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PREFACE

ABOUT THIS MANUAL

This manual is for the programmer who is writing a

package of computer subroutines that communicate

with the TEKTRONIX 4662 Interactive Digital Plotter

(Figure 1-1). This manual describes the plotter com-

mands and tells how to issue them by entering

sequences of ASCII characters from a compatible

terminal or controller.

This manual assumes the reader has a knowledge of

programming fundamentals and terminology; it is not

intended to be a tutorial of programming procedures.

Rather, the manual provides instructions about how to

control the plotter using Serial (RS-232-C) communi-

cations, General Purpose Interface Bus (GPIB) commu-

nications, or TEKTRONIX 4050 Series BASIC

commands. This manual is written so that individuals

with limited computer experience can learn to

communicate with the plotter.

This manual is organized in relation to the two

interfaces present in the plotter. These interfaces are

the Serial (RS-232-C) and the GPIB Interfaces. For

each interface, this manual has three sections: a

section describing interface concepts (this section

includes important programming information, which

you use to send commands to the plotter), a section

introducing the commands used by that interface, and

a section describing all the interface commands. This

manual contains the following sections:

® Section 1 (introduction) describes the basic plotter

graphing system.

®@ Section 2 (Serial Interface Concepts) describes

programming information when you are using the

Serial Interface.

@ Section 3 (Introduction to Serial Commands and

Responses) describes the types of Serial commands

used and the notation used in the command descrip-

tions in Section 4.

@ Section 4 (Serial Command Descriptions) describes

each Serial command used by the plotter.

@ Section 5 (GPIB Interface Concepts) describes

programming information when using the GPIB Inter-

face.

® Section 6 (Introduction to GPIB Commands and

Responses) describes the types of GPIB commands

used and the notation used in the command descrip-

tions in Section 7.

@ Section 7 (GPIB Command Descriptions) describes

each GPIB and 4050 Series Graphic System

command used by the plotter.

While reading this manual, the user may find it helpful

to refer to these appendices and the index, which is

located after the appendices:

@ Serial Command Summary — Appendix A

GPIB Command Summary — Appendix B

ASCII Code Chart — Appendix C

Serial Interface Connectors — Appendix D

Area Fill Patterns — Appendix E

Coordinate Conversion Chart — Appendix F

Basic Program for Coordinate Conversion —

Appendix G

@ Example Plots — Appendix H

@ Glossary — Appendix |

OTHER 4662 MANUALS

The following related manuals are available:

© 4662 Interactive Digital Plotter Operator's Manual.

4662 PROGRAMMER’S REFERENCE

®@ 4662 Interactive Digital Plotter Reference Guide.

® 4662 Interactive Digital Plotter Service Manual.



A. Standard 4662 Plotter.

B. 4662 Plotter Equipped with Option 31.

4165-1

Figure 1-1. 4662 Interactive Digital Plotter.
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Section 1

INTRODUCTION

This section describes some of the basic concepts and

terminology fundamental to 4662 plotter graphics.

These terms and concepts are used throughout this

manual and should be understood before proceeding.

This section includes descriptions of:

e@ The Plotter

@ Pen

@ Platen

Page

Plotter Units (and Coordinate System)

Data Resolution

Error Reporting

Page Scaling

Concepts for specific Serial or GPIB commands are

included in Sections 2 and 5, Serial Interface Concepts

and GPIB Interface Concepts.

THE PLOTTER

The primary function of the plotter is to transfer

information to media such as paper or polyester film.

This transfer is accomplished by commanding the pen

on the plotter to draw lines and print alphanumeric

characters.

The commands associated with drawing lines are

called graphics commands. These include MOVE and

DRAW:

@ MOVE causes the pen to move to a specified

position without drawing a line (with the pen up).

@ DRAW causes the pen to draw aline toa specified
position (like a Move but with the pen down).

Commands to print alphanumeric characters are called

alpha commands and are discussed in Sections 4 and 7.

The plotter performs an additional function called

digitizing. This function transfers pen coordinates back

to a host computer or terminal.

4662 PROGRAMMER’S REFERENCE

PEN

Since the pen may be physically positioned over the

media at any point specified by plotting coordinates,

this manual uses the term pen position to mean the

location of the writing tip of the pen in the pen carriage.

PLATEN

The platen is the large flat surface of the 4662 plotter

on which the media (paper, film, etc.) is placed.

1-1



INTRODUCTION

PAGE

The page is a rectangular area on the platen which is

used for plotting. The page provides a plotting area (or

viewing area) similar to the full screen on a terminal.

