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Manual Summary
Chapter 1: Getting Started

Contains information concerning manual usage, a description of the
plotter, its interfaces, the HP-GL language, and three instructions.

Chapter 2: Establishing Boundaries and Units
Explains the concept of plotting area, plotter and user units, scaling,
and the instructions used to set and output the scaling points and
window, and to scale the plotting area.

Chapter 3: Controlling the Pen and Plotting

Describes the instructions for pen control and vector plotting.

Chapter 4: Enhancing the Plot

Describes instructions for drawing tick marks and differentiating traces.

Chapter 5: Labeling
Describes the instructions used in labeling to set direction, size, and
slant of characters, as well as instructions for character set and label
terminator selection and for designing your own characters.

Chapter 6: Digitizing
Describes the instructions used to digitize with the plotter and demon-
strates how to check for the presence of a digitized point.

Chapter 7: Obtaining Information from the Plotter
Describes the instructions used to obtain information about pen posi-
tion, errors, and capabilities of the plotter.

Chapter 8: Putting the Commands to Work
A step-by-step example illustrating the procedures to be followed to
draw labels and plot data using HP-GL instructions.

Chapter 9: HP-1IB Interfacing
Summarizes operation of the plotter with the Hewlett-Packard Interface
Bus (HP-IB) and explains the methods for addressing and sending and
receiving data over the interface bus.

Chapter 10: RS-232-C/CCITT V.24 Interfacing
Describes how to connect the plotter with a terminal and/or computer,
summarizes the methods for establishing a handshake protocol be-
tween the plotter and computer, and explains the device control instruc-
tions that are used to set up and control the handshake protocol.

Chapter 11: HP-IL Interfacing
Describes the Hewlett-Packard Interface Loop (HP-IL) and explains the
methods for sending and receiving data over the interface loop.

Appendix A: An HP-IB Overview
Provides an overview of the Hewlett-Packard Interface Bus (HP-IB).
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Manual Summary_ (Continued)

Appendix B: Instruction Syntax
Provides a summary of both HP-GL and device control instructions.

Appendix C: Reference Material
Includes a summary of default conditions, error messages, scaling
equations, NOP instructions, ASCII codes, and character sets.
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HP-GL Instructions Covered

Terms You Should Understand

Chapter 1

Getting Started

In this chapter you will learn what is covered in t

What You’ll Learn in This Chapter

his manual and what

other manuals you may need or find useful. In addition, this chapter
contains a description of the plotter and its three¢ available interfaces.
The plotter’s language and its syntax are described. A table is given

showing all the HP-GL instructions implemente

d in the 7470. At the

end of the chapter, three instructions from the plotter’s language, HP-GL

(Hewlett-Packard Graphics Language) are describ

DF The Default Instruction
IN The Initialize Instruction
IM The Input Mask Instruction

HP-GL — Hewlett-Packard Graphics Langua

ed.

ge — the two-letter-

mnemonic graphics language understood by the 7470 Plotter and other

HP graphics devices. The instruction’s mnemon
role. For instance, PA is used to plot to absolute ¢

ic is suggestive of its
oordinates, SP is used

to select a pen, and DR is used to establish the relative direction of

labeling.

HP-IB — Hewlett-Packard Interface Bus — HE’s implementation of
IEEE standard 488-1978 digital interface for programmable instru-

mentation, commonly found on HP desktop ¢
larger computers. The HP-IB interface is standa
plotter.

RS-232-C/CCITT V.24 Interface — another popul
face. It is commonly found on large computers
and in environments where communication oy
required. The RS-232-C/CCITT V.24 interface is
tion 001 plotter.

omputers, and some
rd on the Option 002

ar standardized inter- -
personal computers,
er telephone lines is
standard on the Op-

GETTING STARTED 1-1




HP-IL — Hewlett-Packard Interface Loop — an interface used on some
Hewlett-Packard personal computing products to communicate with
peripheral devices such as the 7470 plotter. The HP-IL interface is
standard on the Option 003 plotter.

How to Use HP 7470 Documentation

This manual contains interfacing and programming information for
the HP 7470 Plotter and all its interfacing options. The Option 001
plotter is equipped with the RS-232-C/CCITT V.24 Interface. The Option
002 plotter is interfaced through the Hewlett-Packard Interface Bus
(HP-IB) which conforms to ANSI/IEEE 488-1978 specifications. The
Option 003 plotter is equipped with the Hewlett-Packard Interface Loop
for personal computing devices. All interfaces use the Hewlett-Packard
Graphics Language (HP-GL) for control of plotter graphics capabilities.
Unless specifically noted, all information in this manual pertains to all
configurations.

NOTE: All information in this manual for Option 001 plotters applies
equally to RS-232-C and CCITT V.24 interfaces. For purposes of sim-
plicity, both are referred to as RS-232-C. m

Documentation for this plotter is designed to enable you to use the
plotter easily without reading unnecessary manuals. All plotters are
shipped with this manual, an Operator’s Manual (Part No. 07470-
90002), an Interconnection Guide (07470-90003), and a Reference Card
(074770-90004). The Operator’s Manual contains all information you will
need to operate, but not program, the plotter. The Interconnect Guide
explains how to physically connect your plotter to certain computers or
calculators, and contains instructions for verifying that the connection
has been made. The Reference Card contains a list of the plotter’s HP-
GL instructions with their parameters, its device control instructions
for the RS-232-C version, and a list of error numbers and their meanings.
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For First Encounters with the 7470

For First Encounters with HP-GL

If you have just received your HP 7470, read the Operator’s Manual

and the Interconnection Guide before attempting
After inspecting your plotter, its power cord,

to operate the plotter.
and accessories as

described in the Operator’s Manual, refer to the appropriate chapter of
this manual for initial setup and addressing or handshaking protocol
for your configuration. RS-232-C users should read Chapter 10, HP-IB

users should read Chapter 9, and HP-IL users sh

uld read Chapter 11.

If you have never programmed in HP-GL, after reading the interfacing

chapter, read Chapters 1 through 5 in order. Th
the instructions you will use in almost every app

ese chapters describe
ication. Running the

examples given with the instructions will help you learn. Next, read
Chapter 8 to see how all the instructions work tagether in a program.
When you have an application requiring digitizing or plotter output,

read Chapters 6 and 7.

For Experienced HP-GL Programmers J
If you are an experienced HP-GL programmer, you may find Appendix
B of this manual or the Reference Card most helpful. Since there are
differences in syntax between this and other plotters, you should read
Chapter 1 of this manual before programming.| The 7470 has added
capabilities not found in earlier plotters. Among these are the ability to
plot to non-integer user-unit values, to mirror labels using negative size
and direction parameters, and to output the current window values. To
understand these differences, you need to read the sections on scaling
(SC, Chapter 2), plotting (PA and PR, Chapter 3),and setting label size
and direction in Chapter 5. In the instruction set summary in Appendix
B, page numbers for the complete description (are listed with each
instruction.

Understanding Manual Conventions and Syntax
Before reading any part of this manual, you should understand the
meaning of type styles, symbols, and number representation used in
text. A detailed explanation of syntax symbols is given in the section
entitled HP-GL Syntax in this chapter and CQommand Syntax for
Device Control Instructions in Chapter 10. The following conventions
also apply. Words typed in small boldface type are either buttons,
switches, or words actually found on the plotter dar computer. Headings
in [ type are used to help locate specific parts of the writeup of
an instruction. type in a smaller size is used to denote a single
ASCII character which should be sent to the |plotter. Numbers are
typed using SI (International System of Units‘ standards; numbers
with more than four digits are placed in groups of three, separated by a
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space instead of commas, counting both to the left and right of the ___
decimal point (54 321.123 45).

Follow the documentation road map below:

ALL USERS

OPERATOR'S
MANUAL
07470-90002 . ——

INTERCONNECTION

GUIDE
0747090003
RS-232-C USER HP-1B, HP-IL
| USERS
A 4 —
INTERFACING AND
PROGRAMMING
MANUAL,
CHAPTER 10
0747090001 R
R J—
Ll
< > o
v
USER OF SOFTWARE GRAPHICS ROM USER HP-GL PROGRAMMER
PACKAGE : —
INTERFACING AND —
PROGRAMMING
YOQUR GRAPHICS ROM MANUAL
SOFTWARE MANUAL MANUAL 07470-90001
CHAPTERS 1-8, AND o
CHAPTER 9, 10,0R 11
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A Brief Look at the 7470 Plotte

The HP 7470 Graphics Plotter is a vector plotter

194

iy
which produces high

quality, multicolor graphics plots on two sizes of drawing media:

English ANSI A (8% X 11 in.) or metric ISO A4

210 X 297 mm). With

programmable pen velocity and a choice of standard fiber tip or trans-
parency pens, the 7470 can produce distinctive graphics not only on
standard paper, but also on other media such as transparency film.

The plotter offers both fast plotting speed an

d high line quality,

achieved using Hewlett-Packard’s micro-grip drive technology. This
technology provides low-inertia grit-covered wheels to move the paper

in one axis while the pen moves along the other

axis. Plotting occurs

with approximately 2 g acceleration and a maximum velocity of 38.1
cm/s (15 in./s). The result is exceptional line and character quality and
high throughput. The 7470 has addressable resrolutlon of 0.025 mm
(0.001 in.) and repeatability of 0.10 mm (0.004 in.) for any given pen.

The multicolor graphics capability is provided by |programmed or front-

panel selection of two pens. If additional colors

are desired, the pro-

gram can be paused to allow manual installation of additional pens.
Seven different dashed-line fonts and symbol mode plotting provide

additional trace identification capabilities.

Character plotting speed of up to six characters per second enables you
to produce fully-lettered graphs quickly. Annotation can be easily done
using any of five character sets, including thre¢ European sets. Text
can be written in any d1rect1on with or without character slant, and in

varying sizes.

The 7470 is engineered to be especially useful in | the areas of business

graphics, statistics, medicine, numerical control,

surveying, and engi-

neering design. An optional overhead transparency kit enables you to

produce high quality graphic transparencies frc

m your plotting pro-

grams. For faster comprehension, you can present economic trends,

engineering or scientific data, marketing plans,
forecasts pictorially. And with a choice of media

profit data, or sales
you can create paper

hardcopy for an individual’s attention or transparencies for group

presentations.

Whether data are tabulated, measured, or computed, depend on the
reliable 7470 to prepare multicolored plots of excellent line quality and

high resolution.
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The 7470 Plotter’s Instruction Set

All three interface configurations for the HP 7470 Plotter use the same
Hewlett-Packard Graphics Language (HP-GL) instruction set, with
minor exceptions.* HP-GL consists of two-letter mnemonic instructions
which activate the plotter. A table listing the instructions alphabetically
is located at the end of the next section. Syntax descriptions and
explanations of these instructions are contained in Chapters 1 through
8. Six additional HP-GL instructions cause no operation but are in-
cluded for compatibility with other HP plotters. These instructions are
listed in Appendix C.

Fourteen additional instructions, called device control instructions, are
required by the RS-232-C configuration. These instructions are used to
establish plotter output and handshake protocol, and to control condi-
tions which are pertinent only to the RS-232-C environment. In an
RS-232-C plotter, all HP-GL instructions enter the plotter’s internal
buffer and are executed in a first-in, first-out sequence. Device control
instructions do not enter the buffer, but instead are executed imme-
diately upon receipt. Refer to Chapter 10 for the syntax description and
an explanation of the device control instructions.

HP-GL Syntax

An HP-GL instruction is a two-letter mnemonic, which may be upper-
or lowercase. A command is defined as an instruction followed by its
parameter field, if any, and a terminator. If parameters follow the
mnemonic, they must be separated from each other by at least one
comma or space, or by a + or — sign which may be preceded by commas
or spaces. Optional commas and/or spaces may be used as separators
before, after, and between the mnemonic and before the terminator. An
instruction is terminated by a semicolon, nonalphabetic and nonnu-
meric characters such as # or $, or by the next mnemonic. If you have
an HP-IB or HP-IL plotter, a line feed can also terminate an instruction.
(Note that if you have an RS-232-C plotter, a line feed is not a valid
terminator.) Some instructions will execute immediately after the

mnemonic or last required parameter is received. When this is the case,

the designation for the terminator is shown in parentheses in the
syntax description. The syntax is shown on the next page.

*Option 001 provides 45 instructions; Option 002 provides 42 instructions;
Option 003 provides 41 instructions. Refer to the Plotter Instruction Set table
in this chapter.
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INSTRUCTION

PARAMETER FIELD
(AS REQUIRED)

INSTRUCTION
MNEMONIC

(AS REQUIRED)

Sep X Sep X Sep Parameter Sep Parameter Sep
T 1

OPTIONAL SEPARATORS
(0 OR MORE COMMAS
AND/OR SPACES)

NOTE: The syntax implemented on the 7470 is ¢
differs from that used on other Hewlett-Packard
HP 9872. Therefore, any software written for the
vantage of its less rigorous syntax will not be ah
HP plotters. If software is to be used with othe
more rigorous syntax of the HP 9872 plotter shoul

XX Parameters (,Parameters) Terminatc

-

REQUIRED SEPARATOR

Terminator

xtremely flexible and

plotters such as the
7470 which takes ad-
le to drive most other
r HP-GL plotters, the
d be used.

Y

-

The 9872 syntax does not allow separators betw

FOR RS-232-C PLOTTERS
OR LF FOR HP-1B OR

L OPTIONAL PARAMETERS

HP-IL PLOTTERS

een the characters of

the mnemonic. One comma must separate parameters. Only; or LF

may be used as the terminator for HP-IB or HP-]

L plotters, and only ;

may be used as the terminator for RS-232-C plotters. In addition, pa-

rameters requiring integer format may not contd
decimal fraction. m

Some instructions have optional parameters w
assume a default value. In order to omit a para
parameters in the same instruction must be omi
tion is the pen parameters in the HP-GL instructic

The label instruction, LB, is a special case; it mu
the label terminator character. This character d
end-of-text character, ETX, whose decimal equiy

in a decimal point or

vhich, when omitted,
meter, all subsequent
tted. The only excep-
n, UC.

st be terminated with
efaults to the ASCII
ralent is 3. The label

terminator may be changed from its default value using the define

terminator instruction, DT.

The parameter fields must be specified in the f

ormat defined by the

syntax of each respective HP-GL instruction. The format can be of

three types:

1. Integer Format — a parameter in integer format

between —32 768.0000

and +32 767.9999. Decimal fractions of parameters which must be

integers are truncated. If no sign is specifi
assumed to be positive.

ed, the parameter is
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2. Decimal Format — a number between —128.0000 and 127.9999 with
an optional decimal point and decimal fraction with up to four
significant digits. If no sign is specified, the parameter is assumed to

be positive.

3. Label Fields — any combination of text, numeric expressions, or
string variables. Refer to The Label Instruction, LB, Chapter 5, for a
complete description.

Some instructions such as PA, PR, PU, and PD may have multiple
parameters. Separators are required between these parameters. These
optional parameters are shown in parentheses in the syntax descriptions.

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

MNemonic

necessary parameter

( )

C....C

()

terminator

(terminator)

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

All typeset items are required parameters.
All items in parentheses are optional.
Any number of labeling characters.

Any number of X)Y coordinate pairs.

; or any nonnumeric or nonalphabetic character
such as $ or #, or the next mnemonic. LF is also
valid for HP-IB and HP-IL plotters.

Terminator for an instruction which will execute
after the last necessary parameter is received.

The following table shows the 7470’s HP-GL instruction set.

Plotter Instruction Set

Instruction Description

AA XY, arc angle (, chord angle) | Arc absolute*
AR X)Y, arc angle (, chord angle) | Arc relative*

CA n Designate alternate set n
CI  radius (, chord angle) Circle*

CP spaces, lines Character plot

CS m Designate standard set m
DC Digitize clear

DF Set default values
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Plotter Instruction Set (Continued)

Instruction

Description

DI  run, rise

DP

DR run, rise
DT ¢

IM  e(s(,p)
IN

P P14, Ply (, P2x,P2y)
IW  Xio,Y10,Xhi, Yhi

IB ec..c

T t(l)

OA

oC
oD

OE

OF

Ol

00

0]

0Ss

ow

PA  x,y(x,y(..)
PD (x,y(...))
PR  xy(xy(..)
PU xy(...)
SA

SC Xmin,Xmax,Ymin,Ymax
SI width, height

SI. tané

SM ¢

SP n

SR width, height
SS

TL  tp(tn)

UC (pen,x,y,pen,...)
VS v

XT

YT

Absolute direction
Digitize point
Relative direction
Define label terminator
Input e, s, and p masks
Initialize
Input P1 and P2
Input window
Label ASCII string
Designate line type and length
Output ac¢tual position

and pen status

Output commanded position
and pen status

Output digitized point
and pen status

Output error

Output factors

Output identification

Output options

Output Pl and P2

Output status

Output window

Plot absolute

Pen down

Plot relative

Pen up

Select alternate character set

Scale

Absolute character size

Absolute character slant
(from vertical)

Symbol mode ¢

Select pen

Relative character size

Select standard character set

Tick length

User defined character**

Select velocity v

X-axis ticﬁ:

Y-axis tic

*Available only with Option 001 plotters that have the serial prefix number

2308A or higher.
**Not available with Option 003.
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How to Use the Examples in This Manual

The examples in this manual are designed primarily to show the use of
the instruction with which they appear. New programmers are strongly
encouraged to enter and run all examples. When the example consists
of only a few HP-GL commands, these commands are listed in quotes.
No line numbers or BASIC statements are included. The literal string
listed should be sent to the plotter; the quotation marks only serve to
delimit the string and are included because many computer languages
define literal strings by placing them inside quotation marks. Do not
send the quotation marks to the plotter.

Longer examples are given as programs or program segments in
BASIC. The programs will run only if the plotter has been defined as
the system printer. Since the statement to do this is highly system-
dependent, it is not included (except in Chapter 8). Unless specific
mention is made in the text, the BASIC used is that of the HP-83/85.
You may need to make slight changes in the BASIC statements for
them to run on your computer. You may also need an I/0O ROM to
obtain output from the plotter. Check with the nearest HP dealer or HP
Sales and Support Office. If you are operating in an RS-232-C environ-
ment, you will need to establish handshaking protocol and include the
necessary device control statements in your program.

If you are programming in another language, substitute the output or
input commands of your language for the BASIC statements PRINT
and ENTER. Change FOR..NEXT loops and replacement statements
(X = 3.14) to whatever statements are comparable in your language. All
characters enclosed in quotes in the program listing must be sent to the
computer using output statements; in addition, some variables, which
are not included in quotes, may need to be sent.

Refer to Chapter 9 for some examples of complete simple programs to
send and receive information between the plotter and specific com-
puters in an HP-IB environment. The Interconnection Guide (07470-
90003) has some examples of sending HP-GL commands from specific
computers; there are examples using RS-232-C, HP-IB, and HP-IL
interfaces in that document.

The Default Instruction, DF

NHHIRINLE The default instruction, DF, sets certain plotter func-

tions to a predefined state.

HEE The instruction can be used to return the plotter to a known
state while maintaining the same settings of P1 and P2. This assures
that unwanted graphics parameters such as character size, slant, or
scaling are not inherited from another program but that the positions
of P1 and P2 remain unchanged.

1-10 GETTING STARTED



UMM DF  terminator
EXPLANATION ISP parameters are used; a nu

cause error 2 and the instruction will not execute.

A DF command sets the following plotter functi

meric parameter will

ons to the conditions

shown in the following table. P1 and P2 are not changed.
Default Conditions
Function Conditions
Plotting mode Absolute (PA)
Relative character direction | Horizontal (DR1,0)
Line type Solid line
Line pattern length 4% of the distance from P1 to P2

Input window Mechanical limit,

38.1 cm/s (15 in.
ETX (ASCII deci
Set to 5 degrees f

Pen velocity
Label terminator
Chord angle*

Relative character size Width = 0.75% of|(P2x — P1x)
Height = 1.5% of (P2y — Ply)

Symbol mode Off

Tick length tp = tn = 0.5% of (P2x — Plx) for Y-tick
and 0.5% of (P2y + Ply) for X-tick

Standard character set Set 0

Alternate character set Set 0

Character set selected Standard

Character slant 0 degrees

Mask value 223,0,0

Digitize clear On

Scale Off

s of plotter

s)
mal equivalent 3)
or AA, AR, and CI

*Applicable only to Option 001 plotters that have the serial prefix number

2308A or higher.

The Initialize Instruction, IN
IRINIIRIER  The initialize instruction, IN,

graphics conditions to the initial power-on state
This instruction has no effect on handshake pr
state (programmed on or programmed off) in an R

m The instruction can be used to return th
state at the beginning of a graphics program s
parameters such as character size, slant, and sca
from another program. P1 and P2 are set to powen

ALY /N terminator

returns the plotter’s
by program control.
otocol or the plotter’s
S-232-C environment.

1e plotter to a known
o unwanted graphics
ling are not inherited
-on positions.
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YIEUEMILE No parameters are used; a numeric parameter will

cause error 2 and the instruction will not execute.

An IN command is the equivalent of switching the plotter off and then
on again (except that conditions set by escape code sequences are not
changed in an RS-232-C environment). The initialize command sets the
plotter to the same conditions as the default command and sets these
additional conditions.

® The pen is raised.

e The scaling points P1 and P2 are set to the points P1 = 250,279 and
P2 =10 250,7479.

e All HP-GL errors are cleared. Bit position 3 of the output status byte
is set to true(l) indicating the plotter has been initialized. (This bit is
cleared by 08.)

® The setting of the us/A4 switch (for paper size) is read, thus
establishing the limits within which the pen can move (mechanical
hard clip limits).

The Input Mask Instruction, IM

1-12

The input mask instruction, IM, controls the conditions
under which HP-GL error status is reported, the conditions that can
cause an HP-IB service request message, and the conditions that can
cause a positive response to an HP-IB parallel poll.

I!EE With all three interface configurations (HP-IB, HP-IL,, and RS-
232-C), this instruction can be used to change the conditions under
which HP-GL error status is reported. In an HP-IB system only, the
instruction is used to enable the plotter to send a service request
message when specified bits of the status byte are set, and/or enable a
positive response to a parallel poll under the conditions specified.

IM E-mask value (,S-mask value (,P-mask value))
(terminator)
or
IM (terminator)

SYUNEMILE 1 both the RS-232-C and HP-IL configurations, the S-
and P-masks are of no use and are ignored if present. The E-mask is
used by all three configurations.

The E-mask value specified is the sum of any combination-of the bit
values shown in the following table. When an HP-GL error occurs, the
bit in the E-mask corresponding to the error number as shown below is
tested to determine if the error bit (bit 5) of the status byte is to be set
and the front panel ERROR LED is to be turned on. If a bit is not set,
there is no way to ever determine if that error occurred.
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E-Mask Error
Bit Value Bit Number Meaning

1 0 1 Instruction nat recognized
2 1 2 Wrong number of parameters
4 2 3 Bad parameter
8 3 4 Not used

16 4 5 Unknown chdracter set

32 5 6 Position overflow

64 6 7 Not used

128 7 8 Vector or PD received with pinch
wheels up W

specify that all errors except error 6 will set the error bit in the status
byte and turn on the ERROR LED whenever they gccur. Error 6 will not
set the error bit or turn on the ERROR LED if it occurs, since it is not
included in the E-mask value. Errors 4 and 7 never occur so setting the

The default E-mask value of 223 (128 + 64 + 16+ 8 + 4 + 2 + 1) will
E-mask to 151 will set the same conditions as the default value 223.

The S-mask value specified is the sum of any of the bit values shown
below. It determines when a service request message will be sent. When
a bit of the status byte changes value, the status byte is ANDed with
the S-mask in a bit-by-bit fashion to determine if bit 6 of the status byte
is to be set and the service request message sent. The status of bit 6
changes as plotter conditions change, and is cleared or set as required.

S-Mask Status Bit :L
Bit Value Number Meaning
1 0 Pen down
2 1 P1 or P2 changed
4 2 Digitized point available
8 3 Initialized
16 4 Ready for data; pinch wheels down
32 5 Error
64 6 Not used
128 7 Not used

For example, an S-mask value of 4 specifies that when a digitized point
is available, setting bit 2, the service request message will be sent.
Setting other bits will not send the service request message.
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The P-mask value specifies which of the status-byte conditions will
result in a logical 1 response to a parallel poll over the HP-IB interface.

P-Mask Status Bit
Bit Value Number Meaning -
1 0 Pen down
2 1 P1 or P2 changed
4 2 Digitized point available
8 3 Initialized
16 4 Ready for data; pinch wheels down o
32 5 Error

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 data line.

The plotter, when set to default values or initialized, automatically sets
the E-mask to 223, the S-mask to 0, and the P-mask to 0. An IM
command without parameters or with invalid parameters also sets the
masks to the default values 223,0,0.
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Looking Ahead

plots. Most plots fall into one of three broad classes: line graphs, bar
graphs, or pie charts. Chapter 8 contains a discussion of a line graph.
Shown below are a bar graph and a pie chart.

Pie charts are an effective way to show parts of a whole entity; the
slices of the pie are the component parts. The pie|chart here has some
segments “exploded” for emphasis. To construct a|pie chart, the data is
computed as a percentage of the total and each data value is converted
to the appropriate segment of a full 360-degree circle. A simple circle-
drawing program is found under the PA instruction in Chapter 3. To
create a pie chart you’ll need to draw segments of a circle (arcs) and
connect the endpoints of the arcs to the circle’s center with plotted
lines.

Of course you want to use your plotter to createflgh quality graphic

There are three types of bar graphs; simple bar| graphs, stacked bar
graphs, and clustered bar graphs. The simple bar graph here shows that
sales are increasing. Bar
graphs are essentially a
collection of rectangles;
1.e., four plotted lines.
Each of these rectangles
is filled; refer to the ad-
vanced programming tips
at the end of Chapter 8
to learn how to create a
filled or hatched area. A
stacked bar might be used
to show these same sales
data broken down into
sales by region. Portions
of each bar would be 3500
colored or shaded differ-
ently to show the sales in
each region. Another-way
of showing sales by region
would be to use a separate
bar for each region and
to “cluster” all the bars
for one year together with
a larger space between
each cluster of bars. There
is one cluster for each
year of data.

SMITH UNI rERSITY
STUDENT ENROLLMENT BY COLLEGE

LETTERS & SCIENCE - 20%

EDUCATION - 18

VETERINARY SCIENCE ~ 2%

LAY - 5%

ENGINEERING - 17%

AGRICULTURE - 12%

FORESTRY - 131 BUSINESS ADMINJSTRATION - 13%

NET SALES 1

3000

2500

2000

1500

Milligns of Oollors

1000

D
1971 1972 1873 1974 1875 1976 1977 1878 1873 1880

ETTING STARTED 1-15







Chapter 2

Establishing Boundaries
and Units

. . What You’ll Learn in This Chapter

In this chapter you will learn about the plotting jarea, how to define a
point in this area, and the two kinds of units used to describe the plot-
ting area. After reading this chapter, you will be able to decide which
units to use for your data. In addition, you will be able to scale the
plotting area into user units appropriate for your data, and to set or
read the current scaling points. You will be able|to restrict plotting to
only a portion of the plotting area, and read the current limits of the
plotting area.

HP-GL Instructions Covered
IP The Input P1 and P2 Instruction
OP The Output P1 and P2 Instruction
SC The Scale Instruction
IW The Input Window Instruction
OW The Output Window Instruction

Terms You Should Understand

Scaling — dividing the plotting area into units convenient for your ap-
plication. Units need not be the same physical size in both axes, nor do
there need to be an equal number of units in the X- and Y-axes.

Scaling Points — the points on the plotting surfice moved to when the
front panel buttons p1 and p2 are pressed. These points are assigned the
. user-unit values specified by the parameters of the scaling instruction

SC.

Window — that part of the plotting area in which plotting of points,
lines, and labels can occur. At power on, the window is set to the
mechanical limits of the plotter. Nothing can |be drawn outside the
current window,

Clipping — restricting plotting to a portion of the plotting area by
establishing a window of a certain size.
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The Plotting Area

The plotting area is that area of the paper in which the pen can draw.
The maximum plotting area for the HP 7470 Plotter is 191 X 272 mm
(7.5 X 10.7 in.) when the paper switch is set to A4, and is 191 X 257 mm
(7.5 X 10.2 in.) when the paper switch is set to Us. These plotting areas
permit plotting on either metric A4 size paper or English 8%-by-11-inch
paper and allow for a margin beween the plotting area and the edges of
the paper.

The plotting area should be thought of as a two-dimensional Cartesian
coordinate system. Remember, in a two-dimensional Cartesian coordi-
nate system, a point is defined by its X- and Y-coordinates; for example,
200, 300 represents a distinct point where X=200 and Y=300. When
paper is loaded, the orientation of the X- and Y-axes is established as
shown in the following diagram. When looking at the plotter from the
front, the origin is located near the upper-left corner of the paper. From
now on, we will refer to that corner as lower left, since when a plot is
viewed, the minimum point is generally at the lower-left corner of the
plot.

HARD CLIP
LIMITS

(DEFAULT) P2,
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. . Unit Systems

There are two unit systems which can be used tg define points in the
plotting area: plotter units and user units. Plotter junits are always the
same size. The size of a user unit depends on the parameters of the SC
instruction and the settings of the scaling points,

The Plotter Unit
The plotting area is divided into plotter units; one plotter unit equals
0.025 mm. There are approximately 40 plotter units per millimetre, or '
approximately 1000 plotter units per inch. One plotter unit is the
smallest move the plotter can make. When the paper switch is set to A4,
the plotting area contains 10 900 plotter units in X and 7650 plotter
units in Y. When the paper switch is set to Us, the plotting area
contains 10 300 plotter units in X and 7650 in Y. While the pen can only
plot in the area mentioned above, parameters of plot commands be-
tween —32 768 and 32 767 plotter units are undefrstood by the plotter.
When plotting in plotter units, only integer values| are used; parameters
are truncated to integers. Refer to The Plot Absolute Instruction, PA, in
Chapter 3.

At power on, upon front-panel reset, and whenever an IN command is
sent to the plotter, the scaling point P1 is set to|250,279 plotter units
and the scaling point P2 is set to 10 250, 7479 plotter units. These settings
are independent of the setting of the paper switch.,

User Units ,
The plotting area can also be scaled into user units. This is done with
the scale instruction, SC, which assigns values to the scaling points P1
and P2. A user unit may be almost any size. The|parameters of the SC
instruction are truncated to integers between|—32 768 and 32 767.
Parameters of plot commands must also be in that range but may be
decimal numbers with fractional parts. Decimal fractions are not trun-
cated; as a matter of fact, you can set the scaling|points at 0,0 and 1,1
and all your data can be decimal fractions between 0 and 1. You can
also use the plot relative instruction to plot to a point which, in user
units, 1s beyond the range +32 768 as long as its location, expressed as
plotter units, is in range. Refer to the plot instructions PA and PR in
Chapter 3. You will probably use the SC instruction and user units for
most plots.

Setting the Scaling Points

Scaling points P1 and P2 can be set programmatically using the input
P1 and P2 instruction, IP, as described in a following section. P1 and
P2 can be set manually using front panel controls ENTER, P1, and P2.
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Setting P1 and P2 Manually

P2 moves when P1 is moved manually. If you want P2 to be at a
specific location, set P1 first and then P2. If you want to establish an

area of a certain size onto which the parameters of a scale instruction
will be mapped, you may set P2 in the desired location relative to the
current P1, and then move P1. P2 will move to a corresponding location

so that both the X- and Y-distances between P1 and P2 remain con- .
stant. If such a move means the new location of P2 will be beyond the
plotting area, either or both coordinates of P2 are set to the plotting
limits. In this case, the size of the rectangle established by P1 and P2
will, of course, not remain the same. A detailed description, including
illustrations, is contained in the HP 7470 Operator’s Manual.

To set P1 or P2 manually:

1. Move the pen to the desired location using the front panel arrow
buttons.

|l

Press eNTER simultaneously with P1 or P2. If ENTER is not held down,
the pen will merely move to P1 or P2 and no change in the location
of P1 or P2 will occur. —-

3. Check the new locations of the scaling points by pressing P1; then
press P2.

The Input P1 and P2 Instruction, IP
DESCRIPTION Eay¥s input P1 and P2 instruction, IP, provides the

means to relocate P1 and P2 through program control.

m The IP instruction is often used to ensure that a plot is always —
the same size, especially when the user and programmer are not the

same person. It establishes program control of plot size and label direc-

tion. This instruction can also be used to move the scaling points P1  —
and P2 from their default or current locations; to give mirror images of
vectors and labels; to change the size of a user unit, thus reducing or
enlarging an image; to change the size or direction of labels when —
relative character size or direction is in effect; and to set P1 and P2

back to their default locations.

NI 7P P1.P1y ( P2y, P2y) (terminator) —
or
IP (terminator)

IGEUEUIE  The new coordinates of P1 and P2 are specified in the

order shown above and must be in absolute plotter units. Parameters
should be = 0 and within the maximum plotting area. This means -
0 < X <10 300 when the paper switch is set to us; 0 < X < 10 900 if the

paper switch is set to A4; and 0 < Y < 7650 for either setting.
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Negative parameters greater than or equal to —32 [768 will be set to zero.
Parameters outside the maximum plotting area (determined by the set-
ting of the paper switch) but less than 32 767 will be set to the limits of
the plotting area. Parameters less than —32 768 ar greater than 32 767
will cause error 3 and the coordinates of P1 and P2 will not change.

An TP command without parameters will default P1 and P2 to the
values 250,279, 10 250, 7479 regardless of the paper switch setting.

Upon receipt of a valid IP command, bit position|l of the output status
word is set true (1).

Upon power on, front-panel reset, or execution of an IN or DF com-
mand, the character size is set relative (SR) to the locations of P1 and
P2. Unless an SI command has been entered as| part of the program,
the character size will be directly affected by the IP command.

The following HP-GL command relocates the scaling points P1 and P2
to the positions shown in the figure.

"IP 3000,2000,5000,5000;"

P2
d (5000,5000)

P1
(3000,2000)

The Output P1 and P2 Instruction, OP
DESCRIPTION Jy™2 output P1 and P2 instruction, OP, provides the

means to make the current coordinates of P1 |and P2 available for
output.
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m The instruction can be used to determine the position of P1
and P2 in plotter units. This information can be used with the input
window command, IW, to set the window to P1 and P2 under program
control, to compute the number of plotter units per user unit when
scaling is on, or to determine the numeric coordinates of P1 and P2
when they have been set manually.

SYNTAX ey (terminator)
FIGEVEMNLE  After an OP command is received, the plotter will out-

put the coordinates of P1 and P2 in plotter units as four integers in
ASCII in the following form:

P1x,P1y, P24, P2y, [TERM]

where [TERM] is the output terminator for your system. See Terms You
Should Understand in Chapter 7.

The range of the integers is determined by the setting of the paper
switch as shown below:

uUs A4
0< X< 10300 0< X< 10900
0< Y=< 7650 0<Y< 7650

Upon completion of output, bit position 1 of the output status byte is
cleared.

The Scale Instruction, SC

DESCRIPTION Gy Yy instruction, SC, establishes a user-unit coordi-
nate system by mapping values onto the scaling points P1 and P2.

MM This instruction is used to enable you to plot in user units con-
venient to your application. For instance, if your X values represent
months, then Xmin = 1 and Xmax = 12. If the values for Y-coordinates
all lay between 0 and 10, you might use 0 as Ymin and 10 as Ymax. By
adjusting your minimum and maximum values, you can provide addi-
tional room for labeling. If your plot is a 12-month bar chart with Y-
coordinates 0 to 10, you might scale the X-axis 0 to 14 so the first and
last bars are not at the edge of the graph, and scale the Y-axis 0 to 12
leaving room for a title at the top.

SYNTAX SC Xmin,Xmax,Ymin,Ymax (terminator)
or
SC (terminator)
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DGRV EWINE Executing an SC command without parameters (SC;)

turns scaling off and subsequent parameters of plot commands are in-
terpreted as plotter units.

When parameters are used, all four parameters are required. Decimal
parameters in an SC command are truncated to integers. The param-
eters Xmin and Ymin define the user-unit coordinates of P1, and the
parameters Xmax and Ymax define the user-unit cpordinates of P2. P1
and P2 may be any two opposite corners of a rectangle. Scaling points
P1 and P2 retain the assigned user-unit coordinate values until scaling
is turned off or another SC command redefines their user-unit coor-
dinate values. Therefore, the physical size of a user unit will change
when any change is made in the relative position and distance between
P1 and P2.

