustrations, P1 and P2 have been changed so that P1
is in the loweraight corner and P2 is in the upper-left corner. Hence
(P2x — Plx) is negative and anything with a positive SR widih param-
eter is mirrored from right to left (illustrations 9 and 11). The effect of

the negative width parameter in illustration 10 is cancelled by the nega-
tive difference (P2x— Plx).

®

™, A2:0.tI0

e ————-——g

DI4, O: SR-.75, 1.5

5
a
e}
[y
-
=

@

§%-'GL 6S 0 'FI0 P
\

In the next illustrations, P1 and P2 have both been flipped so that P1 is
in the upperright corner and P2 is in the lower-left corner. Now any
positive parameter causes mirroring and any negative parameter can-
cels mirroring. This can be seen-in illustrations 12, 13, and 14.
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Using DR and SR Together

When the DR and SR instructions are used together, interactions are the
most complex. Using only standard settings of P1 and P2, where Pl isin
the lower-left corner and P2 is in the upper-right corner, will make it
easier for you to establish the direction and mirroring of labels you
desire. DR parameters interact with the algebraic differences (P2x — Ply)
and (P2y — Ply) to establish label direction, and SR parameters interact
with these differences to create mirroring. Signs of both parameters and
P2/P1 differences are important. A negative sign in either the parameter
or the difference will affect both DR and SR instructions, Having both
parameter and P2/P1 difference either positive or negative will cause
standard direction or no mirroring.

The following examples show the most complex cases, with P1 and P2
in nonstandard locations. Label 15 is drawn with the insiructions
DR1,1;SR in effect, P1 in the lower-right corner and P2 in the upper-
left corner. The label baseline is in the second quadrant, not the first,
because (P2x — Ply) is negative and the DR run parameter is positive.

Labels 16 and 17 are drawn with the same instructions, but with P1 in
the upperright corner and P2 in the lower-left corner. The label direc-
tion baseline is in the third quadrant because both {(P2x~ Plx) and
(P2y — Ply) are negative. Label 16 is mirrored in both directions. (Rotate
the manual so that the arrow points to +45 degrees to see this more
clearly.) Label 17 is not mirrored because both parameters and differ-
ences are negative. (Again, this may be easier to see if you rotate the
manual.)
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Chapter 8

Putting the Instructions
to Work

_ What You’ll Learn in This Chapter

In this chapter you'll learn how to put instructions together to develop
a plot. Previous programs have purposely been kept to a less advanced
level in order fo clearly demonstrate the insfruction usage. The follow-
ing examples are designed to show yvou how to integrate many instruc-
tions into a complete program, how data might be handled, and how
subroutines might be used to program a task that would be common to-
many plots and used in several programs.

¢ The first program draws a line chart, one of the most common types
of plots. While this line chart shows sales data, line charts can be
used to plot almost any kind of data — factory output, sales volume,
data from laboratory experiments, population trends, etc. The con-
cepts of plotting and labeling demonstrated here can be used in
almost any application.

¢ The second program draws a stacked bar chart. The finished chart,
entitled “Sales Volume by Region,” shows the yearly sales for various
regions. The sales data are stacked in bars for each region, and are
differentiated by solid fill, cross-hatching, and parallel hatching. This
program demonstrates the use of the F'T, RA, and EA instructions to
define fill types, and to fill and outline rectangles.

& The third program draws a pie chart. The finished pie chart, entitled
“Sales Dollar Distribution,” shows the sales dollar distribution among
four groups. The sales data are represented by four wedges, which are
differentiated by solid fill, cross-hatching, and parallel hatching. This
program demonstrates the use of the FT, WG, and EW instructions to
define fill types, and to fill and outline pie wedges.

The firgt program (the line chart), is explained in full detail, and organ-
ized to show you how to develop a program. The second two programs
are explained more briefly, because the concepts of developing these
programs are similar to developing the line chart.

=
s
=8
o
i
o
=
ﬂ:.
o]
Iy
~
&
¢!
T
o
e
::‘
7

PUTTING THE INSTRUCTIONS TO WORK &1




A Reminder about HP-GL Syntax

HP-GL syntax allows a variety of separators and terminators. However,
good programming technigques dictate the use of a consistent style. The
style used in these examples should be compatible with most computers
and interfaces. In applications where compatibility with older HP plot-
ters is important, you should always use a semicolon or a line feed as the
terminator and separate parameters with commas. With RS-232-C inter-
faces, use a semicolon; line feeds are not recognized as terminators.

A Reminder about BASIC

These programs are written in Microsoft® BASIC. They use techniques
such as FOR... NEXT loops and subroutines to read data and draw the
plots. Remember to check your computer documentation for the correct
methods of implementing these techmques.

Line Chart

For this line chart, you will scale, draw, and label an X- and Y-axis in
user units and plot 1985 sales by sales region. You will use a different
line type for each sales region and place a legend on the chart.

The following paragraphs develop segments of the program in a logical
sequence. The coraplete ploi and program are shown later, in the section
titled Program Ligting.

Setup and Scaling

For emphasis and readability, vou should draw the data curves and title
with wide pens. Narrow pens are usually sufficient for axes and labels.
For this line chart, the suggested pen order for the carousel is:

1 = black, P.3 5 = blue, P.7

2 = black, P.7 6 = green, P.7
3 = purple, P.7 7 = (unused)
4 = red, P.7 8 = (unused)

If vou do not have any wide pens (P.7), use narrow pens (P.3). You may
purchase wide pens from Hewlett-Packard; part numbers are listed in the
Operation and Interconnection Manual under Accessories Available.

Now begin your program by setting the plotter to known conditions,
cancelling any parameters which may have been set during a previcus
plot. The IN or DF instruction may be used. IN is used here to be sure all
conditions (such as P1/P2 settings) are set to a default state so that this
example will plot exactly as intended. You might find it more convenient
to use DF'in your programs instead, so that the plotter operator can set P1,
P2, pen speed, and other functions from the front panel before running a
program.
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Next select a pen (SP1) and establish the scaling for this plot. The
parameters of the IP instruction determine the location of the scaling
points, P1 and P2, The locations of these points were chosen to provide a
convenient area for the scale, which is assigned in the scaling statement
SC1,12,0,150;. Since this chart shows one year's sales by month, the
X-axis (commonly representing time) is scaled from 1 to 12. The Y-axis is
scaled in thousands from 0 to 150 so that all sales data will fall inside the
scaled area. Labels and titles will be placed outside this area.

You will either need fo know the range of your data or be willing to go
through some trial plots with different scales to determine what your
scale statement should he. This chart is scaled from 0 to 150, not 0 to
150000 — the actual range of sales dollars. The shorter labels along the
axis are easier to read and prevent the chart from becoming cluttered;
thus, the chart will be easier to interpret. Thousands or millions of dollars
are common scales,

Having established the seale, draw a frame for the data area. This is done
by moving to the point 1,0 and specifying the diagonally opposite corner
in the EA instruction.

The first three program lines with HP-GL instructions are:

20  PRINT #1, “IN;SP1;IP1250,750,8250,6250;"
30  PRINT #1, "SC%,12,0,150;"
40  PRINT #1, "PU%,0;ER1Z,150;"

NOTE: If compatibility with older HP plotters is desired, PA should be
used to begin plotting, and raising and lowering the pen should be con-
trolled with separate PU and PD ingtructions. W

The Axes and Their Labels

You are now ready to draw and label the axes. The label size is set by the
ahsolute size instruction 81.2,.3;. This creates characters which are ;
slightly larger than characters of the default character size specified |
by the IN instruction. The tick length is established by the tick length :
instruction TL 1.5, 0 ;. The resulting ticks will be 1.5% of the horizontal or
vertical distances between the scaling points. No negative portion of the
tick will be drawn; ticks will be entirely above the X-axis and to the right of
the Y-axis.

Axes are commeonly drawn using a loop: this program uses FOR ... NEXT
loops. First, draw the X-axis. Let X range from 1 to 12, representing the 12
months for which you have data. The loop will do four things: movetothe
integer location on the axis, draw a tick mark, establish the label origin,
and draw the label, Note that the X-parameter of the plot instruction is a
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variable. You will need to know how to send a variable between strings
of fixed characters. The method differs from computer to computer;
consult your computer's documentation and Plotting with Variables in
Chapter 4 of this manual. If you are using the HP-IB interface, refer also
to Sending and Receiving Data in Chapter 15. The XT instruction draws
a tick, whether the pen is up or down. The pen is up here to avoid
unwanted lines between the ticks, labels, and axis.

In order to use the looping techniques for labeling axes, you must place
the labels in a data statement. (At some point, vou might want to access
data for the latest 12 months. If your data were stored together with a
date code, you could use a similar technique to read the labels and data
from some file and properly label vour chart for the data you were then
plotting.} You then access the labels with a string variable in the LB
instruction. Refer to Labeling with Variables in Chapter 7 for hints on
sending variables in labels.

Fo position the labels, use the LO instruction. The base of the tick mark
becomes the' current pen position after the tick is drawn. Specifying
LO 16 causes the label to be centered under the tick and offset down
siightly so that the label can be easily read. For the X-axis title {calendar
month), the pen is first moved to the center of the graph below the
X-axis. Then, LO b centers the label over this position.

The loop to draw the axis, and the instructions and data statements to
label and title the X-axis are:

50  PRINT #1, "SI.2,.3;TL1.5,0;¢
BO  FOR Xe1 TO 12

70 PRINT #1, "PR;X;",0;XT;"
8O READ A$
80 PRINT #1, "LO16;LE";A$; +CHR$(3)

100 HEXT X
110 PRINT #1, "PRE6.5,-10;L05;LBCatendar Month'+
CHR$ (33

380 DR‘;‘R Il“;:i’HF'll,llMu'Iiﬂlliﬂmll’IIJ’H
380 DQ?R llg!!,llﬁ!l,llall,IIGII,%INII,IIDH

The Y-axis is ereated in a similar manner, except the loop’s index is used
for the label value (0~150), and the LO 8 instruction is used to place labels
to the left of the tick marks. The Y-axis title is centered above the axis.

Following the axis loop are the instructions that label the regions for
the legend. The legend is drawn now while the label size is small and
the narrow pen is in the pen holder. The lines for the legend will be

8-4 PUTTING THE INSTRUCTIONS TO WORK




drawn later as each line of data is plotted. The labels for the legend are
positioned by using 1.0 16 and PA instructions to center them below the
. areas where the lines will be drawn.

The lines which draw the Y-axis, label it, and draw the legend labels
follow.

120 FOR Y=0 TO 150 STEP 25

130 PRINT #1, "PR1,",Y,"YT;"

140 PRINT #1, "LO8;LB";Y;+CHR$(3)

150 NEXT Y

160 PRINT #1, "PA1,160;L014;LBSales $"+CHRS(13)+
CHR$ (3)+"LD18;"

170 PRINT #1, "LB(Thousands)"+CHRS$(3)

180 PRINT #1, "PAZ.35,160;LBUnited States"+CHR$(3)

190 PRINT #1, "PRE.25,180;LEEurope" +CHR$ (3}

200 PRINT #1, "PRE.55,1680;L.BSouth Amer ica"+CHRE(3)

210 PRINT #1, "PR10.85,160;LBJapan” +CHR$(3)

Here’s what the chart looks like so far.

Sales §
{Thousands] United States Europe Sputh America Japan
150

1285 —

100

O i 13 i L i i 1 L ] H
Jd F M A ¥ N J A S D N

Calendar Month

)

The most important parts of the chart are drawn with a wide pen. Move
to the top center, increase the character size, and label the chart title.

The program Hnes to titie the chart using a wide pen are:

220 PRINT #1, “SPZ;PAB,175;S1.4,.6;L04;"
23C PRINT #1, "LB1885 Sales by Region" +CHR$(3)

]
&
=
=
U=
(s
ool
o
s
S
mn
o
b
&=
[o:
55
o
n

PUTTING THE INSTRUCTIONS TO WORK 85




Plotting the Data

You are now ready to draw lines. Each of the four data lines on this
chart is drawn using a different technique. The first two lines are
drawn by plot instructions with parameters included when the program
was written. Hence, if the data changes, it will be necessary to change
the plot instructions in the program.

The first line (the bottom-most line on the graph) is drawn with pen 3

using a dashed line type. After drawing the line, the pen moves to the

legend area below the chart title and draws a short line. The PU

instruction causes the line type pattern to begin again at the begining
. of this line.

The second line is also plotted using plot instructions with fixed param-
eters. The line type used consists of long and short dashes; the line is
drawn with pen 4. After the data points are plotted, the corresponding
line 1s drawn in the legend.

“The program lines which plot the two lower lines and the correspond-
ing legend lines are:

240 PRINT #1, "SP3;LT3,6;PA1,23;PD2,25,3,18,4,22;"
250 PRINT #1, "PDS,23,6,27,7,27,8,25,9,24,10,28;"
260 PRINT #1, “PD11,27,%2,27;PU?.8,165,PD38.3,165;"
285 PRINT #1, “PU;SP4;LT6,8;PR1,45;"

270 PRINT #1, "PD;PAZ,50,3,52,4,53;PD5,52,6,51;
280 PRINT #1, "PD7,55,8,56,9,56,10,58,41,58;"

280 PRINT #1, "PD1Z,80;PU10.1,165;PD11.8,185;"

The third line is plotied from data read by the program using a
FOR...NEXT loop and a READ statement. This technique would be
used to plot a chart that will be replotted often with new data. If the
necessary file statements were added, the data could be on a tape or
disk file instead of in a DATA statement as shown here. The line type
for this line is the default solid line, reverted to by the LT instruction
with no parameters. Since this program uses variables as plot parame-
ters, be sure they are sent to the plotter with a valid separator between
them. Computers often send a leading and/or trailing blank, or allow
for a sign space before numeric variables. The HP 7550 will treat a
blank or a comma as a separator between numeric parameters. Know
your computer before sending variables with plot instructions. As with
the two previously drawn lines, after the line is plotted, the correspond-
ing line is placed in the legend.
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The loop to plot this third line using pen 5, and the instructions to place a
line in the legend are:

300 PRINT #1, "PU;LT;SPS;"

310 FOR Xs1 TO 12

320 READ Y

330 pRIN‘T’ #1’ IIPRH;X;“’“;Y;II;PD;H

340 NEXT X

350 PRINT #%, "PUS.5,165;PD7.0, 165;PU;"

400 DATR 55,80,63,62,58,54,50,46,47,43,53,58

The last line is drawn using a subroutine. The subroutine is designed to
read data that have been stored with a third value for pen control. This
third value econtrols a branch to two different plot instructions, one with
the pen up and the other with the pen down. In this program, a 0 for the
pen control parameter results in a pen up move, a 1 causes plotting with
the pen down, and 3 signifies the end of the data. The last line is drawn
with pen 8, The legend line 1s drawn at the end of the subroutine, com-
pleting the chart.

The program lines to change pens and line type, and the subroutine
itgelf are listed here.

360 PRINT #1, “SPE;LT4,8;"
370 GOSUB 1000

1000 7 Plotting subroutine through line 1100
1018 READ X,Y,P

1020 IF P=1 THEN PRINT #1, "PDU;X;",";Y;";"
1030 IF P=0 THEN PRINT #1, "PU";X;",";Y;";"
1040 IF P=3 THEN 1030

1050 DRTH 1,86,0,2,100,1,3,102,1,4,105,1,5,107,1
10680 DRTR B,1106,1,7,125,1,8,112,1,8,915,1

1070 DATA 10,125,1,11,130,1,12,122,1,0,0,3
1080 GOTOD 1010

1080 PRINT #1, "LT4,6;PU3.2,165;PD4.7,165;5P0;"
1100 RETURN

Program Listing

A reduced version of the plot is shown next, followed by a complete
listing of the program. This listing contains all of the BASIC statements
necessary to have this program run on an HP Touchscreen (150) com-
puter, You might need to make changes for your computer’s BASIC, or
you can use some other programming language and send the strings of
HP-GL, instructions using vour language’s output statements and loop-
ing techniques. :
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Calendar Month

10 *Insert configuration statement here

zZ0 PRINT #14, "IN;SPt;IP125C,?50,8250,6250;"

30 PRINT #1, "SC1,12,0,130;"

40 PRINT #1, "PU1,0;ER1Z,100;"

50 PRINT #1, "8I.2,.3;TL1.5,0;"

EO FOR X=1 TO 12

70 PRINT #1, “PR";X;",0;xT,;"

g0 RERD A$

50 PRINT #1, "LOD16;LB";A$;+CHR$ ()

100 HMNEXT X

110 PRINT #1, "PAE.S5,-10;L05;LBCalendar Month"+
CHRE(3)

120 FOR ¥Y=0 TO 150 STEP 25

130 PRINT #1, "PR1,";Y;";¥YT;"

140 PRINT #1, “LOB;LE";Y,;+CHR${3)

150 NEXT Y

160 PRINT #1, "PA1,1680;L014;LEBSales $7+CHRE(130+4
CHR$(33+"LD16;"

170 PRINT %1, "LB(Thousands )" +CHR$(3)

180 PRINT &1, "PA3.95,160;LBUnited States" +CHR$(3)

19C PRINT %1, "PHRE.Z25,160;LBEurope” +CHR$(3)

200 PRINT #1, “PRE.55,160;LBSouth fmerica” +CHR$(3)

210 PRINT #1, "PR106.85,180;LBJapan" +CHRS$(3)

220 PRINT #1, “SPZ;PRE,175;8I.4,.6;L04;"

{Program listing continued)
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230 PRINT #1, "LLB1398% Sales by Region"+CHRS$(3)
240 PRINT #1, "SP3;LT3,8;PR!,23;PD2,25,3,18,4,22;"
250 PRINT #1, "PDS,23,8,27,7,27,8,25,%8,24,10,28;"
ZBO PRINT #1, “PD11,27,12,27;PU7.8B,1E5;PD9.3,1865;"
285 PRINT #1%, “PU;S5P4;LTE,8;PA,45;"

270 PRINT #1, "PD;PRZ,%0,3,52,4,53;PD5,52,6,51;"
280 PRINT #1%1, "PD?,55,8,56,5,56,10,58,11 58 Lo

230 PRINT #t1, "PD12,80;PU10.1,185;PD11. 6 185 P

300 PRINT 81, "PU;LT;SPS;"

310 FOR X=1 TO 12

320 RERD Y

330 PRINT &1, "“PRY;X;",";Y;";PD;"

340 HNEXT X

350 PRINT #1, “PUS.5,185;PD7.0,165;PU;"

360 PRINT #1, "GPE;LT4,8;"

370 GGOSUB 1006

380 DHTQ LH Jll R 113 Fé% s 4t grlll » 1 Ht? P it MIE y il “jlz

380 DHTR [}] 3[1 5 L3 H‘H P it SH P LH Dli ’II NII s (14 DII

400 DATR 5%,80,B3,82,59,54,50,46,47,48,53,58

41C  END

1000 7 Plotting subroutine through line 1100

1010 RERD X,Y,P

1020 IF P=1 THEN PRINT #1, “PD";X;",";¥;";¢
1030 IF P=0 THEN PRINT #1, “PU";x;",";Y;";"

1040 IF P=3 THEWN 1030

105G DRTA 1,88,0,2,100,1,3,102,1,4,105,1 5,10?,1
106C DATA 6,110,1,7,125,1,8, 134 %,9 215

1070 DATR 10,125,1,1%1,130,1,12,122,1,0, O 3

10BO GOTO 1010

1090 FPRINT #1, "LT4,6;PU3.Z,185;PD4.7, 165;5P0C;"
1100 RETURN

Bar Charts and Pie Charts
Fllhng and Hatching

Two kinds of area fill are commonly used in bar and pie charts; solid fill
and hatching. Solid fill totally covers the area with color, whereas hatch-

ing fills the area with evenly spaced parallel lines. If there are two sets of
parallel lines at 90-degree angies to each other, the fill is called “cross-
hatching.” To avoid optical illusions that affect one’s perception of the size
of a bar or pie segment, it is best to place hatching or cross-hatching ata
45-degree angle from vertical.

NOTE: For both the bar and pie charts, use the same pen order in the
carouse! that was recommended for the line chart. ®
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Producing a Bar Chart
Overview

This program plots a stacked bar chart, titled “Sales Volume by Region”
A stacked bar chart is appropriate when you want to compare parts of
an element over time. In this case, the sales volumes of three different
regions are compared over a period of three vears. For ease of under-
standing, stacked bar charts should not contain more than six sets of
stacks; each stack should be limited to three or four segments.

The following paragraphs describe the program. The line numbers refer
to the complete program listing, which 1s presented after all of the
descriptions.

Setting Up the Data (Lines 10-130)

After dimensioning arrays and declaring the label and bar segment
data, a loop is used to read the data info the arrays. The arrays will be
used later to plot the data. This method is particularly convenient when
you anticipate having new data at a future date, because you will oniy
need to change the first few lines of the program to plot a new chart.

Sealing the Axes (Lines 140-160)

The X-axis is scaled by years, from 1982 to 1986. The Y-axis is scaled
from 0 to 500 to represent sales in thousands of dollays.

Plotting the Title {Lines 170-200)

The title and axes are drawn with a wide pen for emphasis. The title is
drawn first, with characters that are a little more than twice the default
size.

Labeling the Axes (Lines 210-320)

The bars on the X-axis are labeled without tick marks, using a narrow
pen and characters that ave siightly larger than default size. The Y-axis
is Iabeled with tick marks and an extra label to show the scaling used (K§).

Labeling the Bar Segments (Lines 330-430)

The data for labeling each bar segment was input previously in lines
60-80. Using this data, each segment label is centered next to the right-
most bar by computing a Y-axis position that 1s equal to the height of the
pricr segment plus one-half the height of the current segment.

Filling and Edging Each Segment (Lines 44(-680)

The data for each bar segment was stored previously in a three-by-three
array (in lines 120-160). Each array element contains the height of a
segment with respect to the Y-axis scaling, This information is used to
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draw the bar segments from bottom to top using the FT, RA, and EA
instructions to define, fill, and edge each stacked rectangular segment.
Wide pens are used to fill the bars.

Program Listing

The complete bar chart and listing follow. Note that the program in-
cludes comments denoted by an apostrophe (°). You do not have to enter
them; they are included here to further explain the logic of the program.
If you do enter them, check your computer language documentation for
the correct comment symbol. In BASIC, comments are often denoted by
the statement REM. '

Sales Volume by Region

Sales (K§}
500

furope

\

200

South America

100 United Statfes

1983 14984 ' 1888

10 “Imsert configuration statemsnt here

20 “Place chart and label data in arrays
3O “with lower bounds of 1

40 OPTION BRSE 1

5¢ DIM L$(3),B(3,3)

6C DRTA United States,South America,Europe
7C DRTA 144,177,186,71,101,147,30,75, 104
B0 READ L$C1),L802),L$ ()

90 FOR I=1 7O 3

100 FER J=1 T0 3

110 READ B(I,13
120 NEXT 1
130 NEXT I
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140
120
180
1?70
180
130
200
210
220
230
240
250
280
270
280
280
300
310
320
330
340
350
380
370
380
380
400
410
420
430
440
450
480
470
480
4380
500
S10
520
530
540
S50
56Q

Initiatlize;set P1 & P2jscale axes
PRINT #%, "IN;IP1000,1000,300C,6750;"
PRINT #1, "&5Ct1982,1986,0,500;¢
“Label title--wide pen;large letters;draw axes
PRINT #1, "BPZ;PA138B4.3,550;51.4,.6;"
PRINT #1, "LO4;LBSales Volume by Region'"+CHR$(3)
PRINY #1, "PR1582.3,500;PD1882.3,0,1886.3,0;"
‘Select narrow pen;reset character size;
“set tick length;then label X-axis.
PRINT #1, "PU;SP1;S81.2,.3;7t1.5,0;"
FGR X=18983 TO 138%
PRINT #t, "PR";X;",0;L016;LB" ;X;+CHR$(3)
NEXT X
"Rdd ticks and labels to the Y-axis
FOR ¥=0 TG 500 STEP 100
PRINT #1, "PR19B2.3,";Y;",;¥YT;"
PRINT #1, "LO&;LB";Y;+CHR$(3)
NEXT Y
PRINT #1, "PRA1882.3,510;L01;LEBSales (K$I"+CHR$(3)
“Center segment labels using prier height
"plus 172 current height.
FOR I=1 TO 3
¥Y=0
FOR J=1 TO I-1
Y=Y+B(J, 3
NEXT J
¥=Y+B(I,3)/2
PRINT #1, "PR1985.4,";¥;";"
PRINT #1, "LOiZ2;LB";L$(1);+CHR$(3)
NEXT I
“Draw and fill using wide pens in 3-5
FOR I=1 TO 3 :
PRINT #1, "SP";I+2;%;PT.7;"
K=1
FOR ®x=1883 TD 13985
¥1=0
Compute Y-axis start point for each segment
FOR J=1 70 I-%
Y1=¥Y1+B(I,K)
NEXT 3
Compute Y-axis end point for each segment
YZeY1+B(T, KD
KaiK+1

{Program listing continued)
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570 ©  Select fill type.

580 IF I=1 THEMN PRINT #1, "FTt;"

ss80 IF I=2 THEM PRINT #1, “FT4,.05,45;"
BOO IF I=3 THEN PRINT #1, “FT3,.05,45;"
B10 7 Move to start point;fill bar segment.
B20 PRINT #1, "PA";X-.3;",";Y1;";"

530 PRINT #1, "RR“}X+,3;0 0 ;y2;n;n

B40 * Return to start point;outline segment.
B30 PRINT &1, "PR*";Xx-.3;",";¥1;" ;"

B0 PRINT #1, "ER*;x+,3;%, % 5v2; ;"

E7O NEXT X%

EBO NEXT I

£90 "Put the pen away and unload paper,
700 PRINT #1, "SPO;NR;"
710 END

Producing a Pie Chart

Overview

This program plots a pie chart, titled “Sales Dollar Distribution.” Pie
charts easily convey information concerning parts of a whole. In this
case, sales dollar distribution is broken into four groups: R&D, Adminis-
tration, Marketing, and Manufacturing. For ease of understanding, pie
charts should not be broken into less than three nor more than six parts.

The following paragraphs describe the program. The line numbers refer
to the complete program listing, which is presented after all of the
descriptions.

Setting Up the Data (Lines 10-160)

Using the same method as was used in the bar chart, the start angle,
mid-point, and stop angle for each segment are placed into arrays. In
addition, the pie segment labels are read into arrays.

Scaling the Chart (Lines 170-190)

To center the pie chart, Pl and P2 are repositioned with the IP instruc-
tion. The plotting area is scaled so that 0,0 is near the center of the page.

Plotting the Title (Lines 200-220)

The title is centered with the 1O instruction, the character size is set to
0.4-cm wide and 0.6-cm high with the SI instruction, and a wide pen is
selected with the SP instruction.
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Plotting the Labels (Lines 230-400)

Each segment is labeled using the data previously read in line 160. For
readability, the labels are drawn with a narrow pen and with a
character size that is smaller than the one used for the title. The labels
are centered and offset from the appropriate segment with the LO
instruction. The distance used to position the label for segment 2 is
increased, since the second segment is offset.

Filling and Edging Each Segment (Lines 410-580)

In this loop, a wide pen and a fill type are selected for each segment
with the SP and FT instructions. Lines 440 and 450 adjust the center
point for the offset segment. The sweep angle for each segment is then
computed (sweep angle = stop angle — start angle), and the segments
are filled and outlined with the WG and EP instructions.

Program Listing

The complete pie chart and listing follow. As with the bar chart,
comment lines are indicated by an apostrophe (7). You can delete the
lines, or use REM mstead.

Sales Dollar Distribution

R&D

0300030)
0’0
,00000
varketing ’oo ’:o.o.%
":’0’:‘00
(XK

Administration

Manufacturing
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210
220
230
240
250
260
270
280
230
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
450
470
480
430
500

"Insert configuration statement here
"Flace chart and label data in arrays
‘with Jower bounds of 1
OPTION BRSE 1
DIM We(4),PL4,33
DRTAR 0,21.5,43,43,80.5,118,118,168.5
DRTA 215,215,287, 360
DATA Administration,R&D,Market tng,Manufacturing
"Read start, mid-point, and stop angle
“for each segment. Then read labels.
FOR I=1 TO 4 :
FOR J=1 T0O 3
RERD P(I,3)
NEXT J
NEXT I
RERD W$C1),W$(Z23,W$(3), W84
‘Initialize;set P1 & PZiscale axes
PRINT #1, "IN;IPZ250,500,8250,7100;"
PRINT #1, "SC-10,10,~10,12;"
"Label title using wide pen, large lettere,
PRINT #1%, "GSPZ;PA0C,12;81.4,.6;CF-12.34,0;"
PRINT #1, "LBSales Dollar Distributiocn +CHR$(3)
“Label wedges with narrow pen & smal! letters
PRINT #%1, "8P1;S8I.2,.3;"
" Set PI wariable to convert radians to degrees
PI=3.141593
FOR I=1 70O 4
Y Move to center are.
f=B8
IF I=2 THEN R=8
X=R¥COS(P(I,Z2)*(PI-180))
Y=R¥SIN(P(I, 2% (PI-180))
PRIN'{ #1, IIPHH;X;H,H;Y;H;H
Determine label origin, and draw label.
L=l EN (W$(I)
IF I=1 THEN PRINT #1, "CFQ,-.25;"
IF I=3 THEN PRINT #1, "CP";-L;",-.25;"
IF I+=d4 THEN PRINT #1, "CPO,-.5;"
PRINT #1, "LBY;W$(I)1+CHR$(3I)

IF
IF

THEN PRINT #1, "FT3,.3,45;"
THEN PRINT #1, “FT4,.5,45;"

NEXT I —
Draw and fill the wedges using pens 3-B. -
FOR Ie1 TO 4 : 7
PRINT #1, "SP";I+2;";PT.7;" o)
X=0 =
e
Y=0 g
IF I#2 THEN X=COG(P(I,Z2)%(PI-180)3 i
IF I=2 THEN Y=SIN(PC(I,Z2)*(PI-/180)) 2
IF I=% THEN PRINT #1, “FT1;" 2
Ie2 =
Ie3 =
3
w

(Program listing continued)
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510
520
530
340
556
580
570
580
5380
6500
B10

IF I=4 THEN PRINT #1, "FT3,.8,45;"
Compute the sweep angle,
S=P(1,33-P,13
7 Fill and outline the wedge.
PRINT #1’ HPHII;X;H,“;\{’;II;II
PRINT #1, "HGP.5,";PCI,13;",";5;";"
PRINT #1, "PR";X;",";Y;";EP;"
NEXT I
"Put the pen away and unload paper
PRINT #1, "SPO;NR;"
END
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Chapter 9

Changing the Plotting
Area

FEsrave 30[(1 Y3 _ﬁup‘éutaqa

~ What You’ll Learn in This Chapter

In this chapter you will learn how to make vertical plots by rotating
axes, as well as how to restrict plotting to a specific area of the page by
defining windows. In addition, you will learn techniques such as
proportionally reducing/eniarging your plotting area and creating
mirror images.

HP-GL Instructions Covered

RO The Rotate Coordinate System Instruction
IW The Input Window Instruction

OW The Output Window Instruction

OH The Output Hard-Chp Limits Instruction
OF FThe Output Pl and P2 Instruction

Terms You Should Understand

Hard-Clip Limits — that part of the plotting area beyond which the pen
physically cannot move; the mechanical limits of the plotter.

Soft-Clip Limils — that part of the plotting area defined by the IW
instruction, beyond which no programmed plotting can occur.,

Window - that part of the plotting area in which pletting can occur;

nothing can be drawn outside the current window. At power-on, the

window is get to the hard-chip limits of the plotter. If soft-clip limits are
established, these become the current window.

Clipping — suppressing all points outside of the current window; in
effect, restricting plotting to a portion of the plotting area by estab-
lishing a window,
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¢« The Rotate Coordinate System
Instruction, RO

USES: The RO instruction rotates the plotter's coordinate system
(either plotter units or user units) 90 degrees about the plotter-unit
coordinate origin. Use this instruction when you want to change the
default orientation of your plots. Normally, plots are oriented hori-
zontally on the page; with the RO instruction, you can easily make a
vertical plot. (You can also rotate the coordinate system using the front-
panel ROTATE function key. Refer to the Operation and Interconnection

Manusl for details.)
SYNTAX: RO n term
or
RO term
Parameter Format Range Default
n integer 0 or 90 degrees 0 degrees

EXPLANATION: Only two parameters are allowed with the RO
instruction, as follows.

n=0  Cancel rotation; reestablish defauit orientation of coor-
dinate system

n=90 Rotate coordinate system 90 degrees about the plotter-unit
origin
An RO instruction without parameters (RO ;) is the same as RO0;. When
you issue RO 90;, the plotter’s coordinate system is rotated clockwise for
A4/A-size paper, and counterclockwise for A3/B-size paper. Thus the
orientation for rotated Ad/A-size paper is the same as for default A3/B-
size paper, and vice versa.

When you use RO 90; to rotate the coordinate system, P1, P2, and the
axis-align peint rotate with the coordinate system. However, they
maintain the same XY coordinate values as before the rotation. This
means that P2 and the axis-align point are located outside of the hard-clip
limits. T'o reset P1, P2, and the axis-align point so thatthey are within the
new hard-clip limits, issue an IP ; instruction after the RO 90 ; instruction,
This effectively switches the X,Y coordinates of each point (e.g., if P1
was 80, 320 before rotation, it will become 320, 80 after rotation).

Each form of rotation is illustrated next. Note that you can also establish
or cancel rotation at any time from the front panel. The appropriate
function keys to press on the front panel are shown along with the
equivalent HP-GL instructions.
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The physical position of the pen does not change when the coordinate
svstem is rotated. Instead, the plotter updates the internal graphics
position (XY coordinate location) to reflect the new coordinate system.
You can obtain the coordinates of the new pen position by executing an
OA or OC instruction after the rotation.

The RO instruction remains in effect until the rotation is changed by
another RO instruction or from the front panel, or the plotier is
initialized. Rotations are not cumulative. In other words, you cannot
rotate a plot 90 degrees and then rotate another 90 degrees in order to
achieve 180-degree rotation. You can only toggle between 0- and 80-
degree rotation.
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The following table summarizes the possible error conditions or un-
expected results that you might observe with the RO instruction.

Condition Error Plotter Response
no parameters none establishes default orientation
more than 1 parameter 2 executes first parameter
parameter out-ofrange 3 1gnores instruction
RO 90; when plot none ignores instruction
1s already rotated
90 degrees

The Input Window Instruction, IW

USES: The IW instruction defines a rectangular area, called the
window, that establishes soft-clip limits. Subsequent programmed pen
motion will be restricted to this area. Use this instruction when you
want to be sure that your data falls within a specific area. For example,
you might define a window for a graph on part of the page, and then
define a new window on the rest of the page for labels. By establishing
windows, you can be certain that stray lines or labels won't appear in
the wrong areas.

SYNTAX: W X, Y,X., Y. term

or
IW  term
Parameter | Format Range Default
X. and integer |-22to 28—1 | current hard-clip limits
Y-coordinates {depends on paper size)
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EXPLANATION: The four parameters of the IW instruction specify
the X- and Y-coordinates of any two diagonally opposite corners of the
window area. The setting of the front-panel STANDARD or ENHANCED
function key determines how the coordinates are interpreted, as follows.

sTanNDARD — The coordinates are interpreted as plotter uniis, regard-
less of whether or not scaling is in effect. Therefore, the
window is always an absolute size and does not change
when P1 and P2 change.

ENHANCED — If scaling is not active at the time the window is defined,
the coordinates are interpreted as plotter units. Therefore,
the window is always an absolute size and does not
change when P1 and P2 change.

If scaling is active at the time the window is defined,
the coordinates are interpreted as user units. When a
window is defined in user units, the window will compress
-or expand in direct proportion to subsequent changes in
the scaling points P1 and P2. Tuwrning off scaling after
the window is defined does not eliminate or change the
window. In this case, clipping will still occur if an attempt
is made to plot outgide the physical area previcusly defined
in user units. This is because the plotter now monitors that
same area by internally converting the same boundaries
into plotter units,

A window can be anywhere inside, outside, or intersecting the hard-clip
limits. However, all programmed pen motion is restricted to that part of
the window that lies within the hard-clip limits, as shown in the illus-
tration on the next page. For more information, refer to Relationship of
Plotting Instructions and Graphics Limits in Chapter 4.

NOTE: Pen motions invoked from the front panel are not restricted by a
window. &

If the window is entirely outside the hard-clip limits, no programmed pen
motion can occur. This can happen when:

¢ The IW instruction defines a window to be outside the hard-clip limits.

s The current window is defined in user units, and a subsequent change
in the position of P1 and/or P2 causes the window to move so that it
no longer intersects the hard-clip Hmits.

s A subsequent axes rotation causes the window to fall outside the hard-
elip limits.
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An IW instruction without parameters (IW;) defaults the window to be
the current hard-clip limits. The window is also set to the hard-clip
limits if the window is defined in user units but the coordinates of
either corner are out of range when expressed in plotter units. For a
discussion of converting user units to plotter units, refer to Appendix A.

The IW instruction remains in effect until another IW instruction is
executed, or the plotter is initialized or set to default conditions.

The following tabie summarizes the possible error conditions or un-
- expected results that you might observe with the IW instruction.

Condition Exror Plotter Response

no parameters none establishes hard-clip limits

as default window
more than 4 parameters executes first 4 parameters
1, 2, or 3 parameters ignores instruction
Xi=Xs0rYi=Y;

parameter out-of-range

ignores instruction

Lo W B b

if scaling is off, ignores
instruction; if scaling is on,
establishes hard-clip limits
for window (see previous
discussion in text)
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Example — Effects of Specifying a Window on Labels

and Lines

The following example 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. (For
an example of using windows to enlarge a portion of a plot, refer to
Techniques for Changing the Plotting Area later in this chapter.)

IﬁIS IS AN EXAMPLE QOF 1

(2000, 3200)
PEN
STOPS
HERE
- PEN
RESTARTS
HERE
(2000 , 700)
PEN PROGRAMMED
TO DRAW LINE
TO THIS POINT
AND START LABEL
10
20 PRINT #1,
30 PRINT #1,
40 PRINT #1,
50 PRINT #1,
B0 PRINT #1,
70 PRINT &1,
BO PRINT #1%,
30 PRINT #1,
100 END

(5500,

AN EXAMPLE (

A

{3500 , 1000}

T

WINDDOW

4000}

PEN
PROGRAMMED

-
-

\TO STARY MERE

PEN
STARTS
DRAWING
HERE

PEN
STOPS
HERE

ESTABLISHED BY IW

“IN;GPT ;Y

M1, 3, .5; PR2000, 3200;"
MLBTHIS IS AN EXAMPLE OF
"IWIB00, 1000, 5500, 4000;"
"P02000,1700;"

"LETHIS IS AN EXAMPLE OF
"PU3E00, 1000; EASS00, 4000;
"SPO;“

Program Explanation

"Insert copfiguration statement here

TWY+CHR$(3)

IW'HCHR$ (3

13

10 defines the plotter as the system printer — change as necessary for

your computer
20

initializes the plotter; selects pen 1
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30 sets the character size; moves to the starting position for the first
label

40 draws the label

b0  specifies a window 2000 plotter units wide and 3000 plotter units
high

60 draws a line from the end of the first label to the beginning of the
next label {pen only physically draws within the window)

70 draws the second label (pen only physically draws within the
window)

~.
% |
5
g.q‘
K
A m_.
o
= |
o
N
[57)
L

80 moves to the lower-left corner of the window; outlines the window

90 returns the pen to the carousel

- The Output Window Instruction, OW

USES: The OWinstruction outputs the XY coordinates of the lower-left
and upper-right corners of the current window in which plotting can
occur, Use this instruction when you need to know the size of the current
window. This is particularly helpful when the window defined by the IW
instruction might be larger than the hard-clip limits, so that the current
window is actually limited to the intersection of the hard-clip limits and
the window defined by IW.

SYNTAX: OW term
‘RESPONSE: Xy, Y, Xug, Yur [TERM]

EXPLANATION: After an OW instruction is received, the plotter
outputs four integers in ASCII, which represent the X, Y coordinates of the
lower-left (LL) and upper-right (UR) corners of the current window. If the
STARDARD function key is on, the coordinates are output as integers in

_plotter units. If the ENHANCED function key is on, the coordinates are
output as integers in current units (plotter units if scaling is off or user
units if scaling is on). The current window is defined as that portion of the
window that intersects with the hard-clip limits (refer to the illustration
shown under The Input Window Instruction, IW, presented previously). If
no window has been defined with the IW instruction, the plotter outputs
the current hard-clip limits.

After you send the OW instruction, your program should read the plotier’s
cutput response. Refer to Hints for Obtaining Plotter Gutput Responsesin
Chapter 13.

The table on the following page summarizes the possible error conditions
or unexpected results that you might observe with the OW instruction.
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Condition Error Plotter Response

no parameters none outputs current
window coordinates

no window currently defined none outputs current
hard-clip imits

1 or more parameters 2 cutputs current

window coordinates

The Output Hard-Clip Limits
Instruction, OH |

TSES: The OH instruction outputs the XY coordinates of the lower-
left and upper-right corners of the current hard-clip limits. Use this
instruction to determine the plotter-unit dimensions of the physical
area in which plotting can occur. This instruction is particularly helpful
to determine the new hard-clip limits when the axes have been rotated
and/or when the axis-align function has caused a slight shift in the
axes. (Refer to the Operation and Interconnection Manual for informa-
tion on the axis-align function.}

SYNTAX: OH term
RESPONSE: Xu., Yu, Xug, Yur [TERM]

EXPLANATION: After an OH instruction is received, the plotter
outputs four integers in ASCII, which represent the XY coordinates of
the lower-left (LL) and upperright (UR) corners of the current hard-clip
limits. The coordinates are always output in plotier units. Leading
Zeroes are suppressed.

The hard-clip limits determine the maximum physical plotting area,
and are initially established when the plotter senses the paper edges
while loading paper. Any subsequent IW instruction can further Hmit
the plotting area by establishing soft-clip limits; however, these limits
do not affect the hard-clip limits output by the OH instruction.

The default hard-clip limits for each paper size are shown in the
following table. If you have used the front-panel axis-align function,
the hard-clip limits might be glightly smaller than those shown. The
only other operation that will cause different limits to be output is
rotating the axes (either from the front panel or by the RO instruction).
In this case, the X,Y coordinates are reversed (e.g., 7600, 10870 instead
of 10870, 7600).
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Hard-Clip Limits =

Paper (Default Axis Orientation) g

Size Xin Yoo Xor Yur ;;:
Ad 0 0 10870 7600 T

A3 0 0 15970 10870 ¥

A 0 0 10170 7840 )

B 0 0 16450 10170 z

After you send the OH instruction, your program should read the plotter’s
output response. Refer to Hints for Obtaining Plotter Output Responsesin
Chapter 18.

The following table summarizes the possible error conditions or un-
expected results that you might observe with the OH instruction.

Condition Error Plotter Response
1no parameters none outputs current hard-clip limits
1 or more parameters 2 outputs current hard-clip limmts

| - The Output P1 and P2 Instruction, OP

USES: The OP instruction outputs the XY coordinates of the current
setting of the scaling points P1 and P2, Use this instruction to compute
the number of plotter units per user unit when scaling is on, to
determine the numeric coordinates of PI and P2 when they have been -
set manually from the front panel, or in conjunction with the IW
ingtruction to set the window to P1 and P2.

SYNTAX: OP term
RESPONSE: Piz, Ply, P2y, P2y [TERM]

EXPLANATION: After an OP instruction is received, the plotter
outputs four integers in ASCII, which represent the XY coordinates of
P1 and P2 in plotter units. The possible range is —22 to 22— 1. Upon
completion of output, bit position 1 of the status word is cleared (refer to
The Output Status Instruction, GS, in Chapter 13).

After you send the OF instruction, your program should read the plotter’s
output response. Refer to Hints for Obtaining Plotter Output Responsesin
Chapter 13.

The table on the next page summarizes the possible error conditions or
unexpected results that you might observe with the OF instruction.

CHANGING THE PLOTTING AREA 9-11




Candition Error Plotter Response

no parameters none outputs current
P1 and P2 coordinates

1 or more parameters 2 cutputs current
P1 and P2 coordinates

@ Techniques for Changing the
Plotting Area

The IP and IW instructions provide a great deal of flexibility for con-
trolling the size of the plotting area and the proportions of a plot.
You've already seen this in Chapter 3, where you learned how to set the
P1/P2 frame and assign a scale so that isotropic scaling would be
established and geometric shapes would be drawn correctly. In this
section, you will learn more technigues, such as placing more than one
equal-sized plot on a page, enlarging/reducing plots, using windows to
magnify portions of plots, and creating mirror images.

Preparing Equal-Sized Plots on One Page

912

The easiest way to prepare equal-sized plots on one page is to take
advantage of the fact that P2 follows P1 whenever P1 is changed. The
following program illustrates the procedure (you could also change P1
and P2 settings from the front panel in the same way).

First, this program specifies a P1/P2 frame for the left-hand side of the
page. Then it assigns a scale of 0 to 10 along the X-axis and 0 to 15
along the Y-axis, and draws a rectangle to illustrate the boundaries of
the P1/P2 frame. Of course, you could assign any scale and plot
anything here. Then the IP instruction specifies a new P1 location; P2
automatically tracks P1, so you don’t have to perform the arithmetic to
specify a new P2 with the same dimensions as the first P1/P2 frame.
Finally, a rectangle is again drawn around the P1/P2 boundaries,
using the same scaling as for the first P1/P2 frame.

10 ’Insert configuration statement here
20 PRINT #1, "IN;IPG,200,4550,7840;"

30 PRINT 81, "“5C0,10,0,15;"

40 PRINT #1, "SP1;PRO,C;ERT0,15;"

50 PRINT 81, "IPS220,200;"

BO PRINT #t%, "PRO,C;ER10,15;"

70 PRINT #1, "SPO;"

8O END
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ORIGINAL P2 NEW P2 Nel
(10, 15) USER UNITS (10, 15) USER UNITS =
-3
=
% |
5
®
o)
e
=
|
o
N
ORIGINAL P4 NEW P
{0, 0) USER UNITS | (0, 0) USER UNITS
"IP 0,200,4350,7840;" "IP 5220,200;"

NOTE: These P1/P2 frames are not windows or graphics limits. When
drawing the plots for each half of the page, the pen can actually move
anywhere within the hard-clip hmits. However, since P1 and P2 moved,
the scale assigned to them moved with them. This allows you to use the
same coordinates on both halves of the page. If you did not assign a
scale to P1 and P2 with the SC instruction, you would have to calculate the
new plotter-unit coordinates for the piot on the second half of the page. B

Reducing/Enlarging Plots

The basic technigue for changing the size of a plot is to assign a scale
to P and P2, and then to move P1 and P2 to a smaller or larger portion
of the page. As long as scaling is active, the changes in PI and P2
produce the effect of reducing or enlarging the plot. This is particularly
useful when you want to be able to draw your plot on any size of paper,
or on any portion of the page (as described above).

The program on the next page is very simple in order to show the
concept. First, the program specifies a square P1/P2 frame, and assigns
a scale of 0 to 10 along both axes. Then it draws a circle centered in the
P1/P2 frame. Next, it specifies a new, smaller P1/P2 frame. Without
changing the scaling, it redraws the same circle, again centered. This
time the circle is much smaller. To enlarge the circle, specify a new
P1/P2 frame that is larger.
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10 “Insert configuration statement heres
20 PRINT #1, "IN;IP2000,2000,4000,4000;"
30 PRINT #1, "8C0,10,0,10;"

40 PRINT #1, "5P1,PR5,5;CI3;"

50 PRINT #1t, "IPS00,300,1300,1500;"

B0 PRINT #1, “PR5,5,;CI3;"

70 PRINT #1, "S5PO;"

BO END
CRIGINAL P2
{4000 , 4000 PLOTTER UNITS)
r————— 7 (16, 10 USER UNITS)
§ {
I i
| S
! i
| l
| l
| l
é I
I -
ORIGINAL P1
{2000, 2000 PLOTTER UNITS)
(0,0 USER UNITS}
T T T NEW P2
i I (1500 , 1500 PLOTTER UNITS)
| | (10, 10 USER UNITS)
| i
! i
L=
NEW P1

(500 , 500 PLOTTER UNITS)
(0, 0 USER UNITS)

Using Windows When Scaling Is On to Reduce/Enlarge
Portions of a Plot

You can also change the size of a portion of a plot if you use the
previous technique in conjunction with the IW instruction. Be sure the
ENHANCED funetion key on the front panel is on. When the ENHANCED
function key is on, the plotter can interpret coordinates as scaled user
units. (If the $TANDARD function key were on, the plotter would interpret
coordinates only as plotter units, and changes in P1 and P2 would not
affect the size of the window.)

The following example contains a more complex plot so that you can
see the windowing and enlarging effects more clearly. Lines 120-290
are a subroutine that draws the axes and plots the function sine = from
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—4 7 to 4 7 (r is approximately equal to 3.14593). This subroutine is
called three times:

1. First, the entire plot is drawn without any clipping. However, the
plot is drawn only on the upper-left corner of the page because it is
drawn in user units that are within the P1/P2 frame established by
lines 20 and 30. :

2. Second, a new P1/P2 frame is specified in the upper-right corner of
the page (line 50). This P1/P2 frame is the same size as the first
frame; however, a smaller window is defined in the center of this
area (line 60). Now when the subroutine plots the sine function, oniy
that part that lies within the window is plotted. Notice that this
portion is the same scale as the first plot.

3. Finally, a larger P1/P2 frame is specified for the bottom center of
the page; however, the window is not changed (line 80). Now when
the subroutine plots the sine function, the same portion that was
plotted in step 2 appears, but it is enlarged.

e
=
B
fal
ﬁ *
=3
s
=
ot
i
—
-~
=)
=
=
T
o
5

NOTE: The scaling is always the same; P1 always has the value 0,0
uger units and P2 always has the value 6500 , 6500 uger units. &

10 “Insert configuration statement here
20 PRINT #1, "IN;SPi1;IP1000,5300,3500,7800;°
30 PRINT 81, "SC0,E500,0,8500;"

40 GOSUB 120

50 PRINT #1, "IP3S00,5300;"

B0 PRINT #1, "IW1425,1825,3075,4875;"
70O GUSUB 120

80 PRINT #1, "IP1160,B00,B100,5800;"

80 GRSUB 120

100 PRINT #1, "5P0O;"

110 GGTO 300

120 * Plptting subroutine starts here.
130 PRINT #1, "PA50,3250;FP0; XT;"

140 FOR XINTERVAL =1 TO 16

150 PRINT #1, "PR400,0;XT;"

180 NEXT RKINTERVAL

170 PRINT #1, “PU;PR3250,50;,PH; YT ;"

180 FOR YINTERVAL=1 TO 20

180 PRINT #1, "PRG,320;YT;"

200 NEXT YINTERVRL :

210 PRINT #1, "PU;"

220 PI=3,141593

230 FOR Xe-4%PI TO 4%PI+.1 STERP PL/Z20
240 KCOORD=B400/25. 13%X4+3250

250 YCOORD=3ZC0%¥EIN(XI+3250

2B0O PRINT #1, "PR";ACOORD;"," ; YCOGRD; ™ ;PL;"
270 NEXT X

280 PRINT #1, "PUBS00,E50C;"

290 RETURN

300 END
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187 P2 2ND P2

18T P1 Original Call 2ND P1 Call with Window
(Lines 30-50) (Lines 60-80) A

- |

3RD P2

I |

3RD M1 Call with Window Enlarged into New Area
(Lines 90-100)
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Creating Mirror Images

For most applications, you will probably set P1 and P2 so that Pl is in
the lower-left corner and P2 is in the upperright corner of the P1/P2
frame. However, it is possible to change the relationships of P1 to P2.
When you do, an interesting phenomenon known as mirror images
occurs. Mirror images can happen with all plotting and labeling instruc-
tions. Mirror images from labeling instructions can be very complex;
these are discussed fully in Parameter Interaction in Labeling Instruc-
tions in Chapter 7.

