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PREFACE

This manual provides detailed programming and accessory installation information for the HP 2647A
Intelligent Graphics Terminal. It is written to provide a system programmer with the information needed
to use the terminal in a variety of applications. Extensive information explaining the operation of the
terminal’s data communication function is provided in a separate section.

This manual assumes that you are already familiar with operating the terminal from the keyboard.
Operating information is given in the HP 2647A Intelligent Graphics Terminal User’s Manual (02647-
90001). The HP 2647A Service Manual (02647-90003) provides a discussion of troubleshooting, repair,
and theory of operation.

The HP 2647A Terminal is capable of executing BASIC programs directly without the need of a host
computer system. A complete description of how to access BASIC is given in the HP 2647A User’s Manual
(part no. 02647-90001). A description of the BASIC language is contained in the Terminal BASIC
Manual (part number 02647-90005).

HOW TO USE THIS MANUAL

This manual describes all of the terminal’s programmable features. The various functional groups such
as display control and communications are described in separate sections. If you have not used an HP
terminal before, you should read Section I for a brief overview of the terminal and its capabilities.
Information on the terminal’s graphics functions is contained in Section III. If you are familiar with the
HP 2645 series terminals you can use the index at the back of the manual to locate answers to specific
questions.

This manual is made up of the following sections and appendices:

Section I. General Description — This section provides a brief description of the terminal, its architec-
ture, and overall operation.

Section II. Display Memory and Terminal Control Functions — This section contains information for
controlling the terminal’s alphanumeric display. Included are cursor sensing and positioning, fields, edit
operations, and display enhancements. This section also contains information for programmatically

controlling the terminal’s switch settings.

Section III. Terminal Graphics Functions — This section contains information for controlling the ter-
minal’s graphics modes and functions.

Section IV. Device Control — This section describes how to control operational input/output devices
(cartridge tape drives, printers, etc.)

Section V. Data Communications — This section describes the terminal’s communication function and
gives procedures for configuring the terminal to meet various communication requirements.

Section VI. Status — This section describes how to obtain and interpret terminal status.

Section VII. Installation — This section contains step-by-step procedures for installing and configuring
the terminal and its accessories.

Section VIII. HP-IB Configurations — This section describes how to configure terminal networks using
the Hewlett-Packard Interface Bus.
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Appendix A. Applications — This appendix contains examples of various terminal applications.

Appendix B. Reference Tables — This appendix contains condensed reference information for all of the
terminal’s features.

Appendix C. Communications Flowcharts — This appendix contains flowcharts of the communication
function.

Appendix D. Cartridge Tape Rethreading Procedure — This appendix contains a procedure for re-
threading cartridge tapes.

TERMS AND CONVENTIONS

The descriptions in this manual use the following text conventions:

[< >] — The right and left bracket, less than, and greater than characters are used to set off variable
parameters in some escape code sequences. These characters are added for descriptive purposes and are
not a part of the escape sequence. They should not be transmitted.

Example: & ¢ p [<“from” device code>s |

<character>°¢ or <character> — When a character is shown followed by a superscript ¢ or is
shown preceded by the key, it indicates a control character. Control characters are normally
generated from the keyboard by holding the key down while pressing the character.

Example: G¢ = bell character = €3 3.

Graphics control functions labeled on the sides of the graphics control keys are accessed by holding the
key down while pressing the function key. Normally the symbols for the shifted graphics keys are
shown as trapezoids. For example, to make a change in the graphics text size from the keyboard, hold the
key down and press . This would be shown as: E3 SR .
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GENERAL DESCRIPTION

INTRODUCTION

The Graphics Terminal uses a microprocessor under
firmware control. The terminal provides interactive
graphics features available under user or program control.
Program control may be either the local BASIC language
(which may be loaded into the terminal from cartridge
tape) or a program running in a remote computer. It oper-
ates in character or block mode, with full editing capabil-
ity. The terminal is designed for such applications as data
entry and preparation, information display and editing,
interactive programming, data communications, and
time-sharing operation.

In addition, an integrated mass storage capability of up to
220 kilobytes of data using two tape cartridges is provided.
This allows the terminal to be used for either stand-alone
or on-line operation. For example, forms designed at the
terminal using the line drawing or other character sets
can be stored on a tape cartridge and selectively retrieved
from the keyboard or through commands from BASIC
running in the terminal or from a remote computer.

Data communications accessories are also available to
provide a choice of communications capability. The stan-
dard terminal is teletypewriter compatible (EIA RS232-C
serial asynchronous, ASCII, half or full duplex). It oper-
ates at speeds up to 4800 bits per second, and transmits
either character-by-character as a fully interactive termi-
nal or operates on variable length blocks of information.
Optional capabilities include 20mA current loop; and
either asynchronous or synchronous polling for multipoint
communications networks. Also, the terminal can be used
with a wide selection of modems over dialed or leased
lines.

A block diagram of the terminal is shown in figure 1-1.
The terminal has three major and mechanically indepen-
dent sections: keyboard, CRT monitor, and mainframe.
The specific functional properties of the terminal are de-
termined by firmware programs resident in ROM (read-
only-memory). It is these programs that make it possible
for the terminal to have many powerful features such as
self test, dynamic memory allocation, transparent control
codes, and off-screen storage.

MAINFRAME

The heart of the system is the mainframe section, which
can be considered a microcomputer system. In the main-
frame is the power supply and a bus-oriented logic system
containing the microprocessor, program and al-
phanumeric memory, graphics control and graphics mem-
ory, video display subsystem, keyboard interface, and data
communications interface. The basic terminal contains

one slot for options and accessories. All mainframe mod-
ules are functionally, mechanically, and electrically inde-
pendent, giving a high degree of flexibility and reducing
service time.

Microprocessor

The terminal uses an 8-bit microprocessor to control most
of the terminal’s operation. The microprocessor executes
code that may be in ROM or RAM memory. It controls the
alphanumeric display, programmable functions, and I/O
devices.

Display

The terminal uses two separate display memories. An
alphanumeric memory is used to hold up to 5,000 charac-
ters. Graphic data is stored in a separate graphics mem-
ory. The graphics data is stored as a dot pattern contain-
ing 259,200 points (720 x 360). Both the alphanumeric
and the graphic memories are accessed by the same dis-
play circuitry during the refresh cycle.

The display subsystem has two functions that use the bus.
Cursor control is an output function and the DMA refresh
is a bus requestor for memory read operations.

ALPHANUMERIC DISPLAY. The alphanumeric dis-
play is maintained by the Display Control module. It reads
ASCII characters and display commands from the display
memory. These characters are converted to dot patterns
and passed to the display circuitry during the refresh
cycle. The Display Timing module provides the timing
signals for the display circuitry.

GRAPHICS DISPLAY. The graphic display is main-
tained by the Graphics Microcontroller and Graphics Dis-
play Memory PCA. Graphic data received from the
keyboard, data communications interface, or cartridge
tape is processed by the Graphics Microcontroller before
being stored in the Graphics Memory. Input data is nor-
mally in the form of vector end points. The Microcontroller
uses the previous vector end point together with the new
end point to generate a line of display dots that approxi-
mate the line. These dots are then stored in the Graphics
Memory.

1-1
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Terminal Bus

A major element of the logic system is the terminal bus (a
printed circuit board with connectors) which is attached to
the bottom of the mainframe and to the power supply. The
bus distributes power to the individual modules and pro-
vides data, address, and control lines for communication
between the various logic functions. The terminal bus
provides communication paths between processor, mem-
ory, input/output, and display refresh on a shared basis.

All modules are slot-independent and carry their own
select code or memory address. The only requirements are
that the four display modules must be grouped together,
and that no empty slots be left between the power supply
and the last module. However, the two cartridge tape
modules can be plugged into the connectors on the far end,
opposite the power supply.

A bus access cycle begins when a requesting module
determines it needs the terminal bus for instruction or
data fetch or input/output. If the terminal bus is busy, the
requesting module must wait until it is available. To de-
termine who gets the bus next, a priority chain has been
incorporated. The modules nearest the power supply are
first in the priority chain, and a module wanting the bus
next breaks the chain for modules farther away from the
power supply.

Terminal Memory

Like any other computer system, the microcomputer mod-
ule is useful only if it has a program to execute and
memory in which to store data. This is the function of the
terminal memory modules, which are two types, read/
write or random-access memory (RAM) and read-only
memory (ROM). The RAM stores display characters and
data; the ROM stores terminal programs (firmware). Also,
the BASIC Interpreter and BASIC workspace resides in
RAM. Terminal programs are called firmware because the
ROM makes them more permanent than software but less
permanent than hardware. In the terminal one-half of the
available memory is dedicated to ROM or program mem-
ory and the remaining memory locations are RAM and can
be used for data and BASIC. All of the terminal memory is
MOS semiconductor memory. A separate RAM memory is
used to store the 720 X 360 graphics data.

Input/Output Modules

Also a part of the logic system are several terminal input/
output modules: the keyboard interface PCA, Graphics
Microcontroller PCA, Graphics Memory PCA, the data
communications PCA, the optional eight-bit duplex regis-
ter PCA (used for the HP 9866A/B and HP 9871A Printer
interface), the optional serial printer interface PCA, and
the HP-IB interface PCA (used for interfacing the HP
9871A-001 Printer, HP 2631A-046 Printer, HP 2631G
Printer, HP 7245A-001 Plotter/Printer, HP 9872A Plotter,
and other terminals).

General Description

These never request control of the bus, but all must re-
spond to commands from the microcomputer and its
programs. :

The basic I/O commands output data or control codes from
the microprocessor and input data or status from the inter-
face module. Each of the I/O cards has different data and
control formats, but all are controlled by the microcompu-
ter. Each I/O module has a rear edge connector for the
attachment of a connector hood and cable assembly to
carry the signals out the back of the terminal.

CRT MONITOR

The CRT monitor section contains sweep and high voltage
circuits, the high-resolution, low-profile cathode-ray tube,
and fan.

The Raster

The terminal uses raster scan deflection method, similar
to that used in television sets. In a raster scan display, the
electron beam traverses the screen in a series of closely
spaced horizontal lines, starting from the top. Characters
are formed from line segments and dots produced by turn-
ing the beam intensity on and off at appropriate times.

There are 720 X 360 dots on the screen. The alphanumeric
display makes use of characters that fill an entire 7 X 9
character cell while the graphics display allows you to
access individual dots.

The terminal uses a low-profile CRT to keep overall height
to a minimum while maintaining a screen capacity of 1920
characters, partitioned into 24 rows of 80 characters each.
All of the character positions are fundamentally rectan-
gles 7 dots wide by 9 scan lines high. Four additional scan
lines beneath the 7x9 matrix are used for the descender
areas of lower-case characters, for underlining, and for the
blinking underscore cursor. One other dot is used on either
side for character-to-character spacing, and one scan line
is reserved at the top and bottom for row-to-row spacing.
This results in a character cell of 9 dots by 15 scan lines
replicated over the entire screen area (see figure 1-2).

7 - 9 Upper
/ Case Matrix
r Q

A
Descender
Field

Figure 1-2. Character Cell
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élghanumeric and Microvector Character
ets

Two types of character sets can be stored within the ter-
minal: alphanumeric sets and microvector sets. Alpha-
numeric sets support the primary use of the terminal,
displaying textual and numeric information. Characters
are designed around a basic 7x9 dot matrix with provision
for lower-case descenders. The characters are embellished
by use of the half-shift. With this type of set the
character-to-character spacing of two dots is hardwired.
This prevents the design of characters that would form
continuous horizontal lines. However, all 15 scan lines of
the row are available so that vertically contiguous symbol
segments can be designed. An example of this is the
three-row-high integral sign found in the math symbol
set.

Microvector sets use the entire 9-dot-by-15-scan-line
character cell without the half-shift. This allows charac-
ters to be designed with both horizontal and vertical con-
tinuity. This type of set finds its greatest application
where a minimal set of graphic kernels is needed to repre-
sent more complex pictorial information. The data entry
forms shown in Section II illustrate the use of the line
drawing set in representing a form.