Specifying Xmax = Xmin 0r Ymax= Ymin Or parameters less than —32 768
or greater than 32 767 will turn scaling off. An SC command must have
four or no parameters. Otherwise, error 2 will he generated. An SC
command which generates an error is ignored and the scaling does not
change.

The user-unit coordinate system that is mapped onto the plotter unit
coordinate system by the SC command is not limited to the rectangle
defined by P1 and P2; it extends over the entire plotting area. When
user-unit scaling has been established by executing an SC command
with parameters, decimal parameters of plot commands are not trun-
cated; the point 3.5,7.5 1s distinct from the point 3.6,7.8. This is
different from some other HP plotters and makes plotting of noninteger
data much simpler.

It is not possible to scale an area such that Pl or P2 are assigned
values larger than 32 767 or less than —32 768. QOne way to plot data
with values beyond these limits is to reduce your data to acceptable
ranges by an arithmetic process before sending it to the plotter. Divid-
ing the data by some factor of 10 so that the |integer portions fall
between +32 767 and sending decimal plot parameters is probably the
easiest solution.

The illustrations which follow show the coordinate grids mapped onto
the plotting area as a result of executing the indicated commands when
the paper switch is set to Us. In all cases, the points labeled at each
corner are just outside of the plotting area. If a PA command with these
parameters is sent to a plotter with the indicatedl}caling and the paper
switch set to Us, the pen will move to the corner and lift, indicating the
point is outside the plotting area.
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"IP; SC 0,10,0,10;"

P2 10,10

— T 1

L

P1 0,0 USER UNITS
-~ | 1 1 N I | 1 1 1

0.3,-035

10.1,10.23

"IP 0,0,1000,1000; SC 0,10,0,10;"

0,766

*P2 1000, 1000 PLOTTER UNITS

P1 0,0 USER UNITS AND PLOTTER UNITS

124 ,76.6

USER
UNITS
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The Input Window InstructionW IwW
DESCRIPTION JyePS input window instruction, IW, provides the means

to restrict programmed pen motion to a rectangular area of the plotting
surface. This area is called the “window.”

The instruction can be used to establish|a hard clip area, i.e.,
restrict plotting to a certain area of the paper. The instruction is
especially useful when your data should fall in a dertain range but your
scaling is larger (perhaps you have left room for labels) and you don’t
want lines outside the normal data area. It is also useful when hatching
(shading) rectangular areas.

SYNTAX e Xlower left, Yiower left, Xupper right, Yupper right (terminator)
or

IW (terminator)
BYEVENILE  Parameters are always interpreted as plotter units.

When four parameters are included, the hard clip limits are set accord-
ing to the parameters. If no parameters are included, the hard clip
limits are set to the maximum plotting area. That area was determined
by the setting of the rear-panel paper switch as read when the plotter
was last initialized by either power up, front~panei reset, or execution of
an IN command.

The four parameters specify, in absolute plottler units, the X- and
Y-coordinates of the lower-left and upper-right corners of the window
area. The parameters should be positive and less than or equal to
10 900 or 10 300 for X (depending on the setting of the paper switch)
and less than 7650 for Y. Parameters between —32|768 and 0 are set to 0,
and parameters larger than the limits of the absolute plotting area but
less than 32 767 are set to 10 300 or 10 900 for X and 7650 for Y. If Xjower
left is greater than Xupper right or Yiower left is greater than Yupper right, no
error is set but no plotting can occur.

At power on, or when an IN or DF command is executed, the window is
automatically set to the current mechanical limits i.e., maximum plot-
ting area. The window set by DF may not correspond with the current
setting of the paper switch if the setting has been changed since power
on, a front-panel reset, or the last IN command was executed.
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The Output Window Instruction, OW

DESCRIPTION [V output window instruction, OW, provides the

means to obtain the X- and Y-coordinates of the lower-left and upper-
right corners of the area in which plotting can currently occur.

The instruction can be used to determine the area in which
any plotting will occur. When executed immediately after power on or
the execution of a DF or IN command, the command can be used to
determine under program control whether the paper switch is set to Us
or A4,

MUY ow (terminator)
EXPLANATION [P parameters are used. Output is in plotter units.

After an OW command is received, the plotter will output the coordi-
nates of opposite corners of the plotting area in plotter units as four
integers in ASCII in the following form:

Xlower left, Ylower left, Xupper right, Yupper right [TERM]

where [TERM] is the output terminator for your system. See Terms You
Should Understand in Chapter 7.

The range of the integers is determined by the setting of the paper
switch as shown below:

uUs A4
0< X< 10300 0< X< 10900
0<Y< 7650 0<Y< 7650

If Xiower left is greater than Xypper right or Yiower left is greater than
Yupper right, no window exists in which plotting can occur.
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Advanced Programming Tips

Many software packages read P1 and P2 and use

these points to define

the maximum plotting area. You may want to obtain the largest plot
possible on the 7470. This is the area of the default window, as deter-
mined by the setting of the paper switch, not the area established by
the default settings of P1 and P2. The first three llines of the following
listing will read the window size and set P1 and [P2 to these points, so

that the largest area possible is used for plotting.

n order to change the

plotting area, this HP-GL routine should precede the PLOTTER IS

statement when programming on HP desktop com

puters in AGL.

Sometimes you want more than one plot on a page. The rest of the
instructions set the window to, and outline four separate areas. A small
space has been left between each area by adding or subtracting a
constant value from X- and Y-coordinates in the center of the total area.
This program could be modified to divide the platting area into thirds
or into areas of any other size. Another application of windowing is
shading rectangular areas for bar graphs. See Advanced Programming

Tips, Chapter 8.

"IN oW

'INSERT LINE TO READ COORDIMATES INTO A,E,C,D

"IP";A,B,C,D
"IW';A,B;Cr2-100;D-2-100;"5F1;PR";A;B
"PD";Crz-100;B;Cr2-100;D0,2-100;A; D721
"IW";Cr2+100;B;C;D-2-100;"5P2;PU";Cr2
"PD";C;B;C,Dr2-100;Crg+100;D-2-100;C
"IW'";Cr2+100;D0-2+100;C;D;"SP1;PR";Cr2
"PO";,C; D 2+100;C;D;Cr2+100;D;Cr2+100
"IW';A;D/2+100;C 2-100;D;"PU; SPZ; FPA"
YPOM;Cr2-100;0-2+100;Cr2-100;0;A;D;R

100C;A;B;"PU"
+100; B
2+100;B;"PU"
+100;D,2+100
Dr/g+100;"FPU; "
A;D-2+100
D,2+100;"SP0O;"

Reduced Plot
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Chapter

Controlling the Pen
and Plotting

What You’ll Learn in This Chapter

Now that you understand the unit systems in which data can be repre-
sented, you are ready to create plots. In this chapter, you will learn how
to select either of the two pens or change pens, how to set and change
pen velocity, how to raise and lower the pen, and how to plot. You wilil
learn how to plot to absolute XY coordinates or to plot relative to the
last pen position. Finally, you will learn how to send variables as
parameters of plot commands; this will enable you to write general pur-
pose graphics programs.

HP-GL Instructions Covered

Terms You Should Understand

Sp The Select Pen Instruction CI*
VS The Velocity Select Instruction AA*
PU/PD The Pen Up/Down Instructions

PA The Plot Absolute Instruction AR*
PR The Plot Relative Instruction

Absolute Plotting — plotting to a point whose

he Circle Instruction

he Arc Absolute
Instruction

he Arc Relative
Instruction

location is specified

relative to the origin (0,0). When the PA commaﬂid is used to plot to a

point, the pen always moves to the same point o
no matter where the pen was before the move.

Relative Plotting — plotting to a point whose
relative to the current pen position. The point m
the effective origin for the next parameter of a pl
When the PR command is used to plot to a point,

the plotting surface,

location is specified

oved to then becomes

ot relative command.
the destination of the

pen depends on where the pen was when the command was received.

Plotter Unit Equivalent — the XY coordinates of
units, if they were expressed in plotter units.

a point, given in user

*Available only with Option 001 plotters that have the serial prefix number

2308A or higher.
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The Pen Instructions, PU and PD

DESCRIPTION sy pen up instruction, PU, and the pen down instruc-

tion, PD, raise and lower the pen.

IM3W The instructions are used to raise and lower the pen during
plotting. They may be used with parameters to plot or move to the
points specified by the parameters.

SYNTAX W39 (terminator)

or
PD (terminator)
and
PU XY(..)terminator)
or

PD XY(..)terminator)
FYAELINIIE When no parameters are included, the pen up instruc-

tion, PU, raises the pen without moving it to a new location. The pen
down instruction, PD, lowers the pen without moving it to a new
location, if the pen is within the window. If parameters are included,
the pen will move, in order, to the XY coordinates specified. The coor-
dinates are interpreted as plotter units if scaling is off and user units if
scaling is on. Moves are either relative or absolute, depending on
whether a PA or PR was the last plot command executed.

If parameters are included, both coordinates of an X,Y coordinate pair
must be given. An odd number of parameters will set an error condi-
tion, but all X)Y pairs which precede the unmatched parameter will be
plotted. For a description of the PU and PD commands with parameters,
refer to The Plot Absolute Instruction, PA, and The Plot Relative
Instruction, PR, which follow.

NOTE: The plotter has an automatic pen lift feature which will lift the
pen after it has been in the pen-down state for 55 seconds and no pen-
down plot commands or label commands have been sent to the plotter
or no front-panel pen-down moves have been made for 55 seconds. B

The Select Pen Instruction, SP

IIMHIINLE  The select pen instruction, SP, selects and/or stores one
of the two pens.

The instruction is used to load a pen into the pen holder so
that drawing will occur. It can be used to select a pen of a different
color or width, during the plotting program. It can be used with a zero
parameter or no parameter to store the pen currently in the pen holder
into its stall at the end of a program.
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SYNTAX Y2 pen number (terminator)

or
SP (terminator)

EXPLANATION [GyS pen parameter must be in th

32 767. Decimal fractions are truncated. An odd;
selects the pen from the left stall; an even-numbe
the pen from the right stall. A zero parameter or
the pen. When a pen parameter is less than —3;
32 767, an error is generated and the pen does not

The Velocity Select Instruction

e range of —32 768 to
numbered parameter
red parameter selects
no parameter stores

2 768 or greater than
change.

, VS

DESCRIPTION [yPs velocity select instruction, VS, specifies the pen-

down speed for plotting and labeling operations.

The instruction is used to set velocity to 4
default velocity of 38.1 em/s and to change the
default value of 2 g (980 cm/s2). This instruction

velocity to 10 em/s when plotting on transpar

speed other than the
acceleration from its
hould be used to slow
ncy film. A slightly

thicker line can be created by slowing down the pen speed on any

medium. A pen nearing the end of its life will
sharper, more solid line if the velocity is slowed.

SYNTAX RS pen velocity (terminator)

or
VS (terminator)

PAJELTMINE A VS command without parame
to its default velocity of 38.1 em/s (15 in./s) and a
cm/s?). A VS command with parameters sets the

write with a clearer,

ters sets pen velocity
cceleration to 2 g (980

pen velocity for hori-

zontal or vertical pen-down moves to the value

specified by the first

parameter and slows the acceleration to 0.5 g. Anything after the first
parameter is ignored. Parameters must be in the yrange 0 to 127.9999. A
velocity of 0 is set to 0.38 em/s. Velocity can be set| in increments of 0.38

cm/s. Parameters are rounded to the nearest

ultiple of 0.38 em/s.

Negative parameters and parameters greater than or equal to 97 set an

error condition (error 3) and the velocity does not
between 38.1 and 96 set velocity to its default valu

When either the horizontal or vertical velocity fal
3.8 cm/s, it is reset to a slower or faster velocity
This is done to assure lines of high quality. The ¢

change. Parameters

e of 38.1 em/s.

s in the range 0.38 to
to avoid this range.

hange is most notice-

able when a line is almost vertical or almost horizontal. Pen-down

moves will be at the specified velocity except whe
necessary.

Execution of a VS command with a parameter
acceleration, giving the highest line quality at t

n such adjustment is

of 38.1 will slow the

hat maximum speed.
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A default instruction, DF, or an initialize instruction, IN, will also reset
the velocity and acceleration to the values 38.1 cm/s and 2 g.

The Plot Absolute Instruction, PA

DESCRIPTION Egyas plot absolute instruction, PA, moves the pen to the
point(s) specified by the X- and Y-coordinate parameters.

The instruction can be used together with PD to draw lines or
with PU to move the pen to a specific point on the plot. The instruction
can be executed without parameters to establish absolute plotting, as
opposed to relative plotting for PU or PD commands with parameters.
In this case, the parameters of PU and PD are interpreted as absolute
XY coordinates until any PR command is received.

MEM PA X[ coordinate, Y1 coordinate (X2 coordinate,Y2

coordinate,...,Xn coordinate, Y, coordinate)(terminator)
or
PA (terminator)

FYILVTMIIE Recommended parameters are decimal numbers be-
tween —32 768.0000 and 32 767.9999. When scaling is off, parameters
are truncated to integers as follows:

e For positive numbers, the fractional portion is discarded and the in-
teger portion remains unchanged. For example, both 12344 and
1234.9 become 1234.

® For negative numbers, the fractional portion is discarded and the in-
teger portion is changed to the next more negative integer. For ex-
ample, both —1234.4 and —1234.9 become —1235. Since you cannot
plot to negative values unless scaling is on, (in which case decimal
portions of parameters are used), the only time you will observe this
is when you use the output commanded position and pen status
instruction, OC, and the last X- and/or Y-parameter sent was negative.

NOTE: If you have an HP-IB or RS-232-C plotter that has the serial
prefix number 2308A, or higher, or if you have an HP-IL plotter, you will
not observe this truncation with the OC instruction. In these plotters,
the OC instruction returns decimal parameters instead of integer
parameters when scaling is in effect. B

When scaling is on, any fractional portion of a parameter is used.

A PA command without parameters sets absolute plotting mode for PU
and PD commands with parameters.

When parameters are included with a PA command, both coordinates
of an XY coordinate pair must be given. An odd number of parameters
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will set an error condition but all XY pairs which precede the un-

matched parameter will be plotted.

The X-coordinate specifies, in either plotter units or user units, the

absolute X-location to which the pen will move. Th

e Y-coordinate speci-

fies, in either plotter units or user units, the absolute Y-location to
which the pen will move. If scaling is on, coordinates are in user units.

If scaling is off, coordinates are in plotter units.

The mnemonics PU and PD can be included ahead of, between, or after
XY coordinate pairs. PU lifts the pen; PD lowers the pen.

Any number of coordinate pairs, as well as PU or PD mnemonics, can

be listed after a PA instruction. (This is limited

only by the ability of

the controller to output without a line feed character which is an instruc-
tion terminator.) The pen will move to each point in the order given.

Commas, spaces, or a sign are required between
and are optional after two-letter mnemonics. The
by the terminator. In the following examples, com

numeric parameters
last entry is followed
mas are used to show

optional and required separators. Optional commas or spaces which
can be used between each letter of the mnemonids are not shown. The

semicolon is used to indicate the terminator.

PA,PD,X1,Y1,PU X2,Y2,PD,X5,Y3,;
1 1 [ [ |

OPTIONAL

PUIX1,Y1,PD,X2,Y2,X3,Y3‘,PU;
[ ]

PD,X1,Y1,X2,Y2,X3,Ys,;
L |

OPTIONAL

If no pen control parameter is given, the pen will

OPTIONAL

assume the pen state

(up or down) of the previous statement. The PU or PD mnemonics can

also be substituted for the PA (or PR) mnemonic.

This is equivalent to

having PU; or PD; preceding the PA or PR instruction. Therefore, PU

and PD with parameters are interpreted to be ilil

depending upon which mnemonic, PA or PR, was
PA is specified by any of the following:
® power-up,

¢ execution of an IN command,

place of PA or PR,
ast specified.
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e execution of a DF command, or
e execution of a PA instruction with or without parameters.

The pen moves and draws lines only within the currently defined
window. Refer to The Input Window Instruction, IW, in Chapter 1.

The plotter discards parameters which are out of range. Exror 3 will be
set (parameter out of range). A PA command with out-of-range param-
eters will still establish plot absolute mode for future occurrences of PU
or PD with parameters. When scaling is off, in-range parameters are
greater than or equal to —32 768 and less than or equal to 32 767. When
scaling is on, both the parameters and their plotter unit equivalent
must also be in that same range. To find the plotter unit equivalent, use
the equations in the section Scaling Without Using the SC Instruction in
Appendix C.

There are four types of vectors that can be drawn with a PA command
from a given last point to some new point.

LAST POINT NEW POINT

inside window area to inside window area
inside window area to outside window area
outside window area to inside window area
outside window area to outside window area

Ao

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

In type two, the pen moves from the last point toward the new point
and stops where the line between the two points intersects the current
window. The pen up/down condition is as programmed until the inter-
section is reached. Then, the pen is raised.

In type three, the pen moves with the pen up, to the point where the
straight line between the last and new point intersects the window limit.
When the pen reaches this point, the pen assumes its programmed (up
or down) position. The pen then moves to the new point.

In type four, no pen movement occurs unless the straight line between
the last and new point intersects the window. The X- and Y-coordinates
of the current pen position are updated. If part of the vector is in the
window area, the pen moves, pen up, to the point where the line be-
tween the last and the new point first intersects the window limit. The
pen moves under programmed pen up/down control to the intersection
of the vector and the other window limit. At this point, the pen stops
and lifts.

Since out-of-range points are discarded, the plotter will draw a line be-
tween the two points on either side of discarded points. You can be sure
all lines on your plot represent actual data if you:

1. have not changed the error mask from its default setting;
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2. have not executed an output error instruction; and

3. the error light is not on at the end of your plot.

(The fact that the error light is on does not nec
range data has been encountered; an error in a
will turn the light on.)

essarily mean out-of-
ny HP-GL command

The following strings of HP-GL instructions, if sent to the plotter using

a suitable output statement such as PRINT or OU

JTPUT, will draw two

triangles and then move to the point 10 900, 7650 with the pen up.

"IN;SPT;
"PRZOO0O,1500,P0, 0,1500, 2000, 3500, 2000, 1900, PY, 2500, 1500; ¢
"PRPD4 JOO 1 JOU, 2500, 3-JUU, 2500,1500, F'U, Da0i, 7ES50; "
2000 , 3500 2500, 3500
~ e
~
‘},1500 2000 , 1500 2500 , 1500 4500 660

The next strings of HP-GL instructions scale the g
units 0 to 100 in each axis and again draws two
put statement implemented on your computer to s
plotter.

CINEPT;SC0,100,0,100;"
"PRZO, 15, F‘D 0,15,20,35,20,15,PU,25,15;"
"PRFD4S, 15,25, 35,25,15, PU; "

lotting area into user
triangles. Use an out-
end the strings to the
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This final example scales a square plotting area from 0 to 1 in each
axis and draws a unit circle. This program should run on most BASIC
systems. Change line 10 as necessary for your computer to define the
plotter as the system printer. Also, if PI is not a function recognized by
your computer, add a line before line 30 to define PI as a variable (PI
= 3.1416). Lines 60 and 65 are necessary to limit the number of digits in
the X- and Y-coordinates. This prevents the possibility of coordinates
being sent to the plotter in scientific notation, which sets an error in the
plotter.

10 PRINTER IS 705,80

70 PRINT "IN;IP4000,3000,5000,4000;5F1;5C0,1,0,1;"

30 FOR T=0 TO 2%PI+PI~ 20 STEP PI 20

40 X=COS(T)

50 Y=SIN(T)

B0 PRINT USING B5;"PA",%,Y,"PD;"

E5 IMAGE 2R,z (MD.DDDDJ, 3A

70 NEXT T —
80 PRINT "PU;SPO;"

90 END

The Plot Relative Instruction, PR = —
DESCRIPTION [ NP plot relative instruction, PR, moves the pen rela-

tive to its current location by the number of units specified by the X- -
and Y-increment parameters.

[!EE The plot relative instruction can be used as PA to draw lines
and move to a point. However, with PR, pen movement is relative to
the current pen position. The instruction can be executed without
parameters to establish relative plotting as opposed to absolute plotting
for PU or PD commands with parameters. It is often used to draw
multiple occurrences of some figure on a plot, for example, to draw
several rectangles of the same size.
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SYNTAX B2

X1 increment, Y1 increment(,X2 increment, Y2

increment,..., Xn increment, Yn increment) (terminator)

or
PR (terminator)

Recommended parameters are
tween —32 768.0000 and 32 767.9999. Their pl
should also be in the same range. When scaling]
truncated to integers in the manner described u

in integer format be-
tter unit equivalents
is off, parameters are
nder the plot absolute

instruction. When scaling is on, any fractional portion of a parameter

is used.

A PR command requires that both increments of an XY pair be given.

An odd number of parameters will set an erroxy
pairs which precede the unmatched parameter wi

The X-increment specifies, in either plotter un
number of units the pen will move in the direct]
Y-increment specifies, in either plotter units or u
of units the pen will move in the direction of the

condition but all X,Y
11 be plotted.

its or user units, the
ion of the X-axis. The
1ser units, the number
Y-axis. The sign of the

parameter determines the direction of movement; a positive value
moves the pen in the positive direction and a negative value moves the
pen in the negative direction. If scaling is on, both parameters are inter-
preted as user units. If scaling is off, both parameters are interpreted as

plotter units.

The mnemonics PU and PD can be included ahead of, between, or after

XY increment pairs. PU lifts the pen; PD lowers

the pen. Any number

of increment pairs, as well as PU or PD mnemonics, (limited only by

the ability of the controller to output without a li
be listed after the PR instruction. The placement

ne feed character) can
of optional or required

separators and the terminator is the same as for the PA instruction.

If no pen control parameter is given, the pen will

(up or down) of the previous statement. The PU
also be substituted for the PR (or PA) mnemonic

assume the pen state
or PD mnemonics can
This is equivalent to

having PU; or PD; preceding the PR or PA command. Since the power-
on default is absolute plotting mode, a PR instruction must be executed

before parameters of PD or PU commands will
increments. Relative plotting mode is cancelled
IN, or DF instruction.

The pen moves and draws lines only within
window. Refer to The Input Window Instruction,

be interpreted as X)Y
by execution of a PA,

the currently defined
IW, Chapter 1. Draw-

ing of vectors in relation to the window is as described under the PA

instruction.

The plotter discards parameters which are out of *Yange or whose plotter
unit equivalent would be out of range if the indicated move were made.
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Error 3 will be set (parameter out of range). A PR command with out of
range parameters will still establish, relative plotting mode for future
occurrences of PD or PU with parameters.

When scaling is off, in-range parameters are between —32 768 and
32 767. When scaling is on, in-range parameters and their plotter unit
equivalent must be between —32 768 and 32 767. To find plotter unit
equivalents, refer to the section Converting from User Units to Plotter
Units in Appendix C.

The following strings of HP-GL instructions, when sent to the plotter
using your computer’s output statements, cause triangles to be drawn
that are identical to the ones previously drawn using only the PA in-
struction. The numbers in parentheses on the plot are the X)Y incre-
ments of the PR commands. The numbers without parentheses are the
plotter unit coordinates of the vertices.

"IN;SPL;
"PRZOOOD,1500,P0, PR-2000, 00,2000, 2000,0, -2000,PU, 300, 0;"
"PDZ000, 0, -2000, 2000,0, -2000, R

2000 , 3500 2500, 3500
{2000 , 2000) (~2000 , 2000)
~ P
/
0, 1500 START 2500, 1500 4500 , 1500
(-2000 , 0) 2000, 1500 (500, 0) (2000, 0)
(0 , -2000) (0, -2000) END
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Plotting with Variables

In many plotting applications, it is necessary to|plot using variables
rather than fixed numbers to define the X- and|Y-coordinate values.
The values of all HP-GL statement parameters have the same restric-
tions (integer or decimals in a valid range) when|sent as variables as
when sent as literals (fixed numbers). The terminators and delimiters
of HP-GL statements must be sent to the plotter too. The method of
defining output format and variable precision varies from computer to
computer. Refer to your computer manual for the appropriate format
statements that may be needed in your program.

The following BASIC program illustrates the use of variables in plot-
ting a circle and shows how PRINT statementsjcan be used to send
variables as parameters of HP-GL commands. Ypu will use a similar
method if you are programming in another language. Quotation marks
are used by many computers and languages to delimit literal characters.
Note the comma in line 70, which is part of the HP-GL statement to be
sent to the plotter; it is specified as a literal in quotes. With the 7470, a
space may be substituted for the literal comma, shown in quotes. If
your computer automatically sends spaces between variables, these
spaces will delimit the coordinate parameters and a literal comma or
space will not be necessary. Since scaling is tur#ed on in line 20, the
fractional portions of the variables X and Y are used by the plotter.
When the plotter is not in scaled mode, fractional portions are truncated
by the plotter. Unless you are writing software top be compatible with
other HP plotters such as the 9872, it is not |necessary to add a
formatting statement to assure variables are sent as integers by your
computer.

To run this program, be sure to change line 10 as necessary for your
computer to define the plotter as the system printer. Also, if PI is not a
function recognized by your computer, add a line before line 40 to
define PI as a variable (PI = 3.1416).

10 PRINTER IS 705,80

20 PRINT "IN;SP1;IP1000,1000,8000,6000;"
30 PRINT "SC0,235000,0,25000;"

40 FOR T=0 TO 2¥PI+PI-20 STEFP PI-/20

50 ®=4.5%1000%C0S(T)+12500

60 ¥=4.5%1000%SIN(TI+12500

70 PRINT “PR",x,",",¥,";PD;"

B0 MNEXT T
90 PRINT "PRU,SPO;"
100 END
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The Circle Instruction, CI .
IIRITAILE  The circle instruction, CI, provides the means to draw a

circle of a specified radius and chord angle. It is only included in the ___
instruction set of RS-232-C plotters that have the serial prefix number
2308A or higher.

m The instruction can be used to generate circles with a single
command. All computations are internal to the plotter to reduce com-
puter overhead.

SYNTAX ) gy itrs (, chord angle) terminator

90° I
CIRCLE
STARTING POINT:
RADIUS + o
180° —— 0°
CIRCLE /‘ ,,,,,
STARTING POINT:
RADIUS -
CURRENT PEN POSITION
270°

FGEVEMINE  The radius parameter can be a positive or negative

number in integer format. Its sign 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. The current pen
position is the center of the circle. If scaling is off, the radius is in
plotter units. If scaling is on, the radius is in user units. If user units
are not the same size in the X- and Y-directions, ellipses will be drawn.

The chord angle parameter is in integer format and governs the
smoothness of the circle. It is interpreted as degrees and sets the
maximum angle subtended by a chord that is drawn to represent an
arc segment of the circle, as shown below. The actual angle used may
be changed by the plotter so that all chords are the same length. The
sign of the parameter is ignored, except to set the maximum in-range
limit to —32 768 or +32 767. -
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ﬁDESIRED CIRCLE

CHORD

CHORD AN

GLE

The most useful chord angle values range from 0 to 180; where 0

produces the smoothest circle and larger numbers

progressively reduce

the number of chords used. Values from 180 to 360 work just the
opposite; i.e., larger numbers progressively increase the number of

chords used and 360 produces the smoothest circle

This pattern follows

modulo 360 through the permitted range of —32768 to —32767. Specify-
ing out-of-range parameters sets error 3 and the command is ignored.

The following strings of HP-GL instructions, when sent to the plotter
using your computer’s output statements, show the effect of different

chord angles.

"IM;SP1;IP2850,1325,7650,5325;"
“SC-100,100, -100, 100; "
"PA-S0,40;CI30,45;"
WPAS0,40;CI30,30;"
"PA-50,-40;CI30,15;"

"PASO, -40;CI30,5;"
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O O

45 DEGREE CHORD ANGLE 30 DEGREE CHORD ANGLE
15 DEGREE CHORD ANGLE 5 DEGREE CHORD ANGLE -

The circle instruction includes an automatic pen down feature. When a
circle command is received, the pen lifts (if it was down), moves from
the center of the circle to the circle starting point on the circumference,
lowers the pen, draws the circle, then returns, pen up, to the center of
the circle. After drawing the circle, the pen assumes the pen state (up or
down) that was in effect prior to the circle command. To avoid drawing
lines to the center of the circle, move to and away from the circle’s
center with the pen up.

Circles are drawn within the defined window, with clipping occurring
outside the window limits. Drawing circles within the window conforms .
to the definitions given for plotting under the PA instruction.

Each chord of the circle is drawn using the currently defined line type.
Refer to The Line Type Instruction, LT, in Chapter 4. -

To demonstrate some of the features of the circle instruction, the follow-
ing strings of HP-GL instructions draw various circles with different
line types, radii, and starting points.

"IM;S5P1;IPZE50,1325,7650,6325;"

"SC-100,100, -100G,100;"

"PAO,O;LT;CI10,5;LT0;CTI-20,5;LT1;CI30,5;"

MLTZ;CI-40,5;LT2;CI50,5;LT4;CI-60,5;LTS;
cI70,5;LTE;CIBQ,S;"
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The following BASIC program shows that the circle instruction can
also be used to define a series of circles that must be repeated in a
particular pattern.

10 PRIMTER IS 10
70 PRINT "IM;SP1;IP2650,1325,7650,6325;
30 PRINT "S5C-1000, 1000, -1000,1000;"

40 PRINT “PA-800,800;"

50 GOSUB 130

D PRINT "PAZ00,B800;"

70  GDSUB 130

80  PRINT "PA-800, -200;"

90 GOSUB 130

100 PRINT “PAZOO, -200;"

110 GOSUB 130

120  END

130 PRINT "CIS50;PRE00,0;CIS0;PR-300, -300; CI250;"
140  PRINT "PR-300, -300;CIS0;PRE00, 0;CISO}"
150 RETURM

Line 10 defines the select code of the interface; change this statement
as necessary for your computer.
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Lines 20 and 30 define the plotting area and perform user-unit scaling.

Line 40 moves the pen to point (—800,800) to locate the starting point of
the first pattern.

Lines 130 and 140 contain the subroutine necessary to draw the
pattern. First, a 50-unit radius circle is drawn, followed by a relative
move of 600 units in the X-direction where another 50-unit radius
circle is drawn. A move of —300 units in X and —300 units in Y
locates the center of the 250-unit circle. The last two 50-unit circles
are drawn with the moves shown in the listing.

Lines 60, 80, and 100 locate the starting points of the other three
patterns.

START
PA (-800,800)
PA (200,800)

O O O O

O O O O

PA (-800,-200) PA (200.-200)

O O O O

O O O O
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-~ The Arc Absolute Instruction, AA
NI The arc absolute instruction, AA, provides the means

- to draw an arc with the center point located at|a specified absolute
point. The arc can be drawn clockwise (CW) or counterclockwise (CCW),
subtends the specified arc angle, and conformsg to the specified or
default chord angle. It is only included in the instruction set of RS-232-C
plotters that have the serial prefix number 23084 or higher.

EEE The instruction can be used to draw am arc of any radius,
length, and smoothness with a single command. The arc is drawn from
the current pen position, and its center point is located by absolute X,Y

coordinates.
SYNTAX Y X-coordinate, Y-coordinate, arc angle (, chord angle)
terminator
CURRENT PEN ABSOLUTE X, Y
'/_‘ POSITION COORDINATES (ARC CENTER]
/ CHORD ARC ANGLE
ANGLE
ABSOLUTE X, Y
COORDINATES CURRENT
{ARC CENTER) PEN
POSITION
CHORD
ANGLE

The AA instruction requires that both X- and Y-
coordinates be specified (coordinate pair) in integer format. They are
interpreted as plotter units if scaling is off or as user units if scaling is
on. The X- and Y-coordinates locate the center of the arc and may be
located on or off the plotting surface. The current pen position is the
starting point of the arc.

The arc angle is in integer format. It is the angle, in degrees, through
which the arc is drawn: a positive arc angle draws CCW from the
current pen position; a negative arc angle draws CW from the current
pen position.

The chord angle parameter is in integer format and governs the
smoothness of the arc in the same way as defined under the circle

instruction, CI. The sign of the parameter is igndred, except to set the
maximum in-range limit to —32 768 or +32767. The default chord angle

is 5 degrees.

Unlike circles, arcs are drawn using the previously commanded pen
state (up or down) and line type. If no pen state has been commanded
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since initialization, pen up is assumed. If no line type has been
commanded, a solid line is drawn.

Arcs are drawn within the defined window, with clipping occurring
outside the window limits. Drawing arcs within the window conforms
to the definitions given for plotting under the PA instruction.

All parameters must be integers in the range —32 768 to 32 767. Specify-
ing out-of-range parameters sets error 3 and the command is ignored.

The following BASIC program demonstrates the use of the AA
instruction.

10 PRINTER IS 10
20 PRINT "IN;SP1;IP2ZE50,1325,7650,6325;"
30 PRINT "SC0,100,0,100;"

40 PRINT “PHRO,Z0;"

50 FRINT "PD;PARO,40;HAD, 50, 180; PAO, 80; "

(1e] PRINT "AAO,100,90;PA40,100; AR50, 100, 180;PABG, 100;"

70 PRINT "AA100,100,30;PH100,E0;RAR100,50,180;PAR100,20;"
2o PRINT "ARAR100,0,30;FAED, 0;ARS0, 0, 180;PAZ0, 0;/AC, 0,90;"
S0 PRINT “PU;PHSO,50;CI30;"

100 END

Line 10 defines the select code of the interface; change this statement
as necessary for your computer.

Lines 20 and 30 initialize the plotter and establish user-unit scaling.

Lines 40 and 50 move the pen to the point 0,20, lower the pen, and draw
to the point 0,40, where a 180-degree arc is drawn counterclockwise,
centered at 0,50. The pen is then instructed to draw to the point 0,80.

Lines 60 through 90 continue drawing the figure, clockwise, back to the
point 0,20, and finish with the circle centered at the point 50,50.
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(0.80)

CIRCLE CENTER

(50,50}
+180° ARC@® o
(0,50}
(0,40)
START
(0,20)

The Arc Relative Instruction, AR
HIRIE  The arc relative instruction, AR, provides the means to

draw an arc with the center point located relative to the present pen
position. The arc can be drawn clockwise (CW) or counterclockwise

(CCW), with a specified arc angle and chord ang

le. It is only included

in the instruction set of RS-232-C plotters that have the serial prefix

number 2308A or higher.

HEE The instruction can be used to draw s
length, and smoothness with a single command.

n arc of any radius,
he arc is drawn from

the current pen position, and its center point is located by relative XY

coordinates.

SYNTAX Bry:» X-increment, Y-increment, arc angle (, chord angle)

terminator
CURRENT X-INCREMENT CURRENT PEN
PEN POSITION,  X-INCREMENT ,__.a__.\/ POSITION

INCREMENT

RELATIVE XY COORDINATE
COORDINATE (ARC CENTER)
(ARC CENTER)

-—t——
I —~CHORD
Y-
Y- INcREMENT § |
|

RELATIVE XY ARC ANGLE

CHORD
ANGLE
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DGWVEVMILE The AR instruction requires that both X- and Y-

increment parameters (coordinate pair) and arc angle be specified.
Increment parameters are in integer format and are interpreted as
plotter units if scaling is off or user units if scaling is on. The X- and
Y-increment parameters locate the center of the arc with respect to the
present pen position. The signs of the increment parameters determine
the relative location of the center of the arc. A positive value locates
that center in a positive direction and a negative value locates that
center in a negative direction. The current pen position is the starting
point of the arc.

The arc center can be located on or off the plotting surface. The arc
angle is in integer format. It is the angle, in degrees, through which the

" arc is drawn; a positive arc angle draws CCW; a negative arc angle
draws CW.

The chord angle parameter is in integer format and governs the
smoothness of the arc in the same way as defined under the circle
instruction, CI. The sign of the parameter is ignored, except to set the
maximum in-range limit to —32 768 or +32 767. The default chord angle
is 5 degrees.

Unlike circles, arcs are drawn using the previously commanded pen
state (up or down) and line type. If no pen state has been commanded
since initialization, pen up is assumed. If no line type has been
commanded, a solid line is drawn.

Arcs are drawn within the defined window, with clipping occurring
outside the window limits. Drawing arcs within the window conforms
to the definitions given for plotting under the PA instruction.

All parameters must be integers in the range —32 768 to 32 767. Specify-
ing out-of-range parameters sets error 3 and the command is ignored.