The default page is 15x10 inches (381x254 mm).

Figure 1-2 shows the relationship of the media, platen,

and page.

The operator may modify the size and location of the

page using front-panel SET LOWER LEFT and SET

UPPER RIGHT switches (see the 4662 Interactive
Poti +. ja AA wall Daman ane matDigital Plotier Operator's Manual). Pages can not

by the host.

Lm mat

We oct

Refer to the 4662 Interactive Digital Plotter Operator's

Manual for the ranges of page sizes. The plotter will not

draw any portion of a vector which has an end-point

outside the page boundary.

The 4662 Interactive Digital Plotter Operator’s Manual

describes special effects associated with setting pages

from the front panel switches. These effects include

upside-down and mirror images, which are simply page

reversals. (The SET LOWER LEFT and SET UPPER

RIGHT switches on the front panel are used to set the

physical upper-right corner to be down and/or to the

left of the physical lower-left corner. Procedures are

included in the 4662 Interactive Digital Plotter Opera-

tor’s Manual.)

MARGIN

Pw |

MEDIA~__|

1 in

PLATEN

5in

5 in

TRIM

STRIP

4164-1

Figure 1-2. Media, Platen, and Page.
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PLOTTER UNITS

The plotter selects one of two plotter units at power-up:

e Addressable Device Units (ADUs) when operating

with the Serial Interface.

® Graphics Device Units (@DUs) when operating with

the GPIB interface.

ADUs and GDUs correspond to units associated with

screens of the TEKTRONIX 4010 Series Computer

Display Terminals and the TEKTRONIX 4050 Series

Graphics Systems, respectively.

Plotter Coordinate System and Plotter

Units

The plotter coordinate system is a Cartesian

coordinate system for the page. The 0,0 location or

origin of the coordinate system is the page’s lower-left

corner. The physical location of the lower-left corner

may be anywhere as described earlier (i.e., page

reversal or mirror-image situations).

The page ranges when operating with the Serial

Interface are as follows:

e@ Standard (non-Copy) mode:

0 to 4096 ADUs horizontally and 0 to 2731 ADUs

vertically.

@ Copy mode:

0 to 4096 ADUs horizontally and 0 to 3124 ADUs

vertically. The right-most 13% of the page is not

addressable. (See the 4662 Interactive Digital Plot-

ter Operator’s Manual for a description of Copy

mode.)

@ Standard (non-Copy) mode with Modified ADUs:

0 to 3000 ADUs horizontally and 0 to 2000 ADUs

vertically. (See Multiple Pen, Option 31, commands

for more information on Modified ADUs.)

@ Copy mode with Modified ADUs:

0 to 3000 ADUs horizontally and 0 to 2288 ADUs

vertically. (See 4662 Interactive Digital Plotter Oper-

ator’s Manual for description of Copy mode and

Multiple Pen, Option 31, commands in this manual

for more information on Modified ADUs.)

4662 PROGRAMMER’S REFERENCE
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The page range when operating with the GPIB Interface

is O to 150 GDUs horizontally and 0 to 100 GDUs

vertically.

These ranges are not changed if the front-panel Set

Page operations change the page size or position.

However, the physical length of each plotter unit is

changed and/or made unequal for each axis if unequal

scaling is introduced when you modify page sizes.

NOTE

The SELECT PLOTTER UNITS command (avail-

able in SERIAL ONLY and units equipped with

Firmware Version 5 or higher) allows a “modified”

ADU in which the plotier’s coordinate system

ranges from 0 to 3000 ADUs along the X-axis and

from 0 to 2000 ADUs along the Y-axis. See Serial

Multiple Pen (Option 31) commands.

DATA RESOLUTION

The maximum resolution between points on the plotter

is .005 inches (0.127 mm). However, the plotter

accepts arguments with greater resolution, but the

positioning of the pen and the reporting of coordinate

positions are limited to the plotter’s maximum

resolution.

ERROR REPORTING

To report an error, the 4662 Plotter displays an ERROR

light and sounds the bell.
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PAGE SCALING

For some applications the physical length of the ADU

or GDU must be known. This can be found by

measuring the length of each axis and dividing that

length by the number of plotter units. An example is

provided here for determining page scaling.