Mirror images from plotting instructions are easier to illustrate. The
following program uses a subroutine to be sure that the exact same plot
(arrows) is drawn four times. The main program sets P1 and P2, then
goes to the plotting subroutine to outline the P1/P2 frame and draw the
arrows. It then sets P1 and P2 to be in different corners, and repeats
the drawing. This process continues until all four possible combinations
of P1 and P2 have been plotted. (The original “normal” plot is shown in
each plot so that you can better see the orientation of the mirror image.)

- RAAY 10[d oyl Suiduey)

NOTE: The scaling is the same in each case; P1 always has the value
—15,—10 user units and P2 always has the value 15,10 user units. &

10 “Insert configuration statement here
20 PRINT #1, "IN;SP1;IP1000,3600,3000,5600;"
30 PRINT #1, "8C-15,15,-1G,10;¢

40 GOBUB 130

S50 PRINT #t, "IP5Z00,3600,3200,3800;"
6C GOSUB 130

7O PRINT #t, "IP1000,3000,3000,1000;"
8C GOSUB 130

8C PRINT #1, "IP5z00,3000,3200,1000;"
100 GOSUB 130

110 PRINT #1, “SFPO;"

120 GOTO 170

130 PRINT #1, "PU-15,-10;ER15,10;"

140 PRINT #1, "PA1,2:PD1,4,3,4,3,7,2,7,4,9,6,7,5,7;"
150 PRINT #1, "PDS,4,12,4,12,5,14,3,%2,1,12,2,1,2;PU;"
180 RETURN

170 END
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P1 (1000 , 3600}

P1 (1000, 3000}

P1 {5200 , 3600)

Pt (5200, 3000)

P2 {3000, 5600) P2 (3200, 5600)
¢ &
R
i »
[ &
Normal Reversed
{Lines 20~40} (Lines 50-60)
& L
f"\\ /"\\
s 4o
1 ¢ X J L e ;\
] . 0 )
$ &
P2 {3000, 1000} P2 (3200, 1000)
Upside Down Upside Down and Reversed
{Lines 70-80) (Lines 90-100)
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 Changing the Plot Area’

Notes
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Chapter 10

Front-Panel Functions

Pen Control, Paper Feed,
Replotting, and
Function Keys

What You’ll Learn in This Chapter

In this chapter you will learn how to control many of the plotter’s front-
panel functions using HP-GL instructions in your programs. For ex-
ample, you can change the pen force, acceleration, and veloeity., You
can also cause the paper to load automatically and replot your drawings
up to 99 times automatically. Finally, you can define the plotter’s fune-
tion keys to print messages on the front-panel display.

HP-GL Instructions Covered

AP The Automatic Pen Operations Instruction
GP The Group Pen Instruction

SG  The Select Pen Group Instruction

FS  The Force Select Instruction

AS  The Acceleration Select Instruction

VS The Velocity Select Instruction

CV  The Curved Line Generator Instruction
PG The Page Feed Instruction

NR The Not-Ready Instruction

BF The Buffer Plot Instruction

RP The Replot Instruction

WD The Write to Display Instruction

KY The Define Key Instruction

OK The Output Key Instruction

GC The Group Count Instruction

OG  The Output Group Count Instruction
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Terms You Should Understand

Force — the pressure with which the pen touches the plotting surface
{measured In grams).

Acceleration — the rate at which the pen attains its maximum velocity
(measured in g's, which are a measure of metres per second per second).

Velocity (Speed) — the rate at which the pen moves (measured in centi-
metres per second).

Polt — to request information from the plotter. For example, you might
poll the plotter to discover whether a sheet of paper was loaded success-
fully before starting the plot.

Interactive Programming — a technique that allows twoway com-
munication between an operator and a device such as the plotter or a
computer. Interactive programs often communicate by displaying a
message that requires operator action (such a pressing a function key)
before the program will continue. The write to display and define key
instructions, WD and KY, provide d method for you to design interactive
programs for the plotter.

Keyboard Mode — a mode established by the write to display instruction,
WD. When the plotter is in keyboard mode, the front-panel display and the
four unlabeled function keys are available for use in a program.
This means that a program can cause a message to be displayed, assign a
specific function to one of the keys, or detect when one of the keys has been
pressed.

Spooling — a technique by which data destined for the plotter is placed in
a queue on a mass storage device to await transmission. The group count
instructions, GC and OG, aid in allowing data to be spooled to the plotter.

The Automatic Pen Operations
Instruction, AP

USES: The AP instruction controls certain automatic pen operations,
such as the automatic storage feature that returns a pen to the carousel if
the pen has been in the pen holder without drawing for an allotted time.
Use this instruction to turn off automatic pen operations when you are
uging the digitizing sight, or to reestablish pen operations when you
resume plotting.

SYNTAX: AP n term
or
AP term
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Parameter Format Range Default

n ‘ integer 0-143 7

EXPLANATION: The parameter n consists of the sum of the values
of the automatic pen operations you want to turn on.

0 disables automatic pen operations. Pens not lLifted until com-
manded by a Pen Up instruction or the front panel. Pens not
stored until commanded by an SPO0 instruction or the front panel.
Pens retrieved immediately when selected by an SP instruction.

lifts the pen if it has been down for the allotted time.*

2 stores the pen if it has not moved in the allotted time.* If unable
to put the pen away, lifis the pen (if down).

4 does not retrieve a pen selected by the SP instruction until the
new pen is required to draw.

& merges all pen up moves,

128 automatically converts all SP instructions to SG instructions so
yvou can group pens with software that does not use the SG
instruction. :

To turn on any subset of the pen operations, add the value of the
operations. If any values are not included in the sum, the associated
operations are turned off. For example, AP 3; turns on only operations
1 and 2. AP 7; turns on operations 1, 2, and 4; this function is the same
as entering AP; and is the default operation set for the plotter. AP 143;
turns on all the automatic pen operations.

An AP instruction remains in effect until a new AP instruction is

. received or the plotter is initialized or set to default conditions.

NOTE: Any pen select operation invoked from the front panel will be
executed immediately. Also, if you insert a pen directly into the pen
holder, the plotter cannot detect it until a pen select operation causes it
to interact with the carousel and update its status. Therefore, none of
the automatic pen operations will function until the pen is detected. B

*The “allotted time” depends on the carousel in the plotter. If no carousel s in the plotter

or if a paper or roller-ball carousel is loaded, the allotted time is 65 seconds. If a

transparency or drafting carousel is loaded, the allotted time is 15 seconds.
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The foliowing table summarizes the possible error conditions or un-
expected results that you might observe with the AP instruction.

Condition Error Plotter Response
no parameters none turns on 1, 2, and 4
more than 1 parameter 2 executes first parameter
parameter does not represent 3 ignores instruction
a valld sum
parameter out-of-range 3 ignores instruction

The Group Pen Instruction, GP}

USES: The GP instruction specifies which pens belong to a desig-
nated group. Use this instruction with pens of the same color and
width to extend the effective writing distance beyond the limits of one
pen.

SYNTAX: GP (group number (,pen number (number of pens
: (length)))y term

PARAMETERS:
Parameter Format Range Default
group number integer 1-8 all groups
pen number integer 1-8 specified group number
number of pens integer 1-8% 1
length integer 1-50000 100

*pen number + number of pens must be <9

EXPLANATION: The parameters used in the GP instruction are ex-
plained below.

1. Group number. The first parameter designates the group to be

defined and is used in conjunction with the SG instruction.

2. Pen number. The second parameter is the number of the first pen in
the group. When a pen number is omitted, a group will consist of one
pen whose number is the same as the group number.

+This ingtruction applies to plotters whose serial number prefix is 26294 or larger.
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3. Number of pens. The third parameter is the total number of pens in
the group. The group begins with the pen specified in parameter two
and increases sequentially by one until the total number equals the
third parameter.

The pen sequence will stop with pen 8, even if the number of pens in
the sequence is less than the number specified in parameter three.
{See the examples below.)

If the number of pens in a group is omitted, the group will default to
one pen.

4. Length. The fourth parameter is the length in metres at which the
pens will switch, Numbers larger than 50000 will be clipped to
50 000. When omitted, the parameter defaults to 100.

At power-up, or when the plotter is initialized (IN ), or when the GP
instruction is issued without parameters (GP ;), all groups will consist

only of the corresponding pen. For example, GP; is equivalent to
GP1,1;GP2,2;GP3,3; etc. :

Specifying one parameter causes only the group specified to point to
one pen. For example, GP1;is equivalent to GP1,1,1..

Specifying two parameters maps a group to the pen specified. For -

example GP 2, 3; means that group 2 consists only of pen 3.

Below are some additional examples.

GP2,7.4; Group 2 will contain pens 7 and 8 and will switch
every 100 metres (default).

GP9,2,3; NOPG.

GP1,9,3; NOP'd. An SG1; instruction would also be NOP'4.

GP2,2,2,5000; Group 2 will contain pens 2 and 3 and and will
switch every 5000 metres,

GP1,1,1,300; Group 1 will contain only pen 1, so the switch dis-
tance is irrelevant.

None of the above examples will cause any errors. However, if any of
the parameters of the GP instruction are less than one, the instruction
1s ignored and the group being defined will not change.
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‘The Select Pen Group Instruction, SG¥

USES: The SG instruction enables the plotter to alternate between
pre-designated pens within a group. Use this instruction with the GP
instruction to extend the effective writing distance beyond the limits of

one pen.
SYNTAX: SG group number ferm
PARAMETERS:
Parameter Format Range Default
group number mteger 0to8 0 (no pen)

EXPLANATION: The parameter applies to a pen group previously
designated with the GP instruction. The SG instruction selects the pen
or pens which belong to this corresponding group. When the group
contains more than one pen, the plotter will sequentially select pens
according to the length parameter of the GP instruction.

When no groups have been previously defined with a GP instruction,
the SG instruction is equivalent to a Select Pen Instruction, SP.
Accordingly, SG0; and SG; are equivalent to SP0;: any pen in the pen
holder will be placed in the carousel.

If an out-of-range parameter is used, the instruction will be ignored. A
parameter less than 0 will also generate error 3.

The Force Select Instruction, FS

USES: The FS instruction establishes the force with which the pen
draws on the plotting surface. Use this instruction to set individual
forces for pens when mixing more than one type of pen in the same
carousel. This optimizes pen life and line quality for each pen.

SYNTAX: FS pen force{, pen number) term

or
FS term
Parameter Format Range Default
pen force integer 1-8 depends on carousel type
pen number mteger 1-8 all pens

EXPLANATION: 'The folowing paragraphs describe details of each
parameter.

+This instruction applies to plotters whose serial number prefix is 26284 or larger.
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1. Pen Force. The pen force parameter is an integer thaf represents

specific forces in grams, as follows.

1= 15 grams 5= 45 grams
2= 24 grams 6= bl grams
3 = 30 grams 7 =57 grams
4 = 36 grams 8 = 66 grams

2. Pen Number. The pen number parameter represents the pen that
will be assigned the specified pen force. If no pen number is given,
the force will be assigned to all pens in the carousel.

An FS instruction without parameters (F'S;) establishes the default
force value for the carousel that is currently installed in the plotter, as

follows. -,;
Corowsatype | penFore | Penbore |
Drafting pen 1 15 %
Paper and transparency 2 24 g
fiber-tip pens ﬁ
Roller-ball pen 6 51 g

The FS instruction remains in effect until a new FS instruction is ex-
ecuted, a new force is selected from the front panel, or the plotter is
initialized. Also, if a new carousel with a different default force is in-
stalled, all pens default to the new force.

The following table summarizes the possible error conditions or un-
expected results that you might observe with the FS instruction.

Condition Error Plotter Response
no parameters none establishes default foree for
all pens in current carousel
pen force > 8 none establishes force 8 (66 grams)
more than 2 parameters 2 executes first 2 parameters
any parameter << 0 3 ignores instruction
or pen number > 8

. The Acceleration Select Instruction, AS

USES: The AS instruction establishes the acceleration at which the
pen moves. The default 6-g acceleration is suitable for all recommended
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pen and media combinations. Slowing down the acceleration could
mmprove line quality if you are using media that are heavier than
recommended.

SYNTAX: AS pen acceleration {, pen number) term

or
AS  term
Parameter Format Range Default
pen acceleration integer 1-6 6
pen numbey integer 1-8 all pens

EXPLANATION: The following paragraphs describe details of each
parameter.

1. Pen Acceleration. The pen acceleration parameter is an integer that
represents the actual acceleration in g's.

2. Pen Number. The pen number parameter represents the pen that
will be assigned the specified pen acceleration. If no pen number is
given, the aceceleration will be assigned to all pens in the carousel.

An ASinstruction without parameters (AS ;) establishes the default accel-
eration value of 6 g’s for all carousels. The AS instruction remains in effect
until a new AS instruction is executed or the plotier is initialized. Also,ifa
new carousel is installed, all pens default to 6 g's.

The following table summarizes the possible error conditions or un-
expected results that you might observe with the AS instruction.

Condition - Error Plotter Response
no parameters none establishes 6 g's acceleration
for all pens
pen acceleration > 6 none establishes 8 g’s acceleration
more than 2 parameters 2 executes first 2 parameters
any parameter << 0 3 ignores instruction

or pen number > 8

The Velocity Select Instruction, VS

USES: The VS instruction establishes the speed (velocity) at which
the pen moves. Use this instruction to set individual speeds for pens
when mixing more than one type of pen in the same carousel. This can
optimize pen life and line quality for each pen. Also, slowing down the
pen speed can produce slightly denser lines on any plotting medium.
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SYNTAX: VS pen speed (, pen number) tferm

or
VS term
Parameter Format Range Default
pen speed integer 1-80 depends on carousel type
pen number integer 1-8 all pens

EXPLANATION: The following paragraphs desecribe details of each
parameter.

1. Pen Speed. The pen speed parameter is an integer that represents
the actual speed in cm/s. The selected pen speed only applies when
the pen is down. Pen movement with the pen up is always performed
at 80 cm/s.

2. Pen Number. The pen number parameter represents the pen that
will be assigned the specified pen speed. If no pen number is given,
the speed will be assigned to all pens in the carousel.

A VS instruction without parameters (VS;) establishes the default speed
value for the carousel that is currently installed in the plotier, as follows.
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Pen Speed

Carousel Type (cm/s)

Transparency fiber-tip pen 10
Drafting pen 15
Paper fiber-tip pen 50

Roller-ball pen 60

The VS instruction remains in effect until a new VS instruction is ex-
ecuted, a new speed is selected from the front panel, or the plotier is
initialized. Also, if a new carousel with a different default speed is in-
stalled, all pens default to the new speed.

The table on the next page summarizes the possible error conditions or
unexpected results that you might observe with the VS instruction.
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Condition Error Plotter Response

no parameters none establishes default speed for
all pens in current carousel
pen speed > 80 none establishes 80 cm/s speed
more than 2 parameters 2 executes first 2 parameters
any parameter <0 3 ignores instruction '

or pen number > 8

The Curved Line Generator
Instruction, CV

USES: The CV insiruction collects vectors (line segments) in the
vector buffer so that they can be plotted as a group. This causes the pen
to plot in a continuous motion, rather than stopping and starting at
each vector endpoint. As a result, curves appear smoother. Use this
instruction to increase the line quality of curves, For example, you
could use CV for curves that are approximated by many short line
segments, such as arcs, circles, and characters. Or, you could use it
when your program must perform computations for each vector, which
would ordinarily cause the pen to pause between each vector,

SYNTAX: CV n{ inputdelay) term

or
CV  term
Parameter Format Range Default
n integer Oorl 0
input delay integer —2Bto 2B -1 100 ms
milliseconds

EXPLANATION: A CV instruction without parameters (CV';) turns
the curved line generator off. This is the same as CV 0;. The following
paragraphs describe each parameter.

1. n. This parameter is an integer that controls the curved line gener-
ator as follows:

n =0 Turns off the curved line generator.
n =1 Turns on the curved line generator.

2. Input Delay. The input delay is the amount of time that can elapse
from the last vector received before the curved line generator will
plot the collected vectors. This parameter is optional, and is ignored
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when the first parameter is 0 (i.e., when the curved lne generator
has been turned off).

The input delay should be large enough to accommeodate the longest
time that will elapse between vectors being received by the vector
buffer. The default of 100 milliseconds should be sufficient for most
computer systems. However, the length of the input delay depends
on a number of factors, such as the time required for the controller to
evaluate and send data to the piotter, and the time required for the
plotier to evaluate data. If necessary, increase the input delay.

If you specify a negative input delay, the plotter sets the delay to 0
milliseconds.

When the curved line generator is in effect, the plotter gathers vectors
in the vector buffer until one of the following conditions is met:

& A pen up or pen down instruction, PU or PD, is received.
& The vector buffer becomes full.

& A vector has not been received in the amount of time established by
the input delay.

¢ An output actual position and pen status instruction, OA, is received.

When one of the preceding conditions is met, the vectors that are
currently in the vector buffer are released 1o be plotted. The vectors are
then plotted sequentially without stopping. Note that pen acceleration
is reduced to 3.5 g’s, and pen speed is automatically adjusted according
to the sharpness of the turning angle from one vector to the next.
Therefore, overall piot throughput will decrease (the plot will be com-
pleted less quickly).

Before executing the CV instruction, be sure to allocate memory in the
vector buffer using the GM or ESC,T instruction. If the buffer is not
large enough, the effects of using the CV instruction are negligible. The
default vector buffer size is 44 bytes, which 1s enough for four vectors
when the curved line generator is on. (Each vector requires 10 bytes of
buffer space.) To optimize the performance of the curved line generator,
estimate the largest number of vectors that a curve is likely to have.
For example, 72 vectors would be required to draw a 360-degree circle
with 5-degree chords. In this case, you would increase the vector buffer
to at least 720 bytes (72 vectors X 10 bytes per vector). (Refer to The
Graphics Memory Instruction, GM, in Chapter 3 or The Allocate
Configurable Memory Instruction, ESC. T, in Chapter 14 for details.)

If plot throughput is important, do not increase the vector buffer and
input delay too much, because this could cause the plotter to spend
unnecessary time waiting for vectors before plotting them. Also, a large
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vector buffer can cause unusually long delays before the plotter re-
sponds after you have pressed a front-panel function key (such as p1, p2,
SPEED, or FORCE). This is because most front-panel functions are added
to the vector buffer, which means they will be executed in sequence
after any vectors currently in the buffer.

The CV instruction remains in effect until a new CV instruction is
executed, or the plotter is initialized.

The following table summarizes the possible error conditions or un-
expected results that you might observe with the CV instruction.

Condition Error Plotter Response
no parameters none turns off curved line generator
more than 2 parameters 2 executes first 2 parameters
parameter out-of range 3 ignores instruction

The Page Feed Instruction, PG
(or AF or AH)

USES: The PG instruction unloads the current paper and then auto-
matically loads a new sheet of paper. Use this instruction to cause
paper to feed automatically for unattended plotting.

SYNTAX: PG n term

or
PG term
or
AF  term
or
AH term
Parameter Format Range - Default
n mteger —2B o 28 -1 none

EXPLANATION: The three forms of the page feed instruction are
interpreted as follows,

1. PGn:. Any integer included as a parameter in the PG instruction
forces a page feed regardless of whether or not the paper has been
plotted on. You can use any integer within the plotter’s range.

Executing a PGn; instruction is equivalent to pressing LOAD on the
front panel when the plotter is in automatic feed mode.
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2. PG;. A PG instruction without parameters causes a new page to
load only if the current page has been plotied on.

3. AF; or AH;. An AF or AH instruction without parameters causes a
new page to load only if the current page has been plotted on. The
AF and AH instructions are included for compatibility with other
HP plotters.

In order for any page feed instruction to work, paper must be currently

loaded, the plotter must be in the automatic feed mode (an # must
“appear in the display below the AUTO FEED key), and a media loading

tray {filled with paper) must be installed. Depending on the form of the

PG {(or AF or AH) instruction that you use, if these conditions are met,
_ the current page unloads to the rear and the new page is loaded from
the media loading tray.

If no paper is loaded when the plotter receives the page feed instruction,

it ignores the instruction and enters the not-ready state. If the plotter is
- in manual feed mode when it receives a page feed instruction, it
unloads any paper currently loaded, and enters the not-ready state. At
this point, no plotting can occur until paper is loaded, which causes the
plotter to exit the not-ready state.

If the media loading tray is empty when the plotter receives a page feed

instruction, the message PAPER LOAD FAILED appears on the front-panel
display and the plotter enters the not-ready state. S1mp1y load the tray
with paper, and execute the page feed instruction again,

You can use the ESC.O instruction to poll the plotter to determine
whether the plotter has entered the not-ready state.

The table on the next page summarizes the possible error conditions or
unexpected results that you might observe with the PG (or AF or AH)
instruction.
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Condition Error Plotter Response

no parameters (PG, AF, none forces automatic page feed
or AH), or 1 or more only if current paper has
parameters (AF or AH) been plotted on

1 or more parameters none forces antomatic page feed
(PG only)

parameter out-of-range 3 ignores instruction

(PG only)

plotter not in automatic none unloads paper and enters
feed mode not-ready state

media loading tray empty none displays PAPER LOAD FAILED,
unloads paper, and enters
not-ready state

no paper currently loaded none ignores instruction and
enters not-ready state

The Not-Ready Instruction, NR

USES: The NR instruction unleads paper and places the plotier in
the notready state. Use this instruction at the end of your plotting
program to ensure that the next program does not start to draw over
your plot.

SYNTAX: NE term

EXPLANATION: Executing NR;is the same as pressing UNLOAD on
the front panel. If a sheet of plotting medium is loaded when the NR;
instruction is executed, the plotter unloads the medium as follows: in
manual feed mode, the medium 1s moved foward the front of the plotter
before being unleaded; in automatic feed mode, the medium is ejected to

" the rear of the plotter while being unloaded. The plotter then enters the
not-ready state. If no plotting medium is loaded, the plotter is already
in the not-ready state.

To exit the not-ready state and allow subsequent plotting, load a sheet
of plotting medium in the plotter.

The following table summarizes the possible error conditions or un-
expected results that you might observe with the NR instruction.
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Condition Error Plotter Response

no parameters none unloads paper and
enters not-ready state

1 or more parameters 2 unloads paper and
enters not-ready state

The Buffer Plot Instruction, BF

USES: The BF instruction causes the plotter to store subsequent
plotting instructions while they are being plotted. Use this instruction
before the replot instruction, RP, to cause multiple plots to be made
automatically.

SYNTAX: BF term

EXPLANATION: The BF instruction causes all subsequent plotting
instructions to be stored in the replot buffer until an RP instruction is
executed. The plot is drawn once while it is being stored. Only plotting
instructions are stored; all output and device-control instructions are
executed normally during the storage process.
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Before executing the BF instruction, you should allocate memory to the
replot buffer using the GM or ESC.T instruction. To do so, determine
the total number of bytes that your program requires for the other
buffers {e.g., the polygon and downloadable character buffers). Then
subtraet this total number from 12800, and allocate the remainder to
the replot buffer. This ensures that the maximum possible memory is
available for replotting. The default size of the replot buffer is 9954
bytes. Refer to The Graphics Memory Instruction, GM, in Chapter 3 or
The Allocate Configurable Memory Instruction, ESC. T, in Chapter 14.

The BF instruction remains in effect until an RP instruction is executed,
the replot buffer overflows, or the plotter is initialized. If the replot
buffer overflows before an RP instruction is received, the plotter finishes
drawing the plot, but empties the replot buffer and exits the buffer plot
maode.

The table on the next page summarizes the possible error conditions or
unexpected results that you might observe with the BF instruction.
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Condition Error Plotter Response

no parameters none stores plotting instructions in
replot buffer while drawing them

1 or more parameters 2 stores plotting instructions in
replot buffer while drawing them

replot buffer overflow 7 clears the replot buffer and exits
buffer plot mode, but completes
the first plot

g The Replot Instruction, RP

USES: The RP instruction causes the plotter to replot the drawing
that is currently stored in the replot buffer. The drawing can be replotted
up to 99 times. Use this instruction after the Buffer Plot Instruction, BF, to
draw multiple plots automatically.

SYNTAX: RP n ferm

Parameter Format Range Default

n integer 1-99 1

EXPLANATION: The RP instruction causes the currently buffered
plot to be redrawn the number of times specified by the parameter n. If the
replot buffer is empty, the plotter ignores the RP instruction (refer to the
BF instruction, described previously). If there is a plot in the buffer, the
response to the instruction depends on whether the plotteris in manual or
automatic feed mode, as follows.

¢ Manual feed mode — At the end of the plot, the plotter unloads the paper
to the front. To obtain another plot, you must load a new sheet of paper
and execute a new RP instruction or press REPLOT and START on the front
panel. For large quantities, it is more efficient to be sure the plotter isin
automatic feed mode.

* Automatic feed mode — At the end of each plot, the plotter unloads the
plot to the rear and feeds a new sheet from the media loading tray. It
also displays a message on the front panel that indicates how many
plots have been completed and how many plots were requested.

If the media loading tray is empty, the plotier enters the not-ready
state. To obtain more plots, you must place more paper in the tray and
execute a new RP instruction or press REPLOT and START on the front
panel. You can use the ESC. O instruction in your program to sense
when the plotter runs out of paper.
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The following table summarizes the possible error conditions or un-
expected results that vou might observe with the RP instruction.

Condition .Error Plotter Response
no parameters none | plots contents of replot buffer
1 time
manual feed mode none | plots contents of replot buffer
1 time

media loading tray empty | none | displays PAPER LOAD FAILED
and enters nof-ready state

replot buffer empty none | ignores instruction

parameter out-of-range 3 ignores instruction

The Interactive Front-Panel Display

You can design interactive plotting programs by sending messages to
the front-panel display. For example, you might want the plotter
operator to change pens at a certain point in the program. Your
program could pause and send the message “CHANGE PENS AND
PRESS A KEY” to the display. Then, when a key has been pressed,
your program could continue. The plotier has several instructions that
allow you flexibility in designing interactive messages for your pro-
grams. The instructions are listed next, and are presented in more
detail following this section.

WD The Write to Display Insfruction

KY The Define Key Instruction

OK The Output Key Instruction

GC The Group Count Instruction

0G The Output Group Count Instruction
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There are primarily two methods that you might use when designing
interactive programs. One is described in the example above. It involves
sending a message that requires a function key to be pressed, then
polling the plotter to determine when a key has been pressed. When the
response is positive, you might have a subroutine in your program to
perform an operation related to the message. To implement this method,
you would use the WD instruction to send the message to the display,
then use the OK instruction to poll the plotter for a pressed key. This
method is llustrated later, under the description of the OK instruction.

The other method involves sending a message to the front-panel dispi;ay
and redefining one or more of the function keys to perform any of 12
specific functions. (The function keys are the four unlabeled keys in the
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center of the frontpanel display) A typical example is to define a
function key to perform an “escape” when it is pressed. This would
allow an operator to escape from the program, for example, if he
discovered that he had loaded the wrong paper or pens; then he
wouldn’t have to wait for the whole plot to finish before he could correct
his mistake. The program would poll the plotter for the escape function
being activated. When the program detected the escape function, it
would begin “flush mode,” which causes all subsequent HP-GL instruc-
tions to be discarded until flush mode is terminated. Then the program
could automatically start over, or it could terminate until the operator
‘started it again.

To do this type of interactive program, you would use the KY instruc-
tion to assign the new function (such as “escape”) to one of the four
function keys. Then you would use the WD instruction to send. a
message to the display (such as the word “ESCAPE” to label which
key will perform the escape function). Finally, you would send the OG
instruction to determine whether the operator has activated the escape
function, and to enable flush mode if he has. This method is illustrated ‘
later, under the description of the KY instruction.

The Write to Display Instruction, WD

USES: The WD instruction causes the specified message to be dis-
played on the front panel of the plotter and establishes keyboard mode.
Use this instruction when designing interactive programs.

SYNTAX: WD c¢...c term

or
WD term.
(where term is the label terminator defined by the
DT instruction)
Parameter Format Range Default
C...C label any character from none
(up to 32 decimal code 32 to 95
characters
are displayed)

EXPLANATION: When you send a WD instruction with characters,
the plotter displays the specified characters and establishes keyboard
mode (described below). The plotter displays up to 32 characters (2 lines of
16 characters each); any excess characters are ignored. The characters
are displayed using LCD (liquid-crystal display) ANSI ASCII English
characters. Therefore, the current character set has no effect on the WD
instruction. You can send the actual character or use a function such as
CHRS to specify the decimal code of a character. Only characters with
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decimal codes of 32 to 95 can be displayed; these include many key-
board symbols, numerals, and uppercase letters. (Refer to Appendix A
for ASCII character codes.)

NOTE: The WD instruction is similar to other labeling instructions in
that it requires a label terminator. The default label terminator is ETX
(decimal code 3), but may be redefined by the DT instruction. Refer to
The Label Instruction, LB, and The Define Terminator Instruction, DT,
in Chapter 7 for examples of using label terminators. M

While in keyboard mode, the message is displayed and the function
keys are available for use in a program. This means that you can use
the OK or ESC. O instructions to detect whether a function key has
been pressed, or you can use the KY instruction to redefine the function
keys.

When a function key is pressed while the plotter is in keyboard mode,
bit 9 of the extended status word is set. You can detect which key has
been pressed with the OK instruction. Or, you can use the ESC.O
device-control Instruction to detect only that a function key has been
pressed (but not which one). Thus, vou can set up your program to poll
for a key being pressed before continuing. Refer to The Quiput Key
Instruction, OK, for an example.

Alernatively, you can redefine the function keys using the KY instruc-
tion. In this case, the plotter will perform the redefined function when
the associated function key is pressed. Refer to The Define Key Instruc-
tion, KY, for an example.

If an ervor occurs while the plotter is in kevboard mode, the error
overwrites the WD message and temporarily disables keyboard mode.
To return to the keyboard mode, press any front-panel function key, or
clear the error by sending an OE mstruction.

To temporarily exit keyboard mode, press ENTER followed by NEXT DISPLAY.
You can return to the WD display and keyboard mode by pressing
SOFTKEY. To permanently turn off keyboard mode, send a WD instruction
without characters.

The WD instruction remains in effect until another WD instruction
overwrites the message, a WD instruction without characters clears the
display, or the plotter is initialized. The DF instruction does not affect
the WD instruction.

Note that a new WD instruction overwrites the previous one. If the new
WD instruction is shorter, you must end it with enough spaces to
completely overwrite the first one.

The table on the next page summarizes the possible error conditions or
unexpected results that you might observe with the WD instruction.
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Condition Error Plotter Response

no characters none disables keyboard mode;
front panel operates normally

more than 32 characters none displays first 32 characters

invalid character none | if decimal code 0-31, ignores

the character; i decimal code
96-126, subtracts 32 and dis-
plays that character (e.g., A

for a)
error message on display none displays error until function
when plotter receives key is pressed or OF clears the
WD instruction error; then displays WD
message
error cccurs while in none temporarily disables keyboard
keyboard mode mode until function key is

pressed or OE clears the error;
then returns to keyboard mode

The Define Key Instruction, KY

USES: The KY instruction assigns a predefined function to one of the
front-panel function keys. Use this instruction in conjunction with the
WD instruction when designing interactive programs.

SYNTAX: KY key( function) term

or

KY term
Parameter Format Range Default
key integer 1-4 none
function integer 0-12 none

EXPLANATION: The parameters are interpreted as follows.

1. Key. The key parameter specifies which of the four function keys will
take on a new definition. The function keys are numbered asshown in
the following illustration. :
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2. Function. The function parameter defines which function will be
assigned to the specified key. You can choose among 12 functions, as
listed below. The specified function operates in the same manner as
it does when in normal operating mode. For example, if you specify
the “pen up” function for key 4 (KY 4,2;), then the plotter will lift
the pen each time key 4 is pressed, just as it does when you press the
normal PEN-UP key.

0 cancel key 7  rotate
1 view 8 force
2 penup 9 align
3 pen down 10 reset
4 P1 11 clear
5 P2 12 escape
6 speed

To cancel one key, specify the key parameter and then omit the
function parameter, or specify 0 (zero) for the function parameter. To
cancel all keys, send the KY instruction without parameters (KY ;).
When you cancel a key, it returns to an undefined state.

The KY instruction only redefines one key at a time. To redefine all four
keys, you must send the KY instruction four times, once for each key.

The key definitions are only enabled while the plotter is in keyboard
- mode. In other words, if you send a KY instruction followed by a WD
instruction, pressing a redefined function key will cause the new func-
tion to be performed. However, if you send a KY instruction but do not
send a WD instruction, then pressing a “redefined” function key will
cause the normal, displayed function to be performed instead of the
redefined function.

NOTE: While a function key is redefined by the KY instruction, the OK
instruciion cannot detect whether that key has been pressed. The
ESC. O instruction can still detect that a function key has been pressed,
but it cannot confirm which key was pressed. B
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The KY instruction remains in effect until another KY instruction
redefines or cancels the same function key, or the plotter is initialized.

The following table summarizes the possible error conditions or un-
expected results that you might observe with the KY instruction.

Condition Error Plotter Response

no parameters none cancels all function keys:
returns them to normal
operating state

1 parameter _ none cancels the function key
corresponding to the
parameter given

more than 2 parameters 2 executes first 2 parameters

parameter out-of-range 3 ignores instruction

Example — Defining Function Keys with

the

10-22

KY Instruction

The following program is very simple and is intended only to show you
the concept of how you might use redefined function keys in an
Interactive program. You could incorporate a program such as this into
a larger plotting program.

First, this program uses the KY instruction to define key 1 to perform
the P1 function, key 2 to perform the P2 function, and key 3 to perform
the escape function. Key 4 is left in its undefined state. Next, the WD
instruction displays labels for each key (blanks are included so that
each label will be centered under the correct key). Finally, a loop is
performed with the OG instruction to poll for the escape function being
activated (the escape function is activated when key 3 has been pressed).
When the OG instruction detects this, it automatically begins flush
mode, which discards incoming HP-GL data.

As you can see in Iine 50, the OG instruction provides two pieces of
information: the group count number {C), and a number that indicates
whether the escape function has been activated (E). The group count
number is most useful in spooling applications (typically in an RS-232-C
configuration), so it is ignored in this program. However, the “escape
function” number is checked in this program. If it is —1 (E = —1), the
escape function has been activated, so the program does the following:
sends the end flush mode instruction, ESC. U, cancels all function key
definitions, and displays the message “PROGRAM TERMINATED.”
Otherwise, the loop continues by sending another OG instruction. {The
OG instruction is described later in this chapter, and the ESC.U
instruction is described 1in Chapter i4.)
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Note that the CHR$ function is used to send the ASCII character ESG to
the plotter as part of the ESC. U instruction. Also, the INPUT #1 state-
ment is used to read the plotter’s ouput response (refer to Chapter 13 for
information on reading plotter output.)

10 “Insert configuration statzment here

20 PRINT #1, "IN;KY1,4;KY2,5;KY3,12;"

30 PRINT #1, "WD P1 P2 ESCH+CHRS$(3)

40 PRINT %1, "0G;"

50 INPUT #%, C,E

80 IF E£=-1 THEN PRINT #1, CHR$(27¥+" ,U;KY; WD PR
OGRAM TERMIMNRTEDY +CHR$ (3)
ELSE GOTO 40

70 END

Now load paper and run the program {(although this program does not
cause any plotting, paper must be loaded in order for it to run), Now
press function keys 1 and 2, and observe that the pen holder moves to
Pl and P2. When von want to stop the program, press key 3, which
causes an escape.

~ The Output Key Instruction, OK

USES: The OK instruction outputs a number that indicates whether
one of the front-panel function keys has been pressed. Use this instruc-
tion in conjunction with the WD instruction when designing interactive
programs.

SYNTAX: OK term
RESPONSE: key pressed [TERM]

EXPLANATION: After an OK instruction is received, the plotter
outputs an integer between 0 and 4, followed by the output terminator.
The number indicates which key has been pressed, as follows. (Refer to
the KY instruction, described previously in this chapter, for an illustra-
tion of the function keys and their associated numbers.)
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0 No key has been pressed, the plotter is not in keyboard mode,
or the key has been redefined

Function key 1 has been pressed

Function key 2 has been pressed

Function key 3 has been pressed

Function key 4 has been pressed

W G0 DO

When a function key is pressed, bit 9 in the extended status word is set
and the corresponding key number is saved by the plotter. The plotter
does not sense any subsequent keys being pressed, since the bit has
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already been set. Therefore, when the plotfer receives the OK instruc-
tion, it outputs only the first key pressed. Upon completion of the OK
instruction, bit 9 is cleared.

NOTE: If a function key has been redefined by the KY instruction, the
OXK instruction cannot detect when that key has been pressed. If you
redefine the function keys, you can instead use the ESC. O insfruction
to detect when a key has been pressed. However, ESC . O does not deter-
mine which key has been pressed. &

After you send the OK instruction, your program should read the plotter’s
output response, Refer to Hints for Obtaining Plotter Output Responsesin
" Chapter 13.

The following table summarizes the possible error conditions or un-
expected results that you might observe with the OK instruction.

Condition Error Plotter Response

no parameters none cutputs function key
information

plotter not in keyboard mode none outputs a 0 (zero)

{WD instruction not in effect)

function key(s) redefined none outputs a 0 (zero)

(KY instruction in effect)

1 or more parameters 2 outputs function key
information

Example — Using the Function Keys with
the OK and WD Instructions

The following program is a simple example that shows one way you can
use the WD and OK instructions together in an interactive program.
Typically, you would follow line 80 with ingtructions for drawing a plot.
However, you can also run this program as shown. Remember that you
must load paper in the plotter before running the program, even though
nothing will be drawn on the paper.

First, this program uses the WD instruction to place a prompt in the
display; blank spaces are included to space the prompt. The prompt tells
the operator to be sure pens are loaded in the carousel, and to press a
function key when he has performed this action. Then a loop in the
program repeatedly sends the OK instruction to determine when a
function key has been pressed. (In this program, it does not matter which
key has been pressed.) When a key has been pressed (the plotter outputs a
number between 1 and 4 inclusively), the program could continue with its
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plot. To show when this occurs, this program displays the phrase
“PENS ARE LOADED"” and halts. The extra blank spaces are included

in this message (line 80) in order to erase the characters from the
pPrevious message.

10 “Insert configuration statement here

20 PRINT #1, "IN;®

30 PRINT #1, "WD LORD PENS AND PRESE KEY"+CHR$ (3}
40 PRINT #1, "0OK;*

50 INPUT #1, K

B0 IF K<1 THEN 40

70 IF K>4 THEN 40

80 PRINT #1, "WDPENS ARE LORDED "+CHR$(3)
830G END )
ey
7
L] z
The Group Count Instruction, GC 2
USES: The GC instruction assigns a number known as the “group %
count,” which is the number that will be output by the OG instruction. | 9}‘:
The group count is an arbitrary number that you assign at the begin- ?
ning of a data block in spooling applications (fypically in an RS-232-C 2
configuration with a mainframe computer). Use this instruction in : g
conjunction with the OG instruction to monitor the successful transfer 2
of data blocks. L
SYNTAX: GC countnumber term
or
GC term
Parameter Format Range Default
count number integer 2B o 221 0

EXPLANATION: A GC instruction without parameters (GC:) sets a
default group count of 0. Any other parameter sets the group count to
the gpecified number.

The GC instruction remains in effect until another GC instruction is
executed, or the plotter is initialized.

The following table summarizes the possible error conditions or un-
expected results that you might observe with the GC instruction.

Condition Error Plotter Response
no parameters none sets group count to 0
more than 1 parameter -2 executes first parameter
parameter out-of-range 3 ignores instruction
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The Output Group Count Instruction, OG

USES: The OG instruction outputs information about the current
group count (data block number} and whether the escape function has
been activated. Use this instruction at the end of a data block in spooling
applications, where it is important to know the current data block
number, and whether the data block has been transferred.

SYNTAX: OG term
RESPONSE: count number, escape status [TERM]

EXPLANATION: After an OG instruction is received, the plotter
outputs two ASCII integers, separated by a comma and followed by the
output terminator. The meanings of the integers follow.

1. Count Number. The count number is the number defined in the
most recent GC instruction (or 0 if the plotter has been initialized or
if there has not been a GC instruction).

2. Escape Status. The escape status provides information regarding
whether the escape function has been activated. For the function to
be activated, either the normal front-panel EscAPE function key must
be pressed, or a function key redefined by the KY instruction to
perform the escape function must be pressed.

The plotter outputs either 0 or —1, as follows:

0 The escape function has not been activated since the last OG
ingtruction {(or since the plotter was initialized).

—1 The escape function has been activated since the last OG in-
~ struction (or since the plotter was initialized).

If the escape function has been activated (the plotter outputs —1), the
OG instruction causes the plotter to enter flush mode. In flush mode,
the 170 buffer is cleared and all incoming HP-GL. instructions are
ignored by the plotter. The plotter remains in flush mode until it
receives an ESC.U instruction, which causes the plotter to interpret
HP-GL instructions again. The end flush mode instruction, ESC. U, is
described in Chapter 14. For an example using the OG and ESC.U
instructions, refer to The Define Key Instruction, KY, described earlier
in this chapter.

After you send the OG instruction, your program should read the
plotter's output response. Refer to Hints for Obtaining Plotter Gutput
Responses in Chapter 13.
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The following table summarizes the possible error condifions or un-
expected results that you might observe with the OG instraction.

Condition Error Plotter Response

no parameters none outputs group count
mformation

1 or more parameters 2 cutputs group count

information
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Chapter 11

Labeling with Alternate
Character Sets and
Designing Characters

What You’ll Learn in This Chapter

In this chapter you will learn how to designate and select any of 20
character sets in two fonts (fixed-space and variable-space). Once you
have selected a character set, you can use the labeling instructions pre-
sented in Chapter 7 to plot with the new characters. You will also learn
-that the plotter can label in four charactier selection modes; there are two
HP modes and two ISO* modes. Usually you can use the default HP mode.
However, if you label in many international languages, you might find
that one of the ISO modes is most flexible. Finally, you will learn how to
design your own character, or even your own complete character set.

"HP—GL Instructions Covered

CS The Designate Standard Character Set Instruction
CA The Designate Alternate Character Set Instruction
SS The Select Standard Character Set Instruction

SA  The Select Alternate Character Set Instruction
CM The Character Selection Mode Instruction

BS The Designate Character Set into Slot Instruction
IV The Invoke Character Slot Instruction

CC The Character Chord Angle Instruction

UC The User-Defined Character Instruction

DIL. The Define Downloadable Character Instruction
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.. Terms You Should Understand

Character Set — a group of characters, each of which is defined by a
unique ASCII decimal code, Typically, a character set contains related

characters, such as a character set composed of math symbols, or a
Swedish character set. The HP 7550 plotter has 20 character sets, each
of which can be drawn in a fixed-space font or a variable-space font.

*International Standards Organization
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Character Selection Mode — one of four methods implemented by the
plotter that defines how you can designate and select character sets for
labeling. You can use the default HP 7-bit compatibility mode, the HP
8-bit mode, the ISO 7-bit mode, or the ISO 8-bit mode.

Desighate -t establish one of the plotter’s character sets as a set that
can be selected later for use in a labeling instruction.

Select (Invoke) — to choose one of the designated character sets as the
set to be used in a labeling instruction.

Download — to store information in the plotter’s buffer (memory) so
that it can be accessed later.

Plotter Character Sets

The plotter has 20 character sets, each available in two fonts. In addi-
tion to these sets, you can define characters for a set known as the
“downloadable” character set. This set is explained in more detail
under The Define Downloadable Character Instruction, DL, at the end
of this chapter.

Note that “font” simply denotes a style of lettering, which is described
next. For more information on how spacing is interpreted in both fonts,
refer to Adjusting Character Size, Spacing, and Position in Chapter 7.

Fixed-space font — Characters all occupy an equal horizontal space,
and each character is always drawn using a fixed
number of vectors.

Variable-space font — Characters each occupy a proportional horizontal
space determined by the character’s width. Also,
the characters have a contour smoothness thatis
programmable (with the CC instruction).

Although the same set is available in two fonts, technically each font
must be specified as a separate set. Thus, ANSI ASCII is set O for the
fixed-space font, and set 10 for the variabie-space font. In the following
table, each of the first two columns represents a font. The character
sets on the same line (such as 0 and 10, or 8 and 18) have the same
characters for each decimal code.
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Character Set
Number 180
Character Set Name Registration
Fixed- | Variabie- Number
space space
0 10 ANSI ASCH 008
1 11 HP 9825 HPL Character Set —
2 12 French/German —
3 13 Scandinavian _ —
4 14 Spanish/Latin American e
51 15 Special Symbeols —
6 16 JIS ASCII 014
7 17 Roman Extensions —
8 18 Katakana 013
9 19 ISO IRV (International - 002
Reference Version)
30 40 1SO Swedish 010
31 41 ISO Swedish for Names 011
32 42 ISO Norwegian, Version 1 060
33 43 ISO German 021
34 44 180 French 025
35 45 150 British 004
36 46 ISO Italian 015
37 47 ISO Spanish 017
38 48 ISO Portuguese - 016
39 49 IS0 Norwegian, Version 2 061
-1 _— Downloadable —
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All sets except Special Symbols (sets 5 and 15), Roman Extensions (sets
7 and 17), and Katakana (sets 8 and 18) draw identical uppercase and
lowercase letters and numbers. The differences between the character
sets are in the additional characters that are needed for a certain
language, for example the a in the German sets 33 and 43.

Character sets 0 and 10 are shown on the next page. Notice the
difference in the total space required to plot the sets; the variable-space
font (10) takes less space. Compare also the variation in the smoothness
of the characters between the fixed-space font and the variable-space
font. The characters in all of the character sets are shown in a table in
Appendix A.
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CHARACTER SET O
I "#E%ET () ¥+, —./0123456783:; ; <=>7pB
ABCDEFGHIJKLMNOPQRSTUVRWXYZ [\]1 "~
abcdefghijklmnopgrstuvwxyz {17

CHARACTER SET 10
P#E%& %+, ~./0123456789:;<=>7@
- ABCDEFGHIJKLMNOPQRSTUVWXYZN\Y
abcedefghijkimnopgrstuvwxyz{l}~

Character Selection Modes

The plotter can generate characters in any of four different modes. The
default is HP 7-bit compatibility mode. With this mode, you can desig-
nate a standard set and an alternate set using the CS and CA instruc-
tions, respectively. You can then label with both character sets either
by selecting the desired set with the 88 and SA instructions, or by
using a technigue called shiftin/shift-out. These two methods are
described in the next section, titled Labeling with Standard and Alter-
nate Character Sets. Refer also to the descriptions of the CS, CA, S8,
and SA instructions, which follow that section. When default conditions
are established, the plotter automatically sefs both the standard and
alternate character sets to ANSI ASCII English, character set 0 (fixed-
space}.

You can also use any of three other character selection modes: HP 8-bit,
IS0 7-bit, and ISO 8bit. In each of these modes, you can label in
standard and alternate sets as described above. However, you have
further options for accessing up to four character sets (instead of two)
at a given time. To determine whether you wish to use one of these
modes, refer to Choosing Other Character Selection Modes later in this
chapter.

Labeling with Standard and Alternate
Character Sets

If you always intend to label with the default fixed-space set, ANSI
ASCII, you do not need to execute any of the CS, CA, S8, or SA instruc-
tions before labeling. However, if you intend to use a different set (e.g.,
the variable-space ANSI ASCII) or additional sets, you will find that
these instructions are very useful, This section deseribes methods for
using these instructions and provides examples. The syntax of each
instruction is described in detail following this section. The methods in
this section are valid for any character selection mode. However, if you
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intend to use a mode other than the default HP 7-bit mode, refer also to
Choosing Other Character Selection Modes and to the CM, DS, and IV
instructions later in this chapter,

Selecting Sets with the SS and SA Instructions

The principles for labeling with different character sets are very simple.
Just remember that the designate character set instructions, CS and CA,
tell the plotter which of the character sets will be wanted for plotting,
whereas the select character set instructions, SS and SA, tell the plotter
which of the two designated sets to use for subsequent labeling. Follow
these steps for designating and selecting character sets.

1. Designate the standard and alternate character sets that vou intend
to use by executing the CS and CA instructions,

When initialized or set to default conditions, the plotier assigns both
the standard and alternate sets to be set 0. Therefore, you only need
to execute a CS or CA instruction if you want to designate a char-
acter set other than set 0.

2. Select either the designated standard set or the designated alternate
set as the set to be used for subsequent labeling by executing an SS
or SA instruction.

When initialized or set to default conditions, the plotter assumes you
are labeling with the standard set. Therefore, if you want to begin by
labeling with the standard set, you do not need o execute an 55
instruction. However, if you want to begin with the alternate set,
execute SA. Throughout your program, you can “toggle” between the
sets by executing SS or SA, as appropriate.

While the standard set is selected, you can change the designated
standard set with the CS instruetion, and subsequent labeling will
automatically be drawn in the new set (yvou don’t have to select the
set again with the SS instruction). Similarly, while the alternate set
is selected, you can change the designated alternate set with the CA
instruction, and subsequent labeling will automatically be drawn in
the new set (you don’t have to select the set again with the SA
mstruction).
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To label characters in any character set, vou can either use a computer
language-dependent function such as CHR$ to enter the equivalent
decimal code, or you can enter the ANSI ASCII equivalent character from
your keyboard. For example, to cause the plotter to label the character “34”
in set 7, vou can either use “x” (the ASCII equivalent character) from the
kevboard, or CHR$(120) (the equivalent decimal code). A full table of
ASCTII decimal codes and characters appears in Appendix A.
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The following instructions illustrate how to designate, select, and label
with standard and alternate character sets. Notice that the label string
in the LB instruction shows the character that appears on the computer
keyhoard, unless the character is not available on the keyboard; in this
case, the CHR$ function is used to access the character. (Refer to How
to Send the Label Terminator and Other Nonprinting Characters under
the LB instruction in Chapter 7 for more information on using the
CHRS$ function.} Also, notice that the “SET 4” label uses the underscore
character in set 4, which automatically backspaces before it is drawn.