The following BASIC programs demonstrate the use of the AR
instruction.

10 PRINTER IS 10

20 PRINT "IN;SP1;IP2Z650,1325,7650,6325;"

30 PRINT "SC-100,100, 100, 100; "

40 PRINT "PA-80,-50;FD;AR0,80,30;AREBD, O, 30;PU; "
S0 END

Line 10 defines the select code of the interface; change this statement
as necessary for your computer.

Line 20 enters the P1 and P2 points on which to scale the plotting area.

Line 30 scales the plotting area into user units.
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Line 40 moves the pen to the point —80,—50, draws a 90-degree CCW arc
centered 0,80 units relative to the present pen position, then draws a
90-degree arc centered 80,0 units relative to the 0,30 absolute pen posi-
tion. Note that a pen down command, PD, is required to draw the arc.

(-80,30) r—-————"~"~—"—"~"~"~"""~"~" T ~"~"~"~"~"~"~—~——-

(-80,-50)
START

10
20
30
40
30

(-100,40) (-40,40}

PRINTER IS 10
PRINT "IN;SP1;IP2650,1325,7650,6325;"
PRINT "SC-100, 100, -100,100;"

1

‘~\\\\~____J

(80,30)

(80,-50)

PRINT "PA-100,40;PD; PRED, 0;RARO, -40, -30; AR40, 0, 90; PRED, O; FU;"

END

In this example, line 40 moves the pen to the point —100,40, lowers the
pen, and plots 60,0 units relative to the previous pen position, —100,40.
It then draws a 90-degree CW arc centered at 0,—40 units relative to the
new —40,40 pen position, and follows it with a 90-degree CCW arc
centered 40,0 units relative to the 0,0 pen position, the endpoint of the
first arc. Finally, it plots 60,0 units relative to the pen position 40,—40,

the endpoint of the second arc.

o ——— ———

{100,-40)

(40,0
{-40,0) _,l
[
I
|
|
|
1
{40,-40)
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Chapter 4

Enhancing the Plot

What You’ll Learn in This Chapter

Now that you can draw lines, you are ready to create your own plots. In
this chapter you will learn how to enhance youre}alots by using HP-GL
instructions to draw tick marks on axes or create grids, draw a symbol
or character of your choice at each data point,| and draw dashed or
dotted lines. All these enhancements will make your data easier to
interpret.

HP-GL Instructions Covered

XT The X-Tick Instruction

YT The YTick Instruction

TL The Tick Length Instruction
SM The Symbol Mode Instruction
T The Line Type Instruction
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The Tick Instructions, XT and YT

DESCRIPTION [yRates instruction, XT, draws a vertical X-tick at the

current location. The tick instruction, YT, draws a horizontal Y-tick at
the current pen location.

m These instructions can be used to draw tick marks on axes,
draw grid lines by making the tick length 100%, or draw horizontal or
vertical lines either centered on or ending at the current pen position.

SYNTAX B¢k (terminator)

or
YT (terminator)

SIFEVEMILE Neither instruction requires parameters; numeric

parameters are ignored. The terminator should be included to complete
the command.

The tick mark will be drawn at the current pen position whether the
pen is up or down.

The tick length is specified by the tick length instruction, TL. If no tick
length is specified, the length defaults to 0.5% of (P2x — P1x) for YT or
0.5% of (P2y — Ply) for XT for each (positive and negative) portion of
the tick. Refer to The Tick Length Instruction, TL, which follows.

The following example draws a horizontal line 3000 plotter units long,
places X-ticks at the endpoints and at X-locations 1200 and 2200, and
raises and stores the pen.

"IN SP2; PA20D0O,500;P0; XT; PR1000O, 0; XT ;"
"PR1000,0; ®XT; PR1000O, 0; xT; PU; SPO;"

]

The Tick Length Instruction, TL

The tick length instruction, TL, specifies the length of
the tick marks drawn by the plotter. The tick lengths are specified as a
percentage of the horizontal and vertical distances between the scaling
points P1 and P2.

m The instruction can be used to set the length of both positive
and negative portions of tick marks. The instruction can be used with
only one parameter to suppress the negative portion of a tick mark, or
with a first parameter of zero to suppress the positive portion of the
tick. Setting the tick length, tp, to 100 enables the user to draw grids
easily, using XT and YT instructions.
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SYNTAX By» tp (,tn) (terminator)

or
TL (terminator)

EXPLANATION Jz¥s parameters must be betwee

Use of positive parameters is recommended. F
parameters will be between 0 and 100.

The up and right tick length, tp, determines the

portion of the tick marks drawn along the X-a3

portion of the tick marks drawn along the Y-a
lower-left corner.

n —128 and +127.9999.
or most applications,

length of the upward
xis and the right-side
xis, taking P1 as the

The down and left tick length, tn, determines the length of the down-
ward portion of the tick marks drawn along the X-axis and the left-side

portion of the tick marks drawn along the Y-a
lower-left corner.

The values specified by parameters tp and tn a

vertical scale length (P2y ~ Ply) when used wit
and a percentage of the horizontal scale length
with the YT instruction. Note the actual tick leng
scaling established by P1 and P2, and the length
Y-axes will be different even if the same tick leng
specified for both XT and YT, unless the area de¢
square.

The plotter, when initialized, automatically sets

xis, taking P1 as the

re a percentage of the
h the XT instruction,
P2; — P1x) when used
rth is a function of the
of ticks on the X- and
th percentage value is
fined by P1 and P2 is

the tick length values

to 0.5% of the scaling lengths (P2y — Ply) and (P2x — Plx). A TL
command with no parameters will default to the same values. A TL

command with only one parameter specifies th
will be zero. A negative tp parameter will draw

would be drawn by a tn with a positive paramete

e length of tp, and tn
a negative tick just as
r. Likewise, a negative

tn parameter will draw a positive tick. Use of negative parameters is

not recommended both because the results are mo

and programs with negative parameters will n

re difficult to visualize
ot be compatible with

other HP plotters. A TL command remains in effect until another TL

command with valid parameters is executed or a
is executed.

The following example draws both tick marks a
lines are a result of specifying 100% tick lengt
marks on the left-most grid line are drawn using
tick marks on the second grid line have a positiv
no negative tick. The tick marks on the third gri
tick and a negative tick length of 5%. Note that
are drawn by the YT instruction even though th
effect. However, the moves to the next tick locat
pen up, and hence, the grid line is not retraced. A
plot follows.

ENH

n IN or DF instruction

nd grid lines. The grid
h. The horizontal tick
r the default tp,tn. The
e tick length of 1% and
d line have no positive
these last tick marks
1e PU instruction is in
ion are made with the
reduced version of the
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1
10

PRINTER IS 705,80 _
PRINT "IN;PA300,279;SP2;FD; TL100;XT;"

20 FOR I=1 TO 10

30 PRINT "PR10O0O,0;XT;"

40 NEXT I

SO PRINT "TL;PU;PA300,279;FD"

B0 GOSUB 1000

70 PRINT "TL1,0;PU;PR1300,279;FD;"
80 GOSUB 1000

30 PRINT "TLO,S5;PU;PA2300,279;"

10
11

12
10
10
10
10
10
10

0 GOSUB 1000

0 PRINT "PR300,7479;TL100;YT;PU;SPO;"
0 STOP

00 ! SUBROUTINE TO DRAW TICKS

10 FOR J=1 TO 9

20 PRINT "PRO,720;YT;"

30 NEXT J

40 RETURN

S0 END

The Symbol Mode Instruction, SM
DESCRIPTION [P symbol mode instruction, SM, is used with PA and

PR commands, and provides the means to draw a single character
which is centered at the end of each vector.

4-4 ENHANCING THE PLOT



N3] Symbol mode plotting can be used to draw a specified char-
acter at each data point and thus to create scattergrams, geometric
drawings, or multiple-line graphs where lines are easy to differentiate.

ML SM ¢ (terminator)

or
SM (terminator)

DEHEMILE An SM command without parame

mode. When a parameter is present, it is limited
which must be one of the printing characters of
rently selected.

eters turns off symbol
to a single character,
the character set cur-

After an SM command has been executed, subsequent PA and PR

commands function as described in the previous
the specified symbol mode character is drawn at 1
and is centered on the plotted point. (A charact
using the label command, LB, would not be ce
Drawing of the character is independent of the cu
down); the character is always drawn at each poi
and PR command.

The character is drawn according to the character
SM command is executed. The character does not
set is selected. An SM command remains in effe
SM command is executed or an IN or DF comm
size (SI and SR), slant (SL), and direction (DI
affect the character drawn.

An SM command can specify any printing char
33 through 127). The semicolon (decimal value 59)
symbol mode (SM;) and cannot be selected as the
at the endpoint of each vector. Specifying a space
any control character also cancels symbol mode.

The following example shows symbol mode plot
and the pen down as might be used in line graphs
and scattergrams.

MIM;SPT; SM%; PAZOG, 1000;"
"FD40C, 1230,600, 1560, 900, 1670, 1500, 1¢
“PU; SM; PR100, 300; GM3;

"PA300, 500,500, 450,900,850, 1350, 1300
"SM; PR1800,560; FD; SMY; PR3300,1250; "
"SMZ; PR3S00,950; SMY; FA1900,560; PU; SP

ENH/

chapter, except that
he end of each vector
er drawn at a point
ntered on the point.)
rrent pen state (up or
nt specified in the PA

set selected when the
change even if a new
ot until another valid
and is executed. The
and DR) commands

acter (decimal values
is used only to cancel
> symbol to be drawn
(decimal value 32) or

ting with the pen up
, geometric drawings,

500, 2000, 20003 "
L2100, 1350PU; "

:J;“
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Plot showing symbol mode:

33

The Line Type Instruction, LT

UHHIRINLE The line type instruction, LT, specifies the type of line
that will be used with PA and PR commands.

m This instruction can be used with PA and PR commands to
draw dashed or dotted lines. This facilitates trace differentiation on
multiple-line graphs and enables emphasis or deemphasis of plotted
lines or grids. One line type causes only dots to be plotted at each data
point.

SYNTAX By pattern number (,pattern length) (terminator)

or
LT (terminator)

FIHEVEUIUE  Shown below are the line patterns and their pattern

numbers.

0- specifies dots oply-at the points that are plotted.
1- e : :

One pattern length

No parameter {Default Value)

The shaded portion of each of the line patterns above is one complete
segment of the pattern.
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The pattern number parameter is in decimal form

at but is truncated to

an integer. This parameter should be between 0 and 6; a parameter in
this range sets the line type as shown in the preceding illustration. A

parameter in the range 7 to 127.9999 is ignored; 1

he line type does not

change and no error is set. A parameter 128 or greater sets error 3 and
the line type does not change.mA negative parameter between 0 and
—128 defaults to a solid line type and no errar is set. A negative
parameter less than —128 sets error 3 and the line type does not change.

When the first parameter is between 0 and 127.9999, the second param-

eter is used. This optional pattern length par
format. Both integer and fractional parts are
specifies the length of one complete pattern and i

meter is in decimal
sed. This parameter
s expressed as a per-

centage of the diagonal distance between the scaling points P1 and P2.
When this parameter is positive and less than 127.9999, the pattern
length is set to this length. When this parameter is negative or is
greater than or equal to 128, the previous pattern length is used and

error 3 is set. If a pattern length parameter is not
4% is used.

specified, a length of

NOTE: If a vector ends in the pen-up portion of thie pattern, a pen down

command, PD, will not physically put the pen

down until the next

vector command is executed and the pen has moved so it is in a pen-

down portion of a pattern segment. The pen up
carry-over portion of a pattern segment. B

Comp uterl

Museum

command clears the
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Chapter 5

Labeling

What You’ll Learn in This Chapter

In this chapter you will learn about character sets and labels used to
create effective annotated graphics. You will learn how to designate
and select character sets, how to use the label instruction with both
constant and variable parameters, and how to set the size, slant, and
direction of labels. Character spacing, moving the pen any number of
character widths and/or lines, and designing your own characters will
also be discussed.

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
DT The Define Terminator Instmctlon
LB The Label Instruction :

DI The Absolute Direction Instructlon
DR The Relative Direction Instruction
CP The Character Plot Instruction =+
SI The Absolute Character Size Instruction
SR The Relative Character Size Instruction
SL The Character Slant Instruction

*UC The User Defined Character Instruction

Terms You Should Understand

Label Terminator — the final character in every label string; it takes
the plotter out of label mode so that characters are no longer drawn but
are again interpreted as HP-GL instructions and parameters. Its default
value is the ASCII character ETX (decimal equivialent 3), but it may be
redefined using the DT instruction.

Character Space Field — the space occupied by |a single character, to-
gether with the space between it and the next character and the space
above the character which separates it from the previous text line.

*Not available with Option 003.
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Plotter Character Sets L

The plotter has the capability of lettering with any of five internal
character sets. Each of the character sets has identical upper- and
lowercase alphabetic characters and identical numerals. The symbols
and punctuation marks vary from set to set, making annotation in
several languages possible. The plotter, when initialized, automatically
sets both the standard and alternate sets to ASCII character set 0
which follows:

CHARACTER SET O

| "#$ZR O %+, —, /0123456783:; <=>7@
ABCDEFGHIJKLMNOPQRSTUVWXYZ[\] " _°
abcdnghiJklmnopqrstuvwxyz{!}"F

Some examples of annotation in foreign languages are found below.
Notice that the label string in the HP-GL label command shows the
character in the character set of the keyboard on which the command
is entered or uses the CHRS$ function if that ASCII character code is
not available on the computer’s keyboard.

"ZSZ;LBED & DRU"ECHRS$(1Z3)4" BER&"

50 & DRUBER —

"CS4;LBRsu compan" &CHR$ (124 38" ia?&"

sy comp©m1©? —

"C53;LB35-50 A"ACHR$ (124 08" RE"

35-50 AR B

Shown next are the symbols which vary from set to set. The plotter will .
perform an automatic backspace before drawing any of the shaded
symbols. Therefore, when an accented letter is required, the letter
should be entered first, followed by the accent.
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Decimal | Set 0 Get | Get 2

ASCIT Set

Get 3 Get 4

V(]]UE Standard 9325 French/German| Scandinavian |Spanish/Latin

American

33 #
39 ’
g1 [
g2 \
93 ]
94 i
95
96 '
123 {
124 l
125 }
126 ~

~ bt

0
E
o
®

The Designate Standard Character Set

Instruction, CS
DESCRIPTION Jyits designate standard charact

provides the means of designating one of the
through 4) as the standard character set.

r set instruction, CS,
ve character sets (0

N The instruction can be used to change the standard character

set to one with characters appropriate for your

pplication. It is espe-

cially useful when labels are in a language other than English.

MUMEM ¢S  character set number (terminator
SGAEUINDNE  The character set number can b

designated by the CS instruction is used for a
when the standard set is selected by the SS instru

e 0 through 4. The set
Il labeling operations
ction or by the control

character shift-in (decimal equivalent 15) in a label string. Character

set 0 is automatically designated as the standar
ever the plotter is initialized or set to default value

A CS command executed while the standard set
diately change the character set used for lab

d character set when-
S.

is selected will imme-
eling. CS commands
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executed while the alternate set is selected will not change the set used
for labeling until the standard set is selected.

+ A command CS with no parameters defaults to set 0. A CS command
with an invalid first parameter will set an error condition (error 3), and -
the command will be ignored.

The Designate Alternate Character Set
Instruction, CA

IRMHIJIILE The designate alternate character set instruction, CA,
provides the means of designating one of the five character sets (0
through 4) as the alternate character set. .

m The instruction can be used to provide an additional character
set that can be easily accessed from a program, especially when a
single label contains characters found in two different sets.

MUY CA  character set number (terminator)

The character set number may be from 0 through 4.
The set designated by the CA instruction is used for all labeling opera-
tions when the alternate set is selected by the SA instruction or by the
control character shift-out (decimal equivalent 14) in a label string.
Character set 0 is automatically designated as the alternate character
set whenever the plotter is initialized or set to default values.

A CA command executed while the alternate set is selected will imme-
diately change the character set used for labeling. CA commands
executed while the standard set is selected will not change the set used ___
for labeling until the alternate set is selected.

A command CA with no parameters defaults to set 0. A CA command
with an invalid first parameter will set an error condition (error 3), and
the command will be ignored.

The Select Standard Set Instruction, SS
IINHIHNIE The select standard set instruction, SS, provides the

means of selecting the standard set designated by the CS instruction as
the character set to be used for all labeling.

The command may be used to shift from the currently desig- -
nated alternate character set to the currently designated standard
character set so characters in another set may be accessed. Using the
control character shift-in inside a label string is equivalent to executing  ——
this command.

LN SS  (terminator)
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F(ELTENDIE  No parameters are used. Any parameters which follow

the instruction are ignored and the standard set

betic parameter will be interpreted as the firs

mnemonic and may, therefore, cause an error 1 to
of the SS instruction.

The standard ASCII character set (set 0) is au

when the plotter is first turned on, initialized, or

The standard set can be selected within a label ¢
the ASCII control character for shift-in (decimal eq

The Select Alternate Set Instru

UMM The select alternate set instructi

means of selecting the alternate set designated by

instruction as the character set to be used for all 1
N The command may be used to shift fro

is selected. An alpha-
rbc letter of the next
occur after execution

itomatically selected
set to default values.
ommand by sending
uivalent 15).

ction, SA

on, SA, provides the
v the most recent CA
eling.

the currently desig-

nated standard character set to the currently designated alternate
character set to access characters in a second set} Sending the control
character shift-out inside a label string is equivaﬂent to executing this
command.

SYNTAX Y\ (terminator)
RGEELLMINE No parameters are used. Any parameters which follow

the instruction are ignored and the alternate set is selected. An alpha-
betic parameter will be interpreted as the firgt letter of the next
mnemonic and may, therefore, cause an error 1 to occur following execu-
tion of the SA instruction.

The command should be executed prior to executing a label statement
whenever the alternate character set is to be used. The alternate set can
be selected within a label command by sending the ASCII control char-
acter for shift-out (decimal equivalent 14). Shift-in and shift-out are
particularly useful when a line of text must be composed with symbols
from two character sets.

character sets where
kspace. The shift-out
he alternate set.

The following commands label using two different
the underline is drawn with and without a bac
character is used to change from the standard to t}

"SSPz CSO;CAY; S5 LBS_E_T_0_%5_E_T_4_&'

S E_T D _SET4
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The Define Terminator Instruction, DT

NI The define terminator instruction, DT, provides the
means to specify the character to be used as the label terminator.

N The command can be used to change the label terminator from
its default value if ETX (decimal equivalent 3) cannot be used by your
computer.

SYNTAX I ViR (terminator) where t is the label terminator.

FGICLTIIE The label mode can only be terminated by sending a
label terminator at the end of the label character string. ASCII control

characters (decimal equivalent 1 through 32) can be defined as label
terminators and will not print when invoked, although the function
normally performed by the character will be performed (i.e., LF will
terminate a label but will also cause a line feed). ASCII characters with
decimal equivalent values 33 through 127 can also be defined as the
terminator, but the character will be printed at the end of the label
character string. The ASCII control characters NULL (decimal equiva-
lent 0) and ESC (decimal equivalent 27) cannot be used as label termi-
nators. Also in the RS-232-C environment, ENQ (decimal equivalent 5)
is not a valid terminator.

NOTE: A DT command with no parameter does not establish ETX as
the default terminator, since the character immediately following the
mnemonic DT is taken as a parameter. Only a DF or IN command or
use of the ETX character itself as the instruction’s parameter can be
used to reestablish ETX as the label terminator. m

The following examples of text in a label command demonstrate the
use of the label terminator.

"IMN;SPZ;SC0O,5000,0,5000;"

“PAD,4500;LBDefault control character ETHSRYR"
"LBterminates hy performing end-Sleg"

"LBof-text function.s"

"PHRC, 3300;0T#;LBPrinting characters terminate,qL#"
"LBbut are also printed.#"

“PRC, 3400;D7%; LBControl characters terminatetR"
"LBand perform their function.®"
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The Label Instruction, LB
DESCRIPTION IvREYS| instruction, LB, provide

text, expressions, or string variables using the cy

Default control charact
terminates by perFormih
of-text function.

Printing characters ter
#but are also printed.#

Contral characters term
and perform their funct

acter set.

IEE The label instruction can be used to ann
text-only overhead transparencies.

MM 7B c.ct

where t is the label terminator, ¢
character (decimal equivalent 3),
defined by the DT instruction.

er ETX
g end-

minate,

inate
ion.

2s the means to letter
irrently defined char-

tate graphs or create

ither the default ETX
or another character

EXPLANATION mNi printing characters following the 1.B mnemonic

are drawn using the currently selected characte

r set. The set used is

specified by the commands CA or CS and selected by the commands

SA or SS, or the ASCII control characters shift-o
equivalent 14 and 15 respectively). If not specified
set (set 0) 1s used.

The direction, size, and slant of the characters ass
not previously specified by DI, DR, SI, or SR comn

The label mode can be terminated only by sendi;
at the end of the character string. Refer to The ]
struction. (With an HP-IB interface, the bus com
IFC, device clear DCL, or selected device clear ST
label mode. Refer to Bus Commands, Chapter 10.
is terminated, subsequent HP-GL commands wi
your plot.

The label begins at the current pen position. Bet
command, the pen should be moved to the locatig

begin using one of the plot commands (PA, PR

command CP) or by front-panel controls. This est

ut or shift-in (decimal
the default character

sume default values if
nands.

ng a label terminator
Define Terminator In-
mands interface clear
C will also terminate
Unless a label string
11 appear as labels in

fore executing the LB
n where labeling is to
, or a character plot
ablishes the lower-left
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corner of the first character space and the carriage-return point. After
lettering a character, the pen stops at the lower-left corner of the next
character space as shown below. For a further explanation of character
spacing, refer to Spacing Between Characters in this chapter.

—»| WIDE |[-—

—-

T

CHARACTER . SPACE .

STARTING
POINT

LINE

AN

When the plotter receives the character, carriage return, while in label
mode, it returns to a defined carriage-return point. The carriage-return
point usually reflects the pen’s position when the preceding LB instruc-
tion was executed. The carriage-return point is updated to the current
pen position whenever:

e one of the following instructions is executed: PA, PR, DI, DR, AA,
AR, RO, DF, or IN.

e you use the front-panel CLEAR and RESET function keys or use the
pen controls to move the pen to a new point.

Labeling with Variables

In some applications, it is desirable to label the plot using variables
rather than literals to define the label string. Many different conven-
tions are used in different computer languages and computers to define
variable length and the character 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 conven-
tions used to define the output character field.

Quotation marks are used by many computers to define the literal char-
acters that are to be sent, but variables are not included within quo-
tation marks. The comma is used by some computers as a delimiter
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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 tolestablish 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 when using variables for labeling. When|the value of X is 50,
the labels shown are produced by the given HP-GL instructions. The
first statement causes the plotter to label the valufof X, X+1, and X+2.
Blank spaces between the printed integers normally include space for
the sign which may or may not be printed depending on your computer.
The number of blank character-field spaces may vary with different
computers.

LB, K, X1, K42, RN

50
L [ Is 1.I I52

BLANK CHARACTER FIELD SPACE$S

The following example illustrates the closer spacing achieved in BASIC
when semicolons separate variables in labeling commands. The semi-
colons between the variables cause suppression of blank spaces. The
space between the printed integers varies with different computers, but
normally includes the sign space.

|
HLBH;X;X+1;K+2;H§H I
|

S0 51 532

Any spaces required to fit into the context of the item being labeled
must normally be sent enclosed in quotes. The following example labels
the same variables as above, but with four extra spaces between each
of the integers. Note that four spaces enclosed in quotes are sent be-
tween each variable, but the semicolon suppreTses unwanted blank
spaces.

“LB“;X;“ ||;><+1;|| ||;><+2;II§‘II

50 51 52
I R

j I FOUR EXTRA SPACES
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The Absolute Direction Instruction, DI
NSIITRINE The absolute direction instruction, DI, specifies the

direction in which characters are lettered.

The instruction can be used to change the direction of labeling
to a new absolute direction; by absolute we mean independent of P1,P2
settings. It is especially useful for labeling a Y-axis or labeling a
vertical graph.

MY D/ run, rise terminator

or
DI terminator

RGENENILY Run and rise are in decimal format, 0 to +£127.9999,

and specify the direction according to the relationship:

rise
run

6 =tan™!

where:

rise = SIN (6)
RISE run = COS (6)

At least one parameter must be effectively nonzero, i.e.,| = 0.0004|.

A DI command with a rise parameter of zero will produce horizontal
labeling. A DI command with a run parameter of zero will produce
vertical labeling.

A DI command with no parameters will default to the values DI 1,0
(horizontal). A DI command with only one or more than two parameters
will set an error condition and the instruction will be ignored.

A change in the orientation of P1 and P2 will not affect the direction of
labeling. A DI command remains in effect until another DI, DR, IN, or
DF command is executed, or the plotter is initialized from the front
panel.

A DI command updates the carriage-return point to the current pen
position.

When the angle, 6, necessary to establish the desired label direction is
known, the command DI cosf, sinf can be used to establish label
direction.

5-10 LABELING



The following example labels the years 1978 through 1985, in a circular
pattern starting with vertical labeling. The direction in which each
year is labeled is changed by 45 degrees. Then thie labels in the center
are drawn to illustrate the use of cosine and sine values as parameters.
The label _*_2000 contains both a carriage return and a line feed
character before the label terminator, ETX, so the pen position at the
end of that label is one line below the beginning of that label. The fact
that DI commands update the carriage return point can be clearly seen
by observing the pen’s position at the end of the program. The final
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
command.

“IN; 8PZ;PA1050,4450;"
"DIO,1;LB_%_1978& DI1,1;LB_x_1973&"
“DI1,0;LB_%_1980% DI1,-1;LB_%_1981%"
"DIO,-1;LB_%_1982% DI-1,-1;LEB_%_1983%"
"DI-1,0;LB_%_1984% DI-1,1;LB_x%_1985%"
"PA1500,5350; 01", C0S(0),SINCOY;"UB_%_2000%Y&"
"DIt,COS(-45);;SIN(-45);"LE_RETURN POINTS&"

49_?—1?80\*
FINAL PEN POSITION = >Q V\Q
CARRIAGE RETURN P0|NT\“‘&A_*_20(]0 S,
@ |
0 *
a &, L
1 % ©
* /pA 03]
N (34
. *\ L — 06
‘ LCLIE

NOTE: Check the format of the COS and SIN functions on your
computer, and change these accordingly. Also, L::heck your computer
documentation to see how your computer interprets angles. If angles
are interpreted as radians, you need to change to degrees before using
the COS and SIN functions. On the HP Series 80 computers, execute
the BASIC statement DEG. m

koo

The Relative Direction Instruction, DR

IIRIAIINE  The relative direction instruction, DR, specifies the direc-
tion in which characters are lettered.
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The instruction can be used to change the direction of lettering
from its default direction, horizontal, to a direction which is relative to
P1,P2 settings. It is useful when creating graphs which will be plotted
in several sizes and you want labels to have the same relationship to
the data on all plots.

SYNTAX EsYz; run, rise terminator

or
DR terminator

FIGELEMME Run and rise are in decimal format, 0 to +127.9999,

and specify the label direction according to the same relationship
specified in The Absolute Direction Instruction, DI.

Run and rise specify a percentage of the algebraic distance between P1
and P2 where run is the desired percentage (—128 to 127.9999) of
P2y — Plx, rise is the desired percentage (—128 to 127.9999) of P2y — Ply,
and P1 and P2 are the scaling points.

If you imagine the current pen position to be the origin, the sign of the
parameters determines in which quadrant the lettering will be. In the
example below, rise and run assume all combinations of *1 with
default P1 and P2.

oo
4’0 f( C\‘\
2, | €
RISE 0 | © RIsE
o T
I~ %,
Yo by
" 0,1/

A change in P1 or P2 will affect the direction of lettering. Refer to the
section Parameter Interaction in Labeling Commands.

A DR command remains in effect until another DR or DI command or
an IN or DF command or front-panel initialization is executed.

A DR command with no parameters will default to the values DR 1,0
(horizontal).
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Specifying both parameters as zero will set erroz
one or more than two parameters will set error 2.

such instructions.

Spacing Between Characters

r 3, and having only
[he plotter will ignore

Character spacing and line spacing are functions of character size. In

the diagram below, you can see the relative posit
this case M, within the character space. The char:

ion of a character, in
acter-space field is set

indirectly by the SI command, since the character space height is twice

the character’s height and the character-space w
character’s width. The space above and beside a
comes the spacing between lines and characters. ]
illustrated below.

CHARACTER

SPACE WIDTH = W —»‘ ‘<—
r—— 1%
| |
| |
|

]

vidth is 1% times the
drawn character be-
he character space is

| CHARACTER
SPACE
| HEIGHT = H
CHARACTER |
HEIGHT =05 H |
|
_____ __J\____
CHARACTER  CHARACTER STARTING POINT
STARTING WIDTH OF NEXT
POINT =067 W CHARACTER

When you specify the height of a character in ar
however, you should specify the character heigh
character space.

The Character Plot Instructior
RGAINE The character plot instruction, C

specified number of character-space fields.

NI The instruction can be used to move thl

1 ST or SR command,
t, not the height of a

, CP

P, moves the pen the

e pen any number of

tting surface, to align
tify a label. Thus, the

character spaces or lines from a point on the plo
with a left-hand margin, or to center or right-jus
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label can be moved slightly above or below a line, spaces or lines can
be inserted in text, or labels can be centered.

CP # of character-space-field widths, # of character-space
field heights terminator —
or
CP terminator

EXPLANATION gt parameters are specified, a CP command per-

forms a carriage return and line feed, moving one character-space-field
height down and returning to the margin defined by the carriage-
return point. The carriage-return point is the last point moved to using
either a PA, PR, PU, or PD command or front panel controls, or the pen
position at the last DI or DR command. Refer to The Label Instruction
in this chapter.

When parameters are specified, the CP command moves the pen the
specified number of character-space-field widths to the right (a positive -—
value) or the left (a negative value). Note that right, left, up, and down
are relative to the label direction, where a positive value means from P1

toward P2. This is shown below. —
UP (+)

}

LEFT (-)—— | ABEL DIRECTION, DI1, 0—=RIGHT ) —

DOWN (-)

DOWN (-)
RIGHT (=0 “T-10 °“NOILJI3NIA 139V T LeFT ()

UP (+)

The pen’s position (raised or lowered) does not change when a CP com-
mand is executed. The parameters must be = —-128 and < +128.
However, since there are approximately 90 character-space-field widths
and 40 character-space-field heights on the plotting surface, assuming
default sizing, the effective parameter range that will keep the labels on
the medium is considerably less, depending on the pen position at the
given time.

The use of the CP command to produce lettering along a line, but not
on top of it and alignment with a left-hand margin is illustrated in the
following program. The CP command in the second line moves the —-
label slightly above the line. The CP command in the third line moves
the label slightly below the line and the CP command in the last line
performs a carriage return, line feed to the margin established by the
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The Absolute Character Size
- Instruction, SI

plot command in the second line. Inserting carriage return and line

feed characters directly into the label string in the
same effect as the CP; command in the last line. 1

and line feed characters are available on your
prefer that method.

"DF 3 SP1;PATOCE, 1000PDPRINOG, OPU; PR -3¢

"CP5,.35;LBABOVE THE LINES% PRZ000,10
"XT;CPO,-.95;LBBELOW THE LINESY“AND W
"CP; LBMARGI N&"

5 CHARACTER
SPACE
WIDTHS

~2™% ABOVE THE LINE

third line causes the
f the carriage return
keyboard, you may

D00, 03"
lj; M
ITH A NERTS"

/'BELUW THE LIN
AND WITH A NE
- 1000 , 1000 2c’(’("“’ooMARGIN

NIMIISIIE  The absolute character size instruction, SI, specifies the

size of characters and symbols in centimetres.

JN®B The instruction can be used to change t}je

its default value or to another value and establi
sizing in centimetres so character size is not depe
of P1 and P2.

SYNTAX BG4 width, height terminator

or
SI terminator

character size from
h absolute character
ndent on the settings

EXPLANATION ¢y parameters are included, tw¢ parameters are re-

quired, width and height. The defined width and !
as centimetres, must be in decimal format, and
between —128 and 127.9999. An SI command wit

height are interpreted

may have any value
h no parameters will

default to the values 0.19 for width and 0.27 for height.

An SI command remains in effect until another
mand is executed or the plotter is initialized or set|
An SI command which sets an error conditio
character size does not change.

The following example letters the plotter’s model 1
specified width of 1 cm and height of 1.5 cm.

valid SI or SR com-
to default conditions.
is ignored and the

number, 7470A, at the
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"SI1,1.5;LE747CRL" ; 4 ; D /A\

Negative SI parameters will produce mirror images of labels. A nega-
tive SI width parameter will mirror labels in the right-to-left direction.

COMMAND RESULTING LABEL

"SI-.35,.6;LBHP&" CIH

A negative height parameter will mirror labels in the top-to-bottom
direction.

COMMAND : RESULTING LABEL

"SI.35,-.6;LBHP&" Hb

Two negative SI parameters will mirror the label in both directions and
the label will appear to be rotated 180 degrees.

COMMAND RESULTING LABEL
"SI-,35,-.6;LBHP&" CIH

For further information on the effects of negative parameters, refer to
the section Parameter Interaction in Labeling Commands later in this
chapter.

In order to produce legible characters, parameters should be greater
than 0.1. Parameter values above 18 allow a maximum of one character
to be drawn on the paper.

The Relative Character Size
Instruction, SR

UIIHHIJINEE  The relative character size instruction, SR, specifies the
size of characters and symbols as a percentage of the distance between
scaling points P1 and P2.

N3] The instruction can be used to define character size relative to
the distance between P1 and P2 so that if the P1,P2 distance changes,
character size will adjust to occupy the same “relative” amount of
space.

ML SR width, height terminator

or
SR terminator
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EXPLANATION B¢ parameters are included, twa parameters are re-
quired, width and height. The defined width and height are interpreted

as a percentage of the algebraic distance between t
of P1 and P2. The parameters are in decimal form
value between —128 and 127.9999. An SR comman

will default to the values 0.75 for width and 1.5 for

e X- or Y-coordinates
t and may have any
d with no parameters
height, which, when

P1 and P2 are at default values, produces letters the same size as an SI

command without parameters.

An SR command remains in effect until another
mand is executed or the plotter is initialized or set

An SR command which sets an error condition

character size does not change.

The following example shows how changes. in P1

valid SI or SR com-
to default conditions.
is ignored and the

and P2 affect labels

drawn while an SR command is in effect. The upper label is written

with default character size. Then P1 and P2 are
square area with 6000-plotter-unit sides. A new la

changed to define a
bel is drawn. Next a

new SR command is executed with both width and height parameters
set to three percent. Because the area established by P1 and P2 is

square, equal parameters create square letters. Wi
settings, equal parameters do not create square lett

“IN;SP1;PA100, 7000; LBDEFAULT SLZES"
"IP 1000, 1000, 7000, 7000; FR100, BSC0 ;"
"LBMEW P1 AND F2 CHAMGE LABEL SIZES SR3
" PA100,B8000; LBNEW SR COMMAMDS YCHANGES

DEFAULT SIZE

NEW P1 AND P2 CHANGE LABEL SIZE

NEW SR COMMAN
CHANGES LABEL

Either negative SR parameters or switching the re
and P2 will produce mirror images of labels. Refer
Instruction, SI, and Parameter Interaction in Lak
more information on mirroring.

With default P1 and P2, the useful range of widt
eters which produces legible characters and a labe
0.6 to 5.

h default P1 and P2
ers.

)35
LABEL SIZE&"

JDJ
- SIZE

lative positions of P1
to The Absolute Size
eling Commands for

h and height param-
1 of suitable length is

LABELING 5-17




The Character Slant Instruction, SL ——

IIDHTAIIE  The character slant instruction, SL, specifies the slant
with which characters are lettered.

m The instruction may be used to create slanted text, particularly
for emphasis, or to reestablish upright labeling after an SL. command
with parameters has been in effect. 77 N

SYNTAX I AP (terminator)

or
SL (terminator)

FYJELENILE  The instruction may be used with or without param-

eters. When parameters are included, the first parameter is interpreted ~—
as the tangent of the angle from vertical as shown below. Parameters
following the first parameter are ignored. An SL command without
parameters defaults to the same value as SLO and labels are not ——
slanted.