Display Features and Alternate Character
Sets

The basic terminal uses 128 alphanumeric characters and
one display feature, inverse video fields (black characters
on white backgrounds). With the addition of the optional
display enhancement board, up to three additional 128-
character sets can be stored within the terminal. Three
display features are also added: half-bright, underline,
and blinking fields.

All sixteen possible combinations of the four display fea-
tures can be applied to any character or characters on the
screen. No displayable character positions are required to
start, stop, or modify either the features or the character
sets. Therefore, consecutive characters on the screen may
be from different sets or have different display features.

KEYBOARD

The processor scans the keyboard at discrete intervals for
a depressed key. Each key is assigned a position in a
matrix of 14 columns and 8 rows. This matrix provides a
reference to a look-up table that the firmware uses to
display the character and/or send the character code over
the data communications line.

THE FIRMWARE

The firmware contains the operating system or main ter-
minal code modules and the various input/output, data
communications, and utility routines that control the
terminal. The firmware is stored in read-only memory
(ROM) circuits on the Control Memory assemblies.
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System Monitor

The system monitor is a section of the firmware that
dispatches data within the terminal. The processor nor-
mally executes a basic loop, in which it scans the keyboard
and the data communications interface and waits for
something to happen (see figure 1-3). When a character is
received from either the keyboard or the data communica-
tions interface, a general character interpretation routine
is executed to determine the action to be taken. The
monitor then performs the specified functions, such as
putting a character on the display, transmitting a charac-
ter over the data communications interface, or moving the
cursor. When this has been completed, the monitor re-
turns to the basic scan loop to look for the next input.

Power
Oon

Initialize and
Configure

Scan Keyboard

Key
Depressed?

Datacom
Interrupt?

Character
4 Waiting?

Input Datacom
Character

Interpret Character

Display Character
if Required

Transmit Character
if Required

— — — Cursor Advance
Carriage Return
Line Feed
Home
Clear

Execute Appropriate
Control Function

Update Cursor
Position on Display

Figure 1-3. System Monitor Basic Loop



Keyboard and 1/0 Subsystem

The I/O subsystem contains the firmware required for
performing all input/output functions. The firmware oper-
ates using both scan and interrupt methods. The keyboard
is scanned at regular intervals, while inputs from the
devices such as the data communications interface and
cartridge tape units are interrupt driven. If a new key
depression is detected, the key number associated with
this key is calculated and used as an index into a table
that assigns a code to the key. If the key is one of the
ASCII keys, the proper code is determined based on the
state of the CNTL, SHIFT, and CAPS LOCK keys.

If the key in question is not one of the ASCII keys, the
firmware may be required to generate a multiple charac-
ter sequence consisting of an ASCII escape character fol-
lowed by one or more characters that define the escape
sequence. Keys in a third group do not generate codes at
all, but simply perform internal terminal functions, such
as BLOCK MODE, REMOTE, and CAPS LOCK.

I/O associated with the display is minimal because the
display memory access module (DMA) causes the display
to be refreshed without processor intervention. Display
I/O control mainly involves transmitting the cursor coor-
dinates to the display whenever necessary.

Cursor Movement

The terminal firmware contains many subroutines for
moving the cursor on the display. All cursor movement is
handled by the firmware. When a character is typed on the
keyboard and appears on the display, the cursor moves to
the next column position because a cursor advance sub-
routine has been executed and has calculated a new cursor
position. Similar subroutines exist for moving the cursor
up, down, right, left, and home. The tab function is also a
firmware routine; it uses a one-bit-per-column table to
determine the next tab stop.

A separate graphics cursor can be displayed. The graphics
cursor can be controlled from the keyboard or from a
program. It functions independent of the alphanumeric
data and can be used to aid in the input of graphics data. A
set of graphics cursor control keys (similar to those used
for the alphanumeric cursor) can be used by the operator
to position the graphics cursor.

Display Memory Management

A large part of the terminal firmware is devoted to man-
agement of the display memory. Most conventional termi-
nals use a byte of display memory for every displayable
position on the CRT screen. If there are many short lines,
as is frequently the case, there is a substantial amount of
unused memory. The terminal does not allocate memory
for character positions to the right of the last character
entered, so this memory is available for other purposes.
Turn on and turn off of the various display enhancements

General Description

and character set selections, or start and end of unpro-
tected fields between individual characters can be ac-
complished without an intermediate blank character posi-
tion. With these features, the address of a character oc-
cupying a given row and column cannot be directly com-
puted without some sort of scanning process.

The display memory consists basically of a linked list of
fixed-sized blocks of RAM (see figure 1-4). This list is set
up in such a way that the DMA can start at the first
address on the screen and follow the list to produce an
entire screen of information. All memory not currently
allocated for display use is kept on a free-storage link list.
Individual rows are linked with next and preceding rows,
while blocks within a row are linked only in a forward
direction. The storage allocated for a row may be as little
as one block (16 bytes), or much larger than 80 characters,
depending upon the number of displayable and non-
displayable characters needed to create the row on the
CRT.

The firmware finds the address corresponding to a given
character position by starting at the last known position
and moving through the list either backward or forward
until it finds the new address. If the end of the list is found
before the row in question has been found, blocks are
removed from the free-storage list and used to create new
rows. Once the correct row has been found, the firmware
searches for the cursor column. If the end of the row is
found before the column has been found, additional blocks
are removed from the free-storage list and used to build
the length of the row out to the column required. When-
ever a block is required and free list is empty, an existing
row must be released from display memory. This row is
the first row of memory if the addition is at the end of
memory, and is the last row of memory if a row other than
the last row is being lengthened.

DATA COMMUNICATIONS

Data communications in the terminal is both a hardware
and a firmware function. The data communications inter-
face is a basic terminal module. This module has the
necessary logic to interface the terminal bus to the com-
munication line.

The communication interface accepts parallel data from
the terminal, serializes it, and adds framing or syn-
chronizing bits (start and stop). It performs the reverse
process on incoming data, converting serial data to par-
allel and removing start and stop bits. The interface can
generate and check parity and can also detect data over-
runs. A status word keeps the processor informed of the
status of the interface.

The terminal firmware for communications has three
main functions. First, the program reads the control set-
tings on the keyboard, keyboard interface, and the data
communications interface. Second, it processes input
characters and transmits output characters. Many deci-
sions are made on incoming characters, especially on con-
trol characters. The third function is modem control using
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Figure 1-4. Display Memory Linked List Structure

control lines on the communications interface. Direct con-
nections to a computer and Bell 103 type modems require
a minimum of firmware control while Bell 202 type
modems require more control. A more detailed description
of the data communications operation is given in Sec-
tion V.

THE TAPE UNITS

Cartridge tape operations are divided between the car-
tridge tape hardware and firmware. The hardware main-
tains constant speed and provides for selection of fast or
slow speed and the direction of tape motion.

A line of data on the screen is recorded on the tape as a
record. The information is stored serially on the tape at a
recording density of 800 bits per inch and a read/write
speed of 10 inches per second. Data is organized into files,
records, bytes, and bits. Separating the files are file
marks, special-length gaps (areas of unidirectional mag-
netization) with a file identification record between them.

Holes are punched at each end of the tape to provide
reference for beginning of tape and end of tape. If a hole is
detected in the tape, indicating tape location, tape motion
is stopped until the firmware commands it to start again.

The hardware encodes and decodes data bytes into bit
patterns on the tape and records interrecord gaps. The
hardware reacts to commands given by the firmware and
presents status information to the firmware.

The firmware controls all tape motion and maintains
tape-position information. The firmware dictates whether
the hardware is reading, recording, or writing gaps. It
formats data into records and generates special tape
marks that have significance in organizing the tape into
records and files.



DISPLAY MEMORY AND
TERMINAL CONTROL FUNCTIONS| 1

SECTION

INTRODUCTION

This section contains information for using the display
memory and terminal control functions. The display
memory functions change the position of display data or
assign special attributes to blocks or fields of display data
within each display workspace. The special attributes
alter the way data is displayed or transmitted. The termi-
nal control functions allow you to programmatically set
terminal straps or use the terminal’s soft keys.

DISPLAY MEMORY FUNCTIONS

The following paragraphs describe the display memory
functions. These functions consist of the following groups:

e Display Control

e Edit Operations

® Forms Mode

® Display Enhancements

® Alternate Character Sets

The following paragraphs describe how to control the al-
phanumeric display memory functions from a computer
program. Each of the display functions can also be entered
from the terminal keyboard or read from a cartridge tape.
In addition to escape sequences, most of the display mem-
ory functions have been assigned to special keys on the
keyboard. Refer to the User’'s Manual for a description of
keyboard functions.

Display Control

Cursor and display positioning operations can be pro-
grammed within each of four display workspaces. Only the
alphanumeric display functions are described here. Refer
to Section III for a description of the graphic display func-
tions. The programmable functions available are as fol-
lows: ’

® Display Window Control
Message Line
Command Line
Soft Key Label Line

® Cursor Sensing
Absolute
Relative

® Cursor Positioning
Absolute Addressing

Screen Relative Addressing
Cursor Relative Addressing
Space

Backspace

Set Tab

Clear Tab

Tab

Backtab

Set Margins
Home Up
Home Down

® Display Positioning
Roll Up
Roll Down
Next Page
Previous Page
Display Lock (Memory Lock)

Display Window Control. Alphanumeric display mem-
ory is shared by four dynamic display workspaces (win-
dow#1 through #4), a message line (window#5), a com-
mand line (window#6), and a soft key label line (win-
dow#7). These “windows” are controlled through the
command channel. (Figure 2-1 shows the display fea-
tures.)

&,cDIsplay Window#<n>% displays the selected window
f,cCLOse Window#<n> removes selected window #5,
#6, or #7

Display Workspace. Only one display workspace can be
displayed at a time. Cursor and display positioning opera-
tions operate independently in each workspace (i.e., you
can roll up, roll down, next page, previous page, set mar-
gins and tabs, and position the cursor independently in
each workspace.) As data is entered into a display work-
space, it uses some of the alphanumeric display memory. If
needed, the present display workspace will “steal” lines
from the other workspaces that are not memory locked.
Therefore, to preserve information in another workspace,
it must be memory locked. At power on or full reset,
windows #2 through #4 are memory locked. (Figure 2-2
shows examples of memory allocation for the four display
memory workspaces.)
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Figure 2-2. Three Examples of Display Memory Allocation to the Four Display Workspaces




Message Line. The message line (window#5) is auto-
matically displayed when an incorrect operation is per-
formed. All messages that the terminal generates are
given in the User's Manual. You may use the message
window in a program to instruct the user to perform an
operation (such as, insert a tape, or enter some data from
the keyboard) by sending:

f,cDIsplay Window#5% <message string>%

To remove the message:

&,c CLOse Window#5%

Command Line. The command line is displayed to allow
the user to enter commands into the command channel
while under program control.

%,cDIsplay Window#6%

To remove the command line:

E,cCLO0se Window#6%

Soft Key Label Line. The soft key label line displays the
user-defined function labels for the soft keys (f1 through
8). Predefined user functions may be loaded into the soft
keys under program control (see “Defining Soft Keys”
explained later in this section). The labels may then be
displayed to allow the user to select one of the predefined
functions while running under program control:

f,cDIsplay Window#7%

To remove the soft key label line:

f&,cCLOse Window#7%

MEMORY ADDRESSING SCHEME. Display work-
space positions can be addressed using absolute or relative
coordinate values. Each display workspace is made up of

Display Memory and Terminal Control Functions

80 columns (0-79) and a number of rows determined by the
size of the workspace. There can be as many as 71 lines of
80 characters (3 screens). The types of addressing avail-
able are:

e Absolute
® Screen Relative
® Cursor Relative

Row Addressing. Figure 2-3 illustrates the way the
three types of addressing affect row or line numbers. The
cursor is shown positioned in the fourth row on the screen.
Screen row 0 is currently at row 6 of display memory. In
order to reposition the cursor to the first line of the screen
the following three destination rows could be used:

a. Absolute: row 6
b. Screen Relative: row 0
c. Cursor Relative: row —3

Column Addressing. Column addressing is accom-
plished in a manner similar to row addressing. There is no
difference between screen and absolute column address-
ing. Figure 2-4 illustrates the difference between absolute
and relative addressing. The cursor is shown in column 5.