WIN;SP1;n

"PR3000,3000; CS0; CA4; "

"SS;LBS_E_T_O_"+CHR$(3)

"SA;LB S_E_T_4_"+CHRS$(3)

WCP-14,-2;LB#isu compan" +CHRS(124)+" {a?" +CHRS (3)

S_E_T_0 oSET4

;iSU compania?

Selecting Sets with the Shift-in/Shift-out
Control Characters

You might find that you need to access a different character set in the
middle of a label string. Using SS and SA to toggle between sefs can
sometimes be inefficient in this case. Instead, you can use two control
characters, the shiftin (SI, decimal code 15) and the shift-out (SO, dec-
imal code 14), to toggle between sets. The shift-in character shifts to the
standard set designated by the CS instruction, whereas the shift-out
character shifts to the alternate set designated by the CA instruction.

The following example shows how to use the shift-in/shift-out char-
acters. On HP Series 200 computers, shiftin is accessed by pressing
cTAL and 0 simultaneously, while shift-out is accessed by pressing CTRL
and N simultaneously. If you cannot access these characters from your
keyboard, use the CHR$ (or equivalent) function to specify the equiva-
lent decimal code. The instructions in this example plot the same label
twice, once with the equivalent keyboard characters and once with the
CHRS function.

NOTE: Although the instructions that use CHR$ are printed on two
lines to fit on the page, you should send them to the plotter together as
one string. B
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NINGBP;H

"PR300,300; CS30;CR7;ST.4,.6;"

NS5 LB3 +CHRS (14)+" x* +CHR$ (1514 -5 1R" +CHR$ (3)

“CPZ, 05

“LB3"+CHRS (14 )+CHRS (120)+CHR$ (15 34" -5 " +CHRS (83)+
NRY+CHRS (3)

3i-5 AR 33-5 AR

- The Designate Standard Character Set
- Instruction, CS

USES: The C8 instruction designates a character set as the standard
character set to be used when labeling. Use this instruction to change
the standard set to one appropriate to your application. This instruction
15 particularly useful when plotiing in a language other than Enghsh.

SYNTAX: C5 set term
ot

CS  term

Parameter Format Range Defaulit

set integer -1, 0-19, 30-49 0

EXPLANATION: The characier set designated by the CS instruc
tion is used for all Iabeling operations when the standard set is selected
by the 88 or IV instruction, or by the control character shift-in (decimal
code 15) in a label string. A C8 instruction without parameters (CS?)
establishes the default character set 0 (ANSI ASCII English). The CS
instruction remains in effect until another CS or DS instruction is
executed, or the plotter is initialized or set to default conditions.

If vou execute a C8S instruction while the standard set is selected (e.g.,
an S5 instruction has been executed), subsequent labeling will be done
with the set designated by the new C8 instruction.

However, 1f you execute a C8 instruction while the alternate set is
selected (e.g., an BA instruction has been executed), subsequent labeling
will not be done with the new standard set until it is selected with an
SS or IV instruction.

For an example using the CS instruction, refer to Labeling with
Standard and Alternate Character Sets earlier in this chapter.

The tableon the following page summarizes the possible error conditions
or unexpected resulis that you might observe with the CS instruction.
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Condition Error Plotter Response

no parameters none designates character set 0

more than 1 parameter 2 executes first parameter

3]

parameter out-of-range ignores instruction

The Designate Alternate Character Set
Instruction, CA

USES: The CA instruction designates one of the character sets as the
alternate character set to be used in labeling instructions. Use this
instruction to provide an additional character set that vou can easily
access in a program, especially when a single label contains characters
found in two different sets.

SYNTAX: CA set term
or
CA term

Parameter Format Range Default

get integer -1, 0-19, 30-49 0

EXPLANATION: The character set designated by the CA instruc-
tion is used for all labeling operations when the alternate set is selected
by the SA or IV instruction, or by the control character shifi-out
(decimal code 14) in a label string. A CA instruction without parameters
(CA ;) establishes the default character set 0 (ANSI ASCII English).
The CA instruction remains in effect until another CA or DS instruction
is executed, or the plotter is initialized or set to default conditions.

If you execute a CA instruction while the alternate set is selected (e.g.,
an SA instruction has been executed), subsequent labeling will be done
with the set designated by the new CA instruction.

However, if yvou execute a CA instruction while the standard set is
selected (e.g., an S8 instruction has been executed), subsequent labeling
will not be done with the new alternate set unitil it is selected with an
SA or IV instruction,

For an example using the CA instruction, refer to Labeling with
Standard and Alternate Character Sets earlier in this chapter.

The following table summarizes the possible error conditions or un-
expected results that you might observe with the CA instruction.
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Condition Error Plotter Response

no parameters none designates character set
more than 1 parameter 2 executes first parameter
parameter out-of-range 5 ignores instruction

The Select Standard Character Set
. Instruction, SS

USES: The S8 instruction selects the standard set designated by the
CS or DS instruction as the character set to be used for subsequent
labeling. Use this instruction to shift from the currently selected alter-
nate set to the currently designated standard set in order to access
characters in another set.

SYN TAX_: S8 term

EXPLANATION: The SS instruction tells the plotter to draw subse-
quent labeling instructions using characters from the character set
designated by the CSn; or DS0,n; instructions. The S8 instruction is
equivalent to using the control character “shiftin” (decimal code 15)
within‘a label string.

The SS instruction is in effect when the plotter is initialized or set to
default conditions. The 8S instruction remains in effect unti! an SA or
IV instruction is executed.

)
For an example using the SS instruction, refer to Labeling with Standard gf
and Alternate Character Sets earlier in thig'chapter. s
a
The following table summarizes the possible error conditions or un- §
expected results that you might observe with the 8S instruction. 0w
o
) 74

Condition Error Plotter Response

no parameters none selects standard set

1 or more parameters 2 selecis standard set

The Select Alternate Character Set
- Instruction, SA

USES: The SA instruction selects the alternate set designated by the
CA or DS instruction as the character set to be used for subsequent
labeling. Use this instruction to shift from the currently selected standard
set to the currently designated alternate set in order to access characters
in another set.
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SYNTAX: SA term

EXPLANATION: The SA instruction tells the plotter to draw subse-
quent labeling instructions using characters from the character set
designated by the CAn; or DS1,n; instructions. The SA instruction is
equivalent to using the control character “shift-out” (decimal code 14)
within a label string.

The SA instruction remains in effect until an SS or IV instruction is
executed, or the plotter is initialized or set to default conditions.

For an example using the SA instruction, refer to Labeling with
Standard and Alternate Character Sets earlier in this chapier.

The following table summarizes the possible error conditions or un-
expected results that you might observe with the SA instruction.

Condition Error Plotter Response
no parameters none selects alternate set
1 or more parameters 2 selects aliernate set

Choosing Other Character Selection Modes

The default character mode on all HP plotters is the HP 7-bit compati-
bility mode. In this mode, you can access any character set using the
CS, S8, CA, and SA instructions, which were presented earlier in this
chapter. You can also use the shift-in and shift-out control characters in
a label string to access the designated standard and alternate sets, as
described earlier.

The HP 7550 plotter also offers three additional character modes: the
HP 8-bit mode, the ISO 7-bit mode, and the ISO 8-bit mode. The HP
8-hit mode is a tool for converting European software to HP systems
software and will be of use primarily if you are using new HP systems
software in a foreign language environment. The ISO modes permit
more flexibility when you frequently want to access more character
sets, yet conserve buffer space.

NOTE: If the default HP 7-bit mode is adequate for your labeling needs,
you do not need to read this section, nor the explanations of the CM,
DS, and IV instructions that follow.

If your computer system is operating with parity, you must use one of
the 7-bit modes. If you use a 7-bit mode, be sure the front-panel PARITY
function key is set to 7-BIT OFF or 8-BIT OFF. To use the 8-bit modes, be
sure your computer system is operating with no parity, and the plotter’s
front-panel pPARITY function key is set to one of the following: 8-BIT OFF,
8-BIT ODD, 8-BIT EVEN, OF 7-BIT OFF. Bl
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The first three portions of this section discuss background information
common to the character modes, specifically: the in-use code table,
control characters, and fallback mode. The remaining portions of this
section discuss each of the character selection modes. These discussions
assume that vou understand the basic principles of designating and
selecting characters sets with the CS, CA, 885, and SA instructions

- (refer to Labeling with Standard and Alternate Character Sets, earlier
i this chapter). These discussions also assume that you understand
the sequence of instructions to use when labeling in the alternative
character modes. The steps for selecting a character mode and then
labeling follow:

1. First execute the character selection mode instruction, CM, to estab-
Hsh one of the modes,

2. Then execute the designate character set into slot instruction, DS, to
designate character sets (similar to the CS and CA instructions).

3. Finally, execute the invoke character slot instruction, IV, to select
the set to be used for labeling (similar to the 88 and SA instructions).

4. Now you can execute labeling instructions, and change set selections
or designations as required. '

The specific details of the syntax of the CM, 1S, and IV instructions
are presented following the discussions of the individual character
selection modes.

The In-Use Code Table

Each character selection mode makes use of the “in-use code table,”
shown on the next page. This table presents the general concept of how
the plotter selects character sets. In other words, this code table illu-
strates the underlying architecture for the selection of any character set
in any mode. The descriptions of each mode later in this section present
specific illustrations of how this table is interpreted for that particular
mode.
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0-31 33-126 _ 128-159  161-254

™~ Faz 160
GL ACCESSED*} 2| (L%fT (ﬂ?(?;—rr \%R ACCESSED
WITH BTH BITreel = « L a-WITH 8TH BIT SET
GLEAR | GRAPHICS SET) GRAPHICS SET) [ 5 BIT MODES ONLY)
L | [27] 255
SHIFT-IN | SHIFT-OUT
S8 | SA
IVO,0 ;1,0
i
GO Gt G2 G3 |=SLOTS
STANDARD SET  ALTERNATE SET (DEFAULT 7) (DEFAULT 7)
(DEFAULT 0) (DEFAULT 0)
csn CAn ps2.n _ DS3,n
DSO,n DS1,n

*(odes (-31 are control characters for all character sets, whether in GL or GR. Codes
128-159 are conirol characters for character sets in GR. For a list of recognized and
ignored codes, refer to the section titled Control Characters.

GO through G3 are the graphics slots. These slots designate which of
the plotter’s character sets may be selected (invoked into GL and GR)
for labeling. When the plotter is initialized or set to default conditions,
both GO and G1 designate set 0, and both G2 and G3 designate set 7.
Use the DS instruction to designate different character sets into these
slots. (The CS and CA instructions are a subset of the DS instruction. If
you are only interested in designating sets into slots GO and G1, you
can use the CS and CA instructions, respectively.)

GL and GR are the left graphics set and right graphics set, respectively.
They contain the currently selected (invoked) character sets from the
slots; all labeling instructions use the sets that currently reside in GL
and GR. To place a character set into GL or GR, you would first use the
DS instruction to designate character sets into the slots as described
above. Then you would invoke one of the slots info GL or GR with the
1V instruction. You can change the sets that reside in GL and GR by
invoking different slots with new IV instructions. (The SS and SA -
structions are a subset of the IV instruction. If you are only interested
in invoking slots GO and Gl into GL, you can use the SS and SA in-
structions, respectively. Depending on which mode you are using, you
can also invoke slots by embedding shift-in, shift-out, and locking
single shifts within label strings. These are discussed separately later
with each mode.)

There are some restrictions on when the character sets residing in GL
and GR can be accessed in labeling instructions. These restrictions de-
pend on which character selection mode is in effect: both 7-bit modes can
only access character sets in GL, whereas both 8-bit modes can access

b
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character sets in both GL and GR. The following paragraphs describe
how character sets are “stored” in GL and GR, depending on the mode.

Both 7-bit modes can access a 128-character set that is contained in
GL. Technically, only the printing characters (33-126) reside in GL.
This is because the first 32 characters (0-31) of any set, regardless of
mode, are nonprinting control characters. Characters 32 and 127 are
also considered to be part of GL, although they are both nonprinting
characters (32 is a space and 127 is ignored).

To print a character residing in GL, either use the character on your
keyboard that represents the associated decimal code, or use the CHR$
function (or equivalent for your computer) to specify the actual decimal
code. For example, to print the character £ (decimal 91) in set 32, you
could enter [ in the label string. Or, you could use the CHR$(91) func-
tion. For more examples, refer to the section earlier in this chapter, titled
Labeling with Standard and Alternate Character Sets. Appendix A
contains a character set table with the decimal codes of all characters.

Both.8-bit modes can access two 128-character sets that are contained
in GL and GR. In effect, you are actually accessing one linked 256-
character set. GL still containg characters 33-126, and you can print
characters from GL in the manner described above. However, GR
containg characters 161-254. To print a characier from GR, you must
use the CHRS function (or equivalent for your computer) and add 128 to
the character’s decimal code (as listed in Appendix A). Thus, if set 32 is
in GR and you want to print the character £, you would use the
CHR$(219; function (128 + 91 == 219).

In the 8-bit modes, characters 0-31 and 128-159 are control characters -

that do not technically reside in GL or GR. In fact, you can use
characters in the range 0-31 regardless of whether you are currently
labeling from GL or GR. However, you can only use characters in the
range 128-159if you are currently labeling from GR. Control characters
are further explained in the next section.

Control Characters

The plotter recognizes only the following control characters:

backspace, decimal code 8

half backspace, decimal code 9
line feed, decimal code 10
inverse line feed, decimal code 11
carriage return, decimal code 13
shift-out, decimal code 14
shift-in, decimal code 15
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In addition, in the ISO 8bit mode, the plotter recognizes characters 142
(single-shift from slot G2) and 143 (single-shift from slot G3).

All other control characters in the ranges 0-31 and 128-159 are ignored.

NOTE: The full range of invocations described in ISO 20222, which
uses two-character escape sequences, is not operative in this plotter’s
version of the ISO modes. The escape character (decimal code 27) is
trapped by the plotter’s escape sequence parser, which implements the
immediately executed device-control (ESC.) instructions. Therefore, if
the escape character is placed in a label instruction, any subsequent
character that is not part of the escape sequence will appear as part of
the printed label. 8

Fallback Mode

The fallback mode determines the action taken when the plotter receives
undefined printing characters in a label string. “Undefined printing
characters” refers only to undefined characters within the ranges 33-126
and 161-254. Examples of undefined characters are those areas that are
blank in the Katakana and Roman Extension sets (see the character set
table in Appendix A). The downloadable character set also consists en-
tirely of undefined characters until you use DI, to define one or more
characters.

The plotter’s default response for the fallback mode is to ignore all un-
defined characters. However, you can use the CM instruction to specify
that the plotier draw a box (0) as a fallback character in place of an
undefined character. Some graphics standards mandate that character
codes in the range 33-126 (sometimes 127) which do not have graphic
representation be executed with a special printing character. The fall-
back mode supports this mandate, The fallback mode i$ also useful for
debugging when the disappearance of characters from a label string
might be confusing.

HP 7-Bit Compatibility Mode

The HP 7-bit compatibility mode is the default mode implemented on all
HP plotters. To use the HP 7-bit mode, you do not need to designate sets
or invoke slots with the DS and IV instructions. Instead, you can simply
access any of the plotter’s character sets with the CS, 8S, CA, and SA
instructions. You can also change character sets within a label string by
using the control characters shift-out (decimal code 14) to access the
alternate set, and shift-in (decimal code 15) to access the standard set.
Refer to the CS, 8S, CA, and SA instructions, presented earlier in this
chapter, for syntax details and examples of using different character
sets in this mode.

In the HP 7-bit compatibility mode, the eighth bit is always cleared and
ignored. Thus, character sets can reside only in GL. All character sets
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are composed of 128 characters. The in-use code table for the HP 7-bit
compatibility mode follows.

0-31 33-126
4
32
SRS
| GL
f
L I 127
- AY
SHIET-IN N\ SHIFT-OUT
88 AE:Y
V0,0 N, D
AN
GO G1
STANDARD SET ALTERNATE SET
{DEFAULT 0) {DEFAULT 0)
CSn CAn
DSO,n DSO.n

HP 8-Bit Mode

In the HP 8bit mode, the plotier links two 128-character sets so that
they form one 2b6-character set. Characters 0-127 reside in GL, and
characters 128-255 reside in GR. Only slots GO and G1 are used in this
mode. The in-use code table follows.

0-84 33-126  128-150  161-254
0-31 5-14
N 60 _
HOLDS HALF : HOLDS HALF
OF LINKED SET”"} GL GR ™ OF LINKED SET
L 27 (%55
SHIFT-IN N SHIFT-OUT
ss N SA
VO, x N x
\
AN
Go o1

STANDARD SET ALTERNATE SET

{DEFAULT 0 {DEFAULT O
TO GL AND TO GL AND
7 TO GR) 7TOGR)
CsSn CAn
DSo.,n psSi,n

There are only two full linked sets for the HP 8-bit mode: Roman8 and
Katakana8®. Roman8 is composed of ANSI ASCI] and Roman Exten-
sions, and Katakana$8 is composed of JIS ASCII and Katakana.

To obtain the Roman$ linked set, designate ANSI ASCII as either the
standard or alternate set. Characters 33-126 will be from the ANSI ASCII
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set, and characters 161-254 will be automatically lifted from Roman
Extensions. Similarly, to obtain the Katakana8 linked set, designate
JIS ASCII as either the standard or alternate set. Characters 33-126
will be from the JIS ASCII set, and characters 161-254 will be automati-
cally lifted from Katakana. These paired relationships, shown in the
table below, hold true regardless of whether fixed-space or variable-
space fonts are designated.

Character Set
Designated with Charaet(g; 33-126 Charactg'ls{ 161-254
CS,CA, or DS
ANSI ASCII ANSI ASCII Roman Extensions
(set 0 or 10y (set 0 or 10) (set 7or 17)
JIS ASCII JIS ASCII Katakana
(set 6 or 16} (set 6 or 16) {set 8 or 18)

When you designate any set other than ANSI ASCII or JIS ASCI],
that set 1s used for characters 33-126. However, in this case characters
161-254 are considered to be undefined characters and are treated
according to the current fallback mode. The only way to set the eighth
bit and therefore access characters in GR is to designate ANSI ASCII
or J1IS ASCII as described above.

As with the HP 7-bit mode, you can change character sets within a
label string by using shift-out (decimal code 14) and shift-in (decimal
code 15). All invocations other than shift-in, shift-out, 85, SA, IV(,x;,
and IV 1,x:; are ignored. In this mode, slots G2 and G3 cannot be
designated with the DS instruction nor invoked with the I'V instruction.
However, GO and G1 can be designated either with the DS instruction
or the CS and CA instructions, and invoked either with the IV instruc-
tion or the SS and SA instructions.

NOTE: In order to access a character in GR, you must use a function
such as CHRS$ {(or eguivalent for your computer). To determine the
decimal code to use in the CHR$ function, simply add 128 to the
decimal code of the desired character. Thus, to label the character ¢ in
Roman8& Extensions, you would use the CHR$(191) function (128 -+ 83).
You can find the decimal codes of characters in Appendix A. W

ISO 7-Bit Mode

In the IS0 7-bit mode, the eighth bit is always cleared and ignored.
Thus, character sets can reside only in GL. Ali character sets are
composed of 128 characters. When the plotter is initialized or default
conditions are established, character set 0 resides in GO and GI and
character set 7 resides in G2 and G3. The in-use code table for the ISO
7-bit mode follows.
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0-31 33-126

e

! GL

L [z

SHIFT-IN
58 ,V1,%A O%,?;FT' w2,0 V3,0
GO G1 G2 G3
STANDARD SET  ALTERNATE SET {DEFAULT 7) (DEFAULT 7)
{DEFALILT 0) (DEFAULT 0) _
CSn CAn . D82, n DS3,n
DsSo,n pst,n

The in-use code table shows which instructions may be used for desig-
nating character sets into slots, and for invoking slets into GL and GR.
All invocations with the IV instruction are locking, meaning that the
invoked set remains resident in GL until it is overridden with a new IV
instruction or the plotter is initialized or set to default conditions. If you
invoke a slot into GR, the plotter will automatically invoke the slot into
GL instead. (For example, IV 3,1; which normally invokes slot 8 into
GR will instead invoke siot 3 into GL.)

Example — Using the DS and 1V Instructions
in the ISO 7-Bit Mode

The following program illustrates the procedure for designating and
invoking character sets when using the ISO 7-bit mode. Be sure the
front-panel pARITY function key is set to 7-BIT OFF or 8-BIT OFF.

English Francais Espafiol

18 “Insert configuration statement here

20 PRINT #1, "IN;SP1;81.3,.4;PR100,1000;"

3C PRINT #1, "CM2;D51,2;,D0582,37;"

40 PRINT #1, "LBEnglish “4CHR${14)+"Fran®+CHR$(92)
+'aig" +CHREL(3)

S5C PRINT #1, "IVZ;LE Espa"+CHR$(1Z24)+" 01" +CHR$(3)

50 PRINT #1, "SPC;"

70 END

4]
mﬁl.
&
.
o
(gl
%
L]
)
&
8
th

Program Explanation
10 defines the plotter as the system printer — change as necessary
20 initializes the plotter; selects pen 1; establishes an absolute chax-
acter size; sets the initial pen position
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30  establishes the ISO 7-bit mode; designates character set 2 (French)
into slot G1; designates character set 37 (ISO Spanish} into slot G2

40 prints “English” with character set 0 from slot GO (the defaults);
uses shift-out (decimal code 14 or CTRL N on HP Series 200 com-
puters) to invoke slot G1 and prints “Francais”

50 invokes slot G2 into GL and prints “Espafiol”
60 returns the pen to the carousel

ISO 8-Bit Mode

The ISO 8-bit mode enables you to access two character sets at once
without having to use invocations and designations. You can also
access four character sets in any label string with the same economy.
When the plotter is initialized or default conditions are established,
character set 0 resides in GO and G1 and character set 7 resides in G2
and G38. The in-use code table for the ISO 8-bit mode follows, The
numbered items refer to the possible invocations of the slots into GL or
GR. The possible designations of the slots are also shown.

0-31 33-126  128-158  161-254
M ra " [1e0]
8THBIT _p; '3\ R 8TH BIT
CLEAR™] GL G = SET
L 127 _\ 255
8
1 2 3 AN 6 7 9
Go G1 G2 G3
STANDARD SET  ALTERNATE SET (DEFAULT 7} (DEFAULT 7)
(DEFAULT 0) (DEFAULT 0)
CSn CAn Ds2.n DS3,n
DSO,.n DS1,n

use GO for GL (shift-in, S8, or IV0, ()

use G1 for GL (shift-out, SA, or IV1,0)

use GI for GR(IV 1,x%)

use G2 for GL{IV2,0)

use G2 for next GL character only (single-shift G2)
use G2 for GR (IV2,x)

use G3 for GL. IV 3,0

use G3 for next GL character only (single-shift G3)
use 3 for GR{IV3,%)

O 0o -3 0 Tt W2 P
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You can invoke slots into GL using the IV, 88, or SA instructions, or by
embedding shift-in (decimal code 15), shift-out (decimal code 14), and
single-shift (decimal codes 142 and 143) control characters. However,
the only way to invoke slots into GR is with the IV instruction.

Invocations can be locking or single. All invocations with the IV
instruction are locking: the invoked set remains resident in GL or GR
until it is overridden with a new IV, S5, or S8A instruction, or until the
plotter 1s initialized or set to default conditions. '

A single invocation is in effect for one character only. Single-shift G2-
fdecimal code 142) invokes slot G2, and single-shift G3 {decimal code
143) invokes slot G3. After you make either single invocation, the
plotter prints the next character from the single-invoked set, then
returns to the previous character set.

NOTE: In order to access the single-shift control codes or a character in
GR, you must use a function such as CHR$ (or eguivalent for vour
computer). To determine the decimal code to use in the CHR$ function,
simply add 128 to the decimal code of the desired character. Thus, to label
an A when set 0 is in GR, you would use the CHR$(193) function
{128 + 65). You can find the decimal codes of charactersin Appendix A. &

Example - Embedding a Single-Shift in a Label String

The following example shows how to embed a single-shift character in a
label string. The variable-space fonts of four character sets are used in
this example: the ANSI ASCII English set (10), the French/German set
(12), the Special Symbols set (15), and the Roman Extensions set (17). Be
gure the front-panel PARITY function key is set to one of the following: s-BiT
OFF, 8-BIT ODD, 8-BIT EVEN, or 7-BIT OFF.

trigonometric formula
formule trigonométrique
sec(lT-@) = tsec(o)

W
o
)
o
[1
-
m

10 “Insert configuration statement here

20 PRINT #1, ®IN;SP1;81.3,.4;PR100,2000;"

30 PRINT #1, “CM3;D50,10;D81,12,;D82,15,;083,17;"

40 PRINT #1, "LBtirigonometric formula”+CHR$(3)

50 PRINT #t, "CP;LB"+CHR$(14)+" formule trigonome’t
rigue"+CHR$(3)

60 PRINT #1, "CP;LBsec("+CHR${(142)+"n-"+CHR${143)+
PV +CHR$ (3D

70 PRINT #1, "LB = "+CHR$(142)+"psec ("+CHR$ (143 +"
YI*+CHR$(3)

B0 PRINT #1, "SPO;"

S0 EWND
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Program Explanation

10

20

30

40

50

60

70

80

defines the plotter as the system printer — change as necessary for
your computer

initializes the plotter; selects pen 1; establishes an absolute char-
acter size; sets the initial pen position

establishes the IS0 8-bit mode; designates character set 10 into slot
0; designates character set 12 into slot 1; designates character set
15 into slot 2; designates character set 17 into slot 3

labels “trigonometric formula” with character set 10 from the de-
fault slot GO

performs a carriage return and line feed; performs a shift-out
(decimal code 14) to label “formule trigonométrigue” with character
set 12 from slot G1

performs carriage return and line feed; labels “sec (76)” as follows:
uses decimal code 142 for a single shift to pick up “#” from
character set 15 in G2 and uses decimal code 143 for a single shift

to pick up “4” from character set 17 in G3

labels “+ sec () as follows: uses decimal code 142 for a single shift
to pick up “+” from character set 156 in slot G2 and uses decimal
code 143 for a single shift to pick up “#” from character set 17 in G3

returns the pen to the carousel

The Character Selection Mode
Instruction, CM

USES: The CM instruction specifies the mode of character set selec-
tion and usage. Use this instruction to access one of four different
character set modes: the HP 7-bit mode, the HP 8-bit mode, the ISO
7-bit mode, or the IS0 8-bit mode.

SYNTAX: CM switch mode {, fallback mode) term

QY
CM term
Parameter Format Range Default
switch mode integer 0-3 0
fallback mode integer 0-1 0
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EXPLANATION: A CM instruction without parameters (CM ;) de-
faults to the HP 7-bit compatibility mode and fallback mode 0. When
only the first parameter is given, the second parameter defaults to 0.
The following paragraphs list further details of each parameter.

1. Switch Mode. The switch mode chooses which character selection
mode will be used by all subsequent labeling instructions. The
meanings of the four parameters follow. For more details, refer to
the separate descriptions of each mode earlier in this chapter,

0  HP 7-bit compatibility mode
1 HP 8bit mode

2 IS0 2022.2 7-bit mode

3 IS0 2022.2 8bit mode

NOTE: If your computer system is operating with parity, you must
use one of the 7-bit modes. If vou use a 7-bit mode, be sure the front-
panel PARITY function key is sef to 7-BIT OFF or 8-BIT OFF. To use the
£-bit modes, be sure your computer. system is operating with no
parity, and the plotter’s pPariTY function key is set to one of the
following: 8-BIT OFF, 8-BIT ODD, B-BIT EVEN, oY 7-BIT OFF. Ml

2. Fallback Mode. The fallback mode determines what the plotter does
when it encounters undefined printing characters. The meanings of
the two parameters follow. For more details, refer to Fallback Mode
earlier in this chapter,

0 Undefined characters are ignored {default)
1 A box (O)is drawn in place of undefined characters

Executing a CM instruction clears the label buffer. If you execute a CM
instruction that changes from the current mode to a different mode, the
plotter sets default designations and invocations for the new mode
(refer to the DS and IV instructions, which foliow). The CM instruction
remains in effect until another CM instruction is executed, or the
plotter is initialized or set to default conditions.

The CM instruction determines the implementation of the designate
character set into slot instruction, IIS, and the invoke character slot
instruction, IV. All labeling instructions (LB, BL, and PB) operate
according to the character selection mode established by the CM
instruction.

For examples using the CM instruction, refer to the separate descriptions
of each character selection mode presented previously in this chapter.
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The following table summarizes the possible error conditions or un-
expected results that vou might observe with the CM instruction.

Condition Error Plotter Response

no parameters none establishes HP 7-hit
compatibility mode and
ighores undefined characters

1 parameter none establishes specified mode and

. ignores undefined characters
more than 2 paramefers 2 executes first 2 parameters
parameter out-of-range 3 ignores instruction

The Designate Characfer Set into Slot
Instruction, DS

USES: The DS instruction designates up to four character sets to be
immediately available for labeling instructions. Each character set is
designated in one of the slots (GO-G3). Use this instruction primarily
with the ISO modes for accessing multiple character sets.

SYNTAX: DS slot, set term

or
DS term
Parameter Format Range Default _
slot integer 0-1 (HP modes) 0 e
0-3 (ISO modes)
set integer -1, 0-19, 30-49 0

EXPLANATION: A DS instruction without parameters (DS ;) estab-
lishes default conditions (character set 0 in slots GO and G1, and set 7
in slots G2 and G3). The following paragraphs list further details of
each parameter.

1. Slot. The slot parameter represents the part of the in-use code table
where character sets can be designated. Once it is degignated, you
can invoke any slot into GL or GR for use in a labeling instruction.
For more details, refer to The In-Use Code Table and to the separate
character selection mode descriptions earlier in this chapter. The slot
parameters follow.

0 Slot GO
1 Slot Gl
2 Slot G2
3 Slot G3
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2. Set. The set parameter is the number of the character set to be
designated into the slot. The character set numbers are listed under
Plotter Character Sets at the beginning of this chapter, and in
Appendix A.

The character selection mode instruction, CM, determines the imple-
mentation of the DS instruction, as follows. Refer to the separate
descriptions of each character selection mode earlier in this chapter for
examples and more details of how DS is implemented.

Character
Selection Mode

TIP 7-bit (default, CM ) | D82, n and DS 3, n are ignored.
HP 8-bit (CM1) DS82,n and DS 3, n are ignored.

IFDS0,nor D81 nandn=190or 10, then
set 7 or 17, respectively, is placed in G2
and G3.

EFDSG,norDS1,nand n==06or 16, then
set 8 or 18, respectively, is placed in G2
and G3.

HDS0,nor DS1,nand n=-1, 1-5, 7-9,
11-15, 17-19, or 30-49, then null set is
placed in G2 and G3; therefore G2 and
(G3 contain undefined characters.

ISO 7-bit (CM 2) All forms of DS are accepted.
IS0 8-bit (CM 3) All forms of DS are accepted.

Implementation of DS

Under default conditions, slots G0 and G1 each contain character set 0,
and slots G2 and G3 each contain character set 7 (ignored in the HP
modes). If you want to designate character sets into more than one slot,
vou must execute the DS instruction once for each slot. Remember that
you can use the CS and CA mstructions for designating character sets
into slots GO and G1, respectively.

The designation for a particular slot remains in effect until another DS
{or CS or CA) instruction is executed for that slot, or the plotter is
initialized or set to default conditions.

Thetable on the following page summarizes the possible error conditions
or unexpected results that you might observe with the DS instraction.
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Condition Error Plotter Response

no parameters none designates set 0 for slots
GO and G1, and set 7 for
slots G2 and G3

1 parameter 2 ignores instruction

more than 2 parameters 2 executes first 2 parameters

slot parameter out-of-range 3 ignores instruction

set parameter out-of-range 5 ignores instruction

The Invoke Character Slot Instruction, IV

USES: The IV instruction invokes a character slot (GO through G38)
into either the leff or right half of the in-use code table (GL or GR,
respectively), Use this instruction primarily with the ISO modes to
access multiple character sets.

SYNTAX: IV slot{ left) term

or
IV term
Parameter Format Range Default
slot integer 0-1 (FIP modes) ]
0-3 (ISO modes)
left integer 0-1 0

EXPLANATION: An IV instruction without parameters (IV ;) estab-
lishes default conditions as follows: for all modes, GO is invoked into
GL; for ISO 8bit mode, Gl is invoked into GR. The following para-
graphs list further details of each parameter.

1. Slot. The slot parameter is the number of the slot to be invoked into
the left or right half of the in-use code table (GL or GR, respectively).
For more details, refer to The In-Use Code Table and to the separate
descriptions of the character selection modes eariier in this chapter
The values for the slot parameters foliow.

- Slot GO
Slot G1
Slot G2
Slot G3

o b D
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2. Left. This parameter specifies which side of the in-use code table
will receive the character set, as follows. If this parameter is omitted,
the slot is invoked mto GL.

0 slot invoked into GL.
1 slot invoked into GR

The character selection mode instruction, CM, determines the imple-
mentation of the IV instruction, as follows. Refer to the separate
descriptions of each character selection mode earlier in this chapter for
examples and more details of how IV is implemented,

Character

Selection Mode Impiementation of IV

HP 7-bit (default, CM ) | Slots G2 and G3 cannot be invoked.
Also, GR cannot be accessed explicitly.
Therefore, IV0,x (or IV 2, %) invokes slot
GO inte GL; IV1,x (or IV 3, x) invokes
slot G1 into GL. Nething is invoked

into GR.

HF 8-bit (CM 1) Same as above, except that GL. and GR
are linked; i.e., either the null set or the
right half of a linked set is automatically
invoked into GR, depending on which
character set has been designated.

ISO 7-bit (CM 2) All four slots can be invoked; however,
they will automatically be invoked into

GL, regardless of whether you specify
GL or GR.

ISO &bit (CM3) All forms of the IV instruction are
executed as specified.

Q
=
e
w
g
3
L}

- W
o
(i
2]

NOTE: The instruction IV0,0; or IV0; is the same as SS; or a shiftin
character (decimal code 15) in the label string. All invoke the standard set
from slot GO into GL. Similarly, IV1,0;0rIV1;isthesameasSA:ora
shift-out character {decimal code 14) in the label string. All invoke the
alternate set from slot G1 into GL. B

All invocations with the IV instruction are locking. The invoked set
remains in GL or GR untii overwritten with a new instruction (IV, S8, or
SA), or until the plotter is initialized or set to default conditions.

Thetable on the following page summarizes the possible error conditions
or unexpected results that you might observe with the IV instruction.
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Condition Error Plotter Response
no parameters none invokes GO into GL: (and if
IS0 8-bit mode, G1 into GR)
1 parameter none invokes specified slot into Gl
more than 2 parameters 2 executes first 2 parameters
parameter out-of-range 3 ignores instruction

The Character Chord Angle
Instruction, CC |

USES: The CC instruction sets the angle that determines the smooth:
ness of characters drawn with the variable-space fonts (character sets
10-19 and 40-49). Use this instruction to reduce the number of chords
used to draw characters in order to increase labeling speed. In this way,
you can draw rough or preliminary plots in a minimum of time. In rare
cases where characters are not smooth enough, you can also use CC to
increase the number of chords to produce extremely smooth characters.

SYNTAX: CC chord angle ferm

or
CC term
Parameter Format Range Defauit
chord angle decimal |—228 to 22— 1| 5 degrees
degrees

EXPLANATION: Characters in the variable-space fonts are drawn
as “arc-based characters.” These characters are drawn using a series of
chords that each subtend a given angle. The concept is similar to the
degrees mode of the chord tolerance parameter of the arc, circle, and
wedge instructions (refer to Chapter 6). However, with characters, the
arcs used to define a character might have different radii. Therefore,
while the chord angle remains the same, the chords are different
lengths because the radii of the arcs are different lengths. For example,
refer to the following illustration: the D is drawn with a single chord
angle of 45 degrees, but the chords are defined by arcs that have two
different radii. Different characters have different numbers of radii.
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CHORD ANGLE

CHORD ANGLE

\ ARC SEGMENT

¥f yvou specify an angle larger than +45, the plotter uses +45 degrees for
the chord angle, since larger chord angles would result in very poor
character quality. If you specify an angle of (f degrees, the plotter uses a
very small chord angle instead.

A CC ingtruction without parameters (CC;) establishes the default of 5
degrees. The CC instruction remains in effect until another CC instruc-
tion is executed, or the plotter is nitialized or set to default conditions,

The following table summarizes the possible error conditions or un-
expected results that you might observe with the CC instruction.

Condition Error Plotter Response g‘(
no parameters none | establishes b-degree chord E:S
angle &
parameter larger than =45 | none establishes 45-degree angie' gj
parameter equal to 0 none establishes very small angle “
more than 1 parameter 2 executes first parameter
parameter out-of-xrange 3 ignores instruction

Example — Effects of Changing Character Chord Angles

Increasing the chord angle decreases the number of chords used to
construct a character, thereby decreasing the time required to draw the
character and producing a rougher-looking character. Decreasing the
chord angle has the opposite effect. The following program lines illus-
trate these effects.
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"IN SR
WCS10:813.6,4.8;PR1000,5000;"

" CC45; LBD" +CHR$ (3)+" CC30; LBD" +CHR$ (3)

WECP-2, -, P5;CCIS; LBDY +CHRS (3 )+ CCS; LBD" +CHR$ (3)

113 SPO; i1

/

45-Degree Chord Angle 30-Degree Chord Angle

15-Degree Chord Angle 5-Degree Chord Angle

The User-Defined Character
Instruction, UC

USES: The UC instruction draws a character that you design. Use
this instruction fo create symbols not included in the plotter’s character
sets, or to draw logos.
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SYNTAX: UC (pen control,) X-increment, Y-increment
(, pen control) (,...) term
or
UC term

Parameter Format Range Default

pen control integer STANDARD: ™ pen up
=199 = pen down
< ~99 = pen up

ENHANCED:*
=-+8999 = pen down
<8999 = pen up

X-and Y- integer STANDARD:™ none
increments —98 to 98
ENHANCED:™
~8998 to 9998

(hoth in primitive
grid units)

*The ranges depend on the setling of the front-panel sTanparp/ENBANCED fugction key, as
shown. The pen control parameters cannot exceed the plotter’s range of ~2% to 2% 1.

EXPLANATION: A UC instruction without parameters (UC;) causes
the pen to move to the carriage-return point. A UC instruction with
parameters draws the character specified by the parameters. The param-
eters are interpreted as follows.

1. Pen Conirol. The UCinstruction initially raises the pen (regardless of
the current pen status). Therefore, the character will not be drawn if
you do not include at least one pen down parameter. Once a pen down
parameter is specified, the pen remains down for subsequent XY
increment moves until a pen up parameter is specified or the UC
instruction is terminated. You can include as many pen control
parameters as vou need to draw your character. Upon termination of
the UC instruction, the pen is raised and moves to the next character
origin, as determined by the character plot cell and any extra space set
by the ES instruction. The current pen status is then restored.
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2. XY Increments. The X,Y increment pairs represent relative positions
on a primitive grid thatis superimposed on the character plot cell. (The
resolution of the primitive grid depends on the setting of the STANDARD/
ENHANCED function key, and is described later in this section.)

The UC instruction initially sets the pen position at 0, 0 on the primi-
tive grid. The pen then moves consecutively to the points defined by the
XY increment pairs. You can include as many X,Y increment
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pairs as you need to draw your character. The X)Y increments are
interpreted as follows. All references to the right, left, up, and down
are relative to the current label direction.

¢ The X-increment specifies the number of primitive grid units that
the pen will move horizontally from the current pen position on
the grid. A positive increment moves the pen to the right; a
negative increment moves the pen to the left.

® The Y-increment specifies the number of primitive grid units that
the pen will move vertically from the current pen position on the
grid. A positive increment moves the pen up; a negative increment
moves the pen down.

To define a character, you must specify the X,Y increments in primitive
grid units. The plotter interprets the primitive grid units according to
the setiing of the STANDARD/ENHANCED function key, as shown in the

next table,
Function Key Primitive Grid Resolution
of Character Plot Cell

STANDARD 1 space = 6 grid units

{either fixed-space 1 line == 16 grid units

of variable-space font

currently selected) To match the size of other characters
drawn with LB, BL,, and PB instructions,
restrict the character to a 4 X 8 grid.

ENHANCED 1 space = 48 grid units

(fixed space font 1 line = 64 grid units

currently selected)
To match the size of other characters
drawn with LB, BL, and PB instructions,
restrict the character to a 32 X 32 grid.

ENHANCED 1 space = 42 grid units

{(variable-space font 1 Iine = 72 grid units

currently selected)
To match the size of other characters
drawn with LB, BL, and PB instructions,
restrict the character to a 28 X 36 grid.
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The following illustrations show the various primitive grids. Notice that
the number of grid unitsin a character plot cell does not change. However,
the size of the cell can change. That is, if you issue a character size
instruction (SI or SR), the cell will always be 1.5 times the specified width
and 2 times the specified height. Thus, the cell can belarger or smaller, but
the number of grid units in the cell will always be the same.

You can extend your character into the area normally reserved for the
space around a character, and even into the next character plot cell. This
is illustrated in the example at the end of this section. However, if you
want your character to be the same size as characters in the font you've
selected, confine your character to the grid sizes noted in the previous
table (e.g., 28X 36 for variable-space fonts in the ENHANCED mode).

SPACE
6 GRID UNITS

LINE
“"h1sGRID UNITS

CHARACTER ; ]
HEIGHT € g :
8 GRID UNITS

CHARACTER 1w

ORIGIN
CHARACTER WIDTH
POINT 4 GRID UNITS

STANDARD Mode, Any Font Selected
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SPACE
48 GRID UNITS

LINE
64 GRID UNITS

CHARACTER
HEIGHT
32 GRID UNITS

— /
—

CHARACTER WIDTH
32 GRID UNITS

ENHANCED Mode, Fixed-Space Font Selected
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SPACE
42 GRID UNITS

o e .} LINE
e o 72 GRID UNITS

CHARACTER
HEIGHT
36 GRID UNITS

\\l s
CHARACTER WIDTH
28 GRID UNITS

ENHANCED Mode, Variable-Space Font Selected

User-defined characters are drawn using the current direction (DI or
DR), size (SI or SR), and slant (SL). The user-defined character is also
subject to the vertical positioning component of the carrent LO instruc-
tion, but not to the horizontal positioning component.

As soon as the UC instruction is executed, the character defined by its
parameters is drawn. To draw the character more than once, you need
to put the UC instruction and parameters in a loop, as shown later in
the example, or issue the UC instruction each time you want the
character drawn. If you want to define a character and be able to
access it repeatedly in a labeling instruction, refer to The Download-
able Character Instruction, DL, described next in this chapter.

The table on the following page summarizes the possible error conditions
or unexpected results that you might observe with the UC instruction.
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Now delete line 70 and run the program again. Notice that while the
E’s are drawn with normal spacing, the 3’s are partially superimposed.
After drawing the user-defined character, the pen always moves to the
next character plot cell measured from the original character origin. In
this case, part of the 3 extends into the next character plot cell.

eEEEE

As mentioned in the explanation of the UC instruction, you can change
the size of a user-defined character with the SI or SR instructions.
‘However, you can also change the size by specifying different incre-
ments in the UC instruction itself. In the previous examples, the T was
twice as high and twice as wide as the E because the X was drawn to
the full height and more than the full width of the cell. Now reduce the
¥ so that it is the same height and width as the E. To do this, change
line 60 of the previous program by dividing each X,Y increment by two,
as shown. The ¥ is now confined to the 32 X 32 grid for characters in a
fixed-space font. This is obvious when you plot the E’s and ¥’s together.

NOTE: Although this program line is printed on two lines to fit on this
page, you should send it to the plotter as one string. M

80 PRINT #1, "UC32,28,989%,0,4,-32,0,16,-16,-16,
-16,32,0,0,4;"

cEEE

AN IIDD > T

The Define Downloadable Character
Instruction, DL

USES: The DL instruction enables you to design characters and save
them in a buffer for convenient repeated use in labeling instructions.
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You can use separate DL instructions to specify up to 94 characters,
which the plotter treats as a fixed-space character set. Use the DL
instruction fo create characters or symbols not included in the plotter’'s
character sets, or to create another type style.

SYNTAX: DL character number (, pen control), X-coordinate,

Y-coordinate (,...) (, pen controlj (,...) ferm

or

DL character number term

or
DL term
Parameter Format Range Defauli

character number integer 33-126 none
pen control integer —128 none
X-and Y- integer —127-127 none
coordinates primitive grid units

EXPLANATION: A DL instruction without parameters (DL;) clears
the entire downloadable character buffer. A DL instruction with only
the first parameter {character number) clears only that character from
the buffer. A DL instruction with more than one parameter defines a
character and places the character in the downloadable character
buffer. The parameters are interpreted as follows.

1.

Character Number. The first parameter of the DL instruction is
always interpreted to be the character number, which is the decimal
code that you assign to the character being defined. You are limited
to the printing characters, decimal codes 33-126, for identifying
downloadable characters. If the character number has been pre-
vicusly defined, the new definition overwrites the old one. -

Pen Control. This parameter raises the pen for the next XY coor-
dinate pair only. The pen control parameter is optional when it
immediately follows the character number. This is because the first
XY coordinate pair always defines a move with the pen up, regard-
less of the current pen status or the pen control parameter (if any).
Except when preceded by the pen control parameter, all subseqguent
parameter pairs define a draw with the pen down.

X- and Y-coordinates. The XY coordinate pairs represent absolute
positions on the primitive grid. The point 0,0 is the character origin
of the character plot cell. You can place up to 255 pen control
parameters and X,Y coordinates in a DL instruction.

Defining a downloadable character is similar in concept to defining a
character with the UC instruction, in that parameters are expressed in
terms of a primitive grid. However, note these differences:
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e the DL instruction uses absolute coordinates (the UC instruction uses
relative increments)

e in the DL instruction, the first pen movement is always with the pen
up (in the UC instruction, you can place the pen down for the first
movement)

® only one grid is used in the DL instruction, regardless of the setting
of the STANDARD/ENHANCED function key or the current character font
{the UC instruction uses one of three grids)

The primitive grid that the DL instruction uses has the same resolution
as the grid that the UC instruction uses when a fixed-space font has
been selected in the ENHANCED moade. (The character occupies 32X 32
grid units, and the cell is 48 X 84 grid units.} This is also the same grid
used internally for all of the plotter’s fixed-space fonts. The example at
the end of this section shows the primitive grid and character plot cell.
Note that characiers should be defined within the 32 X 32 area to be the
same size as other fixed-space characters, However, you can define
characters anywhere within a range of —127 to 127,

Before defining a character with the DL instruction, you should allocate
space in the downloadable character buffer; refer to Allocating Memory
for Downloadable Characters later in this section, You can define up to
94 characters, using separate DL instructions for each character. You
can also define characters in any order (for example, decimal code 39
then decimal code 34, or vice versa).

When you have defined one or more downloadable characters, they
reside in character set —1. Therefore, you can access a doewnloadable
character in a labeling instruction (LB, BI, PB, or SM} in the same
manner as you would access a character from any other character set.
Simply designate and select (or invoke) character set —1. Note that
when you access a downloadable character in the SM instruction, it
will not be centered unless it was defined that way {centered within the
32 X 32 portion of the grid).

Because downloadable characters are drawn by labeling instructions,
they are subject to the current size (SI or SR), direction (DI or DR),
slant (SL), label origin (L0), and extra space (ES) settings. Also, after
any downloadable character is drawn, the pen moves fo the next
character origin. Therefore, if you have defined a character that is
larger than the normal 32 X 32 portion of the character plot cell, you
might need to use CP, ES, PA, or PR instructions to prevent the next
character from being superimposed on the oversized character. This
effect is similar to what happens with user-defined characters that
extend beyond the character plot cell; refer to the UC instruction for an
example.
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A DL instruction remains in effect until another DL instruction for the
same decimal code is executed, a DL; instruction is executed, or the
plotter is initialized or set to default conditions.

The following table summarizes the possible error conditions or un-
expected results that you might observe with the DL instruction.

Condition Error Plotter Response
no parameter none | clears the downloadable
character buffer
1 parameter none | clears the specified character
from the downloadable
character buffer
odd number of coordinates 3 ignores instruction

or pen control parameter
with no coordinates

more than 255 pen control, 2 executes first 255 parameters
X-coordinate, and
Y-coordinate parameters

parameter out-of-range 3 ignores instruction
downloadable character 7 erases new and previous
buffer overflow character definition for that

decimal code

Allocating Memory for Downloadable Characters

o Before you define a character with the DL instruction, you must
........ : allocate space in the downloadable character buffer with the GM or
ESC.T instruction. Each character requires:

o
o
B
L
©
Ef?‘;
b
=
jo)
b
m

& one byte for each pen control parameter
e one byte for each X-coordinate

& one byte for each Y-coordinate

& one additional byte for the byte count

The minimum amount of space required for downloadable characters is
454 bytes for overhead, plus whatever you need according to the above
formula to define each character. For the gamma defined in the pro-
gram in the following example, vou would need to allocate a minimum
of 464 bytes: 454 for overhead, 1 for the implied pen down, 8 for the
coordinates, and 1 for the byte count. If you were to define an additicnal
character(s), you would need to add the correct number of bytes for pen
control, XY coordinates, and byte count. However, you would not need
to add 454 again. Refer to the GM instruction in Chapter 3 or the
ESC.T instruction in Chapter 14 for syntax details.
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The downloadable character buffer is cleared when the plotier is initial-
ized or set to default conditions, and upon receipt of a GM or ESC.T
instruction. When the buffer is cleared, all characters in set —1 become
undefined. Response to these characters in a label string follows the
current fallback mode as defined in the CM instruction.

Example — Defining a Downloadable Character

The following example shows how to define the gamma symbol as a
downloadable character and use it in a label string. For your reference,
the character plot cell with the gamma symbol is shown after the
program explanation.

The symbol for gamma 1is T

10 “Insert configuration.statement here

20 PRINT #1, CHR$(27)+",T1024;4;482:"

30 PRINT #1, CHR$(Z73+" L ;"

40 INPUT #1, A

SO PRINT #1, "IN;SP1;CR-1:;51.3,.4;"

60 PRINY #1, "DLB5,10,0,10,30,28,30,28,24;"

70 PRINT #1, "PR10QCO,5000;"

BO PRINT #1, "LBThe symbol for gamma is “+CHRS$(14) ;
+" H“+CHR$(3) ...... B

80 PRINT #1, "5PO;"

100 END

NOTE: If your computer cannot read an output statement, replace lines
20 through 40 with thisline: 20 PRINT #1, "GMO,500;" MW

Program Explanation

10 defines the plotter as the system printer — change as necessary for
your computer

20 allocates 1024 bytes in the 1/0 buffer (default), 4 bytes in the poly-
gon buffer {the minimum), and 462 bytes in the downloadable
character buffer. Note the colon () terminator for this instruction.