$ﬂ7 Vﬁ o
/

\

The useful parameter range is £0.05 to =2 when using default-size
characters and up to £3.5 for large letters. —

An SL command remains in effect until an IN, DF or new SL command
is received or the plotter is initialized from the front panel.

The following example letters HP at a slant of +45 degrees and —45
degrees.

"DF;SP1;SI1.3,1.8;PR3000,E000;"
"SL1;LBHPS"
"SL-1;PR1300, 0; LBHP&" .

L NN
azd NN\
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- - The User Defined Character
Instruction, UC

LUBIWTIANIIE The user defined character instruction, UC, provides

the means to draw characters of your own design£1t is not included in
the instruction set of the 7470 plotter with an HP-IL interface.

I!EE This instruction can be used to create symbols not included in
the plotter’s character sets, to draw logos, or |to create your own
character fonts.

UC (pen control,) X-increment, Y-increment,(pen control,)
(X-increment,Y-increment,)...,..., terminator
or
UC terminator

BGEVIMULE  The instruction is treated as a N[IOP instruction on a
plotter with an HP-IL interface (refer to Appendix AC).

The following paragraphs apply to plotters with either an HP-IB or

RS-232-C interface.

Each segment of the character is drawn on a character grid according
to the three types of parameters in the command.

A grid is established on each character-space field by dividing it into
six horizontal units and 16 vertical units. The size of the character-
space field and, hence, the grid unit is set by the current size command.
The size of the character-space field and thus the grid is always twice '
the current character height and 1% times the cuyrent character width.
In order to draw a user defined character the same size as a character
drawn with a label command, the user defined character must be de-
signed in the lower-left corner of the grid with a width of four grid units
and a height of eight grid units.

The three types of parameters are described below,

The X- and Y-increments should appear in pairs|and must be greater
than —99 and less than +99. They specify, in|decimal format, the
number of X- or Y-grid units that the pen will move horizontally or
vertically from the current pen position. The parameters need not be
integers; fractional portions are used. Positive X-increment parameters
move the pen in the direction of labeling, i.e., to the right with default
label direction, and positive Y-increment parameters move the pen up
with default label direction. Negative parameters move the pen in the
opposite direction. Unmatched X,Y increments are discarded, error 2 is
set, and the rest of the character is drawn.

Pen control parameters must be less than or equal to —99 or greater
than or equal to +99. A positive pen control parameter lowers the pen; a

LABELING 5-19




negative pen control parameter raises the pen. Use of +99 and —99 is
recommended. Once a pen down parameter has been sent, the pen will
remain down for following X,Y increment moves until a negative pen
parameter is received or the UC command is completed. Upon entry
into a UC command the pen is raised. Each UC command must have
at least one pen down parameter in order to draw anything. A UC
command without a pen down will result in a pen movement of one
character-space field horizontally. When a UC command is complete,
the pen returns to its up/down status as set by PU or PD.

The position of the pen when the UC command is executed becomes the —
character origin point. The initial X,Y increment is relative to the char-
acter origin point and each subsequent move is relative to the last com-
manded pen position. Upon completion of the user defined character, -—
the pen is automatically moved one character-space field to the right of
the character origin point. This point becomes the current pen position
and hence, the character origin point for the next character (if any). @ -—

The following example generates a 3 symbol which is the same size as
an uppercase letter. For comparison, an “E” is drawn with the label
command. The example shows how size commands affect both user
defined characters and labeled characters. The HP-GL commands
appear in quotation marks in the BASIC PRINT statements. Other
BASIC statements, FOR and NEXT, are included in this example.

PRINT "IN;SP2;PA1000, 1000;"

FOR A=.19 TO .89 STEP .1 —
PRINT "SI",A,A%1.4

PRINT "UC4,7,99,0,1,-4,0,2,-4,-2,-4,4,0,0,1;"

NEXT A

PRINT "PR1000,1750;"

FOR B=.19 TO .89 STEF .1

PRINT "5I",B,Bx1.4

PRINT "I|_BES" —
NEXT B

eEEEC C

zZZZ Z 7 >_I 7 .

User defined characters need not fit into a single character-space field.
In the next example, the user defined character takes up more than one
character space. Since this character is to be followed by a label, a CP
command must be added to move the current pen position beyond the
limits of the user defined character. The reference point for parameters
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of CP instructions is the pen position at the completion of the user
defined character, one character-space field to the right of the origin of
the user defined character.

"SP1; PA1000, S000; 51,25, . 4"
"UCO,4,99,1.75,0,1.5,4,3,-8,3,68,3,-9,3,8,3,-8,1.5,4,1.75,0;"
"CP3.25,0;LB1000 ohmsk"

AMA- 1000 ohms

User defined characters are drawn using the cqurent character size,
slant, and direction. It is also possible to change the size of a user
defined character by changing each X- or Y-increment parameter by a
constant multiple. Send the following commands to the plotter. The
resistor drawn will be twice the size of the resistor drawn in the last
example.

"SP1;PA1000,4500;5I.25, .4"

"yco,s,99,3.5,0,3,8,6,-16,6,16,5,-16,6,16,6,-16,3,8,3.5,0;"
Parameter Interaction in '

. Labeling Commands

There are three factors which interact and affect the direction and
mirroring of labels; the label direction as specified by DI or DR com-
mands or default direction, the sign of the parameters for the size com-
mands SI or SR, and the relative positions of P1j and P2. These inter-
actions are complex. This section considers the four possible combina-
tions of DI, DR, SI, and SR and illustrates the effects of various
parameters and settings of P1 and P2 on labels.

The labels used in the illustrations are the commands which cause the
direction, size, and mirroring of the label. All descriptions are in terms
of the standard X,Y coordinate system. An arrogw is shown for each
label; this arrow is the baseline along which labeling occurs and shows
the left-to-right direction that is the standard direction of a label with-
out mirroring. The same P1,P2 area, that area sethy default P1 and P2,
is always used. During the course of the illustrations, P1 and P2 are
assigned to opposite corners of this rectangle in all possible ways. The
values used for X-coordinates of P1 and P2 arg 250 and 10 250; the
values used for the Y-coordinates of P1 and P2 are 279 and 7479.
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Use of DI and SI

When DI and SI commands are used together, the DI command estab-
lishes the label’s direction and the SI command establishes its size. The
direction serves as the axis along and about which labels (written with ___
negative SI parameters) are mirrored. Positions of P1 and P2 do not
affect the labels. Refer to The Absolute Direction Instruction, DI, and
The Absolute Size Instruction, SI.

Two examples of mirrored labels are shown below. In the first example,
the DI parameters 3,2 place the directional line in the first quadrant.
The negative width parameter of the SI command mirrors the label in
the right-to-left direction. In the second example, the DI parameters
3,—2 place the directional line in the fourth quadrant. The negative
height parameter of the SI instruction mirrors the label top-to-bottom.

Use of DR and SI

When DR and SI commands are used together, the label size is deter-
mined by the SI command and does not change with changes in the . 5
settings of P1 and P2. However, changes in the settings of P1 and P2
will affect the label direction. The algebraic differences (P2x — Plx) and
(P2y — Ply) are multiplied by the run and rise parameters of the DR __
command. The resulting parameters, when applied to the standard
coordinate system, determine the label baseline. Mirroring about this
baseline is determined by the signs of the SI parameters. e

In illustration 3, P1 and P2 are at their default settings so the algebraic
differences (P2x — Plx) and (P2y — Ply) are both positive. The DR
parameters 3,—2 are used as is and establish the directional line in the
fourth quadrant. The negative SI height parameter mirrors the label
from top to bottom.
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In illustrations 4 and 5, P1 is moved to the loweriright corner and P2
becomes the upper-left corner. Now (P2x — Plx) is negative. The DR command
as given is DR 3,—2;the run parameter of the DR instruction is multiplied
by —1 and the effective DR command becomes DR—3,—2 placing the
directional line in the third quadrant. The negative|SI height 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.

ONR:

c
-2 P1
2 N
Use of DI and SR

When the DI command is used with SR, only the DI command 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 when either a negative SR width or height parameter with a posi-
tive difference (P2x — Plx) or (P2y — P1y) 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
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settings. In example 6, the SR; command is the same as SR.75,1.5.
Since the parameters are positive, there is no mirroring. In example 7,
the negative width parameter causes mirroring right-to-left. In example
8, the negative height parameter causes mirroring top-to-bottom.

©

DI1, 0; SR

®

c.l.cVv.-f2:0.110

!

s DIT' 02l a2 —-1° 2

In the next three illustrations, P1 and P2 have been changed so P1is
lower right and P2 is upper left. Hence (P2x — Plx) is negative and
anything with a positive SR width parameter is mirrored right-to-left,

e.g., illustrations 9 and 11. The effect of the negative width parameter - —
in illustration 10 is cancelled by the negative difference (P2x — P1x).

@ A2 :0.110
\P2

DI1, 0; SR-. 75, 1.§

@ P1
N

G 'I-°‘GL NS 0 110

In the next illustrations, P1 and P2 have both been flipped so P1 is
upper right and P2 is lower left. Now any positive parameter causes
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Use of DR and SR

mirroring and any negative parameter cancels m
seen in examples 12, 13, and 14.

®

¥s 0 ‘110

®

irroring. This can be

A

P1

DI1" 0% 2K~-" A&

O

+a.1- 2% .52 0 110

When the DR and SR instructions are used together, interactions are

most complex. Using only standard settings of P1

and P2, where P1 is

the lower-left corner and P2 1s the upper-right corner, will make it easier

for you to establish the direction and mirroring of

(P2y — Ply) to establish label direction, and SR

labels you desire. DR

parameters interact

parameters interact with the albegraic differerices (P2x — P1x) and

with these differences to create mirroring. Sign
and differences are important. A negative sign in

of both parameters
either the parameter

or the distance will affect both DR and SR commands. Having both
parameter and distance either positive or negative will cause standard

direction or no mirroring.
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Advanced Programming Tips

When drawing labels, you often wish to position them precisely in rela-
tion to a specific point. Unless positioned differently by the programmer,
labels are written beginning at the current pen position which marks
the baseline of the label.

The following BASIC program illustrates various ways to center labels.

The program uses the BASIC command LEN($) to find the length of

the string. This length is used to determine horizontal adjustments, i.e.,

how many character-space widths the pen must be moved in order to
achieve the desired positioning. Vertical moves are in terms of character-
space heights. Since an uppercase letter is half the height of a character
space, a vertical movement of one-quarter character space down will
center uppercase letters on the point; notice the parameter is negative.

A parameter of —0.5 will cause the top of uppercase letters to be level —-
with the point.

Symbol mode plotting, with an * as the symbol, has been used here to
show pen position at the start of the label command. The character plot
instruction which positions the label is shown above each label.

10 DIM A$[401,B$[401,C$[40]

20  A$="THIS LABEL IS RIGHT JUSTIFIED"

30 PRINT "SP1;5SM%;PRE000,5500; PDPU;"

40  PRINT "CP";-LENCA$);"O;LB" ;A$;"&"

SO  B$="THIS LABEL IS CENTERED BELOW THE POINT"
B0  PRINT "PR4500,5000;PDFU;"

70 PRINT "CP";-LEN(B$)-2;"-.5;LB" ;B$;"&"

80 C$="VERTICALLY CENTERED LABEL!

S50  PRINT "PR2750,4500;FDPU;"

100  PRINT "CPO,-.25;LB";C$;"&" -
110 END

"CPY; -LENCRS) ;" 0;
THIS LABEL IS RIGHT JUSTIFIED,

"CP"; -LEN(B$)/2;" -.5;"
THIS LABEL IS CENTERED BELOW THE POINT -

"CPO,-.25;"
¥ERTICALLY CENTERED LABEL
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What You’ll Learn in This Chaj

HP-GL Instructions Covered

Terms You Should Understand

Chapter

Digitizing

oter

The plotter can be used as a digitizer as well as a plotter. Digitizing

consists of moving the pen or digitizing sight to jl
surface, entering the point, and sending the coor
the computer. This chapter describes the three

point on the plotting

inates of that point to

instructions used in

digitizing, and contains a discussion of the steps required by a computer

program for digitizing; sample programs are alsg

included. Included in

the discussion are three different methods of assuring that a point has
been entered. The method you will use will depend on your application

and your interface (HP-IB, HP-IL, or RS-232-C).

DP The Digitize Point Instruction
DC The Digitize Clear Instruction
OD The Output Digitized Point and Pen Status In

Digitizing — converting information, in this case
down status, to digital information so that it can
computer.

Output Terminator — the character or characters

struction

pen position and up/
be understood by the

sent by the plotter at

the end of the response to an output command. It is interface-dependent.
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The timing of output depends on the plotter’s interface (HP-IB, HP-IL,,
or RS-232-C). Refer to A Brief Word about Plotter Output in Chapter 7
for more information.

The pen position and status are output to the computer as integers in
ASCII in the form:

XY, P[TERM]

where X is the X-coordinate of the digitized point in plotter units,
Y is the Y-coordinate of the digitized point in plotter units,
P is the pen status when the point was entered (0 = pen
up, 1 = pen down), and
[TERM] is the output terminator for your system (refer to Chap-
ter 7).

The ranges of the X- and Y-coordinates are the mechanical limits of the
plotter as determined by the setting of the paper switch.

Upon receipt of the OD command by the plotter, bit position 2 of the
output status byte is cleared.

Digitizing with the 7470

When using the plotter as a digitizer, it is important to ascertain that a
point has been entered before an attempt is made to retrieve that point
using the OD command. There are three methods for doing this.

Manual Method

The first method, which might be called the manual method, is easiest
to understand. It is not efficient in applications where many points will
be entered, or in an RS-232-C environment where the mainframe is not
adjacent to the plotter or where human intervention in program execu-
tion is not possible. The steps in this method are as follows:

1. In a program, send a DP command to the plotter. Follow the DP
command immediately with a statement that will cause the program
to display or print a message prompting you to enter a point. Follow
the prompt with a statement that will cause the program to pause
until instructed to continue. The BASIC statement PAUSE will
accomplish this.

2. Move the digitizing sight (pen) to the point to be entered, using front-
panel buttons. Final positioning should be done with the sight (pen)
down.

3. Press ENTER on the plotter’s front panel. Now resume running of the
program. This is done on HP desktop computers by pressing the key
marked CONTINUE or CONT.
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the availability of a digitized point. Executing su

4. The program step following the pause will now be executed. The
next steps of the program, in order, should bg an OD command to
the plotter, a read statement by the computer to read the X- and

Y-coordinates and the pen status, a statement

to remove the prompt

(requesting you to enter a point) from the screen, and then steps to
process the digitized data in the appropriate manner.

Using this method, there is no need to monitor t.

e status byte because

the program does not proceed to the OD comman? until the user enters

a point and causes the program to resume.

A simpler procedure, using OA or OC instead of
It omits the DP in step 1 and pressing ENTER
shorter procedure with OC makes it possible
values in user units. Refer to Chapter 7.

A short program to digitize a single point and di

0D, can also be used.
in step 3. Using the
to obtain coordinate

splay the coordinates

and pen status is given below. The program is in| BASIC for an HP-85
with an HP-IB interface. An I/O ROM is required in order to execute

the ENTER statement to obtain the digitized poin

10 PRINTER IS 705,80
20 PRINT "DP;"

30 DISP "ENTER A POINTY
40 PRUSE

S0 PRINT "OD;"
60 ENTER 7035 ;
70 DISP X;Y;FP
80 END

X,Y,P

Monitoring the Status Byte

t.

The second method can be used with any interface and is the only

method of checking based on software that can b

e done in an RS-232-C

environment. This method monitors bit position 2,the third least signifi-
cant bit, of the plotter’s status byte which is set when a digitized point

is available. Refer to The Output Status Instructi
more information.

Monitoring bit position 2 can be done in a varie
on the commands available on the computer be

on, OS, Chapter 7 for

ty of ways depending

instructions to check bits directly, the third least significant bit (Isb)

should be checked for the occurrence of a 1. If

no bit operations are

available, the status byte can be operated on arithmetically to check for

number by two and checking for an odd or eve
common way of monitoring bits without conv
binary form. Either of the following sequences a

ccessive divisions of a
n integer answer is a
erting the number to
f BASIC instructions
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will check the proper bit of the status byte. Insert as line 110 or line
1010 a suitable BASIC read statement to read the status byte into a
variable called Status.

100 PRINT "0S;"

110 | STORE STATUS BYTE IN Status

120 Status=INT(Status~ 2) !SHIFTS BITS RIGHT ONE POSITION
130 Status=INT(Status~/2) !SHIFTS BITS RIGHT AGAIN

140 Status=Status MOD 2 |ITHIS RESULT IS O IF LSB NOT 1
150 IF Status=0 THEN 100

160 PRINT "0D;" ISEND 0D SINCE POINT AVAILABLE

1000 PRINT "0S;"

1010 ! STORE STATUS BYTE IN Status

1020 Status=INT(Status-4) !SHIFTS BITS RIGHT 2 POSITIONS
1030 IF Status=INT(Status-2)%¥2 THEN 1000 !1sb NOT 1
1040 PRINT "O0D;"

On some HP computers with an I/0 ROM, the following three lines are
equivalent to lines 100 to 150 of the first program segment shown.

2000 PRINT "0S;"
2010 ITHIS IS THE STATEMENT TO READ THE STRATUS
2050 IF BIT(Status,2)=0 THEN 2000

In many applications, a large number of points need to be digitized.
When the computer is used to monitor bit position 2, the points may or
may not be processed immediately. In most applications, memory would
be allocated for the total number of points to be digitized. A loop would
be established to process the total number of points, calling the sub-
routine each time to check that a point had been entered. A complete
BASIC program for an HP-85 with an HP-IB interface follows. This
program prints out the 500 points after they all have been entered.
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10 PRINTER IS 705,80

20 OPTIOM BRSE 1

30 INTEGER X(300J,%¥(500),P(500)
40 FOR C=1 TO 500

30 PRINT "DP;"

50 DISP "ENTER POINT ";C

70 GOSUB 18O

80 PRINT "0D;"

90 ENTER 705 ; X(CJ,Y(C),P(C)

100 NEXT C

110 PRINTER IS 2

120 FOR C=1 TO 500

130 PRINT X(C);¥(Cy;PC(C)
140 NEXT C

150 STOP

160 ! Check SUBROUTINE

170 PRINT “0S;"
180 ENTER 705 ; S

190 S=INT(5/4)

200 IF S=INT(S-2)%2 THEN 170
210 RETURN

220 END

HP-IB Interrupts and Polling

A third method can be used by advanced programmers thoroughly
familiar with the HP-IB interface, polling techniq&es, and interrupts. It

should only be used when the computer can perfo
waiting for the digitized point to be entered.

m useful tasks while
his method involves

setting a value of 4 in the S-mask of the IM command, e.g., IM 223 ,4,0;
to cause the plotter to generate an RQS (service request) when a

digitized point is available. With an interrupt
service requests, the computer can send a DP

routine enabled for
command to initiate

digitizing, and then proceed with some other tafk until the digitized

point is entered. When the point is available, the ¢

mputer is interrupted

by the RQS, and program execution branches to the routine to process

the digitized data. This routine could simply send

an OD command and

read 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 RQS. The status byte can be obtained by serial polling or simply by
sending an OS command. Because interrupts and polling are highly

machine-dependent and beyond the scope of this
are given.

manual, no examples
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HP-GL Instructions Covered

Terms You Should Understand

hapter 7

Obtaining Information
from the Plotter

What You’ll Learn in This Chapter

Up to this time we have mainly been concerned with sending informa-
tion or data to the plotter. Sometimes, however, w/e want to know some-
thing about the plotter, its current pen position, #ts status, whether an
error has occurred, or what capabilities the plotter has. In this chapter
you will learn about most of the plotter’s output instructions. The out-
put P1 and P2 and output window instructions are discussed in Chapter
2 and the output digitized point instruction is discussed in Chapter 6.
All other output instructions are discussed in this chapter. The timing
of output depends on your interface (HP-IB, RS-232-C, or HP-IL.). Before
using the output instructions, you should have [read the notes below
and the appropriate interfacing chapter in this manual.

OA The Output Actual Position and Pen Status Instruction

OC The Output Commanded Position and Pen Status 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

Output Terminator — denoted in this manual as [TERM] — the ASCII
character or characters sent by the plotter at the end of a plotter re-
sponse to an output command. With an HP-IB or HP-IL interface, the
two characters, carriage return and line feed, are the output terminator.
With an RS-232-C interface, the output terminator is a carriage return,
unless modified by an ESC. M command.
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A Brief Word about Plotter Output

There are slight differences in the timing of output when the plotter is
used with the HP-IB, HP-IL., or RS-232-C interfaces. Read the para-
graph below which pertains to your system.

Notes for an HP-IB User

When the 7470 has an HP-IB interface, the terminator for an output
statement, denoted [TERM], is a carriage return followed by a line feed.

The output instructions in this chapter should not be used when the
plotter is in listen-only mode since the plotter in listen-only mode can-
not output anything. Output instructions will be ignored by the plotter
so the computer will get no response to its read statement, and, typi-
cally, the program will halt.

A plotter with an HP-IB interface will respond only when the computer
sends a read command (the plotter is instructed to talk). Therefore, a
read statement should directly follow any output command. When a
second output command is received before data from the first command
has been read, the new data overwrites the old data and the old data is
lost. Refer to Chapter 9 for more information.

Notes for an RS-232-C User

With an RS-232-C interface, the 7470’s terminator for an output state-
ment, denoted [TERM], is a carriage return, unless the terminator is
modified by an ESC . M command. As soon as an output command has
been parsed by the plotter, output occurs according to the handshake
protocol established by the ESC. M and ESC . N commands. Use of
turnaround delays, intercharacter delays, and an output initiator
should be specified as necessary to assure that output will not be lost
because the computer is not prepared to receive it. The information nec-
essary to assure this should be contained in the documentation for your
computer. Refer to Chapter 10 of this manual for more information.

Notes for an HP-IL User

When the 7470 has an HP-IL interface, the terminator for an output
statement, denoted [TERM], is a carriage return followed by a line feed.
A plotter with an HP-IL interface will only respond when it is instructed
by the controller to talk. Therefore, a read statement should follow any
output command so that the plotter can send the requested information.
There are no special output timing considerations with HP-I1.. This is
because data are sent through the interface bit-serially; only one mes-
sage can travel through the loop at a given time. Refer to Chapter 11
and your computer’s documentation for more information.
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- The Output Actual Position and
Pen Status Instruction, OA

DESCRIPTION JyePs output actual position and pen status instruction,
OA, is used to output the X- and Y-coordinates land pen status (up or
down) associated with the actual pen position.

IMBY  This instruction can be used to determine the pen’s current
position in plotter units. You might use that information to position a
label or figure, or determine the parameters of some desired window.

SYNTAX EeY:\ (terminator)
AGEEUEMIER  Output is always in plotter units

No parameters are used. The instruction will execute even if no term-
inator is received.

The pen position and status are output to the computer as integers in
ASCII in the form:

X,Y,P[TERM]

where X is always the X-coordinate in plotter units,
Y is always the Y-coordinate in plotter units,
P is the pen status (0 = pen up, 1 = gen down), and
[TERM] is the output terminator for the interface installed.

The ranges of the X- and Y-coordinates are the current mechanical
limits determined by the setting of the paper switch.

us A4
0<X<10300 0< X< 10900
0< Y=< 7650 0< Y= 7650

No positive sign is output.
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The Output Commanded Position and —
Pen Status Instruction, OC

NI The output commanded position and pen status instruc- T
tion, OC, is used to output the X- and Y-coordinates and pen status (up
or down) associated with the last valid pen position command.

m This instruction can be used to determine the pen’s last valid
commanded position in plotter units or user units depending on whether
scaling is off or on. You might use that information to position a label
or figure, or determine the parameters of an instruction which moved
the pen to the limits of some window.

UM OC (terminator) —
EXPLANATION Output is in decimal format, in user units when scaling

is in effect, and in plotter units when scaling is off.

No parameters are used. The instruction will execute even if no termi-
nator is received.

The pen position and status are output to the computer as decimal
numbers in ASCII in the form:

X,Y,P[TERM] —_—

where X is always the X-coordinate in plotter units or user units,
Y is always the Y-coordinate in plotter units or user units,
P is the pen status (0 = pen up, 1 = pen down), and —
[TERM] is the output terminator for the interface installed.

When scaling is off, X- and Y-coordinates are in plotter units. When
scaling is on, X- and Y-coordinates are in user units. Ranges of the
X-and Y-coordinates are —32 768 to 32 767 whether scaling is on or off.

NOTE: If you have an HP-IB or RS-232-C plotter that has the serial
prefix number 2308A or higher, or if you have an HP-IL plotter, output is
in decimal format as described above. All HP-IB or RS-232-C plotters
with a lower prefix serial number output integer parameters, as
follows. When scaling is on, X- and Y-coordinates are always rounded
to the nearest integer value. Thus, while plotting can occur to noninte-
ger values, output of pen position can only be obtained to the nearest
integer value. ®

When the commanded pen position is such that its user unit value ——
would be less than —32 768 or greater than 32 767, the output may not
represent the true pen position. If the plotter were scaled with the given
instructions as shown in the following illustration, all points in the ——
lightly shaded area will have one coordinate as 32 767, the largest
number the plotter can output. All points in the darker shaded area will
have both coordinates as 32767.
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Commands executed:

“IP 0,0,500C,3500;5C 0,32767,0,32767;"

P2 6000 , 3500

5P10,0

" The Output Error Instruction, OE
URMHISILE  The output error instruction, OE, is used to output the
decimal equivalent of the last HP-GL error (if any).

IH® This instruction can be used to determine the type of the last
error. It is useful when debugging programs or tg determine if all data
or instructions were accepted by the plotter.

MY OE (terminator)
EXPLANATION JSP parameters are used. The instruction will execute

even if no terminator is received.
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When an OE command is received, the plotter converts the last HP-GL
error to a positive integer in ASCII, which is output in the form:

error number [TERM]

The error number is defined as follows:

Error

Number Meaning
0 No error
1 Instruction not recognized
2 Wrong number of parameters
3 Out-of-range parameters, or illegal character
4 Not used
5 Unknown character set
6 Position overflow
7 Not used
8 Vector received while pinch wheels raised

[TERM] is the output terminator for the interface installed.

In an HP-IB or an HP-IL system after the carriage return has been
sent, and in an RS-232-C system after the output is complete, bit
position 5 of the status byte is cleared (if set), and the ERROR LED (if lit)
is turned off (unless there is an RS-232-C error which has not been
cleared by an ESC . E command).

You should note that anytime the plotter receives an unpaired alpha-
betic character, error 1 will be set. Thus, an alphabetic parameter or
three alphabetic characters in a row will generate error 1. When you
encounter error 1, look for a misplaced alphabetic character.

Once your plotting programs are debugged, you may want to remove
most output error instructions from your program to reduce your com-
puter’s I/0 operations and maximize plotting speed.

The Output Factors Instruction, OF

ISHHIAIIIE  The output factors instruction, OF, is used to output the

number of plotter units per millimetre in each axis.

m This instruction enables the plotter to be used with software
which must know the size of a plotter unit.

MM OF (terminator)
(UL ENIIE No parameters are used. The instruction will execute

even if no terminator is received.
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The plotter will always output the following:
40,40[TERM]

These factors indicate that there are approximately 40 plotter units per
millimetre in the X-axis and in the Y-axis (0.025 mm/plotter unit).
[TERM] is the output terminator for the interface installed.

" The Output Identification Instruction, OI
DESCRIPTION [uN® output identification instructyon, 01, is used to out-

The Output Options Instructior

put a plotter identifier.

HEE This instruction is especially useful in a
vironment to determine which model plotter is on-l

SYNTAX sYs (terminator)

remote operating en-
ine.

EXPLANATION EESSES parameters are used. The instruction will execute

even if no terminator is received.

The plotter will always output the following character string:

7470A [TERM]

ITERM] is the output terminator for the interface installed.

DESCRIPTION [y’ output options instruction, (

eight option parameters.

[!EE This instruction is especially useful in a
vironment to determine which options are avsg
which is on-line.

SYNTAX [els (terminator)

1, OO0

O, is used to output

remote operating en-
ilable in the plotter

EXPLANATION S P parameters are used. The instruction will execute

even if no terminator is received.

The plotter will always output the appropriate combination of eight
integers in ASCII, separated by commas. The options included in the

plotter are indicated by a 1 as defined below.
0,1,0,0,1,0,0,0[TERM]

Indicates arcs and circle instructionL are included {available
only with RS-232-C plotters that have the Serial Prefix number

2308A or higher).

Indicates pen select capability s included (available on all plotters).

[TERM] is the output terminator for the interface %nstalled.
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The Output Status Instruction, OS
RHIHINER  The output status instruction, OS, is used to output the

decimal equivalent of the status byte.

m This instruction is useful in debugging operations and in
digitizing applications.

SYNTAX BN (terminator)
DGELIMINE  No parameters are used. The instruction will execute

even if no terminator is received.

Upon receipt of the OS instruction, the internal eight-bit status byte is
converted to an integer between 0 and 255. Output is in ASCII in the
form:

status [TERM)

The status bits are defined as follows:

Bit Bit
Value Position Meaning

1 0 Pen down.

2 1 P1 or P2 changed; cleared by reading
output of OP in HP-IB or HP-IL. system
or by actual output of P1,P2 in RS-232-C
system.

4 2 Digitized point available; cleared by

reading digitized value in HP-IB or
HP-TL system or by output of point in
RS-232-C system.

8 3 Initialized; cleared by reading OS output
in HP-IB or HP-IL system or by output
of the status byte in RS-232-C system.

16 4 Ready for data; pinch wheels down.

32 5 Error; cleared by reading OE output in
HP-IB or HP-IL system or by output of
the error in RS-232-C system.

64 6 e service message set (always 0

et
‘for 08 ©or 1 for HP-IB serial poll).
128 7 Not used

Upon power up, the status is decimal 24, the sum of 8 (initialized) and
16 (ready for data). Upon output of the status byte after an OS
command, bit position 3 is cleared.

7-8 OBTAINING INFORMATION FROM THE PLOTTER



L Summary of Output Response Types

o

—

[

o

"

The following table shows the number and type of items in the re-

sponse to each HP-GL output command. The table includes output com-

mands explained in Chapters 2 and 6 as well as in this chapter. This

table will be helpful when programming in lan uages such as FOR-

TRAN which require you to specify the type of and number of digits in
|

a variable. !
|

Number of
Parameters
Instruction Returned* Type land Range
OA 3 integers, all < 5 digits
OC** 3 decimals, 311 < 11 digits
OD 3 integers, all < 5 digits
OE 1 integer, 1 digit
OF 2 integers, 2 digits each
01 1 5-character string
00 8 integers, 1 dﬁig‘it each
oP 4 integers, 1st and 3rd < 5 digits;
2nd and 4th|< 4 digits
(O] 1 integer, < 3 digits
oW 4 integers, 1st| and 3rd < 5 digits;
2nd and 4th < 4 digits

*In addition to these parameters, the output terminator [TERM]is always sent
at the end of output, and commas are sent to separate| parameters.

**If you have an HP-IB or RS-232-C plotter that has| a serial prefix number

lower than 2308A, OC parameters are output as integers. For more informa-
tion, refer to the explanation of the OC instruction in this chapter.

Computer
Museum
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Chapter

Putting the Commands
to Work

What You’ll Learn in This Chapter

In this chapter you’ll learn how to put commands|together to develop a
plot. Previous programs have been purposely kept to a less-advanced
level in order to clearly demonstrate the command usage. The following
example is designed to show you how to integrate many commands
into a complete program, how data might be héndled, and how sub-
routines might be used to program a task which|would be common to
many plots and used in several programs. j

This program draws a line graph, one of the most common types of
plots. While this line graph shows sales data, line graphs can be used
to plot almost any kind of data — factory output, sales volume, data
from laboratory experiments, population trends, etc. The concepts of
plotting and labeling demonstrated here are apﬂ}licable in almost any
application. i

A variety of allowable separators and terminators have been used in
this program listing. In applications where it is important to minimize
the number of characters sent over the interface, the spaces between
commands and the semicolon preceding the next mnemonic could and
should be omitted. In applications where compatibility with other HP
plotters is important, a semicolon or a line feed should always be used
as the terminator and parameéters should be separated by commas.
With RS-232-C plotters, use a semicolon; line feeds are not recognized
as terminators.
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Problem —

Scale, draw, and label an X- and Y-axis in user units and plot 1981
sales by sales region. Use a different line type for each sales region and
place a legend on the graph. The complete program is in the Listing
section, following the Solution section.

Solution
Setup and Scaling

The first step is to set the plotter to known conditions, cancelling any
parameters which may have been set in the previously run program.
The IN or DF instruction may be used; IN resets P1 and P2; DF does
not. IN is used here.

Next, a pen is selected (SP1) and the scaling for this plot is established.
The parameters of the IP command determine the location of the scaling
points, P1 and P2. In this graph, all data will be plotted within this
P1,P2 area. The points have been chosen to allow room for labels, titles,
and margins outside the P1,P2 rectangle. The scaling statement
SC1,12,0,150; assigns user unit values to the scaling points. Since we
are plotting one year’s sales by month, we have scaled the X-axis
(commonly representing time) from 1 to 12. The Y-axis is scaled in
thousands from 0 to 150 so all sales data fall well inside the scaled
area.

You will either need to know the range of your data or be willing to go
through some trial plots with different scales to determine what your
scale statement should be. This graph is scaled from 0 to 150, not 0 to
150 000 — the actual range of sales dollars. There are two reasons for
this. First, the largest number accepted by the plotter is 32 767; our
numbers are too large so we need to divide all data by at least 10. In
this program, both labels and data will be stated in thousands. It is
easier to interpret a scale marked with short labels. The eye need only
read a maximum of three characters (150) instead of six (150 000).
Thousands or millions of dollars are common scales for graphs.

Having established our scaling, we shall draw a frame for the data

area. This is done by moving to the point 1,0 with the pen up, lowering ——
the pen and drawing to the four corners 12,0;12,150;1,150; and 1,0.

The coordinates are interpreted as absolute (instead of relative) moves

since absolute plotting is established by the IN command. The first —
three program lines with HP-GL. commands are:

20 PRINT "IN;SP1;IP1250,750,3250,5250;"

30 PRINT "SC1,12,0,150;"
40 PRINT "PU1,0 PD 12,0,12,150,1,150,1,0 PU"
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NOTE: If compatibility with other HP plotters is desired, PA should be
used to begin plotting, and raising and lowering the pen should be
controlled with separate PU and PD commands. In addition, the
stricter syntax of other plotters would be required. F

The Axes and Their Labels |

We are now ready to draw and label the axes. The label size is set by
the absolute size command SI .2, .3 ;. This creates characters which
are slightly larger than characters of default character size specified by
the IN command. The tick length is established by the tick length com-
mand TL1.5,0. 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 drawn using a loop; this program in BASIC uses
FOR..NEXT loops. First, we shall draw the X-axis. Let X range from 1
to 12 representing the 12 months for which we have data. In the loop
we will do four things: move to the integer location on the axis, draw a
tick mark, position the pen below the axis, and draw the label. Note
that the X-parameter of the plot command is a variable. You will need

to know how to send a variable between strings

of fixed characters.

The method will differ from computer to computer; consult your com-
puter’s documentation and Plotting with Variables in Chapter 3 of this

manual. If you have an HP-IB or HP-IL plotter,

and Receiving Data in Chapter 9 or 11. The XT

tick, whether the pen is up or down. The pen is

refer also to Sending
instruction draws a
Lp here so we do not

draw the axis line again. You might want to use PD, drawing over the

frame line if your want your axis line a bit darker, or you might want
to redraw the axis again later with a wide pen.

There are several techniques used here to draw the alphabetic labels.
First, so we can use a looping technique, we have placed 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 labe] and data from some
file and properly label your graph for the data you were then plotting.)
Secondly, we have used the CP instruction together with BASIC for-
matting (using semicolons to suppress extra characters between print
fields) to center the label under the tick. The base of the tick mark is the
pen position after the tick is drawn. By moving one-third character
space back and one line down, the single charawlcter label is centered
under the tick with enough space so it can be easily read. Finally, the
axis title, CALENDAR MONTH, is centered and drawn tinder the axis.
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The loop to draw the axis and the statements to set character and tick
length and to label and title the X-axis are:

50 PRINT "SI.2,.3;TL1.5,0"
B0 FOR X=1 TO 12
70 PRINT “PA";X,",0; XT;"

80 READ A

90 PRINT "CP-.33,-1;LB";H%;"5&" ~
100 NEXT X

110 PRINT "PRE.5,0;CP-7,-2.5; LBCALENDAR MONTHS&"

400 DATAH “*.Jv , IEw , M s [y =1y , 1pn . e , nwgn s =T s g s mgn s wpyn . st

The Y-axis is created in a similar manner, except the loop’s index is
used for the label value and two different CP commands are used for
labels of three digits and labels of less than three digits. The Y-axis title
is centered above the axis.