Whenever the row or column addresses exceed those
available, the largest possible value is substituted. In
screen relative addressing, the cursor cannot be moved to
a row position that is not currently displayed. For exam-
ple, in figure 2-3c a relative row address of —10 would
cause the cursor to be positioned at the top of the current
screen (relative row —3). Column positions are limited to
the available screen positions (0 to 79 in figure 2-4a and
—5 to 74 in figure 2-4b). The cursor cannot be wrapped
around from column 0 to column 79 by specifying large
negative values for relative column positions.

Note the difference between this type of addressing (0-79)
and the column indicator in the soft key label line (1-80).



Display Memory and Terminal Control Functions

¢ N

2

3

a4

5

6 0

; Display ;

Workspace

% 1 1,2,3,0r 4 3 i

11 5
/

a.) Absolute: row 6

b.) Screen Relative: row 0

Display
Workspace
1,2,3,0r4

/

c.) Cursor Relative: row -3

Figure 2-3. Row Addressing

CURSOR SENSING. The current position of the screen
cursor can be sensed. The position returned can be the
absolute position in display memory or the location rela-
tive to the current screen position. (Absolute and relative
addresses are discussed under Memory Addressing.)

Absolute Sensing: £ a

Example: The cursor is at column 20, row 40.
computer: & a
terminal: & & a 020c 040R

0123456789 ...

)

-5 -4 -3 -2 -1 0 +1 +2 +3 . . . +74

[

b.) Relative

- -

a.) Absolute

Figure 2-4. Column Addressing
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Relative Sensing: B

Example: The cursor is again at column 20, row 40, but
screen row 0 begins at row 35 of display memory.

B
& & a 020c 00SY

computer:
terminal:

CURSOR POSITIONING. The cursor can be positioned
directly by giving memory or screen coordinates, or by
sending the escape codes for any of the keyboard cursor
positioning operations.

Absolute Addressing. The cursor can be positioned to
any displayable position using absolute coordinates. Abso-
lute cursor positioning is accomplished using the following
sequence:

% & a ¢row number> r <column number> C
where:  row number is 0 to 255.

Example: Position the cursor at row 35, column 6.

& & a 35r 6C
or
% & a 6¢ 35R

Absolute addressing cannot be used while Memory Lock is
on.

Screen Relative Addressing. The cursor can be
positioned to any position currently displayed on the
screen by using screen relative coordinates:

ft & a <screen row number> y <column number> C
where:

the top row of the screen is now 0.

Example: Position the cursor to screen relative row 15,
column 53.

& & a 15y 53C
or
& & a §53c 15Y




Cursor Relative Addressing. The cursor can be
positioned to any displayable position by using cursor re-
lative coordinates. (xrow, *column). Cursor relative ad-
dressing cannot be used while Memory Lock is on.

Example: The cursor is currently at row 7 and column 10
of the screen. Move the cursor to row 9 column 6.

f£ & a +2r -4C
or
B & a -4¢c +2R

Combinations of Absolute and Relative Ad-
dressing. Relative and absolute coordinates can be com-
bined in the same sequence.

Example. Move cursor from its current row down 8 rows
and to column 60.

f & a +8r 60C
or
B & a 60c +8R

Example: Move cursor from its current position 15 col-
umns left, and to relative screen row 4.

k£ & a 4y -15C
or
£ & a -15¢c 4Y

Alphanumeric Cursor On/Off. The alphanumeric cur-
sor is turned on or off whenever the alphanumeric display
is turned on or off. The cursor can also be controlled sepa-
rately using the following commands:

Turn Alphanumeric

Cursor On: =@ e

Turn Alphanumeric

Cursor Off: =0 d

OTHER CURSOR OPERATIONS. In addition to posi-
tioning the cursor using coordinates, you can use a variety
of keyboard equivalent operations. These operations nor-
mally require only one or two characters to be sent to the

terminal. Table 2-1 lists each of the operations together
with its code and a brief description.

TABS. You can programmatically set tabs, tab, and clear
tabs independently in each of the workspaces.

Setting Tabs. To set a tab, move the cursor to the desired
column and send %1 Once a tab is set, the tab function or
key can be used to move the cursor to the next tab
setting. In Forms Mode, previously set tabs are ignored;
however, when Forms Mode is turned off, previously set
tabs are in effect.

Using Tabs. Once tab positions have been set you can tab
in the same manner that you would on a typewriter. You
can even tab backwards to the previous tab position by
sending &i. When you are at the first tab position in a line
and you backtab, the cursor moves to the last tab position

Display Memory and Terminal Control Functions

in the previous line. Once the cursor has reached the first
tab position in the first line of memory, no further
backtabbing movement can be made.

Clearing Tabs. You can clear individual tabs by moving
the cursor to the tab position and sending %2. All of the
tabs in a workspace can be cleared at once without having
to position the cursor by sending &3.

MARGINS. You can set the left and right margins in
each workspace to make the entry of data easier. When
the terminal is turned on or a full reset performed, the
margins are set at columns 0 and 79 in each of the work-
spaces. This gives a full 80 character line. You can define
new margins as follows:

Left Margin. Move the cursor to the desired left margin
setting. Send %4.

Set Left Margin: =% 4

Right Margin: Move the cursor to the desired right mar-
gin setting. Send &5.

Set Right Margin: & S

The terminal will beep when you are eight characters
from the right margin. When the right margin is reached,
the cursor will move to the left margin of the next line.

Example: Set the margins for a 40 column page centered
on the screen.

Move the cursor to column 20 and set the left margin.
Move the cursor to column 59 and set the right margin.
Place the cursor back at column 20 and begin sending
data.

& & a 20C & 4 f & a 59C & 5

\ / \ /\ / \ /

position cursor set margin position cursor set
margin

column numbers
2 3 4 ) 6
0 0 0 0 0

This is an example using margins to
control data entry.

Margins are cleared or changed by setting new margins
(or a full reset) or by entering forms mode, where the
margins are reset to columns 0 and 79.

Alphanumeric Display On/Off. The entire alpha-
numeric display, including the alphanumeric cursor, can
be turned on and off. The alphanumeric data is not lost
when the display is turned off. The alphanumeric cursor
can also be controlled independent of the display (refer to
Alphanumeric Cursor).

Turn Alphanumeric
Display On: =060
Turn Alphanumeric
Display Off: Trdf
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Table 2-1. Cursor/Display Operations

FUNCTION CODE DESCRIPTION FUNCTION CODE DESCRIPTION
Cursor Margins
f*dq Turn cursor on. Set Left &4 Set the left margin at the cur-
fdr Turn cursor off. ] . rent cursor columr.l,
Line Feed LF (J°) Move the cursor to the next Set Right 5 Set the right margin at the cur-
line rent cursor column.
Return CR (M) | Return the cursor to the left Display
margin, halt /O operations, f*de Turn on current alphanumeric
and clear messages. display workspace
&G Move cursor to first column of & df Turn off current alphanumeric
current row. display workspace.
Backspace BS (H") };\}’Ilovle tPtheI fc 1t1isor one cqlqmn tlo Select Display | &,c Selects display workspace n
€ eO .'t € qursct);‘l 1S 1n col- Workspace, DIsplay | (where n is 1, 2, 3, or 4),
umn U, 1t remains there. Message, Win- message line (nx5),
Cursor Up A Move the cursor up one row. Command, or dow# command line (nX6), or
If the cursor is in row 0, it Soft Key <n>¢r | soft key label line (nx7).
wraps around to row 23. Label Line
Cursor Down & B Move the cursor down one row. Close Window | f&,c Removes message, command,
If the cursor is in row 23, it 5,6,o0r 7 CLOse or soft key label line from
wraps around to row 0. Window | display.
Cursor Right & C Move the cursor right one col- #®
umn. If the cursor is in column Clear Display | & J Clear the current display work-
79, it wraps around to column 0 space from the cursor position
of the next row. If the cursor is to the end of the workspace.
in row 23, column 79, it wraps Clear to End & K Clear current line beginning at
around to row 0, column 0. of Line the column containing the cur-
Cursor Left & D Move the cursor left one col- sor.
umn. If the cursor is in col- Roll Up &S Roll the screen up one row
umn 0, it wraps around to col- til the last ¢
79 of the previous row. If ﬁun 11 the last row ol memory
::llrlzncursor is in row 0. column is located at the top of the dis-
0, it wraps around to row 23, play). Cursor is stationary.
column 79. Roll Down & T Roll the screen down one row
. (until the first row of memory
Home Up Th Move ?;ﬁ c?rsini.to tl}ihbegln- is located at the top of the dis-
ning ol the Lirst line ol the cur- play). Cursor is stationary.
rent display workspace (ex-
cluding transmit-only fields in Next Page & U Display the next 24 rows of
Format Mode.) the current display workspace
. (until the last row of the cur-
Home Up *H N{{ﬁf cft.lrsto; to Fhet}? egmmngt rent display workspace is lo-
(()1‘ le s ll(ne m (.e clu r(;‘gen cated at the top of the display.)
1splay workspace (incuding The cursor is moved to the first
transmit-only fields in Format .
unprotected location on the
Mode). new page when in forms mode.
Home Down &F Move the cursor to the. begin- Prev Page BV Displays the previous 24 rows
ning of the line following the £ th t disol k
last data in the current display 0 € current cispiay work-
'k space (until the first row of the
workspace. current display workspace is
Tabs located at the top of the dis-
Tab HT (I) | Move the cursor forward to the play). The cursor is moved to
or next tab position. the first unprotected }ocatlon
£ 1 on (tihe new page when in forms
mode.
Back Tab * ggz?os?ia%u;i(;tig?k to the Memory Lock | &1 Turn on memory lock (over-
’ flow protect). Note that when
Set Tab B1 Place a tab at the current cur- Memory Lock is on, on]y screen
sor column. relative addressing can be
Clear Tab &2 Clear the tab at the current used.
cursor column. ) & m Turn off memory lock. Refer
Clear All Tabs |% 3 "Clear all tabs in the current to the User Manual for addi-

display workspace.

tional information on Memory
Lock.
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Edit Operations

The terminal allows you to edit data displayed on the
screen. This can be done by simply overstriking the old
data. In addition, several edit operations are available.
These edit operations are listed in table 2-2.

Table 2-2. Edit Operations

FUNCTION CODE DESCRIPTION

Insert Line BL The line containing the cursor and all
lines below it are rolled down one line.
A blank line is inserted where the line
containing the cursor was. The cursor
is moved to the left margin of the blank
line.

Delete Line &M The line containing the cursor is deleted.
The lines below the cursor are rolled up
and the cursor is positioned at the left
margin.

Insert Character &Q Turn on Insert Character Mode (and
indicator). New characters will be in-
serted in the line at the current cursor
position. Characters that are moved
past the right margin are lost.

Insert Character &N
with Wraparound

Turn on Insert Character with Wrap-
around (indicator blinks). Characters
extending beyond the right margin are
wrapped to the next line. Refer to the
next line. Refer to the User Manual
for additional information.

&R Turn off Insert Character Mode (and
indicator).

The character at the current cursor
position is deleted. Characters to the
right of the cursor are moved one
column to the left (see figure 2-3).

Delete Character &P

Delete Character &0
with Wraparound

The character at the cursor is deleted.
Characters from the next lines are
wrapped to the end of the current line
(see figure 2-4).

