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How to Use the HP 7550 Documentation

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

e Operation and Interconnection Manual (Part No. 07550-90002).
The Operation and Interconnection Manualcontains detailed operat-
ing information such as how to load paper and pens, how to use the
front-panel function keys, and howto 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 manualyou are reading now.It contains complete explana-
tions of the plotter’s graphics and interfacing instructions. It begins
with discussions of various programming languages and how to use
them with the plotter’s instruction set, HP-GL (Hewlett-Packard
Graphics Language). It also explains some fundamental plotting con-
cepts to help get you started.

e Pocket Guide (Part No. 07550-90003). 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, look
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 to follow any special instructions providedin the docu-
mentation accompanying the software.

Now you can use your graphics software, or you can program theplotter

yourself. If you plan to write programsfor the plotter, read the follow-
ing two paragraphs.

For First Encounters with HP-GL

Ifyou have never written programsin HP-GL,begin with thefirst 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 somebasic plotting concepts, and the remain-

ing chapters present the HP-GLinstructions. The examples given with
the instructions will help you learn how theinstructions work.



For Experienced HP-GL Programmers

lv

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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Chapter 1

Introduction to
Programmingthe Plotter

What You’!l Learn in This Chapter
This chapter will help you become acquainted with your plotter and
how you can makeit 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-GLin 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 theflexibility,
speed, andintelligence necessary to produce almost any plot that you
require. You can use eight pensat any given time, but you havea choice of
several pen colors and pen widths, depending on what type ofpen you are
using. You can use standardfiber-tip pens (for paper), transparencyfiber-
tip pens (for overhead transparencyfilm), roller-ball pens, and drafting
pens. You can also use a variety of plotting 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. Theplotter accepts four standard mediasizes:

ISO* A4 (210 X 297 mm) ANSI* A (8.5 X 11 in.)

ISO A383 (297X 420 mm) ANSI B (11X17 in.)

Manyofthe plotter’s features can be accessed from the front panel. This
means you don’t haveto learn to program the plotter to use manyofits
features, even if you are using a purchased graphics software package.
Forfull 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 paperto be loaded automatically
from the media loadingtray, plustell the plotter to replot a drawing a

*International Standards Organization (ISO)

American National Standards Institute (ANSI)
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given numberof times. Thus,ifyou 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, increasetheir force to a maximumof66

grams,andincrease their speed to a maximum of80 cm/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. Ifyou are using an RS-232-C/CCITT V.24*interface, you can set

up standard handshakes and communicationrates. (The Operation and
Interconnection Manualtells you how. However, ifyou find thatyou need
to set conditions not available from the front panel, you might needto set
up the handshakeusing device-control instructions in a 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-fill for any
polygon shape, and label with any of 20 international character sets in
two fonts. This manualprovidesfull details on the capabilities provided
by the HP-GLinstruction 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 Description Chapter

AA Arc 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 characterset ll

CC Character chord angle 11

CI Circle 6

CM Character selection mode 11

CP Character plot 7
CS Designate standard character set 11

CT Chord tolerance 6
CV 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 purposesof simplicity, both are referred to as RS-232-C.
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Plotter Instruction Set (Continued)
 

 

 

   

   
  

Instruction Description Chapter

DF Default 3 my

DI Absolute direction 7 oe
DL Define downloadable character 11 a
DP Digitize point 12 a
DR Relative direction 7 ee
DS Designate characterset into slot 11 ss
DT Define label terminator 7

EA Edgerectangle absolute 6

EP Edge polygon 6

ER Edgerectangle relative 6
ES Extra space 7

EW Edge wedge 6

FP Fill polygon 6

FS Force select 10
FT Fill type TTL 6

GC Group count ae 10
GM Graphics memory 3
IM Input mask 13

IN Initialize 3
IP Input Pl and P2 3
IV Invoke character slot 11
TW Input window 9

KY Define key 10
LB Label 7
LO Label origin 7
LT Line type 5

NR Not ready (unload page) 10
OA Output actual position and 13

pen status

OC Output commandedposition and 13

pen status

OD Output digitized point and 12
pen status

OE Output error 413

OF Output factors 13
OG Output group count 10
OH Output hard-clip limits 9
OI Outputidentification 13
OK Output key 10
OL Output label length 7
OO Output options 13    
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Plotter Instruction Set (Continued)
 

 

Instruction Description Chapter

OP Output Pl and P2 9
OS Output status 13

OT Output carousel type 13
OW Output window 9
PA Plot absolute 4

PB Print buffered label 7
PD Pen down 4

PG Page feed 10
PM Polygon mode 6

PR Plot relative 4
PT Pen thickness 6
PU Pen up 4

RA Fill rectangle absolute 6
RO Rotate coordinate system 9

RP Replot 10

RR Fill rectangle relative 6
SA Select alternate character set 11

SC Scale 3

SI Absolute character size 7

SL Character slant 7

SM Symbol mode 5
SP Select pen 4

SR Relative character size 7
SS Select standard character set 11

TL Tick length 5
UC User-defined character 11

UF User-definedfill type 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 weil as for polygon,

character-designing, and input/output (I/O) 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 howtoallo-
cate graphics memory.
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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 andtheplotter
understand. This manual assumes that you already have somegeneral
experience programming with your computer’s language. You can use
any computer that can output in ASCII* and any language that
outputsliteral strings.

To help you understand how your computer communicates with the
plotter, some programming languagesare described next. Begin with
the plotter’s HP-GL instructions. Then read about your computer’s
languageto 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 you how to outputliteral strings to a peripheral(in this
case, literal strings of HP-GL tothe plotter).

HP-GL and Device-Control Instructions

AP-GL

HP-GL instructions are codes that access the plotter’s graphics func-
tions. Each instruction consists of a two-letter mnemonic designed to
remind youofits function. For example, SP is the select pen instruction,
and PDis the pen downinstruction. 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. Thisis referred to as “sending” an HP-GL instruction
to the plotter. You’ll learn more aboutthis in the section How to Use the
Examplesin 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 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 lookslike this:

Esc. L

Device-control instructions are sent to the plotter as literal strings in a
manner similar to sending HP-GL instructions. Unlike 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 commandsto send HP-GLstrings.

FORTRANand 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
WRITELNstatement. (Refer to Examples Presented as HP-GL Strings
in this chapter.)

How to Use the Examples in This Manual
The examples in this manualare designed primarily to show the use of
the instruction with which they appear. If you 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
programsoraslistings of only the pertinent HP-GLstrings. 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 Microsoft® BASIC for MS™DOS operating systems. This
BASICis 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.)

—
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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 your computerin line 10.

If you are not using Microsoft® BASIC, you will need to insert the
proper configuration statement in line 10 and may need to change the
PRINT #1 or INPUT #1 statements as well.

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 anduse the interconnection program asa guide.

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

Examples of Opening Configuration Statements

Following are commonforms of a configuration statement that can be
used in line 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-IBinterfaces

10 OPEN "O",1,"PLT" (Series 100/BASIC)

10 OPEN "LPT3:" FOR GUTPUT AS #1 (GW™BASIC)

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

10 OPEN "COM1:9600,N,8,1,RS,CS65535,DS,CD" AS #1

INTRODUCTION TO PROGRAMMING THE PLOTTER 1-7



I
n
t
r
o
d
u
c
t
i
o
n

Apple IIc RS-232-C and IEEE-488interfaces

10 PRINT CHR$(4); "PR#n" (for slot number n)

Apple Ile/II Plus RS-232-C and IEEE-488 interfaces

10 PR#n (for slot 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™DOSversion used here,or if
you are programmingin 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 instructions,
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
numberin 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=3.14 is a variable assignment. Changethesestate-

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 amongdifferent 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 quotation marks; use whatever your computer requires.
Add the statements required by your system to send thestring of

instructions. For example, supposethis string of HP-GL instructionsis
printed in the manual:

uw SP 1 ; uw

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): —

=
HPSeries 200, BASIC OUTPUT 705; “SP1;" z

or o

PRINT "SP1;" 6

HP Touchscreen (150) Computer PRINT #1, “SP1;" S|
IBM PC/PC-XT/AT

HP 9000, Pascal WRITELN(’SP1; 7)

HP 3000, FORTRAN WRITE (6,10)
10 FORMATCX, 4HSP 1; )

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

If you use BASIC on an HP Series 80* or HP Series 200 computer
(formerly models HP 9816, HP 9826 and HP 9836), 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-GL instructions before sending them on to theplotter. For this
reason, you might find it easier to use these graphics statements for
much ofyourplotting.

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 0,30,0,20 TL 100; PA 30,0; PD; xT;
GRID 10,10,0,0 PR 20,0; XT; PA 10,0; XT;

PA 0,0; PA 0,10; YT; PR 0,20; YT;

20

10

9 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. HI

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 keys, switches,
or words actually found on the plotter or computer. BOLD CONDENSED TYPE
denotes a single ASCII character which should be sent to the plotter.
Numbersare 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 theleft and right of the decimal
point (54 321.128 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. Followingis 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 computerin line 10 and PRINT#.

1-10 INTRODUCTION TO PROGRAMMINGTHE PLOTTER



For now,key in the following program.If you are using the RS-232-C
interface, make sure your handshaking protocolis 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 plotted results.

  

 

 

  
         
 
   
              ~<   

10 “Insert configuration statement here
20 PRINT #1, "“IN;SP2;PA?7000,2000;"
30 PRINT #1, “FT3,75,45;"
40 PRINT #1, "WG-1000,90,180;"
45 PRINT #1, "EP;"
SO PRINT #1, "SP3;PR-60,110;FT1,0,0;"
60 PRINT #1, "“WG-1000,270,60;"
65 PRINT #1, “EP;"
70 PRINT #1, "SP4;PA?7000,2000;FT4,60,45;"
80 PRINT #1, "WG-1000,330,120;"
85 PRINT #1, “EP;"
9QO PRINT #1, “SPO;"
100 END

The program is explained fully under The WedgeInstructions, 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 you 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;
andplot absolute, PA. Brief descriptions of each instruction follow. For
moredetails, refer to Chapters 3 and 4.
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Te
Ce
lu
bl
ay
er
er
ci
en
t



I
n
t
r
o
d
u
c
t
i
o
n

e IN resets the plotter to the conditions that exist when the plotter is
first 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 plotted as
shown. However, in your own programs, you might find it more
convenient to use the default instruction, DF, instead of the IN
instruction. DF is a modified version of IN; while DF clears most
HP-GLconditions,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 thepen speed or the settings of the scaling points P1
and P2. You can makethe 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 wasrunning.)

e SP causes the pen holderto take the specified pen from the carousel.
Tf you do not issue an SP instruction andthere is not a pen currently
in the pen holder, the pen holder will go through the motionsof draw-
ing the plot, but the page will remain blank.

® The PA instruction 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 depend on the purpose of the program.

Line 90 uses the SPinstruction to return the pen to the carousel. This is
a good idea to prevent the pen from drying out, and to signal the
completion of the plot. You might also wish to include the not-ready
instruction, NR, to unload the plot (refer to Chapter 10). This prevents
another program from drawingover your plot before you have a chance
to removeit from the plotter.

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

1-12 INTRODUCTION TO PROGRAMMING THE PLOTTER
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Chapter2

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 plotting
instructions, 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 graphics programmingor if you have written

programsfor a graphics terminal but not for a plotter.
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Introduction to the Cartesian

Coordinate System
Theplotting areais that portion ofthe paper in whichtheplotter’s pen can
draw.This plotting area is divided into a grid, as shownin theillustration
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. Theintersection ofthese two axes provides a convenient reference
point knownastheorigin. To locate a position (or point) on the plotting
area, you simplytell 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 X,Y coordinate

pair. To specify a position, you must always specify a complete X,Y
coordinate pair, with the X-coordinatefirst and the Y-coordinate second.
This system of locating points is knownas a two-dimensional Cartesian
coordinate system. (Cartesian comes from the name of the French
mathematician René Descartes, who invented the grid system.)

Theorigin is defined as the X,Y coordinate pair(or point) 0, 0. Ifyou move
to the right of or above the origin, you specify a positive X-coordinate or
Y-coordinate, respectively. Likewise, ifyou moveto theleft oforbelow the
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origin, you specify a negative X-coordinate or Y-coordinate, respectively.
Lookatthe illustration againto locate these points: 0,0; 4, 5;—2 , 4;—-2 ,-2;
6 ,—2; 8,3.
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Cartesian Coordinate System

Plotting with the Coordinate System

2-2

HP-GLinstructs the plotter what to do and whereto 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 someunit of
measurement.

You can express coordinates with two types of units, called plotter units
and userunits. 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 to 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
eachplot. Ifyou define user units, the plotter automatically converts your
coordinatesto plotter units so that it can find the correct location on the
paper. This conversionis internal to the plotter, so you can express your
coordinatesin user units withoutever calculating their equivalentplotter
units. Thus, user units are very convenientto use for plotting.

FUNDAMENTAL PLOTTING CONCEPTS



Both plotter units and user units are discussed in detail in the following
paragraphs.

Plotter Units

The plotter assigns a measurement known as plotter 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 (0.000 98 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 plotter can make,it

is interpreted as an integer.*

The plotter-unit coordinate system is oriented on the paper so that the
origin (0,0) alwayslies 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 is loaded in the plotter, as shown in the following illustrations.
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Default Orientation of Plotter Coordinate System (A4/A Paper)

*Someinstructions 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 processis described under Parameter Formats in
the discussion on HP-GL Syntax in Chapter 3.

**You can change the orientation of this system with the rotate instruction, RO, or with
the rotate function key onthe front panel. The RO instruction is discussed in Chapter9.
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Default Orientation of Plotter Coordinate System (A3/B Paper)

You can see that the pen can plot only to positive X,Y coordinates.
However,the permissable range for coordinates includes negativeplotter
units. In fact, the numerical range of plotter units that the plotter
understands is —223 to +(2%3— 1), or —8388 608 to +8388 607. Obviously,
this is much larger than any sheet of paper that you could place on the
plotter. (Imaginea piece of paper that measures 209 715 by 209715 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 thesection titled
Hard-Clip Limits later in this chapter.

User Units

As mentioned before, you might find it more convenient to use units
that fit your application. For example, you might want to make a bar
chart with total sales in dollars along the Y-axis and number of
months along the Y-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 wayfor you to specify your units so that the plotter will automatically
convert them to plotter units.
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This process is known asscaling, becausein 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 howto 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 senseto you.

In addition, user units are very flexible. You can assign the origin (0,0)
to be anywhere on the paper (not just the lower-left corner, as with
plotter units). This means you can specify negative X,Y 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, you can plot your data accurately. Note that the maximum

numerical range for user units is the same asfor plotter units, i.e., —-2
to +(23—1), or —8 388 608 to +8 388607. (Hint: If you wantto plot data
with values larger than this range, reduce your data by an arithmetic
process before sendingit to the plotter. 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 processofscaling, you should understand what
is meant by the scaling points P1 and P2. Theplotter sets these points at
power-on so that P1 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 shownin the nextillustration. The actual
locations ofP1 and P2 depend onthesize ofpaper loaded intheplotter, as
listed in the table followingtheillustration.
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Default Orientation of P1 and P2 (Any PaperSize)
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Default Coordinate Values for P1 and P2
 

 

 

   

Default Scaling Points

Paper (in Plotter Units)
Size

Plx,Ply P2x,P2y

A4 (210 X 297 mm) 430, 200 10 430, 7400

A3 (297 X 420 mm) 380 , 430 15580, 10 430

A (8.5 X 11 in.) 80, 320 10080 , 7520

B (11X17 in,) 620, 80 15 820 , 10080  
You can changetheplotter-unit locations of P1 and P2 either from the
front panel or with the input Pl and P2 instruction, IP. Use the IP
instruction if you want to be sure that Pl and P2 are always in the
samelocation whenever you plot the program (refer to Chapter 3). Use
the front-panel function keys if you want to change Pl 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 instruction, 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.
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Whenyouissue an SCinstruction, P1 takes on the minimum X,Y coor-
dinate values, and P2 takes on the maximum X,Y coordinate values.*
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 newuserunits.
Theactual size of the units depends onthe 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. Pl 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 you 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 possible to scale P1 and P2 so that P1 takes on the maximum coordinates
and P2 takes on the minimum coordinates. However, this is not the usual method,so it
is not discussed here. Refer to the explanations of the IP and SC instructions in Chapter
3, and to Techniques for Changing the Plotting Area in Chapter9.
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User-Unit Scaling with Default Pl and P2

If the locations of Pl 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/maximumuserunits, only
with different locations of Pl 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 hasincreased.
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To further illustrate the flexibility of user-unit scaling, the following
diagram shows Pl 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 plot anywhere on the page using negative or
positive values.
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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 your 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 anysize of paper.

You cansee that there are manypossibilities for changing yourplotting

area and yourplot’s proportions using P1/P2 and the SC instruction.
Basic scaling informationis presented in the explanations of the IP and
SC instructions in Chapter 3. However, if you wish to learn about more
advanced techniques, some are presented in Chapter 9. These techniques
include placing more than oneplot on a page, enlarging/reducinga plot,
and plotting mirror images.

NOTE: P1 and P2 are mainly used in conjunction with the SC instruc-

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 asfill type, FT,
line type, LI’, relative character size, SR, and relative direction, DR. In

addition, your computer or graphics software package might use Pl
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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
Theplotter recognizes two basic types of graphics limits: the “hard-clip

limits” and the “soft-clip limits.” Their names imply their functions.
First, “clip” indicates that some portion of the paper is being selected.
Thinkof 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 plotter is first turned on, the soft-clip
limits are set equal to the hard-clip limits. Each of these concepts is
discussed in moredetail 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
limits 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 withoutrolling over plotted lines and possibly smearing
ink. The hard-clip limits correspond to the maximum plotting range.
The maximum plotting ranges for standard papersizes arelisted in the
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following table.

Maximum Plotting Ranges

Maximum Plotting Range

Paper (in Plotter Units)
Size

X-axis Y-axis

A4 0 - 10870 0 - 7600
(210 X 297 mm) (271.75 mm/10.65 in.) (190.00 mm/7.45 in.)

A3 0- 15970 0 - 10870
(297 X 420 mm) (399.25 mm/15.65 in.) (271.75 mm/10.65 in.)

A 0- 10170 0 - 7840
(8.5 X 11 in.) (254.25 mm/9.97 in.) (196.00 mm/7.68in.)

B 0 - 16450 0- 10170
(11 X 17 in.) (411.25 mm/16.12 in.) (254.25 mm/9.97in.)    
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The following illustration shows the relationships between the axis
orientation, the P1/P2 scaling points, and the hard-clip limits. This is
true for any size of paper whentheplotteris first turned on.
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a NOTE: You cannot change the hard-clip limits using HP-GL. However,
some BASIC graphics statements implemented on HP computers do
changethe hard-clip limits. The PLOTTERIS 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 limits. 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

Aspreviously mentioned,soft-clip limits temporarily restrict pen move-
mentto 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 beyondthat portion. For example, look at the following
line chart. Suppose after plotting the full chart, you decide to make a

new plot showingonly thefirst 6 months of data so that you can use
the space on the right for text. You could use the same program asfor
the full line chart, but add soft-clip limits to restrict plotting to thefirst
half of the chart. Then you could add lines to the end of the program
with newsoft-clip limits and instructionsfor 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 windowinstruction, IW,to define the

lower-left and upper-right boundariesofa 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 Pl and P2 to provide a great deal of flexibility with
respect to where you plot data, how much of your datais plotted, and
reducing/enlarging 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

2-12

When youfirst 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, knownas defaults.
Amongthesedefaults are the “pen status” and the “pen position.” (You
can find a full list of default conditions under The Default Instruction,
DF, and TheInitialize Instruction, IN, in Chapter 3.)

The pen status refers to whether or not a pen is loaded in the holder,
and whether the pen is up or down. At power on, the plotter assumes
there is no pen in the holder andthe 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 dothis with front-panel function keys, or you can issue

the select pen instruction, SP, and the pen downinstruction, PD. The
pen remains downfor subsequent plotting instructions until you issue a
pen upinstruction, PU,or lift the pen using a front-panel function key.
Also, the pen remainsin the holder until you select a new penor return
the pen to the carousel.*

*The plotter automatically lifts the pen and returns it to the carousel 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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Every time you change pens or the up/down position, this pen status
information is updated in the plotter. Most plotting instructions plot
accordingto this concept of “current pen status.” If you plot a program
and portions of the plot aren’t drawn, check your program to be sure
you have positioned the pen down before the affected instruction(s).
The descriptions of each plotting instruction tell you what happensto
the current pen status (i.e., whether it is updated at the end of the
instruction, or whetherit is restored to the status that existed before the

instruction wasissued.)

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  A4-size paper
0,0 A3-size paper
0,7840 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 you 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 CI instruction was
issued. In other words, the current pen position is restored after a CI

instruction. As with the pen status, the descriptions of each instruction
tell you whether the current pen position is updated or restored.
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Absolute and Relative 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
system with respect to the origin (0,0). In the followingillustration, the
coordinates 2,3; 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 knownasrelative coor-
dinates. Relative coordinates are more accurately called increments,
because their values represent the numberof units for the pen to move
from its current position. (As with absolute coordinates, the units can
be user units or plotter units.)
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For example, assumethat the pen is currently at the origin. To arrive at
the lower-left point marked in the previousillustration, count 2 units to
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 lower-right point, arriving at the relative position 5,—6. The new
coordinates are shownbelow.   10

  STARTING
PEN

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 wantto 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.
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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. m
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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-GLinstructions. 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.

HP-GL Instructions Covered

DF The Default Instruction

IN TheInitialize Instruction
IP 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 sentto the plotter as literal
strings in a computer-dependentoutput statement (for example, PRINT,
PRINT #, WRITE, or WRITELN).

Mnemonic — an abbreviation that is easy to remember. HP-GLinstruc-
tions are two-letter mnemonics that represent the function ofthe instruc-
tion. For example, SP for select pen, and LT for line type.
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Parameter— one ormore characters following the HP-GLmnemonicthat
govern how theinstruction is executed by theplotter. 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.
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Separator — a symbol that serves to separate each mnemonic andits
parameters. The commainthis string is a separator: PA10, 20. If there
was no separator, the plotter would receive this string: PA1020. The
plotter would interpret this string differently from the previousstring.

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

Default — a knownstate. Default often refers to conditions that exist in
the plotter whenit is first turned on. Default also refers to the value of
a parameterif you do not specify a different value.

Initialize — to set the plotter to all of the conditions that exist whenit
is first turned on. You caninitialize the plotter by turning it on andoff,
pressing RESET on thefront panel, or executing theinitialize instruction,
IN.

Scaling — 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 Pl 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.

Plotter Units — 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.

HP-GL Syntax
Each HP-GL instruction begins with a two-letter 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.

Tn 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.
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In either interface configuration, carriage-return characters are ignored,
except as label characters or as an output response terminator in an
RS-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 ASCII end-of-text character, ETX (decimal code 3), but
may be changedfrom its default value using the define terminatorin-
struction, DT.

Only the terminator and the separators between parameters are re-
quired. Other separators maybeinserted, as shownin this diagram.

INSTRUCTION PARAMETERFIELD
MNEMONIC (AS REQUIRED) MANDATORY

coq | |
Sep X Sep X Sep Parameter Sep Parameter Sep Terminator

TT ~ T
1

OPTIONAL SEPARATORS REQUIRED SEPARATOR
(0 OR MORE COMMAS (1 OR MORE COMMAS
AND/ORSPACES) 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,
assumea default value. In order to omit a parameter, all subsequent
parameters in the sameinstruction must be omitted. (The only
exceptions are the pen control parameters in the user-defined character
instruction, UC, and the define downloadable characterinstruction, DL.)

For example,thefill type instruction, FT, has three optional parameters.
If all three are included, the usual wayto send FT to the plotter mightbe:

FT 3,100,45;

(In this example, commasare used as parameter separators. Spaces may
be usedinstead.) If you were to omit the second parameter, you mustalso
omit the third parameter. Thus, you would send:

FT3; (ot FT 3,,45; )
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Parameter Formats

The parameter fields must be specified in the format defined by each

respective HP-GL instruction (as shown in the syntax table accompany-
ing eachinstruction’s description throughout this manual). The format
can beof three types:

1. Integer: The parameter must be an integer between —273 and 273 —1

after rounding (22 = 8 388608). 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., 1008.5 is rounded to 1009 while —1008.6 is rounded
to —1009.

2. Decimal: A number where the integer portion is between —2” and
23 —1, and the optional decimal fraction has a maximum of 8
significant digits. The decimal point may be omitted when no
decimal fraction is specified. If no sign is specified, the parameteris
assumedto 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 frac-
tion (up to 8 digits) for moving the pen. However,if a parameter can
be in decimal format and scalingis 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 movethe plotter can makeis 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 nexttell the plotter to make an additional moveto the relative

point 0.7 ,0.7, the pen will move. The monitored cumulative moveis

to the point 1.3, 1.3 (0.6 + 0.7 = 1.3), but the pen will moveonly to the
point indicated by the integer portion, i.e. 1,1.
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3. Label: Any sequenceofcharacters. Refer to The Label Instruction, LB,
(Chapter 7) for a complete description.
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Notations Used in This Manual for Expressing 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 parameter — All typeset items are required parameters.

( ) — All items in parenthesesare optional.

c...€ — Any numberof labeling characters.

(...) — Any numberof the specified parameter (there
must be an even number of X,Y coordinates in
order to have complete X,Y 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 outputresponses
include a terminator as defined by theset out-
put modeinstruction, 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 responseto 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.
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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-
wareto drive all of these plotters, you should note the minordifferences
in syntax,as listed next.

e Separators — The HP 7550 andall of the above plotters allow a
commaor space as a separator. However, the HP 7470 and 7475 both

additionally allow a+ or — sign as a separator.
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e Terminators — The HP 7550 allows the same terminators as the above

plotters.

Also note that the flexible syntax of all of the aboveplotters 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)[;]

INSTRUCTION _T _TERMINATOR *

OPTIONAL PARAMETER

The HP 9872 syntax totally ignores spaces. It does not allow commas
betweenthe characters of the mnemonic; only one comma mustseparate
parameters, and only a semicolon or, in the HP-IB environment, a LF

maybeused asthe terminator. In addition, parameters requiring integer

format may not contain a decimal point or decimalfraction.

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 maybe 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 thefront
panel. The error message remains on the front-panel display until you
press a front-panel key or read the error numberusing the output error
instruction, OE (presented in Chapter 13).

Thefollowing table provides a summaryof 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 conditions that are mostlikely to occur with
the particular instructions. Note that sending aninstruction without
parameters never causes an error condition. Instead, the instruction
will either be ignored or it will be executed with default parameters,
dependingon the particular instruction.
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*In an HP-IB environment, a LF mayalso be used for the terminator.
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HP-GLErrors
 

 

 

Displayed Usual :
Error Message Plotter Reaction Possible Cause

1 Commandnot Ignores the A mnemonicis in-
recognized instruction correct or missing;

an alphabetic char-
acter was specified
in a parameter when
a numeric character
was expected.*

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
manyparameters, coordinate pair.
executes the instruc-
tion with the correct
number of param-
eters and ignores
the rest.

3 Bad parameter Ignores the A parameteris out-
instruction of-range.**

4 (unused) (unused) (unused)

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 labelis so
overflow instruction long that it exceeds

the plotter’s
numeric range.     

*Checkfor typographical errors in the mnemonic and the parameters (a common mistake
is to type O for0,or vice versa). Also, check to be sure instructionsare notbeing terminated
prematurely. For example, if you are using an HP-IB configuration, check to be sure the
computeris not inserting line feeds (LF) in the middle of a string of instructions. If an
instruction is terminated after the mnemonic andbefore the parameters, the subsequent
receipt of the parameters without a mnemonicwill causeerror 1.

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

(Table continued)
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HP-GLErrors (Continued)
 

 

  

Displayed Usual :

Error Message Plotter Reaction Possible Cause

7 Buffer Excecutes the data One of the graphics
overflow thatfits in the memory buffers

affected buffer does not have
and ignores the enough space
data that overflows allocated.***    

***Check buffer allocations. Refer to The Allocate Configurable Memory Instruction,
ESC .T, in Chapter 14 for information on the plotter’s buffers.

The Default Instruction, DF
USES: The DFinstructionsets certain plotter functions to predefined
default conditions. Use this instruction to return certain HP-GL instruc-
tions to a knownstate 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 are included,

 

 

 

MQ

a error 2 is generated and the DFinstruction is executed anyway.
os
f= The plotter functions affected by the DF instruction are listed in the
:| followingtable.
e

Ay : Equivalent Default
iS Function Instruction Condition

= Pen control AP; Automatic as follows:
e Lift or store a motionless pen

after 15 secondsfor transpar-
ency fiber-tip pens or drafting
pens,or after 65 secondsfor

paperfiber-tip pens androller-
ball pens

¢ Select pen only when required
to draw

Label buffer BLETX Cleared

Alternate set CAO; Character set 0     
(Table continued)
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Function Equivalent Default
Instruction Condition

Character CM; HP 7-bit mode
selection mode eastahie

Ueto UTS a

Standard set CS0; Character set 0

Chord tolerance CT; Set to angle mode for AA, AR,

Character chord

Digitize clear

Downloadable

character buffer

Relative direction

Label 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;

FT;

IM 223 ,0,0;

IW;

LO1;

LT;

PA;

PMO; PM2;

PT;
SC;

SLO;

SM;

CI, and WGinstructions

Set variable-space font chord
angle to 5 degrees

Clear DP instruction and return

to current display

Cleared

Horizontal characters

ETX (decimal code 3)

Noextra space between

characters

e Type 1, solid bidirectionalfill
© 1% of the diagonal distance

between P1 and P2
® 0 degrees

Recognizesall defined errors

Set to hard-clip limits

Standard labeling starting at
current position

® Type1, 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 Equivalent Default
Instruction Condition

Relative size SR; ® Character width = 0.75% of
|P2x —~- P1x|

® Character height = 1.5% of
|P2y— Ply|

Select set SS; Select standard character set

Tick length TL; tp = tn = 0.5% of |P2x — P1x| for
Y-tick and 0.5%of |P2y— Ply| for
X-tick

User-defined UF; Solid bidirectionalfill
fill type    
 

The following conditions are also established:

e The carriage-return point for labeling instructions is updated to the
current pen position.

e PD and PUinstructions with parameters are defaulted to be forms of
the PA instruction.

e Although character size is defaulted as if “SI;” were executed, subse-

quent changesto the scaling points P1 and P2 will cause the character
size to vary as if “SR;” were executed.

Thefollowingplotter functions are not affected by a DF instruction:

© Locations of Pl and P2

® Current pen andits 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 WDinstructions
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The Initialize Instruction, IN
USES: TheIN instruction returns the plotter to its initial power-on
conditions. Use this instruction to return the plotter to a knownstate
and to cancel most conditions that may have been set from the front
panel. ih 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 RS-232-C en-
vironment, but does clear any existing I/O error condition.

SYNTAX: IN term

EXPLANATION: No parameters are used. However, the terminator
must be included to complete the instruction. If parameters are included,

error 2 is generated andthe IN instruction is executed anyway.

Theinitialize instruction sets the plotter to the same conditions as the
default instruction, DF, and sets these additional conditions:

© Raises the pen graphically and physically.

© Cancels 90-degree rotation.

e Sets default pen speed, force, and acceleration values in accordance
with the carouselinstalled in the plotter.

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

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

© Clears lost mode (refer to Relationship of Plotting Instructions and
Graphics Limits in Chapter 4).

e Clears the display and removes any function key definitions estab-
lished by the WD andKYinstructions.

© Sets the group count to 0 (GC instruction).
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e Turnsoff the curved line generator (CV instruction).

e Returns P1, P2, andtheaxis-align point to the X,Y coordinate values
that were set when the paper limits were established. Rememberthat
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 arestill 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 alignmentis described in the Operation and Intercon-
nection Manual. &
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AnIN instruction is equivalent to switching the plotter off and then on
again, except that axis alignment is not changed. Rememberthat 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 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.

The Input P1 and P2 Instruction, IP

3-12

USES: The IP instruction allows you to establish new or default loca-
tions for the scaling points P1 and P2. P1 and P2 are used bythescalein-
struction, SC, to establish user-unit scaling. The IP instruction is often
used to ensure that a plot is always the samesize, 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 and9).

SYNTAX: JP Plx, Ply (, P2x, P2y) term

 

 

   

or
IP term

Parameter Format Range Default

X- and Y- integer ~233 to 23 — 1 depends on
coordinates plotter units paper size   

EXPLANATION: Issuing IP without parameters(IP ;) sets P1 and P2
to the default positions established by the current papersize, adjusted by
any current axis alignment or coordinate-system rotation. The default
coordinates of Pl and P2 when no coordinate-system rotation has
occurredarelisted in the followingtable.(Ifaxis alignmenthas occurred,
P1 and P2 might be adjusted by a few plotter units. Axis alignment can
only be accomplished with the ALIGN function key;refer to there

and Interconnection Manual.)

 

 

 

   

Default
Paper (in Plotter Units)
Size

Plx,Ply P2x,P2y

A838 380 , 480 15580, 10430

A4 430 , 200 10430, 7400

A 80 , 320 10080 , 7520

B 620 , 80 15 820, 10080 
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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

ofP1 and P2 are changedto 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. m

Specifying the P2 X,Y coordinates is optional. However, if they are not
specified, then P2 tracks P1 andits coordinates changeso that the X- and
Y-distances between P1 and P2 do not change. P2 could becomelocated
outside the hard-clip limits when this happens. (The axis-align point
always tracks P1, and its coordinates change when P1 moves.) This
tracking phenomenonis useful for preparing more than one equal-sized
plot on one page. For an example,refer to Techniques for Changing the
Plotting Area in Chapter 9.

If you specify both P1 and P2 coordinates, andeither coordinate of P2 is
set equal to the corresponding coordinate of P1, then the plotter incre-
ments that coordinate ofP2 by one plotter unit. For example, suppose you
specify IP 0, 1000, 500 , 1000 ;. The plotter increments the Y-coordinate of
P2 as if you had specified IPO, 1000 ,500, 1001.

The usual orientation of Pl and P2 is for P1 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 lower-right 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 Pl and P2 to be
outside the hard-clip limits.

The IP instruction remains in effect until another IP instruction is
executed, Pl and P2 are changed from thefront panel, or the plotter is
initialized.

The Scale Instruction, SC (presented next in this chapter), shows examples
of changingthe locations of P1 and P2. Many other examples through-
out this manual also use IP to change P1 and P2.

The table on the next page summarizesthepossible error conditions or
unexpected results that you might observe with the IP instruction.
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Condition | Error Plotter Response
 

no parameters none establishes default Pl and

P2 for paper size, adjusted
by any axis alignmentor

    
rotation

Pix= P2x or Ply= P2y none increments 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, SC
USES: The SCinstruction establishes a user-unit coordinate system
by mapping values onto the scaling points Pl 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 Xmin, Xmax, Yminy Ymax term

 

 

or
SC term

Parameter Format Range Default

X- and Y- integer —233 to 23—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 first
and third parameters (Xnin and Ymin) are the coordinate pair that is
mapped onto PI; the second and fourth parameters (Xmax and Ymax) are
the coordinate pair that is mapped onto P2. (Thisis different from the
IP instruction, where the parameters are expressed as X,Y coordinate
pairs rather than as ranges.)
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As their names suggest, you will normally want to specify Xmin smaller

than Xmax, andYin Smaller than Ymax. However, itis permissible to specify
Xmin larger than Xmax and Ynin larger than Ymmax. (If you do this, your plot
could be drawn as a mirror image — reversed and/or upside down —
dependingalso on therelative positions ofP1 and P2.) Xmin cannot be set
equal to Xnax, and Yin cannot be set equal to Ynax.
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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 therelative position and distance between P1 and P2 after an SC
instruction is executed.

While scaling is on (i.e., 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 plotier units. (The table in the
SYNTAX section of each instruction tells you what kind of units each
parameterrequires.)

An SC instruction without parameters (SC ;) 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 Plotter Response

no parameters none turnsscaling off

more than 4 parameters 2 executesfirst 4 parameters

less than 4 parameters 2 ignores instruction

Xmin= Xmax OF Yin = Ymax 3 ignores instruction

or parameter out-of-range     
Examples — Establishing Scaling

Remember that the SC parameters are mapped onto the current loca-
tions of Pl and P2. Pl and P2 do not represent a graphic limit; 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 point 5.5, 1.5.
Thisis illustrated on the next page.
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"TP 2000,2000,8400,6000;"
"SC 0,5,0,5;"
 

 

 

7 _

A-SIZE
- PAPER EDGE
pi 2

8 “oP 4HARD-CLIP
(-1,3.5) | LIMITS

3-F | P1=0,0 (USER UNITS)
OR

- (5.5,1.5)|| 2000, 2000 (PLOTTER UNITS)

1 | P2= 5,5 (USER UNITS)
Pt OR

| I | 1 | I i
= , Sg Be 8400 , 6000 (PLOTTER UNITS)

—1 =      
 

Anotherthing to consider whenestablishing user-unit scaling is whether
yourplots will include geometric or actual shapes.If so, you will need to
establish isotropic scaling. Isotropic meansthe spacing ofunits along the
X-axis is equal to the spacing along the Y-axis. When thescaling is
isotropic, shapes such as circles will be plotted accurately without
distortion. In the previous illustration, the scaling was anisotropic, or
unequal along the X- and Y-axes. Ifyou wantedto plot a circle using that

 

 

 

 

g scaling, it would turn out as an ellipse (egg-shaped) insteadofa circle.

E Theeasiest way to establish isotropic scaling is to set P1 and P2 so that
a they define a square area. Then assign a scale that places the same
& numberofunits along the X-axis as along the Y-axis. This is shownbelow.
3)
ne "IP Z000, 2000, 6000, 6000;"
. "SC 0,5,0,5;"
S)
Ay =E

i eb lt- PAPER EDGE

po _ L HARD-CLIP
5 1 Pe LIMITS
4 =

| P1=0,0 (USER UNITS)
3Fr OR

| 2000 , 2000 (PLOTTER UNITS)
2
P P2= 5,5 (USER UNITS)

4 | 600 6000 Oo UNITS6000, (PLOTTER UNITS)l i e l } \ } iL l _t. j l l

-1 1 2 3 4 5 6 7 8 9 10
—1F

-2      
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Another method for establishing isotropic scaling is to specify your
scale so that each user unit equals the same numberofplotter units in
each direction. Using the P1/P2 locations that were set up in thefirst
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
(6400/800 = 8), as shown below. Comparethis chart with the last one.
Notice that both have the same number of units within the hard-clip
limits even though P1 and P2 are in different locations.

"ITP 2000, 2000,8400,6000;"
"SC 0,8,0,5;"
 

 

Le. PAPER EDGE

1, HARD-CLIP
rs7? Pe LIMITS

 

4r l P1=0,0 (USER UNITS)
3- OR

| 2000 , 2000 (PLOTTER UNITS)
2lL

| P2= 8,5 (USER UNITS)
1b OR
pe 8400 ,6000 (PLOTTER UNITS)

—2 —1 1 2 3 4 5 6 7 8 9 10      
 

The Graphics MemoryInstruction, GM
USES: The GMinstruction allocates memory to four of the five sepa-
rate buffers in the configurable graphics memory. Usethis instruction
to change buffer sizes when your program includes anyof the following
HP-GLinstructions: polygon mode instruction, PM ; downloadable

character instruction, DL; replot instructions, BF and RP ; curved line
generatorinstruction, CV.

SYNTAX: GM (polygon buffer) (, downloadable character buffer)
(, replot buffer) (, vector buffer) term
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Parameter Format Range* Default

polygon buffer integer 4-12752 bytes 1778
downloadable character buffer integer 0-12754 bytes 0
replot buffer integer 0-12750 bytes 9954
vector buffer integer 44-12'794 bytes 44    
 

*Range values assumethe default I/O 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/O buffer, polygon buffer, downloadable character
buffer, replot buffer, and vector buffer.

You can changebuffer 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 I/O buffer. The numberof bytes available to the remaining
four buffers depends on the current size of the physical I/O buffer.
(Unless you or someoneelse changes memory allocations, the physical
I/O buffer will be set at its default value, 1024 bytes.)

The combined default values ofall 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” bytes 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 thesize
range listed in the previous table. If you specify fewer bytes than the
minimum,theplotter allocates the minimum.If you specify more bytes
than the maximum,theplotter 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.
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The memory allocations you assign remain in effect until one of the
following conditions occurs:

e The plotter is tumed off. When the plotter is turned on again, the

buffers are automatically cleared andset to default values.

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

e 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

too many parameters 2 ignores extra parameters

parameters’ sum 3 performs algorithm and reduces
exceeds 12 800 bytes parameters accordingly

buffer overflow 7 executes data that fits in affected
buffer and ignores the data that
overflowed     

Hints for Using the GM Instruction

Send GMat the beginning of a program, before you send the HP-GL
instructions that draw yourplot. If the buffers receive plot information
before memory has been allocated, all data stored in them will be lost
whentheyare 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.L. 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
size instruction, ESC .S, described in Chapter 14. The ESC .S instruction
outputs the total numberof bytes allocated in the configurable graphics
memory, or the numberof bytes in anyofits buffers.
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Chapter 4.

Pen Control and
Plotting

What You’ll Learn in This Chapter
Now that you understand the unit systems in which data can be
represented, you are readyto create plots. In this chapter, you will learn
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 youtry to plot
beyond the graphics limits, and how to send variables as part of a
plotting instruction.

HP-GLInstructions Covered

SP The Select Pen Instruction

PU The Pen UpInstruction
PD The Pen Down Instruction

PA The Plot Absolute Instruction

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 Absolute and Relative Movementin Chapter2.

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 (if 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 X,Y are variables. To define the values for the

variables, you would need expressions such as X= 25 and Y= 35.

The Select Pen Instruction, SP

4-2

USES: The SPinstruction 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 pennumber term
or

SP term

 

Parameter Format Range Default
 

 

    pen number integer 0-8 0
 

EXPLANATION: The pen number parameter corresponds to the

pen numbers marked on the carousels. The pen numberis interpreted

as follows:

1. Pen Number = 1-8. Pen numbers | 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 theselected stall, a pen numberlarger than8 is selected, or

there is no carouselin 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 holderto the stall from which it

came, if possible. If the stall is occupied, the pen is placed in the
vacantstall with the lowest number. The SP; instruction is ignored
if there are no vacantstalls, or if there is no carousel in the plotter.
After storing a pen, the pen holder remains by the carousel, but the
current graphics position does not change.

An SPinstruction 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.
Penscan beselected and returned by usingthe front-panel controls or
by executing valid SP instructions.

PEN CONTROL AND PLOTTING



NOTE: Whenbit 2 of the pen control wordis set (refer to The Automatic
Pen Operations Instruction, AP, in Chapter 10), the pen is not selected
in responseto an SP instruction until it is needed to draw. This is the

case whentheplotteris first turned on or set to default conditions with

the DForINinstructions. @

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 pentostall,
if possible

pen numberless than 0 3 ignores instruction

pen numbergreater than 8 none ignores instruction    
 

The Pen Instructions, PU and PD
USES: 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 —273 to 22 — 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 interpreted as formsof 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 drawto the relative point X,Y. For complete information on how
the parameters are interpreted, refer to The Plot Absolute Instruc-

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 newlocation. 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 dashedline 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-paneldisplay.

The Plot Absolute Instruction, PA
USES: The PA instruction establishes absolute plotting mode and

moves the pen to the specified point(s). 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.

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

 

 

    

or

PA term

Parameter Format Range Default

X- and Y- decimal —223 to 223 — 1 none

| coordinates current units 
 

EXPLANATION: ThePA 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
mustbe specified, and you mayspecify as many coordinate pairs as
you wish. (This is limited only by the ability of your controller to
output longstrings.)

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

The coordinates are interpreted as user units if scaling is on, or as
plotter units if scalingis 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 observe with the PA instruction.

 

 

Condition Error Plotter Response

no parameters none establishes plot absolute mode

odd numberof 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 conformsto 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
moveto the point 2000 , 2000 without drawinga line.

"IN; SP1;PAZ000, 2000; "

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

"IN; SP1;PA2000, 2000; PDS000,5000;"

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

"INs SP13PA2000, 2000; PD; PAS000,5000;"

You can also insert PD or PU within a list of X,Y 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 commais usedto indicate the optional separators
andthe semicolonis used to indicate the required terminator.
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PA,X:,¥i,PD, Xo, Yo, Xs, Y3, PU, Xs, Ya;

| | | | | OPTIONAL

Thefollowing BASIC program illustrates the concepts of using PA, PD,
and PU to draw twotriangles. Theresulting 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 statementis used to send the strings of HP-GL
instructionsto the plotter. Changethe first line and the PRINT statements
as necessary for your computer. Before running the program, be sure
paperis loadedin the plotter.

10 “Insert configuration statement here
20 PRINT #1, "IN;SP1;PAZ000,1500;"
30 PRINT #1, "PDO,1500, 2000, 3500, 2000, 1500;"
40 PRINT #1, "“PU2500,1500;"
50 PRINT #1, "“PD4500, 1500, 2500, 3500, 2500, 1500; "
60 PRINT #1, "SPO;"

    

70 END

(2000, 3500) (2500, 3500)

<— _ ——>
(0, 1500) (4500 , 1500)

1ST 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
movesthe pento the specified point(s), relative to the current pen position.

You can usethis instruction with PU to moveto 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 —223 to 223— 1 none

increments current units  
EXPLANATION: The PRinstruction 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-incrementspecifies the numberof units for the pen to movein the
direction of the X-axis; the Y-incrementspecifies the numberof units
for the pen to move in the direction of the Y-axis. The signs of the
increments determinetherelative direction in which the pen moves;
a positive value movesthepen to the right for X-increments and up
for Y-increments, and a negative value moves the pento theleft for
X-increments and down for Y-increments. Refer to Absolute and
Relative Movement in Chapter 2 for details on relative plotting
using increments.

Both increments of each pair must be specified, and you may specify

as many incrementpairs as you wish.(This is limited only by the
ability of your controller to output long strings.)

Whenyouinclude more than one increment pair, the pen moves to
the first point using the current up/down status. This point then
becomesthe current pen position for the next incrementpair. In this
way, the pen moves to each pointin 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 scalingis 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 plot relative mode

odd numberof increments 2 executes each incrementpair;
ignores extra increment

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

lost mode none conformsto 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 movesare absolute with respect to the origin.

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

10 “Insert configuration statement here
ZO PRINT #1, "IN; SP1;PAZ000,1500;"
30 PRINT #1, "“PR;PD-Z000, 0, 2000, 2000,0,-2000;"
40 PRINT #1, "PUSCO,0;"
SO PRINT #1, "PD2000,0, -2000,2000,0, -2000;"
6O PRINT #1, "SPO;"
70 END
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{+2000 +2000} {2000 ,+2000}

oo} |

    <—— ———»>

{2000 , 0} {+2000 , 0}
1ST START 2nd START
(2000 , 1500) {+500 , 0}

1ST END 2ND END
{0 ,—2000} {0 ,—2000}

NOTE: Absolute coordinates are shownin parentheses,as in (2000, 1500).
Relative increments are shown in braces, as in {0 ,—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 X,Y 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 dependson thetype of
X,Y coordinates specified. There are three types of X,Y coordinates:

1. Inside window area

2. Outside window area and in-range

3. Out-of-range

Out-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 being ignored. (In a PA, PR; PU, or PD instruction, 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 windowis

the hard-clip limits. However, you can define smaller windows(soft-clip
limits) using the input windowinstruction, IW (refer to Chapter9).

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. Outside window area to outside window area

HARD-CLIP
LIMITS

—+— TYPE 1

WINDOW
4— (SOFT-CLIP

LIMITS)

“4— TYPE 2 OR3 

 

 
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 movesfrom the last point toward the new point and
stops wherethe line segment between thesepoints intersects the window
limit. The pen up/downstate is as programmed until the intersection
point is reached. Then,the pen lifts and remainsin 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 programmedto 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 downposition. The pen
then continues plotting to the new point.

In type 4, no pen movementoccurs unless somepart 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 it lifts 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 you
will probably never encounterit under normalplotting situations. Lost
modeis established when the monitored graphics position exceeds the
plotter’s numeric range of —2?3 to 2?3— 1. Whenscaling is on, this can
occur when the plotter-unit equivalents of the specified user-unit coor-
dinates exceed the plotter’s numeric range. When scaling is off, lost
modeis not likely to occur because error 3 (bad parameter) is generated
whenplotter-unit coordinates exceed this range, and the plotting instruc-
tion is ignored. However, regardless of whether scaling is on oroff,
relative moves (as with the PR, AR, RR, ER, and PM instructions) can
causetheplotter to enter lost mode. Rememberthat 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 modeis 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 EPare all ignored
until lost modeis 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
function 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 modeis cleared,
but the pen does not move)

® executing an IN or ROinstruction

® 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-
panelview function key)
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Plotting with Variables
In manyplotting applications, you might wish to use variables for the

parameters of an HP-GLinstruction. (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
rememberthese principles:

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

e 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.

Methodsfor 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 plotter, which reduces activity on the
interface and savestime.

Instructionssent: PRINT #1, "PA10,20,80,90;"
Characters received: PA10, 20,80, 90;

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. Theplotter looks at the characters X and Y andtries
to interpret them as an HP-GL mnemonic,but does not recognize them.
(Assumethat the variables have been defined as X = 80 and Y = 90.)

Instructions sent: PRINT #1, "PA10,20,%,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 your computer’s
format and output statements. These are formatted for Microsoft®
BASIC. (Again, assumein each case that the variables have been
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defined as X = 80 and Y = 90.) Note that the mnemonic and the
terminator are alwayssentasliteral strings.

(1) Instructions sent: PRINT #1, "PA10,20,",%,",",7,"5"
Characters received:

PA 10 20 80 90 ;

(2) Instructions sent: PRINT #1, "PA10,20,";X%;","3¥;"5"
Characters received: PA 10 20 80 930 ;

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 plotter. If the parameters are less than 10
characters, this means unnecessary blanksare sent, resulting in extra
activity over the interface bus. The semicolons compress thesefields,
except for leading andtrailing 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 X,Y coor-
dinate pairs in the DATA statements (lines 80 and90).

      Computer
Museum -
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10 ‘Insert configuration statement here
20 PRINT #1, “IN;SP1;SC-20,80,-10,60;"
30 FOR I#1 TO ?

40 READ X,Y
SO PRINT #1, "PA"SX3","5 95" 5PD;"
60 NEXT I
70 PRINT #1, "PUO,40, ;PDO,0,60,0;SPO;"
80 DATA 0,10,10,12,20,18,30,22,40,17
90 DATA 50,25,60,24
100 END

Program Explanation

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

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

30 BASIC statementfor 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 to with the pen down

60 BASICstatementto 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;returnsthe 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 X,Y coordinate pairs
to be read by line 40
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Enhancing Your Plots
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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 these 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 ModeInstruction
LT The Line Type Instruction

Terms You Should Understand

Tick — a small markthat indicates a certain numberof 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.

TheTick Instructions, XT and YT
USES: The XTinstruction drawsa vertical X-tick at the current pen
location. The YT instruction draws a horizontal Y-tick at the current
pen location. Usetheseinstructions 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; XT 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, defaults are used
as follows: 0.5% of |P2x— P1x| for YT, and 0.5% of |P2y—Ply| for XT.

The following table summarizes the possible error conditions or un-
expected results that you might observe with the XT and YTinstructions.
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ae Condition Error Plotter Response
 

 

no parameters none draws tick

1 or more parameters 2 drawstick    
 

Example — Drawing X-Ticks

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

"IN; SP2;PAZ00, 500; XT; PD;PR1000,0;XT;"
"PR1000, 0; XT; PR1000, 0; XT; PU; SPO;"

4 4 4

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

The Tick Length Instruction, TL
USES: The TL instruction specifies the length of the tick marks on
the X-axis and Y-axis. Usethis 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 0 to 28-1 0.5% of |P2x — P1x|
percentage and of |P2y— Ply|

 

   
EXPLANATION: A TL instruction without parameters (TL;) 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
parametersare interpreted as follows:
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1. Tp. Thepositive 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 alongtheY-axis.

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

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 a larger range is
permitted, a more practical range is 0 to 100 percent. The parameter

values are a percentage of the vertical scale length |P2y — Ply|
when used with the XT instruction. With the YT instruction, the

parameter values are a percentage of the horizontal scale length
|P2x— P1x].

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 valueis specified for both XT and YT.
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Usethe instruction with both parameters to draw a tick that extends
on both sides of the axis. To suppress the negative portion of thetick,
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.

 

 

    

Condition Error Plotter Response

no parameters none sets tp and tn to 0.5%

1 parameter none drawsonly positive portion
of tick when XT or YT is
executed

more than 2 parameters 2 executes first 2 parameters

parameter out-of-range 3 ignores instruction
 

Example — DrawingGrid Lines, Major Ticks,
and MinorTicks

The following program illustrates how to draw grid lines, major ticks

and minorticks along the Y-axis and X-axis.
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10 “Insert configuration statement here
20 PRINT #1, "IN; IP200, 1000, 4400, 3800;"
30 PRINT #1, "SCO,60,0,40;SP2;PRO,40;EAG0,0;"
40 FOR I=1 TO 4

30 PRINT #1, "PD;PRO,-2.537L1.5; YT; PRO, -2.5;"
60 PRINT #1, "TL3;YT;PRO,-2.5;TL1.5;YT;"
70 PRINT #1, "PRO,-2.5;TL100;YT;"
80 NEXT I
90 FOR J=1 TO 6
100 PRINT #1, "TL100;XT5PR2.5,0;TL1.55;XT;"
110 PRINT #1, "PR2.5,0;TL3;XT;PR2.5,0;"
120 PRINT #1, "TL1.5,0;XT;PR2Z.5,0;"
130 NEXT J
140 PRINT #1, "SPO;"
150 END

Program Explanation

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

20 initializes the plotter; establishes scaling points Pl and P2

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

40 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

5-4 ENHANCING YOUR PLOTS



50 pen down; drawsto first tick position; sets tick length of
1.5%; draws minor Y-tick; drawsto 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 grid line

80 BASICstatementto close the loop

90 BASIC statement to start a loop to repeat lines 100-120 six

times to draw vertical 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
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140 returns the pen to the carousel

The Symbol ModeInstruction, SM
USES: The SM instruction is used with the PA and PRinstructions
to draw a symbolat each X,Y coordinate. Use symbol modeplotting 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

 

 

or
SM term

Parameter Format Range Default

character label mostprinting characters none

(decimal codes 33-58 and 60-126)*     
 

*The semicolon (decimal code 59) is an HP-GL terminator and cannot be used as a
symbol in any characterset. 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 X,Y 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)is restored.

The character is 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, is 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 SMinstruction remainsin effect until 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 you might observe with the SM instruction.
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no parameter none cancels symbol mode

parameterout-of-range 3 ignores instruction*    
 

*If the out-of-range parameteris a carriage return (decimal code 13), anerror is not gener-
ated and symbol modeis canceled.