30 causes the program to pause until all of the bytes are allocated in
the buffer by requesting that the plotter output the I/0 buffer size
when it is empty

40 reads the output response generated by line 30. (The actual response
is not important, but it should be read by the computer anyway.
Refer to Chapter 14 for hints on uging the ESC. L instruction with
the ESC. T instruction, and to Chapter 13 for methods of reading
the output response.)
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50 initializes the plotter; selects pen 1; designates the downloadable
set (—1) as the alternate character set; specifies an absolute char-
acter size

60 designates decimal code 65 to be the downloadable character, then
defines the gamma symbol

80 draws the label, shifting out to the alternate set (decimal code 14)
to print the gamma — the gamma is decimal code 65, which is
obtained by entering A from the keyboard

90 returns the pen to the carousel

The character plot cell is shown next, with the gamma symbol. Re-
member that you use absolute coordinates for defining the character.
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48 GRID UNITS
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G4 GRID UNITS
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CHARACTER WIDTH
32 GRID UNITS
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Chapter 1 2

Digitizing

 What Yowll Learn in This Chapter

You can use your plotter as a digitizer as well as a plotter. Digitizing
means moving the pen to a point on the plotting surface, entering the
point, and sending the XY coordinates of that point to the computer.

In this chapter yvou'll learn how to:

& use HP-GL instructions to digitize

& verify that an XY coordinate point has been entered
& write a program for digitizing

The three digitize instructions are presented first, followed by program-
ming advice,

NOTE: In order to use the plotter to digitize, your computer must be
able to read data from the piotter. If you are programming in a high-
level language, such as BASIC, you cannot digitize using HFP Touch-
screen (150) computers in an HP-IB configuration. Some computers
(such as HP Series 80 computers), require an /O ROM to obtain
digitized points. B

HP-GL Instructions Covered

DP Digitize Point Instruction
OD  Output Digitized Point and Pen Status Instruction
DC  Dagitize Clear Instruction

Terms You Should Understand

If vou are unfamiliar with any of these terms, refer to the glossary at
the end of the manual.

Ikl
B |
5
s

Digitize — to convert a physical position (defined by XY coordinates)
to numerical information that can be understood by the computer.
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Output Terminator — the character(s) sent by the plotier at the end of
the response to an output instruction.

Preparing Your Plotter for Use as a
Digitizer
Although you can use a pen for digitizing, we recommend you use a
digitizing sight, which is available as an accessory (Part No. 09872
80066). Load the sight into the pen holder just as you would load a pen.

Refer to the following picture. For highest accuracy, digitize with the
sight in the pen down posifion.

TE50-A-8-1

Loading the Digitizing Sight
To avoid smearing ink on the tip of the digitizing sight, do not load the
digitizing sight directly into the pen carousel.

NOTE: If you are using the HP-IB interface, you cannot digitize while
the plotter is in listen-only mode. When the plotter is in listen-only
mode, it cannot send the coordinates of a digitized point to the
computer. ¥

The Digitize Point Instruction, DP

USES: The DP instruction allows you to digitize points on the plotter.
{Jse this instruction to input data for a graphics program or to obtain
the coordinates of a point or peints on a plot,

SYNTAX: DP term

EXPLANATION: When the plotter receives the DP instruction, auto-
matic pen lift and storage are suppressed, and the message DIGITIZE
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POINT is displayed, along with a flashing asterisk (*) under the ENTER
key. Use the cursor keys to move the digitizing sight to the desired
position, lower the sight, and then press ENTER. Pressing ENTER sets bit
position 2 of the status byte, indicating a digitized point is available for
output. Use the OD mstruction to retrieve the XY coordinates of the
point and the pen status (up/down).

After you press ENTER, automatic pen lift and storage are reactivated
and the digitize message is replaced with the current front-panel
display.

Using a parameter with the DP instruction generates error 2 (wrong
number of parameters), and the plotter executes the DP instruction
anyway.

- The Output Digitized Point and Pen Status
- Instruction, OD

USES: The OD instruction outputs the XY coordinates and pen
status (up/down} associated with the last digitized point. Use this
instruction after DP and ENTER to return the coordinates of the digitized
point to the computer.

SYNTAX: OD term
RESPONSE: XY, penstatus [TERM]

EXPLANATION: The pen position (X,Y coordinates) and status
(up/down) are cuiput to the computer as three integers in ASCII,
separated by commas and followed by the cutput terminator. The pen
position is in plotter units if the plotter is in $TANDARD mode, and in
current units if in ENHANCED mode. The ranges of the XY coordinates
are the hard-clip imits of the plotter. The pen status is either 0 {pen up)
or 1 (pen down).

When the plotter receives the O instruction bit position 2 of the status
byte is cleared.

After vou send the OD instruction, have your program read the plotter’s
output response. The timing of output depends on which interface you
are using (RS-232.C or HP-IB). Refer to Hints for Obtaining Plotter
Cutput in Chapter 13, for more information.

Using parameters with the OD instruction generates error 2 (wrong
number of parameters), and the plotter executes the OD instruction
anyway.
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The Digitize Clear Instruction, DC

USES: Use the DC instruction to terminate digitize mode. If you are
using an interrupt routine in a digitizing program to branch to another
plotting function, you could use DC to clear the digitize mode immedi-
ately after branching.

SYNTAX: DC term

EXPLANATION: When the plotter receives the DC instruction,
digitize mode is terminated, automatic pen lift is reactivated, and the
digitize message is replaced with the current front-panel display.

Using a parameter with the DC instruction generates error 2 (wrong
number of parameters), and the plotter executes the DC mnstruction
anyway.

Digitizing with the Plotter

When vou are digitizing, make sure that a point has been entered
before attempting fo retrieve that point with the OD instruction. The
three methods for doing this are explained next, and program examples
are given.

Manual Method

The manual method is the easiest method of digitizing to understand.
It is not efficient in applications where many points will be entered, or
in cases where human intervention in program execution is not
possible. To implement the manual method:

1. In a program, send a DP instruction to the plotter.

2. Next, use a statement that will cause the program to display or print
a message prompting you to enter a point.

3. Follow the prompt with a statement that will canse the program to
pause until instructed to continue. Using the BASIC INPUT state-
ment and entering an empty string will work on some systems.
Some versions of BASIC use statements such as STOP, WAIT, or
PAUSE.

4. Move the digitizing sight (or pen) to the point to be entered, using
the front-panel eursor control keys. Complete final positioning with
the sight (or pen) down. Press the ENTER button on the plotter.

5. Now cause the program to resume. If you used an INFUT staterment
in step 3, press the RETURN key on the computer. The way you
resume program execution depends on the statement you used to
halt the program.
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6. The next steps of the program, in order, should be an OD instruction
to the plotter, a read statement by the computer to read the XY
coordinates and the pen status, and then steps to process the
digitized data.

Using this method, vou do not need to monitor the status byte because
the program does not proceed to the OD instruction until you enter a
point and cause the program to resume. The following example uses
this method.

You can also use a simpler procedure using OA or OC instead of OD. If
vou do, omit the DP in step 1 and pressing ENTER in step 4. Refer to
Chapter 13 for descriptions of the OA and OC instructions.

Example - Digitizing Using the Manual Method

The following program digitizes a single point and displays the coordi-
nates and pen status.

NOTE: Check your computer documentation to see how your computer
reads input from the plotter, it may vary from the example shown here.
HP Touchscreen {150) computers will require use of a separate file for
output and input, only one of which may be open at a given time. Refer
to Chapter 6, Plotter Interconnection, in the Operation and Inter-
connection Manual for an example.

10 “Insert configuration statement here
20 PRINT #1, "DP;"
3¢ PRINT "Enter a point, then press Return®
40 INPUT N$
50 PRINT &1, *@QL;"
B0 INPUT #2, X,Y,P
" 70 PRINT X,Y,P
o BO EHWD

Monitoring the Status Byte

The second method monitors bit position 2 (the third least significant
hit) of the plotter’s status byte, which is set when a digitized point is
available. Refer to the Output Status Instruction, 08, in Chapter 13 for
more information.

There are a variety of ways to monitor bit position 2, depending on the
instructions available in the computer you are using. The status byte
can be operated on arithmetically to check for the availability of a
digitized point. Executing successive divisions of a number by a power
of two and checking the answer for an odd or even integer is a common
way of monitoring bits without converting the number to binary form.
The following example uses this method.

&
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Example — Digitizing by Monitoring the Status Byte

The following sequence of BASIC instructions will check the proper bit
of the status byte. In line 50, use your computer’'s BASIC read statement
to read the status byte into a variable called Status. (INT is a function
that returns the integer portion of a number.)

10 ‘“Insert configuration statement here
20 PRINT #1, "DP;"

30 PRINT "Enter a point by pressing ENTERY
40 PRINT #1, "05;"

5C INPUT #1, STRTUS

80 GTATUS = INT(STRATUS 47

70 IF STATUS = INT (STRATUS~Z21%2 THEN 40
80 PRINT #1, "00;"

80 INPUT #1, X,Y,P

100 PRINT X,Y,P

110 END

Program Explanation
10  establishes HP-IB or RS-232-C interface conditions
20  prepares plotter to accept a digitized point

30  prompts vou to enter a point on the plotter and press
ENTER on the plotter

40  sends the output status instruction

50  reads the status

60  shifts bits right by two positions

70 if a point hasn’t been obtained, reads status again
80  outputs the digitized point

90 reads XY coordinates and pen status {(up/down)

100 displays XY coordinates and pen status

Example — Digitizing Many Points

In many applications, a large number of points need to be digitized.
When the computer is used to monitor bit pesition 2, the data points
may or may not be processed immmediately. Generally, you need to
allocate space for the total number of points to be digitized. Then, you
can establish a loop to process the total number of poinis, calling a
subroutine each time to check that a point has been entered.

A complete program follows. When prompted to enter a point, use the
cursor keys to move the pen to the desired position. Now press the
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ENTER button on the plotter. Continue for all 25 points. Their coordinates
will be displayed on the computer’s screen after they have all been
entered.

10 ’Insert configuration statement here
20 DIM X(25),Y(25),P(25)

30 FOR Ce1 TO 285

40 PRINT #1, "DP;"

S0 PRINT “"Enter point *;C

&0 GOSUB 140

70 PRINT #1, "0D;"

BO INPUT #1%, X(C),¥{(CH,P(Cs

S0 NEXT C

100 FGR C=1 TO 25

110 PRINT X(C),¥Y(C),P(C)

120 NEXT C

130 END

140 7 Check bit 2 for digitized point
150 PRINMT #1, "0§;"

160 INPUT #1, STRTUS

170 STRATUS=INT(ETRATUS/4)

180 IF STRTUS=INT(STATUS-Z2)%2 THEN 150
180 RETURN

HP-IB Interrupts and Polling

Advanced programmers, who are thoroughly familiar with the HP-IB
interface, polling technigues, and interrupts can use the third method,
described in this section. Use this technique if your computer can
perform useful tasks while waiting for the digitized point to be entered.

This method involves setting a value of 4 in the S-mask of the IM
instruction {e.g. IM 223, 4, 0 ;) to cause the plotter to generate a service
request when a digitized point is available. With an interrupt routine
enabled for service requests, the computer can send a DP instruction to
initiate digitizing, and then proceed with some other task until the
digitized point is entered. When the point is available, the computer is
interrupted by the service request, and program execution branches to
the routine to process the digitized data.

This routine could simply send an OD instruction and read the digitized
point, or it could perform bit checking of the plotier status byte if
multiple S mask values have been specified to generate the service
request. The status byte can be obtained by serial polling or by sending
an O8 instruction (refer to Chapter 13). Because interrupts and polling
are highly machine-dependent and beyond the scope of this manual, no
examples are given. Refer also to the Input Mask Instruction, IM, in
Chapter 13, and Serial and Parallel Polling in Chapter 15.
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Chapter 13