SERIAL INTERFACE

The default non-Copy mode page has 4096 ADUs

along its X-axis of 15 inches (381 mm). Therefore the

page scaling is:

15inches _—_: 0.0036621 inches/ADU or 273.07

4096 ADUs ADUs/inch

or

381 mm

4096 ADUs ~ 0.0930 mm/ADU or 10.751 ADUs/mm

GPIB INTERFACE

The default page has 150 GDUs along its X-axis of 15

inches (381 mm). Therefore, the page scaling is:

15 inches ; .
150 GDUs = 0.10 inches/GDU or 10 GDUs/inch

or

Sot mM _ | 5.54 mm/GDU or 0.3937 GDUs/mm
150 GDUs

Scaling for page sizes set by the front-panel switches

can be calculated in a similar manner.
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Section 2

SERIAL INTERFACE CONCEPTS

INTRODUCTION

This section describes how to install the plotter into a direct the plotter. This section does not cover the

serial communications system and the programming actual plotter commands or how they are represented

considerations (type of serial communications, meth- in this manual. That information is found in Sections 3

ods, buffering, etc.) of host-plotter serial communica- and 4. If a GPIB system is used, refer to Section 5 for

tions. This information is especially helpful when similar GPIB programming considerations.

designing a host and serial communication system to

INSTALLING THE PLOTTER INTO A SYSTEM

CONNECTING THE PLOTTER TO OTHER ® The plotter can be connected in a loop-through

DEVICES configuration to a terminal (where the host talks
through the plotter to the terminal).

The flexibility provided by the front-panel LOCAL © The plotter can be connected as a peripheral toa

switch allows the plotter to be connected with other
. . . : . terminal.

devices in a variety of ways. The following summarizes

four ways to interconnect the plotter with a host @ The plotter can operate in conjunction with an “off-

computer, a terminal, or a storage device: line” storage device (for example, where a host does
not exist in the system).

® The plotter can be connected as a peripheral to the on y )
host. Details on these four configurations follow.
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PLOTTER CONNECTED AS A HOST Figure 2-1A illustrates the simplest version of this

PERIPHERAL configuration, where the plotter is connected to the

host through a dedicated input/output (I/O) port. (Using

In this configuration, the host views the plotter as an a dedicated I/O port is the simplest configuration for

independent peripheral device. A host peripheral confi- the host software to support.) When the plotter is

guration is advantageous when the plotter is a located near the host, modems are not required.

resource available to users of the host-system. The

plotter may be either located near the host or located at

a remote location (possibly with a terminal).

TERMINAL }< MODEM '/W/VV1 mopem >| 10

HOST

COMPUTER

PLOTTER /< MODEM V\/\\/Y4 MODEM FX >| V0 (*

A. Host Peripheral Separate Communications Lines

TERMINAL >| 1/0

>| MULTIPLEXER A /\| MULTIPLEXER [<— HOST
> MODEM MODEM |, COMPUTER

PLOTTER ie)

B. Host Peripheral Multiplexed Communications Lines

3806-7

Figure 2-1. Host-Peripheral Configurations.
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Figure 2-1B shows an equivalent configuration where a

single communication line to either the remote plotter

or terminal is shared using a multiplexer/modem

combination. The software support for this configura-

tion is the same as shown in Figure 2-1A.

PLOTTER CONNECTED IN A LOOP-

THROUGH CONFIGURATION

In Figure 2-2, the plotter and the terminal are connect-

ed in a “loop-through” configuration and they share a

common communications line to the host. This configu-

ration is appropriate when the host, while under

interactive control of the terminal, generates graphics

to be drawn on the plotter. Software support for this

configuration is slightly more complex, because the

host must direct its communication through the single

SERIAL INTERFACE CONCEPTS

1/O port either to the terminal or to the plotter. This is

easily done with the plotter’s PLOTTER ON and

PLOTTER OFF commands. When the host sends a

PLOTTER ON command to the plotter (enabling the

plotter to recognize subsequent commands), the plotter

interrupts the command flow to the terminal (when

TERMINAL MUTE ENABLE is selected on the four rear-

panel switches).

A subsequent PLOTTER OFF command disables the

plotter and allows the host to access the terminal

through the plotter again. Also, in this configuration, the

plotter may be used as a terminal peripheral if the

4662 front-panel LOCAL switch is pressed down and

locked. The loop-through configuration allows opera-

tion of the plotter with virtually any type of terminal

having an RS-232-C-compatible Serial Interface.

TERMINAL MODEM WAV) MODEM le 1/0
HOST

COMPUTER

PLOTTER

3806-8

Figure 2-2. Plotter Connected in a Loop-Through Configuration.
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PLOTTER CONNECTED AS A TERMINAL

PERIPHERAL

The configuration shown in Figure 2-3 gives the

terminal priority over the host computer in using the

plotter as a peripheral. The terminal peripheral

configuration is most appropriate when either the host

or the terminal are generating graphics to be plotted.