Example — Plotting in Symbol Mode

The following instructions cause symbolsto be plotted in three situations:
with the pen down for a line graph, with the pen upfor a scattergram,
and with the pen downfor a geometric drawing.

"IN; SP1;SMx;PAZ00, 1000;"
"PD400, 1230, 600, 1560, 900, 1870, 1500, 1600, 2000, 2000;"
"PU; SI; PA100, 300; SM3;"
“PA300,500,500, 450,900,850, 1350, 1300, 2100, 1350; PU;"
"SM; PA1900,560;PD; SMY; PA3300, 1250;"
"SMZ;PA3500, 950; SMX; PA1900,560;PU; SPO;"

33

The Line Type Instruction, LT
USES: TheLT instruction specifies the line pattern that will be used
with AA, AR, CI, PA, PR, RA, RR, WG, FP, EP, FT, and UFinstruc-
tions. Usethe 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: JLT pattern number (, pattern length) term

 

 

or
LT term

Parameter Format Range Default

pattern number integer —6 to+6 no parameter
(solid line)

pattern length decimal 0 to 23—1 4% of the diagonal
distance between
P1 and P2
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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 segment. The positive pat-

terns are knownas“fixed line types,” whereas the negative patterns
are knownas “adaptive line types.”

NO PARAMETER (DEFAULT VALUE) 

 

 

  ADAPTIVE
LINE
TYPES 

 

3 etme FIXED
- LINE

4 nian 5 . . TYPES  
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 P1 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 pattern 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,CI, PA, PR, EP, 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 patterns. (PA and PR are described in
Chapter 4. The other instructions are described in Chapter 6). Once
selected, the line type remainsin effect until another valid LT instruc-
tion is executedor the plotteris initialized or set to default conditions.

NOTE: If you issue an arc (AA, AR) or circle (CI) instruction while a
negative pattern numberis 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 pattern numbers when drawing
arcs andcircles. (Refer to the instruction descriptions in Chapter6.)
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You should also be aware that if a line segment ends in the pen up
portion of a positive line pattern, a pen downinstruction, 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
beginningofthe line pattern.

The following table 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 parameter none uses the previously
established pattern length

more than 2 parameters 2 executesfirst 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 pattern segments are carried over into the
next line. The lines are numberedin the order in which they are drawn.

"TN; IPO,0, 4000, 4000;"
"SCO,10,0,10;SP1;"
"LT6,20;PU1,6;PD1,9,9,9,9,6,1,6,9,93;"
"PUS,6;PD1,9;PU;"
"LT-6,20;PA1,1;PD1,4,9,4,9,1,1,1,3,43"
"PUS,1;PD1,4;"
4 SPO; ty
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Chapter 6

Circles, Arcs, and
Polygons

What You’ll Learn in This Chapter
In this chapter you will learn about plotting circles, arcs, and polygons.
You can create some simple polygons (such ascircles, arcs, and rec-
tangles) using a single instruction. In addition, you can define your

own polygons using the polygon modeinstruction.
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Besides creating polygons, you will also learn how to outline them and
howtofill 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 determine
the proper memory allocation for this buffer so that it will hold your
polygon.

HP-GLInstructions Covered

CT The Chord Tolerance Instruction
CI The Circle Instruction
AA The Arc Absolute Instruction

AR The Arc Relative Instruction
FT The Fill Type Instruction
UF The User-Defined Fill Type Instruction

PT The Pen ThicknessInstruction
WGTheFill WedgeInstruction
EW The Edge WedgeInstruction

RA TheFill Rectangle Absolute Instruction
EA The Edge Rectangle Absolute Instruction
RR The Fill Rectangle Relative Instruction
ER The Edge Rectangle Relative Instruction
PM The Polygon ModeInstruction
EP The Edge Polygon Instruction

FP TheFill 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 circum-
ference ofa circle.

Chord Tolerance — the allowable deviation from a perfectly smooth
circle or arc. A perfectly smooth circle or arc is composed of an infinite
numberof chords; the human eye cannotdiscern the individual chords.
However, the plotter cannot draw an infinite numberof chords. There-
fore, you need to specify an acceptable chord tolerance. The chord
tolerance 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 numberof 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-
polygons:the outside circle and theinsidecircle.

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 modeestablished 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 thatis 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 shadingpattern used in a polygon.
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Hatch — 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 CTinstruction establishes whether the chord tolerance
parameter of all subsequent CI, AA, AR, WG, and EGinstructions is
interpreted as an angle in degrees or as a deviation distance in current
units. (The chord tolerance parameter governs the smoothnessofcircles,
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 wantto return to degrees

 

 

mode.

SYNTAX: CT n_ term
or

CT term

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 valuesarelisted next.

NOTE: The CTinstruction determines the modefor 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.

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. (Theradii 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 modeis 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 radiusofthecircle, will cause fewer

chords to be drawn. This decreases the smoothness of the circle.
(Refer to the example under The Circle Instruction, CI.) Also note
that increasing the radius of a circle, while maintaining the same
angle, will result in longer chords (the numberof chords remains the

same, but the chords increase in length becausethecircle is larger).
If the circle is large enough, this could make it appear less smooth.

n
s
S)
op

a)
=
ar

2. n= 1. A parameter of | 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 segmentthat it repre-
sents. This distance is expressed in current units. (The actual radial
distance maybeslightly less than specified in order for the plotter to
divide the circle into chords of equal length.) The deviation-distance
modeisillustrated below.

 

CHORD TOLERANCEDEVIATION
(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 sameradius for thecircle,
will cause fewer chords to be drawn. This decreases the smoothness
of the circle. Also note that increasing the radiusof a circle, while
maintaining the samedeviation distance, will result in more chords
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of a shorter length. The smoothness remainsthe same,butthecircle
takes longer to plot when it has more chords.

The current mode (degrees or deviation distance) remainsin effect until
another valid CT 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 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, CI
USES: The CI instruction draws a circle of a specified radius and
chord tolerance.

SYNTAX: CI radius (, chord tolerance) term
 

Parameter Format Range Default
 

radius decimal —223 to 223-1 none

current units

chord tolerance decimal —223 to 23—1 5 degrees

current mode     
 

EXPLANATION: Theradius and chord tolerance parameters are
interpreted as described in the following paragraphsandillustrations.

1. Radius. The radius determines thesize 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 0-degree
point; a circle with a negative radius starts at the 180-degree point.
Thecurrent pen position is the centerofthecircle. If scalingisoff, the
radiusis in plotter units. If scaling is on, the radiusis in user units.If

user units are not the samesize in the X- and Y-directions,ellipses will
be drawn.(Refer to The Scale Instruction, SC, in Chapter.)  

  

 

    
Computer
eetOL

CIRCLES, ARCS, AND POLYGONS 6-5

s
u
o
s
A
j
o
g



P
o
l
y
g
o
n
s

90°

CIRCLE
STARTING POINT:
POSITIVE RADIUS

    RADIUS

    

 

180° ——

CIRCLETS
STARTING POINT:
NEGATIVE RADIUS

— 0°

CURRENT
PEN POSITION

270

2. Chord Tolerance. A plotted 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 ofthe circle. However, this also increases
the length of time required to draw thecircle.

The chord tolerance parameter is interpreted as either degrees or a
deviation distance, depending on whether degrees modeor 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 modeis set, the chord tolerance parameter is interpreted
as modulo 360.

Thesign of this parameter is ignored. The default chord toleranceis
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.

{onDESIRED CIRCLE

USING  
CHORD TOLERANCEDEVIATION

OR

CHORD TOLERANCE ANGLE
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TheCl 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
circumference, lowers the pen, drawsthecircle, then returns with the
pen upto the center of the circle. After the circle is drawn, the current

pen status (up or down)is restored. To avoid drawinglines to the center

of the circle, move to and from thecircle’s center with the pen up.

Each chordofthe 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 drawingcircles.

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

 

 

 

Condition Error Plotter Response

no parameters none ignores instruction

1 parameter none drawsa circle with the specified
radius and a chord tolerance
of 5 degrees

more than 2 parameters 2 executesfirst 2 parameters

parameter out-of-range 3 ignores instruction

lost mode none_ ignores instruction (refer to

Relationship ofPlotting 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.

"IN; SP1;"

"PAR3Z700,6050;CI800,45;"
"PREIOO, 6050; C1806, 30;"
"PAI700, 3950;C1800,15;"
"PREIOO, 3950; CI800,5;"
wb SPO; W
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OO ©
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

Thefollowing 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.

"IN; SP1;1P1000, 1000, 6000, 6000;"
"SC-100, 100, -105, 100;"
"PRO, O;LT;CI10;LTO;CI-20;LT1;CI30;"
"LT2;CI-40;LT3;CISO;LT4;CI-60;"
"LT5;CI?0;LT6;CI80;"
Ww SPO; i
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The Arc Instructions, AA and AR
USES: The AA and ARinstructions 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
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Parameter Format Range Default
 

X- and Y-coordinates decimal —223 to 23-1 none

or current units

X- and Y-increments

are angle decimal —22 to 23-1 none
degrees

chord tolerance decimal —2to 28-1 5 degrees
current mode     
 

EXPLANATION: The AA andARinstructions 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
Absolute Instruction, PA, and The Plot Relative Instruction, PR, in
Chapter 4.

The parameters are interpreted as described in the following para-
graphsandillustrations.

1. X,Y 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 samesize 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 followingillustration.

CURRENT PEN POSITION

  
  

N
\

\

DRAWN ARC XN \ ARC CENTER
X,Y COORDINATE (FOR AA)

a } X,Y INCREMENT(FORAR)

ARC ANGLE /
/

\ 7

2. Arc Angle. The are 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 CURRENT

l PEN POSITION |

FINAL | | FINAL|TION
PEN POSITION “™ ANGLE ANGLE| 7 PENPOSI

XN | 7
eo i>

e e
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.

Thesign of this parameter is ignored. The default chord toleranceis
5 degrees. As discussed underthe CI andCTinstructions, increasing
the numberof chords (by decreasing the chord tolerance parameter)
generates a smootherarc.

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 arc 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 are according to the definitions given for plotting in Rela-

tionship of Plotting Instructions and Graphics Limits in Chapter 4.
Rememberthat AR moves addto the present pen position. If cumulative
movesresult in a pen position that exceeds the range of—22' to 2#—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 ARinstructions.
 

 

 

Condition Error Plotter Response

no parameters none ignores instruction

1 or 2 parameters 2 ignores instruction

more than 4 parameters 2 executesfirst 2 parameters

parameterout-of-range 3 ignores instruction

lost mode none ignoresinstruction (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 theeffect of changing the sign of the angle. Note that the pen
remains down atthe end of each arc, so you mustlift the pen with the PU
instruction in order to move to the beginning of the next arc without

drawing line.

"IN; SP13"
"PR 5000, 2000;"
"PD;AA 3000, 2000, 45;"
" PU4060,3060;PD;AA 3000,2000, -45;"
"FU4000,2000;PD;AR 3000, 2000,45;SP0;"

(4060 , 3060)

END @, \

e 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 thearcs.

"IN; SP1;"
"PA10, 10;PD; ARO, 2000, 90; ARZ000, 0,90; SPO;"

[o2003(itdzt,03
| |
| |
| |
| |
| |
| |
| |
| |

||

START 6  END
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The next instructions show the effects of changing both the relative

centers of the arcs, and the signs of the angles. Thefirst arc is drawn

clockwise around the center (positive angle), whereas the secondarcis

drawn counterclockwise (negative angle).

"TNS SP15"
"PALO, 5000; PD; PR1000, 0; ARO, -700, -90;"
"AR?00,0,90;PR1000,0;"
HW SPO;"

aDRAWNWITH PR

START

|
|
Lo

{0,700}

   

   

 

DRAWNWITH AR

ZZDRAWNWITH 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 WGinstruction. You can usethis instruction to
enhancepie charts, bar charts, and other charts with solid fill, parallel
lines, cross-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 1-6 1

spacing decimal 0 to 23-1 depends on
current units fill type

angle decimal —23 to 2-1 0 degrees
degrees, modulo 360    
 

 
EXPLANATION: TheFT instruction can have three parameters: fill

type, spacing, and angle. If you omit parameters andthisis the first FT

instruction since the plotter was turned on orset 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

(FT), the plotter uses the default values.

Thefollowing paragraphslist further details of each parameter.

1. Fill Type. The six parameters and correspondingfill 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 bidirectionalfilling (ines with spacing as defined in the
pen thickness instruction, PT, discussed later in this chapter)

2 solid unidirectionalfilling (lines with spacing as defined in
the PT instruction)

3 parallel lines (always bidirectional for solid line types; uni-

directional for dotted or dashed line types)

4 cross-hatch (alwaysbidirectional for solid line types; unidirec-
tional for dotted or dashedline types)

5 user-defined bidirectional (as defined by the user-definedfill

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
currentline type, whereassolid-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 5 and 6, you mustfirstdefinea fill style using the UF
instruction. Ifyou specify parameter5 or 6 but do not definea fill style
with UF,the FTinstruction will be executed with the defaultUF (solid

fill). The angle and thedirectionoffill will remain the sameas specified
in the FT instruction.

2. Spacing. The spacing parameteris ignored for solid-fill types 1 and 2;

in these cases, spacing is determined by the PT instruction.Forfill
types 3 and 4, the spacing parameteris the distance between parallel
linesin thefill area. Forfill types 5 and 6, the spacing parameteris used
by the UFinstruction as the pattern repeat length.

Forfill types 3 through 6, the spacing parameteris interpreted as
plotter units if scalingis off or user units ifscaling is on. Ifscaling is on
andthe units on the X- and Y-axesare not equalin size, the spacing
parameteris interpreted using the units along the X-axis.

The default is 1% of the diagonal distance between P1 and P2. Subse-
quentchangesinthe P1/P2 locations affect this distance and therefore
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affect spacing. A parameter of 0 causestheplotter to use this default
spacing.

3. Angle. The angle is referenced counterclockwise from the positive
direction ofthe X-axis as shown below (0 and 180 are horizontal; 90 and
270 are vertical). The angle appliestoall fill types: For cross-hatching,
thefirst set of lines is drawnat the specified angle. The cross-hatched
lines are then drawn at that angle plus 90 degrees.

90°

180° “0°

270°

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

 

 

Condition Error Plotter Response

no parameters none establishessolid fill at an
angle of 0 degrees

1 parameter none establishes specifiedfill
type with spacing and
angle of previous FT
instruction

2 parameters none establishes specifiedfill
type and spacing with
angle of previous FT
instruction

more than 3 parameters 2 executes first 3 parameters

parameter out-of-range 3 uses parameter of previous

FT instruction   
 

 
Example — Effects of Line Type Patterns

The following BASIC program showstheeffects of positive and negative
line typesinfilling a rectangulararea. Thepositive 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
WedgeInstructions, WG and EW; The Absolute Rectangle Instructions,
RA and EA; The Relative Rectangle Instructions, RR and ER; The
Polygon ModeInstruction, PM; andtheFill Polygon Instruction, FP.
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LT 6 LT -6

10 “Insert configuration statement here
20 PRINT #1, "IN;SP1;PA0,0;"
30 PRINT #1, “LT6;FT3, 100, 0;RA1000, 2000;"
90 PRINT #1, "EA1000,2000;"

50 PRINT #1, “PA1S00,0;"
60 PRINT #1, “LT-6;RAZ500,2000;"
7O PRINT #1, "EA2500,2000;"
80 PRINT #1, “SPO;"
90 END

Program Explanation

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

20

30

40

50

60

70

80

your computer

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

selects line type 6 (fixed pattern); selects fill type 3 (parallel lines)
with lines spaced every 100 plotter units at an angle of 0 degrees;
defines and fills a rectangle (the RA and EAinstructions 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 andfills a rectangle

using the samefill 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 UFinstruction enables you to define a fill pattern com-

posed of “gaps” between parallel lines. This is then thefill pattern used
by parameters 5 and6 in the FT instruction. Usethis fill pattern with
the RA, RR, WG,and FP instructions to generate uniqueline patterns

such as a semilog pattern, or a candy-stripe effect.

SYNTAX: UF gap, (, gape,...gapo) term
or

UF term
 

Parameter Format Range Default
 

   gap integer 0 to 24-1 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 thefill style described by the UFinstruction, you must
also execute the FT instruction. You can use the parameters in the FT
instruction to influence the appearanceof yourfill style. This is because
the plotter fits the total numberof gaps specified in the UF instruction
into an area equal to the spacing parameter of the FT 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 endofthis section.

 

1-UNIT GAP 3-UNIT GAP
ran ree

UF 1,3;
FT 5, SPACING , 90;

 

  

  

 

  

 

—_—~y

PATTERN REPEAT LENGTH DEFINED BY
SPACING PARAMETER OFFT INSTRUCTION

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 beginsin the plotting
area, you mightnotice that yourfill pattern does not always begin with
the same gap parameter. ml

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;) producessolid 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 moresatisfactory results. Lines are either bidirec-
tional or unidirectional, 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 showstheeffects of executing the same
UFinstruction, but decreasing the spacing parameter in the FT instruc-
tion to produce shorter pattern repeat lengths.

750 500 300 ~— SPACING
PARAMETER

“Insert configuration statement here10
20 PRINT
30 PRINT
40 PRINT
SO PRINT
60 PRINT
70 PRINT
BO PRINT
90 PRINT
100 PRINT
110 END

#1,
#1,
at,
#1,
#1,
#1,
#1,
#1,
#1,

"IN3 SP1;"
"UF1,4,1,4,15"
"FT5,750,0;"
"PAO, 0;RASOO, 1500;"
"FTS,500,0;"
"PA1000,0;RA1500, 1500;"
"FTS, 300,03"
"PAZO00, 0;RAZ500, 1500;"
"SPO;"
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Program Explanation

10 defines the plotter as the system printer — change as necessary

for your computer

b
o0 initializes the plotter; selects pen 1

o
o0 definesthefill pattern gaps

a
w 0 selects fill type 5 (unidirectional) with a spacing parameter of 750

plotter units at an angle of 0 degrees

50 sets the starting pen position; defines andfills a rectangle (the RA

instruction is described later in this chapter)

60 changesthefill-type spacing parameter to 500 plotter units

70 sets the starting pen position for the next rectangle; defines and
fills the rectangle

igs)
80 changesthefill-type spacing parameter to 300 plotter units =

90 sets the starting pen position for the next rectangle; defines and 8

fills the rectangle z

100 returns the pento 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 cluster, the
appearance of different line widths can be created. The following
program linesillustrate this effect.

"IN; SP13;PA3000, 0;"
"UF 1,5,1,1,5,15151,551,1,1,1,55"
"ET 5,300,0;"
"RA 3500, 1500;"
ity SPO; a

 

     Computer
eae

 

 

You can also arrange gaps to produce a semilog pattern, as shown on

the following page. (Hint: To be sure the pattern begins with the largest
gap at the bottom,start thefilled rectangle at Y = 0.)
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"IN; SP1;PA4000,0;"
"UF 9,8,7,6,5,4,3,2,13"
"FT 5,750,03"
"RA 4500, 15003"
ul SPO; "

V
I
M

The Pen ThicknessInstruction, 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 FPinstructions to
produce a goodsolid fill.

SYNTAX: PT penthickness term

 

 

or
PT term

Parameter Format Range Default

pen thickness decimal 0.1 - 5.0 0.3
millimetres     

EXPLANATION: Thepen 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*
Widefiber-tip (paper) 0.7*

Roller-ball 0.3*

Drafting 4 < 0 (not commonly used) 0.18
Drafting 3 < 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 (for roller-ball).
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The pen thickness determines (but is not identical to) the spacing of
lines needed to produce a solid fill. The thicker the pen, the wider the
gap allowed betweenlines. If your solid fill has gaps showing between
the lines, adjust the pen thickness downward. If a fiber-tip pen is
getting wider through wear, or if improved throughputis desired at the
expenseofless densefill, adjust the pen thickness upward.

NOTE: Pen tip width is an average width. Sometips could beslightly
narrower or wider. Adjustments might be necessary to compensate for

these differences. &

PT.7;FT1 drawn with 0.7-mm wide
pen. This example producesthe opti-
mumsolid fill for a 0.7-mm wide pen.

PT.7;FT1 drawn with 0.3-mm wide
pen. This exampleplots faster than if
PT .3 had been specified, but the solid
fill is less dense.

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

© a new penis selected usingeither an SP instruction or the front-panel
controls

® a new PT instruction is executed

© the plotteris initialized or set to default conditions

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

 

 

  

Condition Error Plotter Response

more than 1 parameter 2 executes first parameter

parameter out-of-range 3 ignores instruction

new penselected none establishes 0.3-mm pen thickness  
 

The WedgeInstructions, WG and EW
USES: Thefill wedge instruction, WG,fills any wedge (sector) of a
circle; the edge wedgeinstruction, EW, outlines any wedge. Use these
instructions to producesectors 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 —273 to 2-1 none
current units

start angle decimal —223 to 223— 1 none
degrees, modulo 360

sweep angle decimal —22 to 23-1 none
degrees

chord tolerance decimal —2% to 2-1 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 radiusis 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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-

START RADIUS END RADIUS

| SWEEP ANGLE 95°
go°

Negative Radius

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.

Thesign of this parameter is ignored. The default chord tolerance is

5 degrees. As discussed underthe CI and CT instructions, increasing
the number of chords (by decreasing the chord tolerance parameter)
generates a smootherarc.

The WGinstruction defines andfills 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 wedgeusing the current pen and a solid
line (regardless of the currentline type defined by LT).

With both WG and EW,the starting point for the wedge is the current
pen position, which should be thoughtof as the centerof thecircle that
would be drawn if the wedge were 360 degrees. The WG and EW

instructions include an automatic pen down feature. Upon 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 EWinstructions 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 memoryis 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 EWinstructions.
 

 

Condition Error Plotter Response

no parameters none ignores instruction

fewer than 3 parameters 2 ignores instruction

more than 4 parameters 2 executesfirst 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 overflowedis lost.

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

 

     
Example — Defining and Filling Wedges Using
the WG Instruction

Thefollowing 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

DRAWNBYLINE 80a 59

DRAWNBYLINE 60 N\,

   

 
DRAWNBY
LINE 40

  
 

REFERENCE ——™2529eoascgesepoeoe>
POINT -

  
 
 
  
 q     
 

                     
  

10 “Insert configuration statement here
20 PRINT #1, "IN;SP2;PA7000, 2000;"
30 PRINT #1, "FT3,75,45;"
40 PRINT #1, "WG-1000,90,180;"
50 PRINT #1, "SP3;PR-60,110;FT1,0,0;"
60 PRINT #1, "WG-1000,270,60;"
70 PRINT #1, "SP4;PA?000, 2000;FT4,60,45;"

BO PRINT #1, "“WG-1000,330,120;"

90 PRINT #1, "SPO;"
100 END

Program Explanation

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

20

30

40

50

60

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 3; 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 andfills 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 andfills a wedge with the same zero-degree reference point
and radius, starting at 330 degrees, sweeping counterclockwise
through 120 degrees

90 returnsthe pento the carousel

Example — Outlining the Wedges Using
the EW or EP Instructions

A good graphics programminghabit is to outlinefilled areas after they
havebeenfilled. This creates a clean edge and minimizesink bleed that
could result if an area were outlined before beingfilled.

There are two methodsfor outlining a wedge. Oneuses the edge wedge
instruction, 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 sameplot, which is shown
first.

  
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 wedgeresides in the buffer at a

6-26 CIRCLES, ARCS, AND POLYGONS



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

Method B.To edge the wedgesin the previous program using the EW
instruction, simply add these lines to that program.(If you

have already addedlines 45, 65, and 85 in method A,replace
them with the followinglines.)

45 PRINT #1, "“EW-1000,90,180;"

65 PRINT #1, “EW-1000,270,60;"

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

Notice that the EW instruction requires parameters to define
the wedgebefore outliningit (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
EWinstructions anywherein the program,before or after any
WGinstructions. You can also execute an EW instruction
alone (without an accompanying WGinstruction).

aw

2
=
Vs)
}
>}
n

 

The Absolute Rectangle Instructions,
RA and EA

USES: Thefill rectangle absolute instruction, RA, defines andfills 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 —223 to 22 —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
producesan 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 cornerof the
rectangle, as shown in the following illustration. Parameters are in

plotter units if scaling is off and in user unitsif scaling is on.

@ X,Y COORDINATE POSITION

AREA DEFINEDBY RA X,Y
OR EA X,Y

 CURRENT
PEN POSITION

(STARTING POINT)

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

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

Both the RA and EAinstructions include an automatic pen down
feature. Upon completion of the rectangle, the plotter returns to the
starting point andrestores the pen status.

NOTE: The RA and EAinstructionsclear 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 hasbeen allocated in the polygon buffer. A rectangle
requires enough memory to hold five points. The default memory is
sufficient; however, if you wish to changethe polygon buffer size, refer
to The Polygon Buffer at the end of this chapter. m

The table on the following page summarizes the possible error conditions

or unexpected results that you might observe with the RA and EA

instructions.

6-28 CIRCLES, ARCS, AND POLYGONS



 

 

    
 

Condition Error Plotter Response

no parameters none ignores instruction

1 parameter 2 ignoresinstruction

more than 2 parameters 2 executesfirst 2 parameters

parameter out-of-range 3 ignores instruction

polygon buffer overflow 7 if RA, does notfill the
rectangle; if EA, edges
whateveris in the buffer.
All data that overflowed
is lost.

lost mode none ignores instruction (refer to
Relationship of Plotting =
Instructions and Graphics iy

. . . a

Limits in Chapter 4) %

5
wh

Example — Defining and Filling Rectangles
Using the RAInstruction

The following BASIC program demonstratesthe 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 methodsfor outlining the rectangles.

  

    

DRAWN BY
LINE 70

DRAWN BY \ (3600 , 3000)
LINE 50

\ (2600 , 2600)
¢   ereatha

DRAWN BY atone
LINE 30

(1600 , 2000)

  
- (2000 , 1000) (3000 , 1000)

START
(1000 , 1000)
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10
20
30

40
50
60
70
BO
90

“Insert configuration statement here
PRINT #1, "IN;SP1;PA1000, 1000; "
PRINT #1, "FT1;RA1600, 2000; "
PRINT #1, "PAZOOO, 1000;"
PRINT #1, “FT4,100,45;RA2600, 2600; "
PRINT #1, "“PR3000, 1000;"
PRINT #1, "FT3,100,0;RA3600, 30005"
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
for thefirst rectangle

selects fill type 1 (solid, bidirectional at an angle of 0 degrees);
defines andfills 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 andfills 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 andfills the rectangle

returns the pen to the carousel

Example — Outlining the Rectangles
Using the EA or EP Instructions

A good graphics programminghabitis to outlinefilled areas after they
have been filled. This creates a clean edge and minimizesink bleed that
could result if an area were outlined before beingfilled.

There are two methods for outlining a rectangle. One uses the edge
rectangle absolute instruction, EA, 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 sameplot, which is shownfirst.
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Method A.

MethodB.

 

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

35 PRINT #1, "EP;"

55 PRINT #1, "EP;"

75 PRINT #1, "EP;"

Notice that an EP instruction follows each RA instruction.
This is because EP outlines whatever currently resides in
the polygon buffer. Only one rectangle resides 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, 55, and 75 in method A,
replace them with the followinglines.)

35 PRINT #1, "EA1600,2000;"

55 PRINT #1, "EA2600,2600;"

75 PRINT #1, "“EA3600, 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 moreflexible than the EP instruction, because
you can place EA instructions anywhere in the program,

before or after any RA instructions. You can also execute an
EAinstruction alone (without an accompanying RA instruc-

tion), as shownin the following example.
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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.

DRAWN BY

 

   

(6400 , 6000)

DRAWN BY
LINE 30

START
(3600 , 4600) t—— DRAWNBYLINE 50

 aDRAWNBYLINE 110
 

LINE 70

(4200 , 2800) (8600 , 2800)   

      

DRAWN BY
LINE 130

4 (5800 , 1400)
DRAWN BY
LINE 90

“Insert configuration statement here

(1400 , 1400)

10

20 PRINT

30 PRINT

40 PRINT

50 PRINT

60 PRINT

70 PRINT

BO PRINT

30 PRINT

100 PRINT

110 PRINT

120 PRINT

130 PRINT

140 PRINT

150 END

"IN; SP1;PA3600, 4600;"
"EAG400,6000;"
"PAS5OO0, 4600;"
"PDSO00, 34003"
"PU?Z00, 34003"
" PDZ600, 3400, 2800, 28005"
"PU4Z00,2800;"
"EA1400, 14003"
"PR?7Z00, 34003"
"PD?Z00, 2800;"
"PUBEOO, 28003"
"EASEOO, 1400;"
iT SPO; it
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Program Explanation

10

20

30

40

50

60

70

80

90

100

110

120

130

140

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

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

using absolute coordinates

defines and outlines the top rectangle

movesto the starting pen position for the first vertical connecting
line and establishes absolute coordinates for all subsequent PU
and PDinstructions

drawsthefirst vertical connecting line

moves to the starting pen position for the horizontal connecting

line

drawsthe horizontal connecting line, followed by theleft vertical
connectingline

movesto the starting pen position for the left rectangle

defines andoutlines theleft rectangle

movesto the starting pen position for the right vertical connecting
line

drawstheright vertical connecting line

movesto the starting pen position for the right rectangle

defines andoutlines the right rectangle

returnsthe pen to the carousel

The Relative Rectangle Instructions,
RR and ER

USES: Thefill rectangle relative instruction, RR, defines andfills a
rectangle; the edge rectangle relative instruction, ER,defines andoutlines
a rectangle. Use these instructionsto fill and/or outline rectangles using
relative coordinates. The RR and ERinstructions makeit easy to create

anychart that requires manyrectangles; 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 X-increment, Y-increment term

ER X-ncrement, Y-increment term
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Parameter Format Range Default |

X- and Y-increments decimal —223 to 2% —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 currentline type.

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

 

 

169]

g Chapter 4.

s
a) X,Y INCREMENT POSITION
a

Y INCREMENT

CURENT AREA DEFINED BY RR X,Y
PEN POSITION @———--- OR ER X,Y

(STARTING POINT) “~~
X INCREMENT

NOTE: Theillustration showsthe current pen position in the lower-left
corner and the X,Y parametersin the upper-right corner. However, both
positions can be in anycorner as long as the X,Y parameters are in a
corner diagonally opposite to the current pen position. ™

Examples — Using Relative Coordinates
to Draw Rectangles

The following examplesuse therelative rectangle instructions to draw
the sameplots 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 are the same as
for the previous programs, except for the types of coordinates used
(relative instead of absolute).
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Defining and Filling Rectangles Using the RR Instruction

 

DRAWN BY
LINE 70

DRAWN BY \ {600 , 2000}
LINE 50

\ {600 , 1600}
¢

DRAWN BY
LINE 30

\ {600 , 1000}

  
{1000, 0} {1000 , 0}

START
(1000 , 1000)

10 “Insert configuration statement here
20 PRINT #1, "IN;SP1;PA1000,1000;"
30 PRINT #1, "FT1;RRE00,1000;"
40 PRINT #1, "PR1000,0;"
SO PRINT #1, "FT4,100,45;RREOO, 1600; "
60 PRINT #1, "PR1000,0;"
7O PRINT #1, "“FT3,100,0;RREOO, 2000;"
BO PRINT #1, "SPO;"
30 END

 

Outlining the Rectangles Using the ER or EP Instructions
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The Polygon Mode Instruction, PM
USES: The PMinstruction 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 polygon, you must fill it with the FP instruction
and/or outline it with the EP instruction. Use the polygon instructions

to design shapessuch asblockletters and logos.

SYNTAX: PM n term

 

Parameter Format Range Default
 

     n integer 0-2 0
 

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

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.)

Thefirst 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 andFPinstructions to draw the polygon. The
second columnlists the instructions that are executed by theplotter.

 

 

 

Stored in Polygon Buffer Executed by Plotter

PM Polygon modeinstruction IN Initialize instruction
PA/PR Plotting instructions (exits polygon mode)
PU/PD Peninstructions * All output instructions

AA/AR. Arc instructions
CI Circle instruction
CT Chord tolerance instruction    

* OA, OC,OD,OE, OF, OG, OH,OF, OK, OL, 00, OP, OS, OT, OW

While in polygon mode, you can define either one polygon,or a series of
subpolygons. For example, the block letter C is one complete polygon.
However, the block letter D consists of two subpolygons: the outline

andthe “hole.”
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+ ONE POLYGON ~¢—ONE SUBPOLYGON

1 ONE SUBPOLYGON

e To define one polygon (e.g., the letter C): move the pen to the desired
starting location on your plot. Then execute PMO 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.

 

e 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-GLinstructionsto define the
shapeof the next subpolygon, ending it with PM 1. (Continuein this

way for any more subpolygons.) Finally, execute PM 2 to exit polygon
mode.

The current pen position before PMO is thefirst point (vertex) of the
polygon, and thus thefirst 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 is thefirst 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.

Thevertices 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/downstatus.

It is good programmingpractice to “close” the polygon before executing
PM 1 or PM 2, as showninthe followingillustration. “Closing” a poly-
gon means adding the final vertex that defines a continuous shape.
However, if you havenot explicitly closed the polygon, PM1 and PM2
do force the closure. In this case, executing PM 1 or PM 2 addsa vertex
to close the polygon. Theoriginal pen position and status (up/down)
are restored after PM 2 is executed.
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“IN; SP1;PUO, 750; PMO; "
"PD500, 1750, 1000, 750, 0, 750; PM2;EP;"

2ND VERTEX
(500 , 1750)

(0 , 750)
1ST VERTEX AND (1000 , 750)
CLOSING VERTEX: 3RD VERTEX

ORIGINAL
PEN POSITION
AND STATUS
RESTORED

NOTE: The PMinstruction clears the polygon buffer and then uses the
buffer to hold the polygon definition. In order for the PM instruction to
work, you 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. @
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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, 3 ignores instruction

1, or 2

PM 1 or PM executed none_ ignores PM 1 orPM 2instruction
before PM0 (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 ignoresillegal instruction
a instruction other than
Sn thoselisted in previous
> table, while in polygon
< mode

too manypoints; 7 ignoresall points that
polygon buffer overflow overflowed

 

polygon mode not exited none ignoresall instructionsafter
(PM 2 not executed after PMO
PM 0)

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 you determine the proper coordinates. The letters in this program
are defined usingrelative coordinates, starting at the lower-left corner of
eachletter and movingup and clockwise aroundtheletter. 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
Polygon 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 1ST SUBPOLYGON

10 “Insert configuration statement here
20 PRINT #1, "IN;SP1;PARO,0;"
30 PRINT #1, "PMO;PR;PD0, 1000, 200,0,0, -400;"
40 PRINT #1, "PD250,0,0,400,200,0,0,-1000, -200,0;"
SO PRINT #1, "PDO, 400, -250,0,0, -400, -200,0;"
60 PRINT #1, "PU;PM2;"
70 PRINT #1, "FP;EP;PU8S50,0;"
BO PRINT #1, "PMO;PDO,1000,325,0;"
90 PRINT #1, "ARO, -300, -180;"
100 PRINT #1, "PD-125,0,0,-400, -200,0;PM1;"
110 PRINT #1, "PU2Z00,600;PDO,200,150,0;"
120 PRINT #1, "ARO, -100,-180;"
130 PRINT #1, "PD-150,0;PU;PM2Z;"
140 PRINT #1, "FP;EP;"
150 PRINT #1, "SPO;"
160 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 nextfive 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 unwantedlines 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
outside of the letter 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 moves with the pen upto the starting position for the inside of the
P; defines three vertices of the inside of the P

120 defines the inside roundedportion of the P

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

140 fills the P; outlines the P

150 returns the pen to the carousel

Example — Usingthe 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 subpolygon. 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 CI 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
movethepen to the desired center point before executing PM 0.

As noted previously, PM 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 subpolygon before
executing a CI 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 also note that there is no
need to specify PD, as the CI instruction includes an automatic pen
down feature. Rememberalso that when thecircle 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; SP1;PA3000, 3000;"
30 PRINT #1, "PMO;CI1000,60;CI500;PM2;"
40 PRINT #1, "LT4;FT9,50,45;FP;LTSEP;"
SQ PRINT #1, "SPO;"
60 END

Program Explanation

10

20

30

40

50

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

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

centerof thecircle)

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 5 degrees as the second subpolygon (the innercircle); exits
polygon mode

selects line type 4 (dashedlines); 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 line type; edges the polygon

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 WGinstructions. While the EP
instruction does access the data in the polygon buffer, note that EP
does notclear the buffer or changethe 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 andline type. Upon completion of the EP
instruction, the original pen position and status (up/down) are restored.

For examples using the EPinstruction, refer to the RA, RR, WG, and
PM instructionsin this chapter.

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

 

Condition Error Plotter 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

The Fill Polygon Instruction, FP
USES: The FPinstructionfills the polygon that is currently stored in
the polygon buffer, using the fill type specified in the FT instruction.
Usethe FP instruction to fill polygons that have been defined with the
PM,EA, ER, and EWinstructions.

SYNTAX: FP term

EXPLANATION: The FPinstruction 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) arerestored.

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 polygon previously defined none ignores instruction

1 or more parameters 2 fills the currently stored
polygon    

6-44 CIRCLES, ARCS, AND POLYGONS



Example — Creating a Surface Chart

The following BASIC program shows how to use the PM and FP
instructions to draw andfill a curve in a surface chart, leaving a blank
area for the legend. (This program also uses labeling and tick instruc-
tions that are described in Chapters 7 and5, respectively.)

 

ae)

a
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nN   

10 “Insert configuration statement here
20 PRINT #1, “IN; SC-20,80,-10,60;"
30 PRINT #1, "SP2;PAO,0;"
490 PRINT #1, "PMO;PD0,10,10,16;"
SO PRINT #1, "PD20,20,30,14,40,18,50,16;"
60 PRINT #1, "PD60,22,60,0,0,0;PM1;"
70 PRINT #1, "PU4,4;PD4,8,16,8,16,9,49,4; PU; P12; "
80 PRINT #1, "FP;EP;"
SO PRINT #1, "SP1;S1.25,.5;"
100 PRINT @1, "PU5.5,5;LBLegend" +CHR$(3)
110 PRINT #1, "“PARO,O;ERE0,40;"
120 PRINT #1, "TL1.5,0;"
130 FOR Xs0 TO 60 STEP 10
140 PRINT #1, "PA" 3%;",0;XT;"
150 NEXT xX
160 PRINT #1, “TL1,0;"
170 FOR Y*O TO 40 STEP §
180 PRINT #1, "PRO,"5%5"5°T;"
190 NEXT ¥
200 PRINT #1, "SPO;"
210 END
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Program Explanation

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 beinterpreted 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 upto 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 upto 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 CHR$(38)

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

defines the size of the X-axis tick marks

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

drawsto thetick location; drawsthetick

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 5 user units

drawsto the tick location; drawsthetick

BASIC statement that endsthe loop

returnsthe pen to the carousel
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Example — Filling Alternating Subpolygons

The following BASIC program showstheeffects of defining andfilling
several subpolygons within one PM instruction. In addition, it shows
how to use the ESC..T instruction to increase the polygon buffer size in
order to accommodateall of the subpolygons. (For further details, refer
to The Polygon Buffer at the end of this chapter, and The Allocate
Configurable MemorySize 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, "GM5110;"

as)
i
<
00]
°
=}
na  

10 “Insert configuration statement here
20 PRINT #1, CHR$(27)4+".7;5110:"
30 PRINT #1, CHR$(27)4+".L"
40 INPUT #1, L

390 PRINT #1, "IN;SP1;PA5000,5000;"
60 PRINT #1, "PMO;C1I250;CI500;CI750;"
?O PRINT #1, "CI1000;C11250;PM2;"
BO PRINT #1, "FP;EP;"
90 PRINT #1, "SPO;"
100 END

NOTE: 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 beopen at a given time. Refer to Chapter
6 of the Operation and Interconnection Manual for an example. m
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Program Explanation

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

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 ofreading 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
subpolygonsconsisting of progressively larger concentric circles

70 defines two moresubpolygonsconsisting oflarger 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 returnsthe pen to the carousel

The Polygon Buffer
When a polygonis 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 wantto fill or edge a polygon, the points are accessed
from this buffer by the FP and EPinstructions.

The size of the polygon buffer is determined by thefirst 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 mustfirst increase
the buffer to avoid error 7, buffer overflow. Also, if you are 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 ofthe Polygon Buffer

Thesize of the polygon buffer is specified in bytes. To determine how
muchspaceto set in the buffer, you must convert the numberofpoints in
yourpolygon into bytes. The following formula will suit most situations;
however,it is approximate. If you need a more accurate determination,
read the paragraphstitled Determining the Exact Size of the Polygon
Buffer, later in this section.

# of bytes = # of points X 14

Thedefault size of the polygon buffer is 1778 bytes. This will accommo-
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 [ie
corners,it consists of 5 points, as shown below. =

gQ
2 3 iS}

"PUO, 0; PMO; PDO, 600, 800,600, 800, 0,0,0;" 4

OR

"PMZ;EP;"
5 4

(CLOSE)
(START)

The following shapehas 7 points.

2 3
 

"PUO, 0; PMO; PDO, 800, 200, 800, 200, 200;"
ba 5 "“PD6OO, 200,600,0,0,0;PM2;EP;"

1 eo 66
7

  
The numberofpoints in an arc or circle depends on the numberofchords
in the arc. You can usethis formula:

arc size (degrees)
# of points =

chord angle (degrees)

Thus,a full circle with the default chord angle of 5 degrees consists of 73
points (8360/5 + 1 = 73). On the other hand,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 numberof bytes required for any polygon, use
the equation shown next. Each segmentof the equation is described in
the following paragraphs; an example is provided at the end of this
section.

total # of bytes = 2+ [(pi + fi) + (po + fe) +...)

where

2 is the numberof 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) + ( Fotpoint x2)

The ceiling symbol 1 indicates that the result of the division is
to be rounded upto the next integer. Thus, for 1 point, f = (12 « 1) +
(F1/1281 X 2) = 12 + 2= 14 (remember, [1/1281 = 1, not 0.078).
Similarly, for 4 points, f = (12 4) + ([4/128] x 2) = 48 +
2 = 50.

Orn
lone
jo)
ao |
ea
ee

io)
ae

 

The easiest way to understandthis equation is to try an example. Con-
sider the polygon created for the surface chart in the example given
previously under The Fill Polygon Instruction, FP:

PAO,0;

PM0;PD0,10,10,16;

PD 20, 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 PM0 (0,0) counts as 1

 

 

point, so solve f for 1 point: 14

PD causes 1 byte: 1

2 points follow PD,so solvef for 2 points: 26

PD causes1 byte: 1

4 points follow PD,so solve f for 4 points: 50

PD causes1 byte: 1

3 points follow PD, so solve f for 3 points: 38

PM 1* causes 1 byte: 1

PU causes1 byte: 1 -

1 point follows PU,so solvef for 1 point: 14 =

PD causes1 byte: 1 3

4 points follow PD,so solvef for 4 points: 50 ”

PU causes 1 byte: 1

PM 2* causes 1 byte: 1

Total numberof 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 onestring, you would save 6 morebytes.

*In this example, the last point before PM1 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 closes the subpolygon,the plotter will add this point, so you would need to
add 14 (f for one point) after the PM1. This also holds true for PM 2 if you do not include
a point that closes the polygon.
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Chapter q

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 maketext charts. You will learn how to position labels and how to
changetheir size, slant, and direction. This chapter assumesthat you are
labeling only with the standard (default) character set, ANSI ASCII
(English), and the standard font, fixed-space. However,all ofthe 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 characterset instructions in Chapter 11 after
you have learned about labeling in this chapter.

HP-GL Instructions Covered

LB The Label Instruction

DT The Define Label Terminator Instruction

SI The Absolute Character Size Instruction
SR The Relative Character Size Instruction

SL The Character Slant Instruction

DI The Absolute Direction Instruction

DR TheRelative Direction Instruction

LO The Label Origin Instruction
CP The Character Plot Instruction
ES The Extra Space Instruction
BL The Buffer Label Instruction

PB The Print Buffered Label Instruction

OL The Output Label Length Instruction

 

     Computer
WN Teestea lag]

Terms You Should Understand

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

Variable-Space Font — a set of characters where each character occupies
a variable (proportional) amount of space. Thisis 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 drawnin 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 characterplot 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 abovethe character.

Space — the width of the characterplot 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 aboveit. The default size of a line is 2
timesthe heightof an uppercase A.

Character Origin — the lower-left corner of the character(i.e., the lower-

left corner of the character plotcell).

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: ZB c...c term
(where term is the label terminator defined by the DT

ore
c
o

fob)
RQ
Es
|

 

 

 

instruction)

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 (CR, decimal code 18) andline 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, you must use a special label
terminator instead of the usual HP-GL terminator; if you don’t use the
label terminator, everything following the LB mnemonic will be printed,
including other HP-GL instructions. The default label terminatoris the
nonprinting end-of-text character ETX (decimal code 3). You can change
the label terminator with the define label terminator instruction, DT,
described next in this chapter. @

The label begins at the current pen position unless you have used the label
origin instruction, LO,to specify the label’s position. In addition, the label
is plotted using the currentdirection,size, slant, and spacing. (Refer to the
LO, DI, DR, SI, SR, SL, and ESinstructionsin 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 drawing 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 (LO 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 numberof 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 instead of the LB instruction prior to printing the label with
PB.

Thelabel 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: Thelabel buffer is independent of the buffers in the configur-
able graphics memory. You cannot changethesize of this buffer. m
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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 terminatorinvalid none labels all characters (including
or omitted HP-GL mnemonics and param-

eters) until valid label terminator
is encountered

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

length of character 6 ignoresinstruction (plotter
string’s baseline usually enters lost mode before
exceeds 273 primitive this error occurs)
grid units*    
 

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

Character Positioning

The followingillustration defines the relationshipsof 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 currentsettings
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 issue an LB instruction, the current pen position becomes
the first character origin (unless altered by an LO instruction). After

the first character is drawn, the pen movesto the next character origin
and drawsthe next character (if any). This continues until the end of
the label string, unless an embedded control character such as a
carriage return (€R, CHR$(13)) or line feed (LF, CHR$(10)) is encountered.
If a line feed is encountered, the pen moves down oneline 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 anyline 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
shownin theillustration on the next page.

NOTE: The carriage-return 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, movingto a new pointusingthe front-panel
P1, P2, ALIGN, and cursor keys updatesthe 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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"IN;SP1;SI.5,.8
"PA3010, 40003"
“LBAB" +CHR$ (3)

CHARACTER
ORIGIN AT

1ST CR POINT
(ESTABLISHED *— UPDATED

BY PA) PEN POSITION

"PRI010, 20003"
"LBCD" +CHR$ (3)
"PR200, -500;"
"LB" +CHR$ (13)+CHR$(10)+" FG" +CHR$ (3)

CHARACTER
ORIGIN AT

NEW CR POINT
(ESTABLISHED @+—~ UPDATED

BY PA) PEN POSITION

*-— (PR 200,-500)

CHARACTER
ORIGIN AT

NEW CR POINT
(ESTABLISHED *~ UppaTeD
BY PR) PLUS LF PEN POSITION

Howto Send the Label Terminator and Other

Nonprinting Characters

In the HP-GLstrings shownin the previousillustration, the charactersLF,
CR, and ETX all represent nonprinting characters. To determine whether
you can produce these characters on your computer, check the ASCII
character andkey code table in your computer language documentation.
On most HP computers, you can producethe LF character by pressing the
CTRL(control) key followed by J. Likewise, the CR character is produced by
CTRLM, and the ETX characteris produced by cTRLC.Ifyou cannotproduce
these characters from the keyboard, you will have to use a string function
such as CHR§(value), which produces the character whose decimal code
value is specified. For example, CHR§$(8) produces ETX, CHR§$(10) is LF, and
CHR$(18) is Gk. Again, check your computer language documentation for
the proper function to use. (You can also refer to the programs for
individual computers in Chapter6 of the Operation andInterconnection
Manual; they usestring functionsfor labeling).
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If you can produce the character directly from the keyboard, you can
simply enter the character within the label instruction. However,if you
must use a string function such as CHR$, you will have to send it sepa-
rately from the string, as shown below.If necessary, substitute your
computer’s string function for CHR$. 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 bythestring
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;PAZ000,5000;S1.55,.8;"
PRINT #1, “LBLabel" +CHR$(3)
PRINT #1, "PA4500,5000;"
PRINT #1, “LBLabel" +CHR$(13)+CHR$(10)+"return'+

CHR$(3)

Whichever methodyou use to send the label and nonprinting characters,
here is the plotted output:

Label Label

return
Example — Repeating Labels from the Label Buffer

The following exampleillustrates the LB instruction, also showing that
the contents of the label buffer can be drawnat 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.

3
om
oO
=
=}
Ne)
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10 “Insert configuration statement here
"IN; SP4;PA10, 6000; "20 PRINT #1,

30 PRINT #1,

40 PRINT #1,

50 PRINT #1,
60 PRINT #1,
70 PRINT #1,
80 END

"LBLabel

C132 +CHR$ (10)+CHRE (3)
"LBLast string

CHR$ (3)
"PA1000, 5000; PB;"
"PASO0, 4000; PB;"
y SPO; ul

Label strings are buffered.

Last string is repeatable.

Last string is repeatable.

strings are buffered." +CHRS$

is repeatable."+

Last string is repeatable.

The Define Label Terminator
Instruction, DT

USES: The DTinstruction specifies the character to be used as the
label terminator. Use this instruction to define a new label terminatorif
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

label terminator label 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 mnemonicisinter-
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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LF or ; (decimal Restores ETX (decimal code 8) as the label
code 10 or 59) terminator.

printing Terminates the instruction andprints the
character character.

nonprinting Terminates the instruction and performs
character the function specified by the character.
(control
character)

The label terminator specified stays in effect until a new label termi-
natoris specified, or the plotter is initialized or set to default conditions.
All labeling instructions (LB, BL, and WD)following the DT instruction
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 DTinstruction.

 

 

Condition Error Plotter Response

NULL or ESC characters specified none ignoresinstruction

LF or ; specified none restores default (ETX)

more than 1 character specified 2 executes first character    
 

Example — Changing Label Terminators

The following program shows how to changethelabel terminator, as
well as what happensto plotted labels with different terminators.

10 “Insert configuration statement here
20 PRINT #1, "IN; SP2;SCO,5000,0, 5000; PAO, 4500;"
30 PRINT #1, “LBDefault control character ETX"+CHR

$013) +CHR$(10)+CHRE(3)
40 PRINT #1, "“LBterminates by performing end-"+CHR

$(13)+CHR$(10)+CHR$ (3)
50 PRINT #1, "LBof-text function," +CHR$(3)
60 PRINT #1, “PAO, 3900; DT#;"
70 PRINT #1, "LBPrinting characters terminate," +

CHR$(133+CHR$ (10) +" 8"
BO PRINT #1, “LBbut are also printed. #"
90 PRINT #1, "PAO, 3400; DT" +CHR$(13)+";"
100 PRINT #1, "LBControl characters terminate’ +CHR$

(10)+CHRE$(13)

110 PRINT #1, “LBand perform their function." +CHR$
(13)+"SPO;"

—

iq
je)
on
oO
=
2)
Nie}

 

120 END
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Default control character ETX

terminates by performing end-

of-text function.

Printing characters terminate,

#but are also printed.#

Control characters terminate

and perform their function.

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 label instructions are similar to those for sending variables
in plotting instructions (refer to Chapter 4). However, the format for the

characterfield is importantfor a different reason — labels will be posi-
tioned differently and plotted with extra spaces, depending on the
format you use. Many different conventions 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 characterfield.

Quotation marks are used by many computersto definetheliteral char-
acters that are to be sent, but variables are not included within quota-
tion marks. The commais used by some computers as a delimiter
between variables to cause the label string to be right-justified 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 example illustrates use of the comma to establish fixed
spacing whenusing variables for labeling. When the value of X is 50,
the labels shown are produced by the given HP-GL 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 mightnot be printed, depending on your com-
puter. The numberof blank character-field spaces might vary with dif-
ferent computers.
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x=50
"PAI0O, 1300;LB",X,xX+1,X+2, +CHR$ (3)

 
—_ )90| : 54, \S2

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" ;X;X+1;X+25+CHR$ (3)

50 51 Se

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 samevariables as above, but with four extra spaces
between each of the integers. Note that four spaces enclosed in quota-
tion marksare sent between eachvariable, but the semicolon suppresses
unwanted blank spaces.

X250
"PAIOO, 700;LB" 3 X;" "xed "5X42; +CHR$ (3)

tlFOUR EXTRA SPACES

50 51 52

Adjusting Character Size, Spacing,
and Position

Now that you can plot labels, you are probably interested in learning
how to adjust conditions suchassize, slant, direction, space, and posi-
tion. Most of these conditions are based on the conceptofthe “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 summaryofhow various character conditionsrelate to this concept.
The instructions for changing character conditions are presented in the
remainderof 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 charactersets.

3
on
o
=
i=}
Ne)
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The Character Plot Cell

You can think ofthe character plot (CP) cell as a rectangular area around

a character that includes blank areas above andto the right of the
character, as shown below. Mapped onto this CP cell is a special coor-
dinate system knownas 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 illustration, 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
alwaysin the lower-left corner of the CP cell. The heightofthe character
dependson the charactersize selected. However, the heightofthe CP cell
(one line) is always 2 timesthe height of an uppercase A in the selected
font. The width of the cell (one space) depends on whethera 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 CPcell
is 1.5 times the width of a character. If the font is variable-space, the
width of each character varies, as well as the width of the CP cell.
Therefore, variable-space fonts have an “average” CPcell. The width of
the average CPcell is 1.5 times the average character width.

 

      

CP CELLS
1 SPACE= 1.5X

J CHARACTER WIDTH

aS

1 LINE=2X
UPPERCASE

' CHARACTER
UPPERCASE HEIGHT
CHARACTER

HEIGHT
A \ os,

CHARACTER ——~ b
ORIGIN” CHARACTER

WIDTH
(FIXED) SUBSEQUENT

CHARACTER
ORIGINS

Fixed-Space Font
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CP CELLS AVERAGE CP CELL
FOR THIS FONT

 
 

         

1 SPACEIS VARIABLE
a

1 LINE= 2x
, UPPERCASE

CHARACTER
UPPERCASE HEIGHT
CHARACTER

HEIGHT

CHARACTER —_—~ eHY—

ORIGIN) CHARACTER CHARACTER 1 SPACE= 1.5
WIDTH ORIGIN AVERAGE
(VARIES) SUBSEQUENT CHARACTER WIDTH

CHARACTER FOR THIS FONT
ORIGINS

 

     BerericsVariable-Space Font
; Museum

Character Size

The absolute character size and relative character size instructions, SI

andSR,define the width and heightofthe characters in the font selected.

If the font is fixed-space, the new width and height are applied to every
characterin thefont.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 thesize of the CP cell, as described earlier.
Thus, whenever you change character size, you automatically change

the CPcell size.