INSERT CHARACTER WITH WRAPAROUND. You
can insert characters with wraparound by sending %N.
Thiswill cause the indicator to blink. While in
this mode characters that overflow a line due to insertion
are moved to the next line. Sending ESC R returns the
terminal to normal operation.

Turn on Insert with Wrap: = & N
Turn off Insert with Wrap: = & R

If the current line is full and additional characters are
inserted, they will push characters from the end of the
first line to the beginning of the next line. If the second
line becomes full while the cursor is still in the first line, a
blank line will be inserted between line one and two. The
characters overflowing line one will then be entered on the
new line.

Display Memory and Terminal Control Functions

DELETE CHARACTER WITH WRAP-
AROUND. When characters are deleted using &0, one
character from the left margin on the next line is moved
up to the right margin of the line containing the cursor. If
the next line is blank, no wraparound is performed.

Delete Character with Wrap: =~ & O
When margins are used together with the Delete Charac-

ter and wraparound operations, the characters to the right
of the cursor are moved as shown in figures 2-5 and 2-6.

LEFT RIGHT
MARGIN MARGIN

\C.e : R
A —
N

CURSQR

4
I - CURSOR CURSOR

4= CHARACTER MOVEMENT

Figure 2-5. Character Delete With Margins

LEFT RIGHT
MARGIN MARGIN

] )

CURSOR

/\/\,—\_/;\_—

CURSQOR

CURSOR
0= CURSOR
@~ = CHARACTER MOVEMENT

Figure 2-6. Character Delete With Wraparound
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MOVING TEXT BLOCKS. You can move blocks of text
or data in any of the display workspaces using Memory
Lock.

Example: In the following text, move the paragraphs
into the proper order. The current top of screen is row 1 of
display memory.

Initial order:

(Top of screen) 3. This is paragraph 3. It should

be last in the group.

2. This is paragraph 2. It should
be second.

1. This is paragraph 1. It should
be first

(blank line)

Step 1. Position the cursor in the first line of paragraph
2.

Step 2. Turn on Memory Lock.

Step 3. Roll up the display until the remaining para-
graphs have rolled up under the cursor position and off the
screen (4 lines).

Step 4. Turn off Memory Lock.
Step 5. Home the cursor.

T & a 4R g1
‘,—f e
Position cursor Turn on

Memory
Lock

ES &S &S &S

Roll display up four lines

&m % h
e N —
Turn off Home cursor
Memory
Lock

The display should appear as follows:

(Top of screen) 2. This is paragraph 2. It should
be second.
1. This is paragraph 1. It should
be first.
3. This is paragraph 3. It should
be last in the group.

Step 6. Now move paragraph 1 by positioning the cursor
in the first line of paragraph 1 and turning on Memory
Lock.

Step 7. Roll up the display until the cursor is in the first
line of paragraph 3.

Step 8. Turn off Memory Lock and home the cursor. The
paragraphs should now be in order.

fsa 3R Bl &S &S &m & h
N— S—— —_— ——
Reposition Turn on  Roll display up  Turn off Home
Cursor Memory 2 lines Memory  Cursor
Lock Lock
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Forms Mode (Format Mode)

In Forms Mode the terminal prevents you from over-
writing or transmitting data in protected fields. Forms
Mode can be turned on in any of the four workspaces
independently. Forms Mode is normally entered under
control of the computer or through commands recorded on
a cartridge tape. Forms Mode is turned on by sending &t W
(the cursor is homed to the beginning of the first unpro-
tected field). Normal operation is returned with & X (the
cursor remains in its present position).

PROTECTED FIELDS. Fields can be protected so that
displayed data cannot be overwritten or sent to a com-
puter. When the terminal is placed in “Forms Mode”
(Format Mode) all character positions on the screen are
protected except those fields that have been specifically
defined as “unprotected” or “transmit only”.

UNPROTECTED FIELDS. Data can be written into
unprotected fields in the normal manner. After reaching
the end of an unprotected field, the cursor moves to the
beginning of the next unprotected field. The tab functions
can be used to move from one unprotected field to the
beginning of the next unprotected field. & i causes the
cursor to be positioned at the beginning of the previous
unprotected field. Fields are defined as “unprotected” by
using % [ at thestart of the field. & 1 or the end of the line
is used to end the field.

In the following figure only the fields shown in white are
protected or transmit only. Even if the operator moves the
cursor to a protected field and types a character the cursor
will move to the nearest unprotected field before display-
ing the character.

FOPM #1876R

, :
‘CILIFDNNIA
A

| EIRGE |

07 16 1976 98 FINISHED STEEL CASTINGS 874738 65 .88
" "

PACIFIC TOOL INC 1273 CRECENT wAY SAN JOSE 9SV3’|

03 19 1976 749 | TAPE TRAWSPDRT BACKPLATES 875483 |9753.88
1

0> 28 1976 13 MILLED FLANGE ASSEMBLY 748563 877 4a
L

19

19

MG KRR ¢ ¢ 00vois

S 0« ' 96

Example: Define columns 1 through 9 of line 3 as
“Unprotected”.

Step 1. Position the cursor at column 1 in line 3.
Step 2. Send & [ .

Step 3. Move the cursor to column 10 of line 3.
Step 4. Send & 1 .

Now try turning on Forms Mode (t W) and sending data.
Note that data can only be entered into the unprotected
field. (Remember to turn off Forms Mode with & X.)



TRANSMIT ONLY FIELDS. It is often desirable to be
able to return fixed data used as labels or headings to the
computer. Transmit only fields are similar to protected
fields except that they are sent to a computer along with
the data that you enter. Normally data can only be en-
tered in unprotected fields. But by positioning the cursor
in the transmit only fields (using the cursor functions),
you can also enter data into transmit only fields. The tab
functions skip over transmit only fields. After reaching
the end of the transmit only field the cursor moves to the
beginning of the next unprotected field. Fields are defined
as “transmit only” by using & { at the beginning of the
field. & 1 or the end of the line will end the field.

Example: Continue the previous example and define col-
umn 11 through 14 of line 3 as transmit only.

Step 1. Turn forms mode off (%X).

Step 2. Position the cursor at column 11 line 3.
Step 3. Send & I.

Step 4. Move the cursor to column 15 in line 3.
Step 5. Send & 1.

Position the cursor in column 0 and turn on Forms Mode
(ESC W). Try typing data. Note that the cursor moves over
the Transmit Only field without entering data.

DATA CHECKING. While in Format Mode the termi-
nal can test data in unprotected and transmit-only fields
to make sure that it is numeric or alphabetic. If a field is
defined as numeric and an alphabetic character is entered
the terminal will beep and the keyboard will lock. This
condition can be cleared by pressing E. You can then
continue entering data. Data checking fields are defined
by beginning the field with one of the following sequences:

® %6 — begin alphabetic field (A thru Z, a thru z, space
only).

® &7 — begin numeric field (space, 0 thru 9, —, +, ., and
,)

® & 8 — alphanumeric field (all keyboard characters)

Example: Define columns 1 through 5 on line 4 to be
alphabetic and columns 6 through 9 to be alphanumeric.

Col Col Col
1 5 6 9

|«@—— Alphabetic ———ppia—— Alphanumeric ——»

Step 1. Turn off forms mode (% X).
Step 2. Position the cursor at column 1 of line 4.

Step 3. Send & [ to define the beginning of an unpro-
tected field.

Step 4. Send & 6 to define an alphabetic field.

Display Memory and Terminal Control Functions

Step 5. Move the cursor to column 6 of line 4.

Step 6. Send & 8 to define normal alphanumeric data.
Step 7. Move the cursor to column 10 of line 4.

Step 8. Send & 1 to end the unprotected field.

Step 9. Turn on forms mode (¢t W).

When a number is typed in the alphabetic field the
keyboard is locked, the terminal beeps, and the cursor
remains under the invalid character. Press the key to
unlock the keyboard. The operator can then make the
correct entry.

The numeric character may be left in the alphabetic field
by moving the cursor to the next character position using
the cursor control keys. This has the effect of overriding
the data check.

CAUTION

Deleting characters while in Forms
Mode can destroy the data checking field
or alter the unprotected field length. Use
(& J) (& K) to delete informa-
tion.

TABBING. Tabs are automatically set at the beginning
of each unprotected field when Forms Mode is turned on;
any tabs set previously are ignored. When Forms Mode is
turned off, any previously set tabs are reinstated. Tabs
cannot be set within any unprotected field.

EDITING. While in Forms Mode, the unprotected fields
can be edited (inserting and deleting characters). The IN-
SERT LINE and DELETE LINE functions are disabled in
Forms Mode.

Inserting Characters. Characters may be inserted in
any unprotected field by turning on Insert Character
Mode (%t Q). Characters received or typed are inserted at
the cursor position. Characters moved out of the end of the
unprotected field are lost.

Insert Character with Wraparound acts the same as insert
character without wraparound explained above (the
wraparound function has no effect).

Deleting Characters. Characters may be deleted in any
unprotected field by the Delete Character function (% P).
The character at the cursor position is deleted and all
characters to the right of the deleted character in the field
are moved left one column.

Delete Character with Wraparound acts the same as de-
lete character without wraparound explained above (the
wraparound function has no effect).
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Characters may be deleted from the current cursor posi-
tion to the end of the field by sending &K (clear to end of
line). Also, characters may be deleted from the current
cursor position to the end of the last field by sending fJ
(clear display).

BUILDING THE FORM. Appendix A contains a
method for building forms using the cartridge tapes and
soft keys.

SENDING DATA TO THE COMPUTER. Refer to
“Block Mode”, in Section V.

Display Enhancements

The standard terminal can display data using inverse
video (black on white). In addition, if your terminal has
the 13231A Display Enhancement accessory you can also
use half bright, underline, and blinking characters. Each
character position on the screen can be displayed with
various combinations of these features.

e Half Bright — characters are displayed at half inten-
sity (grey).

e Underline — an underline is displayed below the
normal character.

e Inverse Video — the screen is white and characters
are black.

e Blinking — characters including the inverse video,
underline, and half bright features blink.

NOTE

The 13231A Display Enhancement ac-
cessory is not normally present in
graphics terminals because the two
available PCA slots are used for data
communications and peripheral interfac-
ing. However, either the data communi-
cations PCA or the peripheral interface
PCA may be removed to accommodate
the display enhancement accessory.

The display enhancements are used by assigning one or
more of them to a field. The selection sequence is:

& & d <enhancement character>

The enhancement character (@, A through O) is used to
select the combination of display enhancements to be as-
signed to the field. The following table lists the enhance-
ment character for each of the combinations. The field is
ended by selecting another enhancement, the end of the
current line, or by & & d @.

2-10

ENHANCEMENT CHARACTER

@|A[{B|C|ID|E|F|G|H]|I1|]J|K|L|M|N]|O
Haif-Bright XX XPX|X|x|x]X
Underline X{X| Xt x XX |X]X
Inverse Video x| X X| X XX XX
Blinking X X X X X X X X
End
Enhancement | X

Example: Define columns 10 through 14 of line 5 to be
inverse video and blinking.

Step 1. Position the cursor at column 10 in line 5.
Step 2. Send &k sdcC
Step 3. Move the cursor to column 15 in line 5.

Step 4. Send & & d @ (this ends the enhancements). The
field should be white.

Step 5. Send the word TERMINAL beginning in column
9 of line 5. It should appear as shown below. (If your
terminal does not have the 13231A accessory installed the
characters will not blink.)

1 1
0 5

by
TESAL

Alternate Character Sets

The terminal can display up to four different character
sets. Each character set can contain up to 128 characters
or symbols. In addition to the Math, Line Drawing, and
Large Character sets available as options, you can create
character sets tailored for special applications. Contact
your nearest Hewlett-Packard Sales Office for additional
information on special character sets.