Following the axis routine is the command which labels the regions for ——
the legend. It is drawn now while the label size is small and the narrow
pen is installed. Note that the label statements contain the spaces nec-
essary to space the legend across the top of the graph. These lines were - --
inserted near the end of the creation process and involved trial and
error to achieve satisfactory results. The lines for the legend will be
drawn later as each line of data is plotted. —

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

120 FOR Y=0 TO 150 STEP 2%
130 PRINT “PA 1,",Y,"YT;"
140 IF Y<100 THEN PRINT “CF-3,-.25;LB";Yv;"&"

150 IF Y»>39 THEN PRINT "“"CF-4,-.25; LB";Y;"&"

180 NEXT Y

170 PRINT "PAR1,150 CP-3.5,Z LESALES $&%CFP-3,-1"

180 PRINT “LB(THOUSANDS? UNITED STHTES e .
1390 PRINT "LBEUROPE JHPAN SOUTH AMERICAS"
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Here’s what the graph looks like so far.
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Adding Color and Emphasis

Because the most important part of the graph is the data and title, we
will emphasize these using wide pens in one of two colors. (Wide pens
may be purchased from Hewlett-Packard or your dealer; part numbers
are listed in the Operator’s Manual under Accessories Available.) This
program pauses and displays a message on the CRT as a reminder to
change pens. The technique you use will depend on your computer
system. This program also removes the prompt as the first step when
the program continues. You may want to use only two pens in your
whole plot. If so, you can use two colors of the same width or one wide
and one narrow pen and run your program from beginning to end. If
you are not going to change pens, either delete the PAUSE statements
or continue your program immediately when the prompt appears on
your CRT.

A word to the wise: whenever you do want to change pens, insert a
pause in your program. It ensures you will make that pen change at the
proper time and that the pen will not hit your hand as you try to
change pens while plotting is in progress. If a pen was in the pen
holder when your program paused, store it in its stall, manually remove
the old pen from the stall, and replace it with the new pen. Then select
the new pen, using front-panel controls, before you restart your pro-
gram. If you do not reload the pen holder, your program will continue
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plotting without a pen until it encounters an SP command. You can
lessen the manual intervention by storing the pen using SPO as the last
HP-GL instruction before any pause, and by issuing a pen select
command as the first HP-GL instruction after the pause.

Program lines to pause, change pens, and title the graph using a wide
pen follow. Remember when you run the complete program to remove
the old pens and load wide pens directly into the left and right stalls
when the message appears. The SP1 command here, the first command
after the program pause, assures that the pen holder is loaded so all
subsequent lines will be drawn.

200 PRINT "SPO;"

210 DISP "CHAWGE TO WIDE PEMS"

220 PARUSE

230 DISpP "

240 PRINT "SP1 PAB,150 SI.4,.E CP-3.5,2.0"
250 PRINT "LB1381 SALES BY REGIOM&"

Plotting Your Data

We are now ready to draw lines. Each of the four data lines on this
graph is drawn using a different technique. The first two lines are
drawn by plot commands with parameters included when the program
was written. Hence, if the data changes, it will be necessary to change
the plot commands in the program.

The first line (the bottom-most line on the graph) is drawn with pen 1
using a dashed line type. The program takes full advantage of the
plotter’s relatively free syntax and uses spaces to delineate parameters.
Send the character strings to the plotter exactly as shown. Be sure to
enter those spaces; if the spaces are removed, the plotter will try to plot
one very large number and you won’t plot the line.

After drawing the line, the pen moves to the legend area below the
graph title and draws a short line. The PU command causes the line
type pattern to begin again at the beginning of this line.

The second line is also plotted using plot commands with fixed parame-
ters. These plot commands use the stricter syntax of the 9872 or 7225
plotters and would be accepted by any HP plotter programmed in
HP-GL. The line type used consists of long and short dashes; the line is
drawn with pen 2. After the data are plotted, the corresponding line is
drawn in the legend.
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The program lines which plot the two lower hnes and the correspond-
ing legend lines are:

260 PRINT "SP1;LT3,6;PR1 Z3FDz 25 3 13 4 22 § 23"
2

270 PRINT "PD6 27 ? 27 8 25 3 24 10 za 11/ 27 12 27pU"
280 PRINT "PR?.8,165 PD3.3,165 PU"

290 PRINT "SPz;LT6,8;PA1,4S;FD;PAZ,50,3,52,4,53,5,52"
300 PRINT ”PDB,51,?,55,8,5b,B,5b 10,58,11,58, 12, 60PU"

310 FPRINT "PR10.1,165 PD11.E, 165 PU”

The third line is plotted from data read by the program at execution
time using a FOR...NEXT loop and a READ statement. This technique
would be used to plot a graph that will be replotted often with new
data. If the necessary file statements were added, the data could be on
a tape or disk file instead of in a DATA statement as shown here. The
line type for this line is the default solid line, reverted to by the LT
command with no parameters. Since we are using variables as plot
parameters, you need to be sure they are sent to the plotter with a space
between numeric variables. Computers often send a leading and/or
trailing blank or allow for a sign space before numeric variables. The
7470 will treat a blank, comma, or sign as a separator between numeric
parameters. Know your computer before sending variables with plot
commands. As with the two previously drawn lines, after the line is
plotted, the corresponding line is placed in the legend.

The loop to plot this third line and the statements to place a line in the
legend are:

320 PRINT "LT"
330 FOR X=1 TO 12

340 READ Y
350 PRINT "PR";X;Y;" PO

360 NEXT X

370 PRINT "PUE,185PD7.1,165FL"

410 DRTR 55,80,53,82,59,44 50,45,47,49,53,586

The last line is drawn using a subroutine. The subroutine is designed to
read data that have been stored with a third value for pen control. This
third value controls a branch to two different plot statements, one with
the pen up and the other with the pen down. In this program, a zero as
a pen control parameter results in a pen up move, a 1 causes plotting
with the pen down, and 3 signifies the end of the data. The legend line
is drawn at the end of the subroutine, completing the graph.
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The program lines to change pens and line type, and the subroutine
itself are listed here, followed by a reduced version of the completed
plot.

380 PRINT "SP1;LT4,B"

390 GOSUB 1000

1000
1010
1020
1030
1040
1050
1080
1070
1080
1090
1100

T

8-8 PUTTI

! PLOTTING SUBROUTIME
READ X,Y,P

IF P=1 THEN PRINT “PD";x;v
IF P=0 THEN PRINT "PU";X;"
IF P=3 THEM 1030

DATA 1,98,0,2,100,1,3,
DATA 7,125,1,8,112,1,3
DATA 12,122,1,0,0,3
GOTO 1010

PRINT "LT4,68 PU3.Z, 165
RE TURN

102,1,4,105,1,

,115,1,10,125,

107,1,6,110,1
11,130,1

2
1 .

FD4.7,1655F0;"

1981 SALES BY REGION

UNITED STATES

SOUTH AMERICA

SALES $
HOUSANDS)

150

EURDOPE JAPAN

125

100—-

7S

2S5

CALENOAR MONTH
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. Listing

A complete listing of the program follows. This lﬂsting contains all the
BASIC statements necessary to have this program run on an HP-85
- computer with an HP-IB interface and the plotter set to address 5.
When the plotter is used with an RS-232-C interface, line 10 should be
replaced by other lines which send the escape code sequences necessary
to turn on the plotter and establish handshaking. In some PRINT state-
ments, semicolons or commas are used to ensure that HP-GL com-
mands will have the necessary separators or no extra spaces. You may
need to make changes for your computer’s BASIC, or you can use some
other programming language and send the strings of HP-GL com-
mands using your language’s output statements and looping techniques.

NOTE: The end-of-text character % is equivalent to N on the HP-85s
display and internal printer. (N is obtained on the HP-85 by pressing
CTRL and ¢ simultaneously. On many computers, you can also use the
CHR$(3) function to generate the end-of-text character.) This program
listing was produced on an HP 7310 printer. ®

10 PRINTER IS 705,80

20 PRINT “IN;SP1:;IP1250,750,3250,6250;"

30 PRINT “SC1,12,0,150;"

40 PRINT “PU1,0 PD 12,0,12,150,1,150,1,0 PU"

50 PRINT "SI.2,.3;TL1.5,0"

60 FOR X=1 TO 12

70 PRINT "PR";X,",0; XT;"

80 READ A$

90 PRINT "CP-.33,-1;LB";A%;"&"

100 NEXT X

110 PRINT "PRB.5,0;CP-7,-2.5; LBCALENDAR MONTHS"

120 FOR Y=0 TO 150 STEFP 25

130 PRINT “PA 1,",v,"yT;"

140 IF Y<100 THEN PRINT "CF-3,-.25;LB";Y; &

150 IF Y»>39 THEW PRINT "CP-4,-,25; LB";Yj"&"

160 NEXT v

170 PRINT “PRA1,150 CP-3.5,2 LESALES $5CP<g,-1"

150 PRINT “LE¢THOUS HNDJJ UNITED STATES g
190 PRINT "LEEUROPE JAPAN SOUTH AMERI CASY
200 PRINT “SpPO;"

210 DISP "CHANGE TO WIDE FEMS"

220 PAUSE

230 DISP " ©

240 PRINT "SF1 PAG,150 SI.4,.5 CP-9.5,2.0"

250 PRINT "LE1981 SALES BY REGIONS"

260 PRINT "SP1;T3,6;PR1 ZIPDZ 25 3 18 4 22 5 23"
2?0 PRINT "PDB 7? ? 27 B 25 '9 24 10 28 11 27 12 27PU"
280 PRINT "PR?.8,185 PDY.3,165 PU"

230 PRINT "SPZ; LTb g;PA1, 45 PD PHL,SU.J,52,4 53 5,52"
300 PRINT “PDE,51,7,55,8, b.H,Sb 10,58,11,56,12, 6OPU"
310 PRINT "PA10.1,165 PD11.5,165 PU"

(Program listing continued)
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320 PRINT LT
330 FOR X=1 TO 12

340 READ Y

350 PRINT “PA";X;Y;"PD"

360 NEXT X

370 PRINT "PUB,165PD7.1, 1GSPU"

380 PRINT "SP1;LT4,6"

330 GOSUB 1000

400 DHTH IIJII ,llFll ,II Mll ,IIHH B 1) [\-III l,IIJII,IIJI! ,“FI” ,ll SII,IHDII,II t\lll . IIDII
410 DATR 55,60,63,62,59,54,50,46,47,493,53,58

420 STOP

1000 ! PLOTTING SUBROUTIME

1010 READ X,Y,P

1020 IF P=1 THEN PRINT "FD";X;Y
1030 IF P=0 THEN PRINT "PU";X;Y
1040 IF P=3 THEN 1090

1050 DATA 1,98,0,2,100,1,3,102,1,4,10%,
1060 DATA 7,125,1,8,112,1,9,115,1,

1070 DATA 12,122,%,0,0,3

1080 GOTO 1010

1090 PRINT "LT4,8 PU3.Z2,1E85 PD4.7,165SF0;"
1100 RETURN

1110 END

Advanced Programming Tips

Filling and Hatching

Two kinds of area fill are commonly used in bar graphs and pie charts;
solid fill and hatching. Solid fill totally covers the area with color,
whereas hatching fills the area with evenly spaced parallel lines. If
there are lines in two directions at 90 degree angles, we call the
hatching crosshatching. Sometimes a graph will have both narrow
and wide hatching or crosshatching, the wide hatching having more
space between the lines than the narrow.

Filling a Bar

The following two program segments, together with lines 10 to 100 and
400 of this chapter’s program, will each fill a bar which represents the
March data for line 1, i.e., 3,18 (see line 260, in the program). To create
an aesthetically pleasing and easily comprehendible bar graph, the bar
is centered over the X data point and is slightly wider than one-half the
distance between data points on the X-axis. The increment variable P
depends on pen width. A value of P = 20 plotter units is suitable for a
wide pen and 10 for a narrow pen. :

The first program segment should be used when plotting on paper.
Notice the pen does not lift; the routine is faster and prolongs pen-tip
life by limiting up/down moves. The second segment should be used
when plotting on transparency film to achieve uniform ink distribution.

8-10 PUTTING THE COMMANDS TO WORK



The first routine performs the following tasks:
1. Obtains, in plotter units, the coordinates of thefcorners of the bar.

2. Turns scaling off so plotting is in plotter units. This routine can,
therefore, be used in any program, and there isino need to recompute
the increment P for different scaling in different graphs.

3. Beginning at the X, Ymin value, draws a line to the top of the bar,
moves over slightly less than one pen width, and draws to the
bottom of the bar.

4. Increments the X-value one pen width and repeats step 3 until the
bar is filled.

5. Rescales the plot to the original scaling.

The second routine repeatedly moves with the pen up to the X-coordinate
at the base of the bar and draws a line to the top of the bar. All fill lines
are drawn in the same direction.

Segment 1 — Plotting on Paper

X%

120 PRINT "PRZ.7,0,PD,2.7,18,3.3,18,3.3,0,2.7,0;PU;"
130 PRINT “OF;"

140 ENTER 705 ; A,B,C

150 PRINT "FA2.7,18;0R;"

160 ENTER 705 ; L,E,F

170 PRINT “PR3.3,18;0A;"

180 ENTER 705 ; G,H,I

190 PRINT "FAZ.7,0;5C;"

200 P=20

210 FOR X=A TO G-P STEP 2%P
220 PRINT "FD";%;B;%;E

230 PRINT "PI';X+F;E;X+P; B
240 MEXT X

250 PRINT "PU;SC1,12,0,150;"

Segment 2 — Plotting on Transparency Film

JO,2.7,0;PU;"

(¥

120 PRINT "FAZ.7,0,PD,2.7,168,3.3,18,3.
130 PRINT "DA;"
140 ENTER 705 ; A,
150 PRINT "PRZ.7,1
160 ENTER 705 ; D,
170 PRINT "PA3.3,1
180 ENTER 705 ; G,
190 PRINT "PAZ.7,0;5C;"

200 P=20

210 FOR X=A TO G STEP P

220 PRINT "FU";¥;B;"“PD";%;E
230 NEXT ¥

240 PRINT "“PU;SC1,12,0,150;"

. wr e e w
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Hatching a Bar

The following program segment, together with lines 10 to 100 and 400
of this chapter’s program, hatches a bar which represents February
data for line 2, i.e., 2,50. The XT instruction was deleted from line 70 to
omit drawing the X-ticks. Again the bar is centered over the X data
point. In this segment, the increment variable P is the distance between
hatching lines and determines whether a wide or narrow hatch pattern
is drawn. You may want to make further refinements depending on pen
width and bar width and height. The bars are shown here actual size
with P set at 100 and 300. The locations of the variables are shown on
the first bar and should help you understand the program listing.

For plots on transparency film or to make hatch lines more uniform,
you should slow the pen velocity using the VS instruction.

The routine performs the following tasks.
1. and 2. (Same as solid fill algorithm.)

3. Using the output obtained in step 1, sets the window to be the bar we
wish to hatch.

4. Beginning the width of the bar below the Ymin value, plots a line at a
45 degree angle to the opposite side of the bar, increments the
Y-value and continues the process until the top of the bar is reached.

5. Resets the scaling and window to their previous values.

812 PUTTING THE COMMANDS TO WORK



To cr’osshatch a bar, add program lines to draw from the left to the
right side of the bar, starting at G, B-(G-A).

110  PRINT "PFA1.7,0,FD,1.7,50,2.3,50,2.3,0,1.7,0;PU;"
120 PRINT "0RA;"

130 ENTER.?705 ; A,B,C

140  PRINT "PR1.7,50;0A;"

150 ENTER 705 ; D,E,F

160 PRINT "PA2.3,50;0A;"

170 ENTER 705 ; G,H,I

180  PRINT "PA1.7,0;SC;"

130 P=100

200  PRINT "IW';R;B;G;H

210 FOR Y=B-(G-RA) TO E STEF F

220  PRINT "FU";R;Y;"PD";G;Y+(G-R)
230 NEXT Y

240 PRINT "PU;SC1,12,0,150;1W;"

D,E G.H

/MMM
HNNNN\N

AB GB
J M J M
AB~(G-A)—— "ot oF
G,B-(G-A)
P =100  P=300

Filling Segments of Pie Charts |
The algorithms to fill slices of pie charts are mujch more complex be-
cause the areas are not rectangular. Software packages such as the
Graphics Presentations Pacs for various HP desktop computers make it
easy to draw pie charts with area fill. You may wish to purchase such
software so you do not have to invest hours of programming time in
order to create filled pie charts.
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Chapter 9

HP-IB Interfacing

What You’ll Learn in This Chapter

This chapter is only for 7470 owners with an HP-IB interface. HP 7470s
with Option 002 have an HP-IB interface.

In this chapter you’ll learn how to operate your plotter when it is con-
nected to a computer using the Hewlett-Packard Interface Bus (HP-IB),
which conforms to ANSI/IEEE 488-1978 specifications. This chapter
defines the 7470’s implementation of the bus. Alsoincluded are address-
ing the 7470, the listen-only mode, reaction to bus clear commands,
serial and parallel polling, addressing the 7470 as a talker or listener,
and examples of sending and receiving data using a variety of
computers.

This chapter assumes you have a working knowledge of the HP-IB;
however, if you wish to refresh your memory on HP-IB structure, refer
to Appendix A of this manual, entitled An HP-IB Overview.
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HP-1IB Implementation on the 7470

The HP-IB conforms to ANSI/IEEE 488-1978 specifications, and direct
interconnection of the HP-IB is via a connector on the rear panel.

The HP-IB functions implemented in the 7470 are as follows:
1. Source Handshake (SH1)

Acceptor Handshake (AH1)

Talker (T2)

Listener (L2)

Service Request (SR1)

No Remote Local (RLO)

Parallel Poll (PP if lon ; PP2 if addr <8; PP0 otherwise)

Device Clear (DCl)

No Device Trigger (DTO0)

No Controller (C0O)

© ® N e U A W

—
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Interface Switches and Controls

The 7470 plotter functions in either of two modes, addressable mode
and listen-only mode. In addressable mode, the plotter can function as
a talker or as a listener depending on the instructions it receives from
the controller. In listen-only mode, it can only listen and it hears all
activity on the bus.

Addressing the Plotter

Rear panel switches provide for selection of the plotter address or listen-
only mode. Each HP-IB interface can have as many as 15 devices con-
nected to it, set to different specific address codes. The plotter can be set
to any one of 31 HP-IB addresses, ranging from 0 through 30. Each
address can be selected by setting the switches on the rear panel to the
appropriate binary bit positions for the particular address value desired.
The address selected establishes the 7470’s device address. When using
the plotter with an HP desktop computer, do not use 21 which is
reserved for the desktop computer’s address. When not using an HP
desktop computer, be sure the computer and plotter do not have the
same address. (Refer to the documentation for your computer.) Address
31 is used to set the plotter to listen-only mode.

The plotter is set to an address code of 05 at the factory. This corres-
ponds to a listen character of % and a talk character of E. Check the
following figure for the factory-set address switch positions.
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16 8 4 2 1
[ ] 1 :
FACTORY SET
o ADDRESS OF 5
o
—_————— :

ADDRESS

The following table lists the address switch positions for each address
value.

Address Address Switch :
Characters Settings Address Codes
Listen | Talk | 16 8 4 2 1 | Decimal [ Octal
SP @ 0 0O 0 0 O 0 0
! A 0 0O 0 o0 1 1 1
“ B 0 0 0 1 0 2 2
C 0 o 0 1 1 3 3
D 0 0 1 0 O 4 4
& F 0 0 1 1 0 6 6
’ G 0 0 1 1 1 7 7
( H 0 1 0 0 O 8 10
) I 0 1 0 0 1 9 11
* dJ 0 1 0 1 0 10 12
+ K 0 1 0 1 1 11 13
R L 0 1 1 0 0 12 14
- M 0 1 1 0 1 13 15
. N 0 1 1 1 0 14 16
/ 0) 0 1 1 1 1 15 17
0 P 1 0O 0 o0 O 16 20
1 Q 1 0O 0 O 1 17 21
2 R 1 0 0 1 0 18 22
3 S 1 o 0 1 1 19 23
4 T 1 0 1 0 0 20 24
E5 U 1 0O 1 o0 1 21 25_L-— Reserved for
- |1 - — — — ———— = HP Desktop
6 A\ 1 0 1 1 0 22 26 Computer
7 w 1 0 1 1 1 23 .27 Address
8 X L 1 0O 0 O 24 30
9 Y L 1 0 0 1 25 31
: Z 1 1 0 1 0 26 32
; [ 1 1 0 1 1 27 33
< AN 1 1 1 0 O 28 34
= 1 1 1 1 0 1 29 35
> A 1 1 1 1 0 30 36
E ? - T 1 1 1 1 1 31 W 373"— Sets Listen-
e Bttt Bai—————— — — — — 1 — only Mode
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Bus Commands -
Reaction to Bus Commands DCL, SDC, and IFC

The computer can set all devices on the HP-IB system to a predefined _
or initialized state by sending the device clear command, DCL. The
computer can also set selected devices to a predefined or initialized

state by sending a selected device clear command, SDC, along with the ____
addresses of the devices. The basic difference is that devices will obey

SDC only if they are addressed to listen, whereas DCL clears all de-

vices on the bus. The interface clear command, IFC, is used by the
computer to override all bus operations and return the bus to a known
quiescent state.

Upon receipt of either a DCL, SDC, or IFC command, the plotter resets
the 1/0 to begin accepting a new instruction, and disables any current
output. Any partially parsed HP-GL instruction or parameters will be
lost.

The device clear and interface clear commands do not reset parameters
in the plotter to their default values. They are not the same as the
HP-GL commands, DF or IN.

Serial and Parallel Polling

Polling is the process used by the computer to determine which device
on the HP-IB bus has initiated a require service message. The condi-
tions which will cause the require service message to be sent to the
computer are defined by the input mask instruction, IM, in Chapter 1.

The Serial Poll
A serial poll enables the computer to learn the status or condition of
devices on the bus. It is commonly used by the computer to determine
who is requiring service.

The serial poll is so named because the computer polls devices one at a
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 (Chapter 7). The S-mask parameter of the input mask instruction,
IM, is used to specify which status byte conditions will send the service
request message and when polled, respond with request service. Unless ___
the user changes the S-mask value from the default setting of 0, the
plotter will never give a positive response to a serial poll, i.e., request
service (see The Input Mask Instruction, IM, Chapter 1). Bit position 6 ____
of the status byte will be set to 1 (if the S-mask value is not 0) when any
of the conditions designated by the S-mask are true. Bit position 6 will
be set to 0 after all conditions which would cause a service request no  ____
longer exist. See IM, Chapter 1, and OS, Chapter 7. Until bit position 6
has been reset to 0, no additional service request messages, and there-
fore, no responses to a serial poll are possible. .
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A computer must issue special commands to initiate and terminate a
serial poll. During a serial poll, a device must be instructed to talk and
the computer to listen. Therefore, a serial poll cannot be executed when
a plotter is in listen-only mode.

The Parallel Poll
Parallel polling can only be done to plotters with an address 0 through
7. Plotters with address settings from 8 through 30 cannot respond to a
parallel poll. 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 instruc-
tion, IM, is used to specify which status byte conditions will result in a
logical 1 response to a parallel poll. The response to a parallel poll is
limited to setting the appropriate data line to a logical 1. The line used
is determined by the plotter’s address value as shown in the table below:

Plotter Parallel Poll HP-1B Data
Address | Bit Position | Line Number

0 7

= Ot & 3 oo

W DN =

| Plotter Preset Address

To execute a parallel poll, the controller sets the ATN and EOI lines
to 1. The controller reads the eight data lines, and determines from
these lines which instrument on the bus is requesting service. The com-
puter then sends the parallel poll disable command. Not all computers
have parallel poll capability.

It is important to remember that the 7470 will not send a logical 1
unless the P-mask bit 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.

Positive responses to parallel polls will continue to occur until all bits of
the status byte included in the P-mask value have been reset to 0. (See
The Output Status Instruction, OS, Chapter 7.)
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Addressing the 7470 as a Talker
or Listener

In order to communicate effectively with the 7470 plotter, it is important
that you completely understand the addressing protocol of your com-
puter. Therefore, you may wish to review this aspect of your computer
before proceeding.

Computers with No High Level 1/0 Statements

On low level computers, addressing devices on the HP-IB bus is accom-
plished using mnemonics, such as CMD, which serve as the “bus
command.”

When bus commands are necessary, a typical addressing sequence is
<Unlisten Command> <Talk Address> <Listen Addresses>

This sequence is made up of three major parts which serve the following
purposes:

1. The unlisten command is the universal bus command with a char-
acter code of “?”. It unaddresses all listeners. After the unlisten com-
mand is transmitted, no active listeners remain on the bus.

2. The talk address designates the device that is to talk. A new talk
address automatically unaddresses the previous talker.

3. The listen addresses designate one or more devices that are to listen.
A listen address adds the designated device as listener along with
other addressed listeners.

This basic addressing sequence simply states who is to talk to whom.
The unlisten command (“?”’) plays a vital role in this sequence. It is
important that a device receive only the data that is intended for it.

When a new talk address is transmitted in the addressing sequence, the
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
command in the same manner as the unlisten command.

Computers with High Level 1/0 Statements

In more powerful computers, higher level input/output (I/0) state-
ments are used to specify device addresses on the HP-IB bus. In these
cases, the addressing protocol (unlisten, talk, listen) is a function of the
computer’s internal operating system and need not be of concern to the
user.
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. Sending and Receiving Data

Computer-to-Plotter

Transmitting data from a computer to the plotter is typically accom-
plished using I/0 statements such as WRITE, PRINT, PRINT#, or
OUTPUT. The following examples of sending program data to the
plotter from various computers are only intended to illustrate the nec- .
essity for understanding the 1/0 statement protocol implemented by

your computer. Each of these examples will cause the plotter to label the
identity of the computer sending data, beginning at the X,Y coordinates
1000,2000. The examples involve sending both character string and
numeric data as variables, and constants or literals.

~* HP 9825 and 9826 HPL Example:

O: fxd O;dim A$[13]

1: " SENDING DATR"-+A$

21 2000-Y

3! 98B26-+B

4: wrt 705,"SP1;PR1000,",Y

S: wtk P0S,"LBHP",str(B),A%,3
E: end

A terminator is sent by the 9825/9826 at the end of a wrt statement.
Result: HP 8826 SENDING DATA
9826 BASIC Example:

10 PRINTER IS 705
20 A$=" SENDING DATA"

30 B=9825

40 Y=2000

50 PRINT “SP1;PA1000,",Y

60 PRINT USING "K";"LBHP ",B,RA$,"5%"
70 END

A terminator is sent by the 9826 at the end of a PRINT statement.

Result: HP 9826 SENDING DATA
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HP 9835/9845 Example:

10 PRINTER IS 7,5

20 A$=" SENDING DRTH"

30 B=3835 —
40 C=39845

50 ¥=2000
60 PRINT "SP1;PR1000," ;Y —

70 PRINT USING "K";"LBHP ",B,"~",C,A$,CHR$(3)
80 END

A terminator is sent by the computer at the end of a PRINT statement.
Result: HP 8835/9845 SENDING DATA

HP 2647 Example:

10 ASSIGN “H#3" TO #1 —
20 DIM R$I[13]

30 A$="SENDING DATR"

40 B=2E47

SO y=2000

EC PRINT #1;"SP1;PAR1000,",Y

70 PRINT #1;"Il.BHP",B,RA$,CHR$(3)

80 END ——

A terminator is sent by the 2647 at the end of PRINT #1 statements.
Result: HP 2647 SENDING DATA

HP-83/85 Example: —

10 PRINTER IS 705

20 A$="SENDING DATA" —
30 B=85

40 Y=2000

SO PRINT "SP1;PR1000,",Y

E0 PRINT "LEHP";B;AS$;"fi" h
70 END

A terminator is sent by the computer following PRINT statements.

Result: HP 85 SENOING DATA
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TEK 4051 Example:

100 DIM A$013]1,B$01]

110 Ag$=" SEMDING DATH

120 ¥=2000

130 B=40351

135 B$=CHR(3)

140 PRINT @5:"SF1;PR1000,";Y;";"
1530 PRINT @q"'LBTEK" B; Fi$ Ei$
180 END

No terminator is sent by the TEK 4051. It must, therefore, be included
in each PRINT @ 5 statement if the last HP-GL command in the line
requires one. In line 140, all characters after the' Y may be omitted,
since the terminator is optional with the PA command.

Result: TEK 4051 SENDING DATA
Commodore PET* 2001 and 8032 Example:

10 OPEN 5,5

20 DIM A$013)

30 A$=" SEMDING DRTR"

40 B=2001

30 Y=2000

EQ PRINT&#5,"S5P1;PR1000," ;STRE(Y)
70 PRINT®#S,"LBPET " ;B;R$;CHR$(3)
80 END

A terminator is sent by PET at the end of the PRINT #5 statement.

Result: PET 2001 SENDING DATA
Apple* II Applesoft BASIC Example:

10 PR# 3: IN# 3
20 Z$= "WT%' + CHR$ (26)

30 DIM A$(12)

40 A$= " SENDING DATA"

50 Y= 2000

60 PRINT Z$; "SP1;PR1000,

70 PRINT Z$; "LBAPPLE II ";A$;CHRS (3)
80 PR# 0O: IN# O

30 END

*Commodore PET is a trademark of Commodore Busmess Machines, Inc.

Apple is a trademark of Apple Computer, Inc.
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Result: APPLE II SENDING DATA

The PR# 3: IN# 3 statement must be included in each program before
instructions can be sent to the plotter. These statements assume the

IEEE-488 interface card (HP-IB) is in slot three of the computer. The

string Z$ addresses the plotter at address 5 to listen. It must be
included in every print statement which sends HP-GL commands to the
plotter. The PR# 0: IN# 0 statement directs keyboard output to the dis-
play and must be included before the end of the program or before any-
thing can be printed on the display.

Plotter-to-Computer

Typically, the computer obtains output information from the plotter by
using I/0 statements such as READ, INPUT, or ENTER. Sometimes
these statements are available only in I/0 ROMs, such as in the
HP Series 80 computers. Check your computer documentation or ask
your HP salesperson to determine if your system requires a special 1/0
ROM. The following examples of obtaining output data from the plotter
using various computers are only intended to illustrate the necessity for
understanding the I/0O statement protocol implemented on your com-
puter. Each of these examples commands the pen to move to plotter
coordinates X = 1000, Y = 1000 and then output the current pen position
and the plotter identifier string to the computer.

HP 9825 and 9826 HPL Example:

fxd O;dim R$[S5)]

wrt 705,"PR1000,1000;0C"
red 705,H,B,C

wrt ?705,"0I"

red 705,R$

dsp A,B,C,As

end

MmN =0

Displayed current pen position and identification.
1000 1000 0 7470A

HP 9826 BASIC Example:
10 PRINTER IS 705
20 PRINT “FF1000,1000;0C"
30 ENTER 705;A,B,C
40 PRINT “0QI"
50 ENTER 705;A$%
EO DISP R,B,C,A$
70 END
Displayed current pen position and identification.
1000 1000 0 7470A
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. HP 9835/9845 Example:

10 PRINTER IS 7,5

20 PRINT "PA1000, 1000;0C"
30 ENTER 705;A,B,C

40  PRINT "0I"

SO ENTER 705;RA$

E0 DISP A,B,C,A$

70 END

Displayed current pen position and identification.

1000 1000 0 7470A
HP 2647 Example:

10 ASSIGN "HeS" TO #1
20 PRINT #1;"PA1000,1000;0C"
30 READ #1;R,B,C

40 PRINT #1;"0I"

SO READ #1;A$

80 PRINT A,B,C,A$

70 END

Displayed current pen position and identification.

1000 1000 0 7470A

HP-85/86/87 Example:*

10 PRINTER IS 70S

Z0 PRIMT "FR1000,1000;0C"
20 ENTER 705 ; A,B,C

40 PRINT "OT;"

50 ENTER 705 ; A$

EO DISP A,B,C,A$

70 END

Displayed current pen position and identification.

1000 1000
0 7470A

*Requires I/0 ROM HP Part Number 00087-15003.
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TEK 4051 Example:

100 DIM A$(S)

110 PRINT @5:"PR1000,1000;0C;"
120 INPUT @5:A,B,C

130 PRINT @5:"0I;"

140 INPUT @5:A$

150 PRINT A,B,C,A$

160 END

Displayed current pen position and identification.

1000 1000 0 7470A
Commodore PET 2001 Example:

10 OPEN 5,5

20 PRINT#5,"PA1000,1000;0C"
30 INPUT#S,R,B,C

40 PRINT#S5,"0I"

S0 INPUT#S,A$

80 PRINT A,B,C,A$

70 END

Displayed current pen position and identification.

1000 1000 0 7470A

Commodore PET 8032 Example:

On the PET 8032, all alphabetic characters are displayed as lowercase.
This is true for both BASIC program statements and for the plotter’s
response.

A dummy string variable should be included at the end of every input
command which reads data from the plotter because the PET 8032
sends an untalk command after it receives a carriage return character.
Since the plotter with an HP-IB interface terminates all output with a
carriage return followed by a line feed, the line feed must be read into
this dummy string variable in order to clear the plotter’s output buffer
for future output.

10 OPEN 5,5

20 PRINT#S,"PHR1000, 1000;0C"
30 INPUT#S,RA,B,C,B$

40 PRINT#5,"0I"

SO INPUT#5S,A$,B$

60 PRINT A,B,C,RA$

70 END
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Displayed current pen position and identification.
1000 1000 0 7470a
Apple II Applesoft BASIC Example:

10 PR# 3: IN# 3
20 Z$= "WT%" + CHR$ (26)

30 Y$= "RDE" + CHR$ (2B)

40 PRINT Z$; "PR1000,1000;0C;"
50 PRINT ¥$;

§0 INPUT R,B,C

70 PRINT Y$;

§0 INPUT D$

90 PRINT 2$; “OI"

100 PRINT Y§$;

110 INPUT R$

120 PRINT VY$

130 INPUT D$

140 PR# O: IN# O

150 PRINT A,H,C,A$

160 END

Displayed current pen position and identification. .

1000 1000 0
7470A

For an explanation of PR# 3, Z$ and PR# 0, refer to the Apple II
example in the prior section. The string Y$ instructs the plotter at
address 5 to talk. The Apple II sends an untalk command after it re-
ceives a carriage return character. The plotter with an HP-IB interface
terminates all output with a carriage return followed by a line feed.
Therefore, in order to clear the plotter’s buffer for future output, another
talk instruction and another input statement containing a dummy
variable (D$ in this program) must follow the input statement which
reads parameters of the plotter output statement. The additional talk
and input instructions will read the line feed character, thus clearing
the plotter’s buffer.
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Cﬁapter ]_O

RS-232-C/CCITT V.24
Interfacing

What You’ll Learn in This Chapter

This chapter is only for 7470 owners with an RS-232-C interface. HP
7470s with Option 001 have an RS-232-C interface.

This chapter describes how to connect the plotter, terminal, and com-
puter in a modem or hardwire environment. It also discusses connect-
ing the interface, pin allocations in the connector, baud rates, stop bits,
and transmission errors. A tutorial description of the four handshak-
ing methods, hardwire handshake, Xon-Xoff handshake, enquire/
acknowledge handshake, and software checking handshake, is included.
The last part of the chapter is devoted to the 14 device control instruc-
tions. The syntax of device control instructions is given, followed by a
detailed section on each instruction. It is important to be able to use
these instructions properly to establish communications with the plotter
in your operating environment. You need to master the material in this
chapter so you can successfully send HP-GL commands to the plotter.

NOTE: All information in this chapter applies eq\ially to RS-232-C and

CCITT V.24 interfaces. For purposes of simplicity, both are referred to
as RS-232-C. m
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Setting Up Your RS-232-C Plotter:
a Checklist

The following steps should be followed when interfacing the 7470
plotter with a computer using an RS-232-C interface.

1. Determine which installation and operating environment, described
in the first few pages of this chapter, matches your system.