The terminal communicates with the plotter directly,

while the host must pass data through the terminal to

reach the plotter. Limiting host communication to only

the terminal may simplify host support programs which

deal with the terminal through the I/O port. Advantages

of this configuration depend upon the terminal’s capa-

bilities. Refer to the terminal operator's manual. For

example, some terminals can do background plotting

from local data storage while continuously communi-

cating with the host. Some possible configurations with

Tektronix terminals are listed in Table 2-1, which

shows which terminal interface options are required.

Table 2-1

OPTIONS REQUIRED WITH PLOTTER AS A
TERMINAL PERIPHERAL

Tektronix Interface Description Terminal

Terminals Option

4010, 4012 With Dual Interface Option 36

4014, 4015 Capability

4016 With Dual Interface Option 35

Capability

4110 Series With 3-Port Peripheral Option 10

Interface

4025, 4027 With Peripheral Inter- Option 048

face

4014, 4015 With Local Processor Option 05?

®For these configurations, terminal communication with the the host is by a
Serial Interface, while terminal communication with the plotter is by a GPIB

Interface. Refer to Section 5, GP/B Interface Concepts, for GPIB information.

PLOTTER MODEM WAA\/ MODEM HOST

V0 ~ | COMPUTERY A

TERMINAL

3806-9

Figure 2-3. Plotter as a Terminal Peripheral.
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OFF-LINE PLOTTING

If data to be plotted is recorded on a storage media

(such as magnetic tape or floppy disk), the plotter can

be configured as shown in Figure 2-4. This configura-

tion permits data to be plotted without using a terminal A

or a host computer as a controller. The TEKTRONIX STOR AGE \«
4923 Digital Tape Drive Unit with Option 01 is an DEVICE

PLOTTER

example of a data storage device with a Serial

Interface.

Two systems are shown in Figure 2-5. These systems

use a TEKTRONIX 4010 Series terminal with either a

standard TEKTRONIX 4923 Digital Tape Drive Unit or a 3806-10

TEKTRONIX 4923 Digital Tape Drive Unit with Option

01. These configurations allow plot data to be recorded

while “on-line” with the host computer and then later to

be plotted during “off-line” time. The REMOTE and

LOCAL switching functions on both the tape unit and

the plotter direct the routing of the plot data.

Figure 2-4. OFF-LINE Plotting Configuration.

HOST
MODEM VWAA/Y MODEM | 1/0 >| COMPUTER

Vv Y L

TAPE TERMINAL PLOTTER

OR

_ HOST

' Y \ ,

TERMINAL PLOTTER TAPE

3806-11

Figure 2-5. ON-LINE Recording and OFF-LINE Plotting.
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MULTIPLE PLOTTERS

Several plotters may be installed in the same loop-

through configuration in place of the single plotter

previously described. All of the plotters can be set to

the same device address and receive identical data in

parallel or each one can use a different device address

and receive data independently. Refer to Communicat-

ing With Other Devices iater in this section for details

about multiple plotter configurations.

COMMUNICATING WITH OTHER DEVICES

The following pages describe how command and

response transmissions are sent between the plotter

and other connected devices. This information is

described under the following topics:

@ Selecting a Communications Control Mode.

@ Interface Switching Function.

@ RS-232-C Lines for the Loop-Through

Configuration.

@ Device-to-Plotter Transmission.

@ Plotter-to-Device Transmission.

Two activities must be considered when transmitting

commands and responses between the plotter and the

host computer (or other devices). The first is the

detection and possible correction of transmission

errors. This activity is optional and is discussed later in

the manual. The second activity is control of the rate at

which commands and responses are passed between

the plotter and the host computer. Since the plotter is

an electromechanical device, the rate at which it

processes received plot commands is normally slower

than the rate at which the host computer or other

devices can send commands. Thus, the plotter must

interactively control the rate at which commands are

received to avoid loss of information. This process is

called input rate conirol.

Likewise, some host computer configurations require

slow data input and cannot receive plotter responses

as rapidly as the plotter can generate them. Thus,

plotter output must also be controlled to match the

requirements of the host computer (output rate con-

trol). The following discusses how to select the opti-

mum method to manage communication between the

Plotter and connected devices.

2-6

L MODE

These paragraphs summarize the advantages and

limitations of each of the communication control modes

which provide input rate control. This summary should

help select the communications control mode most

appropriate for a given application or communication

environment.

There are three individual modes: Continuous mode,

DC1/DC3 Flagging mode (Option 31 only), and Block

mode. Information for each of these modes is present-

ed under Device-to-Plotter Transmission, later in this

section.