Obtaining Information
from the Plotter

~~~~~~

What You’ll Learn in This Chapter

In this chapter, you will learn about the conditions under which an error
message, service request, and parallel poll response will occur. You will
also learn how to obtain information from the plotter concerning its
current pen location, error types, factors, identification, options, status,
and the currently installed carousel type.

‘NOTE: HP Touchscreen (150) computers, when used in an HP-IB con-
! figuration, cannot read output from the plotter when programmed in a
high level language. ®

shian

“+ HP-GL Instructions Covered

N IM The Input Mask Instruction
N OA The Output Actual Position and Pen Status Instruction
1 OC The Output Commanded Postion and Pen Status Instruction

OE The Qutput Exror Instruction
OF The Output Factors Instruction
QI The Output Identification Instruction
OO0 The Output Options Instruction
O8 The Output Status Instruction
OT 'The Output Carousel Type Instruction

.. Other HP-GL Output Instructions

The following output instructions are described in other chapiers of this
manual, depending on the type of output they produce. (For example,
the output label instruction, OL, is described with the other label
instructions in Chapter 7.)

. OD The Output Digitized Point Instruction — Chapter 12
] - OG The Output Group Count Instruction — Chapter 10
OH The Ouiput Hard-Clip Limits Instruction — Chapter 9
OK The Output Key Instruction — Chapter 10
OL. The Output Label Instruction — Chapter 7
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OP The Output P1 and P2 Instruction — Chapter 9
OW The Output Window Instruction — Chapter 9

Hints for Obtaining Plotter
Output Responses

NOTE: The foliowing paragraphs discuss the general concepts of obtain-
ing plotter output. You should also be aware of other considerations that
depend on your interface configuration (HP-IB or RS-232.C). Be sure to
read the notes for each interface later in this section. @

The HP-GL output instructions each request a certain type of informa-
tion from the plotter; in other words, they request the plotter to ocutput
certain information. When the plotter executes an output instruction, it
responds by making the requested information available. This is called
the output response. If you wish to obtain the output response for use in
your program, your computer must read the response with an input
statement (such as ENTER, INPUT #1, READ, or READLN). Therefore,
vou should follow a two-step sequence when requesting information from
the plotter, as follows:

1. Execute the desired output instruction just as you would execute any
HP-GL instruction (for example, PRINT #1, “OE ;). Note that none of
the output instructions use parameters.

2. Read the plotter’s output response using an appropriate computer
nput statement for vour language (for example, INPUT #1, A).

Check your computer documentation for the correct input statement to
use, and also for any special configuration requirements.* With
Microsoft® BASIC, vou can use the statement INPUT #1 to read the
plotter’s output response. '

When you read the response, you should specify the correct number and
type of variables that will hold the plotter’s output response. For ex-
ample, if an output instruction will cause an integer to be output, you
should read the response into a numeric variable. With Microsoft@
BASIC, vou would use a statement such as INPUT #1, A (where A is the
variable that will hold the plotter’s output response). Similarly, if an
output instruction will cause a character string to be output, you should
read the response into a string variable, such as INPUT #1, BS.

Some output instructions cause more than one piece of information to be
output. If so, the plotter sends a comma between each piece of informa-
tion. For example, the OC instruction causes the following output re-
sponse: X-coordinate , Y-coordinate , pen status. For instructions that

*Some computers (such as the HP Series 80 computers) require an input/output (1/0) ROM
in order o obtain information from the plotter.
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cause a maultiple output response, be sure to read all of the output
response even if vou only need to know part of the information. When
you read the plotter’s output response, it is removed (cleared) from the
plotter. Thusg, if you do not read all of the output response, the plotter
retains any remaining portion of the response until it is obtained by a
subsequent read operation or until a subsequent output response over-
writes it. For the OC exampie, you would use a statement such as INPUT
#1, A,B,C to read all three responses generated by the OC instruction.
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The descriptions of each output instruction tell you what the plotter’s
responge is. For a summary of the output responses to all HP-GL output
instructions, refer io the table at the end of this chapter.

For examples of obtaining the ploiter's output response, refer to The
Output Label Length Instruction, OL, in Chapter 7; also refer to The
Define Key Instruction, KY, and The Ouiput Key Instruction, OK, both
in Chapter 10.

Notes for HP-IB Configurations

After an output instruction is completely processed, the plotier makes
the requested data available for output. However, the data is not output
until the plotter is instructed to talk by a computer read statement. It is
best to read the output response immediately. If the plotter receives
another output instruction before the current response has been read,
the current response will be overwritten with the new response gener-
ated by the new output insiruction, This could cause you confugion if
you send a read statement expecting a certain response, but you get a
different response.

In order to send the output response to the computer when requested by
a read statement, the plotter must be in an addressable mode. If the

plotter is in the listen-only mode, the computer will not get a response
to its read statement, and typically your program will halt. Therefore,
do not send output instructions to the plotter when the plotter is in
listen-only mode. (Addressable and listen-only modes are described in
Chapter 15.)

The plotter signals the end of its output response with an output
response terminator, denoted in this manual by [TERM]. In an HP-IB
configuration, the output response ferminator is a carriage return
followed by a line feed (CRLE).

The plotter sets the EOI line high concurrently with the output of the
Hne feed (LF) portion of the output terminator. This EOI signal is
interpreted by some computers to mean that the read statement has
been satisfied and program execution can resume. The EOI line is
defined in Chapter 15. Also refer to your computer documentation for
your computer’s interpretation of EOQL
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Notes for RS-232-C Configurations

As soon as an output instruction has been parsed by the plotter, output
occurs according to the handshake protocol established by the ESC. P,
ESC.M, or ESC.N instructions. You should use these instructions to
specify turnaround delays and intercharacter delays as necessary to
assure that output will not be lost because the computer is not prepared
to receive it. The decumentation for your computer should contain
information about whether or not delays are required. Refer also to
Chapter 16 of this manual for more information.

Even though output occurs automatically, you need to read the output
response if you wish to use it in your program. It is best to read the
output response immediately. If the plotter receives another output
instruction while an original output request is being processed, error 10
will be set. In this case, the original cutput instruction will continue
normally, but the new output instruction will be ignored.

The plotter signals the end of its cutput response with an ouiput
response terminator, denoted in this manual by [TERM]. In an RS-232-C
configuration, the output response terminator is a carriage reburn (GR),
unless altered by the ESC.M instruction (refer to Chapter 16 for an
explanation of the ESC. M instruction).

The Input Mask Instruction, IM

USES: The IM instruction controls the conditions under which HP-GL
error status is reported, the conditions that can cause an HP-IB service
request, and the conditions that can cause a positive response to an HP-1B
parallel pell. Use this instruction with either the HP-IB or RS-232-C
configurations to change the conditions under which HP-GL error status
-is reported. In an HP-IB configuration, use the instruction to enable the
plotter to send a service request when specified bits of the status byte are
set, and/or enable a positive response to a parallel poll under the condi-
tions specified. (IM is not an outputinstruction; i.e., it does not generate a
plotter output response that must be read by the computer. However, IM
does involve 170 operations, so it is included in this chapter. Refer to
Chapter 15 for information on the HP-IB service request and parallel

polling.)
SYNTAX: IM E-mask value (| Smask value {, P-mask value)) term
or
IM term
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Parameter Format Range® Default

E-mask value integer 0-255 223
S-mask value integer (-255 0
P-mask value integer (-255 0

*Refer to the tables on the next pages for each parameter.

EXPLANATION: When initialized or set to default conditions, the
plotter automatically sets the E-mask to 223 (ervor numbers 1, 2, 3, 4, 5,
7, and 8 will be reported), the S-mask to 0 {none of the status-byte bits
can send the service request), and the P-mask to 0 (none of the status-
byte bits can cause a parallel poll response of logical 1). An IM instruc-
tion without parameters (IM ;) automatically sets the values to 223,0,0.
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In the RS-232-C configuration, the S- and P-masks are of no use and are
ignored if present.

1. E-mask. The E-mask value specified is the sum of any combination
of the bit decimal values shown below. When an HP-GL error occurs,
the bit in the E-mask corresponding to the error number is tested to
determine if the error bit {(bit 5} of the status byte s to be set and the
error is to be displaved on the front panel. Refer to The Output
Status Instruction, OS, later in this chapter. If a bit is noi set, there
is no way to determine if that error occurred.

E-Mask Bits
D\?;iiai Bit No. | Error No. Meaning

1 0 1 Instruction not recognized
2 1 2 Wrong number of parameters
4 2 3 Bad parameters received
8 3 4 Nof: used

16 4 5 Unknown character set

32 5 6 Pogition overflow

64 8 Buffer overflow

128 7 8 Not used

An F-mask valueof 60(4 + 8 + 16 -+ 32) specifies that errors 3 through
6 will set the error bit in the status byte and will be displayed on the
front panel whenever they occur. Errors 1 and 2, however, will not set the
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error bit or be displayed if they occur, since they are not included in
the E-mask value. Errors 4 and 8 never occur. Therefore, specifying
these errors in the E-mask has no effect.

9. S-mask. The S-mask value specified is the sum of any of the bit
decimal values shown below., When a bit of the status byte changes
value, the status byte is ANDed with the S-mask in a bit-by-bit
fashion to determine if bit 6 of the status byte is to be set and the
service request sent. Bit 6 is cleared by a serial poll; it will not be set
again until one of the conditions specified by the S-mask value
occurs again. (Refer also to The Output Status Instruction, OS, later

in this chapter.)
5-Mask Bits
Decimal Sf.a%:us Meaning
Value Bit No.
1 0 Pen down
2 1 P1 or P2 changed
4 2 Digitized point available
8 3 Initialized
16 4 Ready for data (buffer empty)
32 5% Error
64 6 Not used
128 7 Not used

For example, an S-mask value of 16 specifies that the ready-for-data
bit (bit 4) of the status byte will set bit 6, which will send the service
request message. The other bits (bits 0 through 3, bits 5 through 7)
will not set bit 6.

3. P-mask. The P-mask value specifies which of the status-byte con-
ditions will result in a logical 1 response to an HP-IB parallel poli, as
shown in the next table.
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P-Mask Bits

Decimal Sf,atus Meaning
Value Bit No.

1 0 Pen down
2 1 P1 or P2 changed
4 2 Digitized point available
8 3 Initialized

16 4 Ready for data (buffer empty)

32 5 Error

64 6 Not used’

128 7 Not used

For example, a P-mask value of 48 specifies that only hits 4 and 5
{16 -+ 32) of the status byte can cause the plotter to respond to a

parallel poll with a logical 1 on the appropriate data line.

The following table summarizes the possible error condifions or un-

expected results that you might observe with the IM instruction.

more than 3 parameters

parameter out-of-range

Condition Error Plotter Response
no parameters none establishes default values
of 223,0,0

executes first 3 parameters

ignores instruction

The Output Actual Position
and Pen Status Instruction, OA

USES: The OA instruction forces execution of all instructions cur-
rently in the vector buffer and then outputs the X- and Y-coordinates
and pen status (up or down) associated with the actual pen position.
Use this instruction to determine when the vector buffer is empty, and
the pen’s current position in plotter units. You might use this informa-
tion to position a label or figure, to determine the parameters of some
desired window, or to determine the pen’s current position if it has been

moved using front-panel cursor keys.
SYNTAX: 0OA term
RESPONSE: X-coordinate, Y-coordinate, pen status [TERM]
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EXPLANATION: The pen position and status are output to the com-
puter as integers in ASCII, separated by commas. The X- and Y-coordi-
nates are output in plotter units; their ranges are the current hard-clip
limits. The pen status is either 0 {(pen up) or 1 (pen downy}.

If you include a parameter with the OA instruction, error 2 (wrong num-
ber of parameters) is generated, and the plotter executes the OA instruc-
tion anyway.

' The Qutput Commanded Position and
| Pen Status Instruction, OC

USES: The OC instruction outputs the X- and Y-coordinates and pen
status (up or down) associated with the last valid pen position instruction.
Use this instruction to determine the pen’s last valid commanded position
in plotter units or user units, depending on whether scaling is off or on.
You might use this information to position a label or figure, or determine
the parameters of an instruction which moved the pen to the limits of
some window. This instruction is especially useful when the pen is
physically at the plotting limits and the pen position does not coincide
with the instructed position, or when output in user units is desired.

SYNTAX: OC term
RESPONSE: X-coordinate, Y-coordinate, pen status [TERM]

EXPLANATION: The pen position and status are output to the
computer as decimal numbers or integers in ASCII, separated by
commas.

When scaling is off, the X- and Y-coordinates are integers in plotter
units. When scaling is on, the X- and Y-coordinates are decimal numbers
in user units, In either case, the range is —2% to 2% —1. The pen status is
either 0 (pen up) or 1 (pen down). The plotter outputs a negative sign for
negative numbers; positive signs are suppressed.

If you include a parameter with the OC instruction, error 2 (wrong num-
ber of parameters) is generated, and the plotter executes the OC instruc-
tion anyway. '

The Output Error Instruction, OE

USES: The OF instruction outputs the number corresponding to the
first HP-GL error (if any). Use this instruction to determine the type of
the first ervor when debugging programs.

SYNTAX: OF term
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RESPONSKE: error number [TERM]
EXPLANATION: When an OF instruction is received, the plotter

converts the last HP-GL error to a positive integer in ASCIL The error | g :
numbers are defined below. B
2 |
HP-GL Meaning ﬁ% ﬁ
Error No. g
0 No error ; ’§ :
1 Instruction not recognized -
2 Wrong number of parameters
3 Out-of-range parameter, or illegal character
4 Not used
5] Unknown character set
6 Position overflow
7 Buffer overflow
8 Not used

After execution of an OF instruction, bit position & of the status byte is
cleared (f set), and the error message 1s removed from the front-panel
display.

If you include a parameter with the OE instruction, error 2 (wrong num-
ber of parameters) is generated, and the plotter executes the OE instrue-
tion anyway. '

The Output Factors Instruction, OF

USES: The OF instruction ocutputs the number of plotter units per
millimetre in each axis. This instruction enables the plotter to be used
with software which must know the size of a plotter unit.

SYNTAX: OF term
RESPONSE: 40,40 [TERM]

EXPLANATION: The plotter always outputs the ASCII integers 40
and 40, separated by a comma. These factors indicate that there are 40
plotter units per millimetre in the X-axis and in the Y-axis (0.025-mm
per plotter unit),

If you include a parameter with the OF instruction, error 2 (wrong num-
ber of parameters) is generated, and the plotter executes the OF instruc-
tion anyway.
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y The Output Identification Instruction, Ol

USES: The Ol instruction outputs the plotter's model number. This
ingtruction is especially useful in a remote operating configuration to
determine which model of plotter is on-line.

SYNTAX: O term
RESPONSE: 7550A [TERM]

EXPLANATION: The plotter always outputs its model number and
letter as a B-character string.

If you include a parameter with the OI instruction, error 2 {wrong num-
ber of parameters) is generated, and the plotter executes the OI instruc-
tion anyway.

The Output Options Instruction, Q0

USES: The 00 instruction outputs eight option parameters. This in-
struction is especially useful in a remote operating configuration to
determine which options are available in the plotter that is on-line.

SYNTAX: OOC term
RESPONSE: (Refer to the EXPLANATION below.)

EXPLANATION: The plotter always outputs the following eight
ASCII integers, separated by commas:

C,1,0,0,1,1,0,1 [TERM]

L T—Indicates plotter has configurable graphics memory.
Indicates plotter has polygon fill instructions.
Indicates plotier has pen select capability.

Indicates plotter has arc and circle instructions.

—Indicates status of plotter’s paper check and paper feed bits.

C can take on a value from 0 to 3, depending on the following settings
of the paper check bit and the paper feed bit. The paper check bit is set
10 “1” whenever the plotter has drawn a mark on a piece of paper;
otherwise, it is set to “0.” The paper feed bit is set to “1” when the
plotter is in automatic paper feed mode; it is set to “0” when the plotter
is in manual paper feed mode.
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C Paper Check Paper Feed
Bit Bit o
&
0 0 0 §
1 1 2.
2 1 4] &
3 1 1 £
.
E

For example, if you execute the OO instruction and receive a value of 2
- for C, this means the plotter has drawn a mark on the paper and it is in
manual paper feed mode.

If you include a parameter with the OO instruction, error 2 (wrong num-
ber of perameters) is generated, and the plotter executes the Q0 instruc-
tion anyway,

~ The Output Status Instruction, OS

USES: The OS instruction outputs the decimal equivalent value of the
status byte. Use this instruction in debugging operations and in digitiz-
ing applications.

SYNTAX: 0OS term
RESPONSE: status [TERM]

EXPLANATION: Upon receipt of the OS instruction, the internal
8-bit status byte is converted to an ASCII integer between 0 and 255.
The status-byte bits are defined below.

Ds;iﬁ;al Bit No. Meaning
1 0 Pen down
2 1 P1 or P2 newly established; cleared by OP
4 2 Digitized point available; cleared by OD
8 3 Initialized; cleared by OS
16 4 Ready for data (buffer empty)
32 5 Error; cleared by ORE
64 6 Request service
128 7 Not used (always set to “0”)
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When the plotter is first turned on, the status is 26: the sum of 2 (P1
and/or P2 newly established), 8 (initialized), and 16 (ready for data).

Upon execution of an OS instruction by the piotter, bit position 3 is
cleared and the status is 18: the sum of 2 (P1 and/or P2 newly estab-
lished) and 16 (ready for data).

If vou include a parameter with the OS instruction, error 2 (wrong num-
ber of parameters) is generated, and the plotter executes the OS instruc-
tion anyway.

| | The Output Carousel Type'lnstruction, oT

USES: The OT instruction cutputs the current carousel type and stall
occupancy information. This instruction is especially useful in a remote
operating configuration to determine the carcusel type and occupied
pen stalls,

SYNTAX: OT term
RESPONSE: type, map [TERM]

EXPLANATION: The current carousel type and its pen map are out-
put as two ASCII integers, separated by commas.

The type field can contain the values —1 through 4, which have the
following meanings:

\'If‘glfx ee Meaning
-1 Carousel of unknown type is installed
0 Carousel is not installed
1 Carousel for paper fiber-tip pens is installed | . .
2 Carousel for roller-ball pens is installed
3 Carousel for drafting pens is installed
4 Carousel for transparency fiber-tip pens is installed

The map value is defined as the sum (0 through 255) of any ecombination
of the bit decimal values shown on the next page. For example, a map
value of 15 (1 + 2-+ 4+ 8) indicates pens are installed only in stalls 1, 2,
3, and 4 of the carousel. A map value of 0 means either all stalls are
empty, or no carousel is installed.
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Decimal Vaiue If Gecupied Pen Stall Number

16
32
64
128
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If you include a parameter with the OT instruction, error 2 {(wrong num-
ber of parameters) is generated, and the plotter executes the OT instroc-
tion anyway.

Summary of Output Response Types

The following table shows the number and type of items in the response
to each HP-GL output instruction. The table includes all output instruc-
tions explained in Chapters 7, 9, 10, 12, and 13. This table will be
"helpful when programming in languages (such as FORTRAN) that
require you to specify the type and number of digits in a variable.

Number of
Instruction | Parameters Type and Range
Heturned®*
OA 3 integers: 1st and 2nd, < 5 digits;
3rd, 1 digit
0ocC .38 1st and 2nd: decimal, integer portion
< 8 digits and fractional portion < 4
digits. 3rd: integer, 1 digit
013] 3 integers: 1st and 2nd, <5 digits;
3rd, 1 digit
OF 1 Integer: I digit
OF 2 integers: 2 digits each

*In addition to these parameters, the oufput terminator [TERM ) is always sent at the end of
outpui, and commas are sent to separate parameters.

{Table continued)
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Number of
Instruction | Parameters Type and Range o
Returned*
OG 2 integers: 1st, << 8 digits; 2nd, 1 digit
OH 4 integers: all << 5 digits
61 1 B-character string
OK 1 integer: 1 digit
OL 3 1st: decimal, integer portion < 3
digits and fractional portion < 4
digits. 2nd and 3rd: integers
< 3 digits
00 8 integers: 1 digit each
OP 4 integers: all << 8 digits
05 1 integer: < 3 digits
oT 2 integers: 1st, 1 digit; 2nd, < 3 digits
OwW 4 integers: all < 8 digits

*In addition o these parameters, the ouiput terminator [TERM] is always sent at the end
of outpus, and commas are sent to separate parameiers.
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Chapter 14

Device-Control
Instructions

- What You’ll Learn in This Chapter

This chapter introduces you to device-control instructions. These instruc-
tions differ from HP-GL in that they control internal plotter conditions,
such as: the configurable graphics memory, input/output, and data flow.
HP-GL, on the other hand, generally controls functions that have a more
obvious effect on plotting, such as: pen movement, scaling, labels, arcs,
circles, and lines. In this chapter, yvou will learn about the purpose of
device-control instructions and how to use these instruections to accom-
plish various tasks. For example, with device-control instructions you
can change the size allocations of the five buffers in the configurable
graphics memory, vou can obtain information about the plotter's 170
errors and extended status, and you can establish monitor mode (a pro-
gram debugging tool).
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‘NOTE: This chapter presenis the device-control instructions that are
useful in eitherinterface configuration (HP-IB or RS-232-C). Unless other-
wise noted, these instructions are interpreted and operate in the same
manner in both interface configurations. If you are using the RS-232-C
configuration, vou shotld refer to Chapter 16 for additional device-control
instructions that are useful in RS-232-C interfacing. W

Device-Control Instructions Covered

ESC.T The Allocate Configurable Memory Instraction
ESC.L The Output Buffer Size When Empty Instruction
ESC.S The Output Configurablie Memory Size Instruction
ESC.@ The Set Plotter Configuration Instruction

ESC.B The Qutput Buffer Space Instruction
ESC.E The QOutput Extended Error Instruction
ESC.0O The Ouiput Extended Status Instruction
ESC.Q The Set Monitor Mode Instruction
ESC.K The Abort Graphics Instruction

ESC.E The Reset Instruction

ESC.A The Output Identification Instruction
ESC.U The End Flush Mode Instruction
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Terms You Should Understand

Parse — to “decode” an instruction and its parameters in a sequential
manner.

Execute — to complete the parsing of an instruction and cause the re- j
quested operation to be performed. fmE

Buffer — an area in the plotter’s memory that is reserved for data stor-
age. This plotter has five unique buffers, described in this chapter under
The Allocate Configurable Memory Instruction, ESC.T.

170 Buffer — the buffer where all incoming graphics (HP-GL) instruc-
tions are stored, parsed, and executed on a first-in/first-out basis. There
aretwo concepts associated with the L/O buffer: physical and logical The
physical 170 buffer is the actual, physical buffer area in the plotier's
memory. The logical I/O buffer is the portion of the physical 1/0 buffer
that limits the number of HP-GL instructions that can be stored while
waiting to be parsed (HP-IB and RS-232-C configurations), and that
determines when to handshake (RS-232-C configurations). Usually the
physical and logical 1/0 buffers are identical. In most applications, this is
desirable. However, it is possible to set a smaller size for the logical 1/0
buffer. Note that the physical and logical 1/0 buffers are not separate
buffers in the plotter's memory. Instead, you should think of the logical
170 buffer as a “subset” of the physical I/0 buffer. For this reason, the
logical I/0 buffer can never be larger than the physical IO buffer. You
can control the size of the physical 170 buffer with the ESC . T instruction,
and the logical I/0 buffer with the ESC. @ instruction.

What Is a Device-Control Instruction?

Device-control instructions serve two basic purposes: to control memory
(buffer) allocation, and to control data transfer between the computer and
the plotter (handshaking eperations). In addition, some device-control
instructions provide information about certain internal plotter conditions
(similar to the HP-GL output instructions).

Device-control instructions are executed immediately upon receipt by the
plotter {as opposed to entering the L/O buffer and being executed on a
first-in/first-out basis, as is the case with HP-GL instructions). The plotter
recoghnizes these instructions because they begin with the single ASCII
escape character, E8S (decimal code 27). Following the escape character,
each Instruction includes a period {.) and a capital letter or other character.
Some instructions also include parameters and a terminator. The device-
control instructions follow specific syntax conventions, which are dif-
ferent from the syntax followed by HP-GL. Device-control syntax is
presented later in this chapter, before the individual descriptions of each
mstruction.
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How and When Do You Send a
Device-Control Instruction to the Plotter?

The principles for sending device-control instructions to the plotter are the
same as for HP-GL: you must send them as a literal string in a computer
output statement such as PRINT, PRINT # OUTPUT, WRITE, or
WRITELN (discussed in Chapter 1). Accessing the character ESG is
similar fo accessing any other single ASCH character. You have two
options: use a computer language-dependent function such as CHR$(27)
to send the decimal code, or use vour keyboard to send the character. On
some computers, you can press a single escape key. On others, you can
access ESC by pressing a combination of keys; for example, on HP Series
200 computers, you can press CTRL [. For more information on these
opfions, refer to Howto Send the Label Terminator and Other Nonprinting
Characters under the LB instruction in Chapter 7.

You should send any device-control instructions that set plotter configura-
tions to the plotter before you send any HP-GL instructions. Examples of
device-control instructions that set plotter configurations are:

¢ Handshaking protocol instructions* — ESC.@, ESC.H, ESC.],
ESC.M, ESC.N,ESC.P,ESC.(ESC.Y,ESC.), and ESC.Z

s Buffer allocation instruetions — ESC. T, ESC., @, and ESC.R
& Monitor mode instructions — ESC.Q and ESC. @

Other instructions, such as those that request the plotter to output certain
information, can be sent to the plotter at any time.
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How Do You Receive Information from
the Plotter? |

All device-control instructions with the word “output” in their title will
cause information to be output. Again, the principles for receiving this
information from the plotter are the same as for HP-GL: to use the
plotter’s output response in a program, vou must enter it into the computer
with a computer input statement such as ENTER, INPUT #, READ, or
READLN. Note that an output response caused by a device-control
instruction is available immediately. If vou do not read the information
immediately, it could get replaced by a subsequent output response, or
cause an error to occur.

Refer to Hints for Obtaining Plotter Output Responses in Chapter 13 for
more complete information and for considerations to be aware of depend-
ing on the interface configuration vou are using (HP-IB or RS-232-C).

*All of thege instructions except ESC . @ are presented in Chapter 16. ESC. @ is presented
in this chapter.
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Syntax for Device-Control Instructions

A complete device-control instruction includes atleast the three-character
sequence consisting of “E8¢” and “.” followed by the capital letter or
character indicating its function (e.g., S, T, or @). Some instructions also
include parameters and a terminator, according to the syntax conven-
tions listed below,

These syntax conventions are used with the device-control instructions
in this chapter and in Chapter 16.

ESC Denotes the single ASCII character, escape (dec-
imal code 27). On many computers you can access
this character by siriking a single key on the
keyboard, or you can use a function such as CHRS$
to send its decimal code.

L1 Brackets indicate that all enclosed parameters
are optional.

() Parentheses indicate that eachindividual param-
eter is optional.

3 The semicolon delimits parameters. If a semi-
colon appears without a parametey, the param-
eter is defaulted.

NOTE: There is no semicolon between the three-
character command sequence {e.g., ES¢. M) and
the first parameter. B

The colon terminates any instruction which may
have parameters and can occur after any valid
number of parameter entries. Any parameter that
is not specified is defaulted. (Some instructions
never have parameters. The colon terminator is
not used with these instructions.)

<DEC> This symbol specifies a decimal value parameter.
For example, the characters 10 would represent
the decimal value ten; the characters 13 would
represent the deciral value thirteen.

<ASC> This symbol specifies the decimal code for an
ASCII character (see the ASCII code definitions
in Appendix A). In this case, the characters 10
would representthe ASCII line-feed character, LF,
and 13 would represent the ASCII carriage-return
character, ER.
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Specifies any number of optional parameters.
Each parameter must be followed by a delimiter
{;} or the terminator {:).

I'TERM] All HP-IB output responses include a carriage
return and linefeed [ERLF] as aterminator, Unless
changed by an ESC . M instruction, all RS-232.C
output responses include a carriage return [CR] as
a terminator.

Default Values; Any parameter may be omitted by entering only

Omitting Parameters the semicolon delimiter; this causes the param-
eter to be set to its default value. (Thus, unlike
HP-GL, it is possible to send an instruction such
asESC.'T';; 2000 ;4000 . The parameters that have
been omitted are set to their default values.) All
parameters may be omitted and therefore set to
default values by entering only the colon ter-
minator after the instruction.

The Allocate Configurable Memory
Instruction, ESC.T

USES: The ESC.T instruction allocates memory in the five separate
buffers of the configurable graphics memory. Use this instruction to
customize memory allocation to fit the requirements of your application
(e.g., to Increase the replot buffer and decrease all other buffers).

SYNTAX: Es¢.T [(<DEC>);(<DEC>);(<DEC>);
(<DEC>) ;(<DEC>)1:

Parameter* Range Default
physical 170 buffer 2-12752 1024
polygon buffer 4-127b4 1’778
downloadable character buffer 0-12 750%* 0
replot buffer 0-12750 9954
vector buffer 44-12794 44

*These parameters are listed in the required order for the ESC . T instruction.

**The minimum is ( when there are no downloadable character definitions (when ne DL
instruction will be executed). However, if there are one or more downloadabie character
definitions, the minimum is 454.
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EXPLANATION: The plotter's configurable graphics memory pro-
vides a total of 12800 bytes that can be divided between five buffers. You
can vary the number of bytes in each buffer, depending on the require-
ments of your application. However, the total number of bytes for all five
buffers cannot exceed 12800. If this happens, the plotter uses an algo-
rithm to decrease the total number of bytes to a maximum of 12800. The
algorithm is described at the end of this section,

As shown in the table on the previous page, each buffer requires a mini-
mum number of bytes. If you specify fewer bytes than the minimum
allowed, the plotter allocates the minimum. Also, if you specify an odd
number of bytes for a buffer, the plotter allocates the next lower even
number (for example, if you specify 145 for the polygon buffer, the plotter
allocates 144 bytes).

The individual buffers are described next. Following these descriptions,
you will find some hints and considerations that you should be aware of
when executing the ESC. T instruction.

1. Physical I/O Buffer. The first parameter specifies the number of bytes
to be allocated in the physical I/0 buffer. The default size of the
physical I/0 buffer is 1024 bytes. This is a convenient size for both
interface configurations. Setting the physical 1/0 buffer too small
slows down data transmission. If you are not using any of the other
buffers, consider setting the physical 1/0 buffer larger. The larger the
buffer, the more data the computer can send to the plotter at a given
time. This means the computer could send all of its data to the plotter
more quickly, freeing the computer to perform other tasks while the
plotter is parsing and executing the data.

NOTE: You should be aware of the relationships between the physical
and logical 1/0 buffers. The physical 1/0 buffer is the actual portion
of the configurable graphics memory where storage and parsing of
HP-GL instructions takes place. There is also a logical 1/0 buffer,
which can be thought of as the operational subset of the physical 1/O
buffer (it is not a separate buffer). The size of the logical 17O buffer
{not the size of the physical 170 buffer) is what limits plotter 1/0
functions such as the number of HP-GL instructions waiting to be
parsed, and threshold levels in certain handshaking methods.

The logical 1/0 buffer cannot be larger than the physical 1/0 buffer.
Therefore, if you decrease the size of the physical 1/0 buffer, the
logical 1/0 buffer automatically decreases to the same size. However,
if you increase the size of the physical 1/0 buffer, the logical 1/0
buffer does not change unless you execute the ESC. @ instruction.
Since the logical I/O buffer size is the limiting factor, you should
always increase it with ESC. @ whenever you increase the physical
1/0 buffer with ESC . T. Refer to The Set Plotter Configuration Instruc-
tion, ESC. @, later in this chapter. W
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2. Polygon Buffer. The second parameter specifies the number of bytes
to be aliocated in the polygon buffer. All polygons defined by the
wedge, rectangle, and polygon instructions (WG, EW, RA, RR, EA,
ER, and PM) are stored in the polygon buffer. If your program does
not use any of these instructions, reduce the size of this buffer so that
other buffers can utilize the unused bytes. If your program does use
any of these instructions, allocate enough bytes for the largest poly-
gon. A good approximation is to allocate 14 bytes for every point in
the largest polygon. However, a more accurate formula is provided in
the last section of Chapter 6, titled The Polygon Buffer. Refer to that
section, also, to learn how to determine the number of points in your
largest polygon. The default size of the polygon buffer is 1778 bytes,
which is sufficient for a polygon with 127 points.

3. Downloadable Character Buffer. The third parameter specifies the
number of bytes to be allocated in the downloadable character buffer.
The default size is 0 bytes. Therefore, if your program defines down-
loadable characters with the DL instruction, you must allocate enough
bytes to store all of the downloadable characters that are defined. The
number of bytes depends on a number of factors, but must be at least
454. A formula is provided in the section titled Allocating Memory for
Downloadable Characters under the DL instruction in Chapter 11.
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4. Replot Buffer. The fourth parameter specifies the number of bytes to
be allocated in the replot buffer. The default size is 9954 bytes. How-
ever, after the plotter allocates the specified number of bytes to the
other four buffers, it automatically allocates any excess bytes to this
buffer to ensure that this buffer is as large as possible. If you do not
intend to replot a drawing, you can reduce this buffer to 0 bytes. Be
aware that unusually long plots could be too large to fit in even the
largest possible replot buffer. (You can buffer plots and then replot
them using the BF and RP instructions, or using front-panel function
keys.)

5. Vector Buffer. The fifth parameter specifies the number of bytes to
be allocated in the vector buffer. The endpoints of the vectors to be
plotted are calculated in the vector buffer. (You can think of a vector
as a line segment. Everything that is plotted, even circles and char-
acters, is actually composed of a series of vectors, whose endpoints
the plotter calculates internally.) Although the default size of the vec-
tor buffer is always 44 bytes, the capacity of the buffer in terms of the
number of vectors it can hold depends on whether the curved line
generator is off (normal plotting) or on. The differences between plot-
ting with the curved line generator off and on are described next, fol-
lowed by hints about the size of the vector buffer.

In normal plotting, the pen stops at the endpoints of each vector as
they become available from the vector buffer, Because of this, you can
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sometimes see a difference in line density at the endpoints, particu-
larly with curved lines such as arcs and circles. This effect can be
minimized by using the curved line generator, which is enabled with
the CV instruction {described in Chapter 10). The curved line gener-
ator causes vectors to be gathered before being released for plotting as
a group. The pen does not stop at each endpoint in this group of
vectors, so the curve appears smoothex.

When the curved line generator is off, the plotter requires 22 bytes per
vector. Thus, the default vector buffer size of 44 bytes will hold 2
vectors. This is sufficient for most applications.

When the curved line generator is on, the plotter requires 10 bytes per
vector. Thus, the default vector buffer size will hold 4 vectors. If you
turn on the curved line generator with the CV instruction, you should
increase the vector buffer so that it will hold the largest group of
vectors that you are plotting; if you do not increase the vector buffer,
the benefit of turning on the curved line generator will be negligible.
(For example, if you are plotting a circle with a 5-degree chord toler-
ance, vou should increase the vector buffer to 720 bytes in order to
hold the 72 vectors that define the circle.)

Note that certain front-panel functions (such as pen select, pen speed,
P1, and P2) are added to the vector buffer and are not executed until
the current vectors have been released. Therefore, when the size of the
vector buffer is large and it becomes full, the plotter will not respond
immediately when you press a front-panel function key.

Hints for Using the ESC. T Instruction to
Allocate Memory

When the ESC. T instruction is executed, it performs the following opera-
tions in this sequence:

¢ (lears the I/0 buffer.
¢ Waits for the vector buffer to empty.

e Clears each buffer in the configurable graphics memory, and allocates
memory as specified in its parameters,

e Resets the parser.

Because of this sequence of operations, there are two programming hints
that you should be aware of, described next.

1. Allocate buffer sizes at the beginning of a program, when the
buffers are empty — before you send any HP-GL instructions
to the plotter. There are two reasons for this. First, if the buffers are
not empty, all data stored in them will be lost when they are cleared
by ESC.T. Second, if you execute an instruction that makes use of
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buffer space and you have not previously allocated enough space, you
will receive error 7 (buffer overflow). This error usually clears the
pbuffer, which means that instructions stored in that buffer (or requir-
ing use of that buffer) will not be executed. If you receive error 7, check
the buffer allocations. You can obtain the current allocations with the
output configurable memory size instruction, ESC. S, described later
in this chapter.

After executing the ESC.T instruction, execute the ESC. L
instruction. The ESC.T mnstruction can take a few milliseconds to
clear the buffers and complete all memory allocations. Therefore, your
program should wait for this to happen before sending any data to
the plotter. The easiest way to accomplish this is with the ESC.L
instruction. This instruction waits until the I/0 buffer is empty and
then outputs the size of the logical I/0 buffer. Therefore, the ESC. L
instruction does not provide an output response until the ESC.T in-
struction has finighed. In this application of the ESC . L instruction,
the numerical value of the logical I/0 buffer size is not important.
However, your program should read the output response before send-
ing more data, in order to avoid potential errors. For examples of
allocating memory with ESC. T and ESC. L, refer to The Fill Polygon
Instruction, FP, in Chapter 6, and to The Define Downloadable Char-
acter Instruction, DL, in Chapter 11. The ESC.L instruction is
described next in this chapter.

Note that you can also execute an ESC. Linstruction before an ESC.T
instruction. You would do this if you suspect the buffers might not be
empty and want to prevent the data loss that would occur when
ESC.T is executed. For example, if you send vour program to the
plotter while the plotter is completing a previous plot, the ESC.T
instruction in your program could cause data for the previous piot to be
lost, unless you execute ESC . L before ESC.T.

Instead of executing ESC.L, you can also determine when the 1/0
buffer is empty by checking bit 3 of the extended status word. You
would do this with the ESC. O instruction. However, this method
could be more inefficient, because you must poll the plotter contin-
ually until the response to the ESC. O instruction indicates that bit
3 has been set (i.e., that the I/0 buffer is empty and ready for data).
If you use this method, be sure to cause the program to wait about 0.1
seconds between successive ESC.O instructions; this allows the
plotter time to execute other instructions. In BASIC, you can use a
WAIT statement or read an empty string, INPUT #1, N§. If you did
not insert a wait, the plotter could spend most of its time responding
to the ESC. O ingtruction and the buffer would take a long time to
become empty.
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How the Plotter Allocates Memory When More Than
12 800 Bytes Have Been Specified

When you specify the number of bytes for each buffer, you should re
member that the total number of bytes available for all five buffers is
12800, If you execute an ESC. T or a GM instruction and the sum of the
five buffer is greater than 12 800, the plotter uses the algorithm described
next to reduce the sum to 12800

First, the plotter determines the number of excess bytes. Then, it reduces
the largest parameter by the excess number of bytes. Note that this could
result in this buffer being reduced to the minimum possible, which might
create a buffer overflow error when you try to run your program. If there
is still an excess, the plotter reduces the next largest parameter by the
excess, and so on until the sum for all five parameters is equal to 12 800.
The following example illustrates this algorithm:

If you send: ESC.T 7024 ;7050;7076;0;100:

The excess number of bytes is; {7024 + 7060 + 7076+ 100)— 12800 =
21 248 — 12800 == 8452

The plotter reduces the largest

parameter (the 3rd parameter,

the downloadable character buf-

fer) to its minimum; the result is:  £8¢.7T7024;7050:0:0;100;

Now the excess is: (7024 + 7050+ 100) — 12800 =
14174~ 12800= 1374

The plotter reduces the next

largest parameter (the 2nd

parameter, the polygon buffer)

by the execess (T050— 1374 =

5674}, so the final buffer

allocations are: ESC.T7024:56676:0;0;100:

Compare this result with the original parameters. If you now try to
define a downloadable character with the DL instruction, the plotter will
return an error 7 (buffer overflow). You might also generate an exvor 7 if
vou execute an instruction that uses the polygon buffer.
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The OQutput Buffer Size When Empty
- Imstruction, ESC.L

USES: The ESC. L instruction outputs the size, in bytes, of the logical
1/0 buffer when it is empty. Use this instruction to determine when the
1/0 buffer is empty. This is particularly helpful to determine when a
memory allocation (ESC.T or ESC.R) or a page feed (PG, AF, or AH)
instruction has been completed before allowing the plotter to parse the
next instruction.

SYNTAX: EsC.L
RESPONSE: <DEC> [TERM]

EXPLANATION: The ESC.L instruction outputs an integer which
is the size of the logical I/0 buffer. The response is not transmitted by
the plotter until the buffer is empty.

When the plotter is turned on, the output response is 1024. However, the
response can be as low as 2 if either the ESC.T or ESC.@ instruction
has reduced the size of the IO buffer, or as large as 12752 if both the
ESC.T and ESC.® instructions have increased the size of the 1/0
buffer,
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.. The Output Configurable Memory Size
Instruction, ESC. S

USES: The ESC.S instruction outputs the total number of bytes allo-
cated in the configurable graphics memory, or the number of bytesin any
of its five buffers. Use this instruction to determine current memory
allocation or to confirm the allocation performed by the GM, ESC.T, or
ESC.R instructions.

SYNTAX: ES¢.S (<DEC>):

Parameter Range Defanlt

buffer size 05 0

RESPONSE: <DEC> [TERM]

EXPLANATION: TheESC.Sinstruction outputs the number of bytes
allocated in the buffer specified by its parameter. This response is an
integer with a value between 0 and 12 800.

Executing the ESC.8 instruction without any parameters (ESC.S:)
causes the plotter to output the total number of bytes in all five buffers of
the configurable graphics memory. The valid range of parameters is
listed on the next page.
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0 reguests total number of bytes in all five buffers of the
configurable graphics memory

requests number of bytes in the physical IO buffer
requests number of bytes in the polygon buffer
requests number of bytes in the downloadable character buffer

L N

requests number of bytes in the replot buffer
5 requests number of bytes in the vector buffer

Parameters less than 0 generate error 12 (invalid byte in 170 control)
and cause the value 12 800 io be output. Parameters greater than 5 cause
the value 0 to be cutput.

The Set Plotter Configuration Instruction,
ESC. @

USES: In an HP-IB configuration, the ESC. @ instruction sets the
logical 1/0 buffer size and controls the parse and receive monitor modes.
Use this instruction to change the logical I/0 buffer size (particularly if
you have increased the physical I/0 buffer size with the ESC. T instruc-
tion). You can also use this instruction to enable or disable a monitor mode
{(however, it is easier to use the set monitor mode instruction, ESC.Q,
described later in this chapiter).

In an RS-232-C configuration, the ESC.®@ instruction does all of the
above, plus it controls hardwire handshaking and block I/0 error check-
ing. Use this instruction as described above, to change hardwire hand-
shake conditions, and to enahle or disable block 1/() error checking,

SYNTAX: ESc.@ [(<DEC>);(<DEC>)]:

Parameter Range Default
logical 1/0 buffer 2-12752 1024 {or size of current
physical 1/0 buffer)
/0 conditions 0-127 depends on operating state
of plotter

EXPLANATION: The two parameters of the ESC. @ instruction are
interpreted as follows.

1. Logical I/0 Buffer. This parameter specifies the size of the logical
I/G buffer, which is the operational subset of the physical 170 buffer.
(The differences between the two buffers are described under The
Allocate Configurable Memory Instruction, ESC. T, presented earlier
in this chapter.) If vou do not specify this parameter, the logical I/0
buffer will be set to the same size as the current physical I/0 buffer. When
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the plotter is turned on, this size is 1024 bytes. In most cases, you
should specify the physical and logical 170 buffers to be the same
gize. If vou wish to increase the size of the logical 1/0 buffer, you
should first increase the size of the physical L/O buffer, because the
logical I/0O buffer cannot be larger than the physical I/0 buffer. If the
physical 170 buffer has been decreased with the ESC. T instruction,
the logical I/0 buffer automatically decreases to the same size.

If you specify a parameter of 0 or less, error 12 (invalid byte in 170
control) is generated and the logical 1/0 buffer size is set equal to the
carrent physical 170 buffer gize. If you specify a parameter of 1, the
logical I/0 buffer size is set to 2 (the minimum possible).

For most applications, you should be sure the physical and logical
1/0 buffers are both set to the same size. However, if you are using the
RS-232-C configuration and an Xon-Xoff handshake, vou could set
the logical 1/0 buffer size slightly smaller than the physical 170
buffer size. This would be necessary only in a situation where many
characters are being transmitted after the Xoff trigger character.
These characters might normaliy be lost when the logical and physical
I/0 buffer sizes are equal. However, since the threshold level is deter-
mined from the logical 1/0 buffer size, if the logical 1/0 buffer were
slightly smaller than the physical 170 buffer, the extra characters
would not get lost (because they would still be contained in the “extra”
area provided by the physical 170 buffer). Refer to Chapter 16 for
information on the Xon-Xoff handshake.

. 1/0 Conditions. This parameter specifies a decimal equivalent value
that controls the states of bits 0 through 4 of the configuration byte.
These bits control hardwire handshaking, two mutually exclusive
monitor modes, and block 1/0 error checking, as shown in the table
on the next page.

If you omit this parameter, the plotter sets defaults according to the
current operating state of the plotter. The current operating state
depends on the conditions selected on the front panel or established by
device-control instructions such as the most recent ESC.P and
ESC. Q. (When the plotter is first turned on, the default states of bits 0
and 1 are determined by the settings of the front-panel HANDSHAKE and
MODEM/DIRECT function keys, whereas bits 2, 3, and 4 are set to the
default state “0.”)

NOTE: In an HP.IB configuration, only bits 2 and 3 are recognized;
bits 0, 1, and 4 are ignored. In an R8-232-C configuration, all bits are
recognized. If you wish only to enable a monitor mode (bits 2 and 3}, it is
more efficient to use the set monitor mode instruction, ESC.Q,
described later in this chapter. M
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Bit Logic | Decimal
No. State Value

*) 0 0 (RS-232-C only). Disable hardwire
handshake. (Plotter will ignore DTR
line, pin 20.) Default when any
handshake except hardwire has
been established.

1 1 {RS5-232.C onily). Enable hardwire
handshake. (Plotter can hold off
data from the computer by using the
DTR line, pin 20.) Default when
hardwire handshake has been
established.

*1 it 0 (RS-232-C only). Computer or
modem can hold off data from the
plotter by using the CTS and DSR
lines (pins 5 and 6). Default when
modem has been established.

1 2 {RS-232-C only). Computer or
modem cannot hold off data from
the plotter using the CTS and DSR
lines (ping 5 and 6). Default when

direct mode has been established.

) 0 0 Specify parse monitor mode (all data
is displayed as it is parsed).

Description

1 4 Specify receive monitor mode (all
data is displayed as it is received).
53 0 0 Disable monitor mode.
8 Enable the monitor mode specified
by bit 2,
HEEY 0 0 (RS-232-C only). Disable block I/0
error checking.
it 16 (RS-232-C only). Enable block I/0

error checking.

*Rather than using ESC . @, you can probably use the front panei or other device-control
instructions to establish the conditions controlled by bits 0 and 1. Refer to Chapter 16 for
more information.

*#{{ pither PARSE MODE Or RECEIVE MODE is selected on the front panel, you cannot use the
ESC.@ or ESC.Q instructions to disable monitor mode, nor to change the type of
monitor mode. For descriptions of the monitor modes, refer to The Set Monitor Mode
Instruction, ESC.Q, later in this chapier.

*#+ Ty more information, refer to The Cutput Extended Error Instruction, ESC | E, later in
this chapter,
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Example — Increasing the Size of the Logical 1/0 Buffer
and Setting the Configuration Bits

Whenever you wish to increase the size of the logical 1/0 buffer, you
must first increase the size of the physical I/0O buffer. In the following
sequence of instructions, ESC. T increases the size of the physical 1/0
buffer to 5000 bytes (and defaults the other buffers), ESC . L ensures the
allocation is complete, and ESC. @ increases the size of the logical 1/0
buffer to 5000 bytes (and defaults the configuration bits). Remember to
add a computer-dependent read statement after ESC . L to read the out-
put response, although the actual response is not important here.

ESC.T5000:Es¢.LEsc. @ H000:

If you are using the RS-232-C interface, you might also use the ESC. @
instruction to set some of the configuration bits. The following sequence
of instructions inecreases the Jogieal 170 buffer size to 000 and enables
both direct mode and block 1/0 error checking. (If you are using the
HP-IB interface, the only bits you can set are bits 2 and 3, the monitor
mode bits; however, it is easier to use the ESC.Q instruction than the
ESC. @ instruction when you wish to enable or disable a monitor mode.)

EsC. T 5000 esc. LESG . @ 5000;18:

The decimal value 18 specifies the corresponding binary value to set
the logic states of bits 0 through 3 as follows:

0 0010010 = decimalvaluel8
ignored j ‘{ L———- disable hardwire handshake
f
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| enable direct mode
(decimal value 2)

gpecify parse monitor mode

disable monitor mode

enable block 170 error
checking (decimal value 16)

The Output Buffer Space Instruction,
ESC.B

USES: The ESC.B instruction outputs the currently available space
in the logical 170 buffer without waiting for the buffer to become empty.
Use this instruction to confirm the size of the logical 170 buffer when
vou have changed the size with the ESC . @ instruetion, or when the
logical 1/0 buffer may have been automatically reduced by a reduction
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in the physical 170 buffer (with the ESC.T instruction). You can also
use this instruction in a software checking handshake to interrogate
the plotter regarding available logical 1/0 buffer space.

SYNTAX: ESt.B
RESPONSE: <DEC> [TERM]

EXPLANATION: The ESC.B instruction outputs an integer which
is the number of unused bytes remaining in the logical 1/O buffer.
When the plotter is turned on, the output response is 1024. However, the
response can be as low as 2 if either the ESC. T or the ESC. @ instruc-
tion has reduced the I/0 buffer, or as large as 12 7562 if both the ESC.T
and ESC. @ instructions have increased the 1/0 buffer.

If your application requires that your program continually interrogate
the plotter until the response to ESC.B indicates a specific amount of
available space, you should cause the program to wait about 0.1 seconds
between successive ESC . B instructions. (In BASIC, use the WAIT state-
ment or read an empty string, INPUT #1, N§.) The wait allows the
plotier time to execute other instructions, thus changing the amount of
available space.

The Qutput Extended Error Instruction,
ESC.E

USES: The ESC.E instruction outputs a number that defines any
1/0 error related to device-control instructions. Use this instruction in
program debugging to determine the errors that occur. In addition, if
you are using the RS-232.C configuration, you can use this instruction
in conjunction with the ESC. @ instruction to perform block I/0 error
checking.

SYNTAX: ESC.E
RESPONSE: <DEC> [TERM]

EXPLANATION: The ESC. E instruction outputs the 1/0 error and
clears the error message (if any) from the display. (ESC.E does not
affect HP-GL error conditions; they must be cleared by the OE instruc-
tion.) The I/0 error is output as an integer. The range is 0 or 10-18, as
described in the table on the following page.
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Error

No. Meaning
0 No 1/0 error has occurred.
10 (ES8-232-C only). New output has been generated before

previous output was finished being transmitted. In an
RS-232-C configuration, the previous output will con-
tinue normally and the new output will be ignored (thus
causing the error). (In an HP-IB configuration, this is
not an error; any previous output that has not been read
by the computer will be replaced by the new output.)

11 Invalid character received after first two characters
{(ESG ,) in & device-control instruetion.

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

13 Parameter 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 termination) is received.

NOTE: The receipt of a character other than another
parameter, a semicolon, or a colon will result in error 12
overwriting error 14. &

e
o
2 |
&
2
H
=
Bnnd
2
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15 (ES-232-Conly). Aframingerror, ﬁ)arity error, or oVerrun
error has been detected. The defective character is re-
placed by DEL (decimal code 127).

18 (RS-232-Conly). The physical 1/0 buffer has overflowed.
As a result, one or more characters have been lost; there-
fore, an HP-GL. error will probably occur. The last valid
character is replaced by DEL (decimal code 127).

17 (RS5-232-Conly). Transmitunderrun. This can be caused
by a baud rate mismatch between devices, or by exces-
sive 1/0 activity in receive monitor mode.

18 1/0 error of indeterminate cause.

Using the ESC. @ and ESC . E Instructions for
Block 170 Error Checking (RS-232-C Only)

If you are using an RS-232-C configuration, you can also use the ESC.E
instruction to check for transmission errors in a data block. First enable
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block I/O error checking by setting bit 4 of the second parameter of the
ESC.® instruction to logic state “1” (decimal value 16). Then begin
sending data blocks, following each with the ESC.E instruction. For
each data block, if there is no I/0 error (response to the ESC.E is 0},
the data block is executed normally and a new data block begins. If the
response to ESC . E indicates an I7/0 error, the plotter discards the entire
data block. This allows you to correct the error and retransmit the data
block, thus preventing errors in your plot. The following diagram g
strates block 1/0 error checking.

Block 1/0 Error Checking

Comments
Enable block 170 checking.

Send a block of data.
[ Assume a character gets
garbled {(e.g., bad parity).]

Any I/0 errors?

Computer

ESG. @16
Data block A

Esc. E

Parity, framing, or overrun error.
At this peint, the plotter dis-
cards the block because an
error occurred.

Data block A
Esc.E

Retransmit the block.
Any 170 errors?

No errors.
Plotter executes block.

Send a block of data.
[Assume a handshake
character gets lost, and buffer
overflows.]

Any 170 errors?

Data block B

ESC. K

Buffer overflow.
Plotter discards block because
an error occurred.

Data block B
ESC. T

Retransmit the block,
Any I/0 errors?

No errors.
Plotter executes block.
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The Output Extended Status Instruction,
ESC.0O

USES: The ESC. O instruction outputs the plotter’s extended status.
Use this instruction to obtain immediate information about the current
operating status of the plotter.

SYNTAX: gs¢.0
RESPONSE: <DEC> [TERM]

EXPLANATION: The ESC.O instruction is similar to the HP-GL
OS instruction in that they both output information about the plotter’s
status. However, the ESC. O instruction outputs more information, and
it is executed immediately (instead of entering the buffer, as the 08
instruction does).

The output response is the decimal equivalent value of a 16-bit imme-
diate status word. The bits of the extended status word are defined in
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the following table.
Bit Logic | Decimal .
No. | State | Value Meaning

0 0 0 Manual paper-feed mode is selected
on the front panel.

1 1 Automatic paper-feed mode is
selected on the front panel.

1 0 0 Current page is clean. (Clean
means a pen has not been
lowered).

1 2 Current page is not clean. Set

under the following conditions:

¢ The plotter has been turned on
(the plotter doesn’t know
whether the current page is
clean, so it assumes the page is
not clean).

¢ A pen has been lowered.

¢ An attempted paper load has
failed (paper was not sensed).

{Table continued)
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Bit Logic | Decimal :
No. | State | Value Meaning
2 0 0 Paper has not been loaded (from

front panel, or a PG, AF, or AH
instruction) since the last ESC.0O
instruction was executed. The
ESC., O instruction resets this bit
to 0.

1 4 Paper has been loaded (from front
panel, or a PG, AF, or AH instruc-
tion) since last ESC. O instruction
was executed. This bitis set to 1
when the plotter is turned on.