2. Check that you have the required cables and connect the plotter as
pictured in the section which describes the environment chosen in
step 1. Information necessary when constructing your own cable is
found in the section Connecting the RS-232-C Interface.

3. Determine if parity checking is used on your system and set the rear
panel parity switches s1 and s2 accordingly. Refer to the 7470 Opera-
tor’s Manual.

4. Determine the baud rate at which your computer sends data and set
the rear panel switches B1 through B4 accordingly. Refer to the 7470
Operator’s Manual.

5. Determine which handshake your system uses. The four kinds of
handshakes are described in the section entitled Handshaking. Note
which device control instructions are used to establish that hand-
shake. Since handshaking is often a function of your operating
system, you may need to refer to the manuals for your computer to
determine which parameters you must set and to what values.

6. In the last part of this chapter, read about the instructions you will
use to set up the handshake you have chosen.

Plotter Environments

There are three possible ways to position the 7470 plotter in a computer
system. They are described in the following pages; you need only read
the section which applies to your system.

Once the plotter has been connected in a system, it can be placed in an
operating state. The operating states which can be accessed in a given
environment are described in the operation section for each of the three
environments.

Using a Plotter Directly Connected to a Computer
Mainframe or Personal Computer

Installation
In this type of system, the plotter is connected directly to a computer
and is usually adjacent to it. Entry to the computer is by a keyboard or
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terminal through a separate port, rather than through the plotter. This
is sometimes referred to as an endline or stand-alone environment.
Diagrams of this type of system for both large and personal computers
are shown below, along with a picture of the rear panel connection.

SYSTEM DIAGRAM

COMPUTER

] PLOTTER
i |
1

> l PLOTTER

s? I |
L L

TERMINAL

COMPUTER MAINFRAME

PERSONAL COMPUTERS

REAR PANEL CONNECTIONS

RS-232-C CABLE 7
SUPPLIED BY USEP’//?

Plotter Connection with a Computer Mainframe or Personal Computer

~—

POWER CORD

5

Operation ‘
Operation with this type of installation is usually confined to the on-
line, programmed-on state. The rear panel switch labeled ¥/p should be
set to D (direct). When the switch is set to D, whdnever power is being
applied to the plotter, it is in the on-line, programmed-on state. In this
state, the plotter reacts to all device control and HP-GL instructions
except the plotter off instruction. It is not possible to programmatically
turn the plotter off. Only when the switch is set to Y may the plotter be
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placed in the on-line, programmed-off mode. That operating state is
described under operation with a terminal.

Using a Plotter in an Environment with a Terminal

Inst

10-4

allation

In the second type of system, the plotter is connected in series between
the computer and the terminal. The plotter’s LINE switch must be ON in
order to have any communication between the terminal and the com-
puter. There may be a direct wire between the computer and the plotter
or the plotter may be connected to a modem and communication may
take place over telephone lines. This setup, with the plotter between the
computer and the terminal, is sometimes referred to as eavesdrop
environment. A special Y-cable (Part No. 17455A), which joins the lines
from the computer and terminal into the plotter’s one connector, must
be used in this environment. Diagrams of the two systems, with and
without a modem, follow, along with pictures of the rear-panel con-
nections for both kinds of systems.

SYSTEM DIAGRAM

COUPLER/MODEM TERMINAL

I— REMOTE —l
COMPUTING FACILITY

In

|
|
COUPLER/ |
|

MODEM

REAR PANEL CONNECTIONS

= CORD

RS-232-C 17455A
CABLE (SUPPLIED/ % CABLE PURCHASED FROM
BY USER) \ HEWLETT-PACKARD

Plotter Interconnection with a Terminal and Remote Facility Using Modems
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SYSTEM DIAGRAM

e | TERMINAL

REMOTE |
COMPUTING FACILITY I

I PLOTTER

REAR PANEL CONNECTIONS

17455A CABLE
PURCHASED FROM
HEWLETT-PACKARD —

PLUG IN
RS-232-C
CONNECTOR -

PLUG IN'RS-232-C FROM &
CONNECTOR FROM COMPUTER .
TERMINAL HERE—/ HERE {TT—=POWER CORD

Plotter Interconnection with a Terminal and Remote Facility
Using RS-232-C/CCITT V.24 Cabling
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Operation
While operating in this environment, the plotter may be in one of three
states: on-line, programmed-off; on-line, programmed-on; or monitor
mode.

On-Line, Programmed-Off State

The plotter can only be in this state if the Y/D switch on the rear panel

is set to Y (used with Y-cable). When this switch is set to v, the plotteris —
placed in the on-line, programmed-off state by either turning the
plotter’s LINE switch to ON or by receipt of a plotter off instruction from

the computer or of a terminal-generated Break signal while the plotter ——
is in the on-line, programmed-on state. In the on-line, programmed-off
state, the plotter’s processor passes data between the computer and the
terminal as shown in the following diagram. The plotter will respond
only to a plotter on instruction from the host computer.

COMPUTER Y-CABLE —_—
- CONNECTOR

TERMINAL

PROCESSOR

. SCANS FOR

“PLOTTER ON"

INSTRUCTION R

PLOTTER

Plotter in On-Line, Programmed-Off State
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On-Line, Programmed-On State

When the rear-panel switch labeled Y/D is set to D,‘the plotter is placed
in the on-line, programmed-on state by turning on the plotter. When the
v/D switch is set to Y, the plotter is sw1tched from the on-line,
programmed-off state to the on-line, programmed-on state when a
plotter on instruction, ESC . ( or ESC . Y, is received from the computer.

When in this state, the plotter operates in response to instructions
received from the computer as shown in the following figure. When the
plotter instructions request output, it is provided as:shown. The commu-
nication channel from the terminal to the computer, through the
plotter, is maintained to provide operator entry into the computer.

The plotter’s processor monitors the channel from the terminal to the
computer for a terminal-generated Break signal. The plotter will inter-
pret anything greater than a 130-millisecond space as a Break. This
Break signal is retransmitted to the computer and in-process plotter
outputs are aborted, but plotting continues until stored buffer data is
completed. A new plotter on instruction from the computer is required
to resume plotting operations. The plotter will ignore a Break signal if
the Y/D switch is set to D.

It should be noted that in the on-line, programmed-on state (but not in
monitor mode which is described in the next paragraph) all data
generated by the terminal are routed through to the computer on a
noninterference basis when the plotter is not doing outputs. Data
generated by the terminal are ignored while output is occurring. How-
ever, all data generated by the computer are intercepted by the plotter
and not passed to the terminal.

COMPUTER
TERMINAL
PLOTTER
LINE
¢ NOT USED
i
1 !
OUTPUTS v
v PROCESSOR
SCANS FOR
PLOTTER ¢ f
INSTRUCTIONS BREAK

Plotter in On-Line, Programmed-On State
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Monitor Mode

After the plotter is in the on-line, programmed-on state, two mutually
exclusive monitor modes may be enabled using the set plotter configura-
tion instruction, ESC . @. Depending upon which monitor mode is
enabled, either all data (including device control instructions) are re-
transmitted to the terminal CRT or only HP-GL data are retransmitted
as they are parsed from the plotter’s buffer. All plotter output responses
are sent to both the computer and terminal. Refer to The Set Plotter
Configuration Instruction, ESC . @, for complete information.

The plotter monitors for a terminal-generated Break signal. Receipt of a —
Break signal will cause the same results as described under the on-line,
programmed-on state. Then, new plotter on and set plotter configuration
instructions from the computer are required to resume plotting opera- -—
tions with monitor mode active. The following diagram shows how the
plotter processes data while in monitor mode.

COMPUTER

TERMINAL —

l PLOTTER
|

F 3
PROCESSOR .
SCANS FOR .
“BREAK" l

r

OUTPUTS )

PLOTTER
INSTRUCTIONS -

Monitor Mode
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Using the Plotter in a Terminal-only Envﬂronment

Installation ‘

The 7470 plotter can be directly connected to a terminal if a specially
constructed, user-supplied cable that swaps lines 2 and 3 is used. While
there is no computer in this configuration, the terminal usually has
some “intelligence.” When the terminal and plotteriare connected using
this special cable, the terminal may be used to send instructions to the
plotter. A diagram of the terminal-only environment and a picture
showing the rear-panel connection follow.

SYSTEM DIAGRAM

TERMINAL

PLOTTER

REAR PANEL CONNECTIONS

SPECIALLY CONSTRUCTED
RS-232-C CABLE

SUPPLIED BY USER~\

POWER CORD

Plotter Interconnection with Only a Terminal
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Operation

The rear-panel switch labeled Y/D should be set to D. If it is set to v, the
plotter must receive a plotter on instruction, ESC . ( or ESC .Y, before
it will respond to other commands from the terminal. The terminal ___
should be set to half duplex in order to view the characters being sent
to the plotter. Plotter output will be displayed on the terminal. The
following diagram shows plotter operation when in the programmed-on
state in a terminal-only environment.

TERMINAL
IN —
HALF
DUPLEX

PLOTTER

4 .

OuUTPUT

v
PLOTTER
INSTRUCTIONS

Terminal-only Environment, Programmed On

Connecting the RS-232-C Interface

The 7470 plotter interfaces to the RS-232-C communications lines
through a standard 25-pin female connector mounted on the back of the
plotter. The 7470 is capable of operating in a three-wire (transmit,
receive, ground) configuration.

In hardwired handshake operation, the Data Terminal Ready line (pin
20 of the connector on the plotter) is used to monitor the space in the
buffer available for input. The plotter outputs data when requested
(refer to Hardwire Handshake in this chapter).

If you are fabricating the cable assembly, the connector should be a
25-pin type “D” subminiature CINCH DBC-25P plug or equivalent.

Connector pin allocations for the three-wire configuration are identified
and described in the following table.
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Minimum Interface Connector Pin Allqcations

Pin No. | RS-232-C | CCITT V.24 | Function/Signal Level
2 BA 103 Data line from plotter
(TDATA) High=ON=“0"=+4+12V
= SPACE
Low=QFF =“1"=-12V
= MARK
3 BB 104 Data line to plotter
(RDATA) High=0ON=“0"=+3V
to+25V
Low=0OFF =“1"=-3V
to-25V
7 AB 102 Signal ground (Return
(SGND) line)

In addition to the minimum requirements for communication, six more
lines are connected as shown in the following table. These lines are
required to implement full duplex communication, intermediate baud
rate, hardwired handshake mode, and monitor mode. All remaining
pins make no internal connection.

Pins 14 and 16 are wired in the special Y-cable, available as Option 16,
to implement monitor mode. The Y-cable schematic is shown below.

NOTE: Hardwire handshake cannot be used to prevent buffer overflow
when the Y-cable is connected. This is because pin 20 is connected
between the COMPUTER and TERMINAL connectors, but not to the PLOTTER

connector. H

COMPUTER] 3 | 2 ) 7| 1) 4/| 5] 6] 8 25
3 - 1
I
" L |
' |
I
7 T I
) e |
T I
16 |
I
14
_/ L
PLOTTER TERMINAL| 3] 2| 7] 1| 4|5 | 6] 8 25

PINS 4,5, 6, AND 8 THROUGH 25 ARE DIRECTLY CONNECTED BETWEEN THE
COMPUTER AND TERMINAL CONNECTORS.

Y-cable Schematic

RS-232-C/CCITT V.24 INTERFACING 10-11




Additional Connector Pin Allocations

Pin No.

RS-232-C

CCITT V.24

Function/Signal Level

17

20

14*

16*

AA
CA

DD

CDh

SBA

SBB

101
105

115

108.2

118

119

Protective ground

Request To Send from the
plotter

Always High = ON = “0”
=+12V

External Clock Input

High=ON=+24V to
+5V

Low=0FF=0.0 Vto
+04V

Data Terminal Ready to
modem

High = ON = “0”
=+12V

Low = OFF = “1”
=-12V

Secondary Transmit Data
Data line from plotter to
terminal

Secondary Received Data
Data line to plotter from
terminal

*Used to establish monitor mode with special Y-cable (Part No. 17455A).

Output Baud Rate

The plotter is designed to operate in an asynchronous mode with
switch-selectable baud rates of 75, 110, 150, 200, 300, 600, 1200, 2400,
4800, and 9600. See the 7470A Operator’s Manual for instructions on
setting the baud rate. However, setting all BAUD switches to zero and
connecting an external clock input to pin 17 of the connector allows
operation of the plotter at any intermediate baud rate up to 9600 baud.
Both the receiver (RRC) and transmitter (TRC) clocks will operate at

the same clock rate. Requirements for the clock signal are as follows:

1. The clock frequency must be 16 times the desired baud rate.
2. The baud rate must not exceed 9600.
3. The duty cycle of the clock pulse should be close to 50%.
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4. The clock pulse must be a logic on of +2 V<V < 25V and a logic off
of =25 V<V <<4+0.8 V (3.5 k) input impedance).

5. Care should be taken to keep the transmission lines as short as
possible to minimize transmission line reflection noise.

Stop Bits

The plotter is configured to automatically verify or generate one or two
stop bits, depending on the setting of the plotter’s baud rate switches.
Refer to the 7470A Operator’s Manual for more information.

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 party. .

Transmission errors include:

e Framing error — the plotter does not detect a valid stop bit at the end
of every character.

e Parity error — the plotter does not detect the expected parity (odd or
even).

e Overrun error — a plotter instruction writes over another instruction.

e Buffer overflow error — the plotter receives more bytes of data than it
has space for in the buffer.

When the plotter detects a framing, parity, or overrun error, it turns on
the front panel ERROR light and sets error code 15. This error code
generally indicates that the communication incompatibility is hardware
related (incorrect stop bit jumper installation, wrong parity selection,
incompatible or incorrectly set baud rates, etc.).

When the plotter detects a buffer overflow, it turns on the front panel
ERROR light and sets error code 16. The last HP-GL data that caused the
overflow will be lost. Error code 16 generally indicates an improperly
established handshake protocol.

The ERROR light remains on until either the user iriterrogates the plotter
via an output extended error command, ESC . E, and the plotter re-
sponds with the appropriate error code, or the user turns the plotter off,
or an HP-GL initialization instruction, IN, is processed, or a front-panel
reset occurs.

A complete list of error codes is included with the discussion of the
ESC . E instruction. ‘
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NOTE: A buffer overflow condition may also cause an HP-GL: error to
occur. In this case, an HP-GL IN or OE command or a front-panel reset
must be executed in order to clear the ERROR light. See Chapter 7 for an
explanation of the output error instruction, OE. m

Handshaking

The 7470 uses a 255-byte input buffer to synchronize the processing of
data with the rate at which it is received. The presence of an input
buffer requires that the computer and the plotter transfer information
to one another in such a way that data will not be lost or misinterpreted.
This is the purpose of handshaking.

The 7470 is capable of using any one of four handshaking methods to ——
prevent buffer overflow and the resulting loss of data. The computer
system’s capabilities and requirements dictate which handshake method
is appropriate. —

e Hardwire Handshake — uses a physical wire, pin 20 of the RS-232-C
cable, to control handshaking. It can be used if the computer system
can or does monitor pin 20 (DTR).

e Xon-Xoff Handshake — is managed by the peripheral device. It can
be used if the computer system follows an Xon-Xoff protocol (control
characters are transmitted from the peripheral to the computer).

¢ Enquire/Acknowledge Handshake — is managed by the computer
system and interface. This handshake is often used in Hewlett-
Packard systems and is so named because the ASCII characters
ENQ and ACK may be used to control the handshake.

e Software Checking Handshake — is managed by the applications
programmer. It can be used on almost any computer system, but it
must be used if the system cannot implement any of the other three - —
handshaking methods.

Once the handshake method is selected, the 7470 can be program-
matically instructed to match the computer system requirements, imple-
ment the chosen handshake method, and function properly within the
system-dependent communication environment. This is done by specify-
ing certain variables in device control commands which are issued to
the 7470 at the beginning of each computer session or graphics program,
The variables, which may be specified by using the decimal value of
the character desired to establish one of the four handshake methods
available to the 7470, are:

o Output Trigger Character — The output trigger character, when -
i the last character output by the computer when making a

g graphlcs peripheral. Defining this character in a com-

mandtell§ thé*plotter, “Don’t respond to my request until you receive
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this trigger character.” This character is often a DC1 (decimal equiva-
lent 17) or some other nonprinting ASCII character such as LF or CR
or, when using some implementations of BASIC the ? (decimal
equivalent 63), which does print.

Turnaround Delay — The turnaround delay is the length of time the
plotter will wait after receiving a computer request and the trigger
character, if any, before it responds. The purpose of this time delay is
to delay the plotter’s transmission of requested data until the com-
puter is ready to receive and process it. Systems may require either a
turnaround delay or a trigger character, or both.

Output Initiator Character — The output initiator character is a one-
character initiator that is sent by the plotter at the beginning of a
string. The output initiator tells the computer, “This starts my trans-
mission.” Some computers which require an output initator expect
the start-of-text character, STX (decimal equivalent 2), as the plotter’s
output initiator.

Output Terminator — The output terminator is a one- or two-character
terminator that the computer requires the plotter to send at the end of
each response to a data request. The output terminator tells the
computer, “This completes my transmission.” Often, computers expect
the carriage return character, CR (decimal equivalent 13), as the
plotter’s output terminator.

Echo Terminate Character — Echoing is commonly found in full
duplex systems. Use of the echo terminate parameter in a device
control command tells the plotter that the computer will echo all
responses and that this echoed data should be ignored (the plotter’s
data buffer should be closed) until an echo terminate character is
received. When the plotter receives the echo terminate character, it
reopens the data buffer to receive graphics data from the computer.
Computers often use the line feed character, LF (decimal equiva-
lent 10), as the echo terminator. If the computer does not echo the
peripheral’s response, this variable must be zero (equivalent to null)
or must be omitted.

Intercharacter Delay — Some computers cannot process data as fast
as the plotter can transmit it due to limited buffering in the I/0 port.
This can be compensated for by delaying each transmission from the
plotter a period of time as specified by the intercharacter delay
variable. This intercharacter delay is added to a turnaround delay (if
one has been specified) before the first character is sent by the
plotter, and is also inserted before each subsequent character in a
string being sent to the computer. ‘
. Computer

Museum
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¢ 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 handshake process. If Xon-Xoff handshake mode is to
be established, a NULL character (decimal equivalent 0) must be
specified as the enquiry character. If enquire/acknowledge is to be
established, an ENQ character (decimal equivalent 5) or any other
ASCII character besides the NULL is used.

¢ Immediate Response String — Certain system environments require
an immediate response from the plotter acknowledging the enquiry
from the computer. Systems of this type include a computer that _ __
transmits data to the plotter after a certain time interval but before
receiving a go-ahead signal from the plotter. If the plotter’s buffer is
full and the computer sends more data, the buffer will overflow. The ____
immediate response string prevents this inadvertent transmission of
data before the plotter is ready. It is transmitted by the plotter
immediately after receipt of an enquiry character and tells the com- ___ .
puter, “Wait, I am here and checking my buffer space.” Computers
frequently require a DC3 character (decimal equivalent 19) for the
immediate response. .

¢ Acknowledgment String — The acknowledgment string specifies the
character or characters. that the plotter will send to the computer
when the plotter’s input buffer has room for another block of data.
Computers frequently require that the ACK character (decimal equiv-
alent 6) be used for the acknowledgment string.

¢ Data Block Size — This is the maximum size of each data block the
computer will transmit to the plotter.

¢ Data Terminal Ready (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 mode. Pin 20 is held on
(+12 V) if hardwire handshake is disabled.

¢ Xoff Threshold Level — In the Xon-Xoff handshake mode this defines
how many empty bytes remain in the buffer when the plotter sends
the Xoff trigger character to the computer, telling it to stop sending
data.

® Xoff Trigger Character — This specifies the character string the
plotter will use to signal the computer to temporarily stop sending
data while the plotter processes what it has already received. The
DC3 character (decimal equivalent 19) is generally used for the Xoff
trigger.
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® Xon Trigger Character — This specifies the character string the
plotter will use to signal the computer that there is sufficient space in
the buffer to resume sending data. The DC1 character (decimal
equivalent 17) is generally used for the Xon trigger.

The following discussion of the four handshake methods includes the
pertinent variables and identifies the commands which will establish
their values.

Software Checking
Software checking is a nonautomatic handshake method in which the
user’s program repeatedly asks the plotter how many characters of
empty space remain in the buffer. When the plotter response is bigger .
than the next block of data, the program will transmit the data block to
the plotter. This method is inefficient in time-share environments.

The advantage of software checking is that it is independent of hard-
ware and operating system abilities required to implement other hand-
shake modes; therefore, it usually makes software transportable between
computer systems. The limitation of this method of handshaking is
that it uses up computer time.

To match the requirements of the computer system, these variables
may be specified for the software checking handshake mode by using
the appropriate command:

¢ Turnaround delay (ESC . M command)

® Qutput trigger character (ESC . M command)
e Echo terminate character (ESC . M command)
® Qutput initiator character (ESC . M command)

o Qutput terminator (ESC. M command)

Intercharacter delay (ESC . N command)
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The following flow diagram illustrates the functional elements of a
typical software checking handshake within a user’s program.



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
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)

BUFFER FULL 0
XOFF THRESHOLD
[XOFF TRIGGER
CHARACTER SENT} 3 a4 6
TOTAL
BUFFER
XON THRESHOLD ‘ |~ SPACE
{XON TRIGGER " AVAILABLE
CHARACTER SENT)
2 5
1
FFER :
BU EMPTY TIME » 256

Xon-Xoff Threshold Levels

As data is sent to the plotter by the computer, it is stored in the buffer
and simultaneously acted on by the plotter. The preceding figure is
representative of the way the Xon-Xoff handshake works; the numbers
represent the following:

1. Data enters the buffer faster than it can be acted on by the plotter,
and the buffer starts to fill.

2. The plotter begins processing the input data faster than the computer
sends it, and the buffer starts to empty.

3. The data enters the buffer at a faster rate than the plotter can
process it. The amount of data stored in the buffer reaches the Xoff
threshold level, at which point the plotter sends the Xoff trigger
character stopping the flow of data from the computer.

4. Due to a finite delay between the time the plotter sends the Xoff
trigger character and the time it takes the computer to react, a slight
overshoot may occur. For this reason, the Xoff threshold level should
always be specified at least as large as the data block size or the
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maximum number of bytes sent by an output statement to allow
room for the overshoot.

5. Once the Xoff trigger character has been sent, 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 at 128 bytes. If the
Xoff threshold level is greater than 128, the Xon threshold is reset to -
send the Xon character when one more byte than required by the
Xoff threshold is available in the plotter’s buffer.

6. Data is again stored in the buffer until all the data are transferred or
until the Xoff threshold level is exceeded again.

The following conditions can be specified for the Xon-Xoff handshake - -
mode to match the requirements of the computer system, by using the
appropriate command:

o Xoff threshold level (ESC . I command)

e Xon trigger character (ESC . I command)
o Xoff trigger character (ESC. N command)
® Intercharacter delay (ESC. N command)

The enquiry character (ESC. I command) must either be defaulted or
specified as zero.

Enquire/Acknowledge Handshake
With the enquire/acknowledge handshake, the computer’s operating
system or application program initiates the data exchange process by
querying the plotter about the availability of buffer space. The format
of the exchange is dependent upon the requirements of the computer.
The following conditions can be specified for the enquire/acknowledge
handshake mode by using the appropriate command:

® Turnaround delay (ESC. M command)

Output trigger character (ESC . M command)

Echo terminate character (ESC . M command)

Output initiator character (ESC. M command)

Output terminator (ESC . M command)

Intercharacter delay (ESC . N command)

Immediate response string (ESC. N command)

Data block size (ESC. I or ESC. H command)
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¢ Enquiry character (ESC. I or ESC. H command)
¢ Acknowledgment string (ESC . I or ESC. H command)

In its simplest form, the data exchange looks like this:

DO YOU HAVE BUFFER SPACE FOR A DATA BLOCK?
“ENQ”

YES, THERE IS ROOM IN MY BUFFER

COMPUTER [« PLOTTER
“ACK"

DATA

ENQ/ACK Handshake Protocol Example 1

In a more complex form, the communication might look like the
following example, where the two commands . M250;17;10;13:
andEJd . H100;5;6: have been sent to specify the variables as:

turnaround delay = 250 ms

output trigger character = ASCII character DC1 (decimal equiva-
lent 17)

echo terminate character = ASCII character LF (decimal equiva-
lent 10)

output terminator = ASCII character CR (decimal equivalent 13)
data block size = 100 bytes
enquiry character = ASCII character ENQ (decimal equivalent 5)

acknowledgment string = ASCII character ACK (decimal equiva-
lent 6)
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HOST

DO YOU HAVE BUFFER SPACE FOR A 100-BYTE BLOCK OF DATA N e

“ENQ" (HANDSHAKE ENABLE)

THIS ENDS REQUEST, PLEASE ACKNOWLEDGE

“DC1” (OUTPUT TRIGGER CHARACTER)

COMPUTER PLOTTER S
__ YES, THERE IS ROOM FOR 100 BYTES
r_ [~ 250 MS DELAYED "ACK" ( HANDSHAKE STRING)
ECHO |
| THIS IS END OF MY MESSAGE
f"‘l"_ “CR" {(OUTPUT TERMINATOR) -
L
ECHO | ~~ T wack~ DATA
! BUFFER
L CLOSED -~
v

“LF" {ECHO TERMINATE CHARACTER})

100-BYTE DATA BLOCK

ENQ/ACK Handshake Protocol Example 2

Hardwire Handshake

As the name implies, the hardwire handshake takes place in the
hardware rather than the firmware or software. The plotter controls the
data exchange sequence by setting the electrical voltage on pin 20 of
the connector (CD line) to the computer to signal the computer when to
send another block of data. If there is enough room in the plotter’s
buffer to accept and store another block of data, the plotter sets the
Data Terminal Ready, CD, line to a high state. If there is insufficient
space, it sets the line low. By monitoring this line, the computer knows
when it can or cannot safely transmit another block of data.

The hardwire handshake mode is enabled at power on or by setting the
Data Terminal Ready, CD, line control using the ESC . @ command.

RS-232-C Device Control Instructions

Device control instructions establish the handshake protocol to be used
by the 7470 plotter. All communications conform to the protocol estab-
lished by these instructions. The instructions serve two purposes: to
control the format by which data is transferred between the computer
and the plotter (input/output operations), and to give the computer the
ability to query and to receive information from the plotter.

Each instruction’s name gives an immediate clue to its purpose: if
“output” is the first word in the name of the instruction, the computer
wants a response from the plotter. Otherwise, the instruction concerns
the I/0 functions. The word “set” in the title indicates the command
establishes conditions under which subsequent I/0 is to occur.
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The plotter acts on device control instructions immediately upon receipt.
It does not store them in the data buffer.

Command Syntax for Device Control Instructions
Device control instructions are three-character escape code sequences
comprised of “ESC” and “.” followed by one of the characters @, B, E,
HILJKILMNoOoOR, ()Y orZ

When an instruction is put together with its required parameters,
delimiters, and/or terminators, it becomes a “command.” These syntax
conventions are used with the commands discussed in this chapter:

[ ]

()

<DEC>

<ASC>

[TERM]

Brackets indicate that all parameters enclosed
are optional.

Parentheses indicate that each individual pa-
rameter is optional.

The semicolon follows and delimits parameters.
If a semicolon appears without a parameter, the
parameter is defaulted.

The colon terminates any command which may
have parameters and can occur after any valid
number of parameter entries. Any parameter
that is not specified is defaulted.

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.

This symbol specifies the decimal equivalent for
an ASCII character (see the ASCII Character
Equivalents table in Appendix C). In this case,
the characters 10 would represent the ASCII
line feed character, LF, and 13 would represent
the ASCII carriage return character, CR.

Specifies a number of optiorial parameters. Each
parameter must be followed by a delimiter (;) or
the terminator (:).

Unless changed by an ESC. M command, all
RS-232-C output responses include a CR as a
terminator.
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Default Values; Any parameter may be omitted or, if the parame-

Omitting Parameters ter is required, it can be set to its default value
by omitting the parameter and entering only
the semicolon as a delimiter. All parameters
may be omitted and therefore set to default
values by entering only the colon terminator
after the instruction.

ESC Denotes the single ASCII character, Escape,
which in most computers is accessed by striking
a single key on the keyboard.

NOTE: There is no delimiter (semicolon) be-
tween the three-character command sequence,
e.g.,[Hd . O, and the first parameter. m

The Plotter On Instruction, ESC . (
or ESC.Y

DESCRIPTION [y plotter on instruction, ESC. ( or ESC. Y, places a
plotter which is powered on into the on-line, programmed-on mode so
that it will accept incoming data and interpret it as plotter instructions.

I!EE This instruction is used when the rear-panel switch labeled Y/D
is set to Y to ready the plotter to accept other instructions. It is sent at
the beginning of any plotting program or when the user wishes to
resume plotting after the plotter has been turned off by an ESC.) or
ESC. Z command or a Break.

SYNTAX . (
or

.Y
IEONENOLE  This instruction is ignored when the rear-panel switch

labeled Y/D is set to D since, in that case, turning on the power places
the plotter in the programmed-on state.

Beginning with the next character, the plotter will accept incoming
data and interpret it as plotter instructions. If the plotter is already in
the programmed-on state, it will ignore this instruction.

The Plotter Off Instruction, ESC .)
or ESC.Z

The plotter off instruction, ESC. ) or ESC. Z, takes the
plotter out of on-line, programmed-on state so that it neither accepts
nor interprets incoming data until another plotter on instruction is
received.

10-24 RS-232-C/CCITT V.24 INTERFACING



m The instruction is used to deactivate the plotter. It is used at
the end of a graphics program or in some environments to allow data to
be passed through the plotter to the terminal.

SYNTAX )

or

Eb. 7

DIAEV LW  This instruction is ignored when the rear-panel switch
labeled Y/D is set to b. When that switch is set to D, it is not possible to
turn the plotter off programmatically.

Beginning with the next character, the plotter will assume a passive
state and remain in that state until a plotter on instruction is received.

Any HP-GL instructions remaining in the buffer at the time that a
plotter off instruction is received are executed. However, no additional
HP-GL instructions will be accepted by the plotter.

NOTE: A Break signal from the terminal will have the same effect as a
plotter off instruction. m

The Set Plotter Configuration Instruction,
- ESC. @

DESCRIPTION 4 yNPTS: plotter configuration instruction, ESC . @, sets

parameters necessary for hardwire handshake mode and monitor mode.

m The instruction is used to enable or disable hardwire handshake
or monitor mode.

SYNTAX . @[ (KDEC>); (<ASC>)1:

DEFAULT . @: Enables hardwire handshake and disables moni-
tor mode.

FAAEVEMILE  Use of the instruction without parameters enables hard-

wire handshake and disables monitor mode.
A description of the instruction’s parameters follows:

<DEC> The first parameter is not required; if a parameter is
included it is ignored. The semicolon must precede any
second parameter.

<ASC> The second parameter establishes Data Terminal Ready,
CD, line control. Only bits 0, 2, and 3 of the parameter
are used, as shown in the following table.
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Bit | Logic

No. | State Description

0 0 Set and hold line high (disable hard-

wire handshake).
1 Enable hardwire handshake mode.*

1 X Ignored.

2 0 Establish monitor mode 0 (all bytes
displayed on terminal as they are
parsed from the buffer).

1 Establish monitor mode 1 (all bytes
displayed as they are received).

3 0 Disable monitor mode.
1 Enable the monitor mode established
by bit 2.

*When hardwire handshake is enabled, the DTR line becomes
a “buffer space available” flag. The line is high when available
buffer space is greater than or equal to the current block size,
and is held low when available buffer space is less than the
current block size. This size defaults to 80 bytes unless a
different value is specified by the ESC. H or ESC. I command.

EXAMPLE . @;13: will establish monitor mode 1 where all bytes
are displayed on the terminal as they are received by the plotter.

The Output Buffer Space Instruction,

ESC.B

LHHIINE The output buffer space instruction, ESC . B, outputs
the plotter’s available buffer space.

I!EE This command is used in a software checking handshake to
interrogate the plotter regarding available buffer space.

SYNTAX .B
FEENENMINE  No parameters are used.

<DEC>

[TERM]

The plotter’s response is a decimal number in the range
0 to 255, and represents the number of bytes of buffer
space currently available for storing graphic instructions
sent from the computer.

This decimal number is followed by the output termina-
tor which defaults to carriage return, CR, or is as set by
ESC. M.
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The Output Extended Error Instruction,
ESC.E

DESCRIPTION Jy¥s output extended error instruction, ESC . E, outputs
a number which defines any RS-232-C related I/0 error and turns off
the front-panel ERROR light.

N The instruction is used to define what type of RS-232-C related
1/0 error has occurred, if any.

SYNTAX .E
EXPLANATION [N parameters are used.
RESPONSE

<DEC> The plotter’s response is a decimal number, either 0 or
in the range 10-16, followed by the output terminator.
The meaning of the response is as defined in the follow-

ing table.
Error
No. Meaning
0 No I/0 error has occurred

10 Output instruction received while another
output instruction is executing. The original
instruction will continue normally; the one
in error will be ignored.

11 Invalid byte received after first two charac-
ters, ., In a device control instruction.

12 Invalid byte received while parsing a device
control instruction. The parameter containing
the invalid byte and all following parameters
are defaulted.

13 Parameter out of range.

14 Too many parameters received. Additional
parameters beyond the proper number are ig-
nored; parsing of the instruction ends when a
colon (normal exit) or the first byte of another
instruction is received (abnormal exit).

15 A framing error, parity error, or overrun
error has been detected.

16 The input buffer has overflowed. As a result,
one or more bytes of data have been lost, and
therefore an HP-GL error will probably occur.
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NOTE: The receipt of something other than another
parameter, a semicolon, or a colon will result in error 12
overwriting error 14. m

[TERM] The terminator defaults to carriage return, CR, unless it
is set by an ESC. M.

The Set Handshake Mode 1 Instruction,
ESC. H

NI  The set handshake mode 1 instruction, ESC. H, may
be used with the enquire/acknowledge or Xon-Xoff handshake to estab-
lish parameters for the plotter’s communication format.

m It establishes the data block size, the enquiry character, and
the acknowledgment string when the computer requires that the para-
meters set in the ESC. M instruction be used in response to the enquiry
character or Xon character.

SYNTAX . H[(KDEC>) ; (KASC>) ; (KASC>(;...<ASC>)) I:
NIFINN 9. H: See ESC. I default.
DUCVEMINE The two instructions, ESC. H and ESC. I, are mu-

tually exclusive. The parameter descriptions are the same for both
instructions and are given under the ESC. I instruction.

Handshake mode 1, established by this command, uses defaulted or
specified parameters of the ESC. M and ESC. N commands when
responding to the handshake enable or Xon trigger character.

The parameters used with handshake mode 1, handshake mode 2, and
output responses are shown in the following table. Choose the mode
and use handshake mode 1 (ESC. H) or handshake mode 2 (ESC. I}
depending on the requirements of your system.
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Parameter Usage in Plotter/Computer Communication

With Handshake Characters With Plotter
Output
Parameter In Mode 1 In Mode 2 Commands
turnaround yes yes yes
delay
output trigger ves no ves
character
echo yves no yes
terminator
output yes no yes
terminator
output no no yes
initiator*
intercharacter yes yes yes
delay

*If an output initiator is required on enquiry responses, it should be specified as
the first character of the acknowledgment string and/or the immediate response
string, depending on the system.

JEVWIARNY See ESC. Tand ESC. N.

The Set Handshake Mode 2 Instruction,
ESC.1I

IDIHHIRINIE  The set handshake mode 2 instruction, ESC. I, may be
used with the enquire/acknowledge or Xon-Xoff handshake to establish

parameters for the plotter’s communication format.

m It establishes the data block size, the enquiry character, and
the acknowledgment string for the enquire/acknowledge handshake
when the computer expects only the turnaround delay, and not the
other parameters set by ESC. M, to be included in the response to the
enquiry character. It sets the Xoff threshold level and the Xon trigger
character for Xon-Xoff handshake.

SYNTAX .I[(KDEC>); (<ASC>); (KASC>(;...<ASC>)) I:

DEFAULT .1t (or . H:) Neither Xon-Xoff nor enquire/
acknowledge handshake is enabled. Block size is 80 bytes, and there is
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no enquiry character or acknowledgment string. If, however, the com-
puter is configured to send an ENQ anytime it is ready to send data to
the plotter, the plotter will automatically respond with ACK when it
receives ENQ. This “dummy handshake” is not dependent upon avail-
able buffer space and does not protect against buffer overflow.