Direction and Slant

Fo
iP

ae
xe
nc

ia|

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 changethe slant of the characters with the character
slant instruction, SL, to 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 spaceinstruction, 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 numberof 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 wherethelabel is placed relative to the current pen position using

the label origin instruction, LO (for example, centered,left-justified, or

right-justified). Finally, you can use the characterplot instruction, CP,to
movethe 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 sometimestricky to position variable-space fonts, because the total

length of the label depends on the widthsof each character in the label.
Usually you can use the LOinstruction 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 usethe buffer label and output label length instructions, BL and OL,
to determinethe 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: TheSI instruction specifies the size of characters in centi-
metres. Use this instruction to establish absolute character sizing that is
not dependenton the settings of P1 and P2.

SYNTAX: SJ width, height term

 

 

or
SI term

Parameter Format Range Default

width decimal —233 to 223 — J] 0.285 cm
centimetres* (A3/B-size paper)

0.187 cm

(A4/A-size paper)

height decimal —233 to 273— J 0.375 cm
centimetres* (A3/B-size paper)

0.269 cm

(A4/A-size paper)     
 

*excluding zero (0) and values approaching zero

EXPLANATION: AnSI instruction 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.Forall

fonts, the height is the actual uppercase character height.

AnSI instruction remainsin effect until another SI or SR 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 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 parameteris zero 3 ignores instruction
(0) or out-of-range    
 

Example — Changing Absolute Character Size

The following instructions draw the plotter’s model number, 7550, in
two different sizes: first, in the default size, and then 1-cm wide and

1.5-em high.

"TN; SP1;PA100, 800;"
"ST 3LB7550" +CHR$ (3)
"PATO0,0;"
"SI1,1.5;LB7550" +CHR$ (3)

7550

JODO
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) GH

s
u
l
j
a
q
e
’
]

Anegative heightparameter mirrorslabels in the top-to-bottom direction.

"S1.35,-.6;LBHP" +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.

"SI-.35,-,.6;LBHP” +CHR$ (3) dH

NOTE: The interactions of the SI, SR, DI, and DRinstructions 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. &

The Relative Character Size
Instruction, SR

USES: The SRinstruction specifies the relative size of characters as
a percentage of the distance between scaling points Pl and P2. This
meansthat character sizes are adjusted proportionally when P1 or P2
changepositions. 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 after
an absolute character size instruction, SI, has been executed.

SYNTAX: SR width, height term

 

 

or
SR term

Parameter Format Range Default

width decimal —223 to 223-1 0.75% of |P2x— P1x|
percentage*

height decimal —23 to 23-1 1.5% of |P2y— Ply|
percentage*     
 

*excluding zero (0) and values approaching zero

EXPLANATION: An SRinstruction 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

listed previously under the SI instruction. However, with the SR instruc-
tion, the character size adjusts (expandsor contracts) with subsequent
changesin 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. Theplotter
calculates the actual character width and height from the specified
width and height parametersas follows:

actual character width = (width/100) X |P2x— P1|

actual character height = (height/100) X |P2y— P1y|
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Thus, if you have default P1 and P2 settings for A4/A-size paper and
specify a width of 2% and a heightof 3.5%, the actual character width
would be (2/100) X (10000) = 200 plotter units (or 0.5 cm). The actual
character height would be (3.5/100) X (7200) = 252 plotter units (or 0.63

cm). If you changed the P1 setting to 100,100 and the P2 setting to
5000 , 5000 butdidn’t change the SRparameters, thenew 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.Forall fonts, the height is the actual uppercase character
height.

NOTE: Either negative SR parameters or switching therelative posi-
tions of Pl and P2 will produce mirror images of labels. Refer to The
Absolute Size Instruction, SI, and Parameter Interaction in Labeling
Instructions in this chapter for more information on mirror images.

An SRinstruction remainsin 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 instruction

more than 2 parameters 2 executes first 2 parameters

either parameteris zero 3 ignores instruction

(0) or out-of-range   
 

Example — Changing Relative Character Size

The instructions on the next page show how changes in Pl and P2
affect labels drawn while an SR instruction is in effect. The first line
initializes the plotter, which establishes default Pl and P2 settings
along with default relative character size. Then thefirst label is drawn.
Next P1 and P2 are changedto define a square area, and a newlabelis
drawn with the default character size. Finally, the character size is
changed without changing Pl and P2, and another label is drawn.
Notice that the new character size has equal parameters of 3% each;

because the P1/P2 area is square, the characters are square. The
plotted result was drawn on A4/A-size paper.
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"IN; SP2;PA100, 7000;LBDEFAULT SIZE" +CHR$(3)
"TPO,0,5500,5500;PA100,6500;"
"LBNEW P1 AND P2 CHANGE LABEL SIZE"+CHR$(3)
"SR3,3;PA100,6000;"
"LBNEW SR INSTRUCTION" +CHR$(13)+CHR$(10)+" CHANGES

LABEL SIZE" +CHR$(3)
"SPO;"

DEFAULT SIZE

NEW Pi AND P2 CHANGE LABEL SIZE

NEW SR INSTRUCTION

CHANGES LABEL SIZE

The Character Slant Instruction, SL
USES: The SLinstruction specifies the slant at which characters are
drawn.Usethis instruction to create slanted text for emphasis.

SYNTAX: SL tan@ term

 

 

or
SL term

Parameter Format Range Default

tangent 6 decimal +0.05 to +2 0 (no slant)
for default characters*

+0.05 to +3.5     for large characters*
 

*These are practical ranges; the plotter actually accepts the full range of —2?° to 278 —1.

EXPLANATION: An SLinstruction without parameters (SL;) sets
the character slant to the default value of no slant. This is the same as
an SL instruction with a parameter of zero (SLO;). The settings of P1
and P2 do not have anyeffect on the slant.

The parameteris the tangent of the angle 6 from vertical, as shown on
the next page. The baseof 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 tangent of
+90 is infinity, and will cause a computer error on most systems.

 

 

  

 

  

4 Tangent 6 Tangent

0 0 0 0

—10 —0.18 10 0.18

—20 —0.36 20 0.36

—30 —0.58 30 0.58 3

—40 —0.84 40 0.84 2

—45 —1.00 45 1.00 iz
—50 —1.19 50 1.19

—60 —1.73 60 1.73

~70 —2.75 70 2.75

—80 —5.67 80 5.67

—90 infinity 90 infinity  
 

A practical parameter range for this instruction is +.05 to +1.5. An SL
instruction remainsin 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 interprets 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. @

10 “’Insert configuration statement here
20 PRINT #1, "IN;SF13;511,1.5;PA500, 3000;"
30 PI=3.141593
40 A=TANCZ0*¥(PI7180))
SO PRINT #1, "SL";5A;";LBStant" +CHR$ (3)
60 PRINT #1, "PASOO, 2000; SL-.36;LBSlant" +CHR$ (3)
70 PRINT #1, "“SPO;"

— Slant
SLane
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The Absolute Direction Instruction, DI
USES: The DI instruction specifies the direction in which labels are
drawn,independentofP1 and P2 settings. Usethis instruction to change
labeling direction when you wantto label a curvein a line chart or label
schematic drawings andblueprints.

SYNTAX: DI run,rise term

 

 

or
DI term

Parameter Format Range Default

run (or cos 6) decimal —22 to 23 —1 1

rise (or sin 6) decimal —22 to 23 —1 0     
 

EXPLANATION: A DIinstruction without parameters (DI;) sets the
label direction to horizontal (parallel to the X-axis). The settings of P1
and P2 do not have anyeffect on the label direction.

You can express the parameters as the run andrise, or using trigono-
metric functions cos and sin accordingto the following relationship:

_ sin@ _ rise-

6

=tan! use) =" =where: 6

=

tan (82 and tan 6

=

(5g run

       
6 RISE

a

7 .

RUN

Suppose you wantyourlabel to be plotted in the direction shown in the
following graph. You can do this in either of two ways: measure the
run andtherise, 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 , 4.95).

su
ye
qe
’y
.

Or, if you know the angle, you can use the trigonometric values (since
sin/cos = rise/run). In this example, 6 = 30°; cos 30° = 0.866, and sin

30° = 0.5. Thus, you can use these as parameters of the DI instruction
(DI.866,.5;). Whichever set of parameters you use, the label will be
drawn in the samedirection as shown in the followingfigure.
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DI8.5,4.9;

or

DI .866,.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.

 

 
8 Cosine Sine 4 Cosine Sine

0 1 0 0 1 0

—30 0.87 —0.50 30 0.87 0.50

—45 0.71 —0.71 45 0.71 0.71

—60 0.50 —0.87 60 0.50 0.87

—90 0 —1 90 0 1

—120 —0.50 —0.87 120 —0.50 0.87

—135 —0.71 —0.71 1385 —0.71 0.71

—150 —0.87 —0.50 150 —0.87 0.50

~—180 ~1 0 180 —1 0

—210 —0.87 0.50 210 —0.87 —0.50

—225 —0.71 0.71 225 —0.71 —0.71

—240 —0.50 0.87 240 —0.50 —0.87

—270 0 1 270 0 —1

—300 0.50 0.87 300 |. 0.50 —0.87

—315 0.71 0.71 315 0.71 —0.71

—830 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

DIO,1 vertical

DI 1,1 or DI 0.7,0.7 45-degree angle
(any parameters equal to each other)   
 

A DIinstruction remainsin effect until 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 executesfirst 2 parameters

1 parameter ignores instruction

parameter out-of-range ignores instruction    w
o
w

ny
m

b
d

both parameters are zero (0) ignores instruction
 

Thesize and sign of the two parameters in the DIinstruction determine
the amountofrotation. 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 quadrantthe label will be in.

"IN; SP1;SI.3,.53"
"PR3000, 3000;DI1,1;LB DIRECTION" +CHR$(13)+CHRS(3)
"DI1,-1;LB DIRECTION" +CHR$(13)+CHR$(3)
"DI-1,-1;LB DIRECTION" +CHR$(13)+CHR$(3)
"DI-1,1;(B DIRECTION" +CHR$(13)+CHRS$(3)
“a SPO;"

E
D
L
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YY, |
QUADRANTII XO 8 QUADRANT|

— RUN + RUN
+ RISE + RISE

~ae Oo, aw
QUADRANTIII S LC. QUADRANTIV

Ly &,

y ’,
S Y

 

 
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 incrementsof 45 degrees. Then thelabels in the
center are drawnto 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,
CHR&63), 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. Thefinal character in the last label 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 to 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 COSfunctions.
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10 ‘Insert configuration statement here
20) PRINT #1, "IN;SP1;PAG000, 3000;"
30 PRINT #1, "DIO,1;LB_*_1984"+CHR$(3)
40 PRINT #1, "DI1,1;LB_*¥_19B5"+CHR$(3)
SO PRINT #1, "DI1,0;LB_*_19B6" +CHR$(3)
60 PRINT #1, "DI1,-1;LB_¥_1987"+CHR$(3)
70 PRINT #1, “DIO, -1;LB_¥_1988" +CHR$(3)
BO PRINT #1, "DI-1,-1;LB_*_1989"+CHR$(3)
90 PRINT #1, "DI-1,0;LB_*_1990" +CHR$ (3)
100 PRINT #1, "DI-1,1;LB_¥_1991"+CHR$(3)
110 PRINT #1, “PAG450,3900;"
120 PI#*3.141593
130 A=COS(Ox(PI/7180))
140 B=SIN(COx(PI/180))
150 PRINT #1, "DI" ;A;",";B;"5"
160 PRINT #1, "LB_¥_2000" +CHR$(13)+CHR$(10)+CHR$(3)
170 C=COS(-45%(PI/71B0))
180 D=SIN(-45%*(P1I/7180))
190 PRINT #1, "DI";C;",";0;"3"
200 PRINT #1, "LBLRETURN POINT" +CHR$(13)+CHR$ (3)
210 PRINT #1, “SPO;"
220 END

a)
D

FINAL @
/PEN POSITION= *

CARRIAGE-RETURN : -_- = Os
POINT aa |

w *
oa oN
=-_

|

| % to 3
* VY @ ion

| A @ 2
INITIAL_- O» / =

PEN POSITION “6) Vy 7 * i
oN mx

#*N\ _ _&
o661_ x °

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 meansthat label
direction is adjusted when P1 and P2 change so that labels maintain
the same relationship to the plotted data. At power-on, the plotter
assumeslabel 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 —223 to 223 — 1 1% of P2x — Plx

rise decimal —223 to 223 —] 0% of P2y — Ply      
EXPLANATION: A DRinstruction without parameters (DR;) sets
the label direction to horizontal (parallel to the X-axis). When you include
parameters, the actual angle at whichthelabelis 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 andrise according to the
followingrelationship:

  

     7 | RISE
4

7

RUN

where: run — interpreted as a percentage of P2, — Pl,

rise — interpreted as a percentage of P2, — Pl,

The concept of specifying the run andtherise 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 DIinstructions.In the DRinstruction, 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 Pl 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 DRinstruction remainsin 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 executes first 2 parameters

1 parameter ignores instruction

parameter out-of-range ignores instruction

w
o

w
o

n
o

W
d

both parameters are zero (0) 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 whenusing the DRinstruction with various parameters.

Thinkoflabel 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 runortherise.

e If run = rise, the directionalline will go directly from P1 to P2.

e If rise > run, the directionalline will intersect the top of the plotting
area, a fraction ofthe way across toward P2. Thefraction 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.

e If run > rise, the directionalline will intersect the side of the plotting
area, a fraction of the way up toward P2. Thefraction 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.

Remember, since labeling starts at the current pen position, labels will
be parallel to these directional lines, not necessarily on them. Also,
negative parameters have the same effect on direction as described
underthe DIinstruction.

rsh
OR
NC

OR
i
M

The following exampleillustrates relative label directions.
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Program 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 Pl and
P2 to define a square area

scales the P1/P2 area into user units; sets a relative character size

movesto P2; outlines the P1/P2 area

drawsa line from P2 to P1 andlifts 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 “DR1,1;”

drawsa line between P1 and a pointthat is one-third of the way to

P2 along the top of the P1/P2 area andlifts the pen; establishes
a new relative label direction

moves the pen 15 CP-cell spaces and 0.25 CP-cell lines; labels
“DR2,6;”

drawsa line between P1 and a point that is one-half of the way to P2

alongthe side of the P1/P2 area andlifts the pen; establishes a new
relative label direction

moves the pen 15 CP-cell spaces and 0.25 CP-cell lines; labels
“DR4,2;”

returnsthe pen to the carousel

Now changetherelative 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 samefraction 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
becausea relative size wasspecified in line 30.
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20 PRINT #1, “IN;SP1;I1P5000,0,9800,3000;"

 

[UV

o

vy)

Sy
s>

y %

of

2]:
o8 A: 1/2   

The Label Origin Instruction, LO
USES: The LO instruction positions labels relative to the current pen

position. Usethis instruction to center labels or justify them to theleft
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 andheight.

SYNTAX: LO positionnumber term

 

 

or
LO term

Parameter Format Range Default

position number integer 1-9 or 11-19 1     
 

EXPLANATION: The position number determines the position of
the label with respect to the current pen position. Theillustration on
the following page summarizes this relationship by showing thein-
structions LO 1 through LO 9 in thelabeled position that they produce.
Each dot represents the current pen position. An LO instruction without
parameters (LO;) sets the default label origin, LO 1.
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LO3 LO6 LOY

tOe LQS LOS

L O14 LQ4 LOZ
Thepositions resulting from the instructions LO 11 through LO 19 are
the same as shownforthe instructions LO 1 through LO 9, except that
the labels are offset from the current pen position as shown below.

L013. #LO16 LO19

O12 LO15  LO18

  LO14 L014 L017.
The amountofoffset is equal to 1/2 of the character’s width and 1/2 of
the character’s height. (The width and heightare specified by the most
recent SI or SR instruction.) The offset is shown below.

O14
OFFSET = {

s
u
r
p
e
q
e
’
|

1/2 CHARACTER
HEIGHT \@ |

/ HORIZONTAL OFFSET=
CURRENTPEN POSITION 1/2 CHARACTER WIDTH

An LO instruction remains in effect until another LO instruction is

executed, or the plotteris initialized or set to default conditions.

If position numbers 1 through 3 or 11 through 138 are specified, posi-
tioning calculations are performed on individual characters and the
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characters are drawn astheyare received and stored in the label 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 carnage return or the
label terminator. In these cases, the characters are stored in the label
buffer and the label string is not drawnuntil a carriagereturn or label
terminator is received. The capacity of the label buffer limits line
length for these centered or right-justified labels to 150 characters, in-
cluding control characters and the carriage return or label terminator.

The penposition 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 pento its location prior
to the label instruction, you can send a carriagereturn 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 establisheslabel origin 1

more than 1 parameter 2 executes first parameter

parameter out-of-range 3 ignores instruction
 

Examples — Positioning Labels with LO

The following example demonstrates the use of the carriage-return with
an LO instruction.

"IN; SP1;PAZ000, 03"
"PD1500,1200;L018;LBLEFT OF POINT" +CHR$(13)+CHR$(3)
"PD2500,1200;L012;LBRIGHT OF POINT" +CHR$(13)+CHR$(3)
“PD2000, 0; SPO;"

LEFT OF POINT SIGHT OF POINT
   

  

 

(1500, 1200) (2500, 1200)

(2000 0)

The plot on the following page showsthe effect on the pen position
when you do not include the carriage return in the previous two LB
instructions.
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"TN; SP13PAZ000, 1500;"
“PD1500,2700;LO18;LBLEFT OF POINT" +CHR$(3)
"PD2500,2700;L012;LBRIGHT OF POINT" +CHR$(3)
"PD2000, 1500; SPO;"

LEFT OF POINT;——————RIGHT OF POT

When you divide a label by embedding carriage returns in an LBlabel
string, each portion of the label is positioned according to the label
origin. Refer to the following example.

"IN; SP1;PAZ000,6000,L014;"
"_BEMBE DDE D" +CHR$ (13)+CHR$ (10)+" CARRIAGE -RE TURN" +

CHR$ (13) +CHR$ (10) +" CHARACTERS" +CHR$ (3)
u SPO; a

EMBEDDED
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 numberof
character spaces or lines from the current pen position. For example,

you can move the pen any number of character spaces in order to
indenta label.

SYNTAX: CP spaces, lines term

P
r
e
e
t
c
a

 

 
 

or
CP term

Parameter Format Range Default

spaces decimal —223 to 2723-1 none

lines decimal —22 to 223-1 none     
 

EXPLANATION: A CP instruction without parameters (CP;) per-
forms a carriage return and line feed, moving one line down and
returningto the carriage-return 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,
whichis specified in the SI or SR instructions. Thus, for “SI w ,h;”
and “ESs,1;”, the formula for a CP space is (1+s) X (1.5 X w) cm
(where w = width, h= height, s= space, and |= line).

Positive space values specify the numberof spaces the pen will move
to the right of the current pen position; negative values specify the
numberof spaces the pen will moveto theleft. 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+ 1) X
(2X h) cm (where w = width, h= height, s= space, and |= line).

Positive line values specify the numberof lines the pen will move up
from the current pen position; negative values specify the numberof
lines the pen will move down. A CPinstruction that has a nonzero lines
parameter shifts the carriage-return point up or down by the amount
specified.

L
a
b
e
l
i
n
g

Note that the right, left, up, and down movementsof positive and nega-
tive parametersare relative to the label direction, as shown here.

UP (+)

f
LEFT (-)~-LABEL DIRECTION, DI4, O— RIGHT)

DOWN (-)
DOWN (-)

t
RIGHT ()=<—Q'F-IG ‘NOILOSHIG WEVI—-eFT

UP (+)
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CPinstructions 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 madeto the label origin
before the CP instruction is executed. The CP instruction affects only
the placement of the next label; you must issue new CPinstructions to
affect subsequentlabels.

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 none performscarriage return

andline feed

1 parameter 2 ignores instruction

more than 2 parameters 2 executes first 2 parameters

parameter out-of-range 3 ignores instruction
 

Example — Using CPto 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;PA4000, 7000; PD1000, 7000; PU; "
30 PRINT #1, "CP5,.35;LBABOVE THE LINE" +CHR$(3)
40 PRINT #1, "PAZOOO, 7000; XT;CPO,-.95;"
50 PRINT #1, “LBBELOW THE LINE" +CHR$(13)+CHR#(10)

+" AND WITH A NEAT" +CHR$ (3)

60 PRINT #1, "“CP;LBMARGIN"' +CHR$ (3)
70 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; draws a line 3000 plotter units
long, ending at the point 1000, 7000 (this is the starting position
and the carriage-return point for the label in line 30); lifts the pen
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30 moves 5 CP-cell spaces to the right and 0.35 CP-cell lines up; labels
“ABOVE THE LINE”

40 movesto the point 2000, 7000 (this is the new starting position and
carriagereturn point for the label in line 40); draws an X-tick to
markthe new carriage-return point; moves 0.95 CP-cell lines down

50 labels “BELOW THE LINE”; uses embedded carriage return and
line feed to move to the carriage-return 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 wasspecified in line 30 so that
the label would not be drawn onthe line, as would happen with a line
parameter of zero. Also notice that the instruction CP; in line 60 causes
the same movesas the embeddedcarriage return andlinefeed inline 50.

The Extra Space Instruction, ES
USES: The ESinstruction adjusts the spaces and lines between char-
acters without affecting charactersize.

SYNTAX: ES spaces (, lines) term

 

 

or
ES term

Parameter Format Range Default

spaces decimal —22 to 223 —1 0

lines decimal —2% to 223 —1 0     
 

EXPLANATION: An ESinstruction without parameters (ES;) is

equivalent to ES0,0;, and defaults spaces andlines between characters
to the dimensionsof 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; you 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 characterplot cell, for variablespace fonts). A param-
eter of +1 adds or subtracts onefull cell line to the current line
spacing between labels. You can specify a decimalfraction.

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 thoughthey
were fixed-space. (To select variable-space fonts, refer to Chapter 11.)

ES; CAUSES ES; CAUSES

THIS SPACING. THIS SPACING.

ES-.4, -.25; CAUSES ES-.1,-.25; CAUSES
THIS SPACING. THIS SPACING.

ES.2, .25; CAUSES ES.2,.25; CAUSES

THIS SPACING. THIS SPACING.

Character Set 0 Character Set 10

(Fixed Space) (Variable Space)

The ESinstruction remains in effect until another ES instruction is
executed,or the plotter is initialized or set to default conditions.

u
c
l
a

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

 

 

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 BLinstruction 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 drawingit.

SYNTAX: BL c...c term

 

 

or
BL term

(where term is the label terminator defined by the DT
instruction)

Parameter Format Range Default

c...¢ 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 code3).

You can changethe 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 default conditions.

The BLinstruction does not draw labels. Once the label string is stored
in the label buffer, you can draw it by executing the PBinstruction. You
can also use the BL instruction in conjunction with the OL instruction
to obtain information about thesize of the label string prior to drawing
it. Refer to The Output Label Length Instruction, OL, and the Print
Buffered Label Instruction, PB, next in this chapter.

NOTE: Thelabel buffer is independent of the buffers in the configur-
able graphics memory. You cannot changethesize of this buffer. m

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

    
no parameter none clears label buffer

more 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 LBinstruction, are subject to

positioning andcontrol characters. However, when embeddedcarriage-
returns are used, an LOinstruction positions a buffered label differently
from an LB label. Each lineis 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 textline.

This example shows howthe LO instruction positions a buffered label.
Comparethis to the example given previously underthe LO instruction,
where eachlineof the label is centered.

"TN; SP1;PR6000,4000;L014;"
" BLEMBE DDE D" +CHR$ (13) +CHR$(10)+" CARRIAGE -RETURN

CHARACTERS" +CHR$ (3)
“PB; SPO;"

(EMBEDDEDen
caHaiedr

ICARRIAGE-RETURNCHARACTERS! ‘>See
5

COMMANDED
E

PEN POSITION
Fe

   
The Print Buffered Label Instruction, PB

USES: The PBinstruction plots the contents of the label buffer. Use
this instruction to repeatedly plot the contents of the label buffer.

SYNTAX: PB term

EXPLANATION: The PBinstruction plots the contents of the label
buffer at the current pen position using the parameters of any ES, DI,
DR, LO, SI, SL, andSRinstructionsin effect when the PB is executed. You
can changespacing,direction, position, slant, and size between repeated
printingsofa label.

However,the setting of the label origin (LO instruction) can limit the use
ofPB. Ifyou are usinglabel origins 1 through 3 or 11 through 18, you can
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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 printthe 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 string of label characters
received in a BL or LBinstruction and holds a maximum of 150 char-
acters. The label buffer is not cleared by any PB instruction. The buffer
contents remain until a CM instruction or an LB 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 PBinstruction.

 

 

Condition Error Plotter Response

no 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 to
determine the space neededfor the buffered label prior to drawingit.

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 commasandfollowed by the output
terminator. If the buffer is empty, three zeros are output.

1. Length — contains the length of the longestline in the buffered label
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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label. A backspace counts as —1; a character with automatic back-
space (for example, some accent characters) counts as zero.

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 (¥¥, CHR$(11)) counts as —1, and line feed (LF,
CHR§(10)) counts as +1. If the buffered label contains the same
numberof both types ofline feeds, zero is output.

The OL instruction is normally used with the BL instruction, but outputs
information on the current contents of the buffer whether it wasfilled
with the LB or BL instruction.

After you send the OLinstruction, 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 label information   
 

Example — Underlining a Label Using Information
from OL

This example uses the OL instruction to determinethe correct length of a
label so that the entire label can be underlined. You must read the OL
values into the computerin order to use them (line 50, INPUT #1).

Underline this label.

10 “Insert configuration statement here

roi
ba
tt
re
Ri
m

20 PRINT #1, “IN;SP1;PA5000, 3000;"
30 PRINT #1, "BLUnderline this label." +CHR$(13)+

CHR$ (3)

40 PRINT #1, "OL;"
50 INPUT #1, A,B,C
60 PRINT #1, "PB;"
70 PRINT #1, “CPO,-.25;PD;CP";A;",053"
BO PRINT #1, "SPO;"

390 =6END

Program Explanation

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

40 causesthe 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 drawsthe buffered label

70 moves the pen down one-fourth of a line feed; lowers the pen;
drawsa line to the endof the label by using the length output by the
OL instruction

80 returns the pento the carousel

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 possible combinations of DI, DR, SI, and SR

andillustrates the effects of various parameters andsettings of P1 and
P2 on labels.

The labels used in theillustrations are the instructions that cause the
direction, size, and mirroringofthe label. All descriptions are in terms of
the standard X,Y coordinate system; quadrant numbers refer to those
shownin 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 showstheleft-to-right direction 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.
Duringthe courseofthe illustrations, P1 and P2 are assigned to opposite
corners of this rectangle in all possible ways. All illustrations assume
that scaling is notin effect.

Using DI and SI Together

Whenthe 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 whichlabels 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 quadrant. 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 directionalline in the fourth quadrant. The negative height param-
eter of the SI instruction mirrors the label from top to bottom.

 

Using DR andSI Together

When the DR and SIinstructions are used together, the label size is
determined by theSI instruction and does not change with changes in

the settings of P1 and P2. However, changesin the settings of P1 and
P2 will affect the label direction. The plotter multiplies the algebraic
differences (P2x— P1x) and (P2y— P1y) by the run andrise parameters
of the DR instruction. The resulting parameters, when applied to the
standard coordinate system, determine the label baseline. Mirroring
about this baseline is determinedby the signs of the SI parameters.

In illustration 3, P1 and P2 are at their default settings for A4/A-size
paper, so the algebraic differences (P2x ~~ Plx) and (P2y~— P1y) are both
positive. The DR parameters 3 ,—2 are used asis andestablish the direc-
tional line in the fourth quadrant. The negative SI height parameter
mirrors the label from top to bottom.

a
P2

 

   SS:

“Op.5

In illustrations 4 and5, P1 is moved to the lower-right corner and P2 is
moved to the upper-left corner. Now (P2x— P1x) is negative. The DR
instruction as given is DR 3 , —2; the run parameterofthe DRinstruction
is multiplied by—1 and the effective DR instruction becomes DR —3 , —2,
placing the directional line in the third quadrant. The negative SI 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

Whenthe 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
occur wheneither a negative SR width or height parameter with a posi-
tive difference (P2x— Plx) 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; instruction 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 rightto left. In
illustration 8, the negative height parameter causes mirroring from top
to bottom.
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In the nextthree illustrations, P1 and P2 have been changedso that P1
is in the lower-right corner and P2 is in the upper-left corner. Hence
(P2x— Plx) is negative and anything with a positive SR width param-
eter is mirrored from right to left Gllustrations 9 and 11). The effect of

the negative width parameterin illustration 10 is cancelled by the nega-
tive difference (P2x— P1x).

_— A2 :0 .t10
—_—___—_———>

Of1, 0; SA-.75, 1.5 ri
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en
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In the nextillustrations, P1 and P2 have both been flipped so that P1is
in the upper-right 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 seeninillustrations 12, 13, and 14.
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Using DR and SR Together

Whenthe DR andSRinstructions are used together, interactions are the
most complex. Using only standardsettings of P1 and P2, where P1is in
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 — P1x)
and (P2y— P1y) 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 Pl and P2

in nonstandard locations. Label 15 is drawn with the instructions
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 thefirst,
because (P2x — P1x) is negative and the DR run parameteris positive.

Labels 16 and 17 are drawn with the sameinstructions, but with P1 in
the upper-right corner and P2 in the lower-left corner. The label direc-
tion baseline is in the third quadrant because both (P2x— Pl1x) 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 §

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 to clearly demonstrate the instruction usage. The follow-
ing examples are designed to show you howto 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.

© Thefirst program drawsa 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 drawsa stacked bar chart. The finished chart,
entitled “Sales Volume by Region,’ showsthe 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 FT, RA, and EAinstructions to
definefill types, and to fill and outline rectangles.

® The third program drawsa pie chart. Thefinishedpie chart, entitled
“Sales Dollar Distribution,” showsthesales dollar distribution among

four groups. Thesales 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
definefill types, and to fill and outline pie wedges.

Thefirst 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 |
programsaresimilar to developing theline chart.
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A Reminder about HP-GL Syntax

HP-GL syntax allowsa variety of separators and terminators. However,
good programmingtechniquesdictate 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 alwaysuse a semicolon or a line feed as the
terminator and separate parameters with commas. With RS-282-C inter-
faces, use a semicolon; line feeds are not recognized as terminators.

A Reminder about BASIC

These programsare written in Microsoft® BASIC. They use techniques
such as FOR... NEXT loops and subroutines to read data and draw the
plots. Rememberto check your computer documentation for the correct
methods of implementing these techniques.

Line Chart
Forthis 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 complete plot and program are shownlater, in the section
titled Program Listing.

Setup and Scaling

For emphasis and readability, you should draw the data curves andtitle
with wide pens. Narrow pensare usually sufficient for axes and labels.
For this line chart, the suggested pen order for the carouselis:

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 you do not have any widepens(P.7), use narrow pens (P.3). You may

purchase widepens from Hewlett-Packard; part numbersarelisted 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 havebeenset during a previous
plot. The IN or DF instruction may be used.IN is used here to be sure all
conditions (such as P1/P2settings) 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 programsinstead,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 (SP 1) andestablish the scaling for this plot. The
parameters of the IP instruction determine the location of the scaling
points, Pl and P2. Thelocationsofthese points were chosen to provide a
convenientarea for the scale, whichis assigned in the scaling statement
SC 1,12,0,150;. 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 thousandsfrom 0 to 150 so thatall sales data will fall inside the
scaled area. Labels andtitles will be placed outside this area.

You will either need to know the range of your data or be willing to go
through sometrial plots with different scales to determine what your

scale statement should be. This chart is scaled from 0 to 150, not 0 to
150000 — the actual rangeof sales dollars. The shorter labels along the
axis are easier to read and prevent the chart from becomingcluttered;
thus, the chart will be easier to interpret. Thousandsormillionsofdollars
are commonscales.

Havingestablished the scale, draw a framefor the data area. Thisis done
by movingto the point 1 ,0 and specifying the diagonally opposite corner
in the EAinstruction.

Thefirst three program lines with HP-GL instructionsare:

20 PRINT #1, "IN;SP1;1P1250, 750,9250,6250;"
30 PRINT #1, "SC1,12,0,150;"
40 PRINT #1, "PU1,0;EA12,150;"

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 instructions. m

The Axes and Their Labels

You are now ready to draw and label the axes. Thelabel size is set by the
absolute size instruction SI.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 commonly drawnusing a loop; this program uses FOR... NEXT
loops. First, draw the X-axis. Let X range from 1 to 12, representing the 12
monthsfor which you havedata. Theloop will do four things: moveto the
integer location on the axis, draw a tick mark,establish the label origin,
and draw thelabel. Note that the X-parameterofthe plot instructionis 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 theticks, labels, and axis.

In orderto use the looping techniques for labeling axes, you must place
the labels in a data statement. (At some point, you 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 somefile and properly label your 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
sendingvariablesin labels.

To 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
slightly so that the label can be easily read. For the X-axistitle (calendar
month), the pen is first moved to the center of the graph below the
X-axis. Then, LO5 centersthe label over this position.

Theloop to draw the axis, and the instructions and data statements to
label andtitle the X-axis are:

50 PRINT #1, "SI.2,.3;TL1.5,0;"
60 FOR X=1 TO 12
70 PRINT #1, "PA" 3X;",0;xT;"
80 READ A$
30 PRINT #1, "LO16;LB" ;A$; +CHR$(3)
100 NEXT X
110 PRINT #1, "PAG.S,-10;LO5;LBCalendar Month" +

CHR$ (3)

380 DATA eye ere eeA yehs

3390 DATA myer," s',"O","N","p"

The Y-axis is created in a similar manner,except the loop’s index is used
for the label value (0-150), and the LO 8 instructionis 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
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drawnlater as eachline of datais plotted. The labels for the legend are
positioned by using LO 16 andPA instructions to center them below the
areas wherethelines will be drawn.

The lines which draw the Y-axis, label it, and draw the legend labels
follow.

120
130
140
150
160

170
180
190
200
210

FOR Y=O0 TO 150 STEP 25
PRINT #1, "PA1,",Y,"YT3"
PRINT #1, "LO8;LB";Y;+CHR$(3)

NEXT ¥
PRINT #1, "PA1,160;LO14;LBSales $"+CHR$(13)+

CHR$(3)+"LO016;"
PRINT #1, "LB( Thousands)" +CHR$(3)
PRINT #1, "PA3.95,160;LBUnited States" +CHR$(3)
PRINT #1, "PAG.25, 160;LBEur ope" +CHR$(3)
PRINT #1, "PAG.55,160;LBSouth Amer ica" +CHR$(3)
PRINT #1, "PA10.85,160;LBJapan” +CHR$(3)

Here’s whatthe chart lookslike so far.

 

 

Sales $
(Thousands) United States Europe South America Japan

150

125 F

100 fF

75 -

50 F

eB F

0 [ L —_L. L i A 1 4 1 1 1

J F M A M J J A S 0 N BD

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 linesto title the chart using a wide pen are:

220
230

 
 

Calendar Month

PRINT #1, "SP2Z;PA6,175;S5I1.4,.6;L04;"
PRINT #1, "LB1985 Sales by Region" +CHR$(3)
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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
drawnbyplot instructions with parameters included when the program
was written. Hence, if the data changes,it will be necessary to change
the plot instructionsin the program.

The first line (the bottom-most line on the graph) is drawn with pen 3
using a dashedline 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.

Thesecondlineis also plotted using plot instructions with fixed param-
eters. The line type used consists of long and short dashes;theline is
drawn with pen 4. After the data points are plotted, the corresponding
line is drawn in the legend.

The program lines which plot the two lower lines and the correspond-
ing legendlinesare:

240 PRINT #1, “SP2;LT3,6;PA1,23;PD2,25,3,18,4,223"
250 PRINT #1, "PDS,23,6,27,7,27,8,25,9,24,10,283"
260 PRINT #1, "PD11,27,12,27;PU?7.8, 165;PD9.3, 1653"
265 PRINT #1, "PU;SP4;LT6,8;PA1,453"
270 PRINT #1, "PD;PAZ,50,3,52,4,53;PDS,52,6,515"
280 PRINT #1, "PD?,55,8,56,9,56,10,58,11,583"
290 PRINT #1, "PD12,60;PU10.1,165;PD11.6,165;"

The third line is plotted 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. Theline 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 sentto the plotter with a valid separator between
them. Computers often send a leading and/ortrailing blank, or allow
for a sign space before numeric variables. The HP 7550 will treat a
blank or a commaas a separator between numeric parameters. Know
your computer before sending variables with plot instructions. As with
the two previously drawnlines,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, andthe instructions to place a

line in the legend are:

300 PRINT #1, "PU;LT;SP5;"
310 FOR X=1 TO 12
320 READ Y
330 PRINT #1, "PAN SX;","3¥3"3PD;"
340 NEXT X
350 PRINT #1, "PUS.5,165;PD7.0, 165;PU;"

     Meets
yMuseum

400 DATA 55,60,63,62,59,54,50,46,47,49,53, 58

The last line is drawn using a subroutine. The subroutineis designed to
read data that have been stored with a third value for pen control. This
third value controls a branch to two different plot instructions, one with

the pen up andthe 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. Thelast line is drawn
with pen 6. The legendline is drawn at the end of the subroutine, com-
pleting the chart.

The program lines to change pens andline type, and the subroutine
itself are listed here.

360 PRINT #1, "SPE;LT4,6;"
370 GOSUB 1000

1000 ” Plotting subroutine through line 1100
1010 READ X,Y,P
1020 IF Pei THEN PRINT #1, “PD SK" "5755"
1030 IF P=O THEN PRINT #1, "PUN 3X3" "573,05"
1040 IF P#3 THEN 10690 ;
1050 DATA 1,98,0,2,100,1,3,102,1,4,105,1,5,107,1°%
1060 DATA 6,110,1,7,125,1,8,112,1,9,115,1
1070 DATA 10,125,1,11,130,1,12,122,1,0,0,3
1080 GOTO 1010
1090 PRINT #1, "LT4,6;PU3.2,165;PD4.7,165;SP0;"
1100 RETURN

Program Listing

A reduced version of the plot is shown next, followed by a complete
listing of the program.Thislisting containsall 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 sendthestrings of
HP-GLinstructions using your language’s output statements and loop-
ing techniques.

PUTTING THE INSTRUCTIONS TO WORK 8-7

a)
mrce
=)
sje}
aa
i"
a
lar!

3
o

-
3
aaet
jo)
=)
Dn

 



WHOMOLSNOLLONYLSNIAHLONILINd8-8

(panuijuosSusywpiso1g)

oePOTIS'ShISIGAL'QWd'ZdSuSbLNIAdO22
CE)$MHD+HEMECATIOGL‘SB‘OlUdn‘b#LNIYdO12

CE)$HHD+v2O)youyYNos_!oSl‘Ss’Bud,‘18LNIad002
CE)$HHd+e@doungg![o9g1‘'SZ°9Hda‘b#LNIYdO61

CEI$HHD+.S2928ISPerluna@TfOgl‘Se*EWd.‘L#LNIadO81
CEI$Y9HD+nCsPuURsSMOYULaA,‘b#LNIAdOdt

wofGbO1ntCO)$HH9
+CEL$MHI+u$SPLRSTTSPLOTIOSLSLuds“14LNIddO93}

ALX3NOSL
CEX$MHOFfALTSOT,SbLNIadOr}

wtbAfutASaSbday“baLNIadOf1
GZd3alSOSIOLO=FAYOROZ

C£)$YHO
+u444OWwepus;RogTGOTOL-‘S'9bdu‘18LNIYdOb}

%LX3NOOL
CE$9HO+'$ul.aai91od,618LNIadO06

$yaya08
wthXfofulxfabledSbLNIadC2

ZLOLb=%¥O309
wiOfGtuaie’’Z2°ISn‘b#AINTYdOS
wFOSL‘'ZELW3'OSINdaSbLNIAdOr
wOSL{OCZL‘LOSSbLNISdOf

#0629‘OSZ6‘OS2‘OSZIdI'tdS‘NIn‘48LNINdO02
BIBYZUBWSIZEYSUOIYBRINGLzsuosyussuy,OL

Cc
62me
>:
or)
a
>®
ave

=
ee&
<

3st
°
3i]

 

U}UOWuePUuAaTeg

 

 

=Get

  FFE

uedepeoluawyyynNosadounsajyeyspayrun(spuesnoul)

$sates

uUoTH3yAqS3TeSGRBT

  



230
240
250
260
265
270
280
290
300
310
320
330
340
350
360
370
380
390
400
910
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100

PRINT #1, "LB1985 Sales by Region" +CHR$(3)
PRINT #1, "SP3;LT3,6;PA1,23;PDZ,25,3,18,4,225"
PRINT #1, "PDS,23,6,27,7,27,8,25,9,24, 10,283"
PRINT #1, "PD11,27,12,27;PU7.8,165;PD9.3, 1653"
PRINT #1, “PU;SP4;LT6,8;PA1,455"
PRINT #1, "PD;PAZ2,50,3,5Z2,4,53;PD5,52,6,51;"
PRINT #1, "PD?,55,8,56,9,56,10,58,11,583"
PRINT #1, "PD12,60;PU10.1,165;PD11.6,165;"
PRINT #1, "PU;LT;SP5;"
FOR X=1 TO 12

READ Y
PRINT #1, "PANSXs","s¥s"sPD3"

NEXT x
PRINT #1, "PUS.5,165;PD7.0,165;PU;"
PRINT #1, "SPE;LT4,6;"
GOSUB 1000
DATA "yi iF" >" mq! | R" uM vs"

DATA wy a" A! Ss? »*o" - N!! » DB"

DATA 55,60,63,62,59,54,50,46,47,49,53,58
END
* Plotting subroutine through line 1100
READ x,Y,P
IF P#1 THEN PRINT #1, "PD"3X;","syjuse
IF P=O THEN PRINT #1, "PU'SXs","sysueu
IF P=3 THEN 1090
DATA 1,98,0,2,100,1,3,102,1,4,105,1,5,107,1
DATA 6,110,1,7,125,1,8,112,1,9,115,1
DATA 10,125,1,11,130,1,12,122,1,0,0,3
GOTO 1010
PRINT #1, "LT4,6;PU3.2, 165;PD4.7,165;SP0;"
RE TURN

Bar Charts and Pie Charts

Filling and Hatching

Two kindsofareafill are commonly used in barandpie charts;solid fill
and hatching.Solidfill totally covers the area with color, whereas hatch-
ing fills the area with evenly spaced parallellines.If there are two sets of
parallel lines at 90-degree angles to each other,thefill is called “cross-
hatching.” To avoid optical illusions that affect one’s perception ofthe size
of a bar or pie segment, it is best to place hatchingor cross-hatching at a
45-degree angle from vertical.

NOTE: For both the bar andpie charts, use the same pen orderin the
carousel that was recommendedfor theline 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 compareparts of
an elementover time. In this case, the sales volumesof three different
regions are compared over a period of three years. 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 paragraphsdescribe the program. The line numbersrefer
to the complete program listing, which is 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 datainto the arrays. Thearrays will be
used later to plot the data. This methodis particularly convenient when
you anticipate having new data at a future date, because you will only
need to changethefirst few lines of the program to plot a new chart.

Scaling 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 thousandsof dollars.

Plotting the Title (Lines 170-200)

The title and axes are drawn with a wide pen for emphasis. Thetitle is
drawnfirst, 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 thatare slightly larger than default size. The Y-axis
is labeled with tickmarks 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 segmentlabel is centered next to the right-
most bar by computing a Y-axis position that is equalto the height of the
prior segment plus one-half the heightof the current segment.

Filling and Edging Each Segment (Lines 440-680)

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
instructionsto define, fill, and edge each stacked rectangular segment.
Wide pensare usedto 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 haveto enter
them; they are included hereto 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 r-

7Yi

 

 
 

 

      
  

Y
South America

Vln
200 F

100 F United States 
1983 1984 1985

10 “Insert configuration statement here
20 ’Place chart and label data in arrays
30 “with lower bounds of 1
40 OPTION BASE 1
50 DIM L$(3),B(3,3)
60 DATA United States,South Amer ica,Europe
70) =DATA 144,177,196,71,101,147,30, 75, 104
8O READ L$(1),L$(Z2),L$(3)
390 FOR Is1 TO 3
100 FOR J=1 TO 3
110 READ BCI,J)
120 NEXT J
130 NEXT I
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140
150
160
170

180
190

200
210
220
230
240
250
260
270
260
290
300
310
320
330
340
350
360
370
380
390

400
410
420
430
440
450
460
470
480
490
500
510
520
530
340
550
S60

“Initialize;set P1 & P2;scale axes
PRINT #1, "IN;1P1000, 1000,3000,6750;"
PRINT #1, "SC1982,1986,0,500;"

“Label title--wide penjlarge letters;draw axes
PRINT #1, "SP2;PA1984.3,550;SI.4,.6;"
PRINT #1, “LO4;LBSales Volume by Region" +CHR$(3)
PRINT #1, "PA1982.3,500;PD1982.3,0,1986.3,0;"
’Select narrow pen;reset character size;
“set tick length;then label X-axis.
PRINT #1, "PU;SP1;SI.2,.3;TL1.5,0;"
FOR X=1983 TO 1985

PRINT #1, "PA" ;%;",0;L016;LB" 5X3 +CHR$(3)
NEXT X

“Add ticks and labels to the Y-axis
FOR Y*O TO S500 STEP 100

PRINT #1, "PA1982.3,";7;";YT;"
PRINT #1, "“LU8;LB"3Y;+CHRE$ (3)

NEXT Y
PRINT #1, “PA1982.3,510;L01;LBSales (K$)" +CHRS$(3)
“Center segment labels using prior height
*plus 1/72 current height.
FOR I=1 TO 3

Y=0
FOR J=1 TO I-1

YeV+BCJ,3)
NEXT J
YeV+BcI,3)72
PRINT #1, "PA1985.4,";7;"5"
PRINT #1, "LO12;LB";L$(1); +CHRE(3)

NEXT I
’Draw and fill using wide pens in 3-5
FOR I*1 TO 3

PRINT #1, "“SP";1+2;"3PT.7;"

Ket
FOR X=1983 TO 1985

Y1#0
Compute Y-axis start point for each segment
FOR J=1 TO 1-1

Y1#¥14BCJ,K)
NEXT J

Compute Y-axis end point for each segment
Y22V1+BCJ,K)
K=K+14

(Program listing continued)
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570 ” Select fill type.
5680 IF I=1 THEN PRINT #1, "FT1;"
590 IF I=#2 THEN PRINT #1, "FT4,.05,45;"
600 IF I*3 THEN PRINT #1, "FT3,.05,45;"
610 ” Move to start point;fill bar segment.
620 PRINT #1, "PA"; X-.3;"," 5715" 5"
630 PRINT #1, "RA" 3X+.3;","3¥25"5"
640 ” Return to start pointjoutline segment.
650 PRINT #1, "PAY SX-.33" "3 715"5"
660 PRINT #1, "ER" 5 X+.35","5 725" 5"
670 NEXT X
680 NEXT I
690 “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 brokeninto less than three nor more than six parts.

The following paragraphs describe the program. The line numbersrefer
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 wasused in the bar chart, the start angle,
mid-point, and stop angle for each segment are placed into arrays. In
addition, the pie segmentlabels 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 areais scaled so that 0,0 is near the center of the page.

Plotting the Title (Lines 200-220)

Thetitle is centered with the LO instruction, the character size is set to
0.4-em 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 segmentis labeled using the data previously read in line 160. For
readability, the labels are drawn with a narrow pen and with a
charactersize that is smaller than the one usedfor thetitle. 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 segmentis offset.

Filling and Edging Each Segment(Lines 410-580)

In this loop, a wide pen and 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 EPinstructions.

Program Listing

The complete pie chart and listing follow. As with the bar chart,
commentlines are indicated by an apostrophe (’). You can delete the
lines, or use REM instead.

Sales Dollar Distribution

R&D

  

 

Administration

Marketing

Manufacturing
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10

30
40
50
60
70
80
90
100
110
120
130
140
150

160
170
180
190
200
210
220

230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
4B0
490
500

‘Insert configuration statement here
“Place chart and label data in arrays

“with lower bounds of 1
OPTION BASE 1
DIM W$(4),P(4,3)
DATA 0,21.5,43,43,80.5,118,118,166.5
DATA 215,215,267, 360
DATA Administration, R&D,Marketing,Manufactur ing
‘Read start, mid-point, and stop angle

“for each segment. Then read labels.
FOR I#1 TO 4

FOR J#1 TO 3
READ P(I,J)

NEXT J
NEXT I
READ W$(1),W$(2) ,WS$(3),W$04)

“Initialize;set Pi & P2;scale axes
PRINT #1, "IN; IP2250,500, 8250, 7100; "
PRINT #1, "SC-10,10,-10,12;"
“Label title using wide pen, large letters.
PRINT #1, "SP2;PA0,12;SI.4,.6;CP-12.34,0;"
PRINT #1, "LBSales Dollar Distribution" +CHR$(3)

‘Label wedges with narrow pen & small letters
PRINT #1, "“SP1;SI.2,.3;"
* Set PI variable to convert radians to degrees
PI=3.141593
FOR I#1 TO 4
” Move to center arc.

R=8
IF I=#2 THEN R=9
X=R¥COSCPCI,2)*(PI4180)3
YeReSINCP(I,2)*(PI7180))
PRINT #1, PRSKsa"

Determine label origin, and draw label.
L=LEN (W$(I))
IF I=1 THEN PRINT #1, "CPO,-.25;"
IF I=*3 THEN PRINT #1, "CP";-L3",-.25;"
IF I=#4 THEN PRINT #1, "CPO,-.5;"
PRINT #1, "LB" ;W$CI)+CHR$(3)

NEXT I
“Draw and fill the wedges using pens 3-6.
FOR I#1 TO 4

PRINT #1, "SP" 51+2;";PT.73;"
x=0
Y=0
IF I=2 THEN *=COSC(P(I,2)* (PI7180))
IF I=2 THEN Y=SIN(PC(I,2)*(PI71B80))
IF I=#1 THEN PRINT #1, "FT1;"
IF I*2 THEN PRINT #1, "FT3,.3,45;"
IF I=#3 THEN PRINT #1, "FT4,.6,45;"
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(Program listing continued)
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510
920
530

349
550

360
570
580
990
600
610

IF I*4 THEN PRINT #1, "FT3,.6,453;"
’ Compute the sweep angle.
S*P(I,3)-P(I,1)

’ Fill and outline the wedge.
PRINT #1, PAMKt

PRINT #1, "WG7.5,";PFCI,13;",";5;"5"

PRINT #1, "PA" SX ;","3Y3"5EP3"
NEXT I
“Put the pen away and unload paper.
PRINT #1, "SPO;NR;"
END
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Notes
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Chapter9

Changingthe Plotting
Area
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What You’ll Learn in This Chapter
In this chapter you will learn how to makevertical plots by rotating
axes, as well as howtorestrict plotting to a specific area of the page by
defining windows. In addition, you will learn techniques such as
proportionally reducing/enlarging your plotting area and creating
mirror images.

HP-GLInstructions Covered

RO The Rotate Coordinate System Instruction
IW The Input Window Instruction
OW The Output Window Instruction
OH The Output Hard-Clip Limits Instruction
OP The 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 mechanicallimits of the plotter.

Soft-Clip Limits — that part of the plotting area defined by the IW
instruction, beyond which no programmedplotting can occur.

Window — that part of the plotting area in which plotting can occur;
nothing can be drawn outside the current window. At power-on, the
windowis set to the hard-clip 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 ROinstruction 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
Manualfor details.)

SYNTAX: RO n term

or
RO term
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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 default orientation of coor-
dinate system

n=90 Rotate coordinate system 90 degrees about the plotter-unit
origin

An ROinstruction without parameters (RO;) is the same as RO0;. When
you issue RO 90;, the plotter’s coordinate system is rotated clockwisefor
A4/A-size paper, and counterclockwise for A3/B-size paper. Thus the
orientation for rotated A4/A-size paper is the sameas for default A3/B-
size paper, and vice versa.

Whenyou use RO 90; to rotate the coordinate system, P1, P2, and the
axis-align point rotate with the coordinate system. However, they
maintain the same X,Y coordinate values as before the rotation. This
meansthatP2 and the axis-align point are located outside ofthe hard-clip
limits. To reset P1, P2, and the axis-align point so that they 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 Pl
was 80 , 320 before rotation, it will become 320 , 80 after rotation).

Eachform ofrotationis 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 whenthe coordinate

system is rotated. Instead, the plotter updates the internal graphics

position (X,Y coordinate location) to reflect the new coordinate system.
You can obtain the coordinates of the new pen position by executing an

OAor 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 plotter 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 90-

degree rotation.
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The following table summarizes the possible error conditions or un-
expected results that you might observe with the ROinstruction.

 

 

Condition Error Plotter Response

no parameters none establishes default orientation

more than 1 parameter 2 executes first parameter

parameterout-of-range 3 ignores instruction

RO 90; when plot none ignores instruction
is already rotated
90 degrees    
 

The Input Window Instruction, [W
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
wantto be sure that your data falls within a specific area. For example,
you might define a windowfor a graph on part of the page, and then
define a new window ontherest of the page for labels. By establishing
windows,you canbe certain that stray lines or labels won’t appear in
the wrong areas.

SYNTAX: JW Xi, Vi, Xo, Yo term

 

 

   

or
IW term

Parameter Format Range Default

X- and integer |—27 to 2%—1 current hard-clip limits

Y-coordinates (depends on papersize)  
 

CHANGINGTHE PLOTTING AREA 9-5



EXPLANATION: Thefour 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.

STANDARD — Thecoordinates are interpreted as plotter units, regard-
less of whether or not scaling is in effect. Therefore, the
windowis always an absolute size and does not change
when P1 and P2 change.

ENHANCED — If scaling is not active at the time the windowis defined,
the coordinatesare interpreted as plotter units. Therefore,
the window is always an absolute size and does not
change when P1 and P2 change.
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If scaling is active at the time the windowis defined,
the coordinates are interpreted as user units. When a
windowis definedin user units, the windowwill compress
or expandin direct proportion to subsequent changes in
the scaling points P1 and P2. Turning 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 madeto plot outside the physical area previously defined
in user units. This is because the plotter now monitors that
same area by internally converting the same boundaries
into plotter units.

A windowcan be anywhereinside,outside, or intersecting the hard-clip
limits. However, all programmed pen motionis restricted to that part of
the window that lies within the hard-clip limits, as shown in theillus-

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 windowisentirely outside the hard-clip limits, no programmed pen
motion can occur. This can happen when:

¢ The IW instruction defines a windowto be outside the hard-clip limits.

@ The current windowis defined in user units, and a subsequent change
in the position of P1 and/or P2 causes the window to movesothatit
nolongerintersects the hard-clip limits.

e A subsequent axesrotation causes the windowtofall outside the hard-
clip limits.
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HARD-CLIP LIMITS

[
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 table summarizes the possible error conditions or un-
expected results that you might observe with the IW instruction.
 