Switching from one character set to another can be done
on a character-by-character basis. For example, a charac-
ter from the Math Symbol set can be displayed next to
characters from the Roman set. This is done by defining
one or more character positions in a line to be from alter-
nate character sets. (Each group of characters can be
thought of as a field.)

NOTE

The following discussion assumes that
the Math and Line Drawing character
sets are present and are installed as
alternate sets A and B respectively.

SELECTING ALTERNATE SETS. To use optional
character sets, first select the character set to be used as
the alternate. (With the terminal in its initial state, char-
acter set A is defined to be the alternate.) An alternate set
is selected with the following sequence:

&k ) <set>

where: set = @, A, B,or C



Note that if ® is used, the Roman or basic terminal set
would be selected as the alternate. To find out which
character set corresponds to ®, A, B, or C, generate the
test pattern by pressing the key). This displays the
order of the character sets as shown.

TEST PATTERN

C Character Set
(not installed)

B YAl o e haldd

B Character Set ———

A Character Set —— 1By  #cdini6c wpvpryBe TEobxvl!

BUEG GRAGKALY  rRBRANAS  LAVAGAY
@ Roman Set -_— ®ABC  DEFGHIJK  LMNOPQGRS TUVWXYZ(

@AIDE gen IR MIL  <008020 0100000

Figure 2-7. Character Set Locations

USING ALTERNATE SETS. Once the alternate char-
acter set is defined, you can switch from the Roman to the
alternate set with a N¢ (%).

The terminal automatically returns to the base or Roman
set at the end of a line. To return to the base set within a

line, send a O¢ (%)). This means that you must send another
Ne¢ to turn on the alternate set if it extends to the next line.

Example: Define the Math Set as the alternate character
set.

From the test pattern the Math Symbol Set is found to be
the A alternate character set.

An alternate set is selected with the following sequence:
ESC ) A
To display AaBpB send the following sequence:
A N°c A O°BN°¢B
The screen should display AaBg:

AaBB

Once a field has been defined as from the alternate set the
field moves with the display. To change to a different
alternate character set another & ) <set> sequence must
be sent.

Display Memory and Terminal Control Functions

Once a field in display memory has been defined as an
alternate character field, it will continue to display alter-
nate characters whenever data is written in the field until
the terminal is reset or the portion of the line containing
the alternate character set control code (N°) is deleted.

The Math Set is useful for applications requiring the use
of equations or formulas. The elements of the optional
Math Symbol Set are shown in figure 2-10. An example of
the use of the Math Set is shown in figure 2-8.

-h 3V

Yo —|dv = V+E¥dv
2w1 4t

0 0

Figure 2-8. Example Using the Math Set

The Large Character Set allows you to create alphabetic
characters that are three times the size of normal charac-
ters. The elements of the Large Character Set are shown
in figure 2-11. An example of how to use the Large Char-
acter Set to build the character “B” is shown in figure 2-9.
Table B-3 in Appendix B shows the keys required to build
each character. Appendix A gives a program to build each
character.

Figure 2-9. Example Using the Large Character Set

The Line Drawing Set provides a limited graphics capabil-
ity. Simple line drawings and fairly complex forms for
data entry applications can be generated. The elements of
the optional Line Drawing Set are shown in figure 2-12.
Figure 2-13 shows how the line drawing set can be used to
build a data entry form.
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I |» §# V$
1 22 33 44

o |4+
0 R

gsc Y axa& ' + ( =) J= _~ _ ! eacx
1 6 6 77 88 99 00 =- A \ SPACE

DEL

TAB 'YQ 6W € BR T1T Ly gu L pOanr@‘ 1{[ ‘—

F+ M* ) &

o ap 65 @p O hgny O, kK @ A; : T v
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st L, Ax Wo Ay Bg ViR, 9. 5,
Figure 2-10. Math Set Elements

61 pv o # 2% =% =& T' w( 1) B A o 2
ESC 31 12 .3 .4 35 <6 <7 sg 29 lo 4- ®a P\ s

{
me dy v g g Vp oty Iy & 5 g {e@ U |

N+ - Xk } R

ot A 's ‘prEiYe MY kLY Yy f

U

R

M< (> {47 N

SHIFT 8, «y +C Y ‘B LEVERC VR 1 b/ SHIFT
Figure 2-11. Large Character Set Elements

ESC F! 4 T# 4% |F% 4 & ' L ( |)+ = ~ __ 1 | Back

k1 42 T3 44 5 416 T7 =8 =9 To L- A \ [ SPAce

TAB rQ -‘W lE R 71 1Y —1U q] qo -JPF@ 4[ T

+ *
o L dg Bp L —'G‘“'H“"J‘”K"“L+ +:4‘-

ZDC-mX

< F=> F?
ST my, Wy Byt Ty T D L, s

Figure 2-12. Line Drawing Set
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DEL ..“ &
Fao T3 = —, ™ Tw
AN \ \ | \ /
\ FABRICATED STOCK DRAWING ASS'GNMENT /
I . Sy / T 7
\ STOCK NO. \ R &\) DATES V MFG. SPEC
N SPECS.
DRAWING PART NAME DRAWING TITLE REMARKS
XXXIYYYYY NUMBER AlB|C D _ 4
=1~ N 2
> = \ RS
d e

= 7
=9 g s

Figure 2-13. Sample Form

TERMINAL CONTROL FUNCTIONS

The following paragraphs describe how to programma-
tically change most of the terminal’s control settings and
perform various other control functions. Refer to Section
I1l, Graphics Functions for additional terminal settings.
The settings consist of the following:

® Latching Keys , , and
o Keyboard Interface Switch Settings (A-Z)

When the terminal is powered on or reset, the states of the
various keyboard and internal switches are stored in
memory. Most of these stored settings can be changed
programmatically without physically changing the switch
setting. (Note that if the terminal is reset the terminal
will return to the physical setting.)

You can select a specific operating configuration from
within the application program. This eliminates the pro-
blem of requiring the terminal operator to make the set-
tings before continuing with the application program. It
also allows individual programs or even subroutines to
change terminal configuration for a specific function and
then return the terminal to the original state before pas-
sing control back to the main program.

Latching Keys

Four of the mechanically latching keys, , , ,
and can have their electronic state changed pro-
grammatically. The escape code sequence is as follows:

& k <state> <key> .
0 (up)

<state> is or
1 (down)

where:

a (AUTO LF)
or
b (BLOCK MODE)
<key> is or
¢ (CAPS LOCK)
or
r (REMOTE)

The & & k is followed by one or more groups of state and
key parameters. The state is a 0 or 1 to indicate that the
key is to be up or down respectively. The key is a single
letter a, b, ¢, or r. The groups can be in any order (JEEl can
come before IEA). The last key letter in the sequence
must be capitalized to indicate the end of the sequence.

Example: Set up and down.

sk O0Oat1C
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An invalid character (any character other than 0, 1, a, b, c,
or r) will cause the entire sequence to be ignored. An
improper setting, (0 b when the terminal is operating in a
multipoint configuration) will cause only the invalid set-
ting to be ignored. The reset of the sequence will be ac-
cepted. If the terminal is initialized while configured for
multipoint operation, the key will be read as down
regardless of the switch’s physical setting.

Keyboard Interface Switches

The switches on the Keyboard Interface allow you to alter
terminal operation for specific applications. Table 2-3 con-
tains a summary of the switches and their function. A
more complete description of the switches is given in Sec-
tion VIL

The switch settings are made using the following sequ-
ence:

& & 5 <stated> <switch> .

where: 0 (closed)
<state> is or
1 (open)
. . A through Z
<switch> is less I and O

An invalid character in the sequence will cause the entire
sequence to be ignored. The sequence must be terminated
with an upper case switch character. A full reset will
cause the terminal to return to the physical settings of the
switches. Switches S and T cannot be changed if the ter-
minal is configured for Main Channel protocol.

Example: Set switches A, B, and D open and switch C
closed.

fF&s1atltb1d0cC

In certain operating configurations (i.e. multipoint), some
switch settings cannot be changed. If attempted, the new
setting for the switch will be ignored.

PROGRAMMABLE SOFT KEYS

The terminal has 8 programmable keys —Kl. In
addition, the key can also be assigned a string value.
The key is addressed as the fO key in escape sequ-
ences. All 9 keys can be used by the operator or triggered
from a program. Each key can be assigned a label of up to
8 characters and a string of up to 80 characters. The keys
can be defined to be used at the terminal only (L), trans-
mitted to the computer only (T), or to be treated as normal
keyboard input (N). The keys can be programmed with
escape code sequences to control or modify terminal opera-
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Table 2-3. Keyboard Interface Switch Summary

MULTIPOINT
SWITCH POINT-TO-POINT FUNCTION FUNCTION
A Function key transmission same
B Space overwrite latch same
C Cursor end-of-line wraparound same
D Block mode (Line/Page) same
E Paper tape mode same
F Fast binary read (not used)
G Block transfer handshake (not used)
H Inhibit DC2 (not used)
J Auto terminate same
K Clear terminator same
L Self-test inhibit same
M Reverse CNTL key effect on INSERT | same
CHAR and DELETE CHAR keys
N Escape code transfer to printer same
P Compatibility Mode (scaled) same
Q Compatibility Mode (unscaled) same
R Circuit Assurance Set trailing PAD
S Main Channel Protocol (not used)
T Main Channel Protocol Output block size
U CPU break Output block size
\ Carrier Detect Continuous carrier
w Data Comm self-test enable same
X Data speed select same
Y Transmit LED same
4 Parity same

tion. The keys can be used in application programs to
create “menu” lists of special commands or in the case of
to create a terminator for communications protocols.

Controlling the Soft Key Menu

You can cause the current soft key assignments to be
displayed using the following escape sequence:

Display soft keys menu: f

This will also allow the terminal operator to enter new key
assignments from the keyboard. Procedures for entering
new soft key assignments by escape sequences are given
next in this section. The soft key display is in the following
format:

F # type label

string
where:  “#” is the key number (0-8)
L (local only)
“type” is N (normal keyboard operation)
T (transmit only)
“label” is  is any series of up to 8 characters

in the base character set

“string” is any series of up to 80 characters



The soft key assignments are displayed in place of the
normal screen display. Data in the display workspaces is
not lost. (Note — if display memory is full, assigning
characters to soft keys may cause some display data to be
lost.) When the key assignment is completed and the ter-
minal returned to normal operation, the old display is
returned to the screen. Normal operation is restored using
the following escape sequence:

Remove soft key menu: B ok

Defining Soft Keys

The key assignment operation displays the current key
assignments in format mode. The attribute, label, and
string fields are unprotected allowing the operator to
enter new values. In addition, the values are tested during
input to make sure that only valid parameter values are
used. When the terminal is initialized the soft keys are
assigned default values as follows:

(normal)

(transmit only)
(transmit only)
(transmit only)
(transmit only)
(transmit only)
(transmit only)
(transmit only)
(transmit only)

GEEEERERE
[
P S P S e S P L

€ < £ +uwmw 300

NOTE

If the memory is full, adding characters
to the soft key string may delete lines in
normal display memory.

The soft keys can be loaded by the terminal operator (refer
to the User Manual) or under program control. It is not
necessary to display the current key assignments to enter
new ones. Soft Key assignments can be made directly
using the following escape sequence:

Soft key assignment sequence:

kaf cattribute><key><label length>
<string length><label><string> .

where: 0 (normal)

<attribute> = 31 (local only)
2 (transmit only)

<key> is 0-8 k (1 is default)
<label length> is 0-8 d (0 is default)
<string length> is 1-80 1 (1 is default)
<label>
<string> is the character sequence to be assigned

sa (0 is default)

is the character sequence for the label

The label length parameter “d” specifies the number of
characters at the beginning of the string that will be
assigned to the key label. If incorrectly specified, charac-
ters will be added or deleted from the function string.