DGEVEMIE The two instructions, ESC.I and ESC. H, are mu-
tually exclusive. With handshake mode 2, the only parameter of the

ESC. M command used when responding to the enquiry or Xon trigger
character is the turnaround delay. Refer to the chart under the ESC. H
instruction to see which parameters are used in various plotter output
situations. Choose your mode using ESC. I or ESC. H, depending on
the requirements of your system.

The parameters for both ESC. H and ESC.I are the same and are
described below, first as interpreted for the enquire/acknowledge hand-
shake and then as interpreted for the Xon-Xoff handshake.

For Enquire/Acknowledge Handshake
<DEC> This first parameter specifies the block size; it is evalu-
ated modulo 256. Default block size set when the parame-
ter is omitted is 80 bytes.

<ASC> This parameter sets the enquiry character. The para-
meter may be the decimal equivalent of any ASCII
character in the range 0 to 127. If the parameter is
omitted, it assumes the default value 0 (NULL charac-
ter) disabling enquire/acknowledge handshake. Any
value other than 0 enables enquire/acknowledge hand-
shake. However, the value 5 (enquire character, ENQ) is
generally used.

<ASC>...<ASC> Thisis alist of 1 to 10 parameters, separated by
semicolons, which specify the acknowledgment string.
Decimal equivalents of ASCII characters 0 to 127 are
valid. The value 0 is not transmitted and will terminate
the string. The value 6 (acknowledge character, ACK) is
generally used. If the parameter is omitted, it assumes
its default value and no characters are sent.

For Xon-Xoff Handshake
<DEC> This first parameter sets the Xoff threshold level by
specifying the number of empty bytes remaining in the
buffer when the Xoff character is to be sent. The practi-
cal range is 10 to 254. If the Xoff parameter is specified
to be greater than 128 (half the buffer size), the Xon
threshold level will be reset (from its automatic setting
of half the buffer size) so that the Xon character will be
sent when one byte more than the Xoff level is available.
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<ASC> This parameter should be omitted by entering only the
semicolon or the value 0 followed by the semicolon. To
enable Xon-Xoff handshake, the next parameter, which
specifies an Xon trigger character(s), must be included.

<ASC>...<ASC> Thisis a list of from 1 to 10 parameters, separated
by semicolons, which specify the Xon trigger charac-
ter(s). Decimal equivalents of ASCII characters 0 to 127
are valid. The value 0 is not transmitted and will termi-
nate the string.

QEHIAY  See also the ESC . N instruction.

For Enquire/Acknowledge Handshake

.H132;19;20;7: will set the block size to 132 bytes, the ASCII
character DC3 as the enquiry character, and the two characters, DC4
and Bell, as the acknowledgment string. Since ESC. H sets handshake
mode 1, the currently defined output initiator, output terminator, output
trigger character, and echo terminator, as well ‘as both turnaround
delay and intercharacter delay, are used when the response string, DC4
Bell, is sent.

. I;5;6: will set the block size to its default value of 80 bytes, the
ASCII character ENQ as the enquiry character, and the single ASCII
character ACK as the acknowledgment string. Only the turnaround
delay, intercharacter delay, and immediate response string, if any, are
used when sending the response. No output initiator will precede it,
even if one is defined, and no output terminator will follow it.

For Xon-Xoff Handshake
. I81;;17: will set the Xoff threshold level to 81 (the Xoff character

will be sent when 81 empty bytes remain in the plotter’s buffer) and set
the Xon trigger character to DC1. The second parameter is defaulted as
required for this handshake. The Xoff trigger character must be set
using the ESC. N command. Transmittal of the Xon and Xoff trigger
characters is subject only to turnaround and intercharacter delays, if
any are specified. No output initiator will precede them, even if one is
defined, and no output terminator will follow them.

The Abort Device Control Instruction,
ESC.dJ

DIHTEIE  The abort device control instruction, ESC. J, aborts

any device control instruction that may be partially decoded or executed.

[!EE This instruction may be used in an initialization sequence
when you first access the plotter.
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SYNTAX LJ -

This instruction aborts any single device control instruc-
tion that may be partially decoded or executed. Unspecified parameters
of aborted instructions are defaulted. All pending or partially trans-
mitted output requests, from either HP-GL or device control instructions,
are immediately terminated, including output responses and handshake
parameters. Intermediate output operations such as turnaround delay
and echo suppression are aborted, and the buffer input is enabled. The
handshake and output mode parameters remain as specified.

The Abort Graphic Instruction, ESC . K
UDHHIIE The abort graphic instruction, ESC. K, aborts any

partially decoded HP-GL instruction and discards instructions in the
buffer.

m The instruction can be used as part of an initialization sequence
when starting a new program or to terminate plotting of HP-GL
instructions in the buffer. -

SYNTAX .K

EXPLANATION INN% partially decoded HP-GL instruction is aborted -—
and all instructions in the buffer are discarded. A partially executed
instruction is allowed to finish.

The Output Buffer Size Instruction, ESC . L
OESCRIPTION JGyNS output buffer size instruction, ESC. L, outputs the
size, in bytes, of the plotter’s buffer.

m The instruction is used to obtain information on the size of the ____
plotter’s buffer. This information might be used to determine parameters
of commands which set up handshaking.

SYNTAX .L —

PIJEVEMIINE No parameters are used. The instruction causes the
7470 to output, in ASCII, a decimal number equal to the number of

bytes in the plotter’s buffer.

RESPONSE

<DEC> 255 —
[TERM] Defaults to carriage return, CR, or is as set by ESC. M.
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The Set Output Mode Instruction, ESC. M
IRHHIMIILE The set output mode instruction, ESC . M, establishes

parameters for the plotter’s communication format:

The instruction is used to establish a turnaround delay, an
output trigger character, an echo terminate character, and an output
initiator character. It is also used to change the output terminator from
its default value, carriage return.

SYNTAX . M[(KDEC>); (KASC>); (KASC>) ; (KASC>(; (KASC>))
J (KASC>) ]:

DEFAULT . M: Sets the carriage return character (decimal equiva-

lent 13) as the output terminator. It also specifies that there is no

turnaround delay and no output trigger, echo terminate, or output

initiator character .

PLELLLUDLE A colon must be used following the last parameter (if

any). Use of the instruction without parameters is equivalent to
ESC. M: (see DEFAULT).

A description of the instruction’s parameters follows.

<DEC> The first parameter is optional. If present, it is the
turnaround delay. The delay implemented is ((parame-
ter X 1.1875)mod 65 536)/1.2 milliseconds. The parameter
range is 0 to 54 612. If parameters follow, the semicolon
must be included even if this decimal parameter is
omitted.

<ASC> The second parameter is also optional and, if omitted,
assumes its default value of 0 (no trigger character). If
included, it specifies a single character which becomes
the output trigger character. The parameter may be
the decimal equivalent of any ASCII character in the
range 0 to 127. If parameters follow, the semicolon must
always be included, even when this parameter is omitted.

<ASC> The third parameter is optional and, if omitted, assumes
its default value 0 (no echo terminate character). If
included, it specifies a single character which becomes
the echo terminate character. The parameter may be
the decimal equivalent of any ASCII character in the
range 0 to 127. If parameters follow, the semicolon must
always be included, even when this parameter is omitted.
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<ASC>...<ASC> The fourth parameter is optional and defaults to
13, the decimal equivalent of the single ASCII character,
carriage return.

If included, the parameter may be the decimal equiva-
lent(s) of one or two ASCII characters in the range 0 to
127. This becomes the output terminator. The value 0
is not transmitted and will terminate the string. If a
parameter follows, the semicolon must always be in-
cluded, even when this parameter is omitted. If the fifth
parameter is specified, this fourth parameter must con-
sist of two characters, or the second character must be
specified as null using the semicolon.

<ASC> The fifth parameter is optional and, if omitted, assumes
its default value 0 (no output initiator character). If
included, it is the decimal equivalent of a single charac-
ter which becomes the output initiator character. The
parameter may be the decimal equivalent of any ASCII
character in the range 0 to 127. The parameter is fol-
lowed by a colon.

FOUIE™  See the ESC . N instruction.
The flowchart on the next page depicts plotter output.

The Set Extended Output and Handshake
Mode Instruction, ESC . N

NRIHIAIEE  The set extended output and handshake mode instruc-
tion, ESC . N, establishes parameters for the plotter’s communication
format.

['EE The instruction is used to specify an intercharacter delay in
all handshake modes, the immediate response string for enquire/
acknowledge handshake, or the Xoff trigger character(s) for the Xon-
Xoff handshake.

SYNTAX . N[(KDEC>);(<ASC>(;...<ASC>))]:
DEFAULT . N: No intercharacter delay and no Xoff trigger char-

acter or immediate response string.

FSIENENMINE A colon must be used following the last parameter.

Use of the instruction without parameters is equivalent to ESC. N:
(see DEFAULT).
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A description of the instruction’s parameters follows:

<DEC> The first parameter is optional. If present, it is the
intercharacter delay. The delay implemented is ((parame-
ter X 1.1875)mod 65 536)/1.2 milliseconds. The parameter ..
range is 0 to 54 612. If parameters follow, the semicolon
must be included, even if this decimal parameter is
omitted. .

<ASC>...<ASC> This parameter is optional. If present, it is a list
of the decimal equivalents of 1 to 10 ASCII characters
in the range 0 to 127. For Xon-Xoff handshake mode,
it specifies the Xoff trigger character(s). For enquire/
acknowledge handshake mode, it specifies the imme-
diate response string. Semicolons must separate each
parameter in the list.

EXAMPLES —
For Xon-Xoff Handshake

.N:;19: Sets the Xoff trigger character to DC3. There will be no ——
intercharacter delay, since the first parameter is defaulted to zero by
the semicolon.

For Enquire/Acknowledge Handshake

The examples given here include all handshaking instructions. In
addition to illustrating the use of intercharacter delays and immediate -~—
response strings set by ESC. N, they are designed to clarify the
difference between handshake mode 1 and'mode 2 and give some
insight into why certain values are logical choices for some parameters.
Note the CHR$ function is used to send the escape character.

10 DIM OUT$(80)

40 PRINT CHR$(27);".,MO;B3;0;13:";CHRS$(27);" .NS:"
S50 PRINT CHR$(27);".H80;18;49:" -
B0 OUT$="IN;SP1;PRS500,500;" :GOSUB 100

iOO PRINT CHR#(18): INPUT Z: PRINT 0OUT$: RETURN
The following parameters are set in lines 40 and 50:
turnaround delay = 0,
output trigger character = ? (decimal equivalent 63,

no echo terminate character,
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output terminator = carriage return (decimal equivalent 13),
intercharacter delay = 5,

no immediate response string,

block size = 80,

enquiry character = DC2 (decimal equivalent 18), and
acknowledgment string = 1 (decimal equivalent 49).

The subroutine in line 100 contains the handshake. It causes the
following chronological action. The enquiry character, DC2, is sent
asking if the plotter has room for an 80-byte block. The plotter does not
send an immediate response because that has been specified as null by
its omission in the ESC. N command. The plotter holds its response
until after it receives the output trigger character, ?. The question mark
is sent by the computer when it interprets the BASIC statement
INPUT to prompt for the input, Z. Z is the variable into which the
acknowledgment string, 1, is read. If the acknowledgment string had
been specified to contain nonnumeric characters, a string variable such
as Z$ would have been used instead of Z.

The plotter waits approximately five milliseconds, the intercharacter
delay, before sending the 1 and between the 1 and the output terminator,
carriage return. Note the carriage return parameter could have been
omitted, but carriage return still would have been sent as the output
terminator because that is the default value for output terminator. If
ESC . I had been used instead of ESC . H, the output terminator would
not have been sent after the acknowledgment string (but it would
follow responses to HP-GL output commands). The carriage return
character is a logical choice, because it is expected by the computer to
deiineate the end of data read by the INPUT statement.

The computer is now free to send the string OUTS$, which contains HP-
GL commands, to the plotter. Note the enquiry character must be sent
each time data is sent to the plotter.

Another handshake which would work using ESC . Iis

40 PRINT CHR$(27);".I180;7;33;13:"
50 PRINT CHR$(Z27);" .M500:" ; CHR$ (27);" \N5:"

100 PRINT CHR$(?):INPUT 2¢: PRINT 0OUT$: RETURN
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The following parameters are established:
turnaround delay = 500,
no output trigger character,
no echo terminate character,
output terminator = default value, carriage return,
intercharacter delay = 5,
no immediate response string,

block size = 80,

enquiry character = bell (decimal equivalent 7), and

acknowledgment string = ! carriage return (decimal equivalent 33,
13)

Now the computer sends the Bell character as the enquiry character.
The plotter waits approximately 505 milliseconds, the total of the
turnaround delay and the intercharacter delay, before sending its
response. During that time, the computer will send the ? due to the
INPUT statement, but the plotter ignores it. The plotter response to the
enquiry character is now two characters, ! followed by a carriage
return. The carriage return to terminate INPUT is now part of the
acknowledgment string. No output terminator, now defaulted to carriage
return, is sent because handshake mode 2 is set here by ESC. I. The
output terminator, carriage return, will still follow all responses to HP-
GL output commands.

The Output Extended Status Instruction,
ESC.O

DESCRIPTION Jtsyov8 output extended status instruction, ESC . O, outputs
the plotter’s extended status, giving information about the state of the
buffer, pinch wheels, and viEw button.

m The instruction can be used to determine, from a remote
location, if the plotter is ready to plot. —

SYNTAX .0
EXPLANATION SN parameters are used. Unlike the HP-GL output -—

status instruction, OS, the ESC. O instruction does not enter the buffer

but is executed immediately, subject to any turnaround or intercharacter
delays specified by ESC. M and ESC. N. —
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<DEC> The response is the decimal equivalent of a 16-bit imme-
diate status word, followed by the output terminator.
The maximum value output is 40.

The extended status word bits are as defined in the

following table.
Decimal
Bit | State Value Meaning
0-2 0 0 Not used, always zeros. Re-
served for plotters with
paper -advance.
3 0 0 Buffer is not empty.
1 8 Buffer is empty and ready
for data.
4,5 00 0 Ready to process or process-
ing HP-GL instructions.
01 16 Paper loaded, viEw button
pressed so graphics sus-
pended.
10 32 Paper lever raised so graph-
ics suspended.

Combinations of these bits allow five different responses
to the ESC . O instruction.

Response Meaning
0 Buffer is not empty and plotter is process-
ing HP-GL instructions.
8 Buffer is empty and: is ready to process
or is processing HP-GL instructions.
16 Buffer is not empty and VIEW has been
pressed.
24 Buffer is empty and viEw has been
pressed.
32 Buffer is not empty and paper lever and
pinch wheels are raised.
40 Buffer is empty and paper lever and
pinch wheels are raised.

[TERM] The output terminator defaults to carriage return unless
it is set by ESC . M.
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The Reset Handshake Instruction,

ESC.R

NRIMHIAIEE The reset handshake instruction, ESC. R, resets all

handshake parameters to their default values.

['EE The instruction may be used to set the plotter’s handshake

responses to a known state with hardwire handshake enabled.

SYNTAX .R

EXPLANATION Executing this command is the same as executing the
following commands without parameters: ESC. @, ESC. H, ESC. I,

ESC. M, and ESC. N.

The following table shows the default values of parameters used to

establish handshakes.

Parameter

Value

block size

enquiry character
acknowledgment string
turnaround delay

output trigger character
echo terminate character
output terminator

output initiator
intercharacter delay
immediate response string
monitor mode

hardwire handshake (pin 20)

80

0 — no enquiry character

0 — no acknowledgment string
0 — no delay

0 — no trigger character

0 — no echo terminate character
13;0; — carriage return

0 — no output initiator

0 — no delay

0 — no immediate response string
disabled

enabled
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Chapter 1]_

HP-IL Interfacing

What You’ll Learn in This Chapter

This chapter is only for 7470 owners with an HP-IL interface. HP 7470s
with Option 003 have an HP-IL interface.

In this chapter, you will find a brief overview of HP-IL, a list of the
HP-IL capabilities implemented on the 7470, and examples of sending
and receiving data using a variety of computers.

An Overview of HP-IL

In an HP-IL system, devices are connected to each other in a closed
loop. All devices communicate by sending messages consisting of 11
bits each; these messages travel through the loop in one direction, one
bit at a time. Only one message is traveling around the loop at a given
time.

There are three categories that describe whether devices can send or
receive messages: talkers, listeners, and controllers.

e Talkers are devices that send data over the interface; only one talker
can be active at a given time. The controller designates the role of
talker with commands that are dependent on the specific controller.
The 7470 is capable of being a talker.

e Listeners are devices that receive data from a talker or commands
from a controller; several listeners can be active simultaneously. As
with talkers, listeners are designated by the controller. The 7470 is
capable of being a listener.

e Controllers are in charge of all loop operations. For example, the
controller assigns the roles of talker and listener, assigns addresses,
and initiates data transfer between devices. There can be more than
one controller in a loop, but only one can be active at any time, and
only one can be the system controller. A controller is typically a
portable computer or calculator. The 7470 does not have the ability to
be a controller.
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For more detailed information on HP-IL and how your computer sends
commands and data through the interface, refer to your HP-IL. and
computer documentation. Typically, BASIC statements are used to
send interface commands and messages.

HP-IL Implementation on the 7470

The HP-IL capability subsets for the 7470 are listed in the following

table.
Function Description Implementation

R Receiver. Complete capability.

AH Acceptor handshake. Complete capability.

SH1 Source handshake. Complete capability.

D Driver. Complete capability.

L1 Listener. Basic listener.

L3 Listener. Unaddress if addressed
to talk (MTA).

LEO Extended listener. No capability.

T1 Talker. Basic talker; send data.

T2 Talker. Send status. (Returns a
byte containing the
status that is sent with
the HP-GL output
status command, OS.
Does not reset bit
number 3, the initialize
flag, in the status byte.)

T3 Talker. Send device ID.
(Returns the string
“HP7470A” followed
by a carriage return
and a line feed.)

T4 Talker. Send accessory ID.
(Returns a byte with
the following bit
pattern: 0110 0000 or
60 hex.)

T6 Talker. Unaddress if addressed
to listen (MLA).
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Function Description Implementation

TEO Extended talker. No capability.

Co Controller. No cépability.

DCO Device clear. No capability.

DTO Device trigger. No capability.

PPO Parallel poll. No capability.

SRO Service request. No capability.

AAl Auto address. Complete capability.

AE0 Auto extended No capability.
address.

AMO Auto multiple No capability.
address.

RLO Remote local. No capability.

PDO Power down. No capability.

DDO Device dependent No capability.
commands.

Reaction to Interface Commands
and Messages

All unsupported interface commands are ignored and retransmitted
around the loop. Upon receipt of the interface clear (IFC) message, the
plotter resets the parser and starts looking for a new HP-GL instruction.
Any partially parsed HP-GL instruction or parameters will be lost. This
message does not reset parameters in the plotter to their default values.

Addressing the Plotter

The default address of the plotter is 5. However, the plotter address in a
program may vary; this is because the system controller generally
assigns addresses automatically in a sequential manner around the
loop. Refer to your computer’s documentation for hints on writing
programs so that they will run no matter what order the peripheral
devices are interconnected. The examples in this chapter assume that
the plotter is the only device connected to the computer. Therefore, the
plotter’s address is 1.
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Sending and Receiving Data —

Computer-to-Plotter

Transmitting data from a computer to the plotter is typically accom- —
plished using 1/0 statements such as PRINT, PRINT#, or OUTPUT.

The following examples of sending program data to the plotter from
various computers are only intended to illustrate the necessity for —
understanding the I1/0 statement protocol implemented by your com-
puter. Each of these examples will cause the plotter to label the identity

of the computer sending data, beginning at the X,Y coordinates —-
1000,2000. The examples involve sending both character string and
numeric data as variables, and constants or literals.

HP-41 RPN Example:

NOTE: The characters that are enclosed in quotation marks must be
entered in the alpha mode (the quotation marks do not need to be
entered). The “} ” symbol is the “alpha append” symbol; it is produced
by pressing the shift and K keys while in the alpha mode. m

O1eLBL "CTP"
02 AUTOID

03 FIX O

04 CF 29

05 2000 —
06 "SP1 PA1GOO,"

07 ARCL X

08 OUTA

03 41

10 "LBHP "

11 ARCL X

12 " } SENDING DATA" —
13 ©

14 ENTER?

15 3 o
16 BLDSPEC

17 ARCL X

18 OUTA

13 "Spor

20 OUTA

21 END
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HP-75 BASIC Example:

10 RSSIGN IO ":PL"

20 PRINTER IS ":PL"

30 RA$="SENDING DRTR"

40 B=75

S0 ¥=2000

B0 PRINT "SP1;PR1000,",Y

70 PRINT "LBHP" ;B;A%$;CHR%(3)
BO PRINT "SPO;"

S0 END

Result: HP 75 SENDING DATA

HP Series 80 BASIC Example:

10 PRINTER IS 301

20 A$="SENDING DATA"

30 B=80

40 Y=2000

S0 PRINT "SP1;PR1000,",Y

60 PRINT "LBHP";B;RA$;CHRS$ (3
70 PRINT "SPO;"

80 END

Result: HP 80 SENDING DATA
Plotter-to-Computer

Transmitting data from the plotter to the computer is typically accom-
plished using I/0 statements such as READ, INPUT, and ENTER.
Sometimes these statements are only available in I/O ROMs; check
your computer’s documentation or ask your HP dealer or HP Sales and
Support Office. The following examples of obtaining output data from
the plotter using various computers are only intended to illustrate the
necessity for understanding the I/0 statement protocol implemented
on your computer. Each of these examples commands the pen to move
to plotter coordinates 1000,1000 and then output the current pen position
and the plotter identifier string to the computer.
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HP-41 RPN Example:

OteLBL "PTC"
02 RUTOIO

03 CF 21

04 "PR1000,1000 OC"
05 QOUTA

06 INA

07 RVIEW

08 TONE 9

03 PSE

10 ngIn

11 OUTAH

12 INA

13 AVIEW

14 END

HP-41 beeps and displays: 1000, 1000, 0
HP-41 display is then replaced with: 7470R

HP-75 BASIC Example:

At the time of this printing, the I/0 functions necessary to obtain data
from the plotter are not available for the HP-75. Please contact your
dealer or HP Sales and Support Office for more information. (Data can
be sent to the plotter without additional 1/0 functions. Refer to the
example in the previous section.)

HP Series 80 BASIC Example:

10 PRINTER IS 301

20 PRINT "PR1000, 1000;0C"
30 ENTER 901;A,B,C

40 PRINT "OI;"

50 ENTER 301;RA$

60 DISP A,B,C,A$

70 END

Displayed current pen position and identification (HP-85):

1000 1000
0 7470A

Displayed current pen position and identification (HP-86/87):

1000 1000 0 7470R
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Appendix
An HP-1IB Overview

The HP Interface Bus (HP-IB) provides an interconnecting channel for data
transfer between devices on the HP-IB.

The following list defines the terms and concepts used to describe HP-IB
(bus) system operations.

HP-IB System Terms

1.

Addressing — the characters sent by a controlling device specify-
ing which device sends information on the bus and which device(s)
receives the information.

Byte — a unit of information consisting of 8 binary digits (bits).

Device — any unit that is compatible with the ANSI/IEEE
488-1978 Standard.

. Device Dependent — a response to information sent on the HP-IB

that is characteristic of an individual device’s design, and may vary
from device to device.

. Operator — the person that operates either the system or any

device in the system.

. Polling — the process typically used by a controller to locate a

device that needs to interact with the controller. There are two types
of polling:

e Serial Poll — a method which obtains one byte of operational
information about an individual device in the system. The process
must be repeated for each device from which information is desired.

¢ Parallel Poll — a method for obtaining information about a
group of devices simultaneously.

Interface Bus Concepts
Devices which communicate along the interface bus can be classified
into three basic categories.

L

Talkers — devices which send information on the bus when they
have been addressed.
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2.

Listeners — devices which receive information sent on the bus
when they have been addressed.

Controllers — devices that can specify the talker and listeners for
an information transfer. Controllers can be categorized as one of two

types:

e Active Controller — the current controlling device on the bus.
Only one device can be the active controller at any time.

e System Controller — the only controller that can take priority
control of the bus if it is not the current active controller. Although
each bus system can have only one system controller, the system
can have any number of devices capable of being the active
controller.

A typical HP-IB system is shown below.

VOLTAGE
SOURCE SYSTEM
CONTROLLER
DATA - ;
LOGGER HP-1B CONTROLLER
44}
-2
o
I
w
S
DIGITAL Zo
VOLT- PRINTER * - | PLOTTER
METER

Message Concepts
Devices which communicate along the interface bus are transferring
quantities of information. The transfer of information can be from one
device to another device, or from one device to more than one device.
These quantities of information can easily be thought of as “messages.”

In turn, the messages can be classified into 12 types. The list below
gives the 12 message types for the HP-IB.

1.

The Data Message. This is the actual information which is sent
from one talker to one or more listeners along the interface bus.

The Trigger Message. This message causes the listening device(s)
to perform a device-dependent action when addressed.

The Clear Message. This message causes either the listening de-
vice(s) or all of the devices on the bus to return to their predefined
device-dependent states.
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10.

11.

12.

The Remote Message. This message causes all devices currently
addressed to listen to switch from local front-panel control to
remote program control.

The Local Message. This message clears the Remote Message
from the listening device(s) and returns the device(s) to local front-
panel control.

. The Local Lockout Message. This message prevents a device

operator from manually inhibiting remote program control.

The Clear Lockout/Local Message. This message causes all
devices on the bus to be removed from Local Lockout and revert to
Local. This message also clears the Remote Message for all devices
on the bus.

The Require Service Message. A device can send this message
at any time to signify that the device needs some type of interaction
with the controller. This message is cleared by sending the device’s
Status Byte Message if the device no longer requires service.

. The Status Byte Message. A byte that represents the status of

a single device on the bus. Bit 6 indicates whether the device sent a
Require Service Message, and the remaining bits indicate opera-
tional conditions defined by the device. This byte is sent from a
talking device in response to a serial poll operation performed by a
controller.

The Status Bit Message. This byte represents the operational
conditions of a group of devices on the bus. Each device responds
on a particular bit of the byte thus identifying a device-dependent
condition. This bit is typically sent by devices in response to a
parallel poll operation.

The Status Bit Message can also be used by a controller to specify
the particular bit and logic level at which a device will respond
when a parallel poll operation is performed. Thus, more than one
device can respond on the same bit.

The Pass Control Message. This transfers the bus management
responsibilities from the active controller to another controller.

The Abort Message. The system controller sends this message
to unconditionally assume control of the bus from the active con-
troller. This message terminates all bus communications (but does
not implement a Clear Message).

These messages represent the full implementation of all HP-IB system
capabilities. Each device in a system may be designed to use only
the messages that are applicable to its purpose in the system. It is
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important for you to be aware of the HP-IB functions implemented on
each device in your HP-IB system to ensure the operational compati-
bility of the system.

The HP Interface Bus

HP-IB Lines and

Operations || | | | | | o
The HP Interface Bus trans- DEVICE A ?aaf.'nii?
fers data and commands be- Able to talk, — .
tween the components of an 22‘:{:5? nd D
instrumentation system on (eg.
16 signal lines. The interface cacuaton f TIRILTTS (|
functions for each system
co.ml?onent are performed DEVICE B < Data Byte
within the component so Able 1o talk Transfer o
only passive cabling is and listen N Contro!
needed to connect the sys- (e.g..
tems. The cables connect all multimeter) N
instruments, controllers, and
other components of the sys- ,fg:,earcaé
tem in parallel to the signal DEVICE C < Management
lines.

‘?Srzleynable to >

The eight Data I/0 lines (e.g.. signal
(DIO1 through DIOS8) are generator) —
reserved for the transfer
of data and other messages
in a byte-serial, bit-parallel DEVICE D Tl
manner. Data and message
transfer is asynchronous, 8&” avle to
coordinated by the three —
handshake lines: Data Valid (66 counten L_L}DIO
(DAV), Not Ready For Data 113 AV 8
(NRFD), and Not Data mgig —
Accepted (NDAC). The other L IFC
five lines are for manage- — o
ment of bus activity. See the - ES'I\' —

figure on the right.

HP-IB Signal Lines .

Devices connected to the bus may be talkers, listeners, or controllers.
The controller dictates the role of each of the other devices by setting
the ATN (attention) line true and sending talk or listen addresses on —
the data lines. Addresses are set into each device at the time of system
configuration either by switches built into the device or by jumpers on
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a PC board. While the ATN line is true, all devices must listen to the
data lines. When the ATN line is false, only devices that have been
addressed will actively send or 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 ATN is true), all other talkers will be automatically unaddressed.

Information is transmitted on the data lines under sequential control of
the three handshake lines (DAV, NRFD, and NDAC). No step in the
sequence can be Initiated until the previous step is completed. Informa-
tion transfer can proceed as fast as devices can respond, but no faster
than allowed by the slowest device presently addressed as active. This
permits several devices to receive the same message byte concurrently.

The ATN line is one of the five bus management lines. When ATN is
true, addresses and universal commands are transmitted on only seven
of the data lines using the ASCII code. When ATN is false, any code of
eight bits or less understood by both talker and listener(s) may be used.

The IFC (interface clear) line places the interface system in a known
quiescent state.

The REN (remote enable) line is used with the Remote, Local, and
Clear Lockout/Set Local messages to select either local or remote con-
trol of each device.

Any active device can set the SRQ (service request) line true via the
Require Service Message. This indicates to the controller that some
device on the bus wants attention, such as a counter that has just com-
pleted a time-interval measurement and wants to transmit the reading
to a printer.

The EOI (end or identify) line is used by a device to indicate the end of
a multiple-byte transfer sequence. When a controller sets both the ATN
and EOI lines true, each device capable of a parallel poll indicates its
current status on the DIO line assigned to it.

In the interest of cost-effectiveness, it is not necessary for every device
to be capable of responding to all the lines. Each can be designed to
respond only to those lines that are pertinent to its function on the bus.

The operation of the interface is generally controlled by one device
equipped to act as controller. The interface transmits a group of com-
mands to direct the other instruments on the bus in carrying out their
functions of talking and listening.

The controller has two ways of sending interface messages. Multi-line
messages, which cannot exist concurrently with other multi-line

AN HP-IB OVERVIEW A-5



messages, are sent over the eight data lines and the three handshake
lines. Uni-line messages are transferred over the five individual lines of
the management bus.

The commands serve several different purposes: —

e Addresses or talk and listen commands select the instruments that
will transmit and accept data. They are all multi-line messages.

® Unviersal commands cause every instrument equipped to do so to
perform a specific interface operation. They include multi-line mes-
sages and three uni-line commands: interface clear (IFC), remote ___
enable (REN), and attention (ATN).

o Addressed commands (also referred to as primary commands) are
similar to universal commands, except that they affect only those
devices that are addressed and are all multi-line commands. An in-
strument responds to an addressed command, however, only after an
address has already told it to be talker or listener. T

® Secondary commands are multi-line 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 an instrument, the controller uses seven of the eight data- ——
bus lines. This allows instruments using the ASCII 7-bit code to act as
controllers. As shown in the following table, five bits are available for
addresses, and a total of 31 allowable addresses are available in one —
byte. If all secondary commands are used to extend this into a two-byte
addressing capability, 961 addresses become available (31 allowable
addresses in the second byte for each of the 31 allowable in the first —

byte.)
Command and Address Codes
Code Form Meaning

X 0 0 As Ay A3 Ay A Universal Commands -
X 01 As A4 A3 A2 A Listen Addresses

except
X 011 1 1 1 1 Unlisten Command .
X 1 0As A4 A3 Az A Talk Address

except
X 1 01 1 1 1 1 Untalk Command e
X 1 1A5 A4 A3z A A Secondary Commands

except
X 111 1 1 1 1 Ignored —

Code used when attention (ATN) is true (low).
X = don’t care.
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Interface Functions

Interface functions provide the physical capability. to communicate via
HP-IB. These functions are defined in the ANSI/IEEE 488-1978
Standard. This standard, which is the designer’s guide to the bus,
defines each interface function in terms of state diagrams that express
all possible interactions.

Bus capability is grouped under 10 interface functions, for example:
Talker, Listener, Controller, Remote/Local. The following table lists the
functions, including two special cases of Controller.

HP-IB Interface Functions

Mnemonic Interface Function Name
SH Source Handshake
AH Acceptor Handshake
T Talker (or TE = Extended Talker)*
L Listener (or LE = Extended Listener)*
SR Service Request
RL Remote Local
PP Parallel Poll
DC Device Clear
DT Device Trigger
C Any Controller
Cx A Specific Controller (for example: Cp, Cy...)
Cq The System Controller

*Extended Talkers and Listeners use a two-byte address. Otherwise, they are
the same as Talker and Listener.
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Bus Messages
Since interface functions are the physical agency through which bus
messages are implemented, each device must implement one or more
functions to enable it to send or receive a given bus message. _—

The following table lists the functions required to implement each bus
message. Each device’s operating manual lists the functions imple-
mented by that device. Some devices, such as the 98034A Interface, list
the functions implemented directly on the device.

Functions Used by Each Bus Message _—

Functions Required
sender function — receiver function(s) -
Bus Message (support functions)
Data T — L* (SH, AH) .
Trigger C - DT* (L, SH, AH)
Clear C - DC* (L, SH, AH)
Remote Cs— RL* (SH, AH) -
Local C — RL*(L, SH, AH)
Local Lockout C—-RL*@SH,AH)
Clear Lockout/Set Local | Cg — RL*
Require Service SR*—C
Status Byte T—-L*SpA®w) | —
Status Bit PP* - C
Pass Control Cp— Cp (T, SH, AH)
Abort Cqg— T, L*C o

*Since more than one device can receive (or send) this message simultaneously,
each device must have the function indicated by an * .
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Appendix
Instruction Syntax

- HP-GL Syntax

This section lists the formal syntax for each plotter instruction in
alphabetical order of the instruction’s two-letter mnemonic.

Each instruction is listed with its purpose, syntax, parameter or re-
sponse type, and range. If no parameter range is given, the range is
—215 19 215 _1_ Refer to the indicated pages for details. The semicolon is
included as the terminator for all instructions except the label instruc-
tions. A nonalphabetic or nonnumeric character such as # or $, or the
next mnemonic can also be used as the instruction terminator. In
addition, if you have an HP-IB or HP-IL plotter, the line feed character
can be used as a terminator. The semicolon appears in parentheses (;)
if the instruction executes without the plotter receiving the terminator.
[TERM] means the terminator sent by the plotter at the end of output.
It is CRLF in an HP-IB or HP-IL configuration and CR or as set by an
ESC.M command in an RS-232-C configuration.

AA* The Arc Absolute Instruction Page 3-17

AA X-coordinate,Y-coordinate,arc angle(,chord angle);

Purpose: Draws arc of specified number of degrees with specified
smoothness; centered at X,Y coordinate, using current
pen status (up or down).

Parameters: X- and Y-coordinates — integer, in plotter units unless
scaling in effect; then in user units.

arc angle — integer, negative valué specifies clockwise
arc, positive value specifies counterclockwise arc.

chord angle — integer, defines arc smoothness in degrees.
Default is 5 degrees.

*Available only with RS-232-C plotters that have the serial prefix number 2308A or
higher.
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AR* The Arc Relative Instruction Page 3-19

CA

Cr*

Cp

AR X-increment,Y-increment,arc angle(,chord angle),

Purpose: Draws arc of specified number of degrees with specified
smoothness; centered relative to current pen position,
using current pen status (up or down).

Parameters: X- and Y-increments — integer, in plotter units unless
scaling in effect; then in user units.

arc angle — integer, negative value specifies clockwise
arc, positive value specifies counterclockwise arc.

chord angle — integer, defines arc smoothness in degrees.
Default is 5 degrees.
The Designate Alternative Character Set Page 5-4
Instruction
CA n(;)
Purpose: Designates the alternate character set.

Parameter: integer O through 4; default set 0.

The Circle Instruction Page 3-12

CI radius(,chord angle);

Purpose: Draws a circle of specified radius centered at current pen
position.

Parameters: radius — integer, in plotter units unless scaling in effect;
then in user units. Starting point at 0 degrees with
positive parameter; 180 degrees with negative parameter.

chord angle — integer, defines circle smoothness in de-
grees. Default is 5 degrees.
The Character Plot Instruction Page 5-13
CP spaces, lines;
Purpose: Move the pen the number of spaces and lines specified.