Information on selecting control methods for plotter

transmission to connected devices is described under

Plotter-to-Device Transmission, later in this section.
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Continuous Mode

Continuous mode is the plotter’s default mode on

power-up if DC1/DC3 Flagging has not been selected

by the four rear-panel switches. Input rate control is

provided by selection of an appropriate receive baud

rate (giving a simple low-performance control mode).

Advantages and limitations are:

Advantages Limitations

Input baud rate must satis-

fy limitations. For small

plots (less than about 250

graphic commands using

the standard plotter, or

1400, if Option 20 is in-

stalled), any baud rate may

be used. For larger plots,

the baud rate must be re-

duced (often to less than

300 baud). For some very

large plots, it may be im-

possible to pick a baud rate

that will allow the plot to be

drawn without data loss.

No transmitting device

support is required (may

use on any system).

Only parity error and data

overflow detection and no

correction of transmission

errors is provided.

NOTE

The capability of this control mode may be

extended if the transmitting device can also

receive Plotter responses. Refer to Device-to-

Plotter Transmission, later in this section for more

information.

DC1/DC3 Flagging Mode (Option 31

Equipped Plotters Only)

DC1/DC3 mode permits communication at high baud

rates, but requires DC1/DC3 flagging support in the

transmitting device’s interface. This mode in the plotter

is enabled by selecting DC1/DC3 Flagging on the four

rear-panel switches.

4662 PROGRAMMER’S REFERENCE
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Advantages or limitations are as follows:

Advantages Limitations

Any baud rate may be The transmitting device

used for small or large must be able to suspend

plots. transmission within 133

characters without loss of

data upon receipt of an

ASCII 93 (stop) character

and the device must be

able to restart transmission

upon receipt of an ASCII 91

(start) character.

No transmitting device

support unique to the

plotter is required.

Flagging may be done

through a modem con-

nection to the transmit-

ting device. Plotter only detects parity

errors, but can not correct

transmission errors.

Block Mode

Block mode is a powerful but more complex control

mode that provides the best performance in most

configurations. This mode is enabled when the plotter

receives a BLOCK START command. Refer to Block

Mode Communication, later in this section, for a

discussion of parameters used with Block mode.

Advantages and limitations of Block mode are:

Advantages Limitations

Any baud rate may be This mode requires

used for small or large transmitting device soft-

plots. ware support which is

unique for the plotter. Refer

to Block Mode Communi-

cation, later in this section,

for software packages that

have this support.

Parity and checksum

transmission error de-

tection is provided. Lim-

ited error correction is

also provided by re-

transmitting portions of

the data.

Off-line storage and later

plotting are difficult be-

cause it requires intelli-

gence in the storage device

to recognize and later

transmit using the plotter’s

Block mode protocol.
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INTERFACE SWITCHING FUNCTION

The interface switching function provides a flexible,

manua! means of selecting the source and destination

of plotter data and responses. For example, using the

front-panel LOCAL switch, you can modify the connec-

tions between devices without having to physically

relocate cables. In addition to the description of the

LOCAL switch following, refer to RS-232-C Lines in

Loop-Through Configuration for a discussion of the

effect of the interface switching function upon the RS-

232-C lines.

The interface switching function is most useful in the

loop-through configuration and is described in respect

to this configuration. The plotter’s front-panel LOCAL

switch provides two conditions for the interface switch-

ing function, as shown in Figures 2-6A and 2-6B.

These two conditions are described next.

LOCAL Switch is Released (On-Line

Remote)

With the LOCAL switch in the released or up position,

the plotter functions like a host peripheral because the

terminal and plotter communicate with the host (Figure

2-6A). The plotter ignores host commands to the

terminal when the plotter has not been turned on with a

PLOTTER ON command.

Commands sent from the host to the plotter are not

passed on to the terminal if the plotter is turned on by a

PLOTTER ON command and if TERMINAL MUTE

ENABLE has been selected by the four rear-panel

switches. In this configuration, both the terminal and

the plotter can transmit to the host.

NOTE

The plotter and terminal should not transmit to

the host at the same time because the transmit-

ted characters could become garbled.

LOCAL Switch is Locked Down (On-Line

Local)

The plotter and terminal communicate while the host

control is isolated (Figure 2-6B). This configuration

switches the plotter from a host peripheral to a terminal

peripheral.

2-8

NOTE

When the plotter’s POWER switch is in the OFF
position, or if the plotter’s line cord is disconnect-

ed from the power source, the interface switching
function goes into an off-line remote state, which

allows the terminal and host to freely communi-

cate (see Figure 2-6C).