Display Memory and Terminal Control Functions

Example: Assign LOG-ON as a label for [l and
HELLO USER.ACCOUNT as a function.

f&f O0a Sk 6d19L LOG-ONHELLO USER.ACCOUNT%

The softkey loading for [l would be:

N LOG-ON
HELLO USER.ACCOUNT

If a carriage return (%) is included in the string portion of
the soft key definition, the & will be translated to a ®,'r if
the key is down. The % used in assigning values to
keys f1—£8 is unaffected by the string assignment made to
the ® key. The % key will only generate the % character
while the soft key assignments are displayed on the sc-
reen.

If the transmit only attribute (2) is used, the key will have
no effect unless the terminal is set for remote operation.

Also, it may invoke a Block transfer handshake and ap-
pend the appropriate terminator to the string. (See Ap-
pendix C, figure C-2, sheet 2.) The key assignment escape
sequence must be terminated with an upper case
character.

Example: Assign “HELLO-C905,PASWRD,3” to the
KN key.

upper
normal label case
operation length letter label
| | /

f&f 0 a 1 k 5d 1 ? L HELLOHELLDO-C905,PASWRD, 3%

. —

string :
Key n length string

After the key assignment in the previous example has
been made, a display of the key assignments would appear
as follows:

1O ReTURN
S

i
HELLD-C905,PASWRD, 3

CAUTION

Do not include line feeds (‘fr) or block
terminators (%/%) in soft key string
(other than at the end of the string) if the
soft key assignment is to be stored on
cartridge tape from the soft key display.
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Displaying the Soft Key Labels

The assigned soft key labels may be displayed to allow the
user to select one of the predefined functions while run-
ning under program control:

Display Soft Key #7%
Label Line: %»cDlsplay Window
Remove Soft Key

CLOse Wi #7%
Label Line: ¢ se Window

Triggering Soft Keys

Soft keys can be triggered from a program. The escape
sequence used can be alone or a part of a longer sequence.

Soft key

. Bk & f <0-8> E
trigger sequence:

where:  <0-8> is the soft key number
=0
-1 EE =5
N -2 Em -6
-3 =1
m - -8

For example, to trigger the key the following se-
quence would be used:

E & f1E

Soft Key Applications

There are many applications of the soft keys. One applica-
tion is the creation of “menu” operations. For example, the
keys can be loaded with the escape sequences to find and
read various files on a tape cartridge.

Example: Program the soft keys to find a file on the left
tape drive and copy the file to the display. This can be done
using the following technique:

& & pnp1s2C & & p3dF

where: n = the number of the file to be read

To program the Il key to find and display file number 1
and label the key “FILECOPY™:

The same procedure could be used for the remaining func-
tion keys.

Another application would be to change the control set-
tings on the Keyboard Interface to configure the terminal
for use with different computer systems.

Example: To program the key to change the set-
tings of Switches D, G, and H to open, closed, and open, the
following sequence could be used (no label):

9 character string open
fef1a912Kxes1d0dg1H
Local Key IEE closed

The soft keys can be used to hold log-on, program control,
and log-off messages. This makes it easier for the terminal
operator to use unfamiliar computer systems.

Example: A sample key assignment to log-on to the
Hewlett-Packard 2000 Series Timeshare System might be
as follows:

Bl - HEL-C500,PASWRD,3 %

18 character 6 character

string label
B & f 0a 18 6d 1 1 K LOG-ON HEL-CS00,PASWRD, 3%
Normal K(ley“

A second key could be used to call and execute a library
program:

Bl - EXE-$TESTI

7 character 11 character
label string
\ /

& & f 0a7d 111 2 K EXEPROG EXE-$TEST1%

|
Key IEN

Normal

8 character 15 character
label string Copy file

\ // "
“af1aBdiSliKFILECOPY Saplpts2Chup3dr

Local Key IBM  keylabel Find File 1

A third key could be used to log off of the system:

N -BYE&

7 character 4 character
label string

B &f O0Oa7dd41 3K LOG-0OFF BYE®R

|
Key IEM

Normal
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ADDITIONAL CONTROL FUNCTIONS

In addition to the control settings there are several control
operations that can be controlled programmatically. These
control functions are as follows:

Bell — G¢

Send Display — & d

Wait — & @

Keyboard Disable — & ¢
Keyboard Enable — &b

Reset Terminal (Soft) — % g
Reset Terminal (Full) — & E
Turn On Monitor Mode — %y
Terminal Self-Test — & z
Data Comm Self-Test — & x
Modem Disconnect — % f
Program Down Loading — & abor T ac

Display message, command, or soft key label line —
f,c <command sequence>

Bell

The G¢ character causes the terminal to “beep”. A beep is
automatically generated at the end of each unprotected
field in format mode and during normal operation as the
cursor passes within eight positions of the right margin.

Send Display

The % d sequence causes the terminal to send a block of the
current workspace data to the computer. The data sent
depends on the Line/Page setting of Keyboard Interface
switch D and whether the terminal is in format mode or
not.

Data is transmitted beginning at the current cursor posi-
tion. If the terminal is strapped for page, data is transmit-
ted until the end of the current display. If strapped for
line, transmission stops at the end of the current line for
non format mode or at the end of the current field if in
format mode.

Wait

The terminal can be made to pause for approximately 1
second by sending it an % @. Multiple commands can be
used to obtain any desired time period.

Keyboard Disable/Enable

The terminal keyboard can be locked by sending an & c. It
must then be unlocked by sending an & b or by pressing
the RESET TERMINAL key.

Display Memory and Terminal Control Functions

Reset Terminal

A programmatic “Soft Reset” can be made by sending an &
g to the terminal. A “Full Reset” can be made using < E.

Soft Reset (t g). A soft reset results in the following:

1. Any error messages present are cleared, the normal
display is returned and the keyboard is unlocked.

2. If DISPLAY FUNCTIONS is enabled, it is turned off.

3. Incomplete device selections are cleared. (Previous
selections are retained.)

4. If the terminal is set for REMOTE, RECORD opera-
tions are ended.

5. Device operations (tape or printer) are stopped. If a
tape drive was moving at the time the command was
received, the tape will be rewound. In addition, if the
tape drive was recording data, an end-of-data mark will
be recorded before the tape is rewound.

6. Current transmission of data stops. Data waiting to be
sent to the computer is not sent. Partial messages from
the computer are lost. The data communications facil-
ity is re-initialized.

7. All keyboard lights are turned on for 0.5 seconds.

Full Reset (& E). A full reset has the same effect as
turning power on and consists of the following:

1. The screen and memory are cleared, then TERMINAL
READY is displayed in workspace 1. Format mode,
display functions, and all programmable functions in-
cluding the function keys (f0 — f8) are turned off or set
to their default values.

2. Device assignments are set to their default values,
tapes (if present) are rewound to their load point. (An
end-of-data mark is not written.)

3. All graphics functions are set to their default values.

NOTE

The CPU must wait one second after is-
suing & E before sending additional data.
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Monitor Mode

Monitor Mode can be turned on by sending % y. Refer to
Section V for a discussion of Monitor Mode.

Self-Test

The Terminal Self-Test can be executed by sending an % z.
The Data Comm Self-Test can be executed by sending an &
x. Descriptions of the self-tests are given in Section VII.

Modem Disconnect

The terminal can be directed to “hang up” the modem by
sending an & f. The terminal does this by lowering the CD
(Data Terminal Ready) line for 1 second if 13260B data
comm is used or 10 seconds if the terminal is configured
for multipoint.

2-18

Program Down Load

The & & b and & & ¢ sequences allow special diagnostic
programs to be loaded into the terminal and executed. The
escape sequence must precede the program to be loaded.
This function can be used by HP diagnostics only. The & &
¢ functions the same as & & b except that the LOADER
message is not displayed.

Display Message, Command, or
Soft Key Label Line

Any or all of the message, command, or soft key label lines
may be displayed by sending %,c DIsplay Window#<n>
where n 5 — message line

6 — command line

7 — soft key label line



GRAPHICS CONTROL FUNCTIONS

INTRODUCTION

This section contains a description of the terminal’s
graphics functions and how they are used. The informa-
tion and examples are intended for use in developing pro-
grams to control the graphics functions through escape
sequences. Controlling the graphics functions through
AGL (A Graphics Language) is described in BASIC For
Terminals Reference Manual, part number 02647-90005.
Additional information on how to use “stand alone”
graphics features such as MULTIPLOT is contained in the
User’s Manual.

GRAPHICS DISPLAY

You can display graphics data by addressing points in a
720 by 360 array.

a M

0,359 719,359

720 X 360

0,0 719,0

- /

The graphics and alphanumeric data are displayed in the
same area on the screen but are stored in separate RAM
memories. This allows you to read or modify graphics and
alphanumeric data separately.

NOTE

Display enhancements (blinking, in-
verse video, and half-bright) will affect
the display of graphics data. The display
enhancements affect alphanumeric
character positions on the screen. Since
the graphics data is displayed using the
same screen dots as the alphanumeric
data, it is also affected by the enhance-
ments. The data in the graphics display
memory is unchanged.

J

Figure 3-1. Location of Graphics Keys

KEYBOARD GRAPHICS FUNCTIONS

All of the graphics function commands can be entered
from the terminal keyboard by the operator. Most of the
functions are available through a special set of graphics
control keys located to the right of the normal ASCII
character set (see figure 3-1). Table 3-1 contains a list of
the keys and a description of their functions. These keys
can be used in both local and remote operation. This al-
lows a combination of operator and program control of
graphics functions to be used to make maximum use of the
terminal’s capabilities. Detailed information for using the
graphics control keys is contained in the User’s Manual.

Each key controls two functions. Pressing the key alone
executes the command labeled on top of the key. Pressing
both the function and shift keys executes the command
labeled on the front of the key. The functions labeled on
the front of the keys permanently alter the display (ie.
B8 ). These functions are selected by pressing the
key and the function key. This makes a mistake less
likely. The only graphics keys that repeat are those con-
trolling zoom and the graphics cursor.

PROGRAMMING GRAPHICS
FUNCTIONS BY ESCAPE SEQUENCES

Graphics functions are controlled by parameterized escape
sequences. All graphics escape sequences begin with
ESC *. The third character, always lower case, selects the
type of graphics sequence. Table 3-2 lists the types of
graphics sequences. For example, ESC * p specifies a plot-
ting sequence.

3-1



Graphics Control Functions

Table 3-1. Graphics Control Keys

KEY

DESCRIPTION

KEY

DESCRIPTION

wan
PLOT

[
CURSOR

CURSOR
FAST

g

ULTIPLOT]
MENU

Turns multipiot on. If plot from display
has been selected, or a point count
specified, multiplot will turn itself off.
Otherwise, the STOP key must be used
to terminate multiplot.(See Multiplot.)

Toggles the graphics cursor on and off.

Move the graphics cursor. More than one
can be pressed for diagonal motion.

Speeds up the graphics cursor if pressed
in conjunction with the cursor keys. The
rate returns to normal when released.

Toggles zoom mode. When zoom is
turned on, the area about the graphics
cursor is magnified by the amount set by
the @8 /&8 keys. Moving the cursor
changes the zoomed area.

Increments the zoom magnification.
Decrements the zoom magnification.

Turns multiplot and graphics text mode
off. (See Multiplot.)

Key held down selects the alternate key
functions.

Draws the axes, tic marks, and labels
specified in the multiplot menu. (See Mul-
tiplot.)

Toggles the menu for multiplot parame-
ters. (See Multiplot.)

Toggles the rubber band line connecting
the current pen position and the graphics
cursor.

Toggles the graphics display, to inhibit
the graphics image without erasing.

TEXT

Toggles the alphanumeric display.
Erases the graphics image memory.

Draws a vector from the current pen post-
ion to the graphics cursor. Only works if
the cursor is on.

Moves the pen to the graphics cursor
without drawing a vector. The graphics
cursor must be on.