Condition Error Plotter Response
 

no parameters none establishes hard-clip limits
as default window

more than 4 parameters executesfirst 4 parameters

1, 2, or 3 parameters

Xi= Xor Yi= Yo

parameter out-of-range

ignores instruction

ignores instruction

w
o
w
p
w

b
w

if scalingis off, ignores

instruction;if scalingis 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 andlabel
are clipped after the window has been established, but not before. (For
an example of using windowsto enlarge a portion of a plot, refer to
Techniques for Changing the Plotting Area later in this chapter.)

(5500 , 4000)
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THIS IS AN EXAMPLE QF Iv rat

  
 

(2000 , 3200) PEN
PROGRAMMED
TO START HERE

PEN
STOPS PEN
HERENg STARTS
Loo DRAWING

Le HERE
_ _—- KN EXAMPLE GkPEN PEN

RESTARTS” STOPS
HERE HERE

(2000, 700)
PEN PROGRAMMED
TO DRAW LINE (3500 , 1000)
TO THIS POINT

AND START LABEL
WINDOW

ESTABLISHED BY IW

10 “Insert configuratiol
20 PRINT #1, "“IN;SP1;"
30 PRINT #1, "SI.3,.5;PAZ000, 3200;"
40 PRINT #1, "LBTHIS IS AN EXAMPLE OF IW" +CHR$(3)
5O PRINT #1, "IW3500,1000,5500, 4000; "
60 PRINT #1, "PD2000,1700;"
70 PRINT #1, "LBTHIS IS AN EXAMPLE OF IW" +CHRS(3)
80 PRINT #1, "“PU3500,1000;EA5S500,4000;"
90 PRINT #1, "SPO;"
100 END

Program Explanation

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

20 initializes the plotter; selects pen 1

9-8 CHANGING THE PLOTTING AREA



30 sets the character size; moves to the starting position for the first
label

40 drawsthe label

50 specifies a window 2000 plotter units wide and 3000 plotter units
high

60 drawsa line from the endof thefirst label to the beginningof the
next label (pen only physically draws within the window)

70 draws the second label (pen only physically draws within the
window)
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80 moves to the lower-left corner of the window;outlines the window

90 returnsthe pen to the carousel

The Output Window Instruction, OW
USES: TheOW instruction outputs the X,Y coordinatesofthe lower-left
and upper-right corners of the current window in which plotting can
occur. Use this instruction when youneed to know thesize of the current
window.Thisis particularly helpful when the window defined by the IW
instruction mightbe larger than the hard-clip limits, so that the current
windowis actually limited to the intersection of the hard-clip limits and
the window defined by IW.

SYNTAX: OW term

RESPONSE: Xi, Yit, Xur, Yur [TERM]

EXPLANATION: After an OW instruction is received, the plotter
outputs four integers in ASCII, which represent the X,Y coordinates ofthe
lower-left (LL) and upper-right (UR) cornersofthe current window.If the
STANDARD 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 windowis definedas thatportion ofthe
windowthat intersects with the hard-clip limits (refer to the illustration

shownunderThe InputWindow Instruction, IW, presented previously).If
no window hasbeen defined with the IW instruction,the plotter outputs
the current hard-clip limits.

After you send the OWinstruction, your program should readthe plotter’s
output response. Refer to Hints for Obtaining Plotter Output Responses in
Chapter 13.

The table on the following page summarizesthe possible error conditions
or unexpected results that you might observe with the OW instruction.
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§ Condition Error Plotter Response
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The Output Hard-Clip Limits
Instruction, OH

USES: The OHinstruction outputs the X,Y 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, Yi, Xour, Yur [TERM]

EXPLANATION: After an OH 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 hard-clip
limits. The coordinates are always output in plotter units. Leading

zeroes are suppressed,

The hard-clip limits determine the maximum physical plotting area,
and areinitially established when the plotter senses the paper edges
while loading paper. Any subsequent IW instruction can further limit
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 slightly 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, 10 870 instead
of 10 870 , 7600).
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Hard-Clip Limits Q
Paper (Default Axis Orientation) 5
Size Xi Yur Xur Your &

AA 0 0 10870 7600 a
A3 0 0 15970 10870 a

A 0 0 10170 7840 >

B 0 0 16 450 10170 4
jab}

 

After you send the OHinstruction, your program shouldreadtheplotter’s
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 OH instruction.

 

 

    

Condition Error Plotter Response

no parameters none outputs current hard-clip limits

1 or more parameters 2 outputs current hard-clip limits
 

The Output Pl and P2 Instruction, OP
USES: The OP instruction outputs the X,Y 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 P1 and P2 when they have been
set manually from the front panel, or in conjunction with the IW
instruction to set the window to P1 and P2.

SYNTAX: OP term

RESPONSE: Pix, Ply, P2x,P2y [TERM]

EXPLANATION: After an OP instruction is received, the plotter
outputs four integers in ASCII, which represent the X,Y coordinates of
P1 and P2 in plotter units. The possible range is —2 to 23—1. Upon
completion of output, bit position 1 of the status word is cleared (refer to
The Output Status Instruction, OS, in Chapter 13).

After you send the OPinstruction, your program should readthe plotter’s
output response.Refer to Hints for Obtaining Plotter Output Responses in
Chapter 13.

Thetable on the next page summarizesthe possible error conditions or
unexpected results that you might observe with the OP instruction.
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Condition Error Plotter Response
 

no parameters none outputs current

P1 and P2 coordinates

1 or more parameters 2 outputs 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 howto 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 techniques, such as placing more than one
equal-sized plot on a page, enlarging/reducing plots, using windowsto
magnify portions of plots, and creating mirror images.
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Preparing Equal-Sized Plots on One Page

The easiest way to prepare equal-sized plots on one page is to take
advantageof the fact that P2 follows Pl 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 framefor 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 drawsa 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 dimensionsasthefirst P1/P2 frame.
Finally, a rectangle is again drawn around the P1/P2 boundaries,

using the samescaling asfor the first P1/P2 frame.

10 “Insert configuration statement here
20 PRINT #1, “IN; IPO, 200, 4950, 7840;"
30 PRINT #1, "SCO,10,0,15;"
40 PRINT #1, "SP1;PA0,0;EA10,15;"
SO PRINT #1, "IP5220,200;"
60 PRINT #1, "PRO,0O;EA10,15;"
70 PRINT #1, "SPO;"
8O END
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ORIGINAL P1 NEW P14
(0 , 0) USER UNITS (0 , 0) USER UNITS

"IP Q,200,4950, 7840;" "ITP 5220,200;"

NOTE: These P1/P2 frames are not windowsor graphics limits. When
drawing the plots for each half of the page, the pen can actually move
anywhere within the hard-clip limits. 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
newplotter-unit coordinatesfor the plot on the second half of the page. m

Reducing/Enlarging Plots

The basic technique for changingthesize of a plot is to assign a scale
to P1 and P2, and then to move P1 and P2 to a smalleror larger portion
of the page. As long as scaling is active, the changes in Pl and P2
produce the effect of reducing or enlargingthe plot. This is particularly
useful when you wantto be able to draw your plot on anysize 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 drawsa circle centered in the
P1/P2 frame. Next, it specifies a new, smaller P1/P2 frame. Without
changing the scaling, it redraws the samecircle, again centered. This
time the circle is much smaller. To enlarge the circle, specify a new

P1/P2 framethatis larger.
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10 ’Insert configuration statement here

 

, 20 PRINT #1, “INj;IP2000, 2000, 4000, 4000;"
e 30 PRINT #1, "SCO,10,0,10;"
ms 40 PRINT #1, "SP1;PA5,53;CI3;"
s 5O0 PRINT #1, “IP500,500, 1500, 1500;"
Ay 60 PRINT #1, "PAS,5;CI3;"
Fe 70 PRINT #1, "SPO;"
- 80 END
tn
=
Bp ORIGINAL P2
= (4000 , 4000 PLOTTER UNITS)
a Cc TTT TT TTT | (10 , 10 USER UNITS)

| |

| |
| |

| |
| |
| |

| |
LoL_
ORIGINALP1
(2000 , 2000 PLOTTER UNITS)
(0,0 USER UNITS)

r- — — ——7 NEWr2
| (1500 , 1500 PLOTTER UNITS)

: (10 , 10 USER UNITS)

| |

| |
re
NEW P1
(500 , 500 PLOTTER UNITS)
(0, OUSER UNITS)

Using Windows WhenScaling Is On to Reduce/Enlarge
Portionsof 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 function 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 STANDARD function key were on, the plotter would interpret
coordinates only as plotter units, and changes in Pl 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 andplots the function sine 7 from
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—4 7 to 4 m (a 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
drawnin user units that are within the P1/P2 frame established by
lines 20 and30.

2. Second, a new P1/P2 frameis specified in the upper-right corner of
the page (line 50). This P1/P2 frame is the samesize as the first
frame; however, a smaller window is defined in the center of this
area (line 60). Now whenthe subroutineplots the sine function, only
that part that lies within the window is plotted. Notice that this
portion is the samescale asthefirst plot.

3. Finally, a larger P1/P2 frameis specified for the bottom center of
the page; however, the windowis 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.

NOTE: The scaling is always the same; P1 always has the value 0,0
user units and P2 always has the value 6500 , 6500 user units.

10 “Insert configuration statement here
20 PRINT #1, "IN; SP1;1P1000,5300, 3500, ?800;"
30 PRINT #1, "SCO,6500,0,6500;"
40 GOQSUB 120
SO PRINT #1, "IP3500,5300;"

60 PRINT #1, "IW1425,1625,5075,4875;"
70 GOSUB 120
BO PRINT #1, “IP1100,800,6100,5800;"
90 GOSUB 120
100 PRINT #1, "SPO;"
110 GOTO 300

120 ” Plotting subroutine starts here.
130 PRINT #1, "PASO, 3250; PD; xT;"
140 FOR XINTERVAL =1 TO 16
150 PRINT #1, "PR400,0;XT;"
160 NEXT XINTERVAL
170 PRINT #1, “PU;PA3250,50;PD;YT;"
180 FOR YINTERVAL#=1 TO 20
190 PRINT #1, "PRO,320;YT;"
200 NEXT YINTERVAL
210 PRINT #1, "PU;"
220 PI#3.141593
230 FOR X=-4xPI TO 4¥PI+.1 STEP PI720
240 XCOORD=6400/725.13*X+3250
250 YCOORD=3200*SIN(X)+3250
260 PRINT #1, "PA" ;XCOORD;",";YCOORD;";PD;"
270 NEXT X
280 PRINT #1, "PUGS0O0,6500;"
2930 RETURN
300 END
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1ST P2 2ND P2

e |
3RD P2

1ST P1 Original Call 2ND P1 Call with Window
(Lines 30-50) (Lines 60-80) “a

3RD P1 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 P1is in
the lower-left corner and P2 is in the upper-right corner of the P1/P2
frame. However,it is possible to changetherelationships 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 Chapter7.

Mirror images from plotting instructions are easier to illustrate. The
following program usesa subroutineto be sure that the exact sameplot
(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 beenplotted. (The original “normal”plot is shown in
each plot so that you can better see the orientation of the mirror image.)
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NOTE: Thescaling 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;1P1000, 3600, 3000,5600;"'
30 PRINT #1, "SC-15,15,-10,10;"
40 GOSUB 130
5O PRINT #1, “IP5200,3600,3200,5600;"
60 GOSUB 130
7O PRINT #1, "IP1000, 3000, 3000, 1000; "
BO GOSUB 130

390 PRINT #1, "IPSZ00, 3000, 3200, 1000;"
100 GOSUB 130
110 PRINT #1, "“SPO;"
120 GOTO 170
130 PRINT #1, "PU-15,-10;EA15,10;"
140 PRINT #1, "PA1,23PD1,4,3,4,3,7,2,7,4,9,6,7,5,73"
150 PRINT #1, "PDS,4,12,4,12,5,14,3,12,1,12,2,1,2;PU;"
160 RETURN
170 END
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Normal Reversed
(Lines 20-40) (Lines 50-60)

P1 (1000 , 3000) P1 (5200 , 3000)
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it " | ' _ 4
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—o 6
P2 (3000 , 1000) P2 (3200 , 1000)

Upside Down Upside Down and Reversed
(Lines 70-80) (Lines 90-100)
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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 manyofthe plotter’s front-
panel functions using HP-GL instructions in your programs. For ex-
ample, you can change the pen force, acceleration, and velocity. 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 func-
tion keys to print messageson the front-panel display.
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HP-GL Instructions Covered

AP The Automatic Pen OperationsInstruction
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 CountInstruction
OG The Output Group Count Instruction

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

(measuredin g’s, which are a measureof meters per second per second).
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Velocity (Speed) — the rate at which the pen moves (measuredin centi-
metres per second).

Poll — 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 two-way com-
munication between an operator and a device such as theplotter 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 a method for you to design inter-
active programsfor the plotter.

Keyboard Mode — a modeestablished by the write to display instruc-
tion, WD. When theplotter is in keyboard mode, the front-panel display
andthe 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 oneof the
keys has been pressed.

Spooling — a technique by which data destined for the plotter is placed

in a queue on a massstorage device to await transmission. The group

count instructions, GC and OG,aid in allowing data to be spooled to
the plotter.
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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 hasbeenin the pen holder without drawing for an allotted time.
Usethis instruction to turn off automatic pen operations when you are
using the digitizing sight, or to reestablish pen operations when you
resumeplotting.

SYNTAX: AP n term

or
AP term
 

Parameter Format Range Default
 

     n integer Q-15 7
 

EXPLANATION: The parameter n is the decimal equivalent of a
16-bit binary integer, the four least significant bits of which are used to
form the pen control word and to turn on or off the automatic pen
operations.

10-2. FRONT-PANEL FUNCTIONS



The four bits and their associated pen operations are listed in the
following table. Also included are the decimal equivalent values for
each bit. Following the table is a description of how to turn each pen
operation on (logic state 1) or off (logic state 0).

 

 

 

 

Bit Decimal Logic . .
No. Value State Automatic Pen Operation

0 1 1 Lift the pen if it has been down
without motion for the allotted

time.*

0 0 Do notlift the pen until com-

manded by PU instruction or =

front panel. 3
5

1 2 1 Put the pen awayif it has been ca
without motion for the allotted a)

time.* If unable to put the pen cs
away,lift the pen (if down). a

Fo
0 0 Do not put the pen away until 4

commanded by SPinstruction es
or front panel. F

2 4 1 Do not retrieve a pen selected

by the SPinstruction until the

new pen is required to draw.

0 0 Retrieve a pen immediately

whenselected by the SP

instruction.

3 8 1 Mergeall pen up moves.

0 0 Do not merge all pen up moves.    
 

*The “allotted time”for lack of pen motion depends on which carousel is installed in the
plotter. If there is no carousel installed in the plotter, or if the carousel is for paper
fiber-tip pens or roller-ball pens, the allotted time is 65 seconds. If the carousel is for
transparencyfiber-tip pens or drafting pens,the allotted time is 15 seconds.

To turn on specific pen operations, add the decimal values for the opera-
tions that you wish to turn on. If any decimal values are not included

in the sum, the associated operations are turned off. For example,

AP 15; turns on all pen operations (1+ 2+4+8= 15). Alternatively,
AP 4; turns on only the pen retrieval operation, while turning off all
other operations.

An AP instruction without parameters (AP;) is equivalent to AP7;.
Both instructions turn on thefirst three bits; these are the default
values. A parameter of 0 (AP0Q;) turns off all pen operations. An AP
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instruction remainsin effect until a new AP instruction is executed, or
the plotter is initialized or set to default conditions.

NOTE: Any pen select operation invoked from the front panel will be
executed immediately, regardless of the state of bit 2. 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 operationswill function
until the pen is detected. m

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

 

 

    
 

n Condition Error Plotter Response

g .
a) no parameters none turns on thefirst 3 bits
ar)
s
= more than 1 parameter 2 executes first parameter

- parameter does not represent 3 ignores instruction

Sg a valid sum of decimal values
oI
at parameter out-of-range 3 ignores instruction
aren)
c
S)
a
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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 integer 1-8 all pens 
 

EXPLANATION: Thefollowing paragraphs describe details of each

parameter.

1. Pen Force. The pen force parameter is an integer that represents
specific forces in grams,as follows.

1= 15 grams 5— 45 grams

2= 24 grams 6= 51 grams

3= 30 grams 7—57 grams

4= 36 grams 8= 66 grams
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2. Pen Number. The pen number parameter represents the pen that
will be assigned the specified pen force. If no pen numberis given,
the force will be assignedto all pens in the carousel.

An FSinstruction without parameters (FS;) establishes the default
force value for the carousel that is currently installed in the plotter, as

 

 

    
 

 

 

 

follows.

Pen Force Pen Force

Carousel Type Parameter in Grams

Drafting pen 1 15

Paper and transparency 2 24

fiber-tip pens c?)
S

Roller-ball pen 6 51 <4

ry
The FS instruction remainsin effect until a new FS instruction is ex- J
ecuted, a new force is selected from the front panel, or the plotter is Hs
initialized. Also, if a new carousel with a different default force is in- =
stalled, all pens default to the new force. 5

a

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

Condition Error Plotter Response

no parameters none establishes default force 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 ASinstruction establishes the acceleration at which the
pen moves. The default 6-g acceleration is suitable for all recommended
pen and media combinations. Slowing down the acceleration could
improve line quality if you are using media that are heavier than
recommended.

SYNTAX: AS pen acceleration (, pen number) term
or

AS term
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Parameter Format Range Default
 

pen acceleration integer 1-6 6

pen number integer 1-8 all pens     
 

EXPLANATION: Thefollowing paragraphsdescribe details of each
parameter.

1. Pen Acceleration. The pen acceleration parameteris 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 numberis
given, the acceleration will be assignedto all pens in the carousel.

An ASinstruction without parameters (AS ;) establishes the default accel-
eration valueof6 g’s for all carousels. TheAS instruction remainsin effect
until a new ASinstructionis executedor theplotteris initialized. Also, ifa
new carouselis 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 ASinstruction.

 

n
fe
a}
o<)
oO
=
5
oy

oO
a
is}

Pa
aes)

gq
fo)
al
ay Condition Error Plotter Response

 

 

no parameters none establishes 6 g’s acceleration
for all pens

pen acceleration > 6 none establishes 6 g’s acceleration

more than 2 parameters 2 executesfirst 2 parameters

any parameter < 0 3 ignores instruction
or pen number > 8    
 
 

The Velocity Select Instruction, VS
USES: The VSinstruction establishes the speed (velocity) at which
the pen moves. Usethis instruction to set individual speeds for pens
when mixing more than onetype 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.

SYNTAX: VS penspeed(,pen number) term
or

VS term
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Parameter Format Range Default
 

pen speed integer 1-80 dependson carousel type

    pen number integer 1-8 all pens 
 

EXPLANATION: Thefollowing paragraphsdescribe 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 z
will be assigned the specified pen speed. If no pen numberis given, =
the speed will be assignedto all pensin the carousel. as

A VSinstruction without parameters (VS;) establishes the default speed =|

value for the carousel that is currently installed in the plotter, as follows. 7
es)

Pen Speed -en Spee 2
Carousel Type (cm/s) S

|
Transparencyfiber-tip pen 10 w

Drafting pen 15

Paperfiber-tip pen 50

Roller-ball pen 60     
The VSinstruction remainsin effect until a new VSinstruction is ex-
ecuted, a new speed is selected from the front panel, or the plotter is
initialized. Also, if a new carousel with a different default speed is in-
stalled, all pens default to the new speed.

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

 

 

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 executesfirst 2 parameters

any parameter < 0 3 ignores instruction     or pen number > 8
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The Curved Line Generator
Instruction, CV

USES: The CV instruction 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.

 

 

   

a SYNTAX: CV n(,inputdelay) term

aS} or
8 CV term
3
as Parameter Format Range Default
o

F n integer Oor 1 0

= input delay integer —22 to 23—1 100 ms
8 milliseconds
Fy

   

 

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=O Turns off the curved line generator.
n=1 Turnsonthe curvedline generator.

2. Input Delay. The input delay is the amountof 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
when thefirst parameter is 0 (i.e., when the curved line generator
has been turned off).

The input delay should be large enough to accommodate 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 numberoffactors, such as the time required for the controller to
evaluate and send data to the plotter, and the time required for the
plotter to evaluate data. If necessary, increase the input delay.

If you specify a negative input delay, the plotter sets the delay to 0
milliseconds.
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Whenthecurvedline generatoris in effect, the plotter gathers vectors

in the vector buffer until one of the following conditions is met:

e A pen up or pen down instruction, PU or PD,is received.

® The vector buffer becomesfull.

e A vector has not been received in the amountof time established by
the input delay.

e An output actual position and pen statusinstruction, OA,is received.

When one of the preceding conditions is met, the vectors that are
currently in the vector buffer are released to 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 plot 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 is enough for four vectors
whenthe curved line generator is on. (Each vector requires 10 bytes of
buffer space.) To optimize the performance of the curvedline generator,
estimate the largest number of vectors that a curveis 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 MemoryInstruction, 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
vector buffer can cause unusually long delays before the plotter re-
sponds after you have pressed a front-panel function key (such asP1, 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 table on the next page summarizesthe possible error conditions or
unexpected results that you might observe with the CV instruction.
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Condition Error Plotter Response

no parameters none turnsoff curvedline generator

more than 2 parameters 2 executesfirst 2 parameters

parameter out-of-range 3 ignores instruction     
 

The Page Feed Instruction, PG
(or AF or AH)

USES: The PGinstruction unloads the current paper and then auto-
matically loads a new sheet of paper. Use this instruction to cause

 

 

 

N

S paper to feed automatically for unattended plotting.

3 SYNTAX: PG n term
3 or

aa PG term
s or
esai AF term

od or

5 AH term

ew

Parameter Format Range Default

n integer —22 to 2-1 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 whentheplotter is in automatic feed mode.

2. PG;. A PG instruction without parameters causes a new page to
load only if the current page has been plotted on.

3. AF; or AH;. An AF or AHinstruction without parameters causes a

new page to load only if the current page has been plotted on. The
AF and AHinstructions are included for compatibility with other
HPplotters.

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
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PG (or AF or AH) instruction that you use, if these conditions are met,
the current page unloadsto the rear and the new pageis loaded from
the media loading tray.

If no paper is loaded whentheplotter receives the page feed instruction,
it ignores the instruction andenters the not-readystate. If the plotter is
in manual feed mode when it receives a page feed instruction, it
unloads any papercurrently 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 theplotter receives a page feed
instruction, the message PAPER LOAD FAILED appears on the front-panel
display and the plotter enters the not-ready state. Simply 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 JE
whethertheplotter has entered the not-readystate. AY

The following table summarizes the possible error conditions or un- es
expected results that you might observe with the PG (or AF or AH) fis
instruction. 5

a
Condition Error Plotter Response S

io)

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 automatic 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 LOADFAILED,
unloads paper, and enters
not-ready state

no papercurrently loaded none ignores instruction and
enters not-ready state     
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The Not-Ready Instruction, NR
USES: The NRinstruction unloads paper and places the plotter in

the not-ready state. Use this instruction at the end of your plotting
program to ensure that the next program does not start to draw over
yourplot.

SYNTAX: NR term

EXPLANATION: Executing NR; is the sameas 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 asfollows: in
manual feed mode, the medium is moved toward the front of the plotter
before being unloaded; in automatic feed mode, the mediumisejected to
the rear of the plotter while being unloaded. Theplotter then enters the
not-ready state. If no plotting mediumis loaded, the plotter is already
in the not-readystate.

To exit the not-ready state and allow subsequent plotting, load a sheet
of plotting medium in theplotter.

The following table summarizes the possible error conditions or un-
expected results that you might observe with the NRinstruction.
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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 memoryto 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
subtract this total number from 12800, and allocate the remainderto
the replot buffer. This ensures that the maximum possible memoryis
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 BFinstruction remainsin effect until an RP instruction is executed,
the replot buffer overflows, or the plotter is initialized. If the replot
buffer overflows before an RP instructionis received, the plotter finishes

 

 

replot buffer while drawing them

drawingthe plot, but empties the replot buffer and exits the buffer plot Tay

mode. S
5

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

©

Condition Error Plotter Response a

no parameters none stores plotting instructions in 8

5
nm

 

    
1 or more parameters 2 stores plotting instructionsin

replot buffer while drawing them

replot buffer overflow 7 clears the replot buffer and exits
buffer plot mode, but completes
the first plot
 

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. Usethis instruction after the Buffer Plot Instruction, BF,to
draw multiple plots automatically.

SYNTAX: RP n term

 

Parameter Format Range Default
 

     n integer 1-99 1
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EXPLANATION: The RPinstruction causes the currently buffered
plot to be redrawn the numberoftimesspecified by the parametern.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 whetherthe plotter is
in manual or automatic feed mode, as follows.

e Manual feed mode — At the end of the plot, the plotter unloads the
paperto the front. To obtain anotherplot, you must load a new sheet
of paper and execute a new RPinstruction or press REPLOT and START
on the front panel. For large quantities, it is more efficient to be sure
the plotter is in automatic feed mode.

e 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
manyplots have been completed and how manyplots were requested.

If the media loading tray is empty, the plotter enters the not-ready
state. To obtain more plots, you must place more paperin the tray and
execute a new RP instruction or press REPLOT and START on thefront
panel. You can use the ESC. 0 instruction in your program to sense
whenthe plotter runs out of paper.
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expected results that you 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 not-readystate

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 changepensat 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 plotter has several instructions that allow you
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flexibility in designing interactive messages for your programs. The
instructions are listed next, and are presented in moredetail following

this section.

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

There are primarily two methods that you might use when designing
interactive programs.Oneis 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 WDinstruction to send the messageto the display,
then use the OK instruction to poll the plotter for a pressed key. This
methodis illustrated later, under the description of the OK instruction.

Theother method involves sending a messageto the front-panel display
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
center of the front-panel 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 modeis 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 WDinstruction 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 modeif he has. This methodis illustrated

later, under the description of the KY instruction.
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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
CHR$ to specify the decimal code of a character. Only characters with
decimal codesof32 to 95 can be displayed; these include many keyboard
symbols, numerals, and uppercaseletters. (Refer to Appendix A for ASCII
character codes.)
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NOTE: The WDinstruction 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.

Whena 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, you can set up your program to poll
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for a key being pressed before continuing. Refer to The Output Key
Instruction, OK, for an example.

Alternatively, 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 error occurs while the plotter is in keyboard 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 OEinstruction.

To temporarily exitkeyboard 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 WDinstruction
without characters.

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

 

 

Condition Error Plotter Response

no characters none disables keyboard mode;
front panel operates normally

more than 32 characters none displaysfirst 32 characters

invalid character none if decimal code 0-31, ignores

the character; if decimal code
96-126, subtracts 32 and dis-

plays that character (e.g., A
for a)

error message on display none displayserror until function
whenplotter receives key is pressed or OE clears the
WDinstruction error; then displays WD

message

error occurs while in none temporarily disables keyboard
keyboard mode modeuntil function key is

pressed or OF clearsthe error;
then returns to keyboard mode   
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The Define Key Instruction, KY
USES: TheKY instruction assigns a predefined function to one of the

front-panel function keys. Use this instruction in conjunction with the
WDinstruction when designing interactive programs.

SYNTAX: KY key(, function) term

 

 

or
KY term

Parameter Format Range Default

key integer 1-4 none

function integer Q-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 as
showninthe followingillustration.
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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 manneras
it does when in normal operating mode. For example, if you specify
the “pen up” function for key 4 (KY4,2;), then the plotter will lift
the pen each time key 4 is pressed, just as it does when youpress the
normal PEN-UP key.

0 cancel key 7 rotate

1 view 8 force
2 penup 9 align
3 pen down 10 reset
4 Pl 11 clear
5 P2 12 escape

6 speed
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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;).
Whenyou cancel a key,it returns to an undefined state.

The KYinstruction only redefines one key at a time. To redefine all four
keys, you must sendthe KYinstruction 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 KYinstruction 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 WDinstruction, 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 KYinstruction, the OK
instruction 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.

The KY instruction remains in effect until another KY instruction
redefines or cancels the same function key, or the plotter is initialized.
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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
correspondingto 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 KY Instruction

Thefollowing 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 suchasthis into
a larger plotting program.

   Computer
:Museum
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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. Key4 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 line 50, the OG instruction provides two pieces of
information: the group count number(C), and a numberthat indicates
whether the escape function has been activated (E). The group count
numberis mostuseful in spooling applications (typically in an RS-232-C
configuration), so it is ignored in this program. However, the “escape
function” numberis checked in this program.If it is —1 (E = —1), the
escape function has been activated, so the program doesthefollowing:
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 in Chapter 14.)

Note that the CHR$ function is used to send the ASCII character ESC to
the plotter as part of the ESC.U instruction. Also, the INPUT #1 state-
mentis used to read the plotter’s ouput response(refer to Chapter 13 for
information on reading plotter output.)
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10 “Insert configuration statement here
20 PRINT #1, "IN; KY1,4;KYZ2,5;KY3,12;5"
30 PRINT #1, "WD Pt P2 ESC" +CHR$ (3)
40 PRINT #1, "QG;"
50 INPUT #1, C,E
60 IF E#-1 THEN PRINT #1, CHR$(27)+" .U;KY;WD PR

OGRAM TERMINATED" +CHR$ (3)

ELSE GOTO 40
70 END

Nowload 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 you want to stop the program, press key 3, which
causes an escape.
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The Output Key Instruction, OK
USES: The OKinstruction outputs a number that indicates whether
one of the front-panel function keys has been pressed. Usethis instruc-
tion in conjunction with the WD instruction when designinginteractive

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 numberindicates 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.)

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 pressedw
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Whena function keyis pressed, bit 9 in the extended status wordis set
and the corresponding key numberis saved by theplotter. The plotter
does not sense any subsequent keys being pressed, since the bit has
already been set. Therefore, when the plotter 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
OK instruction cannot detect when that key has been pressed. If you
redefine the function keys, you can instead use the ESC ..O instruction
to detect when a key has been pressed. However, ESC .O does not deter-
mine which key has been pressed.

 

After you send the OKinstruction, your program should readthe plotter’s
output response. Refer to Hints for Obtaining Plotter Output Responses in
Chapter 13.

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

no parameters none outputs function key
information

plotter not in keyboard mode none outputs a 0 (zero)
(WDinstruction 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 WDInstructions

The following program is a simple example that shows one way you
can use the WD and OK instructions together in an interactive pro-
gram. Typically, you would follow line 80 with instructions 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 nothingwill be drawn on the paper.
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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 hasperformed 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 hasbeen pressed (the plotter
outputs a number between 1 and 4 inclusively), the program could
continue with its plot. To show when this occurs, this program displays
the phrase “PENS ARE LOADED”andhalts. The extra blank spaces
are included in this message (line 80) in order to erase the characters
from the previous message.

10 “Insert configuration statement here
20 PRINT #1, “IN;"
30 PRINT #1, "WD LOAD PENS AND PRESS KEY" +CHR$(3)
40 PRINT #1, "OK;"
SO INPUT #1, K
60 IF K<1 THEN 40

70 IF K>4 THEN 40
BO PRINT #1, “WDPENS ARE LOADED "+CHR$ (3)
90 END
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The Group Count Instruction, GC
USES: The GCinstruction assigns a number known as the “group
count,” which is the numberthat will be output by the OGinstruction.
The group count is an arbitrary number that you assign at the begin-
ning of a data block in spooling applications(typically in an RS-232-C
configuration with a mainframe computer). Use this instruction in
conjunction with the OGinstruction to monitor the successful transfer

 

 

of data blocks.

SYNTAX: GC count number term
or

GC term

Parameter Format Range Default

count number integer —2to 277-1] 0       
EXPLANATION: A GCinstruction without parameters (GC;) sets a
default group count of 0. Any other parameter sets the group count to
the specified number.

The GC instruction remains in effect until another GC instruction is

executed, or the plotter is initialized.
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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
 

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 commaand followed by the
output terminator. The meaningsof the integers follow.
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1. Count Number. The count number is the number defined in the

mostrecent GCinstruction (or 0 if the plotter has been initialized or
if there has not been a GCinstruction).

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 funtion has not been activated since the last OG
instruction (or since the plotter wasinitialized).

—1 Theescape 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
OGinstruction causes the plotter to enter flush mode. In flush mode,
the I/O 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-GLinstructions again. The end flush modeinstruction, ESC. VU,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.
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After you send the OG instruction, your program should read the
plotter’s output response. Refer to Hints for Obtaining Plotter Output
Responses in Chapter 183.

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

 

 

Condition Error Plotter Response

no parameters none outputs group count

information

1 or more parameters 2 outputs 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
haveselected 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 character selection modes; there are two
HP modesandtwo ISO* modes.Usually you can use the default HP mode.
However,if you label in many international languages, you might find
that one ofthe ISO modesis mostflexible. Finally, you will learn how to
design your own character, or even your own complete characterset.

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

DS 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
DL 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.

Designate — to establish one of the plotter’s character sets as a set that
can beselected later for use in a labeling instruction.

Select (Invoke) — to chooseoneof 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 accessedlater.

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 spacingis interpreted in both fonts,
refer to Adjusting Character Size, Spacing, and Position in Chapter7.

Fixed-space font ©— Characters all occupy an equal horizontal space,
andeach character is always drawn usinga fixed
numberof vectors.

Variable-space font — Characters each occupy a proportional horizontal
space determined by the character’s width. Also,
the characters have a contour smoothnessthatis
programmable (with the CC instruction).

Although the sameset is available in two fonts, technically each font
must be specified as a separate set. Thus, ANSI ASCII is set 0 for the

fixed-space font, and set 10 for the variable-space font. In the following
table, each of the first two columns represents a font. The character
sets on the sameline (such as 0 and 10, or 8 and 18) have the same
characters for each decimal code.
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Character Set
Number ISO

Character Set Name Registration
Fixed- Variable- Number

space space

0 10 ANSI ASCII 006

1 11 HP 9825 HPL Character Set —

2 12 French/German —

3 13 Scandinavian —

4 14 Spanish/Latin American —_

5 15 Special Symbols _—

6 16 JIS ASCII 014

7 17 Roman Extensions —

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

34 44 ISO French 025

35 45 ISO British 004

36 46 ISO Italian 015

37 47 ISO Spanish 017

38 48 ISO Portuguese 016

39 49 ISO Norwegian, Version 2 061

—l — Downloadable — 
 

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 Germansets 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. Comparealso 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

1 "#$%8"° () ¥+, —./0123456789: ; <=>?@

ABCDEFGHIJKLMNOPGRSTUVWXYZ [\] *

abcdefghijklimnoparstuvwxyz {| }~

CHARACTER SET 10

"#$% &'0¥+,-./01 234567 89:;<=>7@

ABCDEFGHIJKLMNOPQRSTUVWXYZIAT__
abcdefghijkimnoparstuvwxyz{I}~

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 CAinstruc-
tions, respectively. You can then label with both character sets either

by selecting the desired set with the SS and SA instructions, or by
using a technique called shift-in/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, SS,
andSAinstructions, which follow that section. When default conditions
are established, the plotter automatically sets 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 &-bit,

ISO 7-bit, and ISO 8-bit. 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 Modeslater in this

chapter.
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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, SS, or SA instruc-
tions before labeling. However, if you intend to use a differentset (e.g.,

the variable-space ANSI ASCIDor additional sets, you will find that
these instructions are very useful. This section describes 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 andto the CM, DS, and IV
instructions later in this chapter.

Selecting Sets with the SS and SAInstructions

The principles for labeling with different character sets are very simple.
Just rememberthat the designate character set instructions, CS and CA,
tell the plotter which of the character sets will be wanted for plotting,
whereastheselect character set instructions, SS and SA,tell the plotter
whichof the two designated sets to use for subsequent labeling. Follow
these steps for designating and selecting charactersets.

1. Designate the standard and alternate character sets that you intend
to use by executing the CS and CAinstructions.

Wheninitialized or set to default conditions, the plotter assigns both
the standard and alternate sets to be set 0. Therefore, you only need
to execute a CS or CAinstruction if you want to designate a char-
acter set other than set 0.

2. Select either the designated standardset or the designated alternate
set as the set to be used for subsequent labeling by executing an SS
or SAinstruction.

Wheninitialized or set to default conditions, the plotter assumes you
are labeling with the standardset. Therefore, if you want to begin by
labeling with the standard set, you do not need to execute an SS
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 instruction, and subsequent labeling will
automatically be drawn in the newset (you don’t have to select the
set again with the SS instruction). Similarly, while the alternate set
is selected, you can changethe 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

instruction).
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To label characters in any character set, you can either use a computer
language-dependent function such as CHR$ to enter the equivalent
decimal code, or you canenter the ANSI ASCII equivalent character from
your keyboard. For example, to causethe plotter to label the character “4”
in set 7, you can either use “x” (the ASCII equivalent character) from the

keyboard, or CHR$(120) (the equivalent decimal code). A full table of
ASCII decimal codes and characters appears in Appendix A.
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The following instructions illustrate how to designate, select, and label
with standard andalternate character sets. Notice that the label string
in the LBinstruction showsthe character that appears on the computer
keyboard, unless the character is not available on the keyboard;in this
case, the CHR$ 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
CHR$ function.) Also, notice that the “SET 4” label uses the underscore
character in set 4, which automatically backspaces beforeit is drawn.

“IN; SP15"

"PR3I000, 3000; CSO; CR4;"
"SS;LBS_E_T_O_"+CHR$(3)
"SA;LB S_E_T_4_"+CHR$(3)
"CP-14,-2;LBasu compan" +CHR$(124)+" ia?" +CHR$(3)

SE TO. SET4

éSu 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 sets can
sometimes be inefficient in this case. Instead, you can use two control
characters, the shift-in (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 CAinstruction.
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The following example shows how to usethe shift-in/shift-out char-
acters. On HP Series 200 computers, shift-in is accessed by pressing
CTRL and O 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. Theinstructions in this example plot the same label
twice, once with the equivalent keyboard characters and once with the
CHR§ function.

NOTE: Although the instructions that use CHR$ are printed on two
lines to fit on the page, you should send them to theplotter together as
onestring. lf
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"IN; SP13"
"PAI0O, 300;CS30;CA7;SI.4,.65;"
"SS+LB3" +CHRE (14) +" x" +CHRS(15)+"-5 IR" +CHRE(3)
"CP2,0;"
"LB3" +CHR$ (14) +CHRE(120)+CHR$(15)4+"-5 "+CHR$(93)+

"RY +CHRE (3)

34-5 AR 34-5 AR
The Designate Standard Character Set
Instruction, CS

USES: The CSinstruction designates a character set as the standard
character set to be used whenlabeling. Use this instruction to change
the standardset to one appropriate to your application. This instruction
is particularly useful when plotting in a languageother than English.

SYNTAX: CS set term

or
CS term
 

Parameter Format Range Default

set integer —1, 0-19, 30-49 0

 

     
 

EXPLANATION: The character set designated by the CS instruc-
tion is used for all labeling operations when the standardset is selected
by the SS orIV instruction,or by the control character shift-in (decimal
code 15) in a label string. A CS 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.

e)
a
iy
a
je)
9
ot
®
Le)

N
far)a
7]

 

If you execute a CS instruction while the standardsetis selected (e.g.,
an SS instruction has been executed), subsequent labeling will be done
with the set designated by the new CSinstruction.

However, if you execute a CS instruction while the alternate set is
selected (e.g., an SA instruction has been executed), subsequentlabeling
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 table on the following page summarizesthepossibleerror conditions
or unexpected results 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

parameter out-of-range 5 ignores instruction      
The Designate Alternate Character Set
Instruction, CA

USES: The CAinstruction 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 you can easily
access in a program, especially when single label contains characters
found in twodifferentsets.

SYNTAX: CA set term

or
CA term
 

Parameter Format Range Default
 

     Z set integer —1, 0-19, 30-49 al 0

EXPLANATION: The character set designated by the CA instruc-
tion is used for all labeling operations whenthealternate set is selected
by the SA or IV instruction, or by the control character shift-out
(decimal code 14) in a label string. A CA instruction without parameters
(CA;) establishes the default character set 0 (ANSI ASCII English).
The CAinstruction remainsin effect until another CA or DS instruction
is executed, or the plotter is initialized or set to default conditions.
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oO If you execute a CA instruction while the alternate set is selected (e.g.,

an SAinstruction has been executed), subsequent labeling will be done
with the set designated by the new CAinstruction.

 

However, if you execute a CA instruction while the standard set is
selected (e.g., an SS instruction has been executed), subsequentlabeling
will not be done with the new alternate set until 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 0

more than 1 parameter 2 executes first parameter

parameterout-of-range 5 ignores instruction
 

The Select Standard Character Set

Instruction, SS
USES: TheSSinstruction selects the standard set designated by the
CS or DSinstruction 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 anotherset.

SYNTAX: SS term

EXPLANATION: TheSSinstruction tells the plotter to draw subse-
quent labeling instructions using characters from the character set
designated by the CSn; or DSO,n; instructions. The SS instruction is
equivalent to using the control character “shift-in” (decimal code 15)

within a label string.

The SS instruction is in effect when the plotter is initialized or set to
default conditions. The SS instruction remains in effect until an SA or

IV instruction is executed.

 

 

 

Q
For an example usingthe SSinstruction,refer to Labeling with Standard a
and Alternate Character Sets earlier in this chapter. a}

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

Q
C nm

Condition Error Plotter Response

no parameters none selects standard set

1 or more parameters 2 selects standard set    
 

The Select Alternate Character Set
Instruction, SA

USES: TheSAinstruction selects the alternate set designated by the
CA or DSinstruction as the character set to be used for subsequent
labeling. Usethis instruction to shift from the currently selected standard
set to the currently designated alternate set in order to access characters
in anotherset.
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SYNTAX: SA term

EXPLANATION: TheSAinstructiontells the plotter to draw subse-
quent labeling instructions using characters from the character set
designated by the CAn; or DS1,n; instructions. The SAinstruction is
equivalent to using the control character “shift-out’”’ (decimal code 14)
within a label string.

The SA instruction remainsin effect until an SS or IV instruction is
executed, or the plotteris 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 chapter.

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 alternate 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, SS, 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-bit modeis 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 instructionsthat follow.
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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 PARITY function key is set to one of the following: 8-BIT OFF,
8-BIT ODD,8-BIT EVEN,or 7-BIT OFF.
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Thefirst 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 remainingportions of this
section discuss each of the character selection modes. These discussions
assume that you understandthebasic principles of designating and
selecting characters sets with the CS, CA, SS, and SA instructions
(refer to Labeling with Standard and Alternate Character Sets, earlier
in 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-

lish one of the modes.

2. Then execute the designate characterset into slot instruction, DS,to
designate character sets (similar to the CS and CAinstructions).

3. Finally, execute the invoke character slot instruction, IV, to select
the set to be used for labeling (similar to the SS and SAinstructions).

4. Now you canexecute labeling instructions, and changeset selections
or designationsas required.

The specific details of the syntax of the CM, DS, 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,”

shownon 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 modelater 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
  

     

    

            

r” [32] 160
GL ACCESSED| (Sty ore GRACCESSED
WITH 8TH BIT] « r t-WITH 8

L (127 [255_ _-

SHIFT-IN | SHIFT-OUT
ss 1; SA

iV0,0 ; V1,0

Go G1 G2 G3 }*SLOTS

STANDARD SET ALTERNATE SET (DEFAULT7) (DEFAULT7)
(DEFAULT0) (DEFAULT 0)

cSa CAn DS 2,0 DS 3,n
DSO,n DS 1,n

*Codes 0-31 are control characters for all character sets, whether in GL or GR. Codes
128-159 are contro] characters for character sets in GR. For a list of recognized and
ignored codes,refer to the section titled Control Characters.

GO through G8 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 theplotter is initialized or set to default conditions,
both GO and G1 designate set 0, and both G2 and G3 designate set 7.
Use the DSinstruction to designate different character sets into these
slots. (The CS and CAinstructions 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 CAinstructions, respectively.)

GL and GRaretheleft graphics set and right graphicsset, 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
DSinstruction to designate character sets into the slots as described
above. Then you would invoke oneof the slots into GL or GR with the
IV instruction. You can changethe sets that reside in GL and GR by

invoking different slots with new IV instructions. (The SS and SAin-
structions are a subset of the IV instruction. If you are only interested
in invoking slots GO and G1 into GL, you can use the SS and SA in-
structions, respectively. Depending on which modeyouare 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.)
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There are somerestrictions on when the character sets residing in GL
and GR can beaccessedin labeling instructions. Theserestrictions de-
pend on which character selection mode isin effect: both 7-bit modes can
only access character sets in GL, whereas both 8-bit modes can access
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character sets in both GL and GR.The following paragraphs describe

how charactersets 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 becausethe 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 equivalentforyour 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
containsa character set table with the decimal codesofall 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 contains characters 33-126, and you can print
characters from GL in the manner described above. However, GR

contains characters 161-254. To print a character from GR, you must

use the CHR$ function(or equivalent for your computer) and add 128 to
the character’s decimalcode(as listed in Appendix A). Thus,if set 32 is
in GR and you wantto 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 128-159 ifyou are currently labeling from GR. Control characters
are further explained in the nextsection.

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 8-bit 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 2022.2, 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. m

Fallback Mode

The fallback mode determinesthe action taken when theplotter 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 Extensionsets (see the character set
table in Appendix A). The downloadable character set also consists en-
tirely of undefined characters until you use DL to define one or more
characters.

The plotter’s default response for the fallback modeis to ignoreall un-
defined characters. However, you can use the CM instruction to specify
that the plotter 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 modeis 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 modeis the default mode implementedon all

HPplotters. To use the HP 7-bit mode, you do not needto designate sets
or invokeslots with the DS andIVinstructions. Instead, you can simply

access any of the plotter’s character sets with the CS, SS, CA, and SA
instructions. You can also changecharacter 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, SS, CA, and SA instructions, presented earlier in this
chapter, for syntax details and examples of using different character
sets in this mode.
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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
r~ [32|
| GL
l
L | 127

- XN
SHIFT-IN \ SHIFT-OUT

ss \ SA
IV0,0 \N v1,0

\

Go Gi

STANDARD SET ALTERNATE SET
(DEFAULT0) (DEFAULT0)

CSn CAn
DSO,n DSO,n

HP 8-Bit Mode

In the HP 8-bit mode, the plotter links two 128-character sets so that
they form one 256-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.

 

     

  

0-31 33-126 128-159 161-2540-31 oi
| [s [160] 6

HOLDS HALF HOLDS HALF
OF LINKED SET GL GR MOF LINKED SET [aR

L 127] [255 s
co

SHIFT-IN \ SHIFT-OUT 5
SS NUSA oa

IVO,x NW1,x &
N aa
. nm

Go Gi

 

      

STANDARD SET ALTERNATE SET
(DEFAULT 0 (DEFAULT 0
TO GL AND TO GL AND
7 TO GR) 7 TO GR)

CS n CAn
DSO,n DS1i,n

There are only two full linked sets for the HP 8-bit mode: Roman8 and
Katakana8. Roman8 is composed of ANSI ASCII and Roman Exten-
sions, and Katakana8 is composed of JIS ASCII and Katakana.

To obtain the Roman8 linked set, designate ANSI ASCIIaseither 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 GL GR |
Designated with
CS, CA,or DS Characters 33-126 Characters 161-254

ANSI ASCII ANSI ASCII Roman Extensions
(set 0 or 10) (set 0 or 10) (set 7 or 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 ASCII,
that set is 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 JIS 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, SS, SA, IVO,x;,
and IV1,x; are ignored. In this mode, slots G2 and G3 cannot be
designated with the DSinstruction nor invoked with the IV instruction.

However, GO and G1 can be designated either with the DS instruction
or the CS and CAinstructions, and invoked either with the IV instruc-
tion or the SS and SAinstructions.
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O NOTE: In order to access a character in GR, you must use a function

such as CHR$ (or equivalent 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+ 68).
You can find the decimal codes of characters in Appendix A.

ISO 7-Bit Mode

In the ISO 7-bit mode, the eighth bit is always cleared and ignored.
Thus, character sets can reside only in GL. All character sets are

composed of 128 characters. When theplotter is initialized or default
conditions are established, character set 0 resides in GO and G1 and

character set 7 resides in G2 and G3. The in-use code table for the ISO
7-bit modefollows.
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GO

   

SHIFT-IN

STANDARD SET
(DEFAULT 0)

CS n
DSO,n

0-31
T
|
|
|
L
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SA SHIFT-
IV1,0

 

 
G1

  

OUT

ALTERNATE SET
(DEFAULT 0)

CAn
DS1i,n

 

 

 

     

IV2,0 V3,0

G2 G3

(DEFAULT7) (DEFAULT 7)

DS2,n DS3,n

Thein-use code table shows which instructions maybe used for desig-
nating charactersets into slots, and for invoking slots into GL and GR.
All invocations with the IV instruction are locking, meaning that the
invoked set remainsresident in GL until it is overridden with a new IV
instruction or the plotteris 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, I1V3,1; which normally invokes slot 3 into
GRwill instead invokeslot 3 into GL.)

Example — Using the DSandIV 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.

Francais

‘Insert configuration statement here
"IN; SP13;S1.3,.4;PA100, 1000;"

English

10
20
30
40

50
60
70

PRINT
PRINT
PRINT

PRINT
PRINT
END

#1,
#1,
#1,

#1,
#1,

"CM2;BS1,2;DS2,373"
"LBEnglish

+" ais" +CHRE(3)
"TV25LB
tt SPO; i

Program Explanation

‘?)
om
%
et
is)
°g
o
ta
62)
&@
nHEspafiol

 

"+CHR$ (14)+" Fran" +CHR$ (92)

Espa" +CHR$(124)+"ol" +CHRE(3)

10 defines the plotter as the system printer — changeas necessary

20 initializes the plotter; selects pen 1; establishes an absolute char-
acter size; sets the initial pen position
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30

40

50

60

establishes the ISO 7-bit mode; designates character set 2 (French)
into slot G1; designates character set 37 (ISO Spanish) into slot G2

prints “English” with character set 0 from slot GO (the defaults);
uses shift-out (decimal code 14 or ctrt N on HP Series 200 com-

puters) to invoke slot Gi and prints “Francais”

invokesslot G2 into GL andprints “Espafiol”

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.
Whenthe plotter is initialized or default conditions are established,
character set 0 resides in GO and G1 and character set 7 resides in G2
and G3. The in-use code table for the ISO 8-bit mode follows. The
numbered itemsrefer to the possible invocationsof the slots into GL or
GR.Thepossible designations of the slots are also shown.

w
o
m
a
n
o
h
W
N
H

 

     

 

     

            

0-31 33-126 128-159 161-254
[32] [160]

eTHBIT _! on 8TH BIT
CLeAR=| GL GR iM SET

L_ 127 255

1 2

Go G1 G2 G3

STANDARD SET ALTERNATE SET (DEFAULT7) (DEFAULT 7)
(DEFAULT0) (DEFAULT 0)

cSn CAn DS2,n DS3,n
DSO,n DSi,n

use GO for GL (shift-in, SS, or IV 0,0)
use Gi for GL (shift-out, SA, or IV 1,0)
use G1 for GR (IV 1,x)
use G2 for GL (IV 2,0)
use G2 for next GL character only (single-shift G2)
use G2 for GR (IV 2, x)
use G3 for GL (IV3, 0)
use G3 for next GL character only (single-shift G3)
use G3 for GR (IV 3,x)
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You can invokeslots into GL usingthe IV, SS, 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 remainsresident in GL or GR
until it is overridden with a new IV,SS,or SA instruction, or until the
plotter is initialized or set to default conditions.

A single invocation is in effect for one character only. Single-shift G2
(decimal 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 characterset.

NOTE:In order to access the single-shift control codes or a character in
GR, you must use a function such as CHR$ (or equivalent for your
computer). To determinethe decimal code to use in the CHR$ function,
simply add 128 to the decimal codeofthe 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 decimalcodesofcharacters in Appendix A. @

Example — Embeddinga Single-Shift in a Label String

The following example shows how to embed 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/Germanset
(12), the Special Symbols set (15), and the Roman Extensionsset (17). Be
sure the front-panelPARITY function keyis set to one ofthe following: 8-BIT
OFF, 8-BIT ODD,8-BIT EVEN,or 7-BIT OFF.

trigonometric formula

formule trigonométrique

sec(T-—@) = +sec(a)

eo
om
fe)
Lae)

je)

1
So
62
rq°}@
wm

 

10 “Insert configuration statement here
20) PRINT #1, "IN;SP1;SI.3,.4;PA100, 2000;"
30 PRINT #1, "CM3;DS0,10;DS1,12;DS2,15;DS3,17;"
40 PRINT #1, "LBtrigonometric formula" +CHR$(3)
SO PRINT #1, "CP;LB"+CHRS$(14)+" formule trigonome’t

rique" +CHR$(3)
60 PRINT #1, "CP;LBsec("+CHR$(142)+"n-"+CHR$(143)+

"YI" +CHR$ (3)
70 PRINT #1, "LB = "4+CHR$(142)+"psec(” +CHR$(143)+"

VV)" +CHR$ (3)

BO PRINT #1, "SPO,"
90 6END
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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 ISO 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
(decimalcode 14) to label “formule trigonométrique” with character
set 12 from slot Gi

performscarriage return andline feed; labels “sec (7-6)”’ as follows:
uses decimal code 142 for a single shift to pick up “7” from
character set 15 in G2 and uses decimal code 143 for a single shift
to pick up “6” from character set 17 in G3

labels “+ sec (6)” as follows: uses decimal code 142 for a single shift
to pick up “+” from character set 15 in slot G2 and uses decimal
code 143 for a single shift to pick up “@” from character set 17 in G8

returns the pen to the carousel

The Character Selection Mode
Instruction, CM

USES: The CMinstruction specifies the mode of character set selec-
tion and usage. Use this instruction to access one of four different
character set modes: the HP 17-bit mode, the HP 8-bit mode, the ISO
7-bit mode, or the ISO 8-bit mode.

SYNTAX: CM switch mode (, fallback mode) term

 

 

     

or
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 paragraphslist 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 modeearlier in this chapter.

0 HP 7-bit compatibility mode
1 HP 8-bit mode
2 ISO 2022.2 7-bit mode
3 ISO 2022.2 8-bit mode

NOTE: If your computer system is operating with parity, you must
use oneof the 7-bit modes.If you use a 7-bit mode, be sure thefront-
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 parity function key is set to one of the
following:8-BIT OFF, 8-BIT ODD,8-BIT EVEN, Or 7-BIT OFF. ll

2. Fallback Mode. Thefallback mode determines whatthe plotter does
whenit encounters undefined printing characters. The meanings of

the two parameters follow. For more details, refer to Fallback Mode
earlier in this chapter.

  

   
  

Mois

Museum

0 Undefined characters are ignored (default)
1 A box (D) 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 modeto a different mode, the

plotter sets default designations and invocations for the new mode
(refer to the DS andIV instructions, which follow). 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, DS, 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 modepresented previously in this chapter.
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The following table summarizes the possible error conditions or un-
expected results that you might observe with the CM instruction.
 