3 0 0 I/0 buffer is not empty.

1 8 1/0 buffer is empty and ready for

data.
4 0 0 Remote state; processing HP-GL.
5 0 instructions.
4 1 16 View state; paper is loéded but
5 0 graphics are suspended.
4 0 32 Not-ready state; paper is not
5 1 loaded, and graphics are
suspended.
6 0 0 Cover is lowered.
1 64 Cover is raised.
7 0 0 ENHANCED mode is active,
1 128 STANDARD mode is active.
8 0 0 Not used.

1 256 Not used.

{ Tuble continued)
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Bit Logic | Decimal .
No. State Value Meaning
9 0 0 ESC.0,ESC.U, WD, or OK in-
struction has been executed. Exe-
cation of each of these instructions
resets this bit to 0.
1 512 Function key has been pressed
while plotter is in keyboard mode.
10 0 0 Servo is functioning.
1 1024 Servo is not functioning.
11-15 — e Not used.

The plotter’s output response is the sum of the decimal equivalent values
of all of the bits that are set to logic state 1. If you only care about certain
bits being set, you can check those bits by using one of the methods
described under Monitoring the Status Byte in Chapter 12. (For example,
you might want to check hit 2 for a paper feed, or bit 9 for a function key
being pressed in keyboard mode) Or, you can easily determine the
plotter’s current status by the following process.

First, have your program read the output response. Then lock at the
decimal value column in the previous table and find the largest value
that can be subtracted from the number returned in the output response.
The bit corresponding to this value is set to the condition described in
the table for logic state “1.” Now subtract that value and look for the
next largest value, and so on until the result is ¢, This process is shown
in the following example:

Plotter’s output response: 518
Subtract largest possible
decimal equivalent value; —512

(612 indicates a function key has
been pressed; bit 9 is set to “1™)
Subtract next value: —4 {4 indicates a paper feed has
occurred; bit 2 is set to “17)
Subtract next value: —2 (2 indicates the current page has
been plotted on; bit 1 is set to “17)

0 (All other bits are set to “0”; refer to
the previous table for the plotter’s
status when these bits are set to “0")

If your applcation requires that your program continually interrogate
the plotter with ESC. O until a certain bit has been set, you should
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cause the program to wait about 0.1 seconds between successive ESC .0
instructions. {In BASIC, use the WAIT statement or an empty string,

INPUT #1, N§.) The wait allows the plotter the time to execute other -~ =~ === =
instructions, thus giving the plotter the opportunity to set the desired hit. :

The Set Monitor Mode Instruction,
ESC.Q

USES: The ESC. Q instruction enables or disables either parse mon-
itor mode or receive monitor mode. Use this instruction to enable or
disable a monitor mode from your program. You can aiso enable and
disable both monitor modes from the front panel.

SYNTAX: 86.Q (<DEC>):

Parameter Range Default

monitor mode 0-2 0

EXPLANATION: Executing ESC.Q without parameters (ES€.Q )
disables programmatic control of monitor mode. The parameters are
interpreted as follows:

(0 Disables programmatic control of monitor mode {default)

1 Enables parse monitor mode
2 Enables receive monitor mode

The monitor modes are a debugging aid for program development. In
order to use the monitor modes, you must have both a computer and a
terminal, and the appropriate cables to connect them to the plotter. You
will use the computer to transmit HP-GIL. and device-control instructions

to the plotter (via the plotter’s HPB or COMPUTER/MODEM port). The plotter
will execute the instructions as usual, but it will also copy data to the
display of the terminal (via the plotter’s TERMINAL port). In this way,
depending on the form of monitor mode that you use, you can see exactly
what the plotter is receiving, parsing, and outputting.

The difference between the two modes is when data is transmitted to the
terminal, as deseribed next:

& In the parse monitor mode, all characters are transmitted to the ter-
minal as they are parsed by the plotter. Thus, the terminal displays
whatever the plotter is currently doing (for example, if the plotter s
selecting pen 2, the display shows SP2;).

e In the receive monitor mode, all characters are transmitted to the
terminal ag they are received by the plotter. Thus, the terminal dis-
plays whatever the plotter will be doing later when the received data is
parsed.
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To enable one of the monitor modes, vou can use the front-panel function
keys or you can use the ESC. Q instruction in your program. (You can
also enable or disable monitor mode with bits 2 and 3 of the ESC. @
instruction, although this method is not recommended because it is more
difficult than using the ESC. @ instruction.)

NOTE: If you enable a monitor mode from the front panel, you cannot
disable it or change it from vour program. If you enable a monitor mode
from your program, vou can toggle between the modes or disable mon-
itor mode either from the front panel, or from your program. Any time
you change the state of the monitor mode from the front panel, the new
state overrides any state currently set in your program. For this reason,
the front-panel display always reflects what has been set by the front
panel, and not the currerit programmatic state. B

The following two subsections present information relevant to HP-1B
and RS-232-C configurations, respectively. Following these paragraphs
are lustrations of data flow in the two monitor modes,

Notes for HP-IB Configuarations

To use a monitor mode, you must have a computer and a terminal.
Connectthe computer to the plotter’s Hp-18 port with any standard HP-IB
cable, and connect the terminal to the plotter’s TERMINAL port with the
terminal’s RS-232-C cable. Then set the plotter’s front-panel Baup func-
tion key to match the baud setting on the terminal.
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All data coming to the plotter from the terminal {except for the break
signal) will be ignored. The plotter responds to a terminal-generated
break signal by clearing the I/0 buffer, thus halting current operations,
If the plotter is in addressable mode, any plotter output responses are
sent to both the computer and the terminal. If the plotter is in listen-

only mode, cutput responses are not possible. Refer to Chapter 15 for
information on addressable and listen-only modes.

Notes for RS-232-C Configurations

Before reading these paragraphs, vou should know the meanings of
such terms as programmed-on, standby, bypass, stand-alone, and eaves-
drop. These modes and configurations are all discussed in Chapter 16.

The plotter must be in the programmed-on state before you can enable
a monitor mode. {(That is, both standby mode and bypass mode must he
off.) If the plotter is in local mode, enabling a monitor mode places the
plotter in remote mode,

While the plotteris in a monitor mode, all data coming to the plotter from
the terminal will beignored (except for the break signal) in order to assure
that the terminal will not take partin any handshake process between the
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plotter and the computer. The effect of the terminal-generated break
signal depends on whether the plotter is operating in the eavesdrop
configuration, or the stand-alone configuration. In eavesdrop, a break
signal causes the plotter to clear the /0 buffer and return to the pro-
grammed-off state. In stand-alone, a break signal has no effect on the
plotter; the plotter ignores it.

If yvou enable the receive monitor mode, you should be aware that the
the setting of the front-panel purLEX function key affects the flow of
output responses, as follows. (Refer also to the data flow illustrations
shown after these paragraphs.)

s If the plotter is set to FULL DUPLEX and the computer is working in an
echo-plex environment, plotter output responses are sent to the com-
puter, but not to the terminal. In full duplex operations, plotter re-
sponses to the computer are echoed to the terminal; if the plotter
explicitly sent output responses to the terminal, the terminal would
receive the responses twice (the explicit response and the echoed
response).

e [f the plotter is set to HALF DUPLEX, plotter output responses are sent to
both the computer and the terminal. In half duplex operations, plotter
responses are not echoed, so the plotter must explicitly send the
responses to the terminal.

(In parse monitor mode, the setting of the pupLEX switch is not impor-
tant. This is because only persed data from the plotter's buffer is trans-
mitted to the terminal. If the computer echoes a plotter output response,
this response never gets echoed to the terminal because it is not parsed
by the plotter. Therefore, the plotter must explicitly send any output
response to the terminal.)

Data Flow in the Monitor Modes
(Any Interface Configuration)

The following diagrams illustrate data flow for the two monitor modes.
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Receive Mode (Full-Duplex RS-232-C)

" The Abort Graphics Instruction, ESC.K

USES: The ESC.K instruction aborts any partially parsed HP-GL
instruction and clears the remaining instructions from the buffer. Use
this instruction as part of an initialization sequence when starting a
new program or to terminate plotting of the HP-GL. instructions remain-
ing in the buffer.
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SYNTAX: Es¢.K

EXPLANATION: The ESC.K instruction aborts any partially
parsed HP-GL instruction, but permits the instruction being executed to
finish, with this exception: the currently executing vector is allowed to
be completed, but all other scheduled vectors are aborted. This condition
is particularly evident if ESC.K is executed while the plotter is in the
process of completing label, are, circle, polygon, or line type instructions
that contain multiple vector moves, or if a VS instruction has specified
a slow velocity. '

In addition, all pending HP-GL instructions in the buffer are discarded,
and the parser is reset. In an RS-232-C configuration, any data entered
since block I/0 error checking was enabled (with ESC ., @) is also aborted.

The Reset Instruction, ESC. R

USES: The ESC.R instruction resets certain 170 conditions to the
states that exist when the plotter is first turned on. Use this instruction
in an initialization sequence when starting a new program.

SYNTAX: EsC.R

EXPLANATION: The ESC.R instruction aborts any currently exe-
cuting device-control instruction, aborts any partially parsed HP-GL in-
struction, resets the parser, defaults to any handshake protocol estab-
lished on the front panel, clears all buffers, and defaults the allocations
of the five buffers in the configurable graphics memory. Executing
ESC.R is equivalent to executing this four-instruction sequence:

ESC.JESC.KESC.P:ESC.T:

For more detailed information on what each of these instructions does, :
refer to their individual descriptions. The abort device control instruc- - — .
tion, ESC.J, and the set handshake mode instruction, ESC.P, are o
described in Chapter 16. The abort graphics instraction, ESC.K,-and
the allocate configurable graphics memory instruction, ESC.T, are
described earlier in this chapter.

NOTE: Afier executing the ESC.R instruction, you should execute an
output buffer size when empty instruction, ESC.L. This ensures that
all conditions have been reset before any subsequent instruction can be
parsed. In this application of the ESC.L instruction, the numerical
value of the buffer size is not important. However, your program should
read the output response before sending more data, in order to avoid
potential errors. You might also wish to execute ESC. L before execut-
ing ESC.R. Refer to the hints under the ESC.T instruction for more
information. The ESC.T and ESC. L instructions are described earlier
in this chapter. W
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The Output Identification Instruction,
ESC.A

USES: The ESC. A instruction outputs the plotter’'s model number.
Use this instruction to obtain the plotter’s model number when you
want to know which plotter is currently on-line.

SYNTAX: ESC.A
RESPONSE: <ASC> <DEC> [TERM]

EXPLANATION: The ESC.A instruction is similar to the HP-GL
OI instruction in that they both output the plotter’s model number.
However, the ESC. A instruction is executed immediately (instead of
entering the buffer, as the OI instruction does), and ESC. A also out-
puts the firmware revision level.

The model number is always 7550A, output in a character string. The
firmware revision level is output as integers. The model number and
firmware revision level are separated by a comma,

The End Flush Mode Instruction, ESC.U

USES: The ESC. U instruction ends flush mode. Use this instruction
in spooling applications to end flush mode, thus allowing the plotter to
begin parsing HP-GL instructions again.

SYNTAX: Esc.U

EXPLANATION: Flush mode is enabled when the front-panel Escare ‘
function key is pressed, but is not triggered until the OG instruction ‘
has been executed (refer to the OG instruction in Chapter 10). Once
triggered, flush mode causes all incoming HP-GL data to be discarded.

-This is a useful feature in spooling applications, where it is important

for the plotter and application program to be able to respond to an
operator-initiated “escape.”

The ESC. U instruction causes the plotter to stop discarding HP-GL
data, and resets bit 9 of the extended status word (refer to the ESC.0Q
instruction, described earlier in this chapter). After execution of ESC.TU,
HP-GL instructions can again be parsed.
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Chapter 15 e

HP-IB Interfacing

What You’ll Learn in This Chapter

This chapter is for HP 7550 owners who choose to use the Hewlett-
Packard Interface Bus (HP-IB). In this chapter you will learn how to
use the HP-IB addressing technique to ensure that the plotter receives
only the data (such as HP-GL) intended for it. You will learn about
addressing the plotter as a talker, a listener, or in listen-only mode.
Program examples will show you how to send and receive data using a
variety of HP computers. In most cases, this will be all the information
you need to use HP-IB interfacing,

For those who need to understand how the interface works, this chapter
explains the HP-IB lines and operations. For detailed information, read
the section on HP-IB functions and their implementation on the plotter.
Also included is a description of serial and parallel polling.

What Is the HP-1B?

The Hewlett-Packard Interface Bus (HP-IB) provides for mechanical,

electrical, timing, and data compatibility between all devices adhenng

to the ANSI/IEEE 488-1978 standard. If you connect several HP-IB

devices and assign them unigue “addresses,” you can be sure they will -
be able to communicate with each other.

o
ns)
=
Q:
[
&
5
=
-
iz}

For most applications, you will probably only need to understand the
addressing concept, described next in this chapter. However, if you wish
to know more about how the HP-IB works, you can read further in this
chapter, beginning with the section titled An HP-IB Overview. The HP-IB
conforms to the ANSI/IEEE 488-1978 standard. For complete details,
you should refer to this standard. Another document you might find
helpful is the Tutorial Description of the HP-IB (Part No. 5952-0156).
The information in this chapter covers the specific-manner in which
the standard is implemented by the HP 7550 plotter.
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Addressing the Plotter

The HP-1B uses an addressing technique to ensure that each deviceon ~—

the bus receives oniy the data intended for it. Using this addressing
technique, alternate devices can be instructed to talk (send) or listen
{receive). More than one device can listen at the same time, but only
one device can be designated as a talker al any given time.

There are basically two modes of addressing the plotter: addressable
and listen-only modes. In addressable mode, the plotter can function as
a talker or as & listener, depending on the commands it receives from
the computer. In listen-only mode, the plotter hears all activity on the
bus, but it cannot talk.

Addressable Mode

The addressing technique on most HP desktop computers requires
assigning a “select code” to the HP-IB interface and an “address code”
to each peripheral device. The select code and address code are com-
bined in certain program statements to address different devices. In the
HP BASIC “PRINTER IS 705" statement, 7 is the interface select code
and 05 is the address code of the plotter. The plotter will then receive
the information sent by “PRINT” statements. The plotter can be set to
21 different HP-IB addresses, ranging from 0 through 30, or listen-only
mode (described in the following section). Select addresses using the
front-panel HP-1B function key. Each HP-IB interface can have as many
as 15 devices connected to it, set to different specific address codes. The
plotter is factory set to an address of 05. Be sure your plotter's address
ig different from your computer or other peripherals.

The HP Touchscreen (150) computers do not specify the plotter address

or a select code in programs. They use the Microsoft® BASIC OPEN |
statement — OPEN “07,1,“PLT". Thereafter, send information using '
“PRINT #17 statements (without guotes). The “1” indicates the file you

have opened for output, not the address of the plotter.

NOTE: When using the plotter with an HP desktop computer, do not use
address 21; it is reserved for the desktop computer’s address. %

Listen-Only Mode

Activate listen-only mode by using the HP-1B function key. The LISTEN
ONLY setting follows the address 30 setting. In listen-only mode, the plotter
does not have an address, but listens to all data transmitted on the bus.
The plotter cannot be placed in a talker-active state and will not re-
spond to a serial or parallel poll. Listen-only mode is useful in a system
that has no controller but instead has a dedicated talker, such as a
magnetic tape drive or other mass storage unit, transmitting informa-
tion to the plotter. Also, when more than one plotter is connected to the
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HP-IB, you can plot on all plotters simultaneously by setting all but
one to listen-only mode. Use the one plotter that isn’t in listen-only
mode to do the talking for all of the plotters.

Notes on Addressing Protocol

In order to communicate effectively with the plotter, it is important that
you understand the HP-IB addressing protocol of your computer. There-
fore, you may wish to review this aspect of your computer.

Some computers can use high-level languages (such as BASIC, FOR-
TRAN, Pascal, and COBOL) with high-evel input/output (1/0) state-
ments. In this case, the addressing procedure (unlisten, talk, listen) is
taken care of by the computer’s internal operating system and need not
be of concern to you. With these high-level I/0 statements, you may
not be able to control some of the other bus functions. If your system
fits this description, you do not need to read the following paragraph.
Skip to the next section, Sending and Receiving Data.

Some computers must use low-level 1/0 statements to address devices
on the HP-IB bus. If your computer uses such statements, youw'll need to
direct the talking, listening, and unlistening activities. For example, to
tell a plotter with an address of 05 to listen, you would send the ASCII
character % along with the proper control line. To tell the same plotter
to talk, you would send the ASCII character E. Refer to the HP-IB Over- ‘
view section for more details and a table of address characters and =
their ASCII and octal values.

Sending and Receiving Data

"This section provides program examples to illustrate ways of sending and

receiving data between the plotter and various HP computers. These
programs also show you a variety of ways to address the plotter, Follow
the instructions for your particular computer and run the programs. If
your computer isn't listed, or you prefer to use another programming
language, use the programs provided as an example when writing your
OWIL Programs.
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- Computer-to-Plotter Examples

Transmitting data from a computer to the plotter is typically accom-
plished using statements such as WRITE, WRITELN, PRINT, PRINT#,
and OUTPUT. Running the following programs will cause the plotter to
label the identity of the computer sending data, beginning at the X,.Y
coordinates 1000, 2000. The programs send both character strings and
numeric data as variables, constants, and literals. (For moreinformation
on sending variables, refer to Chapter 4 for numeric data and to Chapter 7
for character strings.)
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HP 9000, Series 200, Models 216, 226, and 236
(Previously HP 9816, 9826, and 9836)

In the following BASIC program, the “PRINTER IS 705" statement |
specifies that the data in the PRINT statements is to be sent to the !
device on interface 7 at address 5. The interface select code is factory-

set to 7 on the HP Series 200 computers, and the address is set to 5 on

the HP 7550. Using the front-panel function keys, make sure your
plotter is set to address 65. The CHRS$(3) function, used in line 60,
specifies the label terminator ETX.

10 PRINTER IS5 705

20 A$=" SENDIMNG DRTA"

30 B=216

40 Y=2000 _

4 PRINT “SP1;PRICOCO,";Y;" ;"

60 PRINT USING "K";"LBHP " ;B;A$;CHR$(3);"SPO;"
70 END

Plotted result: HP 216 SENDING DATA

When using HP Model 226 or 236 computers, substitute the appropriate
model number in line 30. For example, when using an HP Model 226,
line 30 should read: B = 226.

HP Series 100, Model 150

When using the HP 150, you must use “PLT” as the filename for the
OPEN statement, as shown in line 10. Using the front-panel function
keys, make sure your plotter is set to address 0s. When you enter line 10
of this BASIC program, make sure you type the letter “0” {for output},
rather than a zero. The CHR$(3) function, used in line 60, specifies the
label terminator ETX

10 OPEN “0",1,“PLT"

20 A$=" SENIING BDRTAR"

30 B=150

40 Y=2000

50C PRINT #1, nEPYPATCOG, Y

0 PRINT #1, "LBHP *;B;A$+CHRS$ (3)+"SPO;"

70 END

Plotted result: HP 150 SENDING DATA
HP 9000, Series 500, Models 520, 530, and 540
BASIC Example

In the following BASIC program, the “PRINTER IS 205” statement
specifies that the data in the PRINT statements is to be sent to the
device on interface 2 at address 5. Make sure the interface card is in

slot #2 of your computer. Using the front-panel function keys, make
sure your plotter is set to address 05. The CHRS$(3) function, used in line |
60, specifies the label terminator ETX. e
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10 PRINTER IS 205

20 A$=" SENDING DATA"

30 B=520

40 Y=2000

50 PRINT "SP1:PA1000,";y¥;" ;"

§0  PRINT USING "K' ;"LBHE ":E;A$;CHRS$ (3);"SPO;Y
PO END

Plotted result:- HP 520 SENDING DATA

When using HP Model 530 or 540 computers, substitute the appropriate
model number in line 30. For example, when using an HF 530, line 30
should read: B= 530.

FORTRAN Example

The following program is written in FORTRAN 77 and assumes that
the system has been configured so that a special file “/dev/plotter” is
created by the superuser (system administrator) using the mknod com-
mand. Refer to the HP-UX Systemmn Administrator Manual (Part No.
97083-90047), for details regarding the mknod command. Line numbers
as given are only necessary for the format statements.

The integer field width specification, 14, is adequate to plot to the coor-
dinate Y = 2000. You may wish to use a field width of 5 or 6 to allow for
pen positions up to the hard-clip limits of the plotter. A field larger than
six characters would only be necessary for scaled data greater than
999999 or less than —899999, The variable IETX is set to 3, which is
the decimal code for the label terminator ETX.

CHRRFCTER*14 TEXT

INTEGER ILU,IETX,B,Y

TEXT=" SENDING DATA"

ILU=20

TET=3

B=520

Y=2000
QPEMIUNIT=ILU,FILE=" dev /plotter )
WRITE(ILU, 10007 “PU;SP1;PRICGO,",Y," "

1000 FORMAT(X,A14,14,R1)

WRITE(ILU, 1001 "LEMP ", B, TEXT,IETX
1001 FORMAT(X,AS,I14,f14,R1)

STOP

END

Plotted result: HP 520 SENDING DATA

When using HP Model 530 or 540 computers, substitute the appropriate
model number. For example, when using an HP Model 530, the seventh
line should read: B= 530,
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Plotter-to-Computer Examples

Transmitting data from the plotter to the computer is typically accom-
plished using statements such as READ, READLN, INPUT, and
ENTER. The following examples of obtaining output responses from
the plotter using various HP computers are intended to illustrate the
necessity for understanding the 1/0 statement protocol implemented
on your computer. Running these programs will cause the plotter to
move the pen to the XY coordinates 1000,1000 and then output the
current pen position, pen status (0= pen up), and plotter identifier string
to the computer. (Refer to Chapter 13 for more information on obtaining
plotter output responses.)

HP 9000, Series 200, Models 216, 2286, and 236
{Previously HP 9816, HP 9826, and HP 9836}

In the following BASIC program, the “PRINTER I8 705” statement
specifies that the data in the PRINT statements is to be sent to the
device on interface 7 at address 5. Similarly, the “ENTER 705" state-
ment specifies that data is to be received from the device on interface 7
at address 5. The interface select code is factory-set to 7 on the HP
Series 200 computers, and the address is set to 5 on the HP 7550. Using
the front-panel function keys, make sure your plotter is set to address
5.

10 QUTPUT 70%; “"PR100C,1000;0C;"
20 ENTER 70%;#,B,C

30 OUTPUT 708;"0I;"

40  ENTER 705;R$

50 DISP A,B,C,RAs

80 END

Displayed current pen position and identification:
1000 1000 0 7550A
HP Series 100, Model 150

Because of an interfacing problem in the HP-IB, the HP 150 cannot be
used to obtain output information from the plotter.
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HP 9000, Series 500, Models 520, 530, and 540

BASIC Example e .

In the following BASIC program, the “PRINTER IS 205" statement
specifies that the data in the PRINT statements is to be sent to the
device on interface 2 at address 5. Similarly, the “ENTER 205" state-
ment specifies that data is to be received from the device on interface 2
at address 5. Make sure the interface card is in slot #2 of your computer.
Using the front-panel function keys, make sure your plotter is set to
address 05.

10 FPRINTER Io 205

20 PRINT YPR1O0GO,10G00;0C;"

30 ENTER 203;M,B,C

40 PRINT "QI1;"

50 ENTER 203;R$

E0  DISP A,B,C,A$

7O END

Digplayed current pen position and identification:
1000 1000 0 TH50A
FORTRAN Example

The following program is written in FORTRAN 77 and assumes that
the system has been configured so that the special file “/dev/plotter” is
created by the superuser (system administrator) using the mknod
command. Refer to the HP-UX System Administrator Manual (Part
No. 97089-90047), for details regarding the mknod command. Line
numbers as given are only necessary for the format statements.

The READ statement in the seventh line is formatted to read two 4-digit

integers (1000,1008) and one 1-digit integer (0), separated by commas.
The READ statement in the eleventh line is formatted to read a
character gtring of five characters (7550A).
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CHARACTER®E I
INTEGER A,B,C
ILU=20
OPEN(UNIT=ILU,FILE="rdev-platter )
WRITECILU, 10003 "PARIOOG, 1000; 00"
1000 FORMAT(X,A1S)
RERD(ILL, 20000 A,B, T
OO0 FORMAT(I4,%,14,x,11)
WRITE (ILU,3000) "0I;"
3000 FORMAT (O, A3
READ(ILL,4000) ID
4000  FORMAT(AS :
WRITE(6,5000) A,B,C,ID
SO00  FORMAT(X,315,2%, A5
STOR
END

¥

Displayed current pen position and identification:
1000 1000 0 - TBH0A

An HP-IB Overview

The purpose of the Hewlett-Packard Interface Bus (HP-IB) is to provide
for mechanical, electrical, timing, and data compatibility between all
devices adhering to the ANSI/IEEE 488-1978 standard. The interface
functions for each system component are performed within the com-
ponent, so only passive cabling is needed to connect the system. The
cables connect all peripherals, controllers, and other components of the
system in parallel to the signal lines.

There are 10 interface functions which provide the physical capability
to communicate via HP-IB. Not all devices are capable of implementing
all functions; check the documentation for your computer and other
system components. The functions implemented by the HP 7550 are listed
later in this section, following the general descriptions of HP-IB lines and
operations.

Refer to the ANSI/IEEE 488-1978 standard for a description of all of
the HP-IB interface functions. This standard defines each interface
function in terms of state diagrams that express all possible interactions.
Another document you might find helpful is the Tutorial Description of
the Hewlett-Packard Interface Bus (Part No. 5952-0156).

HP-1IB Lines

The HP Interface Bus transfers data between the components of a system
on 16 signal lines. The eight data 1/0 lines (DIO1 through DIOS8) are
reserved for the transfer of data in a byte-serial, bit-parallel manner. Data
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transferis asynchronous, coordinated by the three handshakelines: data
valid (DAV}, not ready for data (NRFD), and not data accepted (INDAC).
The other five lines are for management of bus activity. See the following

i L

DEVICE A < > DATA BUS

4 - {8 LINES)
ABLE TO TALK, LISTEN § )/

AND CONTROL
{e.q.. CALCULATOR)

< > DATA BYTE
DEVICEB

TRANSFER
G~ __—" CONTROL
ABLE TO TALK AND N
LISTEN A
(e.g., PLOTTER)
% GENERAL
INTERFAGE
MANAGEMENT
DEVICE C BN ] //
ONLY ABLE TO LISTEN N | ]
(.., SIGNAL 1]
GENERATOR)

DEVICE D > IO

ONLY ABLE TO TALK S SR
{e.g., COUNTER)

DAY
MNRFD
NDAC

iFC

5RO
REN
EO!

7580-A-20t-1

HP.IB Signal Lines

Devices connected to the bus may be talkers, listeners, or controllers.
The controller dictates the role of each of the other devices by setting
the ATN ({attention) line true and sending talk or listen addresses on
the data lines. Addresses are set into each device at the time of system
configuration either by switches built into the device, by jumpers on a
PC board, or, as for the HP 7550, by front-panel controls. While the
ATN kne is true, all devices must listen to the data lines. When the
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ATN line is false, only devices that have been addressed will actively
send or receive data. All others ignore the data hines.

Several listeners can be active simultaneously, but only one talker can
be active at a time. Whenever a talk address is put on the data lines
(while ATN is true), all other talkers will automatically be unaddressed.

Information is transmitted on the data lines under sequential control of
the three handshake lines (DAV, NRFD, and NDAC). No step in the
sequence can be initiated until the previous step is completed. Informa-
tion transfer can proceed as fast as devices can respond, but no faster
than allowed by the slowest device presently addressed as active. This
permits several devices to receive the same message byte concurrently.

The ATN line is one of the five bus management lines. When ATN is
true, addresses and universal commands are transmitted using the
ASCII 7-bit code, on only seven of the data lines. When ATN is false,
any code of 8 bits or less, understood by both talker and listener(s}, may
be used.

Setting the IFC (interface clear) line true places the interface system in
a known quiescent state.

The REN (remote enable) line is used by the system controller with the
Remote, Local, and Clear Lockout/Set Local capabilities to select either
local or remote control of each device. The HP 7550 does not implement
this feature.

Any active device can set the SRQ (service request) line true. This indi-
cates to the controller that a device on the interface bus wants atten-
tion, such as a plotter that has detected an error and needs attention.

The EOI {end or identify) line is used by a device to indicate the end of
a multiple-byte transfer sequence. When a controller sets both the ATN
and EOI lines true, each device capable of a parallel poll indicates its
current status on the DIO (data input/ocutput) line assigned fo it.

HP-IB Operations

The operation of the interface is generally controlled by one device
equipped to act as a controller. The interface transmits a group of func-
tions, which act as commands, to direct the other devices on the bus in
carrying out their functions of talking and listening.

The controller has two ways of sending interface information. Informa-
tion can be transmitted in a multiline fashion, over the eight data lines
and three handshake lines; or in a uniline configuration, over the five
individual lines of the management bus. The bus functions serve
several purposes:

¢ Addresses or talk and listen commands select the devices that will
transmit and accept data, They are all multiline messages.
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@ Universal commands cause every device equipped to do so to perform
a specific interface operation. They include multiline messages and
three uniline commands: interface cleaxr (IFC), remote enable (REN),
and attention (ATN).

® Addressed commands (also referred to as primary commands) are
similar to universal commands, except that they affect only those
devices that are addressed and are all multiline commands. A device
responds to an addressed command, however, only after it has been
addressed as a talker or listener.

¢ Secondary commands are multiline messages that are always used
in series with an address, universal command, or addressed com-
mand to form a longer version of each. Thus, they extend the code
space when necessary.

To address a device, the controller uses seven of the eight data lines.
This allows devices using the ASCII 7-hit code to act as controllers.
Five bits are available for addresses, and a total of 31 allowable
addresses are available in one byte. If all secondary commands are
used to extend this into a two-byte addressing capability, 961 addresses
become available (31 allowable addresses in the second byte for each of
the 31 allowable in the first byte).

Addressing Sequences

One of the first things you must consider when directly controlling the
HP-IB is addressing. Following is a typical addressing sequence.

<Unlisten Command> <Talk Address> <Listen Addresses>

This sequence is made up of three major parts which serve the follow-
ing purposes:

1. The unlisten command ié the universal bus command with a char-
acter code of “?”. It unaddresses all listeners. After the unlisten
command is transmitted, no active listeners remain on the bus.

2. The talk address designates the device that is to talk. A new talk
address automatically unaddresses the previous talker.
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3.' The listen addresses designate one or more devices that are to listen.
A listen address adds the designated device as listener along with
other addressed listeners.

This basic addressing sequence simply states who is to talk to whom.

The commands are implemented by putting data on the bus and
setting the ATN line true. The unlisten command (“?”) plays a vital role
in this sequence. It is important that a device receive only the data that
is intended for it. '
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When a new talk address is transmitted in the addressing sequence, the
previous talker is unaddressed. Therefore, only the new talker can send
data on the bus and there is no need to routinely use an untalk com-
mand in the same manner as the unlisten command.

To tell & computer at address 21 to talk and a plotter at address 05 to
listen, the controller (usually the computer) sets the ATN line true and
sends the following sequence over the data lines:

0%
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.

Following is a table of ASCII characters and their decimal and octal

equivalent values.
Address Codes
Chits-fcltlers Equivalent Values
Decimal
Listen Talk {Front-Panel Octal
Setting) :
sp @ 0 0
! A 1 .
» B . ,
# C 3. 3
$ D 4 s
PRESET

& F 6 6
s G . ,
( H 8 10
: ! ? 11
" J 10 12
" K i 13
s L 12 14
- M 13 15
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Address Codes (Continued)

ASCII .
Characters Equivalent Values
Decimal
Listen Talk {Front-Panel Octal
Setting)
N 14 16
-/ O 15 17
0 P 16 20
1 Q 17 21
2 R 18 22
3 S 19 23
4 T 20 24
: F“ESEFS’EE%Og o e e e e -
N OMPUTER 5 U 21 95 |
ADDRESS LS g SRR S 4
6 Vv 22 26
7 S W 23 27
8 X 24 a0
9 Y 25 31 =
Z 26 32 T
; [ 27 33 =
< Y 28 34 ;
= ] 29 35 2
> A 30 36
RESERVED FOR o v s e .
CONGETEN > 2 _ | LISTEN ONILY 37 |
COMMAND e e et o e e e e _i
Interface Functions

Interface functions provide the physical capability to communicate via

the HP-IB. There are 10 interface functions, plus two special cases of
the controller function. All HP-IB devices do not implement all func-
tions. The table on the next page lists the functions implemented on the
HP 7550. A dash (—) indicates that the HP 7550 does not implement
that function.
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HP-IB Interface Functions

Plotter
Mnemonic Interface Function Name Implemen-~
' tation
SH Source Handshake SH1
AH Acceptor Handshake AHI
T Talker (or TE = Extended Talker)* T6
L Listener (or LE = Extended Listener)* L3
SR Service Request SR1
RL Remote Local ' —
PP Parallel Poli PP1, PP2
or PPO**
DC Device Clear DC1
DF Device Trigger e
C Any Controller -
Cy A Specific Controller —
{for example: Ca, Cp...)
Cs The System Controller —

*Extended Talkers and Listeners use a two-byte address. Otherwise, they are the same
as Talker and Listener.

#=#PP1 Gf address > 8), PP2 (if address < 8), PP0 {if listen-only mode).

Bus Capabilities

To enable bus capabilities, devices must be capable of implementing
specific functions. Each device in a system may be designed to use only
the messages that are applicable to its purpose in the system. It is im-
portant to be aware of the HP-IB functions implemented on each device
in your HP-IB system to ensure the operational compatability of the
system. For example, you may want the plotter to set the service request
line true to indicate a need for service. In this case, the controlling de-
vice must be capable of implementing the Controller function in order
to receive the service request message from the plotter. Refer to the
documentation for the devices you'll be using to determine which func-
tions they implement.

The following table describes the full implementation of all HP-1B system
capabilities and the functions required to implement them.

15-14 HPIB INTERFACING




HP-IB Bus Capabilities and Functions

Bus Capability

Functions Reqguired

Sender Function — Receiver Funetion(s)

(Support Functions)

Data enables data, such as
HP-GL, to be sent between a
controller and one or more
devices,

Trigger enables listening
device(s) to perform a device-
dependent action when
addressed.

Clear sets either the listen-
ing device(s) or all of the
devices on the bus to their
predefined device-dependent
states.

Remote causes listening
device(s) to switch from
local front-panel control to
remote program control.

Local clears Remote from
listening device(s) and
returns device(s) to local
front-panel control.

Local Lockout prevents a
device operator from
manually inhibiting
program eontrol,

Clear Lockout/Local
removes all devices on the
bus from Local Lockout and
reverts them to Local.

Service Request is sent by
a device to notify the con-
troller that it needs some
type of interaction. The
service request is cleared
when the Status Byte is sent
by the device requesting
service,

T — L* (SH, AH)
C - DT* (L, SH, AH)

C - DC* (L, SH, AH)

Cs — RL* (SH, AH)

C — RL* (L, SH, AH)
C — RL* (SH, AH)
Cs — RL*

SR* — C

*Since more than one device cap recejve (or send) this message simultaneously, each

device must have the function which is indicated by an *.
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HP-IB Bus Capabilities and Functions (Continued)
Funections Reqguired

Bus Capability Sender Function — Receiver Function(s)
{Support Functions)
Status Byte represents the T — L* (SH, AH)

status of a device on the bus.
Bit 6 indicates whether the
device sent a Service
Request; remaining bits indi-
cate operational conditions
defined by the device, Sent
from a talking device in
response to a serial poll from
a controiler.

Status Bit represents the PP* = C
operational conditions of
several devices on the bus.
Each device responds on a
particular line which repre-
sents a bit of the byte, indi-
cating a device-dependent
condition. Typically sent in
response to a parallel poll.

The Status Bit can also be
used by a controller fo
specify the particular bit
and logic level that a device
will respond with when a
parallel poll is performed.
More than one device can
respond on the same bit.

Pass Control transfers the Ca — Cy (T,8H, AH)
bus management responsi-
bilities from the active con-
troller to another controller.

Abort is sent by the system Cs — T,L,*C
controller to unconditionally
assume control of the bus
from the active controller.
Terminates all bus com-
munications, without
implementing a Clear.

*Since more than one device can receive (or send) this message simultaneously, each
device must have the function which is indicated by an *.
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Serlal and Parallel Polling

Serial and parallel polling are the processes used by the computer to
determine the state of devices on the HP-IB bus. The conditions which
will cause a service request to be sent to the computer by the plotter in a
serial poli, and the plotter to respond positively to a paraliel poll, are
defined by the input mask instruction, IM, explained in Chapter 13.

The Serial Poll

A serial poll enables the computer to learn the status or condition of
devices on the interface bus. The serial poll is so named because the
computer polls devices one at time, rather than all at once.

The plotter will respond to a serial poll by sending the status byte as
described under The Output Status Instruction, OS, in Chapter 13. The
S-mask parameter of the input mask instruction, IM, is used to specify
which status byte conditions will send a service request. Unless vou
change the S-mask value from the default setting of 0, the plotter will
not send a service request.

When any of the conditions designated by the S-mask are true, bit posi-
tion 6 of the status byte will be set to 1. Bit position 6 will be set to
afier a serial poll has occurred or the condition causing the initial re-
quest no longer exists. After a serial poll has been made, the service
reguest won’t be sent again until the bit in the status byte which origin-
ally caused the service request to be sent has been cleared and the con-
dition which caused the original service request occurs again.

A computer performs a serial poll by issuing a serial poll enable and
addressing the plotter to talk. It must then terminate the serial poll by
issuing a serial poll disable. Refer to your computer’s documentation to
determine whether or not your system has serial poll capability and for
the necessary commands. During a serial poll, a device must be in-
structed to talk and the computer to listen. Therefore, a serial poll can-
not be executed when the plotter is in listen-only mode.

The Parallel Poll

If your system implements parallel polling, the parallel poll may be the
fastest method of determining which device on the bus needs service. In
one operation, the parallel poll determines which deviee (with parallel
poll capability) is requesting service. If the response to the poll is affirm-
ative, then a serial poll can be conducted fo obtain the device’s specific
status. Not all computers have parallel poll capability. Refer to your
computer’s documentation to determine whether or not your system has
parallel poll capability and for the necessary commands.
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If the HP 755(0's address is O through 7, the address determines which
data line is used,.as shown in the following table. With address settings
greater than 7, a response will not be sent unless the plotter has been
remotely configured by the computer. In this case, the response is sent
on the data line specified by the computer. The plotter will respond
positively to a parallel poll only if the conditions specified in the P-
mask are satisfied and parallel poll response is enabled. The P-mask
parameter of the input mask instruction, IM, is used to specify which
status byvte conditions will result in a positive response to a parallel
poll. The plotter’s response to a parallel poll is fo set the appropriate
data line to a logical 1.

Plotter Parallel Poll Bit HP-IB Data
Address Position Value Line Number
0 7 128 8
1 6 64 7
2 5 32 6
3 4 16 5
4 3 8 4
PRESET ——
6 1 2 2
0 1 1

To execute a parallel poll, the controller sets the ATN and EOI lines
true. The computer reads the eight data lines and determines from these
lines which device on the bus is responding positively. The computer
then sends the paraliel poll disable command.

It is important to remember that the plotter will not set the appropriate
data line to a logical 1 unless the P-mask value has been changed from
the default value of 0 and some condition included in the new P-mask
value is true. The plotter does not respond to a parallel poll in listen-
only mode.
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Chapter 16

RS-232-C/CCITT V.24
Interfacing

ol

" What Youw’ll Learn in This Chapter

This chapter pertains to the RS-232-C interface. It describes the dif-
ferent ways the plotter, computer, and a terminal may be physically
configured in an RS-232-C or CCITT V.24 system. The various modes
of operation for the plotter, a description of the mechanical interface,
communication reguirements, and a step-by-step checklist are provided
to help you set up vour system.

In addition, a tutorial description of the three predefined handshake
- methods, and details on how to select them from the front panel or under
program control is provided. Information on controlling the format of
plotter output, and a detailed description of the device-control instruc-
tions you may use to tailor your own handshake method are also
included. These device-control instructions foliow the syntax conven-
tions presented in Chapter 14. Note that device-control syntax differs
from HP-GL syntax. : ‘

NOTE: All information in this chapier applies equally to RS-232-C,
RS-422.A, and CCITT V.24 interfaces, except where noted. For purposes
of simplicity, all are referred to as RS-232-C. W

 Device-Control Instructions Covered

o ESC.P Set Handshake Mode Instruction

ESC.M Set OGutput Mode Instraction

ESC.N Set Extended Output and Handshake Mode Instruction
ESC.H Set Handshake Mode 1 Instruction

ESC.I Set Handshake Mode 2 Instruction

asH]

ESC.J Abort Device Control Instruction
ESC.Y or ESC.{ Plotter-On Instruction
ESC.Z or ESC.) Plotter-Off Instruction
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Terms You Should Understand

Programmed-On/BYPASS OFF — In the programmed-on state, the plotter
will accept and interpret all data as plotter instructions. (Refer to Modes
of Operation later in this chapter). If the plotter is set up in a stand-
alone configuration, the default power-on state is programmed-on, and
can only be changed with the front-panel Bypass function key. In an
eavesdrop configuration, the programmed-on state can be entered man-
ually with the front-panel Byrass OFF function key, or from a program
with the plotter-on ingtruction, ESC, Y or ESC, (. While programmed-on,
in either the eavesdrop or local stand-alone configurations, the plotter will
monitor the terminal port for a break signal. The plotter will interpret this
break signal as an instruction to flush the 1/0 buffer and, in an eavesdrop
eonfiguration, will return the plotter to the programmed-off state.

Programmed-Off /BYPASS ON — When the plotter is programmed-off, it
allows all data to travel through it between the computer and terminal
until another plotter-on instruction is received. This state is most useful
in an eavesdrop configuration, where the plotter shares one port to the
computer with a terminal. In this configuration, the programmed-off
state can be established by selecting the BYPAss oN function key, or send-
ing a plotter-off instruction, ESC.Z or ESC.). In a stand-alene config-
uration, the programmed-off state can only be established with the ByPAss
on function key.

Introduction

Basically, it is very easy to connect the plotter in a computer system and
select one of the predefined handshake methods (Xon-Xoff, enguire/
acknowledge, or hardwire). A step-by-step checklist is provided later in
this chapter; it outlines how to correctly interface the plotter in a given
system, and how to set up commaunications and select a handshake
method.

First, you should decide how you want to physically configure your com-
puter, plotter, and terminal. The first sections of this chapter describe the
possible configurations. Then, as described later, you can choose one of
the standard predefined handshake methods, using the front-panel
function keys, or under program control with the ESC . P instruction.

NOTE: Any settings you make at the front panel are sensed immediately
when entered and will override any temporary conditions established by
a software program. Also, the following front-panel interfacing functions
are stored in the plotter’s continuous memory: eavesdrop/stand-alons,
handshake, modem, direct, full/half duplex, parity, 7-bit/8-bit, and baud
rate. Thus, the plotter will retain whatever settings you make at the front
panel, even when you turn the plotter off and on again. ®
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The plotter goes into serial (R8-232-C) mode if the first data it receives
after power is applied comes through one of the R8-232-C ports. All
data that subsequently enters through the HP-IB port will be ignored
until the plotter is turned off and on again.

The information on serial interfacing in this manual applies specifically
to the HP 7550 plotter. For more detailed information on interfacing and
handshaking, refer to HP Plotter Note No. 6 (Part No. 5953-4163).

Plotter Configurations

The two plotter configurations, eavesdrop and stand-alone, are described
next. Choose the configuration that applies to the physical setup of your
computer, terminal (if any), and plotter.

Eavesdrop Configuration

In an eavesdrop configuration, the plotter is connected in series between
a computer and another peripheral (usually a terminal) as shown in the
next illustrations. The term “eavesdrop” comes from the fact that when
the plotter is turned on, it listens in or “eavesdrops” on the RS-232-C
interface line and allows data to travel through it between the computer
and the terminal. An advantage to this configuration is that the ter
minal and plotter can share one line to the computer.

The plotter will continue to eavesdrop on the line until a plotter-on in-
struction, ESC .Y or ESC. . (, is received. After the plotter “hears” this
instruction, it will go into the programmed-on state and interpret all
data as either HP-GL or device-control instructions, If the plotter re-
ceives a plotter-off instruction, ESC . Z or ESC.), it will return to the
programmed-off state, and again, pass on all data. (The programmed-
on and off states can also be established by the Byrass oFF and BYPASS
on function keys, respectively)
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Plotter, Computer, and a Terminal in an Eavesdrop Configuration
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Plotter, Computer, and a Terminal
in an Eavesdrop Configuration with Modems

To set up the plotter in an eavesdrop configuration, set the STANDALONE/
EAVESDROP front-panel function key to EAVESDROP, then connect the com-
puter and terminal to the connectors on the rear panel of the plotter.
There are two types of connectors: one male connector for the computer/
modem cable and one female connector for the terminal cable.

Stand-Alone Configuration

In the stand-alone configuration, the plotter is connected directly to a
computer and is usually adjacent to it. Diagrams of this type of configur-
ation for both large computer systems and personal computers appear
on the next page. In a stand-alone configuration, the default operating
state is programmed-on. The programmed-off state can only be set from
the front panel (with the BYpass on function key) since the plotter is
connected directly to the computer and never needs to ignore data that
might be passing through it (as it does in an eavesdrop configuration).

To set up the plotter in a stand-alone configuration, set the STANDALONE/
EAVESDROP front-panel function key to STANDALONE, then connect the com-

- puter to one of the connectors on the rear panel of the plotter. You can use
either the male or female connector, depending on the cable required for
your computer.
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Stand-Alone Configurations with a Mainframe or Personal Computer

Modes of Operation

In either the eavesdrop or stand-alone configuration, there can be three 5
modes of operation: either remote, local, or standby. Each of these modes i
can be selected with the front-panel function keys.

Remote Mode

In remote mode, the plotter will accept data for plotting only from the
male port on the rear panel of the plotter. The male port is labeled
COMPUTER/MODEM. If the computer or modem echoes data, FULL duplex
should be set and an echo terminate character defined with the ESC. M
instruction. Otherwise, select HALF duplex operation at the front panel.

NOTE: Inremote mode, simultaneous transmission of plotter output and
terminal-generated data will result in interleaved and garbled data trans-
mission to the compuier (or computer to terminal if in local mode). &

Local Mode

In local mode, the plotter will accept data for plotting only from the
female port on the rear panel of the plotter. The female port is labeled
TERMINAL. If the terminal connected to the TERMINAL port expects any
data that it sends to be echoed back to it, the pupLEX function key should
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be set to FuLL. The plotter will then supply this echo response. If the
terminal is set for local echo, set the plotter to HALF duplex so that the
plotter will not echo data sent by the terminal.

NOTE: One of the standard handshaking methods, hardwire hand-
shaking (DTR, pin 20), is not possible in local mode. &

Standby Mode

In standby mode, the plotter will ignore all data sent to it no matter
what configuration (eavesdrop or stand-alone) or state (programmed-on
or programmed-off) it is in. In standby mode, the plotter remains in the
programmed-off state, either passing data through in the eavesdrop
configuration, or ignoring all data in the stand-alone configuration. The
standby mode is useful as a debugging aid in eavesdrop configurations
that are having difficulties communicating through the plotter, or when
transmitting binary data between the computer/modem and terminal.

A Description of Plotter Modes
in the Eavesdrop and Stand-Alone
Configurations

Your system configuration and the mode of operation you select from the
front panel affect the operating state of the plotter. Following are
functional descriptions for various combinations of modes of operation
and the operating states for the eavesdrop and stand-alone configurations.

Remote Eavesdrop Mode, Programmed-Off

When the front-panel function keys are set for remote eavesdrop opera-
tion, the plotter can be programmed-on or programmed-off either from
the front panel or from a program.

In the programmed-off state, the default power-on condition, the plotter
passes data between the computer and the terminal as shown in the
following diagram. The plotter will respond only after a plotter-on
instruction, ESC.( or ESC.Y, from the computer, or when the front-
panel BYPAss function key is set to OFF.
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Remote Eavesdrop Mode, Programmed-On

In the programmed-on state, the plotter operates in response to instruc-
tions received from the computer as shown in the following diagram.
When the plotter instructions request output, it is provided as shown.
The communiecation channel from the terminal to the computer, through
the plotter, is maintained to provide operator access to the computer.

The plotter’s processor monitors the channel from the terminal to the
computer for a terminal-generated break signal. The plotter will inter-
pret this break signal as an instruction to flush the I/0 buffer and
return the plotter to the programmed-off state. A break signal of equal
duration is retransmitted to the computer.

‘Note that simultaneous transmission of plotter outputs and terminal-
generated data will result in interleaved data transmission to the

computer.
COMPUTER/
MODEM TERMINAL TERMINAL
PORT PORT

!

LINE

ol

' NGT USED C!J

HOST i &
COMPUTER " &
%]

OUTPUTS ¥ i

¥ PROCESSOR %

PLOTTER CANS FOR 3

INSTRUCTIONS BREAK §°

PLOTTER 5"

-’

Plotter in Remote Eavesdrop Mode, Programmed-On

RS-232.C/CCITT V.24 INTERFACING 16-7




Local Eavesdrop Mode, Programmed-Off

Local eavesdrop operation is very similar to remote eavesdrop mode,
except that data is received from the TERMINAL port, not the COMPUTER/
MODEM port. In the local programmed-off mode, the plotter will respond
only to a plotter-on instruction, ESC. (or ESC.Y, from the terminal or
when the front-panel Bypass function key is set to off. Terminal-
generated data is displayed on the terminal only if the data is echoed
from a host computer or the terminal is set for local echo. This mode is
normally used where the host computer must service many terminal
modes and it is desirable to download to a smart terminal to reduce
computer-connect time. Data routing in this mode is shown in the
following diagram.

TERMINAL

lFzsm / p 3
| COMPUTER/ TERMINAL

MODEM |
PORT ¥ ¥ _|PORT
FROCESSOR = = =
—— SCANS FOR
HOST “PLOTTER-ON"
COMPUTER INSTRUGTION
\ J
\_ J
PLOTTER

Plotter in Local Eavesdrop Mode, Programmed-Off

Local Eavesdrop Mode, Programmed-On

In the local programmed-on mode, the plotter operates in response to
instructions received from the terminal as shown in the following dia-
gram. When the plotter instructions request output, the outputissentonly
to the terminal, as shown. In FULL duplex, the plotter instructions are
echoed back to the terminal, and in HALF duplex, the echo is suppressed.
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Remote Stand-Alone Mode

When the front-panel function keys are set for remote stand-alone opera-
tion, the data source is the COMPUTER/MODEM port. The plotier may not
be programmed-on or programmed-off from a program.

In the programmed-on state, the power-on default condition, the plotter
interprets all data from the computer as plotter instructions.

- {.ocal Stand-Alone Mode

In local stand-alone operation, the data source is the TERMINAL port. The
plotter can only be programmed-on or off with the froni-panel BYPass
function key. If ruLL duplex is selected, all terminal-generated characters
are echoed back to the terminal,

In the programmed-on state, the plotter monitors the channel from the
terminal to the computer for a terminal-generated break signal. The
plotter will interpret this break signal as an instruction to flush the 170
buffer.

TERMINAL PORT

TERMINAL PLOTTER
Plotter in Local Stand-Alone Mode
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Automatic Disconnection Modes

Two modes are available for automatic disconnection at the end of an
RS-232.C/CCITT V.24 session conducted over phone lines. Disconnec-
tion is achieved when no one is present fo manually hang up the phone.
The two modes are switched/datex-line disconnection and leased-line
disconnection. The only way to leave either mode is to turn the plotter
off and on again.

Switched/Datex-Line Disconnection Mode

In this mode, the CTS and DSR (CB and CC) lines control the DTR line
and plotter bypass mode. As long as the CTS and DSR lines are high,
the DTR line is high. When either the CTS or DSR line goes low, the
DTR line goes low; this causes a disconnection, and the plotter switches
to BYPass ON. To activate this mode, press the pen select 5 key while
turning on the plotter,

Leased-Line Disconnection Mode

In this mode, the CTS, DSR, and DCD (CB, CC, and CF) lines control the
DTR line and plotter bypass mode. As long as these three lines are high,
the DTR lineis high. I any of the three lines goes low, the DTR line goes
low; this causes a disconnection, and the plotier switches to Byrass oN. To
activate this mode, press the pen select 6 key while turning on the plotter.

Direct/Modem Mode

The front-panel function keys may be used to select the direct or modem
mode. The direct mode is most commonly used, although with personal
computers a special cable may be required. The modem mode can be
enabled and used to hold off data transmission from the plotter if either of
the CTS or DSR (CB or CC) lines goes low.

Direct or modem mode may also be set under program control with the
ESC. @ instruction, described in Chapter 14,

Check your computer documentation to determine whether the DSR and
CTS lines are monitored on your system, or whether direct mode and a
specially-wired cable should be used.

16-10 RS232.C/CCITT V.24 INTERFACING




Mechanical Interface and Connector
- Pin Allocations

" RS-232-C/CCITT V.24 Interface Implementation

The plotter interfaces to the RS-232-C communications lines through
standard 25-pin connectors, one female labeled TERMINAL, and one male
labeled compuTeER/MODEM. The plotier 1s compatible with RS-232-C and
CCITT V.24 protocols.

When a hardwire handshake method is used, the Data Terminal Ready
(DTR) line (pin 20 on the COMPUTER/MODEM connector) is used to signal
whether space is available in the logical I/0 buffer for more data.

- R8-422-A Interface Implementation

The EIA RS-422-A standard defines the electrical characteristics of
balanced voltage digital interface circuits for serial data communica-
tion. The differential voltage (balanced) nature of this interface allows
a much greater interconnecting cable distance compared to the RS-232-C
standard, which is for an unbalanced interface.

Kach signal in RS-422-A is carried on a pair of differentially driven
lines. Thus, electrical noise that appears equally on both lines will be
ignored since only the difference is being used.

In the HP 7550, the Transmitted Data and Received Data signals on
both the cCOMPUTER/MODEM port and the TERMINAL port are duplicated in
RS-422-A. These lines are provided on the two 25-pin connectors. On the
TERMINAL port, they occupy pin positions 9, 10, 18, and 25. On the
COMPUTER/MODEM port, they occupy pin positions 9, 10, 18, and 3.*

A 5-wire RS-422-A interface can be built consisting of a Send Data pair, a
Receive Data pair, and Signal Common. Hewlett-Packard has standard-
ized such an interface, and the HP 7550 can be configured to operate in
this environment by using the 25-to-5-pin adapter cable (Part No. HP
17855A).

An enquire/acknowledge, Xon-Xoff, or other type of software handshake
must be used with the adapter cable, because no RS-422-A hardwire
handshake lines are provided.

- Connector Pin Allocations

Details of the connector pin allocations, including pin numbers, signal
directions, and signal levels for the RS-232-C, CCITT V.24, and RS-422-A
interface specifications, are shown in the following tables.

*Thig is true for HP 7550's with a serial number larger than 09801.
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Transmission Errors

Transmission errors occur when communication between the computer i
and plotter is incomplete or does not conform to what is expected or
required by either device.

Transmission errors include:

¢ Framing Error — The plotter does not detect a valid stop bit at the
end of every character.

& Parity Error —The plotter does not detect the expected parity (odd or
even). This error is inhibited if the plotter PARITY function key is set to