MODEM OR
TERMINAL HOST

PLOTTER

MODEM OR

PLOTTER

MODEM ORTERMINAL HOST

PLOTTER

Figure 2-6. Interface Switching Function.
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RS-232-C LINES IN LOOP-THROUGH

CONFIGURATION

In the loop-through configuration, the interface

switching function actually switches two RS-232-C

signal lines: RECEIVE DATA (BB) and TRANSMIT

DATA (BA). Other signal lines are passed straight

through the plotter from the terminal to the modem.

These lines are configured so the interface operates

correctly with either a modem or a terminal connected

to the plotter.

Refer to Appendix D, Serial Interface Connectors, for

definitions of all RS-232-C lines.

DEVICE-TO-PLOTTER TRANSMISSION

The following topics, Input Buffering, Input Rate Con-

trols, and Block Mode Communication, describe the

transmission of commands from the host computer (or

data storage device) to the plotter. Input Buffering

describes the amount of data (in the form of com-

mands) that can be continuously transmitted to the

plotter (at a given baud rate). Input Rate Controls

describes the various transmission rate control modes

used with the Input Buffering function to keep com-

mands from being lost. The information under Block

Mode Communication describes the various

parameters and host computer functions involved in

block data transmission. This information can help you

choose the best parameter values for optimum Block

mode performance.

SERIAL INTERFACE CONCEPTS

Input Buffering

When commands are received from the host computer,

they are placed in a temporary buffer in the plotter’s

memory. Temporary command storage is required

when commands are received faster than the plotter

can execute them. When the plotter is ready for

another command, the stored commands are withdrawn

from the input storage buffer and executed. The

following pages describe:

@ How the input buffering function operates.

@ How much memory is required to store a plotter

command.

@ How much memory is available under various condi-

tions for command storage.

Refer to Input Rate Controls for information on control-

ling the transmission rate to satisfy input buffering

constraints described in the following paragraphs.

Buffer Operation. Refer to Figure 2-7 during the

following discussion. This figure illustrates a simplified

model of plotter input buffering. All commands are

received as a series of ASCII characters and stored in’

the Input Command Buffer. When the plotter is ready

for another command, these stored commands are

retrieved from the buffer and executed. Serial Interface

commands (see Section 4 for a listing of these

commands) are also decoded as they are placed in the

buffer and all or some of their actions may take place

immediately upon receipt.

ATT TT TST — \
/ PLOTTER

) |

| Input COMMAND |
l Command | RECOGNITION

Buffer |
l PLOTTER pa HOST
| SYSTEM —C >< WTEREACE <— MODEMV\/A\ AJ MODEM 1/0 COMPUTER

COMMAND
EXECUTION

| |

| |
\ }
No LL LLL _7

4164-3

Figure 2-7. Input Buffering Mode.
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Storage Requirements for Commands. All commands
are received by the plotter in various forms of Style |
and Style Il commands. These command formats are
described under introduction to Seriai Commands

(Section 3); refer to that description if you are not
familiar with Style | and/or Style II formats.

Commands are stored in the command buffer in the
same form that they are received, using one byte of
buffer storage for each received character. This is even
true for interface commands, which are still stored in
the input buffer even though they have already been
executed by the interface command processor. Any

padding and terminator characters are also stored. The
Storage of these extra characters must be considered
when using systems that automatically generate pad-
ding characters. Some hosts send padding characters
after certain characters, such as ©r, to allow the extra
time necessary to execute these commands on
teletype-like terminals. The only padding characters
which are not stored are Nu, Sy, and °r. Ny and Sy are
always discarded immediately upon receipt by the
plotter and + is discarded immediately if the rear-
panel switches are set to the DELETE IGNORE posi-
tion.

Memory Limits for the Input Command Buffer. Using
the current rate control method, the plotter attempts to
temporarily inhibit the transmitting device from sending
more commands if memory space is not available. If

further commands are received before memory is
available, the commands are lost and an error is
reported on the plotter. When stored data is subse-

quently processed, the allocated memory becomes
available again for storing more commands.

NOTE

When a buffer overflow error occurs, several
commands are usually lost.

The input command buffer memory of 2K bytes can
store about 1400 characters (Option 20 expands this
memory to 8K bytes, which can store about 7400

characters).

NOTE

The plotter’s input buffer is cleared if the front-
panel LOCAL or LOAD switch is pressed (see the
4662 Interactive Digital Plotter Operator's Manual).