Condition | Error| Plotter Response
 

no parameters none establishes HP 7-bit
compatibility mode and
ignores undefined characters

    
1 parameter none establishes specified mode and

ignores undefined characters

more than 2 parameters 2 executes first 2 parameters

parameter out-of-range 3 ignores instruction
 

The Designate Character Set into Slot
Instruction, DS

USES: The DSinstruction 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 modesfor accessing multiple charactersets.

SYNTAX: DS slot,set term

 

 

or
DS term

Parameter Format Range Default

slot integer 0-1 (HP modes) 0

0-3 (ISO modes)

set integer —1, 0-19, 30-49 0      
EXPLANATION: A DSinstruction without parameters (DS;) estab-
lishes default conditions (character set 0 in slots GO and G1, and set 7

in slots G2 and G8). The following paragraphs list further details of
each parameter.

1. Slot. The slot parameter represents the part of the in-use codetable
where character sets can be designated. Onceit is designated, you
can invoke anyslot into GL or GRfor usein 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 G8
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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 numbersarelisted 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 modeearlier in this chapter for
examples and more details of how DS is implemented.

 

Character

Selection Mode

HP 7-bit (default, CM0) DS2,n and DS3,n are ignored.

HP 8-bit (CM 1) DS2,n and DS3,n are ignored.

If DS0,n or DS1,n and n=0 or 10, then
set 7 or 17, respectively, is placed in G2
and G8.

If DS0,n or DS1,n and n= 6 or 16, then
set 8 or 18, respectively, is placed in G2
and G3.

If DSO,n or DS1,n and n=~1,1-8, 7-9,

J1-15, 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.

ISO 8-bit (CM 3) All forms of DS are accepted.

Implementation of DS

 

   
 

Under default conditions, slots GO and G1 each contain characterset 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 oneslot,
you must execute the DS instruction once for each slot. Remember that
you can use the CS and CAinstructions for designating character sets
into slots GO and G1, respectively.

The designation for a particular slot remainsin 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 summarizesthe possible error conditions
or unexpected results that you might observe with the DSinstruction.
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Condition Error Plotter Response
 

no parameters none designatesset 0 for slots
GO and G1,and set 7 for

slots G2 and G3

1 parameter ignores instruction

more than 2 parameters executes first 2 parameters

slot parameter out-of-range ignores instruction    a
w

n
o

N

set parameter out-of-range ignores instruction
L

The Invoke Character Slot Instruction, IV
USES: TheIV instruction invokes a character slot (GO through G3)
into either the left or right half of the in-use code table (GL or GR,

respectively). Use this instruction primarily with the ISO modes to
access multiple charactersets.

SYNTAX: IV slot(, left) term

 

 

 

or
IV term

Parameter Format Range Default

slot integer 0-1 (HP modes) 0
0-3 ISO modes)

left integer 0-1 0    
 

EXPLANATION: An IVinstruction without parameters (IV;) estab-
lishes default conditions as follows: for all modes, GO is invoked into
GL; for ISO 8-bit mode, G1 is invoked into GR. The following para-
graphslist further details of each parameter.

1. Slot. The slot parameter is the numberof the slot to be invoked into

theleft or right half of the in-use code table (GL or GR,respectively).
For moredetails, refer to The In-Use Code Table andto the separate
descriptions of the character selection modesearlier in this chapter.
The values for the slot parameters follow.

0 Slot GO

1 Slot G1

2 Slot G2
3 Slot G3
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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 parameteris omitted,
the slot is invoked into 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 characterselection modeearlier in this chapter for
examples and moredetails of how IV is implemented.

 

Character

Selection Mode

HP 7-bit (default, CM0) Slots G2 and G3 cannot be invoked.

Also, GR cannotbe accessed explicitly.
Therefore, IV 0,x (or IV 2,x) invokesslot
GO into GL; IV 1,x (or IV3, x) invokes
slot G1 into GL. Nothingis invoked
into GR.

HP 8-bit (CM 1) Sameas 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.

Implementation of IV

 

ISO 7-bit (CM 2) All four slots can be invoked; however, ‘?
they will automatically be invoked into o
GL,regardless of whether you specify Py
GL or GR. =

Loe

ISO 8-bit (CM 3) All formsof the IV instruction are ea
Q
1/9)executed as specified.   

 

NOTE: Theinstruction IV0,0; or IV0; is the sameas SS§;; or a shift-in
character (decimal code 15) in the label string. All invoke the standardset
from slot GO into GL. Similarly, IV 1,0; or IV 1; is the same as SA; ora
shift-out character (decimal code 14) in the label string. All invoke the
alternate set from slot G1 into GL. g

 

All invocations with the IV instruction are locking. The invoked set
remains in GL or GR until overwritten with a new instruction (IV, SS, or
SA), or until the plotter is initialized or set to default conditions.

Thetable on the following page summarizesthe 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 (andif
ISO 8-bit mode, G1 into GR)

1 parameter none invokesspecified 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 numberof chords
used to draw characters in order to increase labeling speed. In this way,
you can draw roughorpreliminary plots in a minimum oftime. In rare
cases where characters are not smooth enough, you can also use CC to
increase the numberof chords to produce extremely smooth characters.

SYNTAX: CC chord angle term

 

 

or
CC term

| Parameter Format Range Default |

chord angle decimal |—-223 to 23 — 1] 5 degrees
degrees   

 

 

EXPLANATION: Characters in the variable-space fonts are drawn
as “arc-based characters.” These characters are drawn using 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
wedgeinstructions (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 becausetheradii 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 numbersofradii.
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CHORD ANGLE

  
CHORD ANGLE

~ARC SEGMENT 
If you 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 0 degrees, the plotter uses a
very small chord angle instead.

A CCinstruction without parameters (CC ;) establishes the default of 5

degrees. The CC instruction remainsin effect until another CC instruc-
tion 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 CC instruction.

 

 

 

Condition Error Plotter Response 7

no parameters none establishes 5-degree chord et
angle 5

parameterlarger than +45 none establishes 45-degree angle g

parameter equal to 0 none establishes very small angle

more than 1 parameter 2 executes first parameter

parameter out-of-range 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 linesillus-
trate these effects.
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"IN; SP1 3"

"CS10;SI3.6,4.8;PA1000,5000;"
"CC453; LBD" +CHR$ (3)+" CC30;LBD" +CHR$(3)
"CP-2,-.75;CC15; LBD" +CHR$(3)+" CCS; LBD" +CHR$ (3)
a SPO; u

  ne
45-Degree Chord Angle 30-Degree Chord Angle
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15-Degree Chord Angle 5-Degree Chord Angle

The User-Defined Character
Instruction, UC

USES: The UCinstruction draws a character that you design. Use
this instruction to 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

=> +99= pen down
<—99= pen up

ENHANCED:*

2+9999 = pen down
<—9999= pen up

X- and Y- integer STANDARD:* none
increments —98 to 98

ENHANCED:*
—9998 to 9998

(both in primitive
grid units)     
 

*The ranges depend on the setting of the front-panel STANDARD/ENHANCED function key, as
shown. The pen control parameters cannot exceed the plotter’s range of —27° to 227-1.

EXPLANATION: A UCinstruction without parameters (UC ;) causes
the pen to moveto the carriage-return point. A UC instruction with
parameters drawsthe character specified by the parameters. The param-
eters are interpreted as follows.

1. Pen Control. The UC instructioninitially raises the pen (regardless of
the current pen status). Therefore, the character will not be drawnif
you do not includeat least one pen down parameter. Once a pen down
parameter is specified, the pen remains down for subsequent X,Y
increment moves until a pen up parameter is specified or the UC
instruction is terminated. You can include as many pen control
parameters as you need to draw your character. Upon termination of
the UCinstruction, the pen is raised and movesto the next character
origin, as determined by the characterplot cell and any extra space set
by the ESinstruction. The current pen status is then restored.
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2. X,Y Increments. The X,Y increment pairs representrelative positions
on a primitive grid that is superimposedon the characterplotcell. (The
resolution of the primitive grid dependson thesetting of the STANDARD/
ENHANCEDfunction key, and is described later in this section.)

The UCinstruction initially sets the pen position at 0,0 on the primi-
tive grid. The pen then moves consecutively to the points defined by the
X,Y 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-incrementspecifies the numberof 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 movesthe pento theleft.

© The Y-increment specifies the numberof primitive grid units that
the pen will movevertically from the current pen position on the
grid. A positive increment movesthe pen up; a negative increment
movesthe 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 setting of the STANDARD/ENHANCED function key, as shown in the

 

 

 

next table.

Function Ke Primitive Grid Resolution
y 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 matchthesize of other characters

drawn with LB, BL, and PBinstructions,
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 matchthesize of other characters
drawn with LB, BL, and PBinstructions,
restrict the character to a 32 < 32 grid.

Q
~
o
NM
a
Q

aac)
oO
@
tw

©
Gq
O
 

 

ENHANCED 1 space = 42 grid units

(variable-space font 1 line = 72 grid units
currently selected)

To matchthesize of other characters
drawn with LB, BL, and PBinstructions,

restrict the character to a 28 X 36 grid.    
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Thefollowingillustrations show the variousprimitive grids. Notice that
the numberofgrid units in 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 be larger or smaller, but
the numberofgrid units in thecell will always be the same.

You can extend your character into the area normally reserved for the

space arounda character, and even into the next characterplot cell. This
is illustrated in the example at the end of this section. However, if you
want your character to be the samesize as characters in the font you’ve
selected, confine your character to the grid sizes noted in the previous

table (e.g., 28 X 36 for variable-space fonts in the ENHANCED mode).

SPACE
6 GRID UNITS

  

LINE
[16 GRID UNITS

   

   

CHARACTER
HEIGHT

8 GRID UNITS   
ny

CHARACTER WIOTH
4 GRID UNITS

CHARACTER
ORIGIN
POINT

  

STANDARD Mode, Any Font Selected
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SPACE

48 GRID UNITS

LINE
64 GRID UNITS

CHARACTER
HEIGHT ¢

32 GRID UNITS

 Sw Co
CHARACTER WIDTH

32 GRID UNITS

ENHANCED Mode,Fixed-Space Font Selected
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SPACE
42 GRID UNITS

LINE
72 GRID UNITS

CHARACTER
HEIGHT ¢

36 GRID UNITS

  w
VL

CHARACTER WIDTH
28 GRID UNITS

ENHANCED Mode, Variable-Space FontSelected

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 componentof the current 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 nextin this chapter.

Thetable on the following page summarizesthe possible error conditions
or unexpected results that you might observe with the UC instruction.
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Condition Error Plotter Response
 

no parameters none performscarriage return

no pen control parameters none pen remains up while
plotting the character

odd numberof increments none executes up to odd
number

no increments 2 ignoresinstruction

parameterout-of-range 3 ignores instruction     
 

Example — Defining Your Own Characters
with the UC Instruction

As shown in the next illustration, user-defined characters are not
limited to a single character plot cell. In this example, the } is drawn to
the full height of the cell, and its width extends into the nextcell. The
cell and increments shown are for the STANDARD function keysetting.

"UCB, 14,99,0,2,-8,0,4,-8,-4,-8,8,0,0,2;"

_ Bistant
_ 6.14)
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ee END
40,2}.
a

(0,0) NEXT CHARACTER

ORIGIN POINT

To draw a & of the same size when the ENHANCED function key is on,
you can sendoneofthe following strings instead:
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Fixed-Space Font Currently Selected

"UCB4,56,9999,0,8, -64,0, 32, -32, -32, -32,64,0,0,8;"

Variable-Space Font Currently Selected

"UC56,63,9999,0,9, -56,0, 28, -36, -28, -36,56,0,0,9;"

Thefollowing program generatesa series of E’s and &’s. The capital E is
labeled by the LB instruction, andis included to show thatthe SI instruc-
tion has the same effect on both user-defined characters and normal
characters. The default character set 0, a fixed-space font, is in effect.
Notice that the CP instruction in line 70 creates spacing between the
characters. This is only necessary because the user-defined character
extends beyond one characterplotcell, and the >’s would be superimposed
on each other without the space. The parameters of a CP instruction
used for this purpose are measured from the pen position at the comple-
tion of the UC instruction (one characterplot cell space to the right of the
user-defined character’s origin point). You could also use a PA or PR
instruction to move to a new character origin, or an ES instruction to
add space between character origins. Before running this example, be
sure the ENHANCEDfunction keyis on.

NOTE: Although line 60 is printed on twolinesto fit on this page, you
should sentit to the plotter as one string. &

10 “Insert configuration statement here
20 PRINT #1, "IN; SP1;IP1000,1000,5500,5500;"

30 PRINT #1, "SCO,10,0,10;PA1,4;"
40 FOR A=.2 TO .8 STEP .«1
50 PRINT #1, "SI";A;","j;At.1;"5"
60 PRINT #1, "UC64,56,9999,0,8,-64,0,32,-32,-32,

-32,64,0,0,8;"
70 PRINT #1, "CP1,0;"

80 NEXT A
90 PRINT #1, "PA1,6;"
100 FOR B=.2 TO .8 STEP .«1
110 PRINT #1, "SI";B;",";B+.15"5"
120 PRINT #1, "LBE" +CHR$(3)

130 NEXT B
140 PRINT #1, "SPO;"
150 END

FEFEE

sry DD. >.
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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 >’s are partially superimposed.
After drawing the user-defined character, the pen always movesto the

next character plot cell measured from the original character origin. In
this case, part of the { extends into the next characterplotcell.
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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 UCinstructionitself. In the previous examples, the } was
twice as high and twice as wide as the E because the © was drawn to
the full height and morethan thefull width of the cell. Now reduce the
> so that it is the same height and width as the E. To dothis, 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 youplot the E’s and »’s together.

NOTE: Althoughthis program lineis printed on twolinesto fit on this
page, you should sendit to the plotter as one string.

60 PRINT #1, "UC3Z,28,9999,0,4,-32,0,16,-16,-16,
-16,32,0,0,4;"
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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 to 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 control) (,...) term

 

 

 

or
DL character number term

or
DL term

Parameter Format Range Default

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
alwaysinterpreted to be the character number, whichis 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-
viously defined, the new definition overwrites the old one.

Pen Control. This parameter raises the pen for the next X,Y coor-
dinate pair only. The pen control parameter is optional when it
immediately follows the character number. This is becausethefirst
X,Y 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 subsequent
parameterpairs define a draw with the pen down.

X- and Y-coordinates. The X,Y 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 characteris similar in concept to defining a
character with the UC instruction, in that parameters are expressed in
termsof a primitive grid. However, note these differences:
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e the DL instruction uses absolute coordinates (the UC instruction uses

relative increments)

© in the DLinstruction,the first pen movementis always with the pen
up (in the UC instruction, you can place the pen downforthe first
movement)

® only onegrid is used in the DL instruction, regardless of the setting
of the STANDARD/ENHANCEDfunction key or the current character font

(the UCinstruction uses oneof three grids)

The primitive grid that the DL instruction uses has the sameresolution
as the grid that the UC instruction uses when a fixed-space font has
been selected in the ENHANCED mode. (The character occupies 32 X 32
grid units, and thecell is 48 < 64 grid units.) This is also the same grid
used internally for all of the plotter’s fixed-space fonts. The example at
the endof this section showsthe primitive grid and characterplotcell.
Note that characters 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 Characterslater 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 downloadable
character in a labeling instruction (LB, BL, 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 382 portion of the grid).
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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 (LO), and extra space (ES) settings. Also, after
any downloadable character is drawn, the pen moves to 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 DLinstruction remainsin 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 numberof 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 andprevious
buffer overflow character definition for that    decimal code
 

Allocating Memory for Downloadable Characters

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:
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mM© one byte for each pen control parameter

® one byte for each X-coordinate
© one byte for each Y-coordinate
® one additional byte for the byte count

 

The minimum amountof space required for downloadable characters is
452 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 thefollowing example, you would need to allocate a minimum
of 462 bytes: 452 for overhead, 1 for the implied pen down, 8 for the
coordinates, and 1 for the byte count. If you were to define an additional
character(s), you would need to add the correct numberof bytes for pen
control, X,Y coordinates, and byte count. However, you would not need
to add 452 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 theplotter 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 anduse 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 is fC
10 “Insert configuration statement here
20 PRINT #1, CHR$(27)4+".71024;4;462:"
30 PRINT #1, CHRS(27)+".L;"
40 INPUT #1, A
SOQ PRINT #1, "“IN;SP1;CR-1;SI.3,.4;"
60 PRINT #1, "DL65,10,0,10,36,28,30,28,24;"

70 «PRINT #1, "PA1000,5000;"
BO PRINT #1, "LBThe symbol for gamma is "+CHR$(14)

+" A+CHR$ (3)

9$O0 PRINT #1, "SPO;"
100 END

NOTE: If your computer cannot read an output statement, replace lines
20 through 40 with this line: 20 PRINT #1, "GMO,500;"

Program Explanation

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

20 allocates 1024 bytes in the I/O 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.
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30 causes the program to pause until all of the bytes are allocated in
the buffer by requesting that the plotter output the I/O buffer size
whenit is empty

40 reads the output response generated byline 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. L instruction with
the ESC.T instruction, and to Chapter 13 for methods of reading
the output response.)

11-40 CHARACTER SETS



50

60

80

90

initializes the plotter; selects pen 1; designates the downloadable
set (—1) as the alternate character set; specifies an absolute char-
acter size

designates decimal code 65 to be the downloadable character, then
defines the gamma symbol

drawsthe label, shifting out to the alternate set (decimal code 14)
to print the gamma — the gammais decimal code 65, which is
obtained by entering A from the keyboard

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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Chapter 12

Digitizing

What You’l] Learn in This Chapter
You can use yourplotter 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 X,Y coordinates of that point to the computer.

In this chapter you'll learn how to:

e use HP-GLinstructionsto digitize

e verify that an X,Y coordinate point has been entered

® write a program for digitizing

The three digitize instructions are presentedfirst, followed by program-
ming advice.

NOTE:In order to use the plotter to digitize, your computer must be
able to read data from the plotter. If you are programmingin a high-
level language, such as BASIC, you cannot digitize using HP Touch-
screen (150) computers in an HP-IB configuration. Some computers
(such as HP Series 80 computers), require an I/O ROM to obtain
digitized points. ll

HP-GL Instructions Covered

DP Digitize Point Instruction
OD Output Digitized Point and Pen Status Instruction
DC _Digitize Clear Instruction

Terms You Should Understand

If you are unfamiliar with any of these terms,refer to the glossary at
the end of the manual.
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aDigitize — to convert a physical position (defined by X,Y coordinates)

to numerical information that can be understood by the computer.
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Output Terminator — the character(s) sent by the plotter at the end of
the responseto an output instruction.

Preparing Your Plotter for Use asa
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-
60066). 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 position.

 

7650-A-9-1

Loading the Digitizing Sight

To avoid smearing ink onthetip 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 cannotdigitize while
the plotter is in listen-only mode. When theplotter is in listen-only
mode, it cannot send the coordinates of a digitized point to the

computer. Hf

The Digitize Point Instruction, DP

12-2

USES: The DPinstruction allowsyou to digitize points on theplotter.
Usethis instruction to input data for a graphics program or to obtain
the coordinates of a point or points on a plot.

SYNTAX: DP term

EXPLANATION: Whenthe 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 instruction to retrieve the X,Y 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 X,Y 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: X.Y, pen status [TERM]

EXPLANATION: The pen position (X,Y coordinates) and status
(up/down) are output to the computer as three integers in ASCII,
separated by commasandfollowed by the output terminator. The pen
position is in plotter units if the plotter is in STANDARD mode, and in
current units if in ENHANCED mode. The ranges of the X,Y coordinates
are the hard-clip limits of the plotter. The pen statusis either 0 (pen up)
or 1 (pen down).

Whenthe plotter receives the OD instruction bit position 2 of the status
byte is cleared.

After you send the OD instruction, have your program read theplotter’s
output response. The timing of output depends on whichinterface you
are using (RS-232-C or HP-IB). Refer to Hints for Obtaining Plotter
Output 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 branchto another
plotting function, you could use DC to clear the digitize mode immedi-
ately after branching.

SYNTAX: DC term

EXPLANATION: Whenthe plotter receives the DC instruction,
digitize mode is terminated, automatic pen lift is reactivated, and the
digitize messageis 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 instruction
anyway.

Digitizing with the Plotter
When you are digitizing, make sure that a point has been entered
before attempting to retrieve that point with the OD instruction. The
three methodsfor doing this are explained next, and program examples
are given.

Manual Method

The manual methodis 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 DPinstructionto theplotter.

2. Next, use a statement that will cause the program to display or print
a message prompting youto enter a point.

3. Follow the prompt with a statement that will cause the program to
pause until instructed to continue. Using the BASIC INPUTstate-
ment and entering an empty string will work on some systems.
Some versions of BASIC use statements such as STOP, WAIT, or
PAUSE.

4, Movethedigitizing sight (or pen) to the point to be entered, using
the front-panel cursor 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 INPUT statement
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 X,Y
coordinates and the pen status, and then steps to process the
digitized data.

Using this method, you do not need to monitor the status byte because
the program does not proceed to the OD instruction until you enter a
point and cause the program to resume. The following example uses
this method.

You can also use a simpler procedure using OA or OC instead of OD.If
you do, omit the DP in step 1 and pressing ENTER in step 4. Refer to
Chapter 13 for descriptions of the OA and OCinstructions.

Example — Digitizing Using the Manual Method

Thefollowing 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 theplotter, it may vary from the example shownhere.
HP Touchscreen (150) computers will require use of a separate file for
output andinput, only one of which maybe open at a given time. Refer
to Chapter 6, Plotter Interconnection, in the Operation and Inter-
connection Manualfor an example. &

10 ‘Insert configuration statement here
20 PRINT #1, "DP;"
30 PRINT "Enter a point, then press Return"
40 INPUT N&
SO PRINT #1, “OD;"
60 INPUT #2, *,Y,P
?O PRINT X,Y,P
BO END

Monitoring the Status Byte

The second method monitors bit position 2 (the third least significant
bit) of the plotter’s status byte, which is set when a digitized point is
available. Refer to the Output Status Instruction, OS, 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 answerfor an oddor even integer is a common
way of monitoring bits without converting the numberto binary form.
The following example uses this method.
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Example — Digitizing by Monitoring the Status Byte

Thefollowing sequence of BASIC instructions will check the properbit

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 ENTER"
40 PRINT #1, "0S;"
SO INPUT #1, STATUS
60 STATUS = INTCSTATUS/4)
70 IF STATUS = INT (STATUS“2)*2 THEN 40
B8O PRINT #1, "OD;"
SO 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 preparesplotter to accept a digitized point

30 prompts you to enter a point on the plotter and press
ENTER ontheplotter

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 X,Y coordinates and pen status (up/down)

100 displays X,Y coordinates and pen status

Example — Digitizing Many Points

In many applications, a large numberof points need to be digitized.
When the computer is used to monitor bit position 2, the data points
may or may not be processed immmediately. Generally, you need to
allocate space for the total numberof points to be digitized. Then, you
can establish a loop to process the total number ofpoints, calling a
subroutine each time to check that a point has been entered.
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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 theplotter. 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),¥(25),P(25)
30 FOR C#1 TO 25
40 PRINT #1, "DP;"
50 PRINT "Enter point "5C

60 GOSUB 140
70 PRINT #1, "OD;"
80 INPUT #1, X(C),YC(C)I,PC(C)
90 NEXT C
100 FOR C#i TO 25
110 PRINT X(C),YC(C),PC(C)
120 NEXT C
130 END
140 ” Check bit 2 for digitized point
150 PRINT #1, "OS,"
160 INPUT #1, STATUS
170 STATUS#INTC(CSTATUS~4)
180 IF STATUSSINTC(CSTATUS’2)*2 THEN 150
190 RETURN

HP-IB Interrupts and Polling

Advanced programmers, who are thoroughly familiar with the HP-IB
interface, polling techniques, 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 branchesto
the routine to process the digitized data.

This routine could simply send an OD instruction andread the digitized
point, or it could perform bit checking of the plotter status byte if
multiple S-mask values have been specified to generate the service
request. The status byte can be obtained byserial polling or by sending
an OSinstruction (refer to Chapter 13). Because interrupts and polling
are highly machine-dependent and beyondthescope of this manual, no
examples are given. Refer also to the Input Mask Instruction, IM, in
Chapter 13, and Serial and Parallel Polling in Chapter15.
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Chapter 13

Obtaining Information
from the Plotter
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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 programmedin a
high level language. m

HP-GLInstructions Covered

IM_ The Input Mask Instruction
OA The Output Actual Position and Pen Status Instruction
OC The Output CommandedPostion and PenStatus Instruction
OE The Output Error Instruction
OF The Output Factors Instruction
OI The Output Identification Instruction
OO The Output Options Instruction
OS The Output Status Instruction
OT The Output Carousel Type Instruction

  

     Mere
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Other HP-GL Output Instructions

Thefollowing output instructions are described in other chapters 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 Chapter7.)

OD The Output Digitized Point Instruction — Chapter 12
OG The Output Group CountInstruction — Chapter 10
OH The Output 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: Thefollowing paragraphsdiscussthe general concepts of obtain-
ing plotter output. You should also be awareof 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. m
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The HP-GL output instructions each request a certain type of informa-
tion from the plotter; in other words, they request the plotter to output
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 responsefor use in
your program, your computer must read the response with an input
statement (such as ENTER, INPUT #1, READ, or READLN). Therefore,
you 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-GLinstruction (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
input statement for your 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, you can use the statement INPUT #1 to read the
plotter’s output response.

Whenyou 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, you would use a statement such as INPUT #1, A (whereA 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 responseinto a string variable, such as INPUT #1, B$.

Someoutput instructions cause more than onepiece of information to be
output. If so, the plotter sends a commabetween eachpiece 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 HPSeries 80 computers) require an input/output (I/O) ROM
in order to obtain information from theplotter.
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cause a multiple output response, be sure to read all of the output
response even if you only need to know part of the information. When

you read theplotter’s output response, it is removed (cleared) from the
plotter. Thus, 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
subsequentread operation or until a subsequent output response over-
writes it. For the OC example, you would use a statement such as INPUT
#1, A,B,C to readall three responses generated by the OC instruction.

The descriptions of each output instruction tell you what the plotter’s
responseis. For a summary ofthe output responses to all HP-GL output
instructions, refer to the table at the end of this chapter.
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For examples of obtaining the plotter’s output response, refer to The
Output Label Length Instruction, OL, in Chapter 7; also refer to The
Define Key Instruction, KY, and The Output Key Instruction, OK, both
in Chapter 10.

Notes for HP-IB Configurations

After an output instruction is completely processed, the plotter 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 instruction. This could cause you confusion 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 terminator is a carriage return
followed by a line feed (CRLF).

The plotter sets the EOI line high concurrently with the output of the
line 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 EOT line is
defined in Chapter 15. Also refer to your computer documentation for

your computer’s interpretation of EOI.
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Notes for RS-232-C Configurations

As soon as an output instruction has been parsed by theplotter, output

occurs according to the handshakeprotocol 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 documentation for your computer should contain
information about whether or not delays are required. Refer also to
Chapter 16 of this manual for more information.
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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 output instruction will continue
normally, but the new output instruction will be ignored.

 

The plotter signals the end of its output response with an output
response terminator, denoted in this manual by [TERM]. In an RS-232-C
configuration, the output response terminator is a carriage return (CR),
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-IBservice
request, and the conditions that can cause a positive response to an HP-IB
parallel poll. Use this instruction with either the HP-IB or RS-232-C
configurations to changethe conditions under which HP-GL errorstatus
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 responseto 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 I/O operations, so it is included in this chapter. Refer to
Chapter 15 for information on the HP-IB service request and parallel
polling.)

SYNTAX: JM E-mask value (, S-mask 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 0-255 0

P-mask value integer 0-255 0   
 

*Refer to the tables on the next pages for each parameter.

EXPLANATION: Wheninitialized or set to default conditions, the
plotter automatically sets the E-mask to 223 (error numbers1, 2,3, 4,5,
7, and 8 will be reported), the S-mask to 0 (noneofthe status-byte bits
can send the service request), and the P-maskto 0 (noneofthe 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.

In the RS-232-C configuration, the S- and P-masksare of no use and are
ignored if present.

1. E-mask. The E-mask valuespecified is the sum of any combination
of the bit decimal values shown below. When an HP-GLerroroccurs,
the bit in the E-mask corresponding to the error numberis tested to
determineif the error bit (bit 5) of the status byte is to be set and the
error is to be displayed on the front panel. Refer to The Output
Status Instruction, OS,later in this chapter. If a bit is not set, there
is no way to determineif that error occurred.

 

 

    

E-MaskBits

Decimal Bit No. Error No. Meaning
Value

1 0 1 Instruction not recognized

2 1 2 Wrong numberof parameters

4 2 3 Bad parameters received

8 3 4 Not used

16 4 5 Unknowncharacter set

32 5 6 Position overflow

64 6 7 Buffer overflow

128 7 8 Not used  
 

An E-maskvalue of60 (4 + 8 + 16 + 82) 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

 

 

 

Fy these errors in the E-mask hasnoeffect.

| 2. S-mask. The S-mask value specified is the sum of any of the bit
eo) 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

a service request sent. Bit 6 is cleared by a serial poll; it will not be set
s 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.)

S-Mask Bits

Decimal Status Meanin

Value Bit No. 8

1 0 Pen down

2 1 Pi 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 valueof 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-IBparallel poll, as
shownin the nexttable.
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P-MaskBits
 

 

 

Desimal Status Meaning :
1 0 Pen down =

2 1 P1 or P2 changed rs

4 2 Digitized point available S

8 3 Initialized Et

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 bits 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 dataline.

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

 

 

 

Condition Error Plotter Response

no parameters none establishes default values
of 223,0,0

more than 3 parameters 2 executes first 3 parameters

parameterout-of-range 3 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
movedusing front-panel cursor keys.

SYNTAX: OA 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 statusis either 0 (pen up) or 1 (pen down).

If you include a parameter with the OA instruction, error 2 (wrong num-
ber of parameters) is generated, and the plotter executes the OAinstruc-
tion anyway.
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oe) The Output CommandedPosition and
Pen Status Instruction, OC

USES: The OCinstruction outputs the X- and Y-coordinates and pen
status (up or down) associated with thelast valid pen position instruction.
Usethisinstruction to determinethepen’s last valid commandedposition
in plotter units or user units, depending on whetherscalingis off or on.
You might use this informationto position a label or figure, or determine
the parameters of an instruction which movedthe 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 outputin 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.

 

Whenscaling is off, the X- and Y-coordinates are integers in plotter
units. When scalingis on, the X- and Y-coordinates are decimal numbers
in user units. In either case, the range is —2” to 27-1. The pen statusis
either 0 (pen up) or 1 (pen down). Theplotter outputs a negative sign for
negative numbers; positive signs are suppressed.

If you include a parameterwith 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: TheOEinstruction outputs the number correspondingto the
first HP-GLerror (if any). Use this instruction to determinethe type of
the first error when debugging programs.

SYNTAX: OE term
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RESPONSE: error number [TERM]

EXPLANATION: When an OFinstruction is received, the plotter

 

 

 

©
converts the last HP-GL error to a positive integer in ASCII. Theerror a

numbers are defined below. E
5

HP-GL Meanin a
Error No. eaning 2

o

0 Noerror z
(no

1 Instruction not recognized

2 Wrong numberof parameters

3 Out-of-range parameter, or illegal character

4 Not used

5 Unknowncharacter set

6 Position overflow

7 Buffer overflow

8 Not used    
After execution of an OE instruction, bit position 5 of the status byte is
cleared (if set), and the error message is 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 instruc-
tion anyway.

The Output Factors Instruction, OF
USES: The OFinstruction outputs the number of plotter units per
millimetre in each axis. This instruction enables the plotter to be used
with software which must knowthesize of a plotter unit.

SYNTAX: OF term

RESPONSE: 40,40 [TERM]

EXPLANATION: Theplotter 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 OFinstruction,error 2 (wrong num-
ber of parameters) is generated, and the plotter executes the OFinstruc-
tion anyway.
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The Output Identification Instruction, Ol

USES: The OI instruction outputs the plotter’s model number. This

instruction is especially useful in a remote operating configuration to
determine which model of plotter is on-line.

SYNTAX: OI term

RESPONSE: 7550A [TERM]

EXPLANATION: Theplotter always outputs its model number ana

letter as a 5-character string.
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If you include a parameter with the OIinstruction, error 2 (wrong num-
ber of parameters) is generated, and theplotter executes the OI instruc-
tion anyway.

The Output Options Instruction, OO
USES: The OOinstruction 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: OO term

RESPONSE: (Refer to the EXPLANATIONbelow.)

EXPLANATION: The plotter always outputs the following eight
ASCII integers, separated by commas:

C,1,0,0,1,1,0,1 [TERM]

Lindicates plotter has configurable graphics memory.

Indicates plotter has polygon fill instructions.

Indicates plotter has arc and circle instructions.

Indicates plotter has pen select capability.

Indicates status of plotter’s paper check and paperfeed bits.

C can take on a value from 0 to 3, depending on the followingsettings
of the paper check bit and the paper feed bit. The paper checkbit is set
to “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 theplotter
is in manual paperfeed mode.
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Cc Paper Check Paper Feed
Bit Bit eo)

S
0 0 2

i)
1 0 1 =

ga
2 1 0 jo)

r=
3 1 1 Sg

as
For example, if you execute the OOinstruction andreceive a value of 2
for C, this meansthe plotter has drawn a mark onthe paper andit is in

manual paper feed mode.

 

If you include a parameter with the OOinstruction,error 2 (wrong num-
ber of parameters) is generated, and the plotter executes the OO instruc-
tion anyway.

The Output Status Instruction, OS
USES: The OSinstruction outputs the decimal equivalent value of the
status byte. Use this instruction in debugging operations and in digitiz-
ing applications.

SYNTAX: OS 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.

 

 

  

Deesmal Bit No. Meaning

1 0 Pen down

2 1 P1 or P2 newlyestablished; 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 OF

64 6 Request service

128 7 Not used (alwaysset to “0’)   
OBTAINING INFORMATION FROM THE PLOTTER 13-11



Whentheplotter is first turned on, the status is 26: the sum of 2 (P1
and/or P2 newlyestablished), 8 (initialized), and 16 (ready for data).

Upon execution of an OS instruction by the plotter, 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 you 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.

aay
3

OQ,
~
=}

©
on
g
oa
=
a
ss)
a
2

©

 

The Output Carousel Type Instruction, OT
USES: The OTinstruction outputs the current carousel type andstall
occupancy information. This instruction is especially useful in a remote
operating configuration to determine the carousel type and occupied
pen stalls.

SYNTAX: OT term

RESPONSE: type,map [TERM]

EXPLANATION: Thecurrent 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:
 

 

   

vee Meaning

—1 Carousel of unknown typeis installed

0 Carouselis not installed

1 Carousel for paperfiber-tip pens is installed

2 Carousel for roller-ball pens is installed

3 Carousel for drafting pensis installed

4 Carousel for transparencyfiber-tip pensis installed
 

The mapvalueis defined as the sum (0 through 255) of any combination
of the bit decimal values shown on the next page. For example, a map
value of 15 (1+ 2+ 4+ 8) indicates pensareinstalled onlyin stalls 1, 2,
3, and 4 of the carousel. A map value of 0 meanseither all stalls are
empty, or no carousel is installed.
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Decimal Value If Occupied Pen Stall Number
 

1 1

2

4

8

16

32

64

128
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If you include a parameter with the OTinstruction,error 2 (wrong num-
ber of parameters) is generated, and the plotter executes the OT instruc-
tion anyway.

Summary of Output Response Types
Thefollowing table shows the numberandtypeof items in the response

to each HP-GL outputinstruction. The table includesall 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 numberofdigits in a variable.

 

Numberof

 

Instruction Parameters Type and Range
Returned*

OA 3 integers: lst and 2nd, <5 digits;

ord, 1 digit

OC 3 1st and 2nd: decimal, integer portion
<8 digits and fractional portion < 4
digits. 3rd: integer, 1 digit

OD 3 integers: lst and 2nd, <5 digits;
ord, 1 digit

OE 1 integer: 1 digit

OF 2 integers: 2 digits each    
 

*In addition to these parameters, the output terminator [TERM]is alwayssentat the end of
output, and commasare sent to separate parameters.

(Table continued)
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Number of

 

 

a Instruction Parameters Type and Range
rs Returned*
ad

4 . wo .
oO OG 2 integers: Ist, < 8 digits; 2nd, 1 digit

a OH 4 integers: all < 5 digits
gq :
oI OI 1 5-character string
ae)

5 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

OS 1 integer: < 3 digits

OT 2 integers: 1st, 1 digit; 2nd, < 3 digits    OW 4 integers: all < 8 digits
  
*In addition to these parameters, the output terminator [TERM]is always sent at the end
of output, and commasaresent to separate parameters.
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Chapter 14

Device-Control
Instructions

What You’!l 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
obviouseffect on plotting, such as: pen movement,scaling,labels, arcs,
circles, and lines. In this chapter, you will learn about the purpose of
device-control instructions and how to use these instructions to accom-
plish various tasks. For example, with device-control instructions you
can changethesize allocations of the five buffers in the configurable
graphics memory, you can obtain information about the plotter’s I/O
errors and extended status, and you can establish monitor mode(a pro-
gram debuggingtool).
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NOTE: This chapter presents the device-control instructions that are
usefulin either interface configuration (HP-IB or RS-232-C). Unless other-
wise noted, these instructions are interpreted and operate in the same
mannerin both interface configurations. If you are using the RS-232-C
configuration, you should refer to Chapter 16 for additional device-control
instructions that are useful in RS-232-C interfacing. @

Device-Control Instructions Covered

ESC.T The Allocate Configurable Memory Instruction
ESC.L The Output Buffer Size When Empty Instruction
ESC.S The Output Configurable Memory Size Instruction
ESC.@ The Set Plotter Configuration Instruction
ESC.B The Output Buffer Space Instruction
ESC.E The Output Extended Error Instruction
ESC.O The Output Extended Status Instruction
ESC.Q The Set Monitor ModeInstruction
ESC.K The Abort Graphics Instruction
ESC.R 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 causethere-
quested operation to be performed.

Buffer — an area in the plotter’s memorythatis reserved for data stor-

age. This plotter has five uniquebuffers, described in this chapter under
The Allocate Configurable Memory Instruction, ESC. T.

I/O Buffer — the buffer where all incoming graphics (HP-GL) instruc-

tions are stored, parsed, and executed ona first-in/first-out basis. There
are two concepts associated with the I/O buffer: physical and logical. The
physical I/O buffer is the actual, physical buffer area in the plotter’s
memory. The logical I/O buffer is the portion of the physical I/O buffer
that limits the number of HP-GLinstructions that can be stored while
waiting to be parsed (HP-IB and RS-232-C configurations), and that
determines when to handshake (RS-282-C configurations). Usually the
physical and logical I/O buffers are identical. In most applications,this is
desirable. However,it is possible to set a smaller size for the logical I/O
buffer. Note that the physical and logical I/O buffers are not separate
buffers in the plotter’s memory. Instead, you should think ofthe logical
I/O buffer as a “subset”of the physical I/O buffer. For this reason, the

logical I/O buffer can never be larger than the physical I/O buffer. You
can control the size ofthe physical I/O buffer with the ESC . T instruction,
and thelogical I/O buffer with the ESC . @ instruction.

a
aa)
Nn
q
=

i
[)

8
q
°

2
[o>]
2

Ss
o

iz

 

WhatIs 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 operations). 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 uponreceipt by the
plotter (as opposed to entering the I/O buffer and being executed on a
first-in/first-out basis, as is the case with HP-GLinstructions). The plotter
recognizes these instructions because they begin with the single ASCII

escape character, ESC (decimal code 27). Following the escape character,
eachinstruction includesaperiod (.) and a capitalletter 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
instruction.
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How and When Do You Send a
Device-Control Instruction to the Plotter?

Theprinciples for sending device-controlinstructionsto theplotter are the
sameas for HP-GL: you must send them asa literal string in a computer
output statement such as PRINT, PRINT #, OUTPUT, WRITE,or
WRITELN (discussed in Chapter 1). Accessing the character ESC is
similar to accessing any other single ASCII character. You have two
options: use a computer language-dependentfunction such as CHR§(27)
to send the decimalcode,or use your 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 HPSeries
200 computers, you can press CTRL L. For more information on these
options,refer to Howto Send the Label Terminator and Other Nonprinting
Characters under the LB instruction in Chapter 7.

You should send any device-control instructionsthatset plotter configura-
tions to the plotter before you send any HP-GL instructions. Examples of
device-control instructions that set plotter configurations are:

e Handshaking protocol instructions* — ESC.@, ESC.H, ESC.I,
ESC.M, ESC.N, ESC.P, ESC.(, ESC. Y, ESC.), and ESC.Z

e Buffer allocation instructions — ESC.T, ESC.@, and ESC.R

® Monitor modeinstructions — ESC .Q and ESC. @

Otherinstructions,such as those that request the plotter to output certain
information, can be sentto the plotter at any time.
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How DoYou Receive Information from
the Plotter?

All device-control instructions with the word “output”in theirtitle 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 responsein a program,you mustenterit 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 you 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 andfor considerationsto be aware ofdepend-
ing on the interface configuration you are using (HP-IB or RS-232-C).

*All of these instructions except ESC . @ are presented in Chapter 16. ESC . @ is presented
in this chapter.
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Syntax for Device-Control Instructions
Acomplete device-control instruction includesatleast the three-character

sequence consisting of “ESC” and “.” followed by the capital letter or
character indicating its function (e.g., 5, T, or @). Someinstructions also
include parameters and a terminator, according to the syntax conven-

tionslisted 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 striking a single key on the
keyboard, or you can use a function such as CHR$
to send its decimal code.

[ ] Brackets indicate that all enclosed parameters
are optional.

( ) Parenthesesindicate that each individual param-
eter is optional.
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(an ; The semicolon delimits parameters. If a semi-

colon appears without a parameter, the param-
eter is defaulted.

 

NOTE: There is no semicolon between thethree-
character command sequence(e.g., ESC. M) and
the first parameter. &

The colon terminatesany instruction which may
have parameters and can occur after any valid
numberofparameter 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 decimal 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 represent the ASCIIline-feed character, LF,
and 13 would represent the ASCII carriage-return
character, CR.
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Specifies any numberof optional parameters.
Each parameter must be followed by a delimiter
(;) or the terminator(:).

[TERM] All HP-IB output responses include a carriage
return andline feed [CRLF] as a terminator. Unless
changed by an ESC. instruction,all RS-232-C
output responsesinclude a carriage return [ER] 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
as ESC .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-
minatorafter the instruction.

The Allocate Configurable Memory
Instruction, ESC .T

USES: The ESC.T instruction allocates memoryin the five separate
buffers of the configurable graphics memory. Usethis instruction to
customize memoryallocation to fit the requirements of your application
(e.g., to increase the replot buffer and decreaseall other buffers).

SYNTAX: ES¢.T [(<DEC>);(<DEC>) ;(<DEC>);
(<DEC>);(<DEC>)]:
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Parameter* Range Default

physical I/O buffer 2-12 752 1024

polygon buffer 4-12 754 1778

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 0 when there are no downloadable character definitions (when no DL
instruction will be executed). However, if there are one or more downloadable character
definitions, the minimum is 452.
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EXPLANATION: Theplotter’s configurable graphics memory pro-
vides a total of 12 800 bytes that can be divided between five buffers. You
can vary the numberof bytes in each buffer, depending on the require-
mentsofyour application. However, the total numberofbytes forall five
buffers cannot exceed 12800. If this happens, the plotter uses an algo-
rithm to decrease the total numberofbytes to a maximum of 12800. The
algorithm is described at the end of this section.

As shownin the table on the previous page, each buffer requires a mini-
mum numberof bytes. If you specify fewer bytes than the minimum
allowed, the plotter allocates the minimum.Also, if you specify an odd
numberof 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 numberofbytes
to be allocated in the physical I/O buffer. The default size of the
physical I/O buffer is 1024 bytes. This is a convenient size for both
interface configurations. Setting the physical I/O buffer too small
slows down data transmission.If you are not using any of the other
buffers, consider setting the physical I/O buffer larger. The larger the
buffer, the more data the computer can sendto the plotter at a given
time. This means the computer could sendall of its data to the plotter
more quickly, freeing the computer to perform other tasks while the
plotter is parsing and executing the data.
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NOTE: You should be awareofthe relationships between the physical
and logical I/O buffers. The physical I/O buffer is the actual portion
of the configurable graphics memory where storage and parsing of
HP-GLinstructions takes place. There is also a logical I/O buffer,
which can be thought of as the operational subset of the physical I/O
buffer (it is not a separate buffer). The size of the logical I/O buffer

(not the size of the physical I/O buffer) is what limits plotter I/O
functions such as the number of HP-GL instructions waiting to be
parsed, and threshold levels in certain handshaking methods.

The logical I/O buffer cannot be larger than the physical J/O buffer.
Therefore, if you decrease the size of the physical I/O buffer, the
logical I/O buffer automatically decreases to the same size. However,
if you increase the size of the physical I/O buffer, the logical I/O
buffer does not change unless you execute the ESC .@ instruction.

Since the logical I/O buffer size is the limiting factor, you should
alwaysincrease it with ESC.@ whenever you increase the physical
I/O buffer with ESC . T. Refer to The Set Plotter Configuration Instruc-
tion, ESC .@,later in this chapter. @
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2. Polygon Buffer. The second parameter specifies the numberof bytes
to be allocated in the polygon buffer. All polygons defined by the
wedge, rectangle, and polygon instructions (WG, EW, RA, RR, EA,
ER, and PM)arestored in the polygon buffer. If your program does
not use anyoftheseinstructions, reduce the size of this buffer so that
other buffers can utilize the unused bytes. If your program does use
anyof these instructions, allocate enough bytes for the largest poly-
gon. A good approximationis to allocate 14 bytes for every point in
the largest polygon. However, a more accurate formula is provided in
the last section of Chapter6, titled The Polygon Buffer. Refer to that
section, also, to learn how to determine the numberof 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
numberofbytes 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
numberofbytes depends on a numberoffactors, but mustbe at least
452. A formula is providedin the section titled Allocating Memory for
Downloadable Characters under the DL instruction in Chapter11.
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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 reducethis 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 RPinstructions,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
generatoris 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 becomeavailable 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 asarcs and circles. This effect can be
minimized by using the curvedline 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 smoother.

Whenthe curved line generatoris 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.

Whenthe curved line generatoris 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 chordtoler-
ance, you should increase the vector buffer to 720 bytes in order to

hold the 72 vectors that define thecircle.)

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, whenthesize of the
vector buffer is large and it becomesfull, the plotter will not respond
immediately when you press a front-panel function key.

Hints for Using the ESC ..T Instruction to
Allocate Memory

Whenthe ESC. instruction is executed, it performs the following opera-
tions in this sequence:

e Clears the I/O buffer.

e 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.

Becauseofthis sequence of operations, there are two programminghints
that you should be awareof, described next.

1. Allocate buffer sizes at the beginning of a program, whenthe
buffers are empty — before you send any HP-GLinstructions
to the plotter. There are two reasonsforthis. 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 havenotpreviously allocated enough space, you
will receive error 7 (buffer overflow). This error usually clears the
buffer, which meansthat instructionsstored in that buffer (or requir-
ing use ofthat buffer) will not be executed. If you receiveerror 7, check
the buffer allocations. You can obtain the currentallocations with the
output configurable memorysize instruction, ESC .S, described later

in this chapter.

. After executing the ESC.T instruction, execute the ESC.L
instruction. The ESC.T instruction can take a few milliseconds to
clear the buffers and complete all memoryallocations. 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/O buffer is empty and
then outputs the size of the logical I/O buffer. Therefore, the ESC. L
instruction does not provide an output response until the ESC. in-
struction has finished. In this application of the ESC. L instruction,
the numerical value of the logical I/O 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 dothis 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 your program to the
plotter while the plotter is completing a previous plot, the ESC .T
instruction in your program could causedatafor the previousplot to be
lost, unless you execute ESC .L before ESC .T.

Instead of executing ESC .L, you can also determine when the I/O
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 beenset(ie., that the I/O 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 mostof its time responding
to the ESC..O instruction and the buffer would take a long time to
become empty.
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Howthe 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-
memberthat the total numberof 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 numberofexcess bytes. Then,it reduces
the largest parameter by the excess numberofbytes. Note that this could
result in this buffer being reduced to the minimum possible, which might
create a buffer overflow error when youtry to run your program.Ifthere
is still an excess, the plotter reduces the next largest parameter by the

excess, and so on until the sum forall five parameters is equal to 12 800.
Thefollowing exampleillustrates this algorithm:

If you send: ESC . T 7024 ; 7050; 7076;0;100:

The excess numberof bytesis: (7024 + 7050 + 7076 + 100) — 12800 =
21 248 — 12800 = 8452

Theplotter reduces the largest
parameter(the 3rd parameter,
the downloadable character buf-
fer) to its minimum; the resultis: ES¢.T7024;7050;0;0;100:

Nowtheexcessis: (7024 + 7050+ 100) — 12800 =
14174— 12800 = 1374
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Theplotter reduces the next

largest parameter (the 2nd
parameter, the polygon buffer)
by the excess (7050 — 1874 =
5674), so the final buffer
allocations are: ESC . T7024; 5676 ;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 mightalso generate an error7 if
you execute an instruction that uses the polygon buffer.
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The Output Buffer Size When Empty
Instruction, ESC. L

USES: The ESC. Linstruction outputs thesize, in bytes, of the logical
I/O buffer when it is empty. Use this instruction to determine when the
I/O 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

nextinstruction.

SYNTAX: Esc. L

RESPONSE: <DEC> [TERM]

EXPLANATION: The ESC.L instruction outputs an integer which
is the size of the logical I/O buffer. The responseis not transmitted by
the plotter until the buffer is empty.

Whentheplotter is turned on, the output response is 1024. However, the
response can beas low as2 if either the ESC .T or ESC. instruction
has reducedthe size of the I/O buffer, or as large as 12752 if both the
ESC .T and ESC.@ instructions have increased the size of the I/O
buffer.
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The Output Configurable MemorySize
Instruction, ESC .S

USES: The ESC.S instruction outputs the total numberof bytesallo-
cated in the configurable graphics memory,or the numberofbytes in 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: §S¢.S (<DEC>):
 

Parameter Range Default

buffer size 0-5 0

 

     
RESPONSE: <DEC> [TERM]

EXPLANATION: TheESC .S instruction outputs the numberofbytes
allocated in the buffer specified by its parameter. This response is an
integer with a value between 0 and 12800.

Executing the ESC.S instruction without any parameters (ESC.S:)
causesthe plotter to output the total numberofbytesin all five buffers of
the configurable graphics memory. The valid range of parameters is
listed on the next page.
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0 requests total numberof bytesin all five buffers of the

configurable graphics memory

requests numberof bytes in the physical I/O buffer

requests numberof bytes in the polygon buffer

requests numberof bytes in the downloadable character buffer

e
w

nN
W

F
f

requests numberof bytesin the replot buffer

5 requests numberof bytes in the vector buffer

Parameters less than 0 generate error 12 (invalid byte in I/O control)
andcause the value 12 800 to be output. Parameters greater than 5 cause

the value 0 to be output.

The Set Plotter Configuration Instruction,
ESC .@

USES: In an HP-IB configuration, the ESC.@ instruction sets the
logical I/O buffer size and controls the parse and receive monitor modes.
Usethis instruction to changethelogical I/O buffer size (particularly if
you haveincreased the physical I/O buffer size with the ESC .T instruc-
tion). You can alsousethis instruction to enable or disable a monitor mode
(however, it is easier to use the set monitor modeinstruction, ESC .Q,
described later in this chapter).

In an RS-232-C configuration, the ESC.@ instruction doesall of the
above,plus it controls hardwire handshakingandblock I/O error check-
ing. Use this instruction as described above, to change hardwire hand-
shakeconditions, and to enable or disable block I/O error checking.

SYNTAX: ESC.@ [(<DEC>);(<DEC>)]:
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Parameter Range Default

logical I/O buffer 2-12 752 1024 (or size of current
physical I/O buffer)

I/O conditions 0-127 depends on operating state
of plotter     

EXPLANATION: The two parameters of the ESC. @ instruction are
interpreted as follows.

1. Logical I/O Buffer. This parameter specifies the size of the logical
I/O buffer, which is the operational subset of the physical I/O buffer.
(The differences between the two buffers are described under The
Allocate Configurable MemoryInstruction, ESC .T, presented earlier
in this chapter.) If you do not specify this parameter, the logical I/O
buffer will be setto the samesize as the current physical I/O 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 I/O buffers to be the same
size. If you wish to increase the size of the logical I/O buffer, you
should first increase the size of the physical I/O buffer, because the
logical I/O buffer cannot be larger than the physical I/O buffer.Ifthe
physical I/O buffer has been decreased with the ESC ..T instruction,
the logical I/O buffer automatically decreases to the samesize.

If you specify a parameter of0 orless, error 12 (invalid byte in I/O

control) is generated andthe logical I/O buffer size is set equal to the
current physical I/O buffer size. If you specify a parameter of 1, the
logical I/O buffer size is set to 2 (the minimum possible).

For most applications, you should be sure the physical andlogical
I/O buffers are both set to the same size. However,if you are using the
RS-232-C configuration and an Xon-Xoff handshake, you could set
the logical I/O buffer size slightly smaller than the physical I/O
buffer size. This would be necessary only in a situation where many
characters are being transmitted after the Xoff trigger character.
These characters might normally be lost when the logical and physical
I/O buffer sizes are equal. However, since the threshold levelis deter-
mined from the logical I/O buffersize, if the logical I/O buffer were
slightly smaller than the physical I/O buffer, the extra characters
would not get lost (because they would still be contained in the “extra”
area provided by the physical I/O buffer). Refer to Chapter 16 for
information on the Xon-Xoff handshake.

. I/O Conditions. This parameter specifies a decimal equivalent value
that controls the states of bits 0 through4 of the configuration byte.
These bits control hardwire handshaking, two mutually exclusive
monitor modes, and block I/O 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 conditionsselected on the front panelor established by
device-control instructions such as the most recent ESC.P and
ESC. Q. (Whentheplotteris first turned on, the default states of bits 0
and1 are determined by thesettingsofthe 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 RS-232-C configuration,all bits are
recognized. Ifyou wish only to enable a monitor mode(bits 2 and 3), itis
more efficient to use the set monitor mode instruction, ESC .Q,
described later in this chapter. @
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Bit
No.

Logic
State

Decimal

Value
Description
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16  

(RS-232-C only). Disable hardwire
handshake.(Plotter will ignore DTR
line, pin 20.) Default when any
handshakeexcept hardwire has
been established.