Selects the graphics image memory as
the destination for all text. Characters en-
tering from the keyboard, datacomm, or
tape are drawn as vectors in the graphics
memory, using the current size and angle
as specified by the SRR and MR keys. If
the terminal is not in Compatibility Mode
the drawing mode is set to jam pattern to
allow for backspacing and retyping of
characters. If the terminal is in Compati-
bility Mode the drawing mode is un-
changed. (Both Drawing Mode and
Compatibility Mode are discussed later in
this section.)

The graphics cursor indicates the posi-
tion of the next character. Moving the
graphics cursor resets the start of line
point. Carriage return, line feed, and
backspace work as expected even on in-
verted text. The key terminates this
mode.

Increases the character size from 1 to
8X. The smallest character is a 5 by 7
matrix in a 7 by 9 cell. Increasing the size
makes the dots bigger; the character is
still drawn as a 5 by 7 matrix.

Sets the character orientation (multiples
of 90 degrees) and turns slant on or off.
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Table 3-2. Summary of Graphics Sequence Types

ESCAPE SEQUENCE DESCRIPTION
& +p Vector Plotting
B +m Vector Drawing Mode
&+ d Display Control
& o+ 1 Labeling
BEost Compatibility Mode
£+ Graphics Status
B sr Raster Dump (device control)
B+ b Raster Dump (data transfer)

Subsequent characters in the control sequence are read as
either parameters or commands, depending on the loca-
tion of the character in the ASCII table.

N N o
T tir]aA alq
000 SOH ocy

s D
x 2|«
0010 AN 2ls|R{b|r
ST ocz
Ex &g
" =l31C|S|c|s
00 ETX ook}
SEr D,
0100 ) N s|alo|T]d]|t
€01 oca
Eﬁ N
%|5|EfU|efu
o ENO nak N 7
AK SV
0110 &|6|Fiv]|flv
ACK SYN
O Es| |
0111 706 |wlglw
BEL ET8
B Cy
1000 (| 8|H|X[h]Xx
BS CAN
NT 'VEM
1001 Yol fy|ifly
HT EM
L S
1010 st J12)jlz
LF suB

v Ec
1m + KTk {
vT ESC
G Fs ,
1100 <L
FF S

Cn Ss
1101 —l=imiim
CR GS
5o Rq)
1110 . >| N Afnit~
SO RS
S U,
' S
1 \/?O—‘OOEL
st us
Parameters Commands

BIT 7654321

Control Code

Parameter

Command and Terminate Sequence
Command and Continue Sequence

a a0
-0 =0

Graphics Control Functions

Control Codes

Control codes are generally ignored, with the exception of
ESC. If an ESC character is detected and the previous
graphics control sequence has not been properly termi-
nated with a “Z” or some other valid capital character, the
ESC will cause the execution of the previous sequence to
be terminated. The new escape sequence will then be exe-
cuted.

Commands

Graphics commands come from columns 4-7 of the ASCII
table, the upper and lower case letters (A-Z and ®). Both
upper and lower case commands execute the same func-
tion. Upper case letters terminate the sequence and cause
it to be executed. You can use more than one command in
a sequence.

Graphics sequences can be any length. (The terminal ig-
nores CR and LF characters in the middle of graphics
sequences.) For example, to plot a figure containing 100
points the escape sequence could appear as follows:
o+ pa<xi,y> <x100,y100>2

This could cause problems if an error occurs and the sys-
tem tries to report it in the middle of a long sequence.
Since most systems use upper case characters for mes-
sages, the first character of the message would end any
graphics sequence that might be in progress. Letters that
have not been assigned a function for a particular graphics
sequence are treated as NOPs and if the are lower case,
are ignored. If upper case, they will end the sequence. The
letter z has been defined as a NOP in all sequences so that
a capital Z can always be used to end a graphics escape
sequence.

Parameters

Parameters come from columns 2 and 3 of the ASCII table
(SPACE through ?). Most parameters are simply the
ASCII numeric characters used to represent data coordi-
nates or to select one of several settings. Binary formatted
data is generated by appending the bits 0 1 to five bits of
binary data. Note that in binary formats, spaces are
treated as data and are not ignored or used as delimiters.
Both ASCII and binary data formats are described later in
this section.

Parameters precede their associated commands (postfix
notation). The most frequently used parameters are vector
data. Refer to the discussion of Vectors for additional in-
formation on parameters used to define vector operations.
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commands

/7 /N \

& +a 2h 1i 2j 6k 20U
~——\ O\ N/

Examples:

preamble parameters
command end sequence
/ /
& « p f 100, 100, 200, 2002
e p—
preamble parameters

The programmable graphics functions are organized into
five major groups.

® Graphics Display Control
® Plotting

® Graphics Text

® Multiplot

e Compatibility Mode

® Raster Dump

The remainder of this section contains descriptions of each
of these functional groups.

GRAPHICS DISPLAY CONTROL

Graphics display control is made up of the functions used
to control the graphics cursor, the portion of the graphics
memory that is currently being displayed, or the state of
the graphics memory. These functions are as follows:

® Graphics Cursor Control
® Zoom

® Graphics Memory Control

Table 3-3 lists the escape sequences for each of the
graphics display control functions.

Table 3-3. Graphics Display Control Functions

FUNCTION CODE DESCRIPTION

Graphics Cursor Control

Graphics Cursor Control

A separate graphics cursor is available for use in locating
points in the graphics display. The graphics cursor is used
by the terminal operator to input position data or to inter-
act with a graphics application program.

GRAPHICS CURSOR ON/OFF. The graphics cursor is
initially off (power on or full reset). Turning the cursor on
or off does not effect the data in graphics memory. (The
graphics cursor is also turned on when graphics text oper-
ation is enabled.)

Graphics Cursor On: Eeedk

Graphics Cursor Off: Ecedl

GRAPHICS CURSOR POSITIONING. The graphics
cursor is initially at position (0,0) after power on or a full
reset. The cursor can be positioned (even if it is not turned
on) using either absolute or relative coordinates. In the
following sequences X and Y give the new cursor position.
Refer to Vectors for a discussion of absolute and relative
coordinates.

Position Graphics

<
Cursor Absolute: HE e

Position Graphics

Cursor Relative: SCE

Example: The cursor is currently at position 100,100 and
off. Move it 50 units to the right and 20 units down from
its current position and turn it on.

Cursor On B dK Turn on the graphics cursor.
Cursor Off Eexdl Turn off the graphics cursor.
Move Absolute | kt*d<x,y>0 Position the graphics cursor.
Move Relative | ft*d<x,y>p Position the graphics cursor.
Zoom

Zoom On fxdg Turn on the zoom function.
Zoom Off Exdh Turn off the zoom function.
Zoom Size Eed<sized>i Set the zoom size.

Zoom Position | f*d<x,y>j Set the zoom position.

Graphics Memory Control

Clear Memory | &k*da Turn off all dots in graphics memory.
Set Memory Exdb Turn on all dots in graphics memory.
Display On Fedc Enable the graphics display.
Display Off feedd Inhibit the graphics display.

3-4
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Zoom

You can display a portion of the graphics memory data at
increased size. The zoom size (magnification) settings are
from 1 to 16 times. The data in the graphics memory is not
lost or changed. As much of the graphics memory as will
fit on the screen at the new size is displayed. The effect is
similar to “windowing”. The portion of the graphics mem-
ory to be centered on the screen can be changed allowing
you to “pan” through the entire graphics memory at the
magnified setting.

ZOOM SIZE. The zoom size is initially set to 1 after
power on or a full reset. The size can be set to one of
sixteen sizes (1-16). The magnified data is not displayed
until the zoom function is turned on.

Set Zoom Size: Exd<sizedi

where: <size> is 1-16

ZOOM POSITION. The zoom position is initially the
graphics cursor position. It can be set to any position in
graphics memory using ASCII absolute coordinates. The
selected data is not displayed until the zoom function is
turned on.

Set Zoom Position: Exd<X,Y>j

If multiple images are being displayed by changing the
zoom position to display only a portion of the screen at a
time, it is possible to insert a delay of approximately 16 ms
between the images (frames) by inserting the “zoom on”
command between positioning commands. (Refer to In-
serting Delays In Graphics Operations.)

Example: Step the zoom position between (50,50),
(50,250), (250,250), and (250,50) at 16 ms intervals.

%« d50,50) g 50,250; g 250,250j g 250,50 g 50,50

ZOOM ON/OFF. Once a zoom size and position are
selected the data is displayed be turning on the zoom
function. If the cursor is outside of the zoom window,
turning on the zoom function causes the graphics cursor to
be moved to the zoom position.

Data displayed on the screen while the zoom function is on
can be modified using the graphics memory set and clear
commands. Most of the data in the graphics memory that
is not being displayed is unaffected by the set and clear
memory commands (see the note in the following example)
but can be modified using the plotting commands de-
scribed later in this section (refer to Plotting Commands).

Graphics Control Functions

Moving the graphics cursor while zoom is turned on will
cause the display to “pan” across the data in the graphics
memory. If the graphics cursor is moved beyond the edge
of the “zoom window” the window will move with the
cursor. This causes the zoom position to change accord-

ingly.

e N

- zoOM
WINDOW
~

POSITION

x y,

Note: Up to 16 points to the left and right of data displayed
in the zoom window may be affected by the set or clear
commands.

Example: Set the zoom size to 8, center the zoom window
at 100,200 and turn on the zoom function.

f « d 8i 100 200jg

Graphics Memory Control

The graphics display can be turned on or off or the entire
memory can be set to all ones (dots on) or all zeros (dots

of ).

GRAPHICS DISPLAY ON/OFF. The graphics display
and graphics cursor can be turned on or off. The data in
the graphics memory is unaffected.

Graphics Display On: Exdc

Graphics Display Off: Exdd

GRAPHICS DISPLAY SET/CLEAR. The graphics
data currently displayed on the screen can be set to all
ones or cleared to all zeros. When used together with the
zoom function this function can be used to clear or set
blocks of the graphics memory.

Clear Graphics Memory: = f*da

Set Graphics Memory: Eexdb
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Example: Clear the lower left portion of the graphics
display.

Position Window /Tum on Zoom
f+d 0,0j 2i g a\ H—Turn off zoom

Set zoom size Clear display

719

J

Inserting Delays In Graphics Operations

Certain graphics operations are executed only at the end
of a frame (drawing of the display). These operations take
approximately 16 ms and can be used as delays to slow
down or synchronize changes in the display. Refer to Set
Zoom Position for an example.

OPERATION CODE
Graphics Display On Exdc
Graphics Display Off fexdd
Alphanumeric Display On fade
Alphanumeric Display Off Eendf
Zoom On fedg
Zoom Off Exdh
Set Zoom Size feadi
Set Zoom Position fedj

GRAPHICS DRAWING MODE
PARAMETERS

There are several drawing parameters that can be set to
allow a wide variety of drawing capabilities. These pa-
rameters select whether data will be stored in the graphics
memory as 1’s or 0’s, define line or area patterns to be used
when drawing vectors, position the relocatable origin, and
define graphics text settings.

Graphics drawing control sequences begin with & * m
followed by one or more of the drawing parameters.
Table 3-4 lists the mode control commands.

Drawing Modes

Vectors can be drawn by setting, clearing, or complement-
ing the data in the graphics memory. Normally the mem-
ory is cleared and vectors are drawn by setting selected
bits to make white lines on a dark screen. If instead you
want black vectors on a white screen, you can begin by
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setting memory (refer to the Set Memory command), select
a clear or.complement line type and draw dark vectors
(refer to the example that follows). Figure 3-2 illustrates
the various drawing modes.