OFF.

& (verrun Frror — A character writes over another character before it
is placed in the buffer or processed.

& Buffer Overflow Error — The plotter receives more bytes of data than
it has space for in the 1/0 buffer.

When the plotter detects a framing, parity, or overrun error, it sets error
15. This error generally indicates that the communication problem is
hardware-related (e.g., wrong parity selection, incompatible or incorrectly
set baud rates, etc.) If a parity error occurs, the bad character is replaced
with the ASCII delete character DEL (decimal code 127).

When the plotter detects an I/O buffer overflow, it sets error 16 and the
last character received is replaced with the BEL character. The last HP-
G1. data that caused the overflow will be lost. Error 16 generally indi-
cates an improperly established handshake protocol.

When an error is set, a message appears on the front-panel display. You
can also determine the error number using the ESC.E instruction in
your program. A complete list of RS-232-C errors is included with the
discussion of the ESC.E instruction in Chapter 14; this list also ap-
pears in Appendix B.

NOTE: A buffer overfiow condition could also cause an HP-GL error 7
to occur. In this case, vou could determine the error number using the
OFE instruction (discussed in Chapter 13). B

Setting Up the Plotter: a Checklist

The following paragraphs outline the choices that must be made to cor-
rectly interface the plotter in a given RS-232-C system.

Determine System Configuration

Determine whether vou will be operating in an eavesdrop or stand-alone
configuration as shown in the section on Plotter Configurations earlier
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in this chapter. Select the appropriate configuration with the front-panel
~function keys. The appropriate operating state of default programmed-off
- or programmed-on will-automatically be set.

Select Data Source

If'your plotter will be receiving data from a program on a host computer,
select remote mode. Remote mode is selected by default when the poweris
turned on. If vou will be sending instructions directly from the TERMINAL
port, select the local mode, If you select the standby mode, the plotter
cannot be programmed-on and ignores all data.

Check Hardware Connections

Check the Operation and Interconnection Manual to make sure you
have the required cables, and connect the plotter as shown for your
chosen configuration, Use the appropriate cable for your system when
connecting to the compUTER/MODEM port. Use the cable supplied with
your terminal when connecting to the TERMINAL port.

e CAUTION
When data is received from either the TERMINAL or COM-
PUTER/MODEM port, nothing should be attached to the HP-1B
port.

Set Baud Rate and Stop Bits

Determine the baud rate at which your computer sends data and use
the BAUD rate function key to set the plotter to the same rate. When
shipped from the factory, the plotteris configured to automatically verify
or generate two stop bits at 110 and lower baud rates, and one stop bit for
all baud rates greater than 110.

Set Parity and Data Bits

Determine if parity checking is used on your system and use the front-
panel function key to set parity 0bD, EVEN, or OFF, accordingly. The parity
bit must be set to match in the computer, plotter, and terminal.

6754

Set 7 or 8 data bits to correspond to your system. If you are not sure of
how many data bits your system requires, try the following procedure:

L d
b

e If your system uses no parity, start with 8 data bits. If error 15 occcurs
when you transmit data to the plotter, reset to 7 data bits.

® If your system uses odd or even parity, start with 7 data bits. If error
15 occurs when you transmit data to the plotter, check for proper
parity, or change to 8 data bits.

e
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3
&
g,
5
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Set Direct or Modem Mode

Select the DIReCT function key on the front panel if the Data Set Ready
(DSR) and Clear to Send (CTS) lines are not used on vour system, Most
systems use this mode. Note that a special cable may be required to
mterface the plotter with certain systems. See the section on interface
pin allocations, described previously in this chapter.

Select the MODEM function key on the front panel if your system requires
that the DSR and CTS lines must be set high before the plotter trans-
mits data to the host. This mode may also be enabled from a program
with the ESC . @ instruction, described in Chapter 14.

Set Echo On or Off

Set the duplex mode to FULL on the front panel to echo all received data
baek to the terminal in local mode, or if data is echoed back from the
computer in remote mode. There is no echo when HALF duplex is selected.

If the plotter is set to remote mode, FuLL duplex is selected, and an echo
terminate character is defined (typically a line-feed character) after the
plotter’s output, then all input is ignored until the echo terminate char-
acter is received. The ESC.M instruction can be used to change the
echo terminate character if the plotter seems to be ignoring data sent to
it after an output request.

Select a Handshake Method

Determine which handshake method your system uses. You may select
one of three predefined handshake methods with the front-panel func-
tion keys, or under program control with the ESC. P instruction. The
three predefined handshake methods are Xon-Xoff, enquire/acknowledge,
and hardwire. They are explained in the section called Understanding
HP 7550 Predefined Handshake Methods next in this chapter.

If yvour system requires a special format for handshaking, different
from the conditions established with the predefined methods, you can
tatlor your own handshake method. Tailoring a handshake method is
described later in this chapter.

If you encounter errors, or communication between the computer and
plotter is not what you expected, refer to the section called Transmission
Errors earlier in this chapter.

8 Understanding HP 7550 Predefined
8 Handshake Methods

The purpose of handshaking 1s to assure correct and complete data
transfer. The computer and the plotter must transfer informaticn to one
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another in such a way that data will not be lost. The plotter uses a
buffer, called the logical input/output buffer, to adjust for the rates at

which data is received and processed.

The plotter is capable of using any one of three predefined handshake
methods to prevent buffer overflow and the resulting loss of data. The
computer system’s capabilities and requirements dictate which hand-
shake method is appropriate. The predefined handshake methods are:

¢ Xon-Xoff Handshake — This method is initiated by the plotter. It can
be used if the computer system follows an Xon-Xoff protocol, where
control characters are transmitted from the plotter to the computer to
indicate when thelogical 1/Obuffer isfull, and when to send more data.

¢ Engqguire/Acknowledge Handshake — This handshake method is initi-
ated by the computer system, It is used in Hewlett-Packard systems
and is so named because the ASCII characters EN§ and ACK may be
used as handshake characters.

"# Hardwire Handshake — This method uses a physical wire, pin 20 of
the RS-232-C connector, to control handshaking. It can be used if the
computer system can or does monitor pin 20 (the DTR line). However,
the hardwire handshake cannot be used when the plotter is in local
mode or when the special RS-422-A interface is being used.

Choosing a Handshake Method

Any of the standard handshake methods can be selected using front-
panel function keys or under program control with the ESC.P instruc-
tion. In most cases, you can use either of these methods to easily choose
a predefined handshake method and not worry about the intricacies of
handshake protocols.

If you need to change the standard values used for the turnaround delay,
output trigger character, echo terminate character, or output initiator in
any of these standard handshake methods, simply use the ESC.M in-
struction. For more details, refer to the section on Controlling Plotter
Cutput later in this chapter. :

In: certain applications, however, you may need to tailor a special hand-
shake method to meet the requirements of your system. In this case,
refer to the section on ‘Tailoring Your Own Handshake later in this
chapter. The handshake parameters (e.g., turnaround delay and catput
initiator) are also defined in that section.

A fourth type of handshake method, called software checking, may also
be used. Software checking refers to a handshake method that is man-
aged by the applications program. Actually any method, other than a
hardwire handshake, could be considered software checking. However,
software checking is generally used to refer to a method that can be
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used on ény system, especially if the system cannot implement any of
the standard methods mentioned above.

The following paragraphs provide detailed descriptions of the four
handshake methods, to help you determine which method to use.

Xon-Xoff Handshake

With the Xon-Xoff handshake method, the plotiter controls the data
exchange sequence by telling the computer when it has room in its
logical 1I/0 buffer for data and when to shut off the flow. The plotter
uses buffer threshold indicators (an Xon frigger character and an Xoff
trigger character) to prevent buffer overflow.

OVERSHOOT (DUE TO TIME REQUIRED TO
REACT TO XOFF TRIGGER CHARACTER)

LOGICAL 0
_ BUFFER FULL \ \ 0
XOFF THRESHOLD
(XOFF TRIGGER

CHARACTER SENT) 3 4 P \
TOTAL
LOGICAL /G
XON THRESHOLD 2 _ - BUFFER
(XON TRIGGER SPAGE
5

CHARACTER SENT} AVAILABLE

LOGIGAL 1/0 L LOGICAL 10
BUFFER EMPTY TIME BUFFER SIZE
Xon-Xoff Threshold Levels

As graphics instructions are sent to the plotter by the computer, they

are stored in the logical 1/0 buffer and processed sequentially by the
plotter. The preceding figure is representative of the way the Xon-Xoff
handshake works; the numbers represent the following:

1. Data enters the buffer faster than it can be acted on by the plotter,
and the buffer starts to fill.

2. The plotter begins processing the input data faster than the com-
puter sends it, and the buffer starts to empty.

3. The data enters the buffer at a faster rate than the plotter can
process it. The amount of data stored in the buffer reaches the Xoff
threshold level, at which point the plotter sends the Xoff trigger char-
acter, stopping the flow of data from the computer.

4. Due to a finite delay between the time the plotter sends the Xoff
trigger character and the time it takes the computer to react, a slight
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overshoot of the threshold level may occur. In most cases, this over-
shoot will be much smaller than the default 80 byte block size and
results in unused bytes in each block. (Typically, the overshoot is
less than 10 characters.)

B, When the amount of stored data drops to the Xon threshold level,
the plotter sends the Xon trigger character to signal the computer to
resume sending data. The Xon threshold level is automatically set to
one block size below the Xoff threshold.

6. Data is again stored in the buffer until all data 1s transferred or until
the Xoff threshold level is exceeded again.
Enquire/Acknowledge Handshake

With the enquire/acknowledge handshake, the computer initiates the
data exchange process by querying the plotter about the availability of
logical 1/0 buffer space. The format of the exchange is dependent upon
the requirements of the computer.

In its simplest form, the data exchange looks like this:

“ENQ”

WHICH IS INTERPRETED BY THE PLOTTER TC
MEAN: “DO YOU HAVE LOGICAL /0 BUFFER
SPACE FOR A DATA BLOCK?”

"ACKY

WHICH IS INTERPRETED BY THE COMPUTER TO
MEAN: “YES, THERE IS RCOM [N THE LOGICAL
/O BUFFER."

COMPUTER

&

PLOTTER

BLOCK OF DATA SENT

ENQ/ACK Handshake Protocol, Example 1

In a more complex form, the communication might look like the follow-
ing example, where the two instructions ES§.M250;17;10;13: and
ESC. H 100;5;6: have been sent to specify the variables as:

Turnaround delay = 250 ms

Output trigger character = b6l (decimal code 17)
Echo terminate character = LF (decimal code 10}
Output terminator = CR (decimal code 13}

Data block size = 100 bytes

Enquiry character = ENf (decimal code 5)
Acknowledgment string = ACK (decimal code 6)
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DO YOU HAVE BUFFER SPACE FOR A 100-BYTE BLOCK OF DATA?

“ENG {(HANDSHAKE ENABLE}
THIS ENDS REQUEST, PLEASE ACKNOWLEDGE.

HOST o
GOMPUTER DCT {GUTPUT TRIGGER CHARACTER} PLOTTER
‘ YES, THERE 1S RGOM FOR 100 BYTES
fw 250 S DELAYED "ACK" (HANDSHAKE STRING)
ECHO |

B THIS 18 END OF MY MESSAGE.
T “GR {OUTPUT TERMINATOR)
e

-
EGHO | TR

I
|

OR"

“LET (FCHO TERMINATE CHARACTER)

100-BYTE DATA BLOCK

ENGQ/ACK Handshake Protocol, Example 2
Hardwire Handshake

As the name implies, the hardwire handshake takes place in the hard-
ware rather than the firmware or software. The plotter controls the data ...
exchange sequences by setting the electrical voltage on pin 20 of the
connector (CD line) to the computer to signal the computer when to
send another block of data. The Data Terminal Ready (DTR or CD) line
is set high at power-on and is not set low until available logical 1/0
buffer space is less than the data block size specified by either ESC.H
or ESC.1I (default is 80 byies). DTR remains low until available buffer
space is greater than the data block size. By monitoring this line, the
computer knows when it can or cannot safely transmit another block of
data.

Software Checking Handshake

If you need to develop plotter programs that are independent of a given
computer system, you may decide to use instructions in your applica-
tion program to control the flow of data. This type of handshaking is
referred to as software checking. It can be used on almost any computer
system that supports input as well as cutput to a device. This type of
handshake method must be used if your system cannot implement any
of the other predefined methods.

One method of software checking is a handshake in which a program
uses the ESC.B instruction to repeatedly ask the plotter how many
bytes of empty space remain in the logical I/0 buffer. When the plotter
response is bigger than the next block of data, the program will trans-
mit the data block to the plotter. This method may use large amounts
of computer and plotter processing time and is inefficient in time-share
environments.
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To match the requirements of the computer system, these variables may
be specified for the software checking handshake method by using the
appropriate instructions:

& Maximum buffer size (ESC. @ instruction)

e Turnaround delay (ESC .M instruction)

¢ Quiput trigger character (ESC . M instruction)
¢ Fcho terminate character (ESC. M instruction)
¢ Qutput initiator character (ESC .M instruction)
¢ Qutput terminator (ESC. M instruction)

e Intercharacter delay (ESC.N instruction)

The flow diagram on the next pageillustrates the functional elements of a
typical software checking handshake within a program.
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( STARY )
PREPARE BLOCK

OF DATA FOR TRANS-
MISSION TO PLOTTER

v

SEND OUTPUT
—# BUFFER INSTRUCTION,
ESC.B, TO PLOTTER

v

RECEIVE ESC. 8
AESPONSE AND
ENTER BUFFER SPACE
DATA INTO PROGRAM

SPACETO
SEND ENTIRE
DATA BLOCK?

SEND DATA
BLOCK TC PLOTTER

ANY
MORE DATA .
FOR PLOTTER? YES

D

Software Checking Handshake

Selecting a Predefined Handshake Method
from a Program
Tt is very easy to select a handshake method from a program with the

ESC.P instruction. This instruction will set up either an Xon-Xoff,
enguire/acknowledge, or hardwire handshake method.
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The ESC . P instruction is designed to set up a handshake method with
parameters that are commonly used. However, these parameters may
not be the best for your system. For example, if your system uses an
enquire/acknowledge handshake but does not use a line feed for the
output trigger character, you could use the ESC . M instruetion to change
the preset value.

If you need to modify any of the predefined values established with
ESC. P, refer to the sections on Cantrolling Plotter Gutput and on Tailor-
ing Your Own Handshake later in this chapter.

The Set Handshake Mode Instruction,
ESC.P

USES: The ESC.P instruction simplifies specification of the hand-
shake method that the plotter uses when communicating with the com-
puter, Use this instruction to select one of three standard handshakes.

SYNTAX: ESC.P (<DEC>):
DEFAULT: Esc.P: Nohandshake is sef (parameter 0).

EXPLANATION: The ESC.P instruction selects one of three stand-
ard handshakes. (Use ESC.@, H, I, M, and N to select a nonstandard
handshake.)

The decimal values 0 to 3 are used to specify a handshake method with
predefined parameters as follows:

Parameter Value
and Handshake Method
Predefined Handshake
0 1 2 3 Parameters Established
None | Xon- | ENQ/ | Hard-
Xoff ACK wire
0 b0 0 0 | Taurmaround Delay
0 0 17 ¢ | Output Trigger Character
0 10 10 0 | Echo Terminate Character
13 13 13 13 | Output Terminator 1 =
0 0 0 0 | Output Terminator 2 i@
0 2 2 0 | Handshake Mode S
80 80 1 80 80 | Block (Record) Size o
1024 1024 1024 1024 | Logical I/0 Buffer Size 5
0 0 5 0 | Handshake Enable Character | ! é:
0 17 6 0 Handshake Response : g -
0 10 0 0 | Intercharacter Delay =a
0 19 0 0 Immediate Response String . L
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Controlling Plotter Output

For a particular application, you may need to slightly modify the for- ... | = —
mat that the plotter uses for ouiputting data in order to match the re- o
quirements of your system. In this case, use the set output mode instruc-

tion, ESC.M and the set extended output mode instruction, ESC.N to

set certain parameters as explained in the next two sections.

If you need to establish a more specialized type of software checking
handshake method, refer to the section on Tailoring Your Own Hand-
shake following the discussions of the ESC. M and ESC. N instructions.

The Set Output Mode Instruction,
ESC. M

USES: TheESC.M instruction establishes parameters for the plotter’s
communication format. Use this instruction to establish a turnaround
delay, an output trigger character, an echo terminate character, and an
output initiator character. Also, use it to change the output terminator
from its default value, carriage return.

SYNTAX: 8¢ .M [(<DEC>);(<ASC>);(<ASC>);
(<ASC>(; <ASC>)); (<ASC>)]:

DEFAULTL: €s¢.M: Sets the carriage-return character (decimal code
13) as the output terminator. It also specifies that there is no turnaround
delay and no output trigger, echo terminate, or output initiator character.

EXPLANATION: A description of the instruction’s parameters fol-
lows. All parameters are optional.

<DEC> The first parameter specifies the turnaround delay. The

parameter range is 0 to 9999 milliseconds. If omitted, this
parameter assumes its default value of 0 (no turnaround delay).

<ASC> The second parameter specifies a single character which be-
comes the output trigger character. The parameter may be
the decimal code of any ASCII character in the range 0 to 126.
If omitted, this parameter assumes its default value of 0 (no
trigger character).

<ASC> 'The third parameter specifies a single character which be-
comes the echo terminate character, The parameter may
be the decimal code of any ASCII character in the range 0 to
126. If omitted, this parameter assumes 1’ss default value of §
{no echo terminate character).
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<ASC>...

<ASC™

<ASC> The fourth parameter may be the decimal code(s)
of one or two ASCII characters in the range 0 to 127. This
becomes the output terminator. The value 0 is not trans-
mitted, and will terminate the string. If omitted, this param-
eter defaults to 13, the decimal code of the single ASCII char-
acter carriage return (CR).

If the fifth parameter is specified, this fourth parameter must
consist of two characters, or the second character must be
set to (0 or omitted (by entering only a semicolon).

The fifth parameter specifies a single character which be-
comes the output initiator character. The parameter may
be the decimal code of any ASCII character in the range 0 to
127. If omitted, this parameter assumes its default value 0
{no output initiator character).

The fiowchart on the next page depicts plotter output.
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The Set Extended Output and
Handshake Mode Instruction, ESC.N

USES: The ESC. N instruction establishes parameters for the plotter's
communication format. Use this instruction to specify an intercharacter
delay for all handshake methods, the immediate response string for the
enquire/acknowledge handshake, or the Xoff trigger character(s) for the
Xon-Xoff handshake.

SYNTAX: ESC.N [(<DEC>);(<ASC>(;...<ASC>)]:

DEFAULT: Es¢.N: Nointercharacter delay and no Xofftrigger char-
acter or immediate response string.

EXPLANATION: A description of the instruction’s parameters fol-
lows. All parameters are optional.

<DEC> Thefirst parameter is the intercharacter delay. The param-
eter range is 0 to 9999 milliseconds.

<ASC>...<ASC> The second parameter is a list of the decimal codes
of one to 10 ASCII characters in the range 0 to 127. For an
Xon-Xoff handshake, it specifies the Xoff trigger char-
acter(s). For an enquire/acknowledge handshake, it specifies
the immediate response string. Semicolons must separate
each parameter in the list.

- Tailoring Your Own Handshake

Standard formats for commonly used handshake methods may be
selected from the front panel, or under program control with the ESC.P
instruction. However, in some applications you may choose to tailor a
special handshake method for more efficient operation in your system.

Once you know which handshake method you will use, you can pro-
gram the plotter to match your system requirements in order to imple-
ment the chosen method. This is done by specifying certain variables
in device-control instructions which are issued to the plotter at the be-
ginning of each computer session or graphics program. The variables
which may be specified through the four handshake methods available
to the plotter are:

¢ Qutput Trigger Character — The output trigger character, when used,
is the last character output by the computer when making a request
of a peripheral. Defining this character in an instruction tells the
plotter, “Don’t respond to my request until you receive this trigger
character.” This character is often a BC1 (decimal code 17) or some
other nonprinting ASCII character such as LF or CR or, when using
some implementations of BASIC, the ? (decimal code 63), which does
print.
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Turnaround Delay — The turnaround delay is the length of time the
plotter will wait after receiving a computer request before it responds.
The purpose of this time delay is to delay the plotter’s transmission
of requested data until the computer is ready to receive and process it.
Systems may require either a turnaround delay or a trigger character,
or both.

Output Initiator Character — The output initiator character is a one-
character initiator that is sent by the plotter at the beginning of a
stnng The output initiator tells the computer “This starts my trans-
mission.” Some computers which require an output initiator expect
the start-of-text character STX (decimal code 2) as the plotter’'s output
initiator.

Output Terminator — The output texminator is a one- or two-character
terminator that the computer requires the plotter to send at the end of
each response to a data request. The output terminator tells the com-
puter, “This completes my transmission.” Often, computers expect the
carriage-return character CR (decimal ‘code 13) as the plotter’s output
ferminator.

Echo Terminate Character — Echoing is commonly found in full-
duplex systems. Use of the echo terminate character in a device-control
instruction tells the plotter that the computer will echo all responses
and that this echoed data should be ignored (the plotter’s logical 170
buffer should be closed) until an echo terminate character is received.
When the plotter receives the echo terminate character, it reopens the
logical I/0 buffer to receive graphics data from the computer. Com-
puters often use the line-feed character LF (decimal code 10) as the
echo terminator. If the computer does not echo the peripheral’s re-
sponse, this variable must be the NBLL character (decimal code 0) or
must be omitted.

¢ Intercharacter Delay — Some computers cannot process data as fast
as the plotter can transmit it due to limited buffering in their 1/0
port. This can be compensated for by delaying each transmission from
the plotter a period of time as specified by the intercharacter delay
variable. This intercharacter delay is added to a turnaround delay (if
one has been specified) before the first character is sent by the plotter,
and is also inserted before each subsequent character in a string being
sent to the computer.

s Fnguiry Character — In some systems, the computer sends an enquiry
character to ask the plotter if it has room for a block of data, thereby
initiating the handshake process. If the Xon-Xoff handshake method
is to be established, the NULL character (decimal code 0) must be speci-
fied as the enquiry character, or the parameter must be omitted. If
the enquire/acknowledge handshake method is to be established, an
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ENG character {(decimal code 5) or any other ASCII character besides
HULL is used.

Immediate Response String — Certain system environments require
an immediate response from the plotter acknowledging the enquiry
from the computer. Systems of this type include a computer that trans-
mits data to the plotter after a certain time interval but before receiv-
ing a go-ahead signal from the plotier. If the plotter’s logical I/0
buffer is full and the computer sends more data, the buffer will over-
flow. The immediate response string prevents this inadvertent trans-
mission of data before the plotter 1s ready. It 1s transmitted by the
plotter immediately after receipt of an enquiry character and tells the
computer, “Wait, I am here and checking my buffer space.” The com-
puter will wait indefinitely until it receives an acknowledgment string.
Computers frequently require a B63 character (decimal code 19) as the
tmmediate response string.

Acknowledgment String — The acknowledgment string specifies the
character or characters that the plotter will send to the computer when
the plotter’s logical I/0 buffer has raom for another block of data.
Computers frequently require that the ACK character (decimal code 6)
be used for the acknowledgment string. '

Maximum Logical 1I/0 Buffer Size — This variable egtablishes the
effective usable logical 1/0 buffer size in the plotter.

Data Block Size — This is the maximum size of each data block the
computer will transmit to the plotter.

Data Terminal Ready (DTR or CD) Line Control — This variable sets
the configuration of the plotter’s Data Terminal Ready control line
{pin 20) to enable or disable the hardwire handshake method. Pin 20
is held high 12 V) if hardwire handshake is disabled.

Xoff Threshold Level — The value of the Xoff threshold level is set
with the first parameter of the ESC.I instruction. When the Xon-Xoff
handshake method is used, this value is subtracted from the logical
1/0 buffer size to determine the point at which the plotter sends the
Xoff trigger character to the computer, telling it to stop sending data.

The default Xoff threshold level is set at 80 bytes below the logical
1/0 buffer size. If the logical I/0 buffer size is changed with the
ESC. @ instruction, the Xoff threshold will change accordingly.

During the time it takes the computer to react to an Xoff trigger, a
slight overshoot of the threshold level may cccur. In most cases, this
overshoot will be much smaller than the space allotted by the default
80-byte threshold value, and results in unused bytes in the buffer.
(Typically, the overshoot is less than 10 characters.) To maintain
maximum throughput, you should specify the smaliest possible value
that ensures the logical 1/0 buffer does not overflow.
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& Xoff Trigger Character — This specifies the character string the plot-
ter will use fo signal the computer to temporarily stop sending data
while the plotter processes what it has already recetved. The be3 char-
acter {decimal code 19) is generally used for the Xoff trigger character.

® Xon Trigger Character — This specifies the character string the plotter
will use to signal the computer that there is sufficient space in the
logical 170 buffer to resume sending data. The BG1 character (decimal
code 17) is generally used for the Xon trigger character.

Quick Reference of Handshake Types

Following is a quick reference and summary of the RS-232-C instruc-
tions required for each handshake method. For more detailed informa-
tion on interfacing and handshake methods and how to choose the best
method for your system, refer to the Hewlett-Packard Flotter Note No. 6
{Part No. 5953-4163).

Handled by Handled by
Operating Svstem Software
. ENGQ/ACK | ENQ/ACK Buffer L
Hardwire | Xon-Xoff | "o 40 9) | (Mode1) | Checking | -
ESC.P ESC.P ESC.P — —
or or or
ESC.® ESC.N ESC.I ESC.M ESC.M
and and and
ESC.1 ESC.H ESC.B

Device-Control Instruetions and Values Used to
Establish Handshake Methods

The following instructions may be used to establish any handshake
method. The ESC. @ and ESC. B instructions are presented in Chapter
14; the other instructions are presented in this chapter.

ESC.@ logical 1/0O buffer size;set con.ﬁguration options (which in-
clude hardwire handshake):

ESC.B (Noparameters — This instruction outputs vhe number of bytes
currently available for data in the logical 1/0 buffer. Response
is an integer of five digits or less with no decimal point.)

ESC.H block size;enquiry character ; acknowledgment string :

ESC.I  blocksize (in ENQ/ACK handshake) or Xoff threshold level (in
Xon-Xoff handshake) ; enquiry character or omitted ; acknowl-
edgment character(s) or Xon trigger character(s):
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ESC.M turnaround delay;output trigger character;echo terminate
character ; output terminator(s) ; output initiator:

ESC.N intercharacter delay:immediate response string or Xoff trigger
characters:

ESC.P handshake method:

A Summary of RS-232-C Device-Control
~ Instructions

The RS-232-C interface instructions are a special type of device-control
instructions. The RS-232-C instructions discussed in this chapter are
used to establish and control serial communications between the plotter
and a computer. A discussion of general-purpose device-control instruc-
tions, including the use of monitor mode for program debugging and
how to interpret error conditions, appears in Chapter 14. Refer also to
Chapter 14 for a description of syntax conventions for device-control
instructions, which are different from HP-GL syntax conventions. Re-
member that all device-control instructions are immediately executed
when received. Unlike HP-GL instructions, they are not stored in the
170 buffer.

Serial communications means that byies of information are fransmitted
in a sequential, rather than parallel, format. The plotter goes into sertal
mode if the first data it receives enters through a serial port (either
COMPUTER/MODEM oY TERMINAL).

NOTE: The ESC.H and ESC.I instructions are mutually exclusive. De-
pending on the requirements of the computer system, either instruction
can be used for the enquire/acknowledge handshake, but only ESC.1
can be used for the Xon-Xoff handshake. ®

 The Set Handshake Mode 1 Instruction,
- ESC.H

USES: The ESC. H instruction is useful for setting up a handshake
method where a program controls the handshaking. It may be used
with the enquire/acknowledge handshake to establish the plotfer’s im-
plementation of the handshake protocol. Use this instruction to con-
figure the plotier for enquire/acknowledge handshake when the com-
puter requires that the plotter’s oufput is senf in accordance with the
parameters set in the ESC. M and ESC. N instructions.

SYNTAX: ESC.H [(<DEC>);(CASCS);(<CASCS(. .. <ASCH)]:

DEFAULT: £s¢.H: The enguire/acknowledge handshake is disabled.
Data block size is 80 bytes, and there is no enquiry character or acknowl-
edgment string. If, however, the computer is configured to send an ENg
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anytime it 1s ready to send data to the plotter, the plotter will automati-
cally respond with ACK when it receives ENg. This “dummy handshake” ig
not dependent upon available buffer space and does not protect against
logical I/0 buffer overflow.

EXPLANATION: A description of the parameters is given next, Re-
member that this instruction may be used for an enquire/acknowledge
handshake, but it may not be used for an Xon-Xoff handshake.

<DEC> The first parameter specifies the data block size. Param-
eter range is 0 to 32767. The data block size must be set to
less than the current logical 1/0 buffer size. Default block
size set when the parameter is omitfted is 80 bytes.

<ASC> This parameter sets the enquiry character. The parameter
may be the decimal code of any ASCII character in the range
0 to 126. If the parameter is omitfed, it assumes the default
value O (NULL character) disabling enquire/acknowledge hand-
shake. Any value other than 0 enables enguire/acknowledge
handshake. However, the value b (enquiry character, ERQ) is
generally used.

<ASC> .. <ASC> This is a list of one to 10 characters, separated by
semicolons, which specifies the acknowledgment string.
Decimal codes of ASCII characters in the range 0 to 127 are
valid. The value 0 is not transmitted and will terminate the
string. The value 6 (acknowledgment character, ACK) is gener-
ally used. If the parameter is omitted, it assumes the default
value 0 and no characters are sent.

The ESC.M and ESC.N parameters that affect output responses of
handshake mode 1, handshake mode 2, and all output instructions are
shown in the table on the following page. Use handshake mode 1, set by
ESC.H, or handshake mode 2, set by ESC. 1, depending on the require-
ments of the computer operating system.
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Parameter Inclusion in Plotter Responses

: ESC.H ESC.1
ESC . M/ESC.N H?\i[ldghike H?&ldghzke Output
Parameters oce oce In§truc-
tions
ENGQ/ACK | ENQ/ACK Xon-Xoff
Turnaround Delay Yes Yes No Yes
Output Trigger Yes No No Yes
Character
Echo Terminator Yes No No Yes-
Output Terminator Yes No No Yes
Output Initiator® No No No Yes
| Intercharacter Delay Yes Yes Yes Yes
Immediate Response Yes Yes No No
String

*If an output initiator is required on enguiry responses, it should be specified as the first
character of the acknowledgment string and/or the immediate response siring, depend-
ing on the system.

- Example — Using ESC. H with an Enquire/Acknowledge
Handshake

""" ESC. H 132:19;20;7: will set the block size to 132 bytes, the ASCII char-
acter DC3 as the enguiry character, and the two characters D64 and BEL
as the acknowledgment string. Since ESC . H sets handshake mode 1,
the currently defined output terminator, output trigger character, and
echo terminator as well ag the turnaround delay, intercharacier delay,

and immediate response string, are used when the response string, BG4 BEL
is sent.

- The Set Handshake Mode 2 Instruction,
ESC.1

USES: The ESC.1instruction can be used with a hardwire handshake
to change the data block size threshold for the DTR line. ESC .11is also
used in large computer systems where handshaking is handled by the
operating system via input/output (I/0) driver software. With the
enquire/acknowledge handshake, it establishes the data block size, the
enquiry character, and the acknowledgment string when the computer
does not expect the parameters set by ESC. M to be included in the
response to the enguiry character, With the Xon-Xoff handshake, it sets
the Xoff threshold level and the Xon trigger character.

4
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SYNTAX: ESC.I [(<DEC>);(<ASC>);(<ABC> (.. . <ABC>h):

DEFAULT: gs¢.l: Neither Xon-Xoff nor enquire/acknowledge hand-
shake is enabled. Data block size is 80 bytes, and there is no enquiry
character or acknowledgment string. If, however, the computer is configured
to send an EN@ anytime it is ready to send data to the piotter, the plotter
will automatically respond with ACK when it receives ER§. This “dummy
handshake” is not dependent upon available buffer space and does not
protect against logical I/0 buffer overflow.

EXPLANATION: With handshake mode 2, some of the parameters
set by the ESC .M instruction do not effect when the plotter outputs the
acknowledgment string or the Xon and Xoff trigger characters. Refer to
the table under the ESC.H instruction to see which parameters are

used. This information will help you choose whether to use ESC.1 or
ESC . H.

A description of the parameters, as interpreted for the Xon-Xoff hand-
shake, is given next. Refer to ESC.H for a description of the param-
eters as interpreted for the enquire/acknowledge handshake.

<DEC> The first parameter sets the Xoff threshold level by speci-
fying a value that is subtracted from the logical 170 buffer
size to determine the point at which the Xoff trigger char-
acter is to be sent.

The Xon threshold level is set at one Xoffthreshold value
beiow the Xoff threshold level. The Xoff threshold level can-
not be set at less than one-half the logical 1/0 buffer size. If
you specify a threshold value that would cause the threshold
level to be less than one-half the logical I/0 buffer size, the
Xoff threshold level will automatically be set at one-half the
logical 170 buffer size, and the Xon threshold level will be
set to zero,

<<ASC>  Tospecify the Xon-Xoff handshake method, omit this parame-
ter by entering only a semicoion or the value 0 followed by the
semicolon. To enable Xon-Koffhandshake, the next parameter,
which specifies an Xon trigger character(s}, must also be
included.

<ASC> ... <CABC> Omne to 10 characters, separated by semicolons,
which specify the Xon trigger character(s). Decimal codes
of ASCII charactersin therange 0 to 127 are valid. The value 0
is not transmitted and will terminate the string.

Example — Using ESC.1 with a Hardwire Handshake

£s¢. 110: will set the data block size threshold for the DTR line to 10 bytes.
Since the other parameters of ESC.T are unnecessary for a hardwire
handshake, they are not inciuded.
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Example ~ Using ESC.I with an Enquire/Acknowledge
Handshake

ESC.I;5:6: will set the block size to its default value of 80 bytes, the
ASCII character ENQ as the enquiry character, and the ASCII character
ACK as the acknowledgment string. Only the tarmaround delay (set with
ESC. M), intercharacter delay, and immediate response string (set with
ESC.N), if any, are used when sending the acknowledgment string. No
output initiator will precede it, even if one is defined, and no output
terminator will follow it.

Example — Using ESC.I with an Xon-Xoff Handshake

ESC.181;;17: will set the Xoff threshold level {o 81 bytes less than the
current logical 1/0 buffer size (the Xoff character will be sent when 81
empty bytes remain in the plotter’s logical 1/0 buffer) and the Xon
trigger character to 061. The second parameter is defaulted as required
for this handshake.

NOTE: The Xoff trigger character must be specified with the ESC.N
instruction. ®

The Abort Device Control Instruction,
ESC.dJ

USES: The ESC.J instruction aborts the execution of any device-
. control instruction. Use this mstruction in an initialization sequence
when vou first access the plotter.

SYNTAX: Es¢.J

EXPLANATION: This instruction aborts any device-control instruc-
tion that may be partially parsed or executed. The remaining param-
eters of partially parsed instructions are defaulted. All pending or par-
tially transmitted output reguests, from either HP-GL or device-control
instructions, are immediately terminated, including handshake outputs.
Intermediate output operations, such as turnarcund delay and echo sup-
pression, are aborted and buffer input is enabled. The handshake and
output mode parameters remain as specified. There is no response from
the plotter,

The Plotter-On Instruction, ESC.Y
or ESC.(

USES: The ESC.Y or ESC. (instruction enables the plotter to accept
data and interpret it as HP-GL or device-control instructions. Use this
instruction to establish the programmed-on state in either the remote or
Iocal mode.
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SYNTAX: Esc.Y
or
ESS. (

EXPLANATION: Depending on the selected operating mode, the
plotter scans for a plotter-on instruction from either the computer or the
terminal. After receipt of this instruction from the selected source, the
plotter is programmed-on and will interpret all subsequent data from
the selected source as plotier instructions. If the plotter is already pro-
grammed-on, it will ignore this instruction.

The Plotter-Off Instruction, ESC.Z
or ESC.)

USES The ESC.Z or ESC.) instruction disables the plotter so that it
will only accept a plotter-on instruction. Use this instruction to establish
the programmed-off state in either the remote or local mode.

SYNTAX: £s6.7
or
ESC.)

EXPLANATION: Afteraplotter-offinstruction is received, the plotter
is programmed-off. Any HP-GL. instructions remaining in the 1I/0 buffer
are executed, but no additional instructions will be accepted until a
plotter-on instruction is received. If the plotter is already programmed-
off, it will ignore this instruction.

In an eavesdrop configuration, a break signal from the terminal will
have the same effect as a plotter-off instruction. In a stand-alone con-
figuration, the plotter cannot be programmed-off.
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Appendix A

Reference Material

Binary Coding and Conversions

Binary is a base 2 number system using only 1’s and 0’s. By giving the
1’s and 0’s positional value, any decimal number can be represented.
For example, this diagram shows how decimal 41 = binary 101001:

Decimal
(4} 109 -+ (1 X 109
AX10 4+ (13X 1)
4 Lo

Binary
(IX 25+0X 29+ (1A X2H+0X 294+ (0> 2Y+ (1 X 29
(1X32) +0X16) +{(I1X8) +{0X4) +{0X2 +OAXD
1 0 1 0 0 1s

Binary-Decimal Conversions

To convert from binary to decimal, add the positional values of the 1’s.
From the above example, this would be:

24+ B+ 2=324+8+1=41

To convert from decimal to binary, divide the decimal number by 2. The
remainder is the binary equivalent. For example:

Remainder
{read up)

- 1

= Binary 101001

S SRS
] o] en] 5| BI &
Loy
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ASCII Character Codes

Numbers are often used as a code to represent not only values, but also
alphanumeric characters such as “A” or ,” or “x” or “2” One of the
most common computer codes used is ASCII*. ASCII is an eight-bit
code, containing seven data bits and one parity bit. The plotter uses
ASCII for most 170 operations. No parity bit is used. For example:

Character ASCII ASCII
Binary Code Decimal Code
A 031000001 6bH
B 01000010 66
? 00111111 63

Character Sets and ASCII Codes

The HP 7550 has 20 character sets, each available in two fonts. They
are lsted in the following table.

Character Set No. 1SO
Fixed- | Variable- Description Registration
Space Space Number
¢ 10 ANST ASCII 006
1 11 HP 9825 HPL Character Set —
2 12 French/German o
3 13 Scandinavian ' e
4 14 Spanish/Latin American —_
5 - 15 Special Symbols —
6 16 JIS ASCII ' 014
7 17 Roman Extensions e
8 18 Katakana 013
9 19 ISO IRV (International 002
Reference Version)
30 40 ISO Swedish 010
31 41 ISO Swedish for Names 011
32 42 ISO Norwegian, Version 1 060
33 43 ISO German 021

* A merican Standard Code for Information Interchange
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Character Set No. IS0

Fixed- | Variable- Description Registration G:JU

Space Space Number = |
34 4 | ISO French 025 g |
35 45 ISO British 004 2 |
36 46 | ISO Italian 015 2
37 47 IS0 8panish 017 £ |
38 48 ISO Portuguese 016
39 49 IS0 Norwegian, Version 2 061

The plotter’s reactions to nonprinting ASCII control characters (dec-
imal codes 0-32, 127, and 142-143) are shown in the following table.
These reactions are true regardless of the character set being used for
labeling.

Reaction to Nonprinting Control Characters

Nalie | Character Al 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

*9 HT Horizontal Tab {# Backspace)
10 LF Line Feed
11 VT Inverse Line Feed
12 FF NOP

13 CR Carriage Return

14 S0 Shift-Out

(Select Alternate Character Set)

*Using control character horizontal tab {decimal code 9) inside a label siring moves the
pen one-half character space back {equivalent fo a CP ~5,0). Use this iab with character
set 8, Katakana, where spacing between symbols can alter the meaning of the symbol
and hence the word or phrase.
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Reaction to Nonprinting Control Characters (Continued)

D\e’gilea : Cl;AaSrgger All Sets
15 SI 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 NOP
28 FS NOFP
29 GS NOP
30 RS NOP
31 uUs NOFP
32 SP Space
127 DEL NOP
142 552 Single Shift to Slot G2
(IS0 &-Bit Mode Only)
143 583 Single Shift to Slot G3
(ISO 8 Bit Mode Only)

The plotter’s character sets are shown on the following pages. All print-
ing ASCII characters and their decimal codes (33-126) are listed for each
font in each character set. The fixed-space fonts are shown first, followed

by the variable-space fonts,

NOTE: Each of the shaded symbols is automatically backspaced one
character before it is drawn. Therefore, when an accented letier is re-
quired, the letter should be entered first, followed by the backspaced
character. In addition, the special centered symbols in character sets 5
and 15 (ASCII decimal codes 65-81) are designed for use in symbol mode
with the SM instruction. When used in a label instruction, spacing will

be irregular and may produce undesirable results. &
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Printing Characters, Fixed-Space Fonts
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Printing Characters, Fixed-Space Fonts (Continued)
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Printing Characters, Variable-Space Fonts
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Printing Characters, Variable-Space Fonts (Continued)
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Default Conditions Established by the

(Table continued)

REFERENCE MATERIAL A-11

DF Instruction &
=
The following table shows default conditions established by the DF %ﬁ
ingtruction. Additional conditions are listed after the table. =
d.
. Equivalent Default =
Function Instruction Condition % :
Pen control AP; Automatic as follows: @ :
e Lift or store a motionless pen
after 15 seconds for transpar-
ency fiber-tip pens or drafting
pens, or after 65 seconds for
paper fiber-tip pens and roller-
ball pens
® Select pen only when required
to draw
Label buffer BLETX Cleared
Alternate set CAQ; Character set 0
Character CM; HP 7-bit mode
selection mode
Standard set CSo; Character set O
Chord tolerance | CT: Set to angle mode for AA, AR,
Cl, and WG instructions
Character chord | CC; Set variable-space font chord
angle to 5 degrees
Digitize clear DC; Clear DP instruction and return
to current display
Downloadable DL; Cleared
character buffer
Relative direction | DR1,0; Horizontal characters
Label terminator | DT ETX {decimal code 3)
Extra space ES0,0; No extra space between
characters
Fill type, spacing, | FT; & Type 1, solid bidirectional fill
and angle & 1% of the diagonal distance
between P1 and P2
¢ () degrees
Mask value iM223,0,0; | Recognizes all defined errors




Plotting mode PA;

Fuanction Equivalent Default
Instruction Condition
Input window IW; Set to hard-clip limits
Label origin 10O71; Standard labeling starting at
current position
Line type and Ll s Type 1, solid line
pattern length e 4% of the diagonal distance

between P1 and P2
Absolute

Polygori mode PMO:PM2; | Polygon buffer cleared
Pen thickness PT,; 0.3 mm
Scaling 5C; User-unit scaling off
Character slant SLo; 0 degrees
Symbol mode SM; Off
Relative size SR ¢ Character width = (.75% of
P2y — Pl1x]
& Character height= 1.5% of
}sz - P1Y|
Select set 58 Select standard character set
Tick length TL; tp=tn=0.5% of |P2x — Plx| for
Y-tick and 0.5% of |P2y— Ply| for
X-tick
User-defined UF; Solid bidirectional il | -
fill type

The following conditions are also established:

¢ The carriage-return point for labeling instructions is updated to the
current pen position.

® PD and PU instructions with parameters are defaulted to be forms of
the PA instruction.

¢ Although character size is defaulted as if “Sl;” were executed, subse-
quent changes to the scaling points P1 and P2 will cause the character
size to vary as if “SR;” were executed,

The following plotter functions are not affected by a DF ingtruction:
¢ Jocations of P1 and P2

A-12 REFERENCE MATERIAL




e Cuwrrent pen and its position

e Pen speed, force, and acceleration

& 90-degree rotation or axis alignment

® (Curved line generator (CV instruction)

e Setting of these front-panel conditions: AUTO FEED key, standard/
enhanced, HP-IB address, eavesdrop/standalone, handshake, modem/
direct, full/half duplex, parity, 7-bit/8-bit, and baud rate

* Function key definitions established by the KY and WD instructions

Default Conditions Estabhshed by the
IN Instruction

The initialize instruction sets the plotter to the same conditions as the
default instruction, DF, and sets these additional conditions:

g :
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e Raises the pen graphically and physically.
& Cancels 90-degree rotation.

e Sets default pen speed, force, and acceleration values in accordance
with the carousel installed in the plotter.

e Sets bit position 3 of the status word to 1 (to indicate the plotter has
been intiialized).

¢ Clears any HP-GL (graphics) error condition.

e (lears lost mode {refer to Relationship of Plotting Instructions and
Graphics Limits in Chapter 4).

® (Clears the display and removes any function key definitions estab-
lished by the WD and KY instructions.

& Sets the group count to 0 (GC instruction).

e Turns off the curved line generator (CV instruetion).

e Returns P1, P2, and the axis-align point to the X,Y coordinate values
that were set when the paper imits were established. Remember that
any existing axis alignment is maintained.

NOTE: If an axis alignment has been set, only P1 will return to its

""" default physical position on the paper. The hard-clip limits are still com-
pressed, and P2 and the axis-align point will be rotated from their
default physical positions by an amount corresponding to the axis
alignment. Axis alignment is described in the Operation and Intercon-
nection Manual. &
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An IN instruction is equivalent to switching the plotter off and then on
again, except that axis alignment is not changed. Remember that the
following front-panel functions are stored in the plotter’s continuous
mernory; neither an IN instruction, nor switching power off and on,
affects the current setting of these functions: AuTO FEED key, standard/
enhanced, HP-IB address, eavesdrop/standalone, handshake, modem/
direct, full/half duplex, parity, 7-bit/8-bit, and baud rate.

IN Instruction with the —1 Parameter

An IN -1 instruction resets the plotter to all of the above conditions
with one exception. It does not reset the pen centrol (AP} conditions.

Default P1 and P2 Coordinates

These P1 and P2 coordinates are established when the plotter is turned
on, or when an IN; or IP; instruction is executed. In each case the
coordinates depend on the size of paper currently loaded.

Default
Paper (in Plotter Units)
Size
Pix,Ply P2x,P2y
A3 380,430 15580,10430
Ad 430, 200 10430, 7400
A 80,320 10080, 7520
B 620,80 15820,10080

NOTE: If an IP instruction is executed without parameters after the
coordinate system has been rotated 90 degrees by the front-panel
ROTATE-90 function key or the RO 90; instruction, the default locations
of P1 and P2 are changed to reflect the rotation. The X- and Y-coordinates
for each scaling point are reversed. For example, IP; after a 90-degree
rotation on A-size paper sets P1 to be 320, 80 and P2 to be 7520, 10080.

The No Operation (NOP) Instructions

To maintain software compatibility with other HP plotters, the HP 7550
recognizes seven HP-GLinstructions as no operation (NOP) instructions.
If these instructions are included in a program, they are recognized by the
HP 7550 and ignored without generating an error.
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EC Enable Cutter VA Adaptive Velocity
IC Input Characier VN Normal Velocity
OB Output Character Box Dimensions®

- Scaling without Using the SC Instruction

The HF 7550 plotter movements are in terms of plotter units where a
 plotter unit = 0.025 mm. While the plotter can be scaled into user units
using the SC instruction, it might be more convenient for you to write
programs where numbers to be plotted are in some units other than
plotter units or conventional user units, If so, you can use the following
equations in your program to convert these “other units” into plotter

units for the plotter:
P2y — P1y] P2y — Ply
XscaEed::"‘ """"“‘“"):“““""""""“"‘"‘“""'""E A.X + P].X— UlX ..._....5_..........................2.(
U2 — Uly U2y — Uly
P2y — Ply] P2y — P1y]
Yscalad = _Y‘_"'Y' AY -+ Ply - Uiy ——Y—mm?:
U2y — Uly] U2y — Uly]
where: Ax is the X-coordinate of the desired point in “user units,”

38

Ay 1sthe Y-coordinate of the desired point in “user units,
Plx is the X-coordinate of 1 in plotter units,

Ply is the Y-coordinate of P1 in plotter units,

P2y is the X-coordinate of P2 in plotter units,

P2y is the Y-coordinate of P2 in plotter units,

Uiz is the X-coordinate of P! in “user units,”

Uly is the Y-coordinate of P1 in “user units,”

U2y is the X-coordinate of P2 in “user units,” and

U2y is the Y-coordinate of P2 in “user units.”

To demonstrate the use of the scaling equations, let’s go through an
example,

*The OB instruction is not functional, but will refurn: four zeroes se that software witl not
hang waiting for a reply.
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Problem

Scale the platen area (P1 = 80,320 and P2 = 10 080, 7520 plotter units)
info new “user units” where P1 = 0,0 and P2 = 25000,18 000. At the
center point (X = 12 500 and Y = 9000 “user units”), draw a circle with
radius 2500 as shown below.

P1 (80,3203

“LISER

18000
> LINITS”

Solution

A.

25000 "USER UNITS"

Recall that the equations of a circle are:
X=Rcost
Y=Rsint
where (<<t<2 7
Since we are to plot relative to a point that is not at the origin,

an offset Xo,Yo must be added to the circle equations. The off-
get in “user units” is:

Xo =12 500
Yo = 9000

The desired circle equations are then:

Ay = 2500 cos t -+ 12 500
Ay = 2500 sin t 4+ 9000
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D. Determine the user scale:

X=0to 25000
Y =0 to 18000

therefore
le =()
Ulv =0
U2x=25000
U2y =18000

E. Determine the values for P1 and P2 which are set using the IP
mstruction:

P1=80,320
P2=10080,7520

therefore
Pix =80
Ply =320
P2y =10 080
P2y = 7520

F. Solving for X and Y, determine the equivalent plotter-unit values
for the circle equations:

Poy—P1 P2y —P1
X =X A Pl Uly o %
U2y — Ul U2x — Ulx

710 080 — 80 10 080 — 80
= _um_m—:] (2500 cos t + 12 500) + 80 — 0 H

| 250000 95 000 — 0
= 0.4 (2500 cos { + 12 500) + 80 — 0

= 1000 cos t + 5080
P2y~ Ply| P2y —P1
Yl T A+ Ply - Uly B
U2y — Uly U2y — Uly
17520 ~ 320] , 7520 — 320
e | (2500 sin £+ 9000) + 320 — 0| ———
18 000 — 0 18 000 — Q

= (.4 (2500 sin t + 9000) + 320 —0
= 1000 sin t -+ 3920
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G. The following program will plot the required circle using the
equivalent plotter-unit values, and the default PI and P2,

10 “Insert configuration statement here
2C  PRINT #%1, "1IPBU,320,10080,7520;8P1;"
25 PI=3.141533

30 FOR T«<0 TO 2Z2%PI+PI~-20 STEP PIL/20

40 ¥=10GoxCUS(TI+S080

50 Y=10C0%#SINITI+3920

80 PRINT &1, "PR";X;",";Y;";PD;"

70 NEXT T
80 PRINT #1, “SPO;"
80 END

The Scale Instruction, SCt

USES: The SC instruction establishes a user-unif coordinate system
by mapping values onto the scaling points P1 and P2. Thus, you can
plot in user units convenient to your application. For a discussion on
the concept of scaling, refer to Scaling in Chapter 2.

SYNTAX: SC Xain, Xiaw Ymin, Ymax  term

or
SC term
Parameter Format Range Default
X-and Y- integer —2% {0 28-1 none
ranges user units

EXPLANATION: When you use parameters, you must specify all
four of them, Note that the first two parameters are the X-axis range,
and the last two parameters are the Y-axis range. As a result, the {irst
and third parameters (Xum and Y are the coordinate pair that is
mapped onto Pi; the second and fourth parameters (Xipa and ¥mas) are
the coordinate pair that is mapped onto P2. (This is different from the
IP instruction, where the parameters are expressed as XY coordinate
pairs rather than as ranges.)

As their names suggest, vou will normally want to specify X,in smaller
than Xuax, and Yowsmaller than Y., However, it is permissible to specify
Ko larger than Xpe and Yo, larger than Yo (If you do this, your plot
could be drawn as a mirror image - reversed and/or upside down ~
depending also on the relative positions of P1 and P2.) X, cannot be set
eaual to X, and Y cannot be set equal to Yoa.

1This instruction applies to plotters whose serial number prefix is 25204 or jower.
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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 distance between P1 and P2 after an SC
Instruction is executed.

While scaling is on (iLe., after an SC instruction has been executed),
only those plotting instructions that can be issued in “current units”
are interpreted as user units; all instructions that can only be issued in
plotter units are still interpreted as plotter units. (The table in the
SYNTAX section of each instruction tells you what kind of units each
parameter requires.)
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An SC instruction without parameters (5C;) turns off user-unit scaling;
all subsequent plotting instructions will then be interpreted in plotter
units.

The following table summarizes the possible error conditions or un-
expected results that you might observe with the SC instruction.

Condition Error Ploiter Response
no parameters none turns scaling off
more than 4 parameters 2 executes first 4 parameters
less than 4 parameters 2 ignores instruction
Kiin = Xmax 0F Yomin = Vigan 3 ignores instruction
or parameter out-ofrange

_ Examples — Establishing Scaling

Remember that the SC parameters are mapped onto the current loca-
tions of P1 and P2. P1 and P2 do not represent a graphic limii; there-
fore, 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 point5.5,1.5.
This is illustrated on the next page.
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"IP 2000,2000,8400,E000;"

*sC 0,5,0,5;"
T -
3 A-SIZE
™ PAPER EDGE
B — — = = o — — P2
e . HARD-CLIP
1,35 b l LIMITS
-] _
af i g}f 0,0 (USER UNITS)
- (55.1.5)| | 2000,2000 (PLOTTER UNITS)
i+ 1 p2= 5,5 (USER UNITS)
| & P1 ; | ; | | OR
= 3 . s y— - 8400, 6000 (PLOTTER UNITS)
._1 e

Another thing to consider when establishing user-unit scaling is whether
your plots will include geometric or actual shapes. If so, you will need to
establish isotropic scaling. Isotropic means the spacing of units along the
X.axis is equal to the spacing along the Y-axis. When the scaling is
isotropic, shapes such as circles will be plotted accurately without
distortion. In the previous illustration, the scaling was anisotropic, or
unegual along the X- and Y-axes. If you wanted to plot a circle using that
scaling, it would turn out as an ellipse (egg-shaped) instead of a circle.

The easiest way to establish isotropic scaling is to set P1 and P2 so that
they define a square area. Then assign a scale that places the same
number of units along the X-axis as along the Y-axis. Thisis shown below.

NIE 2000,2000,B000,8000;"
“SC 0,5,0,5;"

7 -
8 - PAPER EDGE
shb— — — — — @ 'L HARD-CLIP
P2 P LIMITS
o I
[ P1=0,0 (USER UNITS)
3 -OR
, I 2000, 2003 (PLOTTER UNITS)
B |
(L P2=5,5 (USER LINITS)
o ! OR
T I T N e 6000, 6000 (PLOTTER UNITS)
—1 1 2 3 4 85 § 7 8 9 10
—1 1
.._.,2 -
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Another method for establishing isotropic scaling is to specify your
scale so that each user unit equals the same number of plotter units in
each direction. Using the P1/P2 locations that were set up in the first
example, notice that the Y-axis distance from P1 to P2 is 4000 plotter
units, or 5 user units. This means that each user unit is 800 plotter
units (4000/5 = 800). To achieve this proportion along the X-axis, which
is 6400 plotter units from P1 to P2, you must specify 8 user units
(6400800 = 8), as shown below, Compare this chart with the last one.
Notice that both have the same number of units within the hard-clip
Hmits even though P1 and P2 are in different locations.
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"IP ZOOO,2000,8400,6000;"
"SC 0,8,0,5;"

- PAPER EDGE

HARD-CLIP
T LIMITS

L4}
I
j
|
i
!
|
}
|
|

_é

R

r

P1= 0,0 (USER UNITS)
OR:
2000, 2000 {PLOTTER UNITS)

{
!
| P2= 8,5 (USER UNITS)
11 1 OR
! 8400 , 6000 (PLOTTER UNITS)
8
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Appendix
Error Messages

If you execute an instruction that has errors in syntax or parameters,
the plotter informs you by displaying an error message on the front
panel. The error message remains on the front-panel display until you
press a front-panel key or read the error number.

There are two types of errors: those related to HP-GL instructions, and
those related to device-control instructions. To read an HP-GL error
number in your program, use the OE instruction (presented in Chapter
13). To read a device-control error number in your program, use the
ESC. E instruction (presented in Chapter 14).

The following tables list the front-panel error messages and their
meanings.

HP-GL Errors
Error Displayed Usual .
No. Message Plotter Reaction Possible Cause
1 Command not | Ignores the A mnemonic is in-
recognized instruction correct or missing;
an alphabetic char-
acter was specified
in a parameter when
a numeric character

was expected.®

*Check for typographical errors in the mnemonic and the parameters (a common mistake
is to type O for (, or vice versa). Also, check to be sure instructions are not being terminated
prematurely. For example, if you are using an HP-IB configuration, check to be sure the
computer is not inserting line feeds (LF) in the middle of a string of instructions. If an
instruction is terminated after the mnemonic and before the parameters, the subsequent
receipt of the parameters without a mnemonic will cause error 1.

{Tuble continued)
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HP-GL Errors (Continued)

Error Displayed Usual .
No. Message Plotter Reaction Possible Cause
2 Wrong number | If too few param- Too few or too many
of parameters | eters, ignores the parameters; an
instruction. If too incomplete X,Y
many parameters, coordinate pair,
executes theinstruc-
tion with the correct
number of param-
eters and ignores
the rest.
3 Bad parameter | Ignores the A parameter is out-
instruction of-range **
4 {unused) (unused) (anused)
5 Unknown Ignores the A set other than—1,
character set instruction 0-9, 10-19, 30-39, or
40-49 has been
designated or
invoked.
6 Position Ignores the A single label is 80
overflow instruction long that it exceeds
the plotter’s
numeric range,
7 Buffer Excecutes the data | One of the graphics
overflow that fits in the memory buffers
affected buffer does not have
and ignores the enough space
data that overflows | allocated. ***

**(Check each parameter range for the instructions that are suspected of causing the ervor.
Parameter ranges are listed at the beginning of each instruction’s discussion throughout
this manual, as well as in Appendix C.

*#*#(heck buffer allocations. Refer to The Allocate Configurable Memory Instruction,