(RS-232-C only). Enable hardwire

handshake. (Plotter can hold off

data from the computer by using the
DTRline, pin 20.) Default when
hardwire handshake has been
established.

(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 hasbeen established.

(RS-232-C only). Computer or
modem cannot hold off data from
the plotter using the CTS and DSR
lines (pins 5 and 6). Default when
direct mode has been established.

Specify parse monitor mode(all data
is displayed as it is parsed).

Specify receive monitor mode(all
data is displayed asit is received).

Disable monitor mode.

Enable the monitor modespecified
by bit 2.

(RS-232-C only). Disable block I/O
error checking.

(RS-282-C only). Enable block I/O
error checking.
 

*Rather than using ESC. @, you can probably use the front panel or other device-control
instructionsto establish the conditions controlled by bits 0 and 1. Refer to Chapter 16 for
more information.

**Tf either PARSE MODE Or RECEIVE MODEis 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 chapter.

***For more information,refer to The Output Extended Error Instruction, ESC . E,later in
this chapter.

14-14  DEVICE-CONTROL INSTRUCTIONS

 



Example — Increasingthe Size of the Logical I/O Buffer
and Setting the Configuration Bits

Whenever you wish to increase the size of the logical I/O buffer, you
mustfirst increase the size of the physical I/O buffer. In the following
sequenceof instructions, ESC .T increases the size of the physical I/O

buffer to 5000 bytes (and defaults the other buffers), ESC . L ensures the
allocation is complete, and ESC. increasesthesize of the logical I/O
buffer to 5000 bytes (and defaults the configuration bits). Remember to
add a computer-dependent read statement after ESC. L to read theout-
put response, although the actual responseis not importanthere.

Esc .T 5000: sc. Lest .@ 5000:

If you are using the RS-232-C interface, you might also use the ESC. @
instruction to set someof the configuration bits. The following sequence
of instructions increases the logical I/O buffer size to 5000 and enables
both direct mode and block I/O error checking. (If you are using the
HP-IB interface, the only bits you can set are bits 2 and 3, the monitor
modebits; however, it is easier to use the ESC. Q instruction than the
ESC . @ instruction when you wishto enable or disable a monitor mode.)

Esc .T 5000: €s¢. LEse .@ 5000; 18:

The decimal value 18 specifies the corresponding binary valueto set
the logic states of bits 0 through 3 as follows:

00010010 =. decimal value 18

ignored4s L_ disable hardwire handshake

enable direct mode
(decimal value 2)

specify parse monitor mode

disable monitor mode

enable block I/O error
checking (decimalvalue 16)
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The Output Buffer Space Instruction,
ESC .B

USES: The ESC.B instruction outputs the currently available space
in the logical I/O buffer without waiting for the buffer to become empty.
Usethis instruction to confirm the size of the logical I/O buffer when
you have changedthe size with the ESC . @ instruction, or when the
logical I/O buffer may have been automatically reduced by a reduction
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in the physical I/O buffer (with the ESC .T instruction). You can also

use this instruction in a software checking handshake to interrogate
the plotter regarding available logical I/O buffer space.

SYNTAX: Esc.B

RESPONSE: <DEC> [TERM]

EXPLANATION: The ESC.B instruction outputs an integer which
is the number of unused bytes remaining in the logical I/O buffer.
Whentheplotter is turned on, the output response is 1024. However, the
responsecan beas low as 2 if either the ESC .T or the ESC. @ instruc-
tion has reduced the I/O buffer, or as large as 12 752 if both the ESC .T
and ESC. @ instructions haveincreased the I/O 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 WAITstate-
ment or read an empty string, INPUT #1, N$.) The wait allows the
plotter time to execute other instructions, thus changing the amountof
available space.
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QO The Output Extended Error Instruction,
ESC .E

USES: The ESC.E instruction outputs a number that defines any
I/O error related to device-control instructions. Use this instruction in
program debugging to determinethe 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/O error
checking.

SYNTAX: Esc.E

RESPONSE: <DEC> [TERM]

EXPLANATION: The ESC.E instruction outputs the I/O 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/O erroris output as an integer. The rangeis 0 or 10-18, as
described in thetable on the following page.

 

14-16 DEVICE-CONTROL INSTRUCTIONS



 

Error
No. Meaning

 

0 NoI/O error hasoccurred.

10 (RS-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 theerror). (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

(ESC .) in a device-control instruction.

12 Invalid character received while parsing a device-control
instruction. The parameter containing the invalid char-
acter andall 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 ES€ 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. B
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15 (RS-232-Conly). A framingerror, parity error, or overrun
error has been detected. The defective character is re-
placed by DEL (decimalcode 127).

16 (RS-232-C only). The physical I/O buffer has overflowed.
As a result, one or more characters have been lost; there-

fore, an HP-GL error will probably occur. Thelast valid
character is replaced by DEL (decimal code 127).

17 (RS-232-C only). Transmit underrun.This can be caused
by a baud rate mismatch between devices, or by exces-
sive I/O activity in receive monitor mode.

18 I/O error of indeterminate cause.   
 

Using the ESC. @ and ESC.E Instructions for
Block I/O Error Checking (RS-232-C Only)

If you are using an RS-282-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 bysetting 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/O error (response to the ESC .E is 0),
the data block is executed normally and a new datablock begins.If the
response to ESC. E indicates an I/Oerror, the plotter discards the entire
data block. This allows you to correct the error and retransmit the data
block, thus preventingerrors in your plot. The following diagram illu-
strates block I/O error checking.

  

 

 

Block I/O Error Checking

Computer 2 : Comments

ESC.@;16: > Enable block I/O checking.

Data block A > | Send a block of data.  [Assumea character gets

garbled (e.g., bad parity).]

Esc .E > AnyI/O errors?

Parity, framing, or overrun error.
Atthis point, the plotter dis-
cards the block because an
error occurred.

 
Data block A — Retransmit the block.

Esc. E > AnyI/Oerrors?

No errors.
Plotter executes block.

Data block B — Send a block of data.
[Assume a handshake
character gets lost, and buffer
overflows.|

Esc. E > AnyI/O errors?

Buffer overflow.

Plotter discards block because

an error occurred.

Data block B — Retransmit the block.

Esc .E > AnyI/O errors?

Noerrors.

Plotter executes block.   
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The Output Extended Status Instruction,
ESC .O

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: Est.O

RESPONSE: <DEC> [TERM]

EXPLANATION: The ESC.O instruction is similar to the HP-GL
OSinstruction in that they both output information aboutthe plotter’s
status. However, the ESC .O instruction outputs more information, and
it is executed immediately (instead of entering the buffer, as the OS
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
the following table.

 

Bit Logic Decimal
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No. State Value Meaning

0 0 0 Manual paper-feed modeis 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
meansa pen has not been
lowered).

1 2 Current pageis not clean. Set

underthe following conditions:

e Theplotter has been turned on
(the plotter doesn’t know
whetherthe current page is

clean, so it assumesthe page is

not clean).

e A pen has been lowered.

e 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 Paperhas not been loaded (from
front panel, or a PG, AF, or AH
instruction) since uhe last ESC .O
instruction was executed. The
ESC. 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

— wasexecuted. This bit is set to 1
f whentheplotter is turned on.

g 3 0 0 I/O buffer is not empty.
fe}
)
OQ 1 8 I/O buffer is empty and readyfor

8 data.

a
a 4 0 0 Remote state; processing HP-GL

5 0 instructions.

4 1 16 View state; paper is loaded 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 Coveris lowered.

1 64 Coveris raised.

7 0 0 ENHANCED modeis active.

1 128 STANDARD modeis active.

8 0 0 Notused.

1 256 Notused.

(Table continued)
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Bit Logic Decimal
No. State Value

9 0 0 ESC.O, ESC.U, WD, or OK in-
struction has been executed. Exe-

cution of each of these instructions

Meaning

 

     
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.

L 11-15 — — Not used.
 

Theplotter’s output responseis the sum ofthe 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 wantto checkbit 2 for a paperfeed,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 look at the
decimal value columnin 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 0. This prgcess is shown
in the following example:

   

Plotter’s output response: 518
Subtract largest possible
decimal equivalent value: —512 (512 indicates a function key has

been pressed; bit 9 is set to “1’’)
6

Subtract next value: —4 (4 indicates a paper feed has
occurred; bit 2 is set to “1”)

2
Subtract next value: -—2 (2 indicates the current page has

been plotted on; bit 1 is set to “1”)
0 (All other bits are set to “0”; refer to

the previous table for the plotter’s

status when thesebits are set to “0’”)

If your application 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 .O
instructions. (In BASIC, use the WAIT statement or an emptystring,
INPUT #1, N$.) The wait allows the plotter the time to execute other

instructions, thus giving the plotter the opportunity to set the desired bit.

The Set Monitor ModeInstruction,
ESC .Q

USES: The ESC. 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 also enable and
disable both monitor modesfrom the front panel.

SYNTAX: ES€.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:
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A 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-GL and device-control instructions
to the plotter (via the plotter’s HP-IB or COMPUTER/MODEMport). 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 ofmonitor mode that you use, you can see exactly

whatthe plotter is receiving, parsing, and outputting.

Thedifference between the two modesis when data is transmitted to the
terminal, as described next:

e In the parse monitor mode, all characters are transmitted to theter-
minal as they are parsed by the plotter. Thus, the terminal displays
whateverthe plotter is currently doing (for example, if the plotter is
selecting pen 2, the display shows SP 2;).

® In the receive monitor mode, all characters are transmitted to the
terminal as they are received by the plotter. Thus, the terminaldis-
plays whatever the plotter will be doing later when the received data is
parsed.
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To enable one ofthe monitor modes, you 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 methodis not recommended becauseit is more
difficult than using the ESC . Q instruction.)

NOTE: If you enable a monitor mode from the front panel, you cannot
disable it or changeit from your program.Ifyou enable a monitor mode
from your program, you can toggle between the modes or disable mon-
itor modeeither from the front panel, or from your program. Any time
you changethestate of the monitor modefrom 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 current programmatic state. BI

The following two subsections present information relevant to HP-IB
and RS-2382-C configurations, respectively. Following these paragraphs
are illustrations of data flow in the two monitor modes.

Notes for HP-IB Configurations

To use a monitor mode, you must have a computer and a terminal.
Connect the computerto the plotter’s HP-IB 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 BAUD 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/O 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, output 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, you 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 be
off.) If the plotter is in local mode, enabling a monitor mode places the
plotter in remote mode.

While the plotter is in a monitor mode,all data comingto the plotter from
the terminalwill be ignored (except for the break signal) in order to assure
that the terminal will not take part in 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 causestheplotter to clear the I/O buffer and return to the pro-
grammed-off state. In stand-alone, a break signal has noeffect on the
plotter; the plotter ignoresit.

If you enable the receive monitor mode, you should be aware that the
the setting of the front-panel DUPLEX function key affects the flow of
output responses, as follows. (Refer also to the data flow illustrations

shownafter these paragraphs.)

e Ifthe 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).

® If 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.
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(In parse monitor mode, the setting of the DUPLEX switch is not impor-
tant. This is because only parsed 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 becauseit 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 diagramsillustrate data flow for the two monitor modes.
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PLOTTER

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: est. K

EXPLANATION: The ESC.K instruction aborts any partially

parsed HP-GLinstruction, 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, arc, 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-GLinstructionsin the buffer are discarded,
andtheparseris reset. In an RS-232-C configuration, any data entered

since block I/O error checking was enabled (with ESC . @) is also aborted.

The Reset Instruction, ESC .R
USES: The ESC.R instruction resets certain I/O conditions to the
states that exist when theplotter is first turned on. Use this instruction
in an initialization sequence when starting a new program.

SYNTAX: eEsc.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:ES¢.T:

Fe
ND
fa
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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 modeinstruction, ESC.P, are
described in Chapter 16. The abort graphics instruction, ESC .K, and
the allocate configurable graphics memory instruction, ESC.T, are
described earlier in this chapter.

NOTE: After 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 subsequentinstruction 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. instructionsare described earlier
in this chapter.
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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 whichplotter is currently on-line.

SYNTAX: Es¢.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 firmwarerevision level.

The model numberis always 7550A, output in a character string. The
firmware revision level is output as integers. The model number and

firmwarerevision level are separated by a comma.

The End Flush Mode Instruction, ESC .U
USES: The ESC.U instruction ends flush mode. Usethis instruction
in spooling applications to end flush mode, thus allowingtheplotter to
begin parsing HP-GLinstructions again.

SYNTAX: es¢.U

EXPLANATION:Flush modeis enabled whenthe front-panel ESCAPE
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.O
instruction, described earlier in this chapter). After execution of ESC. U,

HP-GLinstructions can again be parsed.
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Chapter 15

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 andreceive data using a
variety of HP computers. In mostcases,this will be all the information
you need to use HP-IB interfacing.

For those who need to understand how theinterface works, this chapter
explains the HP-IB lines and operations. For detailed information, read

the section on HP-IB functions andtheir implementation ontheplotter.
Also included is a description of serial and parallel polling.

What Is the HP-IB?
The Hewlett-Packard Interface Bus (HP-IB) provides for mechanical,
electrical, timing, and data compatibility between all devices adhering
to the ANSI/IEEE 488-1978 standard. If you connect several HP-IB
devices and assign them unique “addresses,” you can be sure they will
be able to communicate with each other.
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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, beginningwiththesection 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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Addressingthe Plotter
The HP-IB uses an addressing technique to ensure that each device on

the bus receives only 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 sametime, but only
one device can be designated as a talker at any given time.

There are basically two modes of addressing the plotter: addressable
andlisten-only modes. In addressable mode,the plotter can function as
a talker or as a listener, depending on the commandsit 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-
binedin 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 codeof the plotter. The plotter will then receive
the information sent by “PRINT”statements. The plotter can be set to
31 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-iB 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 yourplotter’s address
is different from your computeror 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 “O”,1,“PLT’’. Thereafter, send information using
“PRINT #1”statements (without quotes). The “1” indicates thefile you
have opened for output, not the addressofthe plotter.
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NOTE: Whenusingtheplotter 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-IB function key. The LISTEN
ONLYsetting follows the address30 setting. In listen-only mode,the plotter
does not have an address,butlistens 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 modeis 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 oneplotter 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
modeto do thetalkingforall of the plotters.

Notes on Addressing Protocol

In order to communicateeffectively with the plotter, it is important that
you understand the HP-IB addressing protocol of your computer. There-
fore, you may wishto review this aspect of your computer.

Some computers can use high-level languages (such as BASIC, FOR-
TRAN, Pascal, and COBOL) with high-level input/output (I/O) 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/O 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 I/O statements to address devices
on the HP-IB bus.If your computer uses such statements, you'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 sameplotter
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 andoctal values.

Sending and Receiving Data
This section provides program examplesto illustrate waysofsending and
receiving data between the plotter and various HP computers. These
programsalso show you a variety of ways to addresstheplotter. 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
own 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.Runningthe following programswill causethe 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, andliterals. (For moreinformation
on sendingvariables, 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 addressis set to 5 on
the HP 7550. Using the front-panel function keys, make sure your
plotter is set to address 05. The CHR$(8) function, used in line 60,
specifies the label terminator ETX.

10 PRINTER IS 705
ZQ0 A$=" SENDING DATA"
30 B216
40 ¥=2000
50 PRINT "SP1;PA1000,";Y;"5"
60 PRINT USING "K";"LBHP "3B;A$;CHR$(3);"SPO;"
70 END

Plotted result: HP 216 SENDING DATA

When using HP Model 226 or 236 computers, substitute the appropriate
model numberin 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” asthe filename for the
OPENstatement, as shownin line 10. Using the front-panel function
keys, makesure your plotter is set to address 05. When you enter line 10on

AS of this BASIC program, make sure you typetheletter “O” (for output),
Fs rather than a zero. The CHR§$(3) function, used in line 60, specifies the
Fi label terminator ETX.

& 10 ‘Insert configuration statement here
faa ZO A=" SENDING DATA"
ar 30 B=i50
= 40 Y=2000

SO PRINT #1, "SP1;PA1000,"3¥;"5"
60 PRINT #1, "LBHP ";B;A$+CHR$(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. Makesure 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 CHR$(3) function, used in line
60, specifies the label terminator ETX.
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10 PRINTER IS 205
20 AS=" SENDING BATA"
30 Be520
40  Y=2000
50 PRINT "SP1;PA1000,";¥;"3"
60 PRINT USING "K":"CBHP "3B; A$;CHRS(3);"SPO;"
70 END

Plotted result; HP 520 SENDING DATA

When using HP Model 530 or 540 computers, substitute the appropriate

model numberin line 30. For example, when using an HP 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 specialfile “/dev/plotter” is
created by the superuser (system administrator) using the mknod com-
mand. 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.

Theinteger field width specification, I4, is adequate to plot to the coor-

dinate Y= 2000. You may wishto usea 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
999 999 or less than —999999. The variable IETX is set to 3, which is
the decimal codefor the label terminator ETX.

CHARACTER*14 TEXT
INTEGER ILU,IETX,B,Y
TEXT=" SENDING DATA"
ILU=20
IETS=3
B=520
¥=2000
OPENCUNT T=ILU,FILE=’ “dev-plotter”)
WRITECILU,1000) "PU;SP1;PA1000,",Y,";"

1000 FORMAT(X,A14,14,A1)
WRITE CILU,1001) "LBHP ",B, TEXT, IETX

1001 FORMAT(X,AS,14,A14,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 I/O statement protocol implemented
on your computer. Running these programs will cause the plotter to
move the pen to the X,Y 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, 226, and 236
(Previously HP 9816, HP 9826, and HP 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. Similarly, the “ENTER 705” state-
mentspecifies 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 addressis set to 5 on the HP 7550. Using

the front-panel function keys, make sure yourplotter is set to address
05.

10  QUTPUT 705; "PA1000,1000;0C;"
20 ENTER 705;A,B,¢

ao 30 OUTPUT 705;"01;"
= 40 ENTER 705;A$
u 50  DISP A,B,C,AS$
os 60 END
3
Re Displayed current pen position and identification:

= 1000 1000 0 7550A
Ay
an 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 theplotter.
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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. Similarly, the “ENTER 205”state-
mentspecifies that data is to be received from the device on interface 2
at address 5. Make sure theinterface cardis in slot #2 of your computer.
Using the front-panel function keys, make sure your plotter is set to

address05.

10 PRINTER IS 205
20 PRINT "PA1000, 1000;0C;"
30 ENTER 205;A,5,¢
49 PRINT "OI;"
50 ENTER 205;A8
60 DISP A,B,C,A$S
70 END

Displayed current pen position andidentification:

1000 1000 0 75504

FORTRANExample

The following program is written in FORTRAN 77 and assumes that
the system has been configured so that the specialfile “/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 READstatement in the seventh line is formatted to read two 4-digit
integers (1000, 1000) and one 1-digit integer (0), separated by commas.
The READ statement in the eleventh line is formatted to read a
character string of five characters (7550A).
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CHARACTER#& IT
INTEGER A,B,C
ILU=20
OPENCUNIT=ILU,FILE=%edevenlatter 7)
WRITE CILU, 1000) "PAICOG, 1000;0C;"

1000 FORMAT (Cs, AIS)
READCILU, 2000) A,B,

2006 FORMAT (CI4,x,I4,x,1I1)
WRITECILU, 3000) "OI;"

2000 FORMAT Cs, AS

READtILU, 4000) IT
4000 FORMAT CAS 3)

WRITE(6,5000) A,B,C,ID
5000 FORMAT(%,3I15,2%,AS)

STOP
END

Displayed current pen position and identification:

1000 1000 0 7590A

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 connectall peripherals, controllers, and other componentsof the
system in parallel to the signallines.

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 functionsimplemented by the HP 7550 arelisted
later in this section, following the generaldescriptions ofHP-IB lines and
operations.

Refer to the ANSI/IEEE 488-1978 standard for a description ofall of
the HP-IB interface functions. This standard defines each interface
function in termsofstate diagrams that expressall possible interactions.
Another document you mightfind helpful is the Tutorial Description of
the Hewlett-Packard Interface Bus (Part No. 5952-0156).

HP-IB Lines

The HPInterface Bus transfers data between the components ofa system

on 16 signal lines. The eight data I/O lines (DIO1 through DIO8) are
reserved for the transfer ofdata in a byte-serial, bit-parallel manner. Data
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transfer is asynchronous, coordinated by the three handshakelines: data
valid (DAV), not ready for data (NRFD), and not data accepted (NDAC).
Theotherfive lines are for managementofbusactivity. See the following
figure.

DEVICE A DATA BUS

ABLETO TALK, LISTEN
AND CONTROL

(B LINES)

(e.g., CALCULATOR)

 

    
 

Computer
Museum   DATA BYTE

DEVICE B TRANSFER
CONTROL

ABLE TO TALK AND
LISTEN

{e.g., PLOTTER)

GENERAL
INTERFACE

DEVICE C MANAGEMENT

ONLY ABLE TO LISTEN
(e.g., SIGNAL
GENERATOR)

 

v
reDEVICE D bio a

ONLY ABLE TO TALK 1.,.8 =f
(e.g., COUNTER)

je

DAV =
NRFD ey
NDAG 5

ise}
IFC
ATN
SRQ
REN
EOI

7580-A-201-1

HP-IB Signal Lines

Devices connected to the bus maybetalkers, 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
ATNline is true, all devices must listen to the data lines. When the
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ATNline is false, only devices that have been addressed will actively
sendor receive data. All others ignore the data lines.

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 ATNis 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 beinitiated 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 ATNisfalse,
any codeof8 bits or less, understood by both talker andlistener(s), may
be used.

Setting the IFC (interface clear) line true places the interface system in
a knownquiescentstate.

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.

Anyactive 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 needsattention.

The EOI(endoridentify) line is used by a device to indicate the end of
a multiple-byte transfer sequence. Whena controller sets both the ATN
and EOIlinestrue, each device capable of a parallel poll indicates its
current status on the DIO (data input/output) line assignedto it.

HP-IB Operations

The operation of the interface is generally controlled by one device
equippedto 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 andlistening.
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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 handshakelines; 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 commandsselect the devices that will
transmit and accept data. Theyare all multiline messages.
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* Universal commandscauseevery device equipped to do so to perform
a specific interface operation. They include multiline messages and
three uniline commands:interface clear (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 andareall multiline commands. A device
responds to an addressed command, however, only after it has been
addressedasa talker or listener.

e 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-bit 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 extendthis into a two-byte addressing capability, 961 addresses
becomeavailable (31 allowable addresses in the second byte for each of
the 31 allowable in thefirst byte).

Addressing Sequences

Oneof the first things you must consider whendirectly controlling the
HP-IBis addressing. Followingis a typical addressing sequence.

<Unlisten Command> <Talk Address> <Listen Addresses>

This sequence is made up of three major parts which servethe follow-
ing purposes:

1. The unlisten commandis the universal bus command with a char-
acter code of “?”. It unaddresses all listeners. After the unlisten

commandis 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 whois to talk to whom.
The commands are implemented by putting data on the bus and
setting the ATNlinetrue. The unlisten command(“?”) plays a vital role
in this sequence.It is important that a device receive only the data that
is intendedforit.
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Whena newtalk addressis 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-
mandin the same manneras the unlisten command.

To tell a 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 sequenceover the data lines: ,

2U%

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 asthelistener.

Following is a table of ASCII characters and their decimal and octal
equivalent values.

 

 

 

   

Address Codes

chs Equivalent Values

Decimal
Listen Talk (Front-Panel Octal

Setting)

SP @ 0 0

ote ! A 1 1
a
3) ” B 2 2cs
a

s # C 3 3
q

7 $ D 4 4
aa eon
a, PRESET —~ % 5 5

any

& F 6 6

, G 7 7

( H 8 10

) I 9 11

* J 10 12

+ K ll 13

> 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 5 19 23

4 T 20 24

RESERVEDFOR poco ans eennnes fponnncanna fon
D

I

COMPUTER rm 5 U | 21 25 |
ADDRESS aa|

6 Vv 22 26

7 W 23 27

8 X 24 30

9 Y 25 31 5
—

Z 26 32 vs)
—

; [ 27 33 =

< \ 28 34 e

= ] 29 35 E

> A 30 36

RESERVED FOR --—---|----——-oe_--

MONLISTENTL? _ LISTEN ONLY 37 |
COMMAND Iefe4  
 

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 implementall func-
tions. The table on the next pagelists 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 Poll PP1, PP2
or PP0**

DC Device Clear DC1

DT Device Trigger —

C Any Controller —

Cn 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.

**PP] (if address > 8), PP2 (if address < 8), PPO (if listen-only mode).

Bus Capabilities

To enable bus capabilities, devices must be capable of implementing
specific functions. Each device in a system maybe 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 wanttheplotter to set the service request

line true to indicate a needfor 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.
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Thefollowing table describes the full implementation ofall HP-IB system
capabilities and the functions required to implement them.
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HP-IB Bus Capabilities and Functions
 

Functions Required

 

Bus Capability Sender Function — Receiver Function(s)

(Support Functions)

Data enables data, such as T — L* (SH, AH)
HP-GL,to be sent between a

controller and one or more
devices.

Trigger enableslistening C — DT* (L, SH, AH)
device(s) to perform a device-
dependentaction when
addressed.

Clearsets either the listen- C — DC* (L, SH, AH)
ing device(s) or all of the
devices on the busto their
predefined device-dependent
states.

Remotecauseslistening Cs — RL* (SH, AH)
device(s) to switch from
local front-panel control to
remote program control.

Local clears Remote from C — RL* (L, SH, AH)
listening device(s) and
returns device(s) to local
front-panel control.

Local Lockoutprevents a C — RL* (SH, AH)
device operator from
manually inhibiting
program control.

Clear Lockout/Local Cs — RL*
removesall devices on the
bus from Local Lockout and

reverts them to Local.
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Service Requestis sent by SR* — C
a device to notify the con-
troller that it needs some
type of interaction. The
service request is cleared

whenthe Status Byte is sent
by the device requesting

service.    
*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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HP-IB Bus Capabilities and Functions (Continued)
 

Functions Required

 

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; remainingbits indi-
cate operational conditions
defined by the device. Sent
from a talking device in
responseto a serial poll from
a controller.

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 to
specify the particular bit
andlogic level that a device
will respond with when a
parallel poll is performed.
More than onedevice can
respond on the samebit.

Pass Controltransfers the Ca — Cz (T, SH, AH)

bus managementresponsi-
bilities from the active con-

troller to another controller.

Abortis sent by the system Cs — T,L,*C
controller to unconditionally

assumecontrol of the bus
from the active controller.
Terminatesall bus com-
munications, without
implementing a Clear.
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*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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Serial and Parallel Polling
Serial and parallel polling are the processes used by the computer to
determinethe state of devices on the HP-IB bus. The conditions which
will cause a service request to be sent to the computer by theplotter in a
serial poll, and the plotter to respond positively to a parallel 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 maskinstruction, IM,is used to specify
which status byte conditions will send a service request. Unless you
change the S-mask value from the default setting of 0, the plotter will
not send a service request.

Whenanyof the conditions designated by the S-maskaretrue,bit posi-

tion 6 of the status byte will be set to 1. Bit position 6 will be set to 0
after 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
request 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 performsa serial poll by issuing a serial poll enable and
addressing theplotter to talk. It must then terminate the serial poll by
issuing a Serial poll disable. Refer to your computer’s documentation to
determine whetheror not your system hasserial poll capability and for
the necessary commands. During serial poll, a device must be in-
structed to talk and the computerto listen. Therefore, a serial poll can-
not be executed when theplotter is in listen-only mode.

The Parallel Poll

If your system implementsparallel polling, the parallel poll may be the
fastest method of determining which device on the bus needsservice. In
one operation, the parallel poll determines which device (with parallel
poll capability) is requesting service. If the response to the poll is affirm-
ative, then a serial poll can be conducted to 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 7550’s address is 0 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 byte conditions will result in a positive response to a parallel
poll. The plotter’s response to a parallel poll is to set the appropriate
dataline 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

 

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 parallel poll disable command.
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It is important to rememberthat 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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Notes
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Chapter 16

RS-232-C/CCITT V.24
Interfacing

What You’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 requirements, and a step-by-step checklist are provided
to help you set up your system.

In addition, a tutorial description of the three predefined handshake
methods,and details on howto 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 follow the syntax conven-
tions presented in Chapter 14. Note that device-control syntax differs
from HP-GL syntax.

NOTE: All information in this chapter 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.

Device-Control Instructions Covered

ESC.P Set Handshake Mode Instruction

ESC.M Set Output Mode Instruction

ESC.N Set Extended Output and Handshake Mode Instruction

ESC.H Set Handshake Mode1 Instruction

ESC.I Set Handshake Mode2 Instruction

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/ByPASss OFF — In the programmed-onstate, the plotter

will accept andinterpret 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 Bypass OFF function key, or from a program.
with the plotter-on instruction, ESC. Y or ESC .(. While programmed-on,
in either the eavesdroporlocal 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 I/O buffer and, in an eavesdrop

configuration,will return the plotter to the programmed-off state.

Programmed-Off/Bypass ON — Whentheplotter is programmed-off,it
allowsall 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-alone config-
uration, the programmed-offstate 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, enquire/
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 communications and select a handshake
method.

First, you should decide how you wantto physically configure your com-
puter, plotter, and terminal. Thefirst 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: Anysettings you makeatthefront panel are sensed immediately
whenentered 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-alone,
handshake, modem,direct, full/half duplex, parity, 7-bit/8-bit, and baud
rate. Thus, the plotter will retain whateversettings you makeat the front
panel, even when youturn theplotter off and on again. @
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The plotter goes into serial (RS-232-C) modeif thefirst data it receives
after power is applied comes through oneof the RS-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 twoplotter 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 anotherperipheral (usually a terminal) as shown in the
nextillustrations. 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 theter-

minal andplotter can share oneline to the computer.

The plotter will continue to eavesdrop on theline 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 interpretall
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 andoff states can also be established by the syPass 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

Plotter, Computer, and a Terminal
in an Eavesdrop Configuration with Modems

To set up the plotter in an eavesdrop configuration, set the STANDALONE/
EAVESDROPfront-panel function key to EAVESDROP, then connect the com-
puter and terminal to the connectors on the rear panelof 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 andis usually adjacentto it. Diagramsofthis 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 throughit (as it does in an eavesdrop configuration).

To set up the plotter in a stand-alone configuration, set the STANDALONE/
EAVESDROPfront-panel function key to STANDALONE,then connect the com-
puter to one of the connectors on the rear panelofthe plotter. You can use
either the male or female connector, depending on the cable required for

your computer.on
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PERSONAL COMPUTER PLOTTER

   %
Stand-Alone Configurations with a Mainframe or Personal Computer

Modes of Operation
In either the eavesdrop or stand-alone configuration, there can be three
modesofoperation:either remote, local, or standby. Each of these modes
can beselected 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: In remote mode, simultaneous transmissionof plotter output and

terminal-generated data will result in interleaved and garbled data trans-
mission to the computer (or computer to terminalif 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 backto it, the DUPLEX function key should

RS-232-C/CCITT V.24 INTERFACING 16-5
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be set to FULL. Theplotter 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 remainsin the
programmed-off state, either passing data through in the eavesdrop
configuration, or ignoring all data in the stand-alone configuration. The
standby modeis useful as a debuggingaid in eavesdrop configurations
that are having difficulties communicating through the plotter, or when
transmitting binary data between the computer/modem andterminal.

A Description of Plotter Modes
in the Eavesdrop and Stand-Alone
Configurations

Your system configuration and the mode of operation youselect from the
front panel affect the operating state of the plotter. Following are
functional descriptions for various combinations of modesof operation
andtheoperating states fortheeavesdrop andstand-alone configurations.

Remote Eavesdrop Mode, Programmed-Off

Whenthefront-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.on

g
—

5B
as
8
S
=

x
iy
oD
aN
W
ae

 

16-6 RS-232-C/CCITT V.24 INTERFACING



 

   

  

 

HOST
COMPUTER

COMPUTER/
MODEM
PORT

   
  

      TERMINAL
PORT TERMINAL
 

 

Ld)
L—— +» PROCESSOR

SCANS FOR
“PLOTTER-ON”
INSTRUCTION   

PLOTTER
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Remote Eavesdrop Mode, Programmed-On

In the programmed-onstate, the plotter operates in response to instruc-

tions received from the computer as shownin the following diagram.
Whenthe plotter instructions request output, it is provided as shown.
The communication channel from the terminal to the computer, through

the plotter, is maintained to provide operator access to the computer.

Theplotter’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/O 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.

 

    

 

    
HOST

COMPUTER

 

 

COMPUTER/
MODEM TERMINAL TERMINAL
PORT PORT

LINE
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I
I
I

OUTPUTS ¥
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Plotter in Remote Eavesdrop Mode, Programmed-On
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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/
MODENport. 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 computeror the terminalis set for local echo. This mode is
normally used where the host computer must service many terminal
modes andit 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

   

  

  

 

COMPUTER/
MODEM
PORT

  TERMINAL
PORT

   

 

  

 

PROCESSOR €- —

  

 

SCANS FOR
HOST “PLOTTER-ON”

COMPUTER INSTRUCTION  

   
 

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 shownin the following dia-
gram. Whentheplotter instructions request output, the output is sent only

to the terminal, as shown. In FULL duplex, the plotter instructions are
echoed backto the terminal, and in HALF duplex, the echo is suppressed.
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Remote Stand-Alone Mode

Whenthe front-panel function keys are set for remote stand-alone opera-
tion, the data source is the COMPUTER/MODEMport. The plotter may not
be programmed-onor 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.

Local 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 front-panel BYPASS
function key. If FULL duplexis selected, all terminal-generated characters
are echoed backto 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 I/O

buffer.

 

TERMINAL PORT
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Plotter in Local Stand-Alone Mode
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Automatic Disconnection Modes

Two modesare 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 noone is present to manually hang upthe phone.
The two modes are switched/datex-line disconnection and leased-line
disconnection. The only wayto leave either modeis 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 DSRlinesare high,
the DTRline is high. When either the CTS or DSR line goes low, the
DTRline 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
DTRline and plotter bypass mode. As longas these threelines are high,
the DTRlineis high.If anyofthe three lines goes low, the DTR line goes
low; this causes a disconnection, and the plotter switches to BYPASS ON. To
activate this mode,press the penselect 6 key while turning on theplotter.

Direct/Modem Mode
The front-panel function keys maybeusedto select the direct or modem
mode. Thedirect mode is most commonly used, although with personal
computers a special cable may be required. The modem mode can be
enabled andusedto hold offdata transmission fromtheplotterifeither of
the CTS or DSR (CB or CC)lines goes low.

Direct or modem mode mayalso be set under program control with the
ESC. instruction, described in Chapter 14.

Check your computer documentation to determine whether the DSR and
CTSlines are monitored on your system, or whether direct mode and a
specially-wired cable should be used.
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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 COMPUTER/MODEM. Theplotter is compatible with RS-232-C and
CCITT V.24 protocols.

Whena hardwire handshake methodis 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/O buffer for more data.

RS-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 muchgreater interconnecting cable distance compared to the RS-232-C
standard, whichis for an unbalancedinterface.

Fach 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 COMPUTER/MODEMport 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/MODEMport, 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 aninterface, 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
handshakelines are provided.

Connector Pin Allocations

Details of the connector pin allocations, including pin numbers,signal
directions, andsignallevels for the RS-232-C, CCITT V.24, and RS-422-A
interface specifications, are shownin the followingtables.
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*This is true for HP 7550’s with a serial numberlarger than 09801.
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Transmission Errors

Transmission errors occur when communication between the computer

and plotter is incomplete or does not conform to what is expected or
required by either device.

Transmissionerrors include:

e Framing Error — The plotter does not detect a valid stop bit at the
end of every character.

e Parity Error — Theplotter does not detect the expected parity (odd or

even). This error is inhibited if the plotter PARITY function key is set to
OFF.

@ Overrun Error — A character writes over another character beforeit

is placed in the buffer or processed.

e Buffer Overflow Error — The plotter receives more bytes of data than
it has spacefor in the I/O buffer.

Whenthe plotter detects a framing, parity, or overrunerror,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 characteris replaced
with the ASCII delete character DEL (decimal code 127).

Whentheplotter detects an I/O buffer overflow,it sets error 16 and the
last character received is replaced with the DEL character. The last HP-
GL data that caused the overflow will be lost. Error 16 generally indi-
cates an improperly established handshakeprotocol.

Whenanerroris 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 overflow condition could also cause an HP-GLerror 7
to occur. In this case, you could determine the error number using the

OE instruction (discussed in Chapter 13). m

Setting Up the Plotter: a Checklist
The following paragraphsoutline the choices that must be madeto cor-
rectly interface the plotter in a given RS-232-C system.

Determine System Configuration

Determine whetheryou will be operating in an eavesdrop or stand-alone
configuration as shown in the section on Plotter Configurations earlier

on
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in this chapter. Select the appropriate configuration with the front-panel
function keys. The appropriate operatingstate 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 modeis selected by default when the poweris
turned on.If you 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 andignoresall 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 TERMINALport.

 

CAUTION
When data is received from either the TERMINAL or COM-
PUTER/MODEMport, nothing should be attachedto 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 thefactory,the plotter is configured to automatically verify

or generate twostop bits at 110 and lower baudrates, and onestop 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 ODD, EVEN, or OFF, accordingly. The parity
bit must be set to match in the computer, plotter, and terminal.

Set 7 or 8 data bits to correspond to your system.If you are not sure of
how manydata bits your system requires, try the following procedure:

e If your system uses no parity, start with 8 data bits. If error 15 occurs
when you transmit data to the plotter, reset to 7 data bits.

e 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 databits.
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Set Direct or Modem Mode

Select the piREcT function key on the front panel if the Data Set Ready
(DSR) and Clear to Send (CTS)lines are not used on your system. Most
systems use this mode. Note that a special cable may be required to

interface 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 CTSlines mustbe 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 Onor Off

Set the duplex modeto FULL on the front panel to echoall received data
back to the terminal in local mode,or if data is echoed back from the
computer in remote mode. Thereis no echo when HALF duplexis 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 characterif 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 mayselect
one of three predefined handshake methods with the front-panel func-
tion keys, or under program control with the ESC.P instruction. The
three predefinedhandshake methodsare Xon-Xoff, enquire/acknowledge,
and hardwire. They are explained in the section called Understanding
HP 7550 Predefined Handshake Methods nextin this chapter.

If your system requires a special format for handshaking, different
from the conditions established with the predefined methods, you can
tailor 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.

Understanding HP 7550 Predefined
Handshake Methods

The purpose of handshaking is to assure correct and complete data
transfer. The computer andthe plotter must transfer information 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

whichdatais received and processed.

Theplotter is capable of using any oneof 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 methodsare:

e Xon-Xoff Handshake — This methodis 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 whenthelogical I/O bufferis full, and when to send moredata.

e Enquire/Acknowledge Handshake — This handshake methodisiniti-
ated by the computer system. It is used in Hewlett-Packard systems
and is so named because the ASCII characters ENQ and ACK may be

used as handshakecharacters.

e 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 DTRline). However,
the hardwire handshake cannot be used whenthe plotter is in local
modeor whenthespecial RS-422-A interface is being used.

Choosing a Handshake Method

Any of the standard handshake methods can beselected using front-
panel function keys or under program control with the ESC .P instruc-
tion. In most cases, you can useeither of these methodsto easily choose
a predefined handshake method and not worry about the intricacies of
handshakeprotocols.

If you need to changethe standardvalues 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
Output later in this chapter.

In certain applications, however, you may needto tailor a special hand-

shake method to meet the requirements of your system.In this case,
refer to the section on Tailoring Your Own Handshakelater in this
chapter. The handshake parameters(e.g., turnaround delay and output
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 any 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 methodto use.

Xon-Xoff Handshake

With the Xon-Xoff handshake method, the plotter controls the data
exchange sequence by telling the computer when it has room in its
logical I/O buffer for data and when to shut off the flow. The plotter
uses buffer threshold indicators (an Xon trigger character and an Xoff
trigger character) to prevent buffer overflow.

OVERSHOOT(DUE TO TIME REQUIRED TO
REACT TO XOFF TRIGGER CHARACTER)

LOGICAL V/O
BUFFER FULL \ \ 0

XOFF THRESHOLD
(XOFF TRIGGER AN \.

CHARACTERSENT) 3 4 6 \

TOTAL
LOGICAL1/0

XON THRESHOLD 2 L BUFFER
(XON TRIGGER KS SPACE

5
CHARACTER SENT) AVAILABLE

 

 

 

    MAXIMUMLOGICAL I/O L LOGICAL 1/0BUFFER EMPTY TIME BUFFERSIZE

Xon-Xoff Threshold Levels

As graphics instructions are sent to the plotter by the computer, they
are stored in the logical I/O 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 bytheplotter,
andthebufferstartsto fill.

2. The plotter begins processing the input data faster than the com-
puter sendsit, and the buffer starts to empty.

3. The data enters the buffer at a faster rate than the plotter can
process it. The amountof 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 andthetimeit takes the computerto 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.)

5. 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 is transferred or until
the Xoff threshold level is exceeded again.

Enquire/Acknowledge Handshake

With the enquire/acknowledge handshake, the computer initiates the
data exchangeprocess by queryingthe plotter about the availability of
logical I/O buffer space. The format of the exchange is dependent upon
the requirements of the computer.

In its simplest form, the data exchangelookslikethis:

  

“ENQ”

WHICHIS INTERPRETED BY THE PLOTTER TO
MEAN:“DO YOU HAVE LOGICAL I/O BUFFER
SPACE FORA DATA BLOCK?”

 

“ACK”
COMPUTER | PLOTTER

WHICHIS INTERPRETED BY THE COMPUTER TO
MEAN: “YES, THERE [S ROOM {IN THE LOGICAL
(/O BUFFER.”

 

 

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.H100;5;6: have been sent to specify the variables as:

Turnaround delay = 250 ms

Outputtrigger character = 661 (decimal code 17)

Echo terminate character = LF (decimal code 10)

Output terminator = CR (decimal code 18)

Data block size = 100 bytes

Enquiry character = ENQ (decimal code 5)
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Acknowledgmentstring = ACK (decimal code 6)
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DO YOU HAVE BUFFER SPACE FORA 100-BYTE BLOCK OF DATA?
 

“ENQ” (HANDSHAKE ENABLE)

THIS ENDS REQUEST, PLEASE ACKNOWLEDGE.
 

 

HOST Toe —>
COMPUTER DC1” (OUTPUT TRIGGER CHARACTER) PLOTTER

_ YES, THERE IS ROOM FOR 100 BYTES.

rT 250 MS DELAYED “ACK" (HANDSHAKESTRING)
\ECHO ;

THIS IS END OF MY MESSAGE.

“CR” (OUTPUT TERMINATOR)
 

coo

 

'

Lt eeECHO TACK

 

“CR”

 

 

“LF” (ECHO TERMINATE CHARACTER)

     100-BYTE DATA BLOCK
  

ENQ/ACKHandshakeProtocol, Example 2

Hardwire Handshake

As the name implies, the hardwire handshake takes place in the hard-
ware rather than the firmwareor 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 anotherblock of data. The Data Terminal Ready (DTR or CD)line
is set high at power-on andis not set low until available logical I/O
buffer space is less than the data block size specified by either ESC .H
or ESC .I (default is 80 bytes). DTR remains low until available buffer
space is greater than the data block size. By monitoring this line, the
computer knows whenit can or cannot safely transmit another block of

data.

Software Checking Handshake

If you need to develop plotter programs that are independentof a given
computer system, you may decide to use instructions in your applica-

tion program to control the flow of data. This type of handshakingis
referred to as software checking. It can be used on almost any computer
system that supports input as well as output to a device. This type of
handshake method mustbe used if your system cannot implement any

of the other predefined methods.

One method of software checking is a handshakein which a program
uses the ESC .B instruction to repeatedly ask the plotter how many
bytes of empty space remainin the logical I/O buffer. When theplotter
responseis 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 andplotter processing time andis 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. instruction)

® Output trigger character (ESC .M instruction)

® Echo terminate character (ESC .M instruction)

e Output initiator character (ESC. instruction)

® Output terminator (ESC. instruction)

e Intercharacter delay (ESC .N instruction)

Theflow diagram on the next pageillustrates the functional elements ofa
typical software checking handshake within a program.
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START

PREPARE BLOCK
OF DATA FOR TRANS-
MISSION TO PLOTTER

_¥_
SEND OUTPUT

-—P BUFFER INSTRUCTION,
ESC.B, TO PLOTTER

_¥
RECEIVE ESC.B
RESPONSE AND

ENTER BUFFER SPACE
DATA INTO PROGRAM

 

 

 

 

 

   
  

 

  
SPACE TO

SEND ENTIRE
DATA BLOCK?

 

 

   

  

 

 

SEND DATA
BLOCK TO PLOTTER

   

  
ANY

MORE DATA
FOR PLOTTER? YES

 
    

Software Checking Handshake

Selecting a Predefined Handshake Method
from a Program

It 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,
enquire/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 instruction to change
the preset value.

If you need to modify any of the predefined values established with
ESC .P,refer to the sections on Controlling Plotter Output and on Tailor-
ing Your Own Handshakelater in this chapter.

The Set Handshake ModeInstruction,
ESC.P

USES: The ESC.P instruction simplifies specification of the hand-
shake methodthat the plotter uses when communicating with the com-
puter. Usethis instruction to select one of three standard handshakes.

SYNTAX:

DEFAULT:

esc.P (<DEC>):

—s¢.P: No handshakeis set (parameter0).

EXPLANATION: The ESC.P instruction selects one of three stand-

ard handshakes. (Use ESC .@, H, I, M, and 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 50 0 0 Turnaround Delay

0 0 17 0 Output Trigger Character

0 10 10 0 Echo Terminate Character

13 13 13 13 Output Terminator 1

0 0 0 0 Output Terminator 2

0 2 2 0 Handshake Mode

80 80 80 80 Block (Record) Size

1024 1024 1024 1024 Logical I/O Buffer Size

0 0 5 0 Handshake Enable Character

0 17 6 0 Handshake Response

0 10 0 0 Intercharacter Delay

0 19 0 0 Immediate Response String   
RS-232-C/CCITT V.24 INTERFACING 16-27
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Controlling Plotter Output
For a particular application, you may need to slightly modify thefor-

matthat the plotter uses for outputting data in order to match there-
quirements of your system.In this case, use the set output modeinstruc-
tion, ESC .M,the set extended output mode instruction, ESC .N to set
certain parameters as explained in the next twosections.

If you need to establish a more specialized type of software checking
handshake method,refer to the section on Tailoring Your Own Hand-
shake followingthe discussions of the ESC .M and ESC. N instructions.

The Set Output Mode Instruction,
ESC .M

USES: TheESC. Minstruction establishes parametersfor 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: eEst.M [(<DEC>);(<ASC>);(<ASC>);
(<ASC> (;<ASC>)) ;(<ASC>)]:

DEFAULT: €&s¢.M: Sets the carriage-return character (decimal code
18) 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> Thefirst parameter specifies the turnaround delay. The
parameter range is 0 to 9999 milliseconds. If omitted, this
parameter assumesits default value 0 (no turnarounddelay).

<ASC> Thesecond parameterspecifies a single character which be-
comesthe output trigger character. The parameter may be
the decimalcode of any ASCII character in the range 0 to 126.
If omitted, this parameter assumesits 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 its default value 0
(no echo terminate character).
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<ASC>...

<ASC>

<ASC> The fourth parameter may hethe 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 (GR).

If the fifth parameteris 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).

Thefifth parameter specifies a single character which be-
comesthe output initiator character. The parameter may
be the decimal code of any ASCII characterin the range 0 to
127. If omitted, this parameter assumes its default value 0
(no output initiator character).

The flowchart on the next page depicts plotter output.
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The Set Extended Output and
Handshake ModeInstruction, ESC .N

USES: The ESC .N instruction establishes parametersfor the plotter’s
communication format. Usethis instruction to specify an intercharacter
delay for all handshake methods, the immediate responsestring for the
enquire/acknowledge handshake,or the Xoff trigger character(s) for the
Xon-Xoff handshake.

SYNTAX: EsC.N [(<DEC>);(<ASC>(;...<ASC>))]:

DEFAULT: eEs¢.N: Nointercharacter delay and no Xofftrigger char-
acter or immediate responsestring.

EXPLANATION: A description of the instruction’s parameters fol-
lows. All parameters are optional.

<DEC> Thefirst parameter is the intercharacter delay. The param-
eter rangeis 0 to 9999 milliseconds.

<ASC>...<ASC> The second parameteris 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 responsestring. Semicolons must separate
each parameterin thelist.

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 chooseto tailor a
special handshake methodfor moreefficient 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 maybespecified through the four handshake methods available
to the plotter are:

¢ Output 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 061 (decimal code 17) or some
other nonprinting ASCII character such as LF or GR or, when using
some implementations of BASIC,the ? (decimal code 63), which does
print.
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Turnaround Delay — The turnarounddelayis 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 computeris ready to receive and processit.
Systems may require either a turnarounddelayor a trigger character,
or both.

Output Initiator Character — The outputinitiator character is a one-

character initiator that is sent by the plotter at the beginning of a
string. 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 terminatoris 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 €R (decimal code 13) as the plotter’s output
terminator.

Echo Terminate Character — Echoing is commonly found in full-
duplex systems. Use ofthe echo terminate characterin 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 I/O
buffer should be closed) until an echo terminate character is received.
Whentheplotter receives the echo terminate character, it reopens the

logical I/O 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 NULL character (decimal code 0) or

must be omitted.

e® Intercharacter Delay — Some computers cannot process data as fast

as the plotter can transmit it due to limited buffering in their I/O
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 turnarounddelay(if
one has beenspecified) before the first character is sent by the plotter,

andis also inserted before each subsequent characterin a string being
sent to the computer.

® Enquiry 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 handshakeprocess.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 methodis to be established, an
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ENQ character (decimal code 5) or any other ASCII character besides

NULLis used.

Immediate Response String — Certain system environments require
an immediate response from the plotter acknowledging the enquiry
from the computer. Systemsofthis 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 theplotter. If the plotter’s logical I/O
buffer is full and the computer sends more data, the buffer will over-
flow. The immediate responsestring prevents this inadvertent trans-
mission of data before the plotter is ready. It is transmitted by the
plotter immediately after receipt of an enquiry character andtells the

computer, “Wait, I am here and checking my buffer space.” The com-
puter will wait indefinitely until it receives an acknowledgmentstring.
Computers frequently require a 03 character (decimal code 19) as the
immediate responsestring.

Acknowledgment String — The acknowledgmentstring specifies the
character or characters that the plotter will send to the computer when
the plotter’s logical I/O buffer has room for another block of data.
Computers frequently require that the ACK character (decimal code 6)
be used for the acknowledgmentstring.

Maximum Logical I/O Buffer Size — This variable establishes the
effective usable logical I/O buffer size in the plotter.

Data Block Size — This is the maximumsize 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 handshakeis 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 methodis used, this value is subtracted from the logical
I/O 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
I/O buffer size. If the logical I/O 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 occur. In most cases, this

overshoot will be much smaller than the spaceallotted 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 smallest possible value
that ensures the logical I/O buffer does not overflow.
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e Xoff Trigger Character — This specifies the character string the plot-
ter will use to signal the computer to temporarily stop sending data
while the plotter processes what it has already received. The DC3 char-

acter (decimal code 19) is generally used for the Xoff trigger character.

® Xon Trigger Character — This specifies the characterstring the plotter
will use to signal the computer that there is sufficient space in the
logical I/O buffer to resume sending data. The D¢1 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 howto choose the best
method for your system, refer to the Hewlett-Packard Plotter Note No. 6
(Part No. 5953-4163).
 

 

 

Handled by Handled by
Operating System Software

: EN@Q/ACK ENQ/ACK Buffer
Hardwire Xon-Xoff “(yode2) (Mode1) Checking

ESC.P ESC.P ESC.P — —

or or or

ESC.@ ESC.N ESC.I ESC .M ESC.M
and and and

ESC.I ESC.H ESC.B        
Device-Control Instructions 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 I/O buffer size;set configuration options (which in-
clude hardwire handshake):

ESC.B  (Noparameters—This instruction outputs che numberofbytes
currently available for data in the logical I/O buffer. Response
is an integeroffive digits or less with no decimal point.)

ESC .H block size; enquiry character ; acknowledgmentstring:

ESC.I blocksize (in ENQ/ACKhandshake) or Xoffthreshold level (in
Xon-Xoff handshake) ; enquiry character or omitted ; acknowl-
edgmentcharacter(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 responsestringorXofftrigger
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
whenreceived. Unlike HP-GL instructions, they are not stored in the
I/O buffer.

Serial communications meansthat bytes of information are transmitted
in a sequential, rather than parallel, format. The plotter goes into serial
modeif the first data it receives enters through a serial port (either
COMPUTER/MODEMOr TERMINAL).

NOTE: The ESC.H and ESC .1I instructions are mutually exclusive. De-
pendingon the requirements of the computer system,either instruction
can be used for the enquire/acknowledge handshake, but only ESC.I
can be used for the Xon-Xoff handshake. m

The Set Handshake Mode1 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 handshaketo establish the plotter’s im- |
plementation of the handshake protocol. Use this instruction to con-
figure the plotter for enquire/acknowledge handshake when the com- |
puter requires that the plotter’s output is sent in accordance with the |
parameters set in the ESC.M and ESC .N instructions.

SYNTAX: Esc.H [(<DEC>);(<ASC>);(<ASC>(;...<ASC>))]:

DEFAULT: Ese.H: The enquire/acknowledge handshakeis disabled.
Data block size is 80 bytes, and there is no enquiry character or acknowl-
edgmentstring. If, however, the computer is configured to send an ENQ
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anytimeit is ready to send data to the plotter, the plotter will automati-
cally respond with ACK when it receives ENQ. This “dummy handshake”is
not dependent upon available buffer space and does not protect against

logical I/O buffer overflow.

EXPLANATION: description of the parameters is given next. Re-
memberthat this instruction may be used for an enquire/acknowledge
handshake, but it may not be used for an Xon-Xoff handshake.

<DEC> Thefirst 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 I/O buffer size. Default block
size set when the parameteris omitted is 80 bytes.

<ASC> This parameter sets the enquiry character. The parameter
maybethe decimal code of any ASCII character in the range
0 to 126. If the parameter is omitted, it assumes the default
value 0 (NULL character) disabling enquire/acknowledge hand-
shake. Any value other than 0 enables enquire/acknowledge

handshake. However, the value 5 (enquiry character, ENQ) is
generally used.

<ASC>...<<ASC> This is a list of one to 10 characters, separated by
semicolons, which specifies the acknowledgmentstring.
Decimal codes of ASCII charactersin 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 mode2, and all output instructions are
shownin the table on the following page. Use handshake mode1, set by
ESC. H, or handshake mode2, set by ESC .I, depending on therequire-
ments of the computer operating system.
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Parameter Inclusion in Plotter Responses
 

 

 

ESC.H ESC.I

Handshake Handshake Output
ESC.M/ESC.N Mode 1 Mode 2 Instruc-

Parameters .
tions

ENQ/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 enquiry responses,it should be specified as thefirst
character of the acknowledgmentstring and/or the immediate responsestring, depend-
ing on the system.