Parameters: spaces — decimal, = —128 and < 128, number of CP
spaces, positive value moves pen in current label direc-
tion, negative value moves pen in opposite direction.

lines — decimal, > —128 and < 128, number of CP lines,
positive value moves pen up, negative value moves pen
down in relation to current label direction.

Omitting parameters causes carriage return, line feed.

*Available only with RS-232-C plotters that have the serial prefix number 2308A or
higher.
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CS

DC

DF

DI

DP

DR

The Designate Standard Character Set Page 5-3
Instruction

CS m (;)
Purpose: Designates the standard character set.

Parameter: integer, 0 through 4; default set 0.

The Digitize Clear Instruction Page 6-3
DC ()
Purpose: Clears digitize mode without entering a point from the

front panel.

The Default Instruction Page 1-10

DF

Purpose: Returns plotter to default conditions. See the table in
Appendix C.

The Absolute Direction Instruction Page 5-10

DI run, rise ;
Purpose: Sets the direction of labels.

Parameters: run, rise — decimal values, unitless. At least one must be
nonzero, i.e., | parameter | = 0.0004 .

Omitting parameters causes horizontal labels and is the
same as DI1,0.

The Digitize Point Instruction Page 6-2
DP ()
Purpose: Places plotter in digitize mode waiting for point to be

entered from front panel.

The Relative Direction Instruction Page 5-11
DR run,rise;
Purpose: Sets the direction of labels.
Parameters: decimals, —128 to +127.9999.
run is % of (P2x — Plx), rise is % of (P2y — Ply).
Omitting parameters causes horizontal labels as does

DR1,0.
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DT

IM

IN

Iw

The Define Terminator Instruction Page 5-6
DT t(;)
Purpose: Defines the label terminator used in LB command.

Parameter: ASCII character 1 to 127 except 5 and 27. Only an IN or
DF command or use of ETX (decimal 3) as parameter
restores label terminator to ETX, its default value.

The Input Mask Instruction Page 1-12
IM E-mask value (, S-mask value(, P-mask value)) (;)

Purpose: Set masks to specify which errors will cause the ERROR
LED to come on and bit 5 of the status byte to be set,
and to specify what conditions will cause a positive
response to a serial or parallel poll in an HP-GL
environment.

Parameters: integers O through 255. If parameters omitted, masks are
set to 223,0,0, the default values.

The Initialize Instruction Page 1-11
IN
Purpose: Sets the plotter to default conditions plus raises the

pen, sets the scaling points to P1= 250,279 and
P2 =10250,7479, clears all HP-GL errors, sets bit 3 of
the output status byte to true (1), and reads setting of
paper switch.

The Input P1 and P2 Instruction Page 24
1P P].x, P].y (, P2x, P2y) (,)
Purpose: Sets scaling points.

Parameters: Integers in plotter units. Omitting parameters sets P1
and P2 to default values, P1 = 250, 279, P2 = 10 250,7479.

The Input Window Instruction Page 29
IW  Xjower left, Ylower left, Xupper right, Yupper right (,)
Purpose: Sets window inside which plotting can occur.

Parameters: Specify X- and Y-coordinates of lower-left and upper-right
corners of the window.

Omnitting parameters sets window to maximum plotting
area, determined by the setting of the paper switch.
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LB The Label Instruction Page 5-7
LB c...c t

Purpose: Draws the character string using the currently selected
character set.

Parameters: c...c — ASCII characters which may include control

characters.
Terminator: t — label terminator defined by DT. Default is ETX,
decimal 3.
LT The Line Type Instruction Page 4-6

LT pattern number (, pattern length) (;)
Purpose: Sets the line type used in drawing lines.

Parameters: pattern number — integer between 0 and +6. Omitting
parameter causes solid line.

0- specifies dots only at the points that are plotted.

One pattern length
No parameter {Default Value)

pattern length — decimal, 0 to 127.9999, a percentage of
diagonal distance between P1 and P2. Default 4%.

OA The Output Actual Position and Page 7-3
Pen Status Instruction
OA ()
Purpose: Used to output the pen’s physical position at time of
command.

Response:  X,Y,P [TERM] — integers, in ASCII.
X,Y — in plotter units within current window.

P — 0, pen up or 1, pen down.
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oC

OD

OE

OF

o1

The Output Commanded Position and Page 7-4
Pen Status Instruction

oc )

Purpose: Used to output the pen position and status at time of
command.

Response: X)Y,P[TERM] — decimal numbers,* in ASCII.
XY — —32 768 to 32 767.
P — 0, pen up or 1, pen down.

Plotter units unless scaling in effect; then in user units.

The Output Digitized Point and Page 6-3
Pen Status Instruction

oD (;)

Purpose: Used to output the physical pen position and status for

the last digitized point.
Response: X,Y,P[TERM] — integers, in ASCII.
XY — In plotter units, within mechanical limits.

P —0, penupor1, pen down.

The Output Error Instruction Page 7-5
OE (;)
Purpose: Used to output the last HP-GL error.

Response: error number [TERM] — a positive ASCII integer,
0 through 8, excluding 4.

The Output Factors Instruction Page 7-6
OF (;)

Response: 40, 40 [TERM] — integers, in ASCII.

The Output Identification Instruction Page 7-7
o1 () '

Purpose: Used to output the plotter’s identification.
Response:  7470A [TERM] — ASCII string.

*If you have an HP-IB or RS-232-C plotter that has a serial prefix number lower than
2308A, OC parameters are output as integers. For more information, refer to the
explanation of the OC instruction on page 7-4.
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00

oP

0S

ow

The Output Options Instruction Page 7-7
00 ()
Purpose: Used to output features implemented on the plotter.

Response: 0,1,0,0,1,0,0,0[TERM]

Indicates arcs and circle instructions are included (available
only with R$-232-C plotters that have the Serial Prefix
number 2308A or higher).

Indicates pen select capability is included (availabie on all plotters).

The Output P1 and P2 Instruction Page 2-5
OP (;)
Purpose: Used to output the plotter unit coordinates of the scaling

points P1 and P2,
Response:  Ply, Ply, P2, P2y [TERM] — four integers in ASCII.

Range — dependent on settings of paper switch.

us A4
0 < X-coordinate < 10 300 0 < X-coordinate < 10 900
0 < Y-coordinate < 7650 0 < Y-coordinate < 7650
The Output Status Instruction Page 7-8

os ()
Purpose: Used to output the plotter’s status.

Response:  status [TERM] — integer in ASCII in the range 0 to 255.
Power-on status, 24.

The Output Window Instruction Page 2-10
oW ;)
Purpose: Used to output the plotter unit coordinates of the lower-

left and upper-right corners of the current window.

Response:  Xiower left, Ylower left, Xupper right, Yupper right [TERM] —
integers in ASCII. Range same as OP.
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PA

PD

PR

PU

The Plot Absolute Inétruction Page 34

PA Xj coordinate, Y1 coordinate (X2 coordinate, Y2 coordinate,
.+ ..., Xncoordinate, Y, coordinate) (;)

or
PA (3)

Purpose: Plots to the X,Y coordinates in the order listed using the
current pen up/down status. PA; sets absolute plotting.

Parameters: Pairs of integers representing plotter units if scaling not
in effect, otherwise user units, integers or decimals.

The Pen Down Instruction Page 3-2
PD ()

or
PD X1 coordinate, Y1 coordinate (... Xn, Yn coordinates) (;)

Purpose: Programmatically lowers the pen. Parameters may be
included as in PA or PR.

The Plot Relative Instruction Page 3-8

PR Xj increment, Y1 increment (, X2 increment, Y2 increment,
.e. ..., Xnincrement, Yy increment) (;)

or
PR (;)

Purpose: Plots, in order, to the points indicated by the X,Y incre-
ments, relative to the previous pen position. PR ; sets rela-
tive plotting for PU or PD with parameters.

Parameters: Pairs of integers representing plotter units if scaling is
not in effect, otherwise user units, integers or decimals.

The Pen Up Instruction Page 3-2
PU (;)

or
PU Xj coordinate, Y1 coordinate (, . .. Xn, Yn coordinates) ( ;)

Purpose: Programmatically raises the pen. Parameters may be in-
cluded as in PA or PR.
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SA

SC

SI

SL

SM

The Select Alternate Character Set Page 5-5
Instruction

SA (3)

Purpose: Selects the alternate character set designated by the CA
instruction as the character set to be used for subsequent
labeling.

The Scale Instruction Page 2-6
SC Xmin, Xmax, Ymin, Ymax ;)
Purpose: Scales the plotting area into user units.

Parameters: Integers.

The Absolute Character Size Instruction Page 515
SI width, height ;
Purpose: Sets character width and height in centimetres for labels.

Parameters: width, height — decimals representing centimetres, —128
to +127.9999.

Omitting parameters establishes size of 0.19,0.27, the
same as the default SR sizing with default P1,P2.

The Character Slant Instruction Page 5-18
SL tané6(;)
Purpose: Establishes the slant for labeled characters.

Parameters: decimal, —128 to +127.9999, interpreted as the tangent of
the angle from vertical.

Omitting parameters establishes no slant, the same as

the default or SLO.
The Symbol Mode Instruction Page 4-4
SM character (;)
Purpose: Causes specified symbol to be drawn at each plotted
point.

Parameter: Any printing character ASCII 33 through 127 excluding
semicolon (ASCII 59). SM space, SM control character,
or SM; cancels symbol mode.
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SP

SR

SS

TL

The Pen Select Instruction Page 3-2
SP pen number (;)
Purpose: Selects or stores a pen.

Parameter: integers. Omitting parameters or a parameter of O stores
the pen. Odd-numbered parameter selects pen from left
stall, even-numbered from right.

The Relative Character Size Instruction Page 5-16
SR width, height ;

Purpose: Sets the character width and height relative to P1 and
P2 for labels.

Parameters: decimals representing a percentage of vertical or hori-
zontal distance between P1 and P2.

Width — percentage of (P2x — P1x).
Height — percentage of (P2y — Ply).

Omitting parameters results in value 0.75 for width and
1.5 for height.

The Select Standard Character Set Page 5-4
Instruction

SS (;)

Purpose: Selects the standard character set designated by the CS
instruction as the character set used for subsequent
labeling.

The Tick Length Instruction Page 4-2
TL tp(tn)(5)

Purpose: Establishes the length of ticks drawn with the instruc-
tions XT and YT.

Parameters: decimals.

tp — percentage of (P2y — Ply) for XT or (P2x — Plx) for
YT. Denotes portion above the X-axis or to the right of
the Y-axis when difference is positive.

tn — same as tp except denotes portion below the X-axis
and to the left of the Y-axis.

Omitting parameters causes tick lengths tp and tn 0.5%
of (P2y — Ply) or (P2x — Plx), the same as the default
values.
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UC* The User Defined Character Instruction Page 5-19

VS

XT

YT

UC (pen control ,) X-increment, Y-increment (,...) (, pen control)

G.nl) s
Purpose: Draws characters or symbols defined by user.
Parameters: pen control — = +99 pen down or < —99 pen up.

X-increment, Y-increment in grid units, range, + 98 grid
units.

Omitting parameters causes the pen to move one
character-space field to the right.

The Velocity Select Instruction Page 3-3
VS pen velocity (;)

Purpose: Sets the pen velocity.

Parameters: decimal, 0 to 127.9999.

pen velocity — 1 through 38.1 interpreted as cm/s. De-
faults to velocity of 38.1 cm/s, acceleration of 2 g. Any
velocity parameter slows acceleration to 0.5 g.

The X-Tick Instruction Page 4-2
XT ;)

Purpose: Draws a vertical tick mark of the length specified by the
TL instruction at the current pen position.

The Y-Tick Instruction Page 4-2
YT (;)

Purpose: Draws a horizontal tick mark of the length specified by
the TL instruction at the current pen position.

*Not available with Option 003.
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RS-232-C Instruction Syntax

This section lists the formal syntax for each RS-232-C device control
instruction in alphabetical order of the escape sequence. Refer to the
indicated page for details.

Plotter On Page 10-24
.(or .Y
Purpose: Places the plotter in a programmed-on state.

Plotter Off Page 10-24
.) or N/
Purpose: Places the plotter in a programmed-off state.

Set Plotter Configuration Page 10-25
.@ [(KDEC>);(<ASC>)]:
Purpose: Enables or disables hardwire handshake mode.

Parameters: <DEC> — Ignored.

<ASC> — Data Terminal Ready (CD) line control. ASCII
decimal equivalent of 4-bit word (0 to 15).

Output Buffer Space Page 10-26
.B
Purpose: Outputs the number of byte spaces currently available for
data in the buffer.

Response: <DEC>[TERM] — 0 to 255.

Output Extended Error Page 10-27
.E

Purpose: Outputs a decimal code to identify the type of RS-232-C
related error that occurred.

Response: <DEC>[TERM] — 0, no error, or 10 - 16.
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Set Handshake Mode 1 Page 10-28
. H [(KDEC>);(<ASC>); (<ASC>(;...<ASC>))]:

Purpose: Establishes parameters for handshake mode 1, used when
response to enquiry character requires ESC . M parameters.

Parameters: <DEC> — Block size or Xoff threshold level.
<ASC> — Enquiry character or not used.

<ASC> ... <ASC> — Acknowledgment string of 1 to 10
characters or Xon trigger characters.

Set Handshake Mode 2 Page 10-29
.I [(KDEC>); (KASC>); (KASC>(;...<ASC>)]:

Purpose: Establishes parameters for handshake mode 2, used when
response to enquiry character does not require ESC. M
parameters.

Parameters: <DEC> — Block size or Xoff threshold level.
<ASC> — Enquiry character or omitted.

<ASC> ...<ASC> — Acknowledgment string of 1 to 10
characters or Xon trigger characters.

Abort Device Control Page 10-31
.J
Purpose: Aborts any partially decoded or executed device control

instructions including outputs.

Abort Graphic Instruction Page 10-32

Ed. K

Purpose: Aborts any partially decoded HP-GL instruction and dis-
cards instructions in buffer.

Output Buffer Size Page 10-32
.L
Purpose: Outputs the buffer size.

Response:  255. Not output until the buffer is empty.
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Set Output Mode Page 10-33

.M [(KDEC>); (ASC>); (SASC>) ; (SASC>(; (KASC>));
(<ASC>) |

Purpose: . Sets parameters for output.

Parameters: <DEC> — Turnaround delay, 0-54 612.
<ASC> — Output trigger character, ASCIT 0-127.
<ASC> — Echo terminator character, ASCII 0-127.

<ASC> ... <ASC> — 1 or 2 output terminators, ASCII
0-127, 0 terminates string.

<ASC> — Output initiator character, ASCII 0-127. —

Set Extended Output and Handshake Mode Page 10-34
.N [(KDEC>);(<ASC>(; ... <ASC>)]:
Purpose: Establishes extended parameters for any output command.

Parameters: <DEC> — Delay between output characters, 0-54 612.

<ASC> ... <ASC> — Immediate response string of 1 to
10 characters. ASCII 0-127, 0 terminates string; or Xoff
trigger characters.

Output Extended Status Page 10-38
.0
Purpose: Outputs the decimal equivalent value of a 16-bit immediate

status word.

Response: <DEC> [TERM] — a value 40 or less.

Reset Handshake Page 10-40 ——
.R
Purpose: Resets the handshake to its default value. It is the same -

as sending the commands ESC. @, ESC.H, ESC.1I,
ESC .M, and ESC.N without parameters.
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Appendix
Reference Material

Binary Coding and Conversions

Binary is a base 2 number system using only 1’s and 0’s. By giving the
I’s and 0’s positional value, any decimal number can be represented.
For example, this diagram shows how decimal 41 = binary 101001:

Decimal
4 %101 +1x109
4X10 +1% 1

4 110

Binary
1X B4+0X 24 4+1XB+0xX2240ox+1x90
1X32 +0X16 +1xX8 +0X4 +0xX2 +1x%1

1 0] 1 0 0] 19

Binary-Decimal Conversions

To convert from binary to decimal, the positional values of the 1’s are
added up. From the above example, this would be:

25+923+20=32+8+1=41

To convert from decimal to binary, the decimal number is divided by 2.
The remainder is the binary equivalent. For example:

Remainder
(read up)
2 [41 - 1
220 - 0
210 = 0 _Biary 101001
2[5 - 1
22 - 0
21 - 1
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Scaling Without Using the SC Instruction

The 7470 plotter movements are in terms of plotter units where a plotter
unit = 0.025 mm. While the plotter can be scaled into user units using
the SC command, it may be convenient for you to write programs
where numbers to be plotted are in some units other than plotter units.
These ‘“user units” can be converted into plotter units by the computer
using the following equations:

P2, - P1 P2y — Ply|
Xscaled = ;JAX + Plx — Ulx ox X
U2 - Uly| U2x — Uly
‘P2, — P1y| P2y - Ply)
Yscaled = it At Ay + Ply - Uly A
_U2y - Ul).,.. pzy - U]y_

where: Ax is the X-coordinate of the desired point in user units,
Ay isthe 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,
P2y is the X-coordinate of P2 in plotter units,
P2y is the Y-coordinate of P2 in plotter units,
Uly is the X-coordinate of P1 in user units,
Uly is the Y-coordinate of P1 in user units,
U2« is the X-coordinate of P2 in user units, and
U2y is the Y-coordinate of P2 in user units.

To demonstrate the use of the scaling equations, let's go through an
example.

Example 1:
Problem

Scale the platen area (P1=250,279 and P2 =10 250,7479) into

user units where P1 =0,0 and P2 =25 000,18 000. At the center

point (X =12500, Y =9000), draw a circle with radius 2500 as
follows:
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J/

18 000
? User
Unlts

|
|
|
|
|
I
|
|

- /

25 000 User Units

Solution

A. Recall that the equations of a circle are:
X=Rcost
Y=Rsint
where 0<<t<2

B. Since we are to plot relative to a point that is not at the origin,
an offset Xo, Yo must be added to the circle equations. The
offset in user units is:

Xo =12 500
Yo = 9000

C. The desired circle equations are then:
Ax = 2500 cos t + 12 500
Ay = 2500 sin t + 9000

D. Determine the user scale:

X =0to 25000

Y =0 to 18 000
therefore

Ul =0

Uly=0

U2x =25 000

U2y =18 000
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E. Determine the values for P1 and P2 which were set using DF

or IN.commands:
P1 =250,279
P2=10250,7479

therefore

X:

G. Sending the following program will plot the required circle

Plx = 250
Ply =279
P2x = 10 250
P2y = 7479

F. Solving for X and Y:

_:P2 ). P]. X
LU2x - U].x

P2X - P].x
U2x - U].x

Ax ‘|" P].x - U].x

N 10 250 — 250 10 250 — 250
95 000 — 0
-

2500 cos t + 12 500 + 250 — 0
25000 -0

0.4 (2500 cos t + 12 500) + 250 — 0
1000 cos t + 5250

P2y - P1y]
U2y - U].y

7479 — 279
+

18000-0

P2y - P].y
U2y - Uly

Ay ‘|" P].y - U].y

. 7479 — 279
2500sint+9000+ 279 -0|———

18 000—-0

0.4 (2500 sin t + 9000) + 279 -0
1000 sin t + 3879

using the default P1 and P2.

10
20
30
40
S0
ED
70

PRINT "IP250,279,10250,7
FOR T=0 TO 2%PI STEP PI~

479;5P1"

=0

%=1000%COS(TI+5250
¥=1000%SIN(T)I+3879
PRINT "PR";%;Y;" PD"

HEXT T

PRINT " SPO"
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Plotter Default Conditions

Plotting mode

Relative character direction
Line type

Line pattern length

Input window

Relative character size

Scale
Symbol mode

Tick length
(on either side of axis)

Standard character set
Alternate character set
Label terminator
Character slant
Mask value
Digitize clear
Pen velocity

*Chord angle

Absolute (PA)

Horizontal (DR 1,0)

Solid line

4% of the distance from P1 to P2
Mechanical limits of plotter

(SR.75,1.5)
width = 0.75% of (P2x — P1x)
height = 1.5% of (P2y — Ply)

Off
Off
0.5% of (P2x — Plx) or (P2y — Ply)

Set 0

Set 0
ETX (ASCII decimal equivalent 3) .
OO

223,0,0

On

38.1 cm/s (15 in./s)

Set to 5 degrees for AA, AR, and CI

P1 and P2 are changed only with the initialize command (IN). They are
not affected by device clear and the default command (DF).

*Applicable only to RS-232-C plotters that have the serial prefix number 2312A

or higher.
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HP-GL Error Messages

error 0 No error.

error 1  Instruction not recognized. The plotter has received an illegal

character sequence.

error 2 Wrong number of parameters. Too many or too few param-

eters have been sent with an instruction.

error 3 Bad parameter. The parameters sent to the plotter with an

instruction are out of range for that instruction.

error4 Not used.

error 5 Unknown character set. A character set out of the range

0 through 4 has been designated as either the standard or
alternate character set.

error 6 Position overflow. An attempt to draw a character (LB or UC)

or perform a CP that is located outside the plotter’s numeric
limit of —32 768 to +32 767.

error 7 Not used.

error 8 Vector received while pinch wheels raised.

RS-232-C Error Messages

0
10

11

12

13
14

15
16

No 1/0 error has occurred.

Output instruction received while another output instruction is ex-
ecuting. The original instruction will continue normally; the one
in error will be ignored.

Invalid byte received after first two characters,[Ed . , in a device
control instruction.

Invalid byte received while parsing a device control instruction.
The parameter containing the invalid byte and all following
parameters are defaulted.

Parameter out of range.

Too many parameters received. Additional parameters beyond the
proper number are ignored; parsing of the instruction ends when
a colon (normal exit) or the first byte of another instruction is
received (abnormal exit).

A framing error, parity error, or overrun error has been detected.

The input buffer has overflowed. As a result, one or more bytes of
data have been lost, and therefore, an HP-GL error will probably
occur.
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The No Operation Instructions, NOP

In order to maintain software compatibility with the 9872 plotter, the
7470 recognizes six 9872-related instructions as no operation NOP in-
structions. These six NOP instructions are:

Automatic Pen Pickup AP Advance Full Page AF
Adaptive Velocity VA Advance Half Page AH
Normal Velocity VN Enable Cutter EC

If these instructions are included in a program, they are recognized by
the 7470 and implemented as a NOP (i.e., they are ignored).

On a 7470 plotter with an HP-IL interface, UC is also a NOP instruction.

ASCII Character Codes

Binary is often used as a code to represent not only numbers, but also
alphanumeric characters such as “A” or “,” or “x” or “2”. One of the

- most common binary codes used is ASCII!. ASCII is an eight-bit code,
containing seven data bits and one parity bit. The plotter uses ASCII
for most I/0 operations. No parity bit is used. For example:

ASCII ASCII
Character Binary Code Decimal Code
o A 01000001 65
B 01000010 66
? 00111111 63

A complete list of ASCII characters and their decimal representation
and the characters drawn by the plotter in each of the five character
sets are shown on the following pages. The five character sets are:

Set No. Description
— Set 0 ANSI ASCII
Set 1 9825 Character Set
Set 2 French/German
Set 3 Scandinavian
Set 4 Spanish/Latin American

1 American Standard Code for Information Interchange.
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7470 ASCII Code Definitions

Decimal ASCII
Value Character All Sets
0 NULL No Operation (NOP)
1 SOH NOP
2 STX NOP
3 ETX End Label Instruction
4 ETO NOP
5 ENQ NOP
6 ACK NOP
7 BEL NOP
8 BS Backspace
9 HT NOP
10 LF Line Feed
11 VT Inverse Line Feed
12 FF NOP
13 CR Carriage Return
14 SO Select Alternate Character Set
15 S1 Select Standard Character Set
16 DLE NOP
17 DC1 NOP
18 DC2 NOP
19 DC3 NOP
20 DC4 NOP
21 NAK NOP
22 SYN NOP
23 ETB NOP
24 CAN NOP
25 EM NOP
26 SUB NOP
27 ESC NOP
28 FS NOP
29 GS NOP
30 RS NOP
31 USs NOP
32 SP Space

NOTE: Characters offset to the left have the antomatic backspace

feature. m
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7470 ASCII Code Definitions (Continued)

Decimal Set 0 Set 1 Set 2 Set 3 Set 4
Value

33 ! ! ! !
34 : " " . "
35
36
37
38
38 ’ ' e
40
41
42
43
44
45
46
47
48
48
S50
S1
52
53
54
S5
S6
57
S8
S8
60
61
62
63
64
65
66
67
68
6S
70
71
72
73
74
75
76
77
78
79
80

[ IS
00 e
0N B b
SN H
00N B -

~
~
~
~

*
*
*
*

)
)
)

+ % ¥ A~
)

+
+
+
+

|
|
|
!
|

WONODUDMWMN—O N’
OCONOOUMWMN-O N
WCONOOUD»WMN—ON’
ODONOOUON»WN—O N
ODONOUAD»WN—ON?

TOZIrXL—~IOTMOOD>@ IV I A"
TOZIMFXLAIOTMMOUOT>@ YV I A =
TOZIrXG—IOTMUOTD>@~V I A™ "
TOZXrXu—~ITOTTMOOD>®~0V I A -
TOZrXG—~IOTMMIOOD>@0V I A =
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7470 ASCII Code Definitions (Continued)

Decimal
0
Value Set

Set 1

Set 2

Set 3

81
82
83
B84
85
86
87
88
89
80
g1
g2
g3
94
85
896
g7
g8
893
100
101
102
103
104
105
106
107
108
108
110
111
112
113
114
115
116
117
118
118
120
121
122
123
124
125
126
127

U S AN X ECCHNM DD

1Y 7T ANX X E<Cad 700D 03I I~ =wTJTWOHND AOTDO

T

SN AN XECCHN DD

7

I TANX X 2 CHdNITNDO0II~XCL ~TO HODAOTQA

T

7

NN X E< Ccp) 7000033 —XC. =T HODALO TO

) MmN XE<CHONDAOD

B MON<<KXECHANAOD

NX X2<Cad0OITADODOII—XC. TN HOAO TAQ

H_mAN<XXxXE<CH0O | P
-
'S

NX X 2<CdOITONDNODOII—IXC.~TWOAHODAOAODTD
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Modem ... e 104
Monitor Mode ............... ... .. ... ... .... 10-8, 10-11, 10-25, 10-26
n

NOP, No Operation Instruction ................................. C-7
o

OA Instruction ........... ... . ... i i, 73,811, B-5
OC Instruction .........c.iii i e 7-4, B-6
OD Instruction ......... ..ot 6-3 thru 6-7, B-6
OE Instruction ......... ... .. i, 75, B-6
OF Instruction ......... ... 76, B-6
Ol Instruction ........ ...t 7-7, B6
OO Instruction ......... ... 7-7, B-7
OP Instruction ......... ... i 25, B-7
OS Instruction ........ ...t 6-5, 78, B-7
OW Instruction .......... ..., e 2-10, B-7
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On-line, Programmed Off State ............. e AU 10-6

On-line, Programmed On State ...................... 10-3, 10-7, 10-24
Optional Parameters .................................. 1-7,1-8, 10-23
Output Actual Position

and Pen Status Instruction, OA ...................... 7-3, 8-11, B-5
Output Buffer Space Instruction, ESC.B ................. 10-26, B-12
Output Commanded Position

and Pen Status Instruction, OC ........................... 7-4, B-6
Output Digitized Point

and Pen Status Instruction, OD ................... 6-3 thru 6-7, B-6
Output Error Instruction, OE ....... ... ... ... ... ... ....... 7-5, B-6
Output Extended Error Instruction, ESC. E .......... 10-27, B-12, C-6
Output Extended Status Instruction, ESC.O ............. 10-38, B-14
Output Factors Instruction, OF ............................. 7-6, B-6
Output Identification Instruction, OI ........................ 7-7, B-6
Output Initiator Character ............ 10-15, 10-17, 10-20, 10-29, 10-34
Output Options Instruction, OO ............................ 7-7, B-7
Output P1 and P2 Instruction, OP ............ ... .............. 2-5
Output Status Instruction, OS .................... ... ... 65,78 B-7
Output Terminator ...................... . ...... 7-1, 7-2, 10-15, 10-17,

10-20, 10-21, 10-29, 10-33, 10-34, 10-37

Output Trigger Character ....... 10-14, 10-17, 10-20, 10-21, 10-29, 10-36
Output Window Instruction, OW ...................... 2-10, 2-11, B-7
p
PA Instruction ........... ... ... ... . ..., 3-1, 3-4 thru 3-8, 8-7, B-8
PD Instruction ......................... 3-2, 3-4, 3-6 thru 3-8, 8-7, B-8
PR Instruction ............ ... . ... .. . ... 3-1, 3-8, 3-9, 3-10, B-8
PU Instruction ............. ... ... ... 3-2, 3-4 thru 3-8, 8-7, B-8
Pmask ......... . . e 1-12, 1-14, 6-7, 9-5
PLP2 ... 23thru28 5-11, 5-16, 5-22 thru 5-26, 8-2
Paper Switch ......... ... .. . . ... . . 2-2, 2-6, 2-10, 7-3
Parallel Poll ............ . ... ... . ... ... ... 1-12,1-14, 6-7, 9-5, A-1
Parameter Interaction in Labeling Commands ......... 5-21 thru 5-26
Pattern Number ........... .. i 4-6, B-5
PenDown ......................... 3-2, 3-3, 3-4, 3-5, 3-8, 5-19, 5-20, B-8
Pen Instructions, PUand PD ................ 3-2, 3-4 thru 3-8, 8-7, B-8
PenUp ... . 3-2, 3-8, 5-19, 5-20, B-8
Pen Velocity ...... ... 1-5, 3-3
Personal Computer .......... . ... .o iiiiiiiiiiiii... 10-2, 10-3
PieCharts ....... ... ... ... ... ... ......: S, 1-15, 8-10, 8-13
Pin Allocations, RS-232-C ... ........... .. ... ........ 10-11, 10-12
Plot Absolute Instruction, PA ................ 3-1, 3-4 thru 3-8, 8-7, B-8
Plot Relative Instruction, PR ................... 3-1, 3-8, 3-9, 3-10, B-8
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Plotter Address ........ ... i 9-2, 9-3, 9-6
Plotter Character Sets ............................. 5-2, C-7 thru C-10
Plotter Environments, RS-232-C ..................... 10-2 thru 10-10
Plotter Instruction Set ........ ... .. i 1-6,1-8
Plotter Off Instruction, ESC.) ......... ... ... ... ....... 10-24, B-12
Plotter On Instruction, ESC.( ......... ... ... ... .. ... 10-24, B-12
Plotter Output ...... ..o 71
Plotter Syntax, 9872 . ... e 1-7, 3-11
Plotter Unit ... ... 2-3,7-2
Plotter Unit Equivalent ............. ... ... .. .ccciiiiiinn... 31, 39
Plotting Area .......... ... i e 2-2
Plotting with Variables ............................ e 3-8, 3-11, 87
Preparing Your Plotter for Digitizing ............................ 6-2
r

RS-232-C Interface ....................... 1-1, 10-1, 10-10, 10-11, 10-12
RS-232-C Interfacing .. ..........ou i, 10-1 thru 10-12
RS-232-C Plotter Output ......... ... ... ... .. ... 7-2
Receiving Data, HP-IB .......... ... ... ... ... .. ... . ... ...... 9-10
Receiving Data, HP-IL ....... ... ... ... ... .. . .. .. 11-5
Relative Direction Instruction, DR ............... 5-11, 5-22, 5-25, B-3
Relative Plotting ............ .. ... . . i, 31, 38,39
Relative Size Instruction, SR ............... 5-16, 5-23 thru 5-26, B-10
Reset Handshake Instruction, ESC. R ............ ... ........ 10-40
S

SA Instruction ................. i 54, 5-5, 5-7, B9
SCInstruction ...t 2-6, 8-2, B9
S o 94
SIInstruction ............oiiuiiiiiiiiiinnn. 5-15, 5-22, B9
SLINStrUCtON . ..ottt e 5-18, B-9
SM Instruction .............. ittt 4-4,5-27, B9
SPInstruction .............. .. ... it 3-2, 8-2, B-10
SRInstruction ........ ... i, 5-16, 5-23 thru 5-26, B-10
SSInstruction ...........c.co it 5.3, 5-4, 5-7, B-10
S-mask ..... e 1-12, 1-13, 6-7
Scale Instruction, SC . ......... ... ... ... ... i 2-6, 8-2, B9
Scaling ..........cciiiiii 2-1, 2-6, 2-7, 2-8, 8-2, C-2
Scaling Points ........... 2-1, 2-3 thru 2-8, 5-11, 5-16, 5-22 thru 5-26, 8-2
Scaling Without Using the SC Instruction ................... 27, C-2
Select Alternate Set Instruction, SA .................. 54, 55,57, B9
Select Pen Instruction, SP ........... ... ... .. ... ... 3-2, 82, B-10
Select Standard Set Instruction, SS ................. 5.3, 5-4, 5-7, B-10
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Selective Device Clear ............ . ..ccoiiiiiiiii ... 94
Sending Data, HP-IB ... . . ... . 97
Sending Data, HP-IL ... ... . ... . ... i 11-4
Serial Poll .. ... ... . 6-7,9-4
Service Request ....... ... ... i 6-7, 1-12
Set Handshake Mode 1 Instruction, ESC. H ............. 10-20, 10-21,
10-27, 10-28, 10-40, B-13
Set Handshake Mode 2 Instruction, ESC. I .............. 10-20, 10-21,
10-28, 10-29, 10-37, 10-38, 10-40, B-13
Set Plotter Configuration Instruction, ESC. @ ............ 10-8, 10-22,
10-25, 10-40, B-12
Setting the Scaling Points ............. ... ... ... ... ... ... ... 2-3
Manually ... 2-4
Programmatically .......... . ... ... ... . i 2-4, 8-2
Setting Up the Plotter, RS-232-C ............ ... . ... ... ..... 10-2
Shift-in ... e e 5-3, 54
Shiftout ........ . 5-4, 5-5
Slant Instruction, SL .. ... ... ... .. 5-18, B-9
Software Checking Handshake ................... 10-14, 10-17, 10-25
Spacing Between Characters ............... ... ..., 5-7,5-13
Stand-alone Environment .............. ... ... ... ... ... 10-3
Standard Character Set ............................. 5-2, 5-3, 5-4, 5-7
Stop Bits ... 10-13
Symbol Mode Instruction, SM ....................... 4-4, 4-5, 4-6, B-9
t

TL Instruction .......... ..., 4-2, B-10
Talker .. ... 96
Terminal ........... . . . . e 10-4 thru 10-10
Terminal-only Environment ............................. 10-9, 10-10
Terminator ........... .0 . 1-6 thru 1-8
Tick Instructions, XTand YT .......... ... ... o i, 4-2, B-11
Tick Length Instruction, TL. ............... ........... 4-2, 8-3, B-10
Tick Marks . ...t e e 4-2, 83
Transmission Errors, RS-232-C .......... ... ... .. ... ... .. .... 10-13
Turnaround Delay ................. ... ...t 10-15, 10-17, 10-20,
10-21, 10-29, 10-33, 10-36, 10-38

u
UC Instruction ............ oo, 5-19, B-11
Unit Systems . ... e 2-3
User Defined Character Instruction, UC ................... 5-19, B-11
User Units ... e 2-3, 2-6, 8-2
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Using the Plotter with a Computer Mainframe,

RS-232-C . 10-2
Using the Plotter with a Personal Computer,

RS-232-C 10-2
Using the Plotter with a Terminal ......................... 10-4, 10-9
\'}
VS InStruction . ......ovviii i e 3-3, B-11
Velocity Select Instruction, VS ......... .. .. ... .. 3-3, B-11 B
w
Window ... 21,813 T
Window, Settingthe ....... .. ... .. .. . . i i 29, 8-13

Outputtingthe ....... ... ... ... ... . 2-10

X
XT Instruction ..., 4-2 83, B-11 -~
Xoff Threshold Level ............................. 10-16, 10-30, 10-31
Xoff Trigger Character .......... 10-16, 10-19, 10-20, 10-28, 10-31, 10-34
Xon Trigger Character ...................... 10-16, 10-19, 10-20, 10-30 - -
Xon-Xoff Handshake .............. 10-14, 10-19, 10-28 thru 10-31, 10-36
YT Instruction ......... ... ... .. ... 4-2, 84, B-11
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