ESC.T, in Chapter 14 for information on the plotter's buffers.
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Device-Control Errors

Error

Displayed

No. Message Meaning
0 {none) No 1/0 error has occurred.
10 Invalid 170 (RS-232-C only). New cutput has been
output request generated before previous output was
finished being transmitted. The pre-
vious output will continue normally
and the new output will be ignored
(thus causing the error).
11 Invalid hyte Invalid character received after first
folowing £SC. two characters (ESG.) in a device-control
instruction.
12 Invalid byte Invalid character received while pars-
in I/0 control ing a device-control instruction. The
parameter containing the invalid char-
acter and all following parameters are
defaulted.
13 Out-of-range One or more parameters are out-of-
1/0 parameter | range.
14 Too many 170 Too many parameters received. Addi-
parameters tional parameters beyond the proper
number are ignored; parsing of the in-
struction ends when a colon (normal
termination) or the next E$C character
(abnormal termination) is received.
NOTE: The receipt of a character other
than another parameter, a semicolon,
or a colon will result in error 12 over-
writing error 14. W
15 Errorin 1/0 {R5-232-C only). A framing error, par-
{ransmission ity error, or overrun error has been

detected. The defective character is re-
placed by BEL {decimal code 127).

(Table continued)
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Device-Control Errors (Continued)

Error -Displayed .
No. Message Meaning
16 1/0 buffer (RS-232-C only). The physical 17O buf-
overflow fer has overflowed. As a result, one or
more characters have been lost; there-
fore, an HP-GL error will probably oceur.
The last valid character is replaced by
D&l (decimal code 127).
17 Transmit (R8-232-Conly). Transmit underrun can
underrin be caused by a baud rate mismatch be-
tween devices, or by excessive 1/0 ac-
tivity in receive monitor mode.
18 170 error 1/0 error of indeterminate cause,
indeterminate
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Appendix

Instruction
Summary

. HP-GL Instructions

This section lists the formal syntax and parameter ranges for HP-GL
instructions, in alphabetical order of the instruction’s mnemonic. For
more information about each instruction, refer to the indicated page
number,

The semicolon is included as. the terminator. (However, a semicolon or
the next mnemonic are each valid terminators. In an HP-IB configura-
tion, a line-feed character is also a valid terminator.) [TERM] means
the terminator sent by the plotter at the end of an output response. It is
[€R LF] in an HP-IB configuration, and [CR] or as set by the ESC . M instruc-
tion in an RS-232-C configuration.

" AA The Arc Absolute Instruction Page 69 ﬁ
AA XY, arc angle (, chord tolerance) ; %
HT'
Parameter Format Range Default 5
X-and Y- decimal —D2B {5 28— 1 none g
coordinates current units 5
arc angle decimal — P o 2% — 1 none E
- degrees
chord tolerance decimal —28 4o 28 — 1 5 degrees
current mode

AF or AH The Advance Page Instruction Page 10-12
A‘.F! : .
or
AH

>
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AP The Automatic Pen Operations Instruction Page 10-2

AP n;
or
AP
Parameter Format Range Default
n integer 0-143 7
AR The Arc Relative Instruction Page 6-9
AR X, Y, arc angle {, chord tolerance);
Parameter Format Range Default
X-and Y- decimal —28 o 225 —1 none
increments current units
arc angle decimal —28 {0 2% 1 none
degrees
chord tolerance decimal —2% {0 28 —1 5 degrees
current mode
AS The Acceleration Select Instruction Page 107
AS pen acceleration (, pen number);
or
AS
Parameter Format Range Default
pen acceleration integer 1-6 6
pen number integer 1~8 all pens
BF The Buffer Plot Instruction Page 10-13

BF
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- BL The Buffer Label Instruction

. CA

cC

- CI

Page 7-38
BL c...¢c term
or
BL term
(where term is the label terminator defined by the DT instruction)
Parameter Format Range Default
c...C label any character none
{up to 150 characters
are buffered)
The Designate Alternate Character Set Page 11-4
Instruction
CA set;
or
CA
Parameter Format Range Default
set integer —1,0-19, 3049 0
The Character Chord Angle Instruction Page 11-26
CC  chord angle;
or
cC o
Parameter Format Range Default
chord angle decimal | —223 to 220 — 1 5 degrees
degrees
The Circle Instruction Page 6-5
CI radius (, chord tolerance};
Parameter Format Range Defaunlt
radius decimal —2% o 22— 1 none
current units
chord tolerance decimal —22 4o 29 — 1 5 degrees
current mode
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CM The Character Selection Mode Instruction  Page11-20

CM switch mode (, fallback mode);
or '

cM
Parameter Format Range Default
switch mode integer 0-3 0
fallback mode integer 0-1 0
CP The Character Plot Instruction Page 7-33
CP spaces, lines;
or
cp
Parameter Format Range Default
~ spaces decimal —2B o 28 —1 none
lines decimal —9% 40 2% —1 none
CS The Designate Standard Character Set Page 11-4
Instruction
CS set;
or
cs
Parameter Format Range Default
set integer -1, =-19, 30~49 0
CT The Chord Tolerance Instruction Page 6-3
CT mn;
or
cr
Parameter Format Range Default
n integer Oorl 0
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- CV The Curved Line Generator Instruction Page 10-10
CV n{ input delay);

or
cv o
Parameter Format Range “ Default
n integer Oorl 0
input delay mteger Q% o 923 — 1 100 ms
milliseconds
- DC The Digitize Clear Instruction ' Page 12-4
DC
. DF The Default Instruction Page 3-8
DrF
See table in Chapter 3 or Appendix A.
DI The Absolute Direction Instruction Page 7-21 ,5. R
DI run, rise; £+ ;
or =
DI g
B
Parameter Format Range Default g
run {cos 0) decimal —2B 1o 2B —1 1 g
rise (sin 6) decimal R | 0 =
- DIL. The Define Downloadable Character Page 11-36
Instruction
DL character number {, pen control), XY (,...} (, pen control) (,...);
or
DL  character number;
or

DL

(DL instruction continued)
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Parameter Format Range Default
character number integer 33-126 none
pen control integer —128 none
XY coordinates integer —127-127 none

primitive grid units
DP The Digitize Point Instruction Page 122
- DP
DR The Relative Direction Instruction Page 7-25
DR run, rise;
or
DR
Parameter Format Range Default
run (cos ) decimal —28 {0 281 1% of |P2x— Ply|
rise (sin 6) decimal —2% {p 2851 0% of |P2y— Ply|
B DS The Designate Character Set into Slot Page 11-22
' Instruction
DS slot, set;
or
Ds
Parameter Format Range Default
slot integer 0-1 (HP modes) 0
0-3 (ISO modes)
set integer -1, 0-19, 30-49 0
DT The Define Label Terminator Instruction Page 7-8

DT label terminator:
or
DT

3

(DT instruction confinued)
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EA

- EP

- ES

Parameter Format Range Default
label label - any character except | ETX (decimal
terminator NULL, LF ESS and ; | coded)

{decimal codes 0, 10,

27, and b9,

respectively)
The Edge Rectangle Absolute Instruction Page 6-27
EA  X-coordinate, Y-coordinate;

Parameter Format Range Default

X.and Y- decimal —28 {o 28 —~1 none

coordinates current units

The Edge Polygon Instruction Page 6-43
EP

The Edge Rectangle Relative Instruction Page 6-33
ER X-increment, Y-increment; '

Parameter Format Range Default

X-and Y- decimal 28 to 2% -1 nene

increments current units

The Extra Space Instruction Page 7-36
ES spaces (, lines);
or
ES
Parameter Format Range Default
spaces decimal —2%8 {0 2B —1 0
lines decimal —928 o 28— 0
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EW The Edge Wedge Instruction Page 6-21

EW radius, start angle, sweep angle (, chord tolerance);

Parameter | Format Range Default
radius decimal —28 10 2% —1 none
current units
start angle decimal —2% 1o 28 —1 none
degrees, modulo 360
sweep angle |. decimal —2% {0 2% —1 none
_ degrees, truncated at =360
chord decimal | —2%t0 2% 1 b degrees
tolerance current mode
FP The Fill Polygon Instruction Page 6-44
FP
FS The Force Select Instruction Page 10-6
FS pen force {, pen number) ;
or
FS
Parameter Format Range ‘Default
pen force integer 1-8 depends on
carousel type
pen number integer 1-8 all pens
The Fill Type Instruction Page 6-13
FT type(, spacing{, angle));
or
Fr
Parameter Format Range Default
fill type integer i-6 1
spacing decimal 0to2%—1 depends on
current units fill type
angle decimal —2% to 22 0 degrees
degrees, modulo 360
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GC The Group Count Instruction Page 10-25
GC count number;
or
GC ;
Parameter Format Range Default
count number integer —3Bfp 2% —1 0
GM The Graphics Memory Instruction Page 3-18
GM (polygon buffer) (, downloadable character buffer)
{, replot buffer) (, vector buffer);
am ;o
Parameter Format Range Default
polygon buffer integer 4-12752 bytes 1778
downloadable integer 012754 bytes 0
character buffer
replot buffer integer 0-12750 bytes 9954
vector buffer integer 44-12 794 bytes 44 —
. bt
GP The Group Pen Instructiont Page 104 ?,
GP (group number (pen number (number of pens é
Clength); s
Parameter Format Range Defanlt g
group number integer 1-8 all groups E
pen number integer 1-8 specified group number &
number of pens | integer 1-8% 1 "
length integer 1-50000 | 100
*Pen number + number of pens must be <_9.
The Input Mask Instruction Page 13-4

IM

IM  E-mask value (, S-mask value(, P-mask value));

or
M

(IM instruction continued,)

1This instruction applies to plotters whose serial number prefix is 2629A or larger.
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Parameter Format Range Default
E-mask value integer 0-25h 223
S-mask value integer 0-255 0
P-mask value integer 0-255 0
IN The Initialize Instruction Page 3-11
IN
IP. The Input P1 and P2 Instruction Page 3-12
IP Ply, Ple(, P2x, P2y):
or
w
Parameter Format Range Default
X-and Y- integer —2B o 28 —1 depends on
coordinates plotter units paper size
IV The Invoke Character Slot Instruction Page 11-24

IV slot, (left);
or

I
Parameter Format Range Defaunlt
slot integer 0-1 (HP modes) 0
0-3 (ISO ques}
left integer 0-1
The Input Window Instruction ‘ Page 95
IW X;,Yl, Xz,Yz;
or
Iw .
Parameter | Format Range Default
X-and Y- integer ~2B 2% —1 current hard-clip
coordinates current units if limits (depends

ENHANCED function on paper size)
keyv is on; plotter
units if STANDARD
function key is on
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- KY 'The Define Key Instruction Page 10-20
- KY key (, function) ;
or
KY ;
Parameter Format Range Default
key integer 14 none
function integer 0-12 none
LB The Label Instruction Page 7-2
LB ¢ ... cterm
{(where term is the label terminator defined by the DT instruction)
Parameter Format Range Default
c...¢ label any character ‘none
LO The Label Origin Instruction Page 7-30
LO position number:
or
Lo ;
Parameter Format Range Default é‘
position number integer 1-9or 11~19 1 :E_: '
&
t03 LO6 Log =
. u
02 Les LoB 8
L01 LQ4 LO% 3
9 & L
L013 L0116 019
+.012 LOu 5 1 018s
L0411 LO14 L0017
L) [ €

LT pattern number {, pattern length);

LT ;

or

3

(LT instruction continued)
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Parameter Format Range Default

pattern number integer 8 {0 +6 no parameter
(solid line)

~ pattern length decimal Dto2% -1 4% of the diagonal
percentage distance between
Pl and P2

The line types for each pattern number are shown below.

NC PARAMETER (DEFAULT VALUE)

ADAPTIVE
> LINE
TYPES
. w
{ - SPECIFIES DOTS ONLY AT PA/PR COORDINATES
-
1
2 ————
3 FIXED
r LINE
4 TYPES
5 — —
6 -— —— ——— -}
\_._Y_..................J
ONE PATTERN LENGTH
NR The Not-Ready Instruction Page 10-14

NR

OA The OQutput Actual Position and Pen Status Page 13-7
Instruction
0A
Response: X,Y,P [TERM] - integers, in ASCII.

XY — in plotter units within current hard-clip limits.

P - 0, pen up or 1, pen down.
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OC The Output Commanded Position and Pen  Page 138

Status Instruction

oC

Response: XY, P [TERM]— two decimals and one integer, in ASCII.
XY — in current units, —2% {0 2% —1.

P — 0, pen up or 1, pen down.

OD The Qutput Digitized Point and Pen Page 12-3
Status Instruction

oD
Response: XY, P [TERM] — integers, in ASCIL

X,Y — in current units if ENHANCED function key is on;
in plotter units if STANDARD function key is on.

P — 0, pen up or 1, pen down.

~ OE The Output Error Instruction Page 138

| OF ;

Response: Error number [TERM] — a positive ASCII integer, 0 to 7 g :
(refer to table in Appendix B). ' 5
)

- OF The Qutput Factors Instruction Page 13-9 | g
OF %
Response: 40,40 [TERM]-— integers, in ASCIL éﬁ

- OG The Output Group Count Instruction Page 10-26 %
0G ; <
Response: Count number, escape status [TERM] — integers, in ASCIL

Count number — —2% to 2% —1

Escape status — 0, ESCAPE function has not been activated:
—1, ESCAPE function has been activated.

OH The Output Hard-Clip Limits Instruction Page 9-10
OH ;
Response: Xi1, Yir, Xug, Yuor, [TERM] — ASCII integers representing
plotter units.
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O1

The OQutput Identification Instruction Page 13-10
ol ;
Response: 7550A [TERM] — ASCII string, five characters.

OXK The Output Key Instruction Page 10-23
OK ;
Response: Function key pressed [TERM]— integer in ASCII,
0 to 4.
OL The Output Label Length Instruction Page 7-40
OL

O8S

Response: Length, characters, line feeds [TERM]— in ASCIL

Length — longest line in the buffered label as a decimal
number with three places to the left and four places to the

right of the decimal. In terms of the space dimension of the
CP cell.

Characters — integer, the number of printing characters
and spaces in the longest line of the buffered label.

Line feeds — integer, net number of line feeds.

The Output Options Instruction Page 13-10
o0
Response: C,1,0,0,1,1,0,1 [TERM]— integers in ASCIL

C — 0 to 3, representing status of paper check and paper
feed bhits. '

The Qutput P1 and P2 Instruction Page 9-11
orP

Response: Plx, Ply, P2x, P2y [TERM] — ASCII integers representing
plotter units.

The Output Status Instruction Page 13-11

08

Response: Status [TERM] - integer in ASCII, 0 to 255, Power-on
status, 26.
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' OT The Qutput Carousel Type Instruction Page 13-12

oT
Response: Type, map {TERM] — integers, in ASCIL
Type ——1 to 4.
Map — 0 to 255.
- OW The Output Window Instruction Page 9-9
ow .

Response: Xur, Yo, Xor, Yor  [TERM] — integers, in ASCILL '

X,Y — in current units if ENHANCED function key is on;
in plotter units if STANDARD function key is on.

PA 'The Plot Absolute Instruction Page 44

PA X Y(..)
' “or
PA
Parameter Format Range Default
X-andY- | decimal —9 o 251 none )
coordinates current units : g
e
~ PB The Print Buffered Label Instruction Page 7-39 o
PB g
2
PD The Pen Down Instruction Page43 ™
PD X Y{(..);
or
PD
Parameter Format Range Default
X-and ¥- decimal —-2% o 22— 1 none
coordinates current units
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PG The Page Feed Instruction Page 10-12
PG n;
or
PG
Parameter Format Range Default
n integer 22 fo 2% -] none
PM The Polygon Mode Instruction Page 6-37
PM n;
Parameter Format Range Default
n integer 0-2 0
PR The Plot Relative Instruction Page 4-6
PE X Y(..);
or
PR
Parameter Format Range Defauit
X-and Y- decimal —2%B {0 2% —1 none
inerements current units
PT The Pen Thickness Instruction Page 8-20
PT  pen thickness;
or
PT ;
Parameter Format Range Default
pen thickness decimal 0.1-5.0 millimetres 0.3

(C-16 INSTRUCTION SUMMARY




PU The Pen Up Instruction Page 4-3

PU XY (. .J;
or

PU ;
Parameter Format Range Default
X-and Y- decimal —2W i 2B — 1 none
coordinates 7 current units

- RA The Fill Rectangle Absolute Instruction Page 627

RA X-coordinate, Y-coordinate; '
Parameter Format Range Default
X-and Y- decimal — 22 o 228 —1 none
coordinates carrent units

'~ RO The Rotate Coordinate System Instruction  Page9-2

RO n:
or It
e
RO ; ‘
Parameter Format Range Default %
n integer 0 or 90 degrees 0 | 53
o4
:
. RP The Replot Instruction Page 10-16 3
RP n: '
Parameter Format Range Pefault
n integer 1-99 1
. RR The Fili Rectangle Relative Instruction Page 6-33

RE X-ncrement, Y-increment;
(RE instruction continued)
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Parameter Format Range Default

X-and Y- decimal 28 {0 29 1 none
increments current units
SA The Select Alternate Character Set Page 11-9
Instruction
“SA
SC The Scale Instructiont Page 3-14

SC Xmin, Xm:).x, Ymin, Ymax (, type (, Ieft B bott()m)) s

2)3
SC Xrn'm, Xfactor, Ymin, Yfﬁctor, 2 ,

Parameter Format Range Default
K in decimal —28 140 22 -1 none
Kinax decimal —2B 0 2F —1 none
Yoin decimal —2%8 10 2% —1 none
Yonax decimal 92 {g 228 — 1 none
type integer Oand3 0
left decimal 0 to 100% 50%
hottom decimal (0 to 100% 50%
Kesctor decimal 01t028—1 none
Yiaotor decimal 03 to2%—1 none

5G The Select Pen Group Instructiontt Page 10-6
SG  group number;
Parameter Format Range Default
group number mteger O0to 8  (no pen)

1tThis instruction applies to plotters whose serial number prefix is 2629A or highey, If
the serial number prefix is 25204 or lower, refer to Appendix A for the SC instruction
for your plotter.

1+ This instruction applies to plotters whose serial number prefix is 2629A or larger,
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s

The Absolute Character Size Instruction Page 7-14
SI width, height;
or
SI o
Parameter Format Range Default
width decimal —2% {0 2% —1 - 0.285em
centimetres™ (A3/B-size paper)
0.187 cm
{A4/A-size paper)
height decimal —22 10 2% —1 0.375 em
centimetres® (A3/B-size paper)
0.2649 em
(Ad4/A-size paper)
*exciuding zero (0} and values approaching zero
. 8L, The Character Slant Instruction Page 7-18
SL tanég;
or
SL
E;
Parameter Format Range Default g;
: =
tangent 8§ decimal +0.05 to +2 0 (no slant) E
for default characters =N
+0.05 to +3.5 a .
for large characters 5
g
&3‘1
SM The Symbol Mode Instruction Page55 N
' SM character;
or
SM ;
Parameter Format Range Default
character label any printing character none
(decimal codes 33-126)
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SP The Select Pen Instruction . Page 4-2

SP pen number;
or

SP
Parameter Format Range Default
pen number integer 0-8 0
SR 'The Relative Character Size Instruction Page 7-16

SR width, height;
or

SE
Parameter | Format Range Defasult
width decimal 22t 2% —1 0.75% of |P2x — P1x!
percentage®
height decimal | ~281tp 2% —1 1.5% of P2y~ Ply|
percentage® ’

*axcluding zero (0) and valies approaching zero

SS The Select Standard Character Set Page 11-9
Instruction
58
TL The Tick Length Instruction Page 5-2
TL ip(, tn);
or
TL
Parameter Format Range Defaalt
tp and tn decimal 0to2%—1 0.5% of 1P2x — Pkl
percentage and of |P2y — Ply!
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UC The User-Defined Character Instruction Page 11-28

UC (pen control,) X-_increment, Y-increment (, pen control} {,...);
or
uc ;

Parameter Format Range Default

pen control integer STANDARD:* pen up
= 499 = pen down
< —99 = pen up
ENHANCED:*

2 -+9999 = pen down
< —8999 = pen up
XandyY integer STANDARD:* none
increments 08 to 98
ENHANCED:*
-G998 to 9998
{(both in primitive
grid units)

*The ranges depend on the seiting of the front-panel STANDARD/ENHANCED function key, as
shown. The pen control parameters cannot exceed the plotter’s range of —2% to 9% — 1.

UF The User-Defined Fill Type Instruction Page 617 Mg
UF gap (, gap:,...gapw); & |
or &
Ur .g,.
:_j:
Parameter Format Range Default _ tgn
gap integer - 0t022—1 none 3
. 3
VS The Velocity Select Instruction Page 10-8
VS pen speed {, pen number) ;
or
Vs
Parameter Format Range Default
pen speed integer 1-80 depends on
carousel type
pen number nteger 1-8 all pens
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WD The Write to Display Instruction Page 10-18
WD c¢...c term

or
WD  term
{where term is the label terminator defined by the DT instruction)
Parameter Format Range Default
c...¢C label any character from none
{up to 32 % decimal code 32 to 95
WG The Fill Wedge Instruction Page 6-21
WG  radius, start angle, sweep angle (, chord tolerance);
. Parameter | Format Range Defauit
radius decimal | —2%t0 2% —1 none
current units
start angle decimal —2% to 28 1 none
degrees, modulo 360
sweep angle decimal —dW o VB —1 none
degrees, truncated at +360
chord decimal | —2%2to 28— 5 degrees
tolerance current mode
: X'T' The X-Tick Instruction Page 5-1
' XT
YT The Y-Tick Instruction Page 5-1
Yr ;

Device-Control Instructions

This section lists the formal syntax for device-control instructions in
alphabetical order of the escape sequence. All instructions apply to both
the HP.IB and RS-232-C/CCITT V.24 configurations unless otherwise
noted in the title. Refer to the indicated page number for details.
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Set Plotter Configuration Page 14-12
ESC. @ [(<DEC>);(<DEC>):

Parameters: <DEC> —

Output Identification
ESC.A

Specifies logical 170 buffer size (2 to 12752
bytes).

Decimal eqguivalent value 0 to 127, Bits 0, 1,
and 4 apply to RS-232-C only.

Bit 0. Logic state 0: Disable hardwire hand-
shake (ignore DTR line, pin 20). Logic state 1:
Enable hardwire handshake (utilize DTR line,
pin 20).

Bit 1. Logic state 0: Computer holds off data
from the plotter using the CTS and DSR lines
(pins 5 and 6). Logic state 1. Computer does
not hold off data from the plotter using the CTS
and DSR hines (pins 5 and 6).

Bit 2. Logic state (: Specify parse monitor
mode. Logic state 1: Specify receive monitor
mode.

Bit 3. Logic state 0 Disable monitor mode.
Logicstate 1: Enable the monitor mode specified
by bit 2.

Bit 4. Logic state 0: Disable block 1/0 error
checking. Logic state 1: Enable block 170 error
checking.

Page 14-27

Response: <ASC>,<DEC> [TERM]— 7550A (ASCII strving), firm-
ware revision level (integer},

Output Buffer Space
ES¢.B

Page 14-15

Responge: <DEC> [TERM] — 2 to 12752 bytes, the number of un-
used bytesin the logical I/0 buffer.

Output Extended Error Page 14-16

ESC. E

Response:  <DEC> [TERM] — 0 (no error} or 10 to 18 (refer to table
in Appendix B).
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Set Handshake Mode 1 (RS-232-C only) Page 16-35
EsC.H [(<DEC>);(<ASC>);(<ASC>(;.. <ASCH):
Parameters: <DEC> — Data block size, 0 to 32767,
<ASC> — Enqguiry character, ASCII 0 o 126.

<ASC> .. <ASC> — Acknowledgment string of one to 10
characters, ASCII 0 to 127,

Set Handshake Mode 2 (RS-232-C only) Page 16-37
ESC.1 [(<KDEC>);(<<ASC>); (<ASC>(;.. <ASC>)]:
Parameters: <DEC> — Data block size or Xoff threshold level.
<ASC> — Enquiry character or omitted for Xon-Xoff.

<ASC>...<ASC> — Xon trigger character(s) or acknowl-
edgment string of one to 10 characters.

Independent of Set Output Mode Instruction, ESC. M.

Abort Device Control (RS-232-C only) Page 16-39
ESG.J

Abort Graphics Page 14-25
Esc. K

Output Buffer Size When Empty Page 14-11
ESC. L

Response: <DEC> [TERM]— 2 to 12752 bytes; not output untii the
logical 1/0 buffer is empty.

Set Output Mode (RS-232-C only) Page 16-28

ESC. M [(<KDEC>);(<CASC>);(<ASC>);
(CASC>(; <ASC>)) ; (KASCH)]:

Parameters: <DEC> — Turnaround delay, 0 to 9999 milliseconds.
<ASC> -~ Cutput trigger character, ASCH 0 to 126.

(ESC . M instruction continued)
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<ASC>» — Echo terminate character, ASCII 0 to 126.

<ASC>...<CASC> - one or two output terminator char-
acters ASCII 0 to 127.

<ASC> — OQutput initiator character, ASCII 0 to 127.

Set Extended Output and Handshake Mode Page 16-31
(RS5-232-C only)

ESC.IN [(<DEC>);(<ASC>(;...<ASC>)1:
Parameters: <DEC> — Intercharacter delay, 0 to 9999 milliseconds.

<ASC>...<ASC> — Xoff trigger character(s) or immediate
response string; one to 10 characters, ASCII 0
to 127, 0 terminates string.

Output Extended Status _ Page 14-19
ES¢.0O

Response: <DEC> [TERM]— Status, decimal equivalent value 0-1775.

Set Handshake Mode (RS-232-C only) Page1627 |
o
£50.P (<DEC>): %
Parameter: <DEC> — Selects standard handshake: § .
0 none 5 |
1 Xon-Xoff - ; |
2 ENQ/ACK =5
3 hardwire ; ‘
2
Set Monitor Mode Page 14-22 o

ES6.Q (<DEC>):

Parameter: <DEC> —0 disables monitor mode
1 enables parse monitor mode
2 enables receive monitor mode

Reset Page 14-26
ESC.R
NOTE: Should be followed by ESC.L. B
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Output Configurable Memory Size Page 14-11

EsC.S (<DEC>):
Parameter: <DEC> —0

1
2
3

4
5

requests total size of configurable graphics
memory

requests current physical 1/0 buffer size
requests current polygon buffer size
requests current downloadable character
buffer size

requests current replot buffer size

requests current vector buffer size

Response: <DEC> [TERM]— 0 to 12800 bytes.

Allocate Configurable Memory Page 145
sc. T [(<DEC>);(<DEC>);{(<DEC>);(<DEC>); (<<DEC>)]:
Parameters: <DEC> — physical 1/0 buffer size: 2 to 127752

<DEC> — polygon buffer size: 4 to 12754
<DEC> — downloadable character buffer size: 0 to 12750
<DEC> — replot buffer size: 0 to 12750

<DEC> — vector buffer size: 44 to 12794
NOTE: Should be followed by ESC.L. W

End Flush Mode Page 14-27
esc. U
2B Plotter-On (RS-232-C only) Page 1639
' ESC.Y or ESG.(

Plotter-Off (RS-232-C only) Page 16-40

ESC.Z or ESC.)
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Designating and Selecting Standard and

Alternate ... ... i 114 thru 11-26

Fixed-SpaceFonts ......... ... . .......... 131-1, 11-2, A5 thru A-7
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Katakana® .. ... . . . . i e 11-15,11-16
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Cirele Instruction, CIL . ... .. oo it 6-5 thru 69, C-3
L0111 5] o312 7 2-9 thru 2-12
Clipping (Definition} ... ..o ieeei it 91
Compatibility with Other HP-GL Plotters .................... 3-5, 3-6
Configurable Graphics Memory, See Buffers
Connector Pin Allocations ...... ...ttt 16-11 thru 16-17
Constant (Definition) .. ...t i e er e 4-2
Control Characters, Effect in Character

Selection Modes ....oov e e e e 11-13,11-14
Coordinate System

717 WA 21,22

Default Orientation of Plotter . ... ... . it 2-3, 2-4

Rotated ... oo e it 9-2 thru 9-56
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Coordinates, Relative .......... ... ... i, 2-14, 2-15
Cross-Hateh (Definition) ... i i 6-3
Current Pen Position ... ... 2-13, 2-15
Current Pen Status . ... ..o i 2-12, 2-13
Current Units (DefInifion) .. ..ovvvrnn i iiiiiiaianns 4-1
Curved Line Generator .................... 10-10 thru 10-12, 147, 14-8
Curved Line Generator Instruction, CV .......... 10-10 thre 10-12, CH

SI-4 SUBJECTINDEY




- Subject Index (Continued)
B 4

DO InStruction .. ........ouir i e 12-4, C-5
DB 144
DF Instruction ..., 1-12, 3-8 thru 3-10, C-b
DIlnstruction ....... . ... . .. 7-21 thru 7-25, C-5
DI and SI, Interactions of Parameters ... ..........ccovous. 7-42, 7-43
DI and SR, Interactions of Parameters ................ 7-44 thru 7-46
DL Instruction ............cociiiirevnnanrnnn.. 11-36 thru 1141, C-5
DP Instruction .........ccoiiiiiiii it 122, 12-3, C-6
DR Instruction ......... ... i, 725 thru 7-30, C-6
DR and SI, Interactions of Parameters .................... 7-43, 7-44
DR and SR, Interactions of Parameters ................... 7-46, 7-47
DS Instruction ............... 11-11,11-12, 11-17, 11-22 thru 11-24, C-6
DT Instruction ........................ e 7-8 thru 7-10, C-6
DTR Line, Used in Hardwire Handshake ...................... 16-24
Data Block Size (Definition) ........... i iiii i 16-22
Data Block Size, Set in ESC.H or I Instruction ...... 16-35 thru 16-39
Data Terminal Ready Mefinition) .........0coii e, 16-33
Data Terminal Ready (DTRor CDY Line .......oooovvvinina., 16-24
Decimal and Binary Conversions ............coviiniiiiniininn.. A-1
Decimal Parameter Format .. ... i et 34
Default Conditions (Device-Control) .......oovvvvii .. 14-26
Default Conditions (HP-GL)
e POn o 1-12
Established by DF Instruction ......... 3-8 thru 3-10, A-11 thru A-13
Established by IN Instruction ................ 311,312, A-13, A-14
Default (Definition) ..ottt e e e 3-2
Default Instruction, DF ........... ... ... ......... 3-8 thru 3-10, C-5
Default P1 and P2 Coordinates ......... ...t 313, A-14
Default Values (Device-Control Syntax) ......................... 14-5
Define Downloadable Character Instruction, DI, ........... 11-36 thru
1141, C-b
Define Key Instruction, KY .................... 10-20 thru 10-23, C-11
Define Label Terminator Instruction, DT ........... 7-8 thru 7-10, C-6
Delimiters (Deviee-Control) ........ ... ... 14-4, 14-5
Designate Alternate Character Set Instruction, CA .......... 11-4 thru
11-9,11-12, C-3
Designate Character Set into Slot Instruction, DS ........ 11-11, 11-12,
11-17, 11-22 thru 11.24, C-6
Designate Standard Character Set Instruction, CS .......... 11-4 thru
11-8,11-12, C-4
Developing Plots ............cooiiii . 1-10, 1-11, 8-1 thru 816
Deviation Distance ............ ... i, 6-3 thra 6-5
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Device-Control Instructions

DeSCription ... it e e 1-b, 16, 14-2

Errors ... i 14-16 thru 14-18, B-3, B4

General (HPIB and RS-232-C) ... ..o iiivineen., 14-1 thru 14-27

Howto Send ...t i e i e e 143

RS232-C .. 16-27 thru 16-31, 16-34 thru 16-40

g 1172 %S AU 14-4, 145
Digitize Clear Instruction, DC ... ... ...t 124, C-5
Digitize Point Instruction, DP ... ool 122, 12-3, C-6
Digitizing

e mitiOn ..ttt e 121

HP-IB Interrupts and Polling . ... i, 127

Manual Method ... ... . 12-4, 125

Monitoring the Status Byte ... ... .. ... ..ol 125 thru 127

Preparing the Plotter . ... ... ... oo, 12-1, 12-2

Bight o e 122,123
Direct Function Key, See also Operation and

Interconnection Manual ........................ 14-13, 16-10, 16-20
Direct Mode (RS-232-C) ...ttt 16-10, 16-20
Disconnection Modes (RS-232-C) ... ... . i i 16-10
Display, Writing Messageson ...................... 10-17 thru 10-20
Documentation forthe HP 7550 ... ... o i i
Download (Definitlon) .. ... i i e 112
Downloadable Character Buffer ...... 3-18 thru 3-20, 11-39, 11-40, 14.7
Duplex Function Key and Monitor Modes, See also

Operation and Interconnnection Manual .............. 14-24, 14-25
Duplex Function Key and Remote/Local Modes, See also

Operation and Interconnection Manual ............ 165, 16-6, 16-20
e
1Y) Y1 < 135
EAInstruction ......... oottt 8-27 thru 6-33, C-7
EPInstruction ........ ... ..ot 6-26, 6-31, 6-36, 6-43, 6-44, C-7
ERInstruction ........cooiviivrmeinmmenoannnnnn. 6-33 thru 6-36, C-7
ES Instruction .....ccouer it et ie e iiciriiraraaranns 7-36, 7-37, C-7
ESC.(INsStruction ... vovvrirrerrrrreerneiaaaanns 16-39, 16-40, C-26
ESC.) Instruction .....ovvtt ittt iaaaanaeaeaas 16-40, C-26
ESC.®@ Instruction ......... 14-12 thru 14-15, 14-17, 14-18, 16-34, C-22
ESC.AInstruction ..... ..ot iirrre o inaaann. 14-27, C-23
ESC.B Instruction ......... 14-15, 14-18, 16-24 thru 16-26, 16-34, C-23
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ESC.EInstruction .........cciirirenaninanns 14-16 thrua 14-18, C-23
ESC.HInstrucon ........c..oviiiiiimnneneins 16-34 thru 16-37, C-24
ESC.1IINStruction «.o.vevvvvvnnvnanneenns 16-34, 16-37 thru 16-39, C-24
ESC.JdInstruction . ... iiiiieinan e 16-39, C-24
ESC.KInstruction .....oeooviiviurrennineiiannnns 14-25, 14-26, C-24
ESC.LInstruction ...........cceveervurnnnns 14-9, 14-11, 14-26, C-24
ESC.M Instruction ........... 16-28 thru 16-30, 16-34 thru 16-37, C-24
ESC.NInstruction ............... 16-28, 16-31, 16-34 thru 16-37, C-25
ESC.OlInstruckion .....ccvvviuernenenans 14-9, 1419 thru 14-22, C-25
ESC.PInstruction ..........ccovvveirinans 16-27, 16-34, 16-35, C-25
ESC.QInstruction ........coieveiiiianinn. 1422 thru 14-25, C-25
ESC.RInstruction .....ccoeviiierinernrniinnneanncnas 14-26, C-25
ESC.SInstruction ..o ovvriir et anas 14-11, 1412, C-28
ESC. T Instruction See also GM Instruction ..... 14-5 thru 1410, C-26
ESC.Ulnstruction .........cveiiiiiiiniienenann. 10-22, 14-27, C-26
ESC .Y Instruction ........cviiiirirronnnraannne.s 16-39, 16-40, C-26
ESC.ZInstruction ... . .vvee et iaananainanns 16-40, C-26
ESC Character in Device-Control Instructions ......... 14-2 thru 14-4
W Instruchon . ...ct ittt aiiians 6-21 thru 6-27, C-8
Eavesdrop Configuration

GHeneral .o ey 16-3, 16-4

Toocal Mode ..o e e e 16-8, 169

Remote Mode .. ..ot i e e 16-6, 16-7
Eavesdrop Function Key, See also Operation and

Interconnection Manual ... ... i e 164
Echo Terminate Character (Definition) ......... ... ... ... ... 16-32
Echo Terminate Character, Set in ESC. M Instruction .......... 16-28
Echoing Data, See Duplex Function Key
Edge Polygon Instruction, KP .. ........ 6-26, 6-31, 6-36, 6-43, 6-44, C-7
Edge Rectangle Absolute Instruction, EA .......... 6-27 thru 6-33, C-7
Edge Rectangle Relative Instruction, ER .......... 6-33 thru 6-36, C-7
Edge Wedge Instruction, EW . .................... 6-21 thru 627, C-8
End Flush Mode Instruction, ESC. U .............. 10-22, 1427, C-26

Enhanced Function Key, See also Operation and
Interconnection Manual

Effect on DL Instruction ... ..outerrerieeeeeecneennain s 11-38
Effect orn IW Instruction ... .o vt oe et i 96
Fffect on OD Instruction ...t c i 12-3
Fiffect on OW Instraction . .o.ovirr oo i e cie e 9-9
Effecton UC Instruction .. ... ..o iriiininannn s 11-29 thru 11-34
Enlarging/Reducing Plots .......... ... oiiiin 9-13 thru 9-16
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Enquire/Acknowledge Handshake ...................... 1621, 16-23,

16-24, 16-27, 16-31 thru 16-39
Enqguiry Character (Definition) ......................... 16-32, 16-33
Enqguiry Character, Set in ESC . H or I Instruction ... 16-35 thru 16-39
ENTER Statement . ... o 1-8, 132
Error Checking, Block IO ................... 14-14, 14-16 thru 14-18
Errors

Determining Device-Control .......................... 14-16, 14-17

Determining HP-GL ... ... ... ... . . ol 13-8, 13-9

RS-232-C Transmission ...........c.ciiiiiiiiiininennnnn. 16-18

Table of Device-Control ......... ..o, 14-16, 14-17, B-3, B4

Tableof HP-GL ... et 3-6 thru 3-8, B-1, B-2
Escape Function and Flush Mode .. ... PO 10-18, 10-22, 10-26
Escape Function Key, See also Operation and

Interconnection Manual ........... .. i 10-26
Examples, HowtoUse ... ... ... ... .. 1-6 thru 1-9
Execute (Definition) ...... ... . i i 14-2
Extra Space lnstruction, ES ... ... ... L 7-36, 7-37, C-7
f
FORTRAN (Description) . ....uirie e ciie i iiaiiiiiiieienanns 16
FORTRAN, Sending and Receiving Data (HP 9000,

Series 500 Computer) ... .. S 15-5, 15.7, 15-8
FPInstruetion ......... ... i i, 6-44 thru 648, C-8
FSInstruction ......... .ottt 10-6, 10-7, C-8
Fl Instruction .......... ... .. ... ... ... ... 6-13 thru 6-16, C-§
Fallback Mode ... e e e 11-14
Fill Polygon Instruction, FP ...................... 6-44 thru 648, C-8
Fill Rectangle Absolute Instruction, RA .......... 6-27 thru 6-33, C-17
Fill Rectangle Relative Instruction, RR ........... 6-33 thru 6-36, C-17
Fill Type Instruction, FT' ......................... 6-13 thru 6-16, C-8
Fill Wedge Instruction, WG ...................... 6-21 thru 6-27, C-22
Fixed Line Type ... ... i 5-6 thru 5-9
Fixed-Space Fonts

All Characters Listed ..........co i, A5 thru A7

Definition .............. P 7-1

Description . ... . . . i, 11-2 thru 114
FlushMode ..., 10-18, 10-22, 10-26, 14-27
Force (e imItlon) ... e e e 10-1
Force, Default for Bach Carousel ... ..o oo i, 10-7
Force Select Instruction, FS ... ... .. i, 106, 10-7, C-8
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Front-Panel Display, Writing Messageson ....... ... 10-17 thru 10-20
Function Keys, Redefining .................. 10-17, 10-18, 10-20, 10-21
GO INstruchHon ... e e 1025, C9
GMInstruction ... e i 3-17 thre 3-19
GPlInstruction ............ciieeiiiiiiiiiinvine .. 104, 105,C9
Graphics Limits

Determining Hard-Clip Limits .......................... 9-10, 911

Determining Soft-Clip Limits .................. . .......... 99, 410

Effects on Plotting Instructions ...................... 4-9 thru 4-11

Hard-Clip, Description .. ..oviiii i e i, 29, 2-10

Lost Mode ... . . i 411

Setting Soft-Clip Limits ............. ... ... ... 9-5 thru 99

Soft-Clip (Window), Description ..................... 2-10 thru 2-12
Graphics Memory, See Buffers
Graphics Memory Instruction, GM .................... 3-18 thru 3-20
Graphics Sets GL and GR, General In-Use

CodeTable ... i 1111 thru 11-13
Graphics Sets GL and GR, Implementation in

Each Character Selection Mode ................... 11-15 thru 11-19
Graphics Slots GO through G3, General In-Use

CodeTable ... ... o i i e 11-11 thru 11-13
Graphics Slots GO through G3, Implementation in

Fach Character Selection Mode ................... 11-15thru 11-19
Grid (Definition) ... ... i i i e e i 5-1
Grid, Plotting Example ... ..o i 54,55
Group Count Instruction, GC ........ ... .. .00 ... 10-25, C-9
Group Pen Instruction, GP ... . o0 i 10-4, 105, C9
h
HP 150 Computer ....ooviie it e 154, 156
HP 3000 Computer . ... e e e 1-9
HP 7-Bit Character Selection Mode ... ..., 11-4,11-10, 11-13 thru 11-15
HP 8-Bit Character Selection Mode ...... 114, 11-10, 11-13, 11-15,11-16
HP 9000, Series 200 Computers ..o ... 1-9, 15-4, 156
HP 9000, Series 500 Computers .................. . 1.8, 1544, 155, 15-7
HP 9816, 9826, and 9836 Computers .................... 1-9, 15-4, 156
HP-GL

BASIC Graphics Statements Compared with ... ........... 1-G, 1-10

DS IO ot e e e e ceeen 1-5
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Frrors, Determining ... ... ... i e 13-8, 139
Errors, Tdsted ..o iiiieieenen 3-6 thru 3-8, B-1, B-2
Howto Sendto Plotter ... ... ... ... ... ... ... 1-10 thru 1-12
Instruction Set, Alphabetical List ........ 1-2 thru 1.4, C-1 thru C-22
) ¢ 7o SR e 1-8
R4 4172 S A 3-2 thru 3-6
HPIB
Addressing (General) ... . .o i i5-2, 15-3
Addressing Sequences and Codes .. ... e 15-11 thru 15-13
Bus Capabilities .........coi it 15-14 thru 15-16
[ =3 5445 1 o+ S U 15-1
Interface Functions ... i iiiiinenana, 15-13 thru 15-14
Interfacing ... ot e 15-1 thru 15-18
I e DES . e e 12-7
Lines ..o e 15-8 thru 15-10
Operations (Messages and Commands) ................ 15-10, 15-11
Serial and Parallel Polling ....................... 127, 1517, 15-18
HPIB Function Key, See also Operation and
Interconnection Manual ... ... ... . . . 152
Handshake Function Key, See also Operation and
Interconnection Manual ........................ 14-13, 1620, 16-21
Handshake Methods (RS-232-C)
Device-Contral Instructions and Parameters Used ..... 16-34, 16-35
Enquire/Acknowledge ... .. 16-21, 16-23, 16-24, 16-27, 16-32 thru 16-39
General ................ 16-20, 16-21, 16-26, 16-27, 16-31, 16-34, 16-35
Hardwire ............... 14-14, 16-11, 16-2%, 16-24, 16-26, 16-27, 16-34
Predefined ... e e 16-26, 16-27
Software (Buffer) Checking ........... 16-21, 16-24 thru 16-26, 16-34
Tailoring Your Own ... it 16-31 thru 16-35
Xon-Xoff ....... 16-21 thru 16-23, 16-27, 16-31, 16-34, 16-37 thru 16-39
Handshake Parameters (Definitions) .............. .. 16-31 thru 16-34
Handshake Parameters, Set by Front-Panel or
ESC.PInstruction .......cvviirrimmiiiiiiiiiiniiniannranns 16-27
Hard-Clip Limits
Definition ... v e N 9.1
DIESCIEDEION vt e et e 29, 2-10
Determining Current Location .......................... 9-10, 9-11
Listed for Each Paper Size ........... ... ..o iiiiit, 29, 0611
Rotated .. ..o e e 9.2 thru 9-6
Hardwire Handshake ..... 14-14, 16-11, 16-21, 16-24, 16-26, 16-27, 16-34
Hatch (Definition) . ....oovvreriiie e e iiiein e 6-3
Hewlett-Packard Interface Bus, See also HP-IB ....... 151 thru 15-18
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i
1/0 Buffer, See also Physical 1/0 Buffer and
Logical /O Buffer ....... ... ... .. ... i i .. 14-2, 146
170 Buffer (Definition) ... ..o i e e 14-2
/O Brrors ... 14-16 thru 14-18
IBM Personal Computer ... ..ot 1-9
IMInstruction ......... ... .. 0 i iiiiiinnnnins 13-4 thru 137, C-9
Used for Digitizing (HP-IB) ... e 12.7
Used for Serial and Parallel Polling (HPIB) ........... 15-17, 15-18
IN Instruction ........ ... ... ... iiiiananin., 1412, 3-11, 3-12, C-10
IPInstruction ........... .. . i, 3-12 thru 3-14, C-10
ISO 20222 8tandard . ... ot i e 11-14
IS0 7-Bit Character Selection Mode . . ... 11-10, 11-13, 11-16 thru 11-18
ISO 8-Bit Character Selection Mode ..... 11-10, 11-13, 11-18 thru 11-20
IV Instruction .................... 11-11, 11412, 11-24 thru 11-26, C-10
W Instruction ..., 95 thru 99, C-11
Immediate Response String (Definition) ....................... 16-33
Immediate Response String, Set in ESC. N Instruction ......... 16-31
In-Use Code Table
General for All Character Selection Modes ......... 11-1%1 thru 11-13
HP7TBitMode ... ... e 11-15
HP 8Bt Mode ...ttt e 11-15
ISOTBitMode ..o e 11-16, 11-17
ISOBBitMode ... 11-18
Increments, Relative ...... ... . i 214
Initialize (Defimition) ...t e 32
Initialize Instroction, IN ... ... .. ... .............. 3-11, 312, C-10
Initialized Conditions HP-GL) ............. 1-12, 3-11, 312, A-13, A-14
Input Mask Instruction, IM .............. ... ..... 13-4 thru 13-7, C9
Used for Digitizing (HP-IB) ....... ... ... ... ... .. ... 127
Used for Serial and Parallel Polling P-IB) ........... 15-17, 16-18
Input P1 and P2 Instruction, IP . ................. 312 thru 3-14, C-10
Input Window Instruction, IW ..................... 9-5 thru 99, C-10
Integer Parameter Format . ...t e 34
Interactive Programming (Definition) .......................... 10-2
Interactive Programs ............ .. cciiiiirinnnnnnnns 10-17, 10-18
Intercharacter Delay (Definition) ........ccoiiiiiiininnen... 16-32
Intercharacter Delay, Set in ESC.N Instruction ............... 16-81
Interfacing
HEP-IB o e 15-1 thru 15-18
RS-232.C/CCITEV24 (... .. s, 16-1 thru 1640
Invoke Character Slot Instruction, IV ... ... .. .. 11-11,11-12,

11-24 thru 11-26, C-10
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KY Instruction ...t iiiviiirnraraann 10-20 thyru 10-23, C-11 -
Katakana8 Character Set ... ... i 11-15,11-16
Keyboard Mode (Definition) ... ... .0 i i, 16-2
Keyvboard Mode (WD Instruction) ........... .. ... ... 10-18 thru 10-20
|
LB Instruction .....coooirt i 7-2 thru 7-8, C-11
LO Instruction . .....ooeriii i, 7-3G thru 7-33, C-11
LT Instruction . .....v oot et ia s 56 thru 59, C-11
Label Buffer, See also Buffered Labels .......... 7-3, 7-1, 7-38 thru 7-40
Label Instruction, LB . ... ... .o 7-2 thru 7-8, C-11
Label Origin Instruction, LO ................... 7-30 thru 7-33, C-11
Label Terminator '
Changing with the DT kostruction ................... 7-8 thru 7-10
| TS5 ¥ 05 1) ¢ WU 7-2
HowtoSend ... it i e e e 76, 77
Syntax Notatlon .. ... .o e e e eans 3-3
Labeling with Alternate Character Sets, See Character Sets
Labeling with Variabies ......... ... ot 710, 711
Labels, See also Characters
Absolute Divection ........ ... .. ... i 7-21 thru 7-25
Determining the Length ............ .. ... ..., 7-40 thru 7-42
Direction Affected by P1, P2, and
Negative Parameters ...........coooi i, 7-42 thru 747
MirrorImages ... . it 7-15, 7-16, 7-42 thru 7-47
Pararneter Formats .. ... i i et 3-4
Position ... o i 7-4 thra 76, 7-30 thru 7-33
Relative Direction ... ... oo i i, 7-25 thra 7-30
Rotating the Direction ... ... . ... o o i, 7-23 thru 7-25
Leased-Line Disconnection .........c.ivverernnreenerananacens 16-10
Line (Definition for Labeling) ...... ..o i 7.2
Line Chart, Complete Program ............. .. .. .0 8-2 thru 89
Line Chart with Variable Parameters ..................... 4.13, 4-14
Line-Feed Character (WF), Howto Send .. .......ovviern.. 7-6, 7-7
Line Type Instruction, LT ... ... ..o oot 56 thru 5-9, C-11
Line Types
Adaptive e 57 thru 59
Effects on CIreles ...t e e 6-8, 69
BEffectson Fill Patterns ... oo i anenins 6-15, 6-16
FIXed o 5-7 thru 5-9
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Listen-Only Mode (HP-IB) ...... .. ... ..o i il 15-2, 15-3
Literal String (Definition) ... i i 31
Loading Paper with the PG, AF, or

AH Instructions ... ... .. . . iiiiiiiiiiniennnn. 10-12 thru 10-14
Local Mode (RS-232C) ... iatt. 16-5, 168, 16-8, 16-9, 16-19
Logical 1/0 Buffer

Allocating Memory ..................... 146, 14-9, 14-12 thru 14-15

D7) 5310117 L '« WA U 14-2

Determining Sizeof ....... ... ... ... 1411, 14-12 14-15, 14-16

Used in Enquire/Acknowledge Handshake ............ 16-23, 16-24

Used in Hardwire Handshake .......... ... ... ... oo, 16-24

Used in Software Checking Handshake ........... 16-24 thru 16-26

. Used in Xen-Xoff Handshake ........... ... ... ... 16-22, 16-23

I =3 L 20T 411
m
Maximum Logical I/0 Buffer Size (Definition) ................. 16-33
MEGia S1Z65 .« oottt ittt e s e e i-1
Media types, See also Operation and

Interconnection Manual ....... ... ... i i 1-1
Memory, See Buffers
Mirror Imagesof Labels ..................... 7-15, 7-16, 742 thru 7-47
Mirror Imagesof Plotted Data ..................cooivuin, 917, 9-18
Mnemonic, Definition of ... ... i e 31
Modem Function Key, See alsc Operation and

Interconnection Manual ........................ 14-13, 16-10, 16-20
Modem Mode (RS-232-C) ... i 16-10, 16-20
Monitor Modes ......... ... .. ... i, 14-14, 14-22 thru 14-25
n
NOP Instructions .. ..ot iriiiiiar e, A-14, A-15
NR Instruction ........ccoieiiiiiiiiiiiinion.. 10-14, 10-15, C-12
No Operation (NOP} Instructions ..........ooooiiiiiian. A-14, A-15
Not-Ready Instruction, NR ........................ 10-14, 10-15, C-12
Not-Ready State ....... ..o i iareann. 10-13,10-14, 10-15
O
QA Instruction ........c.ooiiiiiiiiiiiinianaia., 137,138, C-12
OC Instruction . ....virrin i ittt ananns 13-8, C-13
O s rUC On .« e e e e 12-3, C-13
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OFE Instruction ... e ans 13-8, 139, C-13
OF Instrachion ...t e iree ettt e L 139, C-13
OGInstraction ........coiviriiiiinnineann. 10-22, 10-26, 10-27, C-13
OH Imstruction ... iiie it iearceenanns 910,911, C-13
Ol Instruchion .. .. .. i e aaianes 13-10, C-14
OK Instruction ..., 10-23 thru 10-25, C-14
OLInstruction ....... ...t eiiiiiiiiannns 7-40 thru 7-42, C-14
OO0 INstrucion ..ot e 13-10, C-14
OP Imstruction ........oriiii ity 9-11 thru 9-12, C-14
OS Instruchion ... e 13-11, 13-12, C-14
OT Instruction ... iy 13-12, 13-13, C-15
OWlnstruction ... ... .o it c e 9.9, 9-10, C-15
Omitting Parameters (HP-GL) ........... e e e 3-3
Omitting Parameters (Device Contrel) ......... .. ..o oL 14-5
Organization Chart, Program Using
Absolute Coordinates ...... ... i, 6-32, 6-33
Organization Chart, Program Using Relative Coordinates ....... 6-36
Origin of Coordinate System ........ ... oo veiiiiiiiiiaianaaa.u. 2-1
Output, Controlling in RS-232-C Interfacing ......... 16-28 thru 16-31
Qutput Actual Position and Pen Status Instruction, OA ......... 13-7,
_ 138, C-12
Output Buffer Size When Empty Instruction, ESC.L ............ 149,
1411, 14-26, C-24
Output Buffer Space Instruction, ESC.B ................ 14-15, 14-186,
16-24 thru 16-26, 16-34, C-23
QOutput Carousel Type Instruction, OT .......... 13-12 thru 13-14, C-15
Output Commanded Position and
Pen Status Instruction OC ... o i 13-8, C-13
QOutput Configurable Memory Size Instruction, ESC.S ..... .. . 14411,
_ 1412, C-26
Qutput Digitized Point and Pen Status Instruction, OD .. ... 12-3, C-13
Qutput Error Instruction, OE ... ... ... .. oo, 138,139, C-13
Output Extended Error Instruction, ESC.E ... 1416 thru 14-18, C-23
Output Extended Status Instruction, ESC.O ................... 14-9,
14-19 thru 14-22, C-25
Qutput Factors Instruction, OF ... .................... .. 139, C138
Output Group Count Instruction, OG ..... 10-22, 10-26 thru 10-29, C-13
Output Hard-Clip Limits Instruction, OH ............. 9-10, 9-11, C-13
Qutput Identification Instruction, ESC.A ................ 14-27, C-23
Output Identification Instruction, OL ..................... 13-10, C-14
Output Initiator Character (Definition) .................. .. .. 16-32
Qutput Initiator Character, Set in ESC. M Instruction .......... 16-29

Si-14 SUBJECT INDEX




Subject Index (Continued)

O (Continued)
Output Key Instruction, OK . ... ........... ... 10-23 thru 10-25, C-14
Output Label Length Instruction, OL ............ 7-40 thru 742, C-14
Output Options Instruction, OO ... .. ..., 1310, 1311, C-14
Qutput P1 and P2 Instruction, OP ............... 9.11 thru 9-12, C-14
Output Response Terminator (Device-Control) .................. 14-5
Output Response Terminator (HP-GL and Device-Control) ........ 35
Output Responses
Effecis of Handshake Parameterson ..... e et 16-37
HintsforObtaining .......... .o iiiitiviiinnrnen.. 13-2 thru 134
P B N ES oottt et e 13-3
RG22 INOLBE oottt i e e e e 134
Summary of Number and Type of Parameters ......... 13-13, 13-14
OQUTPUT Statement .. ... vt irree e et e e 1-8
QOutput Status Instruction, OS5 ..................... 13.11, 13-12, C-14
Output Terminator (Definition} ........... ... .. ... .o 16-32
Output Terminator, Set in ESC. M Instruction ................. 16-29
Output Trigger Character (Definition) ............... ... ... 16-31
Output Trigger Character, Set in ESC. M Instruction ........... 16-28
Output Window Instruction, OW .. .. ... ..ot 99, 9-10, C-16
p
PMask . e 13-6, 13-7
Pl and P2
Defaull ... e s 3-13, A-14
Deseription ...t e 25thru29
Determining Current Location ......... ... ..o oot 9-11, 9-12
Effects on Label Direction ........ ...t 7-42 thru 7-47
Effects on Relative Character Size .................. 7-16 thru 7-18
Effects on Relative Label Direction .................. 7-25 thru 7-30
Locations after Coordinate System Rotation ....... 3-13, 9-2 thru 9-4
Preparing Equal-Sized Plots on One Page ............... 912, 9-13
Setting Locations of . ..., . o i 3-12 thru 3-17
Used for Reducing/Enlarging Plots ................. 8-13 thru 9-16
Used with Windows When ScalingIsOn ............ 9.14 thru 9-16
PAInstruction ......oviiiieniiner ey 4-4 thru 4-6, C-15
PBlInstruction ........coieeii..n 7-3, 77, 7-8, 7-38, 7.39, 7-40, C-15
P Instruction ...oveveiinin i iiinneeareraens 4-3 thru 4-6, 4-8, C-15
PG Instruction .......cvviieeriririiiianrennen 10-12 thru 10-14, C-16
PMInstruction .........c..oiveiiiaaiiieeninanns 6-37 thru 6-43, C-16
PRInstruction ... ..o e 4-6 thru 4-9, C-16
PT Inatruction .. .o.vri i et aas 620, 6-21, C-16
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PUInStruction ...t iiiineennns 4-3 thru 4-6, 4-8, C-17
Page Feed Instruction, PG ..................... 10-12 thra 10-14, C-16
Paper Feed, Determining Current Mode ....................... 13-10
Paper Size, Default Pl and P2for ...........ccivn ot 313, A-14
Paper Size, Plotting Rangefor ... i, 29, 9-11
Parallel Poll (HP-IB) .......... 13-4, 13-5, 136, 13-7, 15-10, 1517, 15-18
Parameter

Definition ... ... oo 31

Formats (Integer, Decimal, Label) ......... ... o i .. 34

Optional (Device-Control) ....... oo, 14-4, 14-5

Optional (HP-GL) ... . e e 3-3
Parity Function Key, See also Operation and

Interconnection Manual ...... ... ... .. ... .. ....... 11-10, 16-19
Parse (Definition) ... e e e 14-2
Parse Mode Function Key, See also Operation and

Interconnection Manual .............................. 14-14, 14-24
Parse Monitor Mode ......................... 14-14, 14-22 thru 14-25
Pascal, Deseription ... . e 1-6
Pen-Dn Function Key, See also Operation and

Intercomnection Manual ....... .. ... ... . 4-4
Pen Down Instruction, PD .. ... ... ... ...... 4.3, 44, 4-6, 4-8, C-15
Pen Position

Description ......... . 2-12, 2-13, 2-16

Determining Actual ... ... ... ... .. ... . 13-7, 13-8

Determining Commanded ....... ..., 13-8
Pen Stalls, Determining Which Are Oceupied ............ 13-12, 13-13
Pen Status

Pescriplion ... i e e 2-12, 2-13

Determining Actual ... .. ... e 137, 13-8

Determining Commanded ... 13-8
Pen Thickness Instruction, PT ... ................... 6-20, 6-21, C-16
Pen-Up Function Key, See also Operation and

Interconnection Manual ... .. .. 4-4
Pen Up Instruction, PU . ......... ...l 4-3 thru 4-6, 4-8, C-17
Pen Types, See also Operation and

Interconnection Manual ...... ... ... ... ., 1-1
Pens, Grouping ..o vt 10-4 thru 10-6
Physical 1/0 Buffer

Allocating Memory .. oottt e e 146

Definition ... ... ... 14-2

Determining Sizeof ....... ... ... L 14-11, 14-12
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P (Continued)
Pie Chart, Complete Program .......... ... 8-13 thru 816
Pie Chart, Simple ... o 1-11
Pin Allocations in Connectors ... ... ... 16-11 thru 16-17
- Plot Absolute Instruction, PA .. .................... 4-4 thru 4-6, C-15

Plot Relative Instruction, PR ...................... 4.6 thru 4-9, C-16
Plot Size, Reducing/Enlarging ............... ..ot 9-13 thru 9-16
Plotter Coordinate System Orientation .........covveinn ... 2-3, 24
PLOTTERIS Statement . ...t 2-10
Plotter Units (Definition) .......................... O 32
Plotter Units, Description and Range ............ e 22 thru 2-4
FPlotter-Off Instruction, ESC.Zor ESC.) ... ... ... 16-40, C-26
Plotter-On Instruction, ESC. Y or ESC.( ........... 16-39, 16.40, C.26
Plotting Area, Placing More Than OnePloton ............. 912, 8-13
Plotting Range for Each Paper Size ..., 29
Plotting with Variables ............ ... ... .o ... 4-12 thru 4-14
Point . 21,22
Poll (Definition) ... i e 10-2
Polling, HP-IB Serial and Parallel ...................... 15-17, 1518
Polling the Plotter for a Successful

PaperFeed .......... ... 10-13, 14-19, thru 14-22
Polygon Buffer ....... .. ... ... ... 0o i 6-48 thra 6-51, 14-7
Polygon (Definition) . ........c. i 6-2
Polygon Mode Instruction, PM ... ... ... .. ... 6-37 thru 6-43, C-16
Polygons, Howto Define . .......... .. ... e ., 6-38, 6-39
Pogitioming Labels ... ... . 7-30 thru 7-36
Primitive Grid

Character Plot Cell ... ... o i, 7.12

Downloadable Characters .............. .. ... ........ 11-38, 11-41

User-Defined Characters ....... ... .. 11-28 thru 11-33
Print Buffered Label Instruction, PB .......... 7-3, 77, 7-39, 7-40, C-15
PRINT #1 Statement .. .....vt e e er caan s 1-8
Programmed-Off (Definition) ..o, 16-2
Programmed-Off State, Set by ESC.Zor ESC.y ............... 16-40
Programmed-On (Definition) ......... .. ... . ... . iiiiiiaan. 16-2
Programmed-On State, Set by ESC.Yor ESC.( ......... 16-39, 16-40
Programming, Interactive ... ... ... ............. 102, 10-17, 10-18
Programming Languages

BASIC e e 1-6

Device-Control Instructions ......... ... ... . . i, 1-5,1-6

BOR T RAN L 1-6

PG 1-5

Pascal 1-6
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P (Continued)
Programs for Line, Bar, and Pie Charts ............. 8-1 through 8-16
Proportional Fonts, See Variable-Space Fonts

r
RA Instruction ...ttt 6-27 thru 6-33, C-17
ROINSruction .......vvriinroaeaeiaeinnnnas 9-2 thru &5, C-17
RP Instruction ....oootiit e 10-16, 10-17, C-17
RRInstruction ........ ... ieieiiiiinnenraneoann 6-33 thru 6-36, C-17
RS-232-C/CCITT V24 Interface Implementation ..... 16-11 thru 16-15
RS-232.C/CCITT V.24 Interfacing, See also

Handshake Methods .............. .. ... ...t 16-1 thru 16-40
RS-422-A Interface Implementation ............... 16-11, 16-16, 18-17
Range of Plotter Units and User Units ....................... 2-4, 25
READ Statement ...t iir i ieie i ceia e 18, 13-2
READLN Statement .....ovtuiniiiriiiiraranaiaaranes 1-8,13-2
Receive Mode Function Key, See also Operation and

Interconnection Manual ... ... it 14-14
Receive MonitorMede ....... ... ... 14-14, 14-22 thru 14-25
Receiving Data from the Plotter (HP-IB) ............... 156 thru 15-8
Record Size, See Data Block Size
Rectangle Instructions (RA, EA, RR, and ER} .......... 6-27 thru 6-36
Reducing/Enlarging Plots . ...... ..ot 9-13 thru 9-16
Relative Character Size Instruction, SR .......... 7-16 thru 7-18, C-20
Relative Coordinates .......cveiivriiirireeeeernirnerennns 2-14, 2-15
Relative Direction Instruction, DR ................ 7-25 thru 7-30,C6 ‘
Relative Plotting (Definition) ........... .. cooiiiiiiiin ., 41— T s
Relative Plotting with PR, PU,and PD ........ ... ..., 4-6 thru4-9
Remote Mode (RS-232-C) ... ..o, 16-5 thru 16-7, 16-9, 16-19
Replot Buffer ... ... oo e 10-15, 14-7
Replot Function Key, See also Operation and

Interconnection Manual .. ... ... .. i 10-16
Replot Instruction, RP ... ... ool 10-16, 10-17, C-17
Reset Function Key, See also Operation and

Interconnection Manual ... ... i i 311
Reset Instruction, ESC.R ............. it 14-26, C-25
Roman8 Character Set ..o it iiaene 11-15, 11-16
Rotate Coordinate System Instruction, RO .......... 92 thru 9-5, C-17
Rotate Function Key, See also Operation and

Interconnection Manual . ... ... ... ... it 9-2 thru 9-6
Rotating Label Direction ............. oo, 7-23 thru 7-25
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Rotation of Coordinate System and Pland P2 ... ... 3-13, 9-2 thru 25
Rotation and Windows ...ttt iiaiir e eiiaannens 96
S
S MaSK e e e e 136
SA Instruction ..........coiveiennnan 11-5, 11-6, 11-9 thyu 11-12, C-18
SCINStruction ... viiviiriiineinanrenns 3-14 thru 317, A-18, C-18
SGInstraction ... e e e 10-6, C-18
SIInstruchion ... 7-14 thru 7-16, C-19
SI and DI, Interactions of Parameters .................. ... 7-42, T-43
SI and DR, Interactions of Parameters .................... 7-43, 7-44
SL Instruction .............. e 7-18 thru 7-20, C-19.
SM INStrUCtION .\ oottt ittt it 55, 56, C-19
SP Instruction .. ..vut ottt 4.2, 4-3, C-20
SRINStrucHon ...ovviin e e i enas 7-16 thru 7-18, C-20
SR and DI, Interactions of Parameters ................ 7-44 thru 7-46
SR and DR, Interactions of Parameters ............... ..., 7-46, 7-47
SSInstruction ......vvvieroaniiiinnenn.. 135, 11-6, 119, 11-12, C-20
Scale Instruction, SC . ... . i e 3-14 thru 3-17, C-18
Sealing ... 2.5 thru 29, 3-14 thru 3-17
Isotropic and Anisotropic . ..o i 315, 3-16,
Line Chart, Bar Chart, and Pie Chart Examples ....... 82, 89, 813
Reducing/Enlarging Plots .. ...t 9-13 thru 9-16
Without Using the SC Instruction .................. A-15 thru A-17
Secaling Points (Definition) ........ ... ... i 32
Scaling Poinis, See P1 and P2
Select Alternate Character Set Instruction, SA ............. 11-5, 11-6,
11-9 thru 11-12, C-18
Select Pen Instruction, SP .. ... it 4-2, 4-3, C-20
Select Pen Group Instruction, 8G ......... ... ool 10-6, C-18
Select Standard Character Set Instruction, SS ............. 11-5, 116,
11-9, 1112, C-20
Semilog FiLType ... i i i 6-19, 6-20
Sending Data to the Plotter (HP-IB) ................... 15-3 thru 155
Separator (Definition, HP-GL) ......... .. ... 32
Separators, Optional and Required (HP-GL} ..................... 3L
Serial Mode (Definifion) . ... .. .ooiiiiii it 16-3
Serigl Poll (HP-IB) ...t e 12-7,13-6, 15-17
Service Request (HP-IB) ...t 13-4, 13-6, 15-17
Set Extended Output and Handshake Mode
Instruction, ESC.N ... ... ... ... 16-31, 16-34 thru 16-37, C-25
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Set Handshake Mode Instruction, ESC.P .... 1627, 16-34, 16-35, C-25
Set Handshake Mode 1 Instruction, ESC.H .... 16-34 thru 16-37, C-24
Set Handshake Mode 2 Instruction, ESC.I ... ... oo 1 16-34,
16-37 thru 16-39, C-24
Set Monitor Mode Instruction, ESC.Q ......... 14-22 thru 14-25, C25
Set Output Mode Instruction, ESC.M ............... 16-28 thru 16-30,
16-34 thru 16-37, C-24
Set Plotter Configuration Instruction, ESC.@ ..., .. 14-12 thru 14-15,
14-18, 18-34, C-22
Shift-In, Used for Selecting Standard Character Set ........ 11-6, 11-7
Shift-Out, Used for Selecting Alternate Character Set ...... 116,117
Single-Shift, Used in ISO 8-Bit Character Selection Mode ....... 11-19
Soft-Clip Limits (Windows)
BI04 7 o) o Y U 9.1
Desceription ... 2-10 thru 2-12
Determining Current Location ....... ..o iiieiiiiiiinn., 9.9, 9-10
Setting Location of ... . it e 9.5 thru 99
Softkey Function Key, See aiso Operation and
Interconnection Manual ... ... .. i i e 10-19
Software (Buffer) Checking Handshake ....................... 16-21,
16-24 thru 16-26, 16-34
Space (Definition for Labeling) .......... ... i i, 7-2
Speed, Pen
Changing on Front Panel, See Operation and
Interconnection Manual
Changing with the VS Instruction ................. 16-8 thru 10-10
Default for Bach Carousel ... ... .. ... ... . i 10-9
L= a2 T o Y 10-2
Spooling (Definition) . ...ovvtirn i i s 10-2
Spooling and Flush Mode ............. 10-21, 10-22, 10-25, 10-26, 14-27
Stand-Alone Configuration
GEneral . i e e 164, 16
Local Mode .. oo i e 169
Remote Mode ... ... o i e e e 16-9
Standalone Function Key, See also Operation and
Interconmection Manual ... ... i 16-4
Standard Function Key, See aiso Operation and
Interconnection Manual
Effecton Dl Instruction ... ... i 11-38
Effecton IW Instruction ..o i e e 9-6
Effect on OD Instruetion . ... ... ... ... i i 12-3
Effecton OW Instruction ....... ...ttt 99
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Effect on UC Instruction ......................... 11-29 thru 11-34
Standby Mode (RS-232:C) ... ... ... ... ... .. .. ... 16-6, 16-19
Status Byte, Checking Bit Statesin .......... AU 12-5 thru 12-7
Status Byte, Determining Bit Statesof ... ... ... ... .......... i4-21
Status of Plotter, Determining .......... 13-11, 13-12, 14-19 thru 14-22
Stop Bits . 16-19
String (Definition) ....... ... i 31
Subpolygon (Definition) ... e 6-2
Surface Chart, Program for ... i 6-45, 6-46
Switched /Datex-Line Disconnection .................0c.o.o.... 16-10
Symbol Mode Instruction, SM ... .. 5.5, 56, C-19
Syntax

Compatibility with Other HP-GL Plotters .................. 3-5, 3-6

Definition . ... 31

Device-Control ... ... ... ... .. . 14-4, 1456

HP-GL o 3-2 thru 3-6
i
TERMIHP-IB) ... . 35,1383
[TERMI(RS-232-C) oot e e e 35,134
TLInstruction ....... ... i, 5-2 thru 5-5, C-20
Terminator

Definition . ... 32

BDevice-Control Instractions ..ot i ey 145

PGl 32,35

Label . 3-3

Output Response .............. 3-b, 13-3, 134, 14-5, 16-28 thru 16-30
Tick (Definition) ... i e e 51
Tick Length Instruction, TL. ....................... 5-2 thru 55, C-20
Ticks, Plotted Examples ......................... 54, 5-5, 8-3 thru 85
Transmission Errors (RS-232-C) ... ..., 16-18
Turnaround Delay (Definition) ... ... ..o i, 16-32
Turnaround Delay, Setin ESC.M Instruction ................. 16-28
U
UCInstruction ........... ..., 11-28 thru 11-36, C-21
UF Instruction .................. ..., 6-17 thru 6-20, C-21
Unloading Paper with the NR Instruction ............... 10-14, 10-15
User Units .

Converting to Plotter Units ........................ A-15 thru A-17
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DefInition .ot e e 3-2
Descriptionand Range ....... ... .. ... .ol 2.2, 2-4 thru 2-9
Specifying with the SC Instruction .................. 3-14 thru 3-17
User-Defined Character Instruction, UC ........ 11-28 thru 11-36, C-21
User-Defined Fill Type Instruction, UF ........... 6-17 thru 6-20, C-21
'/
VS Instruchion ...t 10-8 thru 10-10, C-21
Variable (Definition) ........ ..o 42

Variable Parameters in HP-GL Instructions
Examples for Various Computers, See Operation and
Interconnection Manual

Examples for Various HP-IB Computers ............. 15-3 thru 15-H
Howto SendtothePlotter ................. 4-12 thru 4-14, 7-10, 7-11
Line Chart Examples .................c..... 4-13, 4-14, 8-2 thru 89
Variable-Space Fonts
All Character Sets Listed ......... ..o oot A-8 thru A-10
Changing Arc Smoothness ............cccvvenn.n. 11-26 thru 11-28
Defintiom .ot e e 71,72
Description ... vvr e et 11-2 thra 11-4
Vector Buffer ... .. i 10-10 thyuw 10-12, 14-7, 14-8

Vector Fonts, See Fixed-Space Fonts
Velocity, Pen
Changing on Front Panel, See Operation and
Interconnection Manual

Changing with VS Instruction ..................... 10-8 thru 10-10
Default for Each Carousel ........ ... .. o i 109
e I On oo e e e 102
Velocity Select Instruction, VS ... .. ... ... 10-8 thru 10-10, C-21
Vertex (Definition) ... .. i i i et 6-2
W
WD Instruction .........oviiiiii i 10-18 thru 10-20, C-22
WG Instruetlon . ... . e i 6-21 thru 6-27, C-22
Windows
FI 72505 0347 103 + K AP PP 9.1
Description ... ... i 2-10 thru 2-12
Determining Current Location ............ ... oot 99, 9-10
Plotting Inside and Ouiside of ......... ... ... .. .. ..., 410, 411
Specifying Locationof ... ... ... ... ..., 9-5 thru 89
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Used for Reducing/Enlarging Portions of Plots ...... 9-14 thru 9-16
Write to Display Instruction, WD .............. 10-18 thru 10-20, C-22
WRITE Statement ...t tiei e ei e 1-8
WRITELN Statement ....... e e e e e 1-8
X
D= - Y 2-1, 2-2
XCoordinate .......iiiurir i e e el 241,22
X-Tick Instruction, XT ... s 5-1, b2, C-22
X InStruction « oot e e 5.1, 52, C-22
XY Coordinate Pair ....... ... ... i 21,22
Xoff Threshold Level (Definition) .........ccovvieviiiiiinrnn.. 16-33
Xoff Threshold Level, Set in ESC. I Instruction ...... 16-37 thru 16-39
Xoff Trigger Character (Definition) ............. ... ... ...... 16-34
Xoff Trigger Character, Set in ESC. N Instruckion ............. 16-31
Xon Trigger Character (Definition) ...........c.covivvn e 16-34
Xon Trigger Character, Set in ESC. 1 Instruction .............. 16-38

Xon-Xoff Handshake . ... 16-21 thru 16-23, 16-34, 16-35, 16-37 thru 16-39

y

ToAXIS + oot e 91,99
Y oordinate .o 21,22
Y-Tick Instruction, YT . oo ieennn 5.1, 52, C-22
YT Instruckion ........cco i, 51, 5.2, C-22
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