Example — Using ESC. 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 enquiry character, and the two characters DC4 and BEL
as the acknowledgmentstring. Since ESC.H sets handshake mode 1,
the currently defined output terminator, output trigger character, and
echo terminator as well as the turnaround delay, intercharacter delay,

and immediateresponsestring,are usedwhen the responsestring, DC4 BEL
is sent.

The Set Handshake Mode2 Instruction,
ESC.I

USES: The ESC.1 instruction can be used with a hardwire handshake
to changethe data block size threshold for the DTRline. ESC .I is also
used in large computer systems where handshakingis handled by the
operating system via input/output (1/O) driver software. With the
enquire/acknowledge handshake,it establishes the data block size, the
enquiry character, and the acknowledgmentstring when the computer
does not expect the parameters set by ESC.M to be included in the
response to the enquiry character. With the Xon-Xoff handshake,it sets
the Xoff threshold level and the Xon trigger character.
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SYNTAX: Es€.I [(<DEC>);(<ASC>);(<ASC>(;...<ASC>))]:

DEFAULT: esc.I: Neither Xon-Xoff nor enquire/acknowledge hand-
shake is enabled. Data block size is 80 bytes, and there is no enquiry
character or acknowledgmentstring. If, however, the computer is configured
to send an ENQ anytimeit is ready to send data to the plotter, the plotter
will automatically respond with ACK whenit receives ENQ. This “dummy
handshake”is not dependent upon available buffer space and does not
protect against logical I/O buffer overflow.

EXPLANATION: With handshake mode2, some of the parameters
set by the ESC .M instruction do not effect when the plotter outputs the
acknowledgmentstring 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 .I 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> Thefirst parameter sets the Xoff threshold level by speci-
fying a value that is subtracted from the logical I/O 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 Xoff-threshold value
below the Xoff threshold level. The Xoff threshold level can-
not be set at less than one-half the logical I/O buffersize. If
you specify a threshold value that would cause the threshold
level to be less than one-half the logical I/O buffer size, the
Xoff threshold level will automatically be set at one-half the
logical I/O buffer size, and the Xon threshold level will be
set to zero.

<ASC>  Tospecify the Xon-Xoffhandshake method, omit this parame-
ter by entering only a semicolonor the value 0 followed by the
semicolon. To enable Xon-Xoffhandshake,the next parameter,
which specifies an Xon trigger character(s), must also be
included.

<ASC>...<ASC> One to 10 characters, separated by semicolons,
whichspecify the Xon trigger character(s). Decimal codes
ofASCII charactersin the range0 to 127 are valid. The value0
is not transmitted and will terminatethestring.

Example — Using ESC .I with a Hardwire Handshake

ESc 110: will set the data block size threshold for the DTR lineto 10 bytes.
Since the other parameters of ESC .I are unnecessary for a hardwire
handshake, they are not included.
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Example — Using ESC .I with an Enquire/Acknowledge
Handshake

Esc .1;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 acknowledgmentstring. Only the turnaround delay (set with
ESC .M),intercharacter delay, and immediate responsestring (set with
ESC .N), if any, are used when sending the acknowledgmentstring. No
output initiator will precede it, even if one is defined, and no output
terminatorwill follow it.

Example — Using ESC ..I with an Xon-Xoff Handshake

Esc .181;;17: will set the Xoff threshold level to 81 bytes less than the
current logical I/O buffer size (the Xoff character will be sent when 81
empty bytes remain in the plotter’s logical I/O buffer) and the Xon
trigger character to DC1. 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 .J

USES: The ESC.J instruction aborts the execution of any device-
control instruction. Use this instruction in an initialization sequence
whenyoufirst access the plotter.

SYNTAX: Esc.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 requests, from either HP-GL or device-control
instructions, are immediately terminated, including handshakeoutputs.
Intermediate output operations, such as turnaround 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.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
local mode.
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SYNTAX: EsC.Y
or
ESC (

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 plotter 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 thatit
will only accept a plotter-on instruction. Use this instruction to establish
the programmed-off state in either the remote or local mode.

SYNTAX: Esc. Z
or
ESC .)

EXPLANATION: After a plotter-offinstruction is received, the plotter
is programmed-off. Any HP-GL instructions remaining in the I/O 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 sameeffect as a plotter-off instruction. In a stand-alone con-
figuration, the plotter cannot be programmed-off.
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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 berepresented.
For example, this diagram shows how decimal 41 = binary 101001:

Decimal

(4X 10!)+ (1X 10%

(4x10)+(0x D

4 lio

      Computer:}
VUEoLOLEmre

Binary

(1X 25+(0x 244+ (1X 28)+ (0X 24+ OX 2!)+ (1X 2°)

(1X 32) +(0X 16) + (1X8) +(0x 4) + (0X2) +x)

1 0 1 0 0 le
 

Binary-Decimal Conversions
To convert from binary to decimal, add the positional valuesof the 1’s.
From the above example, this would be:

2+ 23+ 2= 32+ 8+1=41

To convert from decimalto binary, divide the decimal numberby 2. The

remainderis the binary equivalent. For example:

Remainder

(read up)

> 1

= Binary 101001
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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
ASCIIfor most I/O operations. No parity bit is used. For example:
 

 

Character ASCII ASCII
Binary Code Decimal Code

A 01000001 65

B 01000010 66

? 00111111 63     
Character Sets and ASCII Codes

The HP 7550 has 20 character sets, each available in two fonts. They

are listed in the following table.
 

 

 

 

Character Set No. ISO
Fixed- Variable- Description Registration

Space Space Number

0 10 ANSI ASCII 006

1 11 HP 9825 HPL Character Set =

2 12 French/German —

3 13 Scandinavian —

4 14 Spanish/Latin American —

5 15 Special Symbols —

6 16 JIS ASCII 014

7 17 Roman Extensions —

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    
 

*American Standard Code for Information Interchange
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Character Set No. ISO a

Fixed- Variable- Description Registration a

Space Space Number cy

34 44 ISO French 025 B

35 45 ISO British 004 =<

36 46 ISOItalian 015 S
37 47 ISO Spanish 017 >

38 48 ISO Portuguese 016

39 49 ISO Norwegian,Version 2 061     
 

Theplotter’s reactions to nonprinting ASCII control characters (dec-
imal codes 0-32, 127, and 142-143) are shownin the following table.
Thesereactions are true regardless of the character set being used for
labeling.

Reaction to Nonprinting Control Characters
 

 

    

Value Character All Sets

0 NULL No Operation (NOP)

1 SOH NOP

2 STX NOP

3 ETX Terminate Label Instruction

4 ETO NOP

5 ENQ NOP

6 ACK NOP

7 BEL NOP

8 BS Backspace

*9 HT Horizontal Tab (4 Backspace)

10 LF Line Feed

11 VT Inverse Line Feed

12 FF NOP

13 CR Carriage Return

14 SO Shift-Out

(Select Alternate Character Set)
 

*Using control character horizontal tab (decimal code 9) inside a label string moves the
pen one-half character space back (equivalent to a CP—5,0). Use this tab with character
set 8, Katakana, where spacing between symbols can alter the meaning of the symbol
and hencethe word or phrase.
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Reaction to Nonprinting Control Characters (Continued)
 

 

 

= Decimal ASCII
| Value Character All Sets

ts 15 SI Shift-In
a (Select Standard Character Set)

f 16 DLE NOP
& 17 DC1 NOP

oe 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 NOP

29 GS NOP

30 RS NOP

31 US NOP

32 SP Space

127 DEL NOP

142 S82 Single Shift to Slot G2
(ISO 8-Bit Mode Only)

143 SS3 Single Shift to Slot G3
(ISO 8-Bit Mode Only)    
 

Theplotter’s character sets are shown onthefollowing pages.All print-
ing ASCII characters andtheir decimal codes (33-126) are listed for each
font in each characterset. The fixed-space fonts are shownfirst, 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 letter is re-
quired, the letter should be entered first, followed by the backspaced
character. In addition, the special centered symbols in charactersets 5
and 15 (ASCIIdecimal codes 65-81) are designed for use in symbol mode
with the SM instruction. When usedin a label instruction, spacing will
be irregular and may produce undesirable results. m
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Default Conditions Established by the
DF Instruction

The following table shows default conditions established by the DF

instruction. Additional conditions are listed after the table.
 

 

   

Function Equivalent Default
Instruction Condition

Pen control AP; Automatic as follows:
e Lift or store a motionless pen

after 15 secondsfor transpar-
ency fiber-tip pens or drafting
pens,or after 65 seconds for
paperfiber-tip pens androller-
ball pens

® Select pen only when required
to draw

Label buffer BLETX Cleared

Alternate set CAO; Characterset 0

Character CM; HP7-bit mode
selection mode

Standard set CS0; Characterset 0

Chord tolerance CT; Set to angle mode for AA, AR,
CI, and WGinstructions

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 ES0O,0; No extra space between
characters

Fill type, spacing, FT; © Type1, solid bidirectionalfill
and angle ® 1% of the diagonal distance

between P1 and P2
® 0 degrees

Mask value IM 223,0,0; Recognizes all defined errors   
(Table continued)
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: Equivalent
Function Instruction Condition

Input window IW; Set to hard-clip limits

Label origin LOL; Standardlabeling starting at
current position

Line type and tT; e Type 1, solid line

pattern length e 4% of the diagonal distance
between P1 and P2

Plotting mode PA; Absolute

Polygon mode PMO0;PM2; Polygon buffer cleared

Pen thickness PT; 0.38 mm

Scaling SC; User-unit scaling off

Character slant SLO; 0 degrees

Symbol mode SM; Off

Relative size SR; e Character width = 0.75% of
|P2x— P1x|

e Character height = 1.5% of
|P2y— Piy|

Select set SS; Select standard character set

Tick length TL; tp= tn= 0.5% of |P2x— P1x| for
Y-tick and 0.5% of |P2y— Ply| for
X-tick

User-defined UF; Solid bidirectional fill
fill type | 

Thefollowing 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 “SI;” were executed, subse-
quent changesto the scaling points P1 and P2 will cause the character
size to vary as if “SR;” were executed.

Thefollowingplotter functions are not affected by a DF instruction:

e Locations of P1 and P2
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e Current pen andits position

e Pen speed, force, and acceleration

e 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

e Function key definitions established by the KY and WD instructions

Default Conditions Established by the
IN Instruction

Theinitialize instruction sets the plotter to the same conditions as the
default instruction, DF, and sets these additional conditions:

os
©
o
lea}

@
=}
io
@

oo
eoo
=F
©a

 

e Raises the pen graphically and physically.

e Cancels 90-degree rotation.

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

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

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

e Clears lost mode (refer to Relationship of Plotting Instructions and
Graphics Limits in Chapter4).

e Clears the display and removes any function key definitions estab-
lished by the WD andKYinstructions.

e Sets the group count to 0 (GC instruction).

e Turnsoff the curved line generator (CV instruction).

e Returns P1, P2, and theaxis-align point to the X,Y coordinate values
that were set when the paper limits were established. Rememberthat
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 arestill 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 alignmentis described in the Operation and Intercon-
nection Manual. @
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An INinstruction 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

memory; neither an IN instruction, nor switching poweroff 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 baudrate.

Default Pl and P2 Coordinates
These P1 and P2 coordinates are established whenthe plotter is turned
on, or when an IN; or IP; instruction is executed. In each case the
coordinates depend on thesize of paper currently loaded.
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Default

Paper (in Plotter Units)
Size

P1x,Ply P2x,P2y

A838 380 , 430 15580, 10430

A4 430 , 200 10480 , 7400

A 80 , 320 10.080 , 7520

B 620 , 80 15 820,10080  
 

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
ofP1 and P2 are changedtoreflect 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 , 10 080. m

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.
Ifthese instructions are includedin a program,they are recognized by the
HP 7550 and ignored without generating an error).

EC Enable Cutter SG Select Pen Group

GP Group Pen VA Adaptive Velocity

IC Input Character VN Normal Velocity

OB Output Character Box Dimensions*

*The OB instruction is not functional, but will return four zeroes so that software will not
hang waiting for a reply.

A-14 REFERENCE MATERIAL



Scaling without Using the SC Instruction
The HP 7550 plotter movementsare in termsof 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 numbersto 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:

where:

ne
esoIm4o
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P2x— Pl P2x— Pl
Xscalead= aos Axt+ Plx— Ulxx

U2x — Ulx U2x -— Ulx

P2y— Pl P2y—- Pl
Yecaled = YYAy+Ply— Vlyu“y

U2y — Uly U2y — Uly

Ax is the X-coordinate of the desired point in “user units,”

Ay is the Y-coordinate of the desired point in “user units,”

Plx is the X-coordinate of P1 in plotter units,

Ply is the Y-coordinate of P1 in plotter units,

P2x is the X-coordinate of P2 in plotter units,

P2y is the Y-coordinate of P2 in plotter units,

Ul1x is the X-coordinate of P1 in “user units,”

Ul1yis the Y-coordinate of P1 in “user units,”

U2x is the X-coordinate of P2 in “user units,” and

U2yis the Y-coordinate of P2 in “user units.”

To demonstrate the use of the scaling equations, let’s go through an
example.

Problem

Scale the platen area (P1= 80,320 and P2= 10 080, 7520 plotter units)
into new “user units” where Pl1=0,0 and P2= 25 000,18 000. At the

center point (X= 12 500 and Y = 9000 “user units”), draw a circle with
radius 2500 as shown onthefollowing page.
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Solution

A. Recall that the equations ofa circle are:

X=Recost

Y=Rsint

where 0<t<2 7

. Since we areto plot relative to a point thatis not at the origin,
an offset Xo,Yo must be addedto thecircle equations. The off-
set in “user units”is:

Xo= 12 500
Yo= 9000

The desired circle equations are then:

Ax = 2500 cos t+ 12 500

Ay= 2500 sin t + 9000

Determinethe user scale:

X= 0 to 25 000
Y=0 to 18 000

therefore

U1x= 0

Uly=0

U2x= 25 000
U2y= 18 000
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E. Determinethe values for P1 and P2 whichare set using the IN
instruction:

P1=80, 320 4
P2= 10080 , 7520 g

therefore 8

Pix= 80 z
Ply = 320 o

P2x= 10 080 a

P2y = 7520 5

F, Solving for X and Y, determine the equivalent plotter-unit values
for the circle equations:

[P2x—Pi P2,— Pi
X=aaAx+Pix—Ulxa

 

  

[U2x— Ulx U2x— Ulx

10 080— 80 10 080— 80
= (2500 cos t+ 12 500)+ 80—0 |———_—

| 25 000-0 25 000 — 0

0.4 (2500 cos t+ 12 500) + 80—0

1000 cos t+ 5080

P2y— Pl P2y— Pi
y=|——* ayPiy—Uly|

U2y— Uly U2y— Uly

7520 — 320 . 7520 — 320
+ |———_1(2500 sin t+ 9000) + 320— 0 |——_____

18 000— 0 18 000—0

= 0.4 (2500 sin t+ 9000)+ 320—0

= 1000 sin t+ 3920

G. The following program will plot the required circle using the
equivalent plotter-unit values, and the default P1 and P2.

‘Insert configuration statement here
PRINT #1, "IP80,320, 10080, ?520;S5P1;"
PI#3.141593
FOR T=O TO 2*PI+PI7Z0 STEP PI/7Z0

X=1000*COS(T)+5080
Y=1000*%SIN(T) +3920
PRINT #1, "PAY S&s","37;"5PD;"

NEXT T
PRINT #1, "SPO;"
END
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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 thefront
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-GLinstructions, and
those related to device-control instructions. To read an HP-GL error
numberin 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 mnemonicisin-
recognized instruction correct or missing;

an alphabetic char-
acter was specified
in a parameterwhen
a numeric character
wasexpected.*      

*Check for typographical errors in the mnemonic and the parameters (a common mistake
is to type O for0, or vice versa). Also, check to be sure instructionsare 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 ofinstructions. If an
instruction is terminated after the mnemonic and before the parameters, the subsequent
receipt of the parameters without a mnemonicwill causeerror 1.

(Table 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 the instruc-
tion with the correct
number of param-
eters and ignores

the rest.

Pe 3 Bad parameter Ignores the A parameteris out-
o . .
om instruction of-range.**

eA 4 (unused) (unused) (unused)

= 5 Unknown Ignores the A set other than—1,
e character set instruction 0-9, 10-19, 30-39, or

ica 40-49 has been

designated or
invoked.

6 Position Ignores the A single label is so
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 parameterrangefor the instructionsthat are suspected of causing theerror.
Parameterrangesarelisted at the beginningofeach instruction’s discussion throughout
this manual, as well as in Appendix C.

***Check 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 I/O error has occurred.

10 Invalid I/O (RS-232-C only). New output 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 theerror).

11 Invalid byte Invalid character received after first

folowing ESC. two characters (ESC .) in a device-control

instruction.

12 Invalid byte Invalid character received while pars-
in I/O control ing a device-control instruction. The

parameter containing the invalid char-

acter andall following parameters are
defaulted.

13 Out-of-range One or more parameters are out-of-
I/O parameter range.

14 Too many I/O Too many parameters received. Addi-

parameters tional parameters beyond the proper
numberare ignored; parsing of the in-
struction ends when a colon (normal
termination) or the next ES¢ character

(abnormal termination) is received.

NOTE: Thereceipt of a character other
than another parameter, a semicolon,
or a colon will result in error 12 over-

writing error 14. @

15 Error in I/O (RS-232-C only). A framing error, par-
transmission ity error, or overrun error has been  detected. The defective characteris re-

placed by DEL (decimal code 127).  
 

(Table continued)
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Error Displayed :

No. Message Meaning

16 I/O buffer (RS-232-C only). The physical I/O buf-
overflow fer has overflowed. As a result, one or

more characters have been lost; there-
fore, an HP-GLerrorwill probably occur.
Thelast valid character is replaced by
DEL (decimal code 127).

17 Transmit (RS-232-C only). Transmitunderrun can
underrun be caused by a baud rate mismatch be-

tween devices, or by excessive I/O ac-
tivity in receive monitor mode.

18 I/O error I/O 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
(CR 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 6-9

AA X,Y, arc angle (, chord tolerance) ;

Parameter Format Range Default

X- and Y- decimal —23 to 23-1 none
coordinates current units

arc angle decimal —22 to 24-1 none
degrees

chord tolerance decimal —2% to 2%—1 5 degrees
current mode

AF or AH The Advance PageInstruction Page 10-10

AF ;

or
AH ;,;

INSTRUCTION SUMMARY C-1
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AP The Automatic Pen Operations Instruction Page 10-2

 

 

     

 

 

     

 

 

 

     

AP n;

or

AP ;

Parameter Format Range Default

n integer Q-15 7

AR The Arc Relative Instruction Page 6-9

AR X,Y, arc angle (, chord tolerance) ;

Parameter Format Range Default

X- and Y- decimal —22 to 23—] none
increments current units

arc angle decimal —22 to 2-1 none
degrees

chord tolerance decimal —22 to 273—1 5 degrees
current mode

|
2 AS The Acceleration Select Instruction Page 10-5

A AS penacceleration (, pen number);
- or
a) AS ;
nd

}
. Parameter Format Range Default
q
al 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

 

 

     
 

 

 

   

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

Cc... € label any character none
(up to 150 characters

are buffered)

CA The Designate Alternate Character Set Page 11-8
Instruction

CA set;
or

CA ;

| Parameter Format Range Default

| set integer —1, 0-19, 30-49 0
 

 

 

    

 

 
 

 

 

    

CC The Character Chord Angle Instruction Page 11-26 s
om

CC chord angle; Ps
or st

CC ; 5

Ss
Parameter Format Range Default =

chord angle decimal |—233 to 23 — 1] 5 degrees Fi
degrees a

CI The Circle Instruction Page 6-5

CI radius(, chord tolerance) ;

Parameter Format Range Default

radius decimal —2% to 273-1 none
current units

chord tolerance decimal —2?3 to 23-1 5 degrees
| current mode
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CP

CT

   
     

      

 

 

     

 

 

      

 

 

CM The Character Selection Mode Instruction Page 11-20

CM_ switch mode (, fallback mode);

or
CM ;

Parameter Format Range Default

switch mode integer 0-3 0

fallback mode integer 0-1 0

The Character Plot Instruction Page 7-33

CP spaces,lines;
or

CP ;

Parameter Format Range Default

spaces decimal —233 to 23-1 none

5 7 —923 23| lines decimal 23 to 24% —1 none

The Designate Standard Character Set Page 11-7
Instruction

CS set;

or
CS ;

Parameter Format Range Default

set integer —1, 0-19, 30-49 0

The Chord Tolerance Instruction Page 6-3

CT n;
or

CT ;

Parameter Format Range Default

n integer Oorl 0     
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DF

DI

DL

CV The Curved Line Generator Instruction Page 10-8

CV n(,input delay);
or

CV ;

Parameter Format Range Default

n integer Oorl1 0

input delay integer —2% to 2%3—1 100 ms
milliseconds

DC TheDigitize Clear Instruction Page 12-3

DC ;

The Default Instruction Page 3-8

DF ;

See table in Chapter 3 or Appendix A.

The Absolute Direction Instruction Page 7-21

DI run,rise;

or
DI ;

Parameter Format Range Default

run (cos 4) decimal —2233 to 223-1 1

rise (sin 6) decimal —2% to 223-1 0

The Define Downloadable Character Page 11-36

 

 

     
 

 

 

     
 

Instruction

DL character number(, pen control), X,Y (,...) (, pen control) (,...);

or
DL character number;

or
DL 2

(DL instruction continued)
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Parameter Format Range Default

character number integer 33-126 none

pen control integer —128 none

X,Y coordinates integer —127-127 none
primitive grid units

DP The Digitize Point Instruction Page 12-2

DP ;

DR The Relative Direction Instruction Page 7-25

DR run,rise;
or

 

 

      

 

 

 

     

DR ;

Parameter Format Range Default

run (cos 4) decimal —2% to 23-1 1% of |P2x— P1x|

rise (sin @) decimal —23 to 273-1 0% of |P2y— Ply|

>
I
5 DS The Designate Character Set into Slot Page 11-22

Es Instruction

E DS slot, set;

oO or
& DS ;

eo
a 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 ;

(DTinstruction continued)
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Parameter Format Range Default

label label any character except ETX (decimal
terminator NULL, LF, ESC and; code 3)

(decimal codes0, 10,
27, and 59,

respectively)

EA The Edge Rectangle Absolute Instruction Page 6-27

EA X-coordinate, Y-coordinate;

Parameter Format Range Default

X- and Y- decimal —22 to 22—1 none
coordinates current units

EP The Edge Polygon Instruction Page6-43

EP ; Meet
Sabor 5

ER The Edge Rectangle Relative Instruction Page 6-33

ER X-increment, Y-increment;

Parameter Format Range Default

X- and Y- decimal] —23 to 223-1 none
increments current units

ES The Extra Space Instruction Page 7-36

ES spaces(, lines);
or

ES ;

Parameter Format Range Default

spaces decimal —22 to 23—1 0

lines decimal —23 to 223-1] 0

INSTRUCTION SUMMARY C-7
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EW The Edge WedgeInstruction Page 6-21

EW radius, start angle, sweep angle (, chord tolerance) ;

  

 

      

 

 

  

 

 

 

       

Parameter Format Range Default

radius decimal —2?3 to 2%—1 none
current units

start angle decimal —2® to 2%—1 none
degrees, modulo 360

sweep angle decimal —2” to 2%—1 none
degrees, truncated at +360

chord decimal —2” to 22—1 5 degrees

| tolerance current mode

FP TheFill Polygon Instruction Page 6-44

FP ;

FS The Force Select Instruction Page 10-4

FS pen force (, pen number);

or
FS ;

a
g Parameter Format Range

: pen force integer 1-8 depends on
v carousel type

3 pen number integer 1-8 all pens

;
a
5 The Fill Type Instruction Page 6-13

 

FT type(, spacing (, angle));

  

 

or
FT ;

Parameter Format Range Default

fill type integer 1-6 1

spacing decimal 0 to 2%—1 depends on
current units fill type

angle decimal —2?3 to 223 —] 0 degrees
degrees, modulo 360      
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GC The Group Count Instruction Page 10-24

GC count number;
or

 

 

     
 

GC ;

Parameter Format Range Default

count number integer —22to 2%—1 0

GM The Graphics MemoryInstruction Page 3-17

GM_ (polygon buffer) (, downloadable character buffer)
(, replot buffer) (, vector buffer);
or

 

 

     
 

 

 

 

     
 

GM ;

Parameter Format Range Default

polygon buffer integer 4-12 752 bytes 1778

downloadable integer 0-12 754 bytes 0
character buffer

replot buffer integer 0-12 750 bytes 9954

vector buffer integer 44-12 794 bytes 44
-

IM The Input MaskInstruction Page 13-4 a

IM ¥E-maskvalue (, S-mask value(, P-mask value)); | as

or S|

IM ,; th
rs

Parameter Format Range Default 3

E-mask value integer 0-255 223 B

S-mask value integer 0-255 0

P-mask value integer 0-255 0

IN TheInitialize Instruction Page 3-11

IN ;

IP The Input P1 and P2 Instruction Page 3-12

IP Pix, Ply(, P2x, P2y);
or

IP ?

INSTRUCTION SUMMARY C-9



 

Parameter Format Range Default
 

    
 

X- and Y- integer —22 to 28-1 depends on
coordinates plotter units papersize

IV The Invoke CharacterSlot Instruction Page 11-24

IV slot,(left) ;
or

 

 

    
 

 

 

    
 

 

 

 

    
 

IV ;

Parameter Format Range Default

slot integer 0-1 (HP modes) 0
0-3 (ISO modes)

left integer 0-1

IW The Input WindowInstruction Page 9-5

IW Xi, Yi, Xe, Yo;
or

Iw ;

Parameter Format Range Default

~ X- and Y- integer —22 to 22 —1 current hard-clip
a coordinates current units if limits (depends
Ss ENHANCEDfunction on papersize)
s key is on; plotter
| a

oD) units if STANDARD
Ss function key is on

va)

ei KY The Define Key Instruction Page 10-19
a)

ee KY key (, function);
—_= or

KY ;

Parameter Format Range Default

key integer 1-4 none

function integer 0-12 none

LB The Label Instruction Page 7-2

LEB ¢c... cterm

(where term is the label terminator defined by the DT instruction)
(IV instruction continued)

C-10 INSTRUCTION SUMMARY

 

 

 

 



 

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

position number integer 1-9 or 11-19 1

fo3 LO6 Log

#02 L@5 LO&

£01 LQ4 LO”

‘L013 LO16 Lo19°
><012 LOS LO186 a
La)

Lo4t4 Lo14 L017 fe
e e e a

iS)
5

LT The Line Type Instruction Page 5-6 2

LT pattern number(, pattern length); =}
or 5

LT ; ‘<

Parameter Format Range Default

pattern number integer —6 to+6 no parameter
(solid line)

pattern length decimal 0 to 2%—1 4% of the diagonal
percentage distance between

Pl and P2     
 

The line types for each pattern number are shown on the following
page.
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NO PARAMETER (DEFAULT VALUE) 

 

 

 

 

 

 

  

 

Response: X,Y,P [TERM] — integers, in ASCII.

X, Y — in plotter units within current hard-clip limits.

ADAPTIVE
> LINE
TYPES

0 + SPECIFIES DOTS ONLY AT PA/PR COORDINATES

.

FIXED
> LINE
TYPES

ONE PATTERN LENGTH

NR The Not-Ready Instruction Page 10-13

¢ NR ;
iss)

:
eam OA The Output Actual Position and Pen Status Page 13-7
5 Instruction

3 OA ;

$
7)
q
—

 

P — 0, pen upor 1, pen down.

OC The Output CommandedPosition and Pen Page 13-8
Status Instruction

Oc ;

Response: X, Y, P [TERM] — two decimals andoneinteger, in ASCII.

X, Y — in currentunits, —2”3 to 23-1,

P — 0, pen up or 1, pen down.
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OD The Output Digitized Point and Pen Page 12-3
Status Instruction

OD ;

Response: X,Y,P [TERM] integers, in ASCII.

X, Y — in current units if ENHANCED function keyis on;

in plotter units if STANDARD function key is on.

P — 0, pen up or 1, pen down.

OE The Output Error Instruction Page 13-8

OE ;

Response: Error number [TERM] — a positive ASCII integer, 0 to 7
(refer to table in Appendix B).

OF The Output Factors Instruction Page 13-9

OF ;

Response: 40,40 [TERM] integers, in ASCII.

OG The Output Group Count Instruction Page 10-24

OG ;

Response: Count number, escape status [TERM] integers, in ASCII.

Count number — —2* to 2%—1

Escape status — 0, ESCAPE function has not been activated;
—1, ESCAPE function has been activated.

—
5
a
ct
a
c
re
otan
io)
jo)
WM
Sc

=
=
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<

 

OH The Output Hard-Clip Limits Instruction Page 9-10

OH ;

Response: Xxx, Yui, Xur, Yur, [TERM] — ASCII integers representing
plotter units.

OI The Output Identification Instruction Page 13-10

OI ;

Response: 7550A [TERM] — ASCIIstring, five characters.
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OK The Output Key Instruction Page 10-22

OL

OO

OS

C-14

OK ;

Response: Function key pressed [TERM] integer in ASCII,
0 to 4.

The Output Label Length Instruction Page 7-40

OL ;

Response: Length, characters, line feeds [TERM] in ASCII.

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
CPcell.

Characters — integer, the number of printing characters
and spacesin the longestline of the buffered label.

Line feeds — integer, net numberofline feeds.

The Output Options Instruction Page 13-10

OO ;

Response: C,1,0,0,1,1,0,1 [TERM] integers in ASCII.

C — 0 to 3, representing status of paper check and paper
feed bits.

The Output P1 and P2 Instruction Page 9-11

OP ;

Response: Plx, Ply, P2x, P2y [TERM] — ASCII integers representing
plotter units.

The Output Status Instruction Page 13-11

OS ;

Response: Status [TERM] — integer in ASCII, 0 to 255. Power-on
status, 26.
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OT The Output Carousel Type Instruction Page 13-12

OT ;

Response: Type,map [TERM] — integers, in ASCII.

Type ——1 to 4.

Map — 0 to 255.

OW The Output Window Instruction Page 9-9

OW ;

Response: Xix, Yi, Xur, Yur [TERM] — integers, in ASCII.

X, Y — in current units if ENHANCED function keyis on;
in plotter units if STANDARD function key is on.

 

 

      

 

 

 

PA The Plot Absolute Instruction Page 4-4

PA X,YG...);
or

PA ;

Parameter Format Range Default
—

X- and Y- decimal —233 to 223-1 none @

coordinates current units a

g=o

5

PB The Print Buffered Label Instruction Page 7-39 B&

PB ; g
i.
s

PD The Pen DownInstruction Page 4-3

PD X,YG...;
or

PD ;

Parameter Format Range Default

X- and Y- decimal —233 to 223-1 none

coordinates current units      
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PG The Page Feed Instruction Page 10-10

PG n;

or
PG ;

Parameter Format Range Default

n integer —2% to 2%—1 none

PM The Polygon ModeInstruction Page 6-37

PM n;

Parameter Format Range Default

n integer 0-2 0

PR ThePlot Relative Instruction Page 4-6

PR X,Y(...;
or

PR ;
>
5
fs Parameter Format Range Default

E X- and Y- decimal —2% to 223-1 none
¢ increments current units

|
oO

fy .
B PT The Pen Thickness Instruction Page 6-20

mn PT pen thickness;
or

PT ;

Parameter Format Range Default

pen thickness decimal 0.1-5.0 millimetres 0.3     
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PU The Pen UpInstruction Page 4-3

 

 

     
 

 

 

PU X,Y...)
or

PU ;

Parameter Format Range Default

X- and Y- decimal —22 to 223-1 none

coordinates current units

RA TheFill Rectangle Absolute Instruction Page 6-27

RA X-coordinate, Y-coordinate ;

Parameter Format Range Default

X- and Y- decimal —22 to 223-1 none

coordinates current units     
 

RO The Rotate Coordinate System Instruction Page 9-2

 

 

     
 

 

 

 

     
 

RO n;
or 5"

RO , D
La)

fe
Parameter Format Range Default e.

5
n integer 0 or 90 degrees 0 op

3

5
RP The Replot Instruction Page 10-14

RP n;

Parameter Format Range Default

n integer 1-99 1

RR The Fill Rectangle Relative Instruction Page 6-33

RR X-increment, Y-increment;

(RR instruction continued)
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Parameter Format Range Default

X- and Y- decimal —223 to 2231 none

increments current units

SA The Select Alternate Character Set Page 11-9

Instruction

SA ;

SC The Scale Instruction Page 3-14

SC Xin, Xmax, Yuin; Ymax 3

or
SC ;

Parameter Format Range Default

X- and Y-ranges integer —2% to 2%—1 none
user units

4 SI The Absolute Character Size Instruction Page 7-14

g SI width, height;
Si
3 or

2) SI ;
a
a}
Ee Parameter Format Range Default
ar

a width decimal —223 to 233—] 0.285 cm
cS centimetres* (A3/B-size paper)

0.187 em

(A4/A-size paper)

height decimal —22 to 2-1 0.375 cm
centimetres* (A3/B-size paper)

0.269 cm

(A4/A-size paper)      
*excluding zero (0) and values approachingzero
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SL

SM

SP

SR

 

 

The Character Slant Instruction Page 7-18

SL tang;
or

SL ;

Parameter Format Range Default

tangent 6 decimal +0.05 to +2 0 (no slant)
for default characters

+0.05 to +3.5   for large characters    

 

 

The Symbol ModeInstruction Page 5-5

SM character;
or

SM ;

Parameter Format Range Default

character label any printing character none

(decimal codes 33-126)      

 

 

    

 

  

—

5
NM

The Select Pen Instruction Page 4-2 a

SP pen number; Sa

or =)

SP ; 2g

5
Parameter Format Range Default 5

Les

pen number integer 0-8 0 be

The Relative Character Size Instruction Page 7-16

SR width, height;
or

SR ;

(SR instruction continued)
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Parameter Format Range Default

width decimal —2” to 2%—1 0.75% of |P2x— P1|

percentage*

height decimal —2” to 222-1 1.5% of |P2y— Ply|
percentage*   
 

*excluding zero (0) and values approaching zero

 

 

     
 

 

 

 

SS TheSelect Standard Character Set Page 11-9
Instruction

SS;

TL The Tick Length Instruction Page 5-2

TL tp(,tn);
or

TL ;

Parameter Format Range Default

tp and tn decimal 0 to 22-1 0.5% of |P2x — Pl1x|
a percentage andof |P2y— P1y|
®

si

5
“am UC The User-Defined Character Instruction Page 11-28
|

aS) UC (pen control,) X-increment, Y-increment(, pen control) (,...);
g or
$ UC ;
e

onl Parameter Format Range Default

pen control integer STANDARD:* pen up
=+99 = pen down

<—99 = pen up

ENHANCED:*

=+9999 = pen down
<—9999 = pen up     
 

(Table continued)
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Parameter Format Range Default
 

X- and Y

increments

  

integer

 

STANDARD:*

—98 to 98

ENHANCED:*
—9998 to 9998

(both in primitive
grid units)

none

  
 

*The ranges depend onthesetting of the front-panel STANDARD/ENHANCEDfunction key, as
shown. The pen control parameters cannot exceed the plotter’s range of —273 to 273-1.

 

 

     
 

 

 

     
 

UF The User-Defined Fill Type Instruction Page 6-17

UF gap. (, gape,...gap20);
or

UF ;

Parameter Format Range Default

gap integer 0 to 22-1 none

VS The Velocity Select Instruction Page 10-6

VS_ pen speed (, pen number);
or

VS ;

Parameter Format Range Default

pen speed integer 1-80 depends on
carousel type

pen number integer 1-8 all pens

WD The Write to Display Instruction Page 10-17

WD c...

or

WD term

(where term is the label terminator defined by the DT instruction)

c term

(WD instruction continued)
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Parameter Format Range Default
 

     

 

 

    
 

Cc... 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 Default

radius decimal —2# to 2%—1 none
current units

start angle decimal —27 to 22—1 none
degrees, modulo 360

sweep angle decimal —23 to 22-1 none
degrees, truncated at +360

chord decimal —22 to 2%—1 5 degrees
tolerance current mode

Me XT The X-Tick Instruction Page5-1
*
® .S AT ;

;
“ YT The Y-Tick Instruction Page 5-1

B YT ;
=]

i
Em 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 thetitle. Refer to the indicated page numberfor details.

Set Plotter Configuration Page 14-12

Es¢.@ [(<DEC>);(<DEC>)]:

Parameters: <DEC> — Specifies logical I/O buffer size (2 to 12752
bytes).

(ESC.@ instruction continued)
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<DEC> —

Output Identification

Esc. A

Decimal equivalent 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 DSRlines
(pins 5 and 6). Logic state 1: Computer does
not hold offdata from the plotter using the CTS

and DSRlines (pins 5 and6).

Bit 2. Logic state 0: Specify parse monitor
mode. Logic state 1: Specify receive monitor
mode.

Bit 3. Logic state 0: Disable monitor mode.
Logic state 1: Enable the monitormode specified
by bit 2.

Bit 4. Logic state 0: Disable block I/O error
checking. Logic state 1: Enable block I/O error

checking.

Page 14-27

Response: <ASC>,<DEC> [TERM]— 7550A (ASCIIstring), firm-
warerevision level (integer).

Output Buffer Space

Esc.B

Page 14-15

Response: <DEC> [TERM] — 2 to 12752 bytes, the numberof un-
used bytes in the logical I/O buffer.

Output Extended Error Page 14-16

Esc. E

Response: <DEC> [TERM]0 (noerror) or 10 to 18 (refer to table
in Appendix B).

INSTRUCTION SUMMARY C-23
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Set Handshake Mode1 (RS-282-C only) Page 16-35

Esc.H [(<DEC>);(<ASC>);(<ASC>(;...<ASC>))]:

Parameters: <DEC> — Data block size, 0 to 32 767.

<ASC> — Enquiry character, ASCII 0 to 126.

<ASC>...<ASC>— Acknowledgmentstring of one to 10
characters, ASCII 0 to 127.

Set Handshake Mode 2 (RS-282-C only) Page 16-37

Esc.I {(<DEC>);(<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-
edgmentstring of one to 10 characters.

Independent of Set Output ModeInstruction, ESC .M.

 

Abort Device Control (RS-232-C only) Page 16-39

Esc. J
oa
LI

es
: Abort Graphics Page 14-25

EA Esc. K
es
a
~~

5 Output Buffer Size When Empty Page 14-11

E Esc. Lct
Response: <DEC> [TERM] — 2 to 12752 bytes; not output until the

logical I/O buffer is empty.

Set Output Mode(RS-232-C only) Page 16-28

Esc.M [(<DEC>);(<ASC>);(<ASC>);
(<ASC>(;<ASC>)) (<ASC>)]:

Parameters: <DEC> — Turnarounddelay, 0 to 9999 milliseconds.

<ASC> — Outputtrigger character, ASCII 0 to 126.

(ESC.M instruction continued)
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<ASC> — Echoterminate character, ASCII 0 to 126.

<ASC>...<ASC> — one or two output terminator char-
acters ASCII 0 to 127.

<ASC> — Outputinitiator character, ASCII 0 to 127.

Set Extended Output and Handshake Mode Page 16-31

(RS-232-C only)

Es¢.N [(<DEC>);(<ASC>(;...<ASC>))]:

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

Esc .O

Response: <DEC> [TERM] Status, decimal equivalent value 0-1775.

3 hardwire

Set Handshake Mode(RS-232-C only) Page 16-27 [i

Ese.P (<DEC>): A¢
Parameter: <DEC> — Selects standard handshake: 6

0 none ie
1 Xon-Xoff 5

2 EN@Q/ACK 4

=:
sels}

rs

 

Set Monitor Mode Page 14-22

Est.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.
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Output Configurable Memory Size Page 14-11

Esc.S (<DEC>):

Parameter: <DEC>—0_ requests total size of configurable graphics
memory

1 requests current physical I/O buffer size
2 requests current polygon buffer size

3 requests current downloadable character
buffer size

4 requests current replot buffer size
5 requests current vector buffer size

Response: <DEC> [TERM]— 0 to 12800 bytes.

Allocate Configurable Memory Page 14-5

Es¢.T [(<DEC>);(<DEC>) ;(<DEC>) ;(<DEC>) ; (KDEC>)]:

Parameters: <DEC> — physical I/O buffer size: 2 to 12 752

<DEC> — polygon buffer size: 4 to 12'754

<DEC> — downloadable character buffer size: 0 to 12750

<DEC> — replot buffer size: 0 to 12 750

<DEC> — vector buffer size: 44 to 12794
PP

a | NOTE: Should be followed by ESC. L. m

f
¢ | End Flush Mode Page 14-27

Be Esc. U
3
&
io)

=m Plotter-On (RS-232-C only) Page 16-39

 

Esc. Y or ESC.(

Plotter-Off (RS-232-C only) Page 16-40

Esc.Z or ESC.)
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a
AA Instruction 2.0.0.0... 0. cece ccc ence eee eee eees 6-9 thru 6-13, C-1
AF Instruction 2.0... 0... ccc cece eee ee tenn eee 10-10 thru 10-13, C-1
AGL cocci ccc ccc cece cence cece e eee ene e eben nee eee te bene 1-7

AGPSoftware Package ............cccce cece cece nent e eee e ne nees 1-8

AH Instruction ....... 0. ccc cece eee cece e eens 10-10 thru 10-13, C-1

ANSI/TEEE 488-1978 Standard .v.cccsssssseseeeeveeeeesneveees LOG

AP Instruction 2.2.0.0... ccc cc cceee eee ceeeeaeeees 10-2 thru 10-4, C-2
AR Instruction ......... 0. cece ccc eect ete eeneens 6-9 thru 6-13, C-2
AS Instruction ....... 0.00. cc ccc ccc cece teen eeeaues 10-5, 10-6, C-2
SGNs,©14-4
ASCII Character Codes .......... ccc ccc ec ceeeeeneeees A-2 thru A-10
Abort Device Control Instruction, ESC.J ................: 16-39, C-24
Abort Graphics Instruction, ESC.K ............... 14-25, 14-26, C-24
Absolute Character Size Instruction, SI .......... 7-14 thru 7-16, C-18
Absolute Coordinates 2.0... 0.00. c ccc eee cece 2-13, 2-14
Absolute Direction Instruction, DI ................ 7-21 thru 7-24, C-5
Absolute Plotting (Definition) .......... 0... ccc cece eee e tte e eee 4-1
Absolute Plotting with PA,PU,and PD ................. 4-4 thru 4-6
Acceleration (Definition) ............ 000s cece ee eee eee nn enees 10-1

Acceleration Select Instruction, AS ............. 0.00005 10-5, 10-6, C-2
AcknowledgmentString (Definition) ................00 ccs eeee 16-33

AcknowledgmentString, Set in ESC .H or I Instruction ........ 16-36
Adaptive Line Type ............ ccc cece eee reece eenes 5-7 thru 5-9
Addressable Mode (HP-IB) ......... 0.0... cece ccc cece eee ee enees 15-2

Addressing Protocol (HP-IB) ............ 00.0 cece cece eee e eens 15-3
Advance Page Instruction, AF or AH ............... 10-10, 10-11, C-1
Allocate Configurable Memory Instruction, ESC.T ......... 14-5 thru

14-10, C-26
Arc Absolute Instruction, AA ............. 0.000 e eee 6-9 thru 6-13, C-1

Arc Fonts, See Variable-Space Fonts
Arc Relative Instruction, AR ........... 0.00. e eee eee 6-9 thru 6-13, C-2
Auto Feed Key, See also Operation and

Interconnection Manual .............. 2c cece eee ee 10-10, 10-11
Automatic Pen Operations Instruction, AP ........ 10-2 thru 10-4, C-2

Axes, Labels and Ticks for (Line Chart Example) ........ 8-3 thru 8-5
Axes, Ticks for (XT, YT, and TL Instructions) ............ 5-1 thru 5-5

b
BASIC
Description 2.0... 0.0. c ccc ccc eee cece ee eee teen eee n nee eees 1-7
Graphics Statements and HP-GL Compared ................ 1-6, 1-7
Sending and Receiving Data (Examples) ............ 15-8 thru 15-7
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b (Continued)
Statements Used in This Manual ............... 0.000 ccceeees 1-10

BF Instruction ........... 000 c cee eee ee eees 10-13, 10-14, C-2
BIT Function .......... 0...eeeeee eee eneneee 12-5
BL Instruction ......0.0. 0.0... ccc ccc ccc cette eee tenes 7-38, 7-89, C-3
Bar Chart, Complete Program .............. 000 ce eeees 8-9 thru 8-14
Baud Function Key, See also Operation and

Interconnection Manual .................0 000 cece eee ees 16-19

Binary and Decimal Conversions ..............00c ccc cee cueeeee A-l
Bit States, Method for Checking .................00005 12-5 thru 12-7
Bits, Determining Logic States from
Decimal Equivalent Values .............0c cece ccee cece nees 14-21

Block I/O Error Checking .................02 ee eee 14-14, 14-17, 14-18
Block Size, See Data Block Size
Buffer (Definition) ........... 0. cece cee eee cence ence teenies 14-2

Buffer Label Instruction, BL ..........0........00 0c ees 7-88, 7-389, C-3
Buffer Overflow ........ 0. ccc c cece cece eee esate neees 3-8, 16-18

Buffer Plot Instruction, BF ...................000eee 10-13, 10-14, C-2
Buffered Labels
LO Instruction and ......... 0... ccc cee ees 7-3, 7-32, 7-39, 7-40
Obtaining Information about ................0000005 7-40 thru 7-42
Printing 2.0.0.0... ccc cece eee cc eee eee eee eeenes 7-3, 7-7, 7-39, 7-40

Buffers, Seealso Downloadable Character Buffer, Logical I/O
Buffer, Physical I/O Buffer, Polygon Buffer, Replot Buffer,
and Vector Buffer
Allocating Memory .................00065 3-17, 3-18, 14-5 thru 14-10
Determining Current Size ................. 14-11, 14-12, 14-15, 14-16

Bypass Function Key, See also Operation and
Interconnection Manual ............. 0.0 cece eee eens 16-2

Cc
CA Instruction ........ 0.0 ccc cece cece eens 11-5 thru 11-9, 11-12, C-3
CC Instruction .......... 0. ccc cece cee eee eees 11-26 thru 11-28, C-3
CD Line, Used in Hardwire Handshake ..................0006- 16-24
CHR$ Function ..........0. 00... cece cece eee ee 7-6, 7-7, 11-5 thru 11-7
Cl Instruction 1.2.0.0... ccceee cee eens 6-5 thru 6-9, C-3
CM Instruction ...............0 0c cece eee 11-11, 11-20 thru 11-22, C-4
CP Instruction ....... 0... cece cece cece e eee enees 7-33 thru 7-36, C-4
CS Instruction ............... 0.2 cece eee eee 11-5 thru 11-8, 11-12, C-4
CT Instruction ....... 0... cece cc cence cece eens eeee 6-3 thru 6-5, C-4
CV Instruction ........... ccc cece cece eee eens 10-8 thru 10-10, C-5
Cables (RS-232-C), See also Operation and
Interconnection Manual ..............c cece cece eee eee 16-19
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C (Continued)
Carousel, Determining Current Type .................... 13-12, 13-13
Carriage-Return Character (CR), How to Send ................ 7-6, 7-7
Carriage-Return Point ............. ccc cece cece e ee ence 7-5, 7-6, 7-24
Carriage-Return Point (Definition) ............ 0... ccc cece cence 7-2
Cartesian Coordinate System ........ 0... cece ccc cece eee eeneee 2-1
Character Chord Angle Instruction, CC ......... 11-26 thru 11-28, C-3
Character Origin .......... cc cece ccc cnet eee eeteees 7-5, 7-6, 7-12
Character Origin (Definition) .........0. 00.00 ccc eee tee eens 7-2
Character Plot Cell
AVEVAZE 6... ccc cece cece cee e eee eee ene tate neeees 7-12, 7-13
Definition 2.0.0.0... 0. cece cee eee e ene e eee nee eee tenes 7-2
Description ......... 0. cece cece ee ene eee een eeeenees 7-11 thru 7-13

|<7-12

NOY05>7-12
Character Plot Instruction, CP ..................4. 7-33 thru 7-36, C-4
Characters, See also Labels
Designing Your Own ............ccc cece cece eens 11-28 thru 11-41

Direction 2.0... 0. ccc cee ccc cee cee e eee eet ee eaten eeaes 7-13

Direction, Absolute .......... 0.00. cece cece eee 7-21 thru 7-24
Direction, Relative ......... 0... cc cece eee cc eee eens 7-25 thru 7-30
Height 2.0.00... ccc cece cece eee nee e eee een eeeneeees 7-12
POSItION 6... cece cece eee eee e eens 7-4 thru 7-6, 7-13, 7-14
Primitive Grid ........... ccc cc eee ees 11-29 thru 11-33, 11-38, 11-41

SIZOoccnent ene e nee e eee e eee tenenees 7-13
Size, Absolute ......... 0... cece eee e eee e eee e eee ees 7-14 thru 7-16

Size, Relative 0.0... 0.0... cece cc eee cere eneees 7-16 thru 7-18
Slant ...... ccc cece ee eee cece eee e eee eenees 7-13, 7-18 thru 7-20
SPACING 20... cc ccc eee e teen eee eee neees 7-13, 7-36, 7-37

Width oo... ccc cece ce cc eee cece e eee eterennes 7-12
Character Selection Mode Instruction, CM .................0085 11-11,

11-20 thru 11-22, C-4

Character Selection Modes
Definition .......... 00. ccc ccc cece nee te ees eeeeenes 11-2

Fallback Mode .......... 0. ccc cece cece cece nen e eee eeennnene 11-14
HP 7-Bit Mode ......... 0.0.0. ccc cece eee cence 11-4, 11-13 thru 11-15

HP 8Bit Mode .............. 0c cece cee eee eees 11-13, 11-15, 11-16
How to Choose ........ ccc cece eee eee e eens eens 11-10
How to Designate and Invoke Character Sets ................ 11-11
How to Send Characters in a Label Instruction .............. 11-13
ISO 7-Bit Mode ........... ccc cece cece cee 11-13, 11-16 thru 11-18

ISO 8-Bit Mode ........... 0c ccc ee cece e nee 11-18, 11-18 thru 11-20
In-Use Code Table ..... ccc ccc cece cee ne es 11-11 thru 11-13
Response to Control Characters .............00cce eens 11-18, 11-14
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C (Continued)
Character Sets, See also Character Selection Modes

All Characters Listed ......... 0.0... c ccc cece eens A-2 thru A-10
Definition ............ 0... ccc cece eee ence cece eccn eee 11-1

Designating and Selecting Standard and
Alternate 0.0.0.0... ccc ccc cece e neces 11-4 thru 11-26

Fixed-Space Fonts ........... 0.00 cece eee e eee e eee e ees A-5 thru A-7
Fonts, Described ........... 0.0 c cece eect ae eees 11-2, 11-3
How to Send Characters in a Label Instruction ...... 11-5 thru 11-7
KatakanaS ......... 0... cece cece eee ee enes 11-15, 11-16
Linked in HP 8-Bit Mode ............. 00. cece eee ees 11-15, 11-16
Roman® ..... 0... ccc cece ccc e eens ee cet eeeeeeceenes 11-15, 11-16

Selecting Standard and Alternate with
Shift-In/Shift-Out 2.0.0.0... .. cc cece cece cece nee ee eeees 11-6, 11-7

Variable-Space Fonts .............cc ccc e cece e eens A-8 thru A-10
Character Slant Instruction, SL.................. 7-18 thru 7-20, C-19
Chord Tolerance (Definition) ................ ccc cece cece eee 6-2
Chord Tolerance, Effects on Circle Smoothness ............... 6-7, 6-8
Chord Tolerance Instruction, CT .................... 6-3 thru 6-5, C-4

Chord (Definition) ............ 0... cc cece eee eee eee eeee 6-2
Circle Instruction, CI ............. ccc e cece eee eeee 6-5 thru 6-9, C-3
Clipping ........0ceee eee een eee eeeees 2-9 thru 2-12
Clipping (Definition) ............... 0. ccc ccc cece eee eee eee 9-1
Compatibility with Other HP-GL Plotters ................ cee eee 3-5
Configurable Graphics Memory, See Buffers
Connector Pin Allocations ................. 000 cece 16-11 thru 16-17
Constant (Definition) ............. 0... ccc cece eee eee tenes 4-1
Control Characters, Effect in Character

Selection Modes ..............0cceceeeeteeeeeeeeeeees 11-18, 11-14
Coordinate System

Cartesian 2.0.0... ccc ccc cence cee enn n eee ee neeenneaes 2-1, 2-2
Default Orientation of Plotter ........ 0... ccc cece cc cece ees 2-3, 2-4
Rotated ... 0... ccccece cece e eee ence eens 9-2 thru 9-5

Coordinates, Absolute ........ 0... ccc ccc eee e eee ee eens 2-13, 2-14

Coordinates, Relative ........... 0c cece ese e eee eee eneeees 2-14, 2-15
Cross-Hatch (Definition) ........ 00... ccc ccc cece cee eee e ee eeees 6-3
Current Pen Position .......... 0.000 c cece nec e eee en cenes 2-18, 2-15

Current Pen Status ........ 0. ccc ccc cece eee c cence eens 2-12, 2-13
Current Units (Definition) ............. 0... c cece cc cee eects 4-1
Curved Line Generator .................0005 10-8 thru 10-10, 14-7, 14-8
Curved Line Generator Instruction, CV ........... 10-8 thru 10-10, C-5
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d
DC Instruction 2.00...ecece eeeneees 12-3, C-5
<KDEC> 2...ccc cece eee eee e ene een eeeeeeeneeas 14-4
DF Instruction .......... 0... ccc cece eee ees 1-13, 3-8 thru 3-10, C-5
DGL Software Package ........... cc cece cece cece eee eeeneeees 1-8
DI Instruction .......... 0. ccc cece cece cee eee eees 7-21 thru 7-24, C-5
DI and SI, Interactions of Parameters .................0005 7-42, 7-43
DI and SR,Interactions of Parameters ................ 7-44 thru 7-46
DL Instruction ........ 0c ccc cece eee cece ees 11-36 thru 11-41, C-5

DP Instruction ...... 0... ccc ccc cee cee renee eenes 12-2, 12-3, C-6
DR Instruction ........ 0... ccc cece cece tenet anes 7-25 thru 7-30, C-6
DR andSI, Interactions of Parameters ...............20005 7-43, 7-44

DR and SR,Interactions of Parameters ...............005: 7-46, 7-47
DSInstruction .................008- 11-11, 11-12, 11-22 thru 11-24, C-6