Table 3-4. Graphics Mode Commands

& #« m <parameters>

PARAMETERS DESCRIPTION

select drawing mode

select line type

define line pattern

define area pattern

area fill, absolute

area fill, relocatable

set relocatable origin

set relocatable origin to pen position
set relocatable origin to cursor position
set graphics text size

set graphics text direction

turn on character slant

turn off character slant

set text origin

set graphics defaults

NOP

N=-0TO0O33 —X— -«0Q00O®

Set Drawing Mode: T+ m <parameter> a

where: <parameter> is

0 Graphics memory not changed.

1 Clear (turn off graphics bits).

2 Set (turn on graphics bits).

3 Complement (toggle the graphics bits).

4 Jam (turn bits on or off according to the
data).

CLEAR MODE. Clear mode causes selected display bits
to be turned off. The “selected bits” are those that are “on”
in the line pattern. If a solid line type (the default) has
been selected, all of the bits in a vector will be selected. In
clear mode this means that all of the dots making up a
vector will be turned off. This allows you to draw dark
vectors on a white background. Only those bits that are on
in the pattern are cleared. Bits that are off in the pattern
do not affect the display.

SET MODE. Set mode is similar to clear mode except
that the selected bits are turned on instead of off. Only the
bits that are on in the line type are affected.

COMPLEMENT MODE. Complement mode causes the
selected display bits to change state (on to off, off to on).
Again only those bits that are on in the line type or
pattern are affected.

JAM MODE. Jam mode differs from the other modes in
that both the bits that are on in the line type or pattern
and the bits in the pattern that are off affect the display.
Jam mode has the effect of overlaying the display with the
pattern.
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DRAWING DATA SCREEN

DRAWING
MODES

N )L

MODE=0 (NO EFFECT)

MODE=1 (CLEAR) MODE=2 (SET)

s
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MODE=3 (COMPLEMENT) MODE=4 (JAM)

DRAWING
MODES

DRA
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_ J Y,

Figure 3-2. Examples Of Drawing Modes
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Selective Erase. A vector drawn in set mode can be
selectively erased by redrawing it in clear mode. This will
cause gaps to occur if the erased line is intersected by
other lines. This problem can be overcome by initially
drawing the line in complement mode and then redrawing
it in complement mode to erase the line. This technique
will preserve the original display. Complement mode is
useful for drawing and erasing temporary figures.

Example: Select complement mode, draw a vector, and
then erase the vector by redrawing.

£ =« m 3A (select complement mode)
& « pa f 100,300 300,300Z
& « pa f 100,300 300,300Z

(draw vector)

(erase vector)

Drawing Patterns

You can select the dot pattern used when drawing vectors
or filling rectangular areas. Dotted and dashed lines can
be drawn by selecting one of nine predefined line patterns
or a user defined line or area pattern. This allows you to
use different line patterns to distinguish between groups
of plotted data or easily generate shading and cross hatch-
ing for use in engineering drawings, graphs or fabric pat-
terns.

LINE TYPE. One of eleven line types can be selected.
Once a line type has been selected all drawing vectors are
drawn using that line type. The patterns for the pre-
defined line types are shown in figure 3-3. Refer to the
Define Line Pattern command for additional information.

Select Line Type: £ *+m <line type> b

where: <line type> is

Solid line (default)

User defined line pattern
User defined area pattern
Predefined pattern #1
Predefined pattern #2
Predefined pattern #3
Predefined pattern #4
Predefined pattern #5
Predefined pattern #6
Predefined pattern #7
Point plot

O WO 00U b W

—

-—
-—
"

- (POINT PLOT):

Figure 3-3. Predefined Line Type Patterns

Point plot causes a single point to be plotted at the coordi-
nates specified by the data. This line type is useful for
generating “scattergram” type graphs. If user defined area
shading is selected (type = 3) the line patterns used are
selected from the eight lines making up the area fill pat-
tern (refer to Define Area Pattern). The display is divided
into groups of eight rows and eight columns. Horizontal
and vertical lines are drawn using the appropriate row or
column from the area pattern. Diagonal lines are drawn
using a solid vector.

Example: Select line type 9 and draw a figure using the
new line type.

£ +»m9B

B o» pao0,0200,0 200,100 0,100 0,02
0,100 200,100

0,0 200,0

Example: Select the area pattern as the line type.

& +«m38B
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A
12 r K012
AREA PATTERN
1
10 (2,10) | 7
9 B 6
8 B 5
7 4
ROWS
6 —A——»3
5 (7,5) B 2
4 1
o ==am—= [lle 0
2 (2,3) (7,3) 0 1 2 3 4 5 6 7
1 (A) COLUMNS
o
> (B)
0 12 3 45 6 7 8 9 10
Figure 3-4. Using Area Patterns As Line Types
Drawing vectors (2,3)-(7,3), (9,3)-(9,12), and (3,7)-(7,3)
using the area pattern shown in figure 3-4b would result
in the drawing shown in figure 3-4a. 1145101490 = Z14 srale = |
Adjacent horizontal or vertical lines using the user de- SR & SR ER B ER BB ! L L ._
scaile = ¢

fined line type (type = 2) can be used to create patterns
more complicated than those available in an 8x8 area
pattern. User defined line and area patterns are described
in the following paragraphs.

DEFINE LINE PATTERN. The dot pattern used to
draw vectors can be defined programmatically. Once a
pattern is defined you must select the user defined line
type (type = 2) using the Select Line Type command.
Figure 3-5 gives examples of line patterns.

Define Line

< > < >
Pattern: & +«+ m <patternd> <scale> c

the decimal value 0 to
255) defining an 8-bit
binary pattern. For
example,

. = 10101010 =

where: <pattern> is

170.

a scale factor (1 to 16) to
be applied to the pat-
tern. For example, with
a scale factor of 3 the
pattern defined above
would be as follows:

<scale> is

1111010 = 280 scale

1
'
|

[

SEEER B EEEEE © EREEB
scale = 2
SENENEREEE ©E SEEREEEER

10101010 = 170 scale =
@R ©6E EB E©EE BER 68 &

Z00M 9

Figure 3-5. Examples of User Defined Line Patterns

Line patterns too complex to be obtained from an 8 X8 area
pattern can be generated by plotting a series of lines and
varying the patterns used for successive lines. Complex
patterns such as those used in weaving can be generated
easily using this technique.

Example: Define a pattern to generate the following vec-
tor:

ERERRRRRRRQORROQON KR LR R R RRH0QO**00

pattern = 11111010 = 250
scale = 2

&+ m250 2 C
3-9
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DEFINE AREA PATTERN. An 8x8 pattern can be
defined for use in filling rectangular areas. The pattern
can also be used to provide line patterns for horizontal or
vertical lines when the area pattern is selected as a line
type (type = 3). (Refer to Define Line Type.) Irregular
shapes can also be built up by selecting the area shading
pattern and then using successive lines.

The area pattern is defined using 8 parameters, one for
each of the rows in the pattern. Each parameter is a
decimal number (0 to 255) representing an 8-bit binary
pattern. Refer to Define Line Pattern for additional infor-
mation. The display is divided up into 88 cells. Every
point on the display is mapped to a corresponding bit in
the pattern. Drawing horizontal or vertical lines causes

Define Area Pattern:

&£ * m <row 0> <row 1> ...<row 7> d

<row 0> is the 8-bit pattern for row 0

where:

<row 7> is the 8-bit pattern for row 7

A simple checkerboard pattern would be defined as fol-
lows:

Eam 1|70 85 170 85 170 85 170 85 D
Row 0

. Row 7
the corresponding row or column of the pattern to be used
as the line pattern. Diagonal vectors will always be drawn
using a solid line. Figure 3-6 contains sample area fill
patterns.
BINARY VALUE
Row 7 11111110 = 254
Row 6 10000010 = 130 128 64 32 16 8 4 1
Row§ 10111010 = 186
Rowa 10101010 - 170 .--lll- row 7
Row 3 10100010 = 162
row 6
Row?2 10111110 = 190
Row 1 10000000 = 128 - --. - row 5
Row 0O 11111111 = 255 - - . row 4
1 = doton . - row 3
o - aocor H EEEEN -
& « m 255,128,190,162,170,186,130,254 D n row 1

Row O Row 7

uEEEEE o
HEE B Fal
- . - . :85::;'!33533 * 8:5:3
u it
N EREEE i
EEEEEREE e e

L] R
0O 1 2 3 4 5 6 7

COLUMNS

‘l ’H
“Y)' ]'

1[ ”( A

'_ RIB (.
I
ISSIRITRITRI
(’H’!(JI RHRIE
[RIIR ’H’H ’H UIS
[SJIRIE] Jis
(’1(’[’1 1 (
(212 (2]10119)
I

'l IIGHE (

BRI 'n-vn-w..m-u(

(&1} llx’l [RIIRHRIRIFEIIRN

NINIE 1' *n'numwwu
wn»nlu HEJEIEE xulu 8]
H )L JIRIIEHIE
S luJ [ lJIIJJU SIS (JI(’H SIS

ZOOM=16

ZOOM=2
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12864 32 16 8 4 2 1 128 64 3216 8 4 2 1

Row 7 .. 24 .- 60
Row 6 . . 36 . . 66
Row 5 - . 66 129

Row 4 - . 129 - . 129
Row 3 . . 129 - . 129
B

Row 2 - . 66
Row 1 B B 36 E. B |
Row 0 .. 1 24 . .- 60

(a) (b)

Row 7 85 .- - 204
Row 6 170 . .. 204
Row 5 85 .- . 51
Row 4 170 .. . 51
Row 3 85 . -. 204
Row 2 170 . 204
Row 1 85 51
Row 0 170 . 51
(c) (d)
Row 7 240
Row 6 240
Row 5 240
Row 4 240
Row 3 15
Row 2 15
Row 1 15
Row 0 15

(e) (f)

Figure 3-6. Area Pattern Examples



Area Fill

A rectangular area can be filled with a pattern by simply
sending the lower left (LL) and upper right (UR) coordi-
nates of the rectangle. The coordinates can be in either
absolute or relocatable format. The pattern used is
selected by the Line Type command. This allows a choice
of predefined and user defined line patterns as well as an
8x8 bit area pattern (refer to Define Area Pattern).

An easy way to selectively erase a portion of the graphics
display would be to set the drawing mode to clear, select
the solid vector line type (type = 1), and then use the area
fill command to select the area to be cleared. Area fill is
also useful for shading bar graphs or engineering draw-
ings. The soft keys can be loaded with the proper escape
sequences and then triggered to generate area patterns
locally using either the current cursor or pen position as a
coordinates.

AREA FILL, ABSOLUTE. The absolute area fill com-
mand uses the absolute coordinates of the area.

Area Fill

’ B <XLL,YLL> <XUR,YLR>
Absolute: =m ? ? €
where: <XLL,YLL> and <XUR,YUR> are the absolute

coordinates of the lower left and upper right
corners of the area to be filled.

Example: Draw a box and then complement the entire
graphics display. Note that repeating the ™ *# m sequence
would restore the original display.

fepa f 150 150 200 150 200 200 150 200 150 150 Z

E+*m3al1b00719359E
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Example: Clear the display area with lower left (LL) coordinates 0,0 and
upper right (UR) coordinates 100,100.

&£ *m1at1b0,0 100,100 E
——  cm—

clear mode Zsolid line /area to be cleared

If a predefined or user defined line pattern is selected, the
area fill command can be used to provide area shading or
complex patterns. If the user defined area pattern is
selected, the area will be filled with the 8x8 area pattern
(refer to Define Area Pattern).

Example: Using the area fill pattern shown in figure
3-6a, shade the area with XLL,YLL = 50,50 and
XUR,YUR = 100,100.

f*m2a3b243666129129663624d5050100100E

\\\2
N

AREA FILL, RELOCATABLE. The relocatable area

fill command uses area coordinates in relocatable ASCII
format.

Area Fill,
Relocatable: & » m <XLL,YLL> <XUR,YUR> f
where: <XLL,YLL> and <XUR,YUR> are the relocatable

coordinates for the lower left and upper right
corners of the area to be filled.

Example: Using the area fill pattern shown in figure
3-6¢, shade a 50 x50 unit area with the lower left corner at
the current cursor position.

*f*m2a3b851708517<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>