2-10

Input Rate Controls

Input rate controls allow the plotter to control the rate
at which it receives commands from the host, terminal,
or a data storage device. This control prevents data
loss when the plotter is unable to keep up with
incoming commands and when the Capacity of the
input buffers is exceeded. Three input rate control
modes may be used with the plotter: Continuous mode,
DC1/DC3 Flagging mode (in Option 31 equipped
plotters), and Block mode. The following describes the
operation of the various rate control modes in respect
to the input buffering function. A brief summary of
these modes can be found in Selecting A

Communications Control Mode, located earlier in this
section.

Continuous Mode. Continuous mode only provides
passive rate control and is the default communications
mode for the plotter during the following conditions:

@ After plotter power-up if DC1/DC3 Flagging mode
has not been selected by the four rear-panel
switches.

@ After a PLOTTER ON command.

Rate control is accomplished by selecting a host-to-
plotter input baud rate that transfers commands to the
plotter at a rate that is equal to or less than the rate at
which the commands may be processed or stored. For
short plots (less than about 250 graphic commands)
baud rates up to 1200 may be used. For large plots,
baud rates of 300 or less are normally required. For
very large plots, it may be impossible to select a baud
rate low enough to prevent the plotter from losing data.
Commands arriving faster than they can be processed
are stored in the plotter as long as memory is available.
Received commands exceeding memory storage capa-
bilities are lost and an error is reported.

Active host support is not required for Continuous
mode and no unique control operations are performed.
Therefore, Continuous mode may be used with data
storage devices not having active control capabilities.
Continuous mode is useful for plotting commands
(such as 4010 Series Style Il commands) that were
generated for a terminal and contain no Block mode
rate control commands for the plotter.

Parity Error detection and loss of data monitoring are
the only transmission error functions available, and
with Continuous mode, error correction is unavailable.
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If the transmitting device is able to receive plotter

responses, Continuous mode operation may be extend-

ed. For example, if an output-generating command

(such as READ STATUS) is sent to the plotter after a

block of data, the reception of the Read Status back

from the plotter informs the transmitting device that the

input buffer is empty and another block of data may be

sent. This allows operation at higher baud rates and

plots of arbitrary length to be sent. It is up to the

transmitting device to make sure that individual trans-

missions do not overflow the plotter’s input buffer.

DC1/DC3 Flagging Mode (Option 31 Equipped

Plotters). With DC1/DC3 Flagging mode, plotter

sends an ASCII 93 control character to the host to stop

data transmission when the buffer becomes nearly full

(there is space for 133 characters left in the buffer

when the 93 character is sent, allowing the host to

“coast” to a stop). Later when the processor has

processed stored commands so that space is available

for 195 characters, the plotter sends an ASCII 1

control character to the host to indicate it should again

begin transmitting data until the plotter receives anoth-

er °3 character. In DC1/DC3 Flagging mode, the host

input/output port must be able to stop data transmis-

sion without data loss when it receives 3s, and to

restart when the 91 character is received.

Because DC1/DC3 Flagging is done with ASCII charac-

ters rather than with control lines, DC1/DC3 Flagging

can control devices attached to either the terminal or a

modem connector. Some data storage peripherals can

operate with DC1/DC3 Flagging. DC1/DC3 Flagging is

useful for plotter commands (such as 4010 Series

Style Il commands) that were generated for a terminal

and contain no Block mode rate control commands for

the plotter.

DC1/DC3 Flagging mode is enabled by setting four

rear-panel switches on plotters equipped with Option

31 (multiple pens).

NOTE

Error detection is the same as in Continuous

mode.

NOTE

If acommunications error causes a DC1/DC3

character to be garbled in transmission, the

handshake involved with host computer causes

computer communications to stop before data is

lost. If this occurs, (1) transmission of commands

from the the host computer must be manually

interrupted, (2) the plotter’s power must be

recycled to reinitialize the plotter, and (3) the

transmission of commands must be restarted.

4662 PROGRAMMER’S REFERENCE
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Block Mode. Block mode may be used to provide both

rate control and/or error detection and correction.

Block mode can be used in any communications

environment because no special hardware or commu-

nications support is required. However, there are

several host computer functions required that need

some software support. These functions and the meth-

ods for selecting values for their related parameters

are discussed in the following topic, Block Mode

Communications. The following provides a brief over-

view of Block mode operation.