DT Instruction ....... 0. c cece creer ee eenees 7-8 thru 7-10, C-6

DTRLine, Used in Hardwire Handshake .................00005 16-24
Data Block Size (Definition) ........... ccc cece cece eee ee eees 16-33

Data Block Size, Set in ESC.H or I Instruction ................ 16-36
Data Terminal Ready (Definition) ............-....: eee e eee eee 16-33
Data Terminal Ready (DTR or CD) Line ................ 2c eee 16-24
Decimal and Binary Conversions ...........00.cccceeeeneeeeeees A-l
Decimal Parameter Format ............. 0c: cece cece cence eee enes 3-4
Default Conditions (Device-Control) ............. ccc eee ees 14-26
Default Conditions (HP-GL)

Description ....... 0. ccc cece ccc ec te cece nnn eee e eee steeeeees 1-13
Established by DF Instruction ......... 3-8 thru 3-10, A-11 thru A-13

Established by IN Instruction ................ 3-11, 3-12, A-13, A-14
Default (Definition) 0.0.0.0... 0... ccc ccc cece ete e nee eeeeeeees 3-2
Default Instruction, DF ........... 2... cee eee 3-8 thru 3-10, C-5
Default Pl and P2 Coordinates ............. cece usec euees 3-12, A-14
Default Values (Device-Control) ........ 00... ccc cece eee c eee eees 14-5
Define Downloadable Character Instruction, DL ........... 11-36 thru

11-41, C-5

Define Key Instruction, KY ...............0 e005 10-19 thru 10-21, C-10
Define Label Terminator Instruction, DT ........... 7-8 thru 7-10, C-6

Delimiters (Device-Control) ........... ccc cece cece eee nees 14-4, 14-5
Designate Alternate Character Set Instruction, CA .......... 11-5 thru

: 11-9, 11-12, C-3

Designate Character Set into Slot Instruction, DS ........ 11-11, 11-12,
11-22 thru 11-24, C-6

Designate Standard Character Set Instruction, CS .......... 11-5 thru
11-8, 11-12, C-4

Developing Plots .......... 0... c cece eee ee es 1-12, 8-1 thru 8-17
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Deviation Distance ......... 0... cece ccc ccc e cence eeees 6-3 thru 6-5
Device-Control Instructions

Description ........ 0. ccc ccc ee ccc e cent cee e seen eeneeens 1-7, 14-2

EYrorS 00.0... 00 cece cece cece cence een eeeeees 14-16, 14-17, B-3, B-4
General (HP-IB and RS-282-C) ...............00000e 14-1 thru 14-27
How to Send .... 0... cece ccc cece eee ence eee nsec neesenaee 14-3
RS-232-C occ ccc cece eee 16-27 thru 16-31, 16-35 thru 16-40
Symtax 2... ccc cece eee e cece eee ents eset eeeeeeaee 14-4, 14-5

Digitize Clear Instruction, DC ............. cc ccc cece e eens 12-3, C-5
Digitize Point Instruction, DP ................. cece 12-2, 12-8, C-6
Digitizing

Definition .......... 0...ecence eee eeeeneee 12-1
HP-IB Interrupts and Polling .............. 0.0 c cece cent eens 12-7
Manual Method ............. ccc cee cece eee s eee eee eees 12-4, 12-5
Monitoring the Status Byte .............. cc cee veces 12-5 thru 12-7
Preparing the Plotter ............ 0c cece ec cc eeeeeveeeaes 12-1, 12-2
Sight 20... 0... ccc cece cece cece reese nese eee eeennnes 12-1, 12-2

Direct Function Key, See also Operation and
Interconnection Manual ...................20065 14-18, 16-10, 16-20

Direct Mode (RS-232-C) ........ 0. cc cece cece cece eeeees 16-10, 16-20
Disconnection Modes (RS-232-C) .......... 0. cece eens 16-10
Display, Writing Messages on ................000- 10-16, 10-17, 10-23
Documentation for the HP 7550 ...... 0.cece ee eens iii
Download (Definition) ........... 00... cccene eeenes 11-2
Downloadable Character Buffer ...............000085 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 ............ 16-5, 16-6, 16-20

e
E-Mask ......... cece ccc eee eer ene e eee e eet eetneeenneees 13-5
EA Instruction ............. cece eee cence eee enes 6-27 thru 6-33, C-7
EP Instruction ........... 0. cc cece cece es 6-26, 6-31, 6-36, 6-43, 6-44, C-7
ER Instruction ........... 0. cee cece eee eee ees 6-33 thru 6-36, C-7
ESInstruction .......... 0.0... cece cece eect teenies 7-36, 7-37, C-7
ESC.( Instruction 2.00.00... 0... cece cece eee eens 16-39, 16-40, C-26
ESC.) Instruction ........... 0... cece cece eee eee ee eees 16-40, C-26
ESC.@ Instruction ............... 14-12 thru 14-15, 14-18, 16-34, C-22
ESC.A Instruction .......... 0.20. eee eect cece eeees 14-27, C-23
ESC .B Instruction ......... 14-15, 14-16, 16-24 thru 16-26, 16-34, C-23
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ESC.E Instruction ............ 0.0 cece cee eeeee 14-16 thru 14-18, C-23
ESC .H Instruction ............ 00. c cece eee e eee 16-34 thru 16-37, C-24
ESC ..T Instruction ............. 0.0 ee eee 16-34, 16-37 thru 16-39, C-24
ESC .J Instruction ......00.0.00. 0... c ccc cece eee eee ene 16-39, C-24
ESC.K Instruction .......... 00... cece cece eee eens 14-25, 14-26, C-24

ESC .LInstruction ..........00... 0... e cece ee 14-9, 14-11, 14-26, C-24
ESC .M Instruction ........... 16-28 thru 16-30, 16-34 thru 16-37, C-24
ESC.N Instruction ..............0.0000: 16-31, 16-34 thru 16-37, C-25
ESC .O Instruction ............. ccc ee eees 14-9, 14-19 thru 14-22, C-25
ESC .O Instruction, Used to Poll for Paper Feed ..... 10-11 thru 10-13
ESC.P Instruction ............00c cece eee eee 16-27, 16-34, 16-35, C-25
ESC.Q Instruction ............ cece eee eee eee ete eee nee 14-22, C-25
ESC.R Instruction ............ cc cece cece ener e ee eeeens 14-26, C-25
ESC.S Instruction .......... 00. c cece eee eee teen eees 14-11, 14-12, C-26
ESC.T Instruction .............0.. eee eee eens 14-5 thru 14-10, C-26
ESC.U Instruction ........... 0... cece cece eee eee 10-21, 14-27, C-26
ESC.Y Instruction ............ 0c cece eee ee ee eeee 16-39, 16-40, C-26
ESC .Z Instruction .......... 0. cece eee cece e cece teen eens 16-40, C-26
ESC Character in Device-Control Instructions ......... 14-2 thru 14-4
EW Instruction ......... 0... ccc cece eee eee eeees 6-21 thru 6-27, C-8
Eavesdrop Configuration
General 2.0... ccc cece cece eee cece sense eteeees 16-3, 16-4

Local Mode ........ 0. cece eee cc eee e eee e ee eeeeeteneees 16-8, 16-9

Remote Mode ........... ccc ccc eee eee c cee e ene teetcees 16-6, 16-7

Eavesdrop Function Key, See also Operation and
Interconnection Manual ............ 00. cece eee eee eee 16-4

Echo Terminate Character (Definition) .................0000005 16-32
Echo Terminate Character, Set in ESC.M Instruction .......... 16-28
Echoing Data, See Duplex Function Key
Edge Polygon Instruction, EP .......... 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 ............. ccc cee 6-21 thru 6-27, C-8
End Flush Mode Instruction, ESC.U .............. 10-21, 14-27, C-26
Enhanced Function Key, See also Operation and

Interconnection Manual

Effect on DL Instruction ........... 0. ccc cece eee cece eeeees 11-38

Effect on IW Instruction .......... 0... c cece cette eee neeees 9-6
Effect on OD Instruction ......... 0... ccc cece cece ence e eens 12-3
Effect on OW Instruction ......... 0... ccc cece cee e eee eeeeees 9-9
Effect on UC Instruction ............ 00.0 e cece es 11-29 thru 11-33

Enlarging/Reducing Plots ..............c0c cece ee eeees 9-13 thru 9-16
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Enquire/Acknowledge Handshake ...................22: 16-21, 16-23,

16-24, 16-34 thru 16-39

Enquiry Character (Definition) ............. 0c cece cece eee e cece 16-32
Enquiry Character, Set in ESC .H or I Instruction ............. 16-36
ENTERStatement ............ 0... cece ccc cece ee ee ee eenes 1-10, 13-2
Error Checking, Block I/O ............eceeeeeeees 14-14, 14-17, 14-18
Errors

Determining Device-Control ............ 2. cceceeeeeeee 14-16, 14-17
Determining HP-GL ........... 0. cece ccc ence eens 13-8, 13-9
RS-232-C Transmission ............ ccc eeee tcc cee eeeeeeeees 16-18
Table of Device-Control ................000085 14-16, 14-17, B-3, B-4
Table of HP-GL ....... 0... ccc cece eee eens 3-6 thru 3-8, B-1, B-2

Escape Function and Flush Mode ............ 10-16, 10-21, 10-24, 10-25
Escape Function Key, See also Operation and

Interconnection Manual ................. 2 ccc eee eens 10-21, 10-25
Examples, How to Use ....... 0... cece ccc cece ec cee e nee ceeeeens 1-9
Execute (Definition) ........... 0 ccc cece cece eee cence eeeneeenaee 14-2

Extra Space Instruction, ES 2.0.0... ..... ccc ccc ees 7-36, 7-37, C-7

f
FORTRAN (Description) ............ 0.0 cece eee eee e eee e te enes 1-8
FORTRAN,Sending and Receiving Data (HP 9000,

Series 500 Computer) ...........ccccceeeeec eee eeeeneenee 15-5, 15-7
FP Instruction ........... 0... cece cece cence eeaes 6-44 thru 6-48, C-8
FS Instruction ........... ccc ccc eee cece eee eteveeens 10-4, 10-5, C-8
FT Instruction .......... 00. ccc cece eee eee eneeees 6-13 thru 6-16, C-8
Fallback Mode .............. 000 c cece cece cece cece eee e een eeeees 11-14
Fill Polygon Instruction, FP ...................... 6-44 thru 6-48, 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 .............. cece eee 6-13 thru 6-16, C-8
Fill Wedge Instruction, WG .............. eee eeee 6-21 thru 6-27, C-22
Fixed Line Type .............. 2. cc cece cece cece eee e eens 5-7 thru 5-9
Fixed-Space Fonts

All Characters Listed .....0...... 0c. cece cee cece eens A-5 thru A-7
Definition .......... 0... cece eee cence eee eee neeeeeeenees 7-1
Description ......... 0... cece cece cece cence eee eeeees 11-2 thru 11-4

Flush Mode ..........c ccc cece cece eee eees 10-16, 10-21, 10-25, 14-27
Force (Definition) ........... 0... ccc cece eee eee ete ee eee eeees 10-1
Force, Default for Each Carousel ........... 0.00 cece cee ee eee eues 10-5

Force Select Instruction, FS ...... cee eee ees 10-4, 10-5, C-8
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Front-Panel Display, Writing Messages on ........ 10-16, 10-17, 10-23
Function Keys, Redefining ................... 10-16, 10-19 thru 10-21

g
GC Instruction ...... 0... ccc cc cece tence eee eeenes 10-24, C-9
GM Instruction ........... 0. cece cece ete e nee eeeeee 3-17 thru 3-19
Graphics Limits
Determining Hard-Clip Limits ....................- 220 9-10, 9-11
Determining Soft-Clip Limits ........... 0... cc ceee eee eee ee 9-9, 9-10
Effects on Plotting Instructions ..............000.eeee 4-9 thru 4-11
Hard-Clip, Description ............ 0... ccc cece eens 2-9, 2-10
Lost Mode ....... 0... cc ccc ccc eee eee een e eens teeennenes 4-11
Setting Soft-Clip Limits .............. 00. c cece eee eee 9-5 thru 9-9

Soft-Clip (Window), Description ................0006- 2-10 thru 2-12
Graphics Memory, See Buffers
Graphics Memory Instruction, GM ................0005 3-17 thru 3-19
Graphics Sets GL and GR, General In-Use Code Table ... 11-12, 11-13
Graphics Sets GL and GR, Implementation in
Each Character Selection Mode ..............00005 11-15 thru 11-19

Graphics Slots GO through G3, General In-Use
Code Table ......... 0. ccc ccc ccc eee eect een e nec eeeees 11-12, 11-138

Graphics Slots GO through G3, Implementation in
Each Character Selection Mode ...............0065 11-15 thru 11-19

Grid (Definition) ........ 0.0... cc ccc cece cece nee e eet eneneeetenes 5-1
Grid, Plotting Example ............. 0.0.0. cc cece e cece eee eee 5-4, 5-5
Group Count Instruction, GC ........ cc ceceeee 10-24, C-9

h
HP 150 Computer ....... 0... ccc cece ccc cece eee et ene eenes 15-4, 15-6

HP 3000 Computer ...... 0... ccc cee cece eee ence teense eeeeees 1-11
HP 7-Bit Character Selection Mode ............. 11-4, 11-13 thru 11-15
HP 8-Bit Character Selection Mode ................ 11-138, 11-15, 11-16
HP 9000, Series 200 Computers ................065 1-9, 1-11, 15-4, 15-6
HP 9000, Series 500 Computers ................0 1-11, 15-4, 15-5, 15-7
HP 9816, 9826, and 9836 Computers ............... 1-9, 1-11, 15-4, 15-6
HP-GL
BASIC Graphics Statements Compared with ............... 1-6, 1-7
DeScription ........ 0.ceeeee ee ee eee teen eens 1-5
Errors, Determining ............ 0c cece cece eee ee cease 13-8, 13-9

Errors, Listed ......... 0... cece cece ee eee ecees 3-6 thru 3-8, B-1, B-2
How to Send to Plotter 0.0.00... 0... ccc ccc eee e neces 1-9 thru 1-13
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Instruction Set, Alphabetical List ........ 1-2 thru 1-4, C-1 thru C-22
SUVIngS 2.0... ccc cece cnet eee teen ene t ne neeenenns 1-11
SyMtax 2...eeeee ere eee eees 3-2 thru 3-6

HP-IB
Addressing (General) ....... 0.0.0 ccc ccc e eee ee eeeces 15-2, 15-3

Addressing Sequences and Codes ...........000005 15-11 thru 15-13
Bus Capabilities ......... 0... ccc cece eee cc ee eens 15-14 thru 15-16
Definition ......... 0... ccc ccc eee cece eee e eee n ee enaes 15-1
Interface Functions ........... 0... cece eee ees 15-13 thru 15-16
Interfacing ....... 0... cccccceee eens 15-1 thru 15-18
Interrupts 2.0... 0...ceeee eee eee eee eens 12-7
LIM€S 2...ccc ee cee eee e ee ee tenes 15-8 thru 15-10
Operations (Messages and Commands) ................ 15-10, 15-11
Serial and Parallel Polling ....................00. 12-7, 15-17, 15-18

HP-IB Function Key, See also Operation and
Interconnection Manual ............ 0. ccc cece cette cent eee 15-2

Handshake Function Key, See also Operation and
Interconnection Manual .................0 000 eee 14-18, 16-20, 16-21

Handshake Methods (RS-232-C)
Device-Control Instructions and Parameters Used ..... 16-34, 16-35
Enquire/Acknowledge ........... 16-21, 16-23, 16-24, 16-34 thru 16-39

General ........... 00. cee eee 16-20, 16-21, 16-27, 16-31, 16-34, 16-35
Hardwire ...... 0... ccc ec cece cent eeee 14-14, 16-11, 16-21, 16-24, 16-34

Predefined ......... ccc ccc cc ccc cee cece eee eee eneees 16-26, 16-27

Settings Made on Front Panel ........... 0.0.0eee 11-2
Software (Buffer) Checking ........... 16-21, 16-24 thru 16-26, 16-34
Tailoring Your Own .............. 0c cee cee eens 16-31 thru 16-35
Xon-Xoff 1.00... .. cece eee 16-21 thru 16-23, 16-34, 16-37 thru 16-39

Handshake Parameters (Definitions) ................ 16-31 thru 16-35

Handshake Parameters, Set by Front-Panel or
ESC.P Instruction ........ 0... c cece cece eee e etn e eee eees 16-27

HandshakeSettings Made on Front Panel ...................... 16-2
Hard-Clip Limits

Definition 2.0... 0... ccc cece eee ence e tenn eee eenees 9-1

Description 0.0.0.0... cece ccc ence eee ee nett eee eeeeunes 2-9, 2-10
Determining Current Location ............. 0.00.00 eeu ee 9-10, 9-11
Listed for Each Paper Size .......... cccec cees 2-9, 9-11

10)22169-2 thru 9-4

Hardwire Handshake ................. 14-14, 16-11, 16-21, 16-24, 16-34

Hatch (Definition) ......... 000c ccc cence eet e eee e eee 6-3
Hewlett-Packard Interface Bus, See also HP-IB ....... 15-1 thru 15-18
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I/O Buffer, See also Physical I/O Buffer and

Logical I/O Buffer 1.0.0.0... ccc cece cece een e eee eee 14-2, 14-6

I/O Buffer (Definition) .......... 22... ccc cece ee nee eet e eae 14-2

TV/O Errors 2... ec ccc cece cece eee renee ee eee enna eneees 14-16, 14-17

IBM Personal Computer .......... ccc ccc cc cece eteeees 1-11
IM Instruction ......... 0... ccc cece eee ence eens 13-4 thru 13-7, C-9
Used for Digitizing (HP-IB) ........... 0c ccc cece cence eens 12-7
Used for Serial and Parallel Polling (HP-IB) ........... 15-17, 15-18

IN Instruction .......0.. 0...eee ce ees 1-13, 3-11, 3-12, C-9
IP Instruction ......... 0... cece een n ences 3-12 thru 3-14, C-9
ISO 2022.2 Standard 1.0.0.0... 0... ccc ccc ccc cece eens 11-14
ISO 7-Bit Character Selection Mode ........... 11-13, 11-16 thru 11-18
ISO 8-Bit Character Selection Mode ........... 11-13, 11-18 thru 11-20
ISPP Software Package ......... 0... ccc cece ccc cece eee teneeees 1-8
IV Instruction .............. 0. 0e aes 11-11, 11-12, 11-24 thru 11-26, C-9
IW Instruction ......... 0.0...eeees 9-5 thru 9-9, C-10
Immediate Response String (Definition) ..................-.05: 16-33
Immediate Response String, Set in ESC .N Instruction ......... 16-31
In-Use Code Table
General for All Character Selection Modes ......... 11-11 thru 11-13
HP 7-Bit Mode ......... 0.0 c cc ccc ccc cece c cet eee neseeeees 11-15
HP 8-Bit Mode .......... 0... ccc ccc cece cece cece cece ne eeeees 11-15
ISO 7-Bit Mode ........... 0c c cece cece eee e cece ence eeeenes 11-17
ISO 8-Bit Mode .......... 0. ccc cece cece cece e eee eee eens 11-18

Increments, Relative .......... 0. ccc cece cece cence eet eeneeeenees 2-14

Initialize (Definition) .........0.. 0...ccc cece enes 3-2
Initialize Instruction, IN ............ 0... cece eee 3-11, 3-12, C-9
Initialized Conditions (HP-GL) ............. 1-13, 3-11, 3-12, A-13, A-14
Input MaskInstruction, IM ...................0055 13-4 thru 13-7, C-9
Used for Digitizing (HP-IB) ............. 0. cece eee eee eens 12-7
Used for Serial and Parallel Polling (HP-IB) ........... 15-17, 15-18

Input P1 and P2 Instruction, IP ................... 3-12 thru 3-14, C-9
Input Window Instruction, IW ..................... 9-5 thru 9-9, C-10

Integer Parameter Format ............ 0.0 ccc cee eeeeee eee eeenes 3-4
Interactive Programming (Definition) .................0000 cece 10-2
Interactive Programs ............cc cece ccc cece eee eeeee veces 10-16

Intercharacter Delay (Definition) .............. 000. cece cee eee 16-32

Intercharacter Delay, Set in ESC.N Instruction ............... 16-31
Interfacing
HP-IB 20... ccc ccc cece eee e eee e eee eeneeen 15-1 thru 15-18
RS-2382-C/CCITT V.24 2.0... 00. ccc cc cece eee eee 16-1 thru 16-40
Settings Made on Front Panel ............... cc cece cece e eens 16-2

SUBJECT INDEX SI-11



Subject Index (Continued)

I (Continued)
Invoke CharacterSlot Instruction, IV ................... 11-11, 11-12,
k 11-24 thru 11-26, C-9

KY Instruction ........ 0... ccc cece cece eens 10-19 thru 10-21, C-10
Katakana8 Character Set ........ 0. ccc ccc cence cece eens 11-15, 11-16
Keyboard Mode (Definition) .............. ccc c cece cece cece eeees 10-2
Keyboard Mode (WD Instruction) ...................0085 10-17, 10-18

I
LB Instruction .......... 0.0 c cece cece eee eee nees 7-2 thru 7-8, C-10
LO Instruction ......... 0... ccc cece eee eee tenes 7-30 thru 7-33, C-11
LT Instruction ...........0. 00. c cece cece eee e eee eees 5-6 thru 5-9, C-11
Label Buffer, See also Buffered Labels .......... 7-8, 7-7, 7-38 thru 7-40
Label Instruction, LB ....................00 0 cece 7-2 thru 7-8, C-10
Label Origin Instruction, LO .................... 7-30 thru 7-33, C-11
Label Terminator
Changing with the DT Instruction ................... 7-8 thru 7-10
Definition ........... 0.0 c ccc ccc cece encee ee eneees 7-2
How to Send ........ ccc cece see e ect eee ene c ee eeneeseeeuars 7-6, 7-7
Syntax Notation ............. 0. ccc cece cece ete n cece eens 3-3

Labeling with Alternate Character Sets, See Character Sets
Labeling with Variables ............ ccc cece eee cee eens ees 7-10, 7-11
Labels, See also Characters
Absolute Direction ............ 0.00.6 cece cece cece nees 7-21 thru 7-24
Determining the Length ............... 0.00 cence eens 7-40 thru 7-42
Direction Affected by P1, P2, and
Negative Parameters ............0 ccc eee cc ce eeees 7-42 thru 7-47

Mirror Images .............. 00 cece eeeeees 7-15, 7-16, 7-42 thru 7-47
Parameter Format ........... 0... cece eee e eect ee eeeeenneeenes 3-4

Position 1.0.0... ccc eee eee eee eee neeees 7-4 thru 7-6, 7-30 thru 7-33
Relative Direction ..............000 cece cece ee eeeeees 7-25 thru 7-30
Rotating the Direction ..................000 cece eee 7-23 thru 7-25

Leased-Line Disconnection ............. ccc cee e ccc ee eeeceeees 16-10
Line (Definition for Labeling) ........... 0... c ccc cence cca eens 7-2
Line Chart, Complete Program ...............0 cece eee ee 8-2 thru 8-9
Line Chart with Variable Parameters ...............00 ccc ceeeee 4-14
Line-Feed Character (LF), How toSend ...............000e00: 7-6, 7-7
Line Type Instruction, LT ......................055 5-6 thru 5-9, C-11
Line Types

Adaptive ........ 0. ccc cece eee c cence eect ence eens eeeeee 5-7 thru 5-9
Effects on CircleS 1.0.0.0... 0. ccc ccc cece eee cece tenet eeeeanes 6-8, 6-9
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I (Continued)
Effects on Fill Patterns ............ 0. ccc cece cece ences 6-15, 6-16
Fixed oo... ccc cect eect e cere ene tence eeeeeeeeneeees 5-7 thru 5-9

Listen-Only Mode (HP-IB) ...........cccecceeuseeaeeeeeees 15-2, 15-3
Literal String (Definition) ......... 0... cc cece eee eee eeeeees 3-1
Loading Paper with the PG, AF, or

AH Instructions ........... 0... ccc ccc cece eee eeees 10-10 thru 10-13
Local Mode (RS-232-C) oo... cc ccc cece eens 16-5, 16-6, 16-8, 16-9, 16-19

Logical I/O Buffer
Allocating Memory ................00085 14-6, 14-9, 14-12 thru 14-15
Definition 0.0.0.0... ccccee eee eee eee eeeenes 14-2
Determining Size of ......... cece cece ences 14-11, 14-15, 14-16

Used in Enquire/Acknowledge Handshake ............ 16-23, 16-24
Used in Hardwire Handshake .............. 00. c cece cece ees 16-24
Used in Software Checking Handshake ........... 16-24 thru 16-26
Used in Xon-Xoff Handshake .............0.. 0c ce eee 16-22, 16-23

Lost Mode 2.2... 0. ccc cece ccc cee eee e eee eee n sete eee eeeenaenes 4-11

m
Maximum Logical I/O Buffer Size (Definition) ................. 16-33
Media SIZES 2.0.6... cece ccc cece nett e eee e tenet eeeneeeeteteeens 1-1
Media types, See also Operation and

Interconnection Manual ............ 0. cc ccc eee e cece eeeeeaee 1-1
Memory, See Buffers
Mirror Images of Labels ..................005 7-15, 7-16, 7-42 thru 7-47
Mirror Imagesof Plotted Data ........... 0.00. cece cece ees 9-17, 9-18
Mnemonic, Definition of ........... 0.0. c ccc cc cee ete eee eeeeeee 3-1
Modem Function Key, See also Operation and
Interconnection Manual ...............0 cece ee 14-13, 16-10, 16-20

Modem Mode(RS-2382-C) ..... ccc ccc cee eee cette eenees 16-10, 16-20
Monitor Modes ...........0. ccc cece cece ce eees 14-14, 14-22 thru 14-25

n
NOPInstructions ........ 000. cc cece cece e cece ete e eee eneneeeees A-14
NR Instruction ....... ccc eee ee cece een eect eeeneaee 10-13, C-12
No Operation (NOP) Instructions .............0 ccc eee eee eees A-14
Not-Ready Instruction, NR .......... 0. ccc ccc cece eee aces 10-13, C-12
Not-Ready State ......... 0. ccc ccc cece cece eet eeeaees 10-11, 10-13
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Oo
OA Instruction ......... 0... cece cece cece ene een eenes 13-7, 13-8, C-12
OC Instruction ....... ccc ccc cence cnet eee eeeeeeeenn 13-8, C-12
OD Instruction ......... 0. ccc cece cc eee eee eeene 12-3, 12-4, C-13
OE Instruction ........ 0... ccc cece cece eee settee eees 13-8, 13-9, C-13
OF Instruction ........ 0. ccc cece ccc ene eee e eee e enna 13-9, C-13
OG Instruction ...........0 0... ccc cece eee 10-21, 10-24, 10-25, C-13
OH Instruction ......... 0. ccc cece cece ence ene eteees 9-10, 9-11, C-13
Ol Instruction ......... ccc eee cece eee e teen veeans 13-10, C-13
OK Instruction ............ cece cece tee e ete eeeees 10-22, 10-23, C-14
OL Instruction ........... ccc cece cece ence eees 7-40 thru 7-4z, C-14
OO Instruction 0.0.0.0...ccc cc eee een eeaee 13-10, C-14
OP Instruction ........... cece cece cece e eee eees 9-11 thru 9-12, C-14
OSInstruction .......... 00... cece cece cece teen ees 13-11, 13-12, C-14
OT Instruction ......... cc ccc cece ect eset eeenne 13-12, 13-13, C-15
OW Instruction 2.0.0.0...0ceeens 9-9, 9-10, C-15
Omitting Parameters (HP-GL) .......0. 00. cece cc ccc cee eee eens 33
Omitting Parameters (Device Control) ............0.. ccc ec eees 14-5
Organization Chart, Program Using
Absolute Coordinates .............cc cece cece en eeeeeeees 6-32, 6-33

Organization Chart, Program Using Relative Coordinates ....... 6-36
Origin of Coordinate System ......... 0. ccc eee ete teeta eaes 2-1
Output, Controlling in RS-232-C Interfacing ......... 16-28 thru 16-31
Output Actual Position and Pen Status Instruction, OA ......... 13-7,

13-8, C-12

Output Buffer Size When Empty Instruction, ESC.L ............ 14-9,
14-11, 14-26, C-24

Output Buffer Space Instruction, ESC.B ................ 14-15, 14-16,
16-24 thru 16-26, 16-34, C-23

Output Carousel Type Instruction, OT .............. 13-12, 13-13, C-15
Output Commanded Position and
Pen Status Instruction OC ow... cece eee eens 13-8, C-12

Output Configurable Memory Size Instruction, ESC.S ......... 14-11,
14-12, C-26

Output Digitized Point and Pen Status Instruction, OD .......... 12-3,
12-4, C-13

Output Error Instruction, OE ............0........008. 13-8, 13-9, C-13
Output Extended Error Instruction, ESC.E .... 14-16 thru 14-18, C-23
Output Extended Status Instruction, ESC.O .................0. 14-9,

14-19 thru 14-22, 0-25
Output Factors Instruction, OF ......... 0... ccc cece ees 13-9, C-18
Output Group Count Instruction, OG ......... 10-21, 10-24, 10-25, C-13
Output Hard-Clip Limits Instruction, OH ............. 9-10, 9-11, C-13
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O (Continued)
Output Identification Instruction, ESC.A ................ 14-27, C-23
Output Identification Instruction, OI ..................--- 13-10, C-13
Output Initiator Character (Definition) ................ 00 eee eee 16-32
Output Initiator Character, Set in ESC. Instruction .......... 16-29
Output Key Instruction, OK ..............0 eee eees 10-22, 10-23, C-14
Output Label Length Instruction,OL ............ 7-40 thru 7-42, C-14
Output Options Instruction, OO ......... eee cee eee eee 13-10, C-14
Output 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) ........ 3-5
Output Responses

Effects of Handshake Parameters on ........... 0. cee eee eee 16-37
Hints for Obtaining ............. ccc ccc cee ences 13-2 thru 13-4
HP-IB Notes ........ 0. ccc cece ence eee eee e nent eneee ee eees 13-3
RS-232-C Notes .......cccccc eee c ence eect eee neetneeteeeneaee 13-4
Summary of Number and Type of Parameters ......... 13-18, 13-14

OUTPUTStatement ........ 0... cece cece eee eect eneneeenes 1-10
Output Status Instruction, OS ............... cece 13-11, 13-12, C-14
Output Terminator (Definition) ............. ccc cee eee ees 16-32
Output Terminator, Set in ESC .M Instruction ................. 16-29
Output Trigger Character (Definition) ................-.0000ee 16-31
Output Trigger Character, Set in ESC .M Instruction ........... 16-28
Output Window Instruction, OW .............0cee eens 9-9, 9-10, C-15

p
P-Mask ........ ccc cece cece cee eee eee eee eeeneeeeeeeees 13-6, 13-7
PI and P2

Default 2.0.0.0... ccc ccc cece eee eee een e eee eennees 3-12, A-14
Description .......... 0. ccc cece eee ee eeees 2-5 thru 2-8
Determining Current Location ........... 0.00 cce eect ee eeees 9-11
Effects on Label Direction ............... 0.0: cece 7-42 thru 7-47
Effects on Relative Character Size ................4: 7-16 thru 7-18
Effects on Relative Label Direction .................. 7-25 thru 7-30
Locations after Coordinate System Rotation ....... 3-18, 9-2 thru 9-4
Preparing Equal-Sized Plots on One Page ............... 9-12, 9-13
Setting Locations of 2.0.0.0... 0.0. c cece ccc eee eee eee 3-12 thru 3-17
Used for Reducing/Enlarging Plots ................. 9-13 thru 9-16
Used with Windows When Scaling Is On ............ 9-14 thru 9-16

PA Instruction ......000 0.0.eeees 4-4 thru 4-6, C-15
PB Instruction ........... 0. cece cece cee eees 7-3, 7-7, 7-39, 7-40, C-15
PD Instruction ....... 0... ccc cece cee eee eeees 4-3 thru 4-5, 4-8, C-15
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P (Continued)
PG Instruction ......... ccc cece cece eee eens 10-10 thru 10-13, C-16
PM Instruction ........... ccc ccc eee e tenes 6-37 thru 6-43, C-16
PR Instruction «0.0.0.0... 0c ccc cece cece eee ees 4-6 thru 4-9, C-16

PT Instruction .......... ccc cece eee cece e eee eeeeees 6-20, 6-21, C-16
PU Instruction .......... ccc ccc cc eee eee es 4-3 thru 4-5, 4-8, C-17
Page Feed Instruction, PG ................00 05s 10-10 thru 10-13, C-16
Paper Feed, Determining Current Mode ...............0.00000 13-10
PaperSize, Default Pl and P2 for ................ ccc eee 3-12, A-14
Paper Size, Plotting Range for .............ccceeeece eee eeene 2-9, 9-11
Parallel Poll (HP-IB) ............ ccc cece ee eees 13-6, 13-7, 15-7, 15-18
Parameter

Definition 2.0.0.0... ccc ccc ccc cece cece e nee ateetateaee 3-1
Formats (Integer, Decimal, Label) .................0cc cece 3-4
Optional (Device-Control) .......... 0.00. c cece cece 14-4, 14-5
Optional (HP-GL) ..........0.eeecece ee enes 3-3

Parity Function Key, See also Operation and
Interconnection Manual ................0cc eee e eee eees 11-10, 16-19

Parse (Definition) .......... 0. ccc eee c cence ect eens eeseeeasves 14-2

Parse Mode Function Key, See also Operation and
Interconnection Manual ............. 0.0 cece cece eens 14-14, 14-28

Parse Monitor Mode ............ ccc cece eeees 14-14, 14-22 thru 14-25
Pascal, Description ......... 0. ccc ccc ccc ete eee eee eeeaae 1-8
Pen-dn Function Key, See also Operation and

Interconnection Manual ............ cc ccc cece eee eee eens 4-4
Pen Down Instruction, PD .................0 eee 4-3 thru 4-5, 4-8, C-15
Pen Position

Description ......... 0. cc cece cece eee een teense eeneeees 2-13, 2-15
Determining Actual .......... 0... ccc cece cece eee eeeee 13-7, 13-8
Determining Commanded .............c. 0c eee ccc eee e eve e eens 13-8

Pen Stalls, Determining Which Are Occupied ............ 13-12, 13-18
Pen Status

Description 2.0.0... ccc ccc cc cc cece cece eect tenet eeeeanes 2-12, 2-13
Determining Actual .......... 0... cece cece cence cect enee 13-7, 13-8

Determining Commanded ............... 0c c cece cee ccc eceees 13-8
Pen Thickness Instruction, PT ...............0e eens 6-20, 6-21, C-16
Pen-up Function Key, See also Operation and

Interconnection Manual ........... 0.0.0 cc cece cece eee e eens 4-4
Pen Up Instruction, PU ........ 0... cece ees 4-3 thru 4-5, 4-8, C-17
Pen Types, See also Operation and

Interconnection Manual ............. 0. cc eee e eect eee eeneeees 1-1
Physical I/O Buffer
Allocating Memory ............. cece cece eee e eee eteeeneees 14-6
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Pp (Continued)
Definition 2.0.0.0... ccc ccc cece cece eee n eee e eee eenees 14-2

Determining Size of ........ 0... ccc ccc ccc cee ee eees 14-11, 14-12

Pie Chart, Complete Program ..............cccccee eens 8-14 thru 8-17
Pie Chart, Simple .......... 0. ccc cece cece ence teen eee e ene eaee 1-12
Pin Allocations in Connectors ...........0- eee eee 16-11 thru 16-17

Plot Absolute Instruction, PA ...........---..0ee eee 4-4 thru 4-6, C-15

Plot Relative Instruction, PR .............ce see nee 4-6 thru 4-9, C-16

Plot Size, Reducing/Enlarging ..........ccceeceeeeenes 9-13 thru 9-16
Plotter Coordinate System Orientation ................0 ee eee 2-3, 2-4
PLOTTERIS Statement ........... 0c cece cess cece eee eeeeeeens 2-10
Plotter Units (Definition) ............ 0. ccc cece cee eee tee eee eees 3-2
Plotter Units, Description and Range ................... 2-2 thru 2-4

Plotter-Off Instruction, ESC.Zor ESC.) ..............055 16-40, C-26
Plotter-On Instruction, ESC.Y or ESC.( ........... 16-39, 16-40, C-26
Plotting Area, Placing More Than One Plot on ............. 9-12, 9-18
Plotting Range for Each Paper Size ...........0. ccc cece ee eeeeees 2-9
Plotting with Variables ........... 0.0. ccccceeseeeeeees 4-12 thru 4-15
POIN 2.ccc ccc cence et eee e nett test eens tenes eeees 2-1, 2-2

Poll (Definition) 2.0.0.0... ccc ccc cece cc cee eee ect e enn eeeeeeees 10-2

Polling, HP-IB Serial and Parallel ..................0005 15-17, 15-18
Polling the Plotter for a Successful
Paper Feed .......... ccc cc cece eens eeees 10-11 thru 10-13

Polygon Buffer ......... ccc ccc cece cect e ener ees 6-48 thru 6-51, 14-7

Polygon (Definition) ........ 0... cece ccc eee ence eee eeeeenenees 6-2
Polygon Mode Instruction, PM .................05 6-37 thru 6-48, C-16
Polygons, How to Define ............ cca ceee ccc etenescees 6-38, 6-39
Positioning Labels ............ 0... c cc cece ce cece eees 7-30 thru 7-36
Primitive Grid
Character Plot Cell ...... 0... c cece ccc cece sete eee eenneaeee 7-12
Downloadable Characters ......... 0.0. ccc cc cc cece eeens 11-38, 11-41
User-Defined Characters ............0cceeseeeeeee 11-29 thru 11-33

Print Buffered Label Instruction, PB .......... 7-3, 7-7, 7-39, 7-40, C-15
PRINT Statement ........... ccc cece cece eee n eet e eet eeeneees 1-10
PRINT USING “K”Statement .............0 ccc cece cece eens 4-13
PRINTERIS Statement .......... 00 ccc ccc cece cece eee eeeeneees 1-10
Programmed-Off (Definition) ............ 0c ccc cece ete e ee neeene 16-2
Programmed-Off State, Set by ESC.Z or ESC.) ............... 16-40
Programmed-On (Definition) ......... 0... ccc ccc cece cece e ees 16-2
Programmed-On State, Set by ESC.Y or ESC.( ......... 16-39, 16-40
Programming, Interactive ............ccc ccc u cece eeeees 10-2, 10-16
Programming Languages
17)|Oa1-7
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P (Continued)
Device-Control Instructions .......... 0... c cece cece cece eee aee 1-7
FORTRAN ........... 0. ccc cece et eee e eee e eee eeeeeeeeeeeees 1-8
HP-GL 2... ccc cc ccc eee e ene e eee eeneeees 1-5 thru 1-7
Pascal 20... ccc ccc cece ccc eee eet e ee teen ee nesses een eennnaues 1-8

Programsfor Line, Bar, and Pie Charts ............. 8-1 through 8-17
Proportional Fonts, See Variable-Space Fonts

r
RA Instruction 2.0.0.0... ... ccc cece ec cece eee ec eeee 6-27 thru 6-33, C-17
RO Instruction ......... 0. ccc cc ccc cece e eee eeeees 9-2 thru 9-5, C-17
RP Instruction ........... 0c cece cece eee eee e ae eaes 10-14, 10-15, C-17
RR Instruction 2.0.0.0... 0.0... ccc ccc cece eee eee 6-33 thru 6-36, C-17
RS-232-C/CCITT V.24 Interface Implementation ..... 16-11 thru 16-15
RS-232-C/CCITT V.24 Interfacing, See also
Handshake Methods ...............0c cc eeeeeeeeees 16-1 thru 16-40

RS-422-A Interface Implementation ............... 16-11, 16-16, 16-17
Rangeof Plotter Units and User Units ..................0000) 2-4, 2-5
READ Statement .......... 0. ccc cece ccc cen eee eet eeeeeeee 1-10, 13-2

READLN Statement .......... 0.0... cece eee ee eens 1-10, 13-2
Receive Mode Function Key, See also Operation and

Interconnection Manual ................ 0c e cece 14-14, 14-23
Receive Monitor Mode ...............0ceeeeees 14-14, 14-22 thru 14-25
Receiving Data from the Plotter (HP-IB) ............... 15-6 thru 15-8
Record Size, See Data Block Size
Rectangle Instructions (RA, EA, RR, and ER) .......... 6-27 thru 6-36
Reducing/Enlarging Plots ............ 0. ccc eee eee eees 9-13 thru 9-16
Relative Character Size Instruction, SR .......... 7-16 thru 7-18, C-19
Relative Coordinates ...........cccce cece eee eet eeenenes 2-14, 2-15
Relative Direction Instruction, DR ................ 7-25 thru 7-30, C-6

Relative Plotting (Definition) .............. ccc ccc cee eee cee eens 4-1

Relative Plotting with PR, PU,and PD .................. 4-7 thru 4-9
Remote Mode (RS-232-C) ........... ccc eee 16-5 thru 16-7, 16-9, 16-19

Replot Buffer 2.0.0.0... 0. ccc ccc cee eet eect eneanes 10-14, 14-7
Replot Function Key, See also Operation and

Interconnection Manual ............ 0c. cece cece e cence eens 10-15
Replot Instruction, RP ............... 0. cece eee eee 10-14, 10-15, C-17
Reset Function Key, See also Operation and

Interconnection Manual ............0.eeee eeee 3-11
Reset Instruction, ESC.R oo... ccc ccc cece eee aes 14-26, C-25
Roman&8Character Set ........... ccc cece cece cece eees 11-15, 11-16
Rotate Coordinate System Instruction, RO .......... 9-2 thru 9-5, C-17
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F (Continued)
Rotate Function Key, See also Operation and

Interconnection Manual ............. 0.0 c cece ences 9-2 thru 9-5

Rotating Label Direction ................ 20 cece eee eee 7-23 thru 7-25
Rotation of Coordinate System and Pl and P2 ....... 3-13, 9-2 thru 9-5
Rotation and Windows ..........ccccecc cece eee tee e eee ee eneeeas 9-6

S
NY13-6
SA Instruction ..............0. cece ee 11-5, 11-6, 11-9, 11-10, 11-12, C-18
SC Instruction ........... ccc cece eect e een e ee eees 3-14 thru 3-17, C-18
SI Instruction ........ 0... ccc ccc cece eee eens 7-14 thru 7-16, C-18
SI and DI, Interactions of Parameters ..................05: 7-42, 7-43
SI and DR,Interactions of Parameters .................005 7-48, 7-44
SL Instruction ......... 0... cece ccc e cece e eee eees 7-18 thru 7-20, C-19
SM Instruction ........ 0.0... cece eee ence enes 5-5, 5-6, C-19
SP Instruction ......... 0... ccc cece eee cet e ee eeeceuees 4-2, 4-3, C-19
SR Instruction ...... 0.0... ccc ccc cee eee cee eeeeees 7-16 thru 7-18, C-19
SR and DI,Interactions of Parameters ................ 7-44 thru 7-46
SR and DR,Interactions of Parameters ................... 7-46, 7-47
SS Instruction ........... 0c cece eee eens 11-5, 11-6, 11-9, 11-12, C-20

Scale Instruction, SC ............... cc cece eee eee 3-14 thru 3-17, C-18
Sealing ........ ccc ccc cece cece eens 2-5 thru 2-8, 3-14 thru 3-17

Isotropic and Anisotropic .............0 00 cece eeeeeeneees 3-16, 3-17
Line Chart, Bar Chart, and Pie Chart Examples ...... 8-3, 8-10, 8-14
Reducing/Enlarging Plots .............cccseeeeeeees 9-12 thru 9-16
Without Using the SC Instruction .................. A-15 thru A-17

Scaling Points (Definition) .............. ccc cece cece cece cece eees 3-2
Scaling Points, See P1 and P2

Select Alternate Character Set Instruction, SA ........ 11-5, 11-6, 11-9,
11-10, 11-12, C-18

Select Pen Instruction, SP .......... 0.0... cc cece cece eee 4-2, 4-3, C-19
Select Standard Character Set Instruction, SS ............. 11-5, 11-6,

11-9, 11-12, C-20

Semilog Fill Type .............. 0. ccc cece eee e cece nee e een 6-19, 6-20
Sending Data to the Plotter (HP-IB) ................... 15-8 thru 15-5
Separator (Definition, HP-GL) ............. 00... c cece cece eens 3-2
Separators, Optional and Required (HP-GL) ..................... 3-3
Serial Mode (Definition) .............. ccc cece eee ceeeeeneceeens 16-3

Serial Poll (HP-IB) ........... 0.0.0 ccc cece cence eens 12-7, 13-6, 15-17
Service Request (HP-IB) .................. 13-4, 13-6, 13-7, 15-17, 15-18
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S (Continued)
Set Extended Output and Handshake Mode

Instruction, ESC.N ................... 16-31, 16-34 thru 16-37, C-25
Set Handshake ModeInstruction, ESC.P .... 16-27, 16-34, 16-35, C-25
Set Handshake Mode1 Instruction, ESC.H .... 16-34 thru 16-37, C-24

Set Handshake Mode 2 Instruction, ESC .I .................00, 16-34,
16-37 thru 16-39, C-24

Set Monitor Mode Instruction, ESC.Q ......... 14-22 thru 14-25, C-25
Set Output ModeInstruction, 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, 16-34, C-22

Shift-In, Used for Selecting Standard Character Set ........ 11-6, 11-7
Shift-Out, Used for Selecting Alternate Character Set ...... 11-6, 11-7
Single-Shift, Used in ISO 8-Bit Character Selection Mode ....... 11-19
Soft-Clip Limits (Windows)

Definition .......... 0... cece eee enn e ene e een ee eens 9-1
Description ......... 00... cece eee c cnet cece eet eneeees 2-10 thru 2-12
Determining Current Location ...........0c cece eee eens 9-9, 9-10
Setting Location of 2.0... 0. ccc ccc cece cece eee en 9-5 thru 9-9

Softkey Function Key, See also Operation and
Interconnection Manual ............... 0c cece cece e cence ences 10-18

Software (Buffer) Checking Handshake ....................05. 16-21,
16-24 thru 16-26, 16-34

Software Packages ........... ccc cece cece cece e teense enenes 16
Space (Definition for Labeling) .......... 00.0. cece cence eee eeeees 7-2
Speed, Pen
Changing on Front Panel, See Operation and

Interconnection Manual
Changing with the VS Instruction ...................00- 10-6, 10-7
Default for Each Carousel ............. 0. cc cece cece cece ee eees 10-7
Definition .... 0. ccc ccc cece cece cen e eee eet ene e een eeee anes 10-2

Spooling (Definition) .............. 00. cece cece eee ene ee een ees 10-2
Spooling and Flush Mode ............--..005 10-21, 10-24, 10-25, 14-27
Stand-Alone Configuration
General ...... 0... ccc cece cece cece e ence cnet eens eeeeenes 16-4, 16-5
Local Mode ........ 0. cece cect cece eee cette neveeeeeeeeneae 16-9
Remote Mode .......... cc cece cc ccc cece ees eee e ee estnneeenas 16-9

Standalone Function Key, See also Operation and
Interconnection Manual ............. 0.00. cece cece eee e ee eenes 16-4

Standard Function Key, See also Operation and
Interconnection Manual

Effect on DL Instruction .......... 00 cece ccc cee eee eee ee nne es 11-38
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S (Continued)
Effect on IW Instruction ............ 0... cece cece cece teen ees 946
Effect on OD Instruction ......... 0... cc ccc cece ete e eens 12-3
Effect on OW Instruction ..........0. 0... cece cece eee eens 9-9
Effect on UC Instruction ...............0 0c cece eee 11-29 thru 11-33

Standby Mode (RS-282-C)  .......ceceeee ees 16-6, 16-19
Status Byte, Checking Bit Statesin ................... 12-5 thru 12-7
Status Byte, Determining Bit States of ........... eee ees 14-21

Status of Plotter, Determining .......... 13-11, 13-12, 14-19 thru 14-22
Stop BitS 2.0... . ccc cee ccc eee cece ete e eens ee teeeaeeeeeees 16-19

String (Definition) ............. 0. ccc cece eee eee eee nees 3-1
Subpolygon (Definition) ............... 0c cece cece cece cece eeees 6-2
Surface Chart, Program for ...........0. 0.0 ccc cece eeeeeuee 6-45, 6-46
Switched/Datex-Line Disconnection ...............00c cece eees 16-10
Symbol ModeInstruction, SM ...............0 0c cece ees 5-5, 5-6, C-19
Syntax

Compatibility with Other HP-GL Plotters ..............0.c0ee 3-5
Definition 2.0.0.0... ccc ccc cece cece eee cece een eeteteeees 3-1
Device-Control ........... 0.00 cece cece cece eee eeeneeneaes 14-4, 14-5
HP-GL 2.0...cee eee cece eee eeeeeeeeeeues 3-2 thru 3-6

t
[TERM] (HP-IB) .......... 0... cece cece eee cece ete ee ee enaeees 3-5, 13-3
[TERM] (RS-232-C) 0.0.0... ccc ccc cece eee een eneeees 3-5, 13-4
TL Instruction ......... 00. ccc eee e ence eeeas 5-2 thru 5-5, C-20
Terminator

Definition 2.0.0.0... cc ccc cece ccc cece eee ee ee eee veeteeesees 3-2

Device-Control Instructions ............. 00. c cece cece eeee 14-4, 14-5
HP-GL oo.eeeee cent e cece cece eeees 3-2, 3-5

Label ....... ccc cece cence cece ene eee ee neenseeenees 3-3
Output Response .............. 3-5, 13-3, 13-4, 14-5, 16-28 thru 16-30

Tick (Definition) .......... 0... c cc ccc ccc cee eee eee recent ee eeees 5-1
Tick Length Instruction, TL .............. 0.0 e eee 5-2 thru 5-5, C-20
Ticks, Plotted Examples ............. 0.00 ce eeees 5-4, 5-5, 8-3 thru 8-5
Transmission Errors (RS-232-C) ..... 0... ccc cece cece eee c ee eees 16-18
Turnaround Delay (Definition) ............ 0... ccc eee e cece tenes 16-32

Turnaround Delay, Set in ESC.M Instruction ................. 16-28

u
UC Instruction ......... 0... ccc cece eee neat 11-28 thru 11-34, C-20
UFInstruction 2.0.0.0... ccc ccc ccc ccc eee eee eee 6-17 thru 6-20, C-21
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Subject Index (Continued)

U (Continued)
Unloading Paper with the NR Instruction ..................... 10-13
User Units
Converting to Plotter Units ................000.0008 A-15 thru A-17
Definition 0.0.0... ccc cece ccc cee e eee ee eens ete eeeeennnane 3-2
Description and Range .................00 ccc eee eee 2-2, 2-4 thru 2-8
Specifying with the SC Instruction .................. 3-14 thru 3-17

User-Defined Character Instruction, UC ........ 11-28 thru 11-34, C-20
User-Defined Fill Type Instruction, UF ........... 6-17 thru 6-20, C-21

V
VS Instruction ......... 0... cece cece cee cece eee eees 10-6, 10-7, C-21
Variable (Definition) .......... 0... cece ccc cece eee eenennes 4-2
Variable Parameters in HP-GL Instructions
Examples for Various Computers, See Operation and

Interconnection Manual
Examples for Various HP-IB Computers ............. 15-3 thru 15-5
How to Sendto the Plotter ................. 4-12 thru 4-15, 7-10, 7-11
Line Chart Examples ............. 000 cceeeeeees 4-14, 4-15, 8-6, 8-7

Variable-Space Fonts
All Character Sets Listed ......... 0. cece ce eee ee eeees A-8 thru A-10
Changing Arc Smoothness .............000 cee eees 11-26 thru 11-28
Definition 20.0... . cece cece c eee eect nee eeeeeneeeneeeees 7-1
Description ......... ccc cece cece eee cnet ene eeeenes 11-2 thru 11-4

Vector Buffer 1.0.00... 0. ccc ccc eee ence eee eeeetes 10-9, 14-8
Vector Fonts, See Fixed-Space Fonts
Velocity, Pen
Changing on Front Panel, See Operation and

Interconnection Manual
Changing with VS Instruction .............00.- cee ee eee 10-6, 10-7
Default for Each Carousel ........... 0.0 cece cece eeeeeeeeees 10-7
Definition 0.0.0.0... cece cece cee c eee e neta een eeerennneene 10-2

Velocity Select Instruction, VS ...............ee eee eee 10-6, 10-7, C-21
Vertex (Definition) ......... ccc ccc ccc tec re eee eee eeees 6-2

Ww
WD Instruction ........... 0 cence eee een eee eeee 10-17, 10-18, C-21
WG Instruction ........... 0. cece eee eee eee eee 6-21 thru 6-27, C-22
Windows

Definition ....... 0... ccc cece cece cece te etter ene eee eeeneees 9-1
Description ......... 0. cece eee cence ee ee ence 2-10 thru 2-12
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W (Continued)
Determining Current Location .................0000 eee eees 9-9, 9-10
Plotting Inside and Outside of ............. 0c cece eee 4-10, 4-11
Specifying Location of .......... ccc ccc cece eee e ee eeees 9-5 thru 9-9
Used for Reducing/Enlarging Portions of Plots ...... 9-14 thru 9-16

Write to Display Instruction, WD .................. 10-17, 10-18, C-21
WRITEStatement .......... 00.cece cece eee eeeeeeee 1-10
WRITELN Statement ............ 0... cece cece e cece eee eeeeenens 1-10

Xx
KAKIS occ cece cece cece ees ececeeeeeeveeeseeseneeeuees 2-1, 2-2
X-Coordinate 2.0.0... . cece eee eee eee eee eee e eee eee eee 2-1, 2-2
X-Tick Instruction, XT... 0... ccc ee eee eee 5-1, 5-2, C-22
XT Instruction ........ 0.0.02 c cece ence ene ee eees 5-1, 5-2, C-22
X,Y Coordinate Pair ........... 0... cece eee e eee eee eeee 2-1, 2-2
Xoff Threshold Level (Definition) ............... 0. cece eens 16-33
Xoff Threshold Level, Set in ESC .I Instruction .......... 16-37, 16-38
Xoff Trigger Character (Definition) ...............000cc eee eeee 16-34
Xoff Trigger Character, Set in ESC .N Instruction ............. 16-31
Xon Trigger Character (Definition) ............. 0. ccc e eee eeees 16-34
Xon Trigger Character, Set in ESC .I Instruction .............. 16-38
Xon-Xoff Handshake .... 16-21 thru 16-23, 16-34, 16-35, 16-37 thru 16-39

y
Y-AXIS ooccc cence eee ene e eee eeen see eeteesnneees 2-1, 2-2
Y-Coordinate 2.0... 0.0. cece cc ccc cece cece eee e eet eeeeneanes 2-1, 2-2
Y-Tick Instruction, YT ..... 6... ccc cc ce eee eee 5-1, 5-2, C-22
YT Instruction ......... 0... ccc cece cece cece eees 5-1, 5-2, C-22
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