In Block mode communication, the host computer

divides the commands (to be sent to the plotter) into

blocks of characters and sends these blocks one ata

time, surrounded by Block Start and Block End

commands. After each block is transmitted, the host

pauses for a response from the plotter. When the

plotter receives a block, it checks the block’s check-

sum to determine if the data was received correctly. If

the received checksum value and the calculated value

differ, a negative acknowledge character (an ASCII I) is

sent to the host to cause the host to retransmit the

entire block. If the received checksum and the calcu-

lated checksum agree, the input buffer is examined for

space to store another block. If there is sufficient

memory, then a positive acknowledge character (an

ASCIl A) is sent to the host to enable transmission of

the next block. (Refer to Plotter-to-Device Transmission

for a discussion on controlling the output of the

acknowledge character.)

If there is insufficient space in the input buffer, the

transmission of the acknowledge character is deferred

until sufficient plotter commands are processed to

make the required space available. This action match-

es the effective input baud rate to the rate at which

plotter processing takes place, regardless of the

selected input baud rate.

NOTE

If a communications error causes a BLOCK

START command, a BLOCK END command, or a

block acknowledge character to be garbled in

transmission, the handshake involved with host

computer causes computer communications to

stop. If this occurs, (1) the command transmis-

sion from the host must be manually interrupted,

(2) the plotter’s power must be recycled to

reinitialize the plotter, and (3) the transmission of

commands must be restarted.
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Block Mode Communication

Block mode communications requires the host compu-
ter to perform four related functions that include:

1. grouping the plotter commands into blocks,

2. computing a checksum for the block,

3. transmitting the block, and

4. processing the resultant block acknowledge

character.

The following pages describe in detail how to
determine what blocksize to use under various condi-
tions. Also described are procedures for assembling
blocks, computing the block checksum, and then using
plotter commands to control Block mode communica-
tions. These procedures must be implemented in a
user-written support package containing Block mode

host software if Tektronix PLOT 10 host software
Support is not used. The available Tektronix host

support that is used with the plotter is described

briefly.

Maximum Blocksize. These paragraphs describe how
to determine the optimum size of the blocks to be used
for Block mode communications. A summary of block-
sizes at the end of this topic provides conservative
blocksize values which can be used if optimum values
are not desired.

The maximum blocksize is specified to the plotter by a
SET BLOCK SIZE command before Block mode is
initiated. After a block is received from the host and
before an acknowledge character is returned (to allow
the next block to be transmitted), the current maximum
blocksize value is checked to ascertain that another
block of this size can be stored in the plotter’s input
buffer.

If a blocksize is not specified, a value of “0” is
assumed, which disables the check for available input
buffer space (and, therefore, the rate control function).
The number of characters contained in a block
between the BLOCK START and BLOCK END com-
mands should not be greater than this specified value
minus the number of characters in the BLOCK START
command and the BLOCK END command, the check-
sum (10) and the block end command terminator
(normally 2). The ASCII characters — ML, Sn, and +
(DEL if the rear panel switches’ DEL IGNORE selection
is active) do not need to be included in the count.

The block size should be small enough to allow room
for at least two blocks in the plotter’s buffer. This
provides a continuous flow of commands to the plotter.
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A maximum blocksize of 125 characters works well
when communicating with a standard plotter (with 2K

bytes of memory) under most circumstances an

allows up to 113 data characters to be sent in each
block from most hosts.

NOTE

Using very large blocksizes can prevent any

communications overlap with plotter command

execution. Also, in difficult communications envi-

ronments where characters are frequently garbled

and biocks must be retransmitted, smaller

blocksizes should be used to keep the pen in

motion and reduce the possibility of an error in

any one block.

Use of block sizes larger than 125 characters

may Cause incompatibility with plotters with a

firmware level less than four.

The requirements for maximum blocksize can be
summarized as follows (for more restrictive operation,

use a smaller blocksize):

@ Standard maximum blocksize is 125 characters or
less.

@ The number of data characters in a block is less

than or equal to the blocksize — 12 in most systems.

Block Contents. Blocks may include any plotter

command except Serial Interface commands (see

Section 4) and the DEVICE RESET command. The
Serial Interface commands, used to establish commun-
ication parameter values, should be transmitted in
Continuous mode before Block mode is initiated.

Only complete Style | commands and Attention Action
Sequences must be included in a block (they must

never be split between two blocks). (For example,

BLOCK START or BLOCK END commands cannot
appear within other Style | commands). Style II com-

mands may include Style | commands and can be split
between two blocks (although to ensure future product
compatibility, this practice is not recommended). Refer

to Introduction to Serial Commands and Responses

(Section 3) for more discussion of Style | and Style Il
commands.
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Block Mode Checksum. The checksum contained in

the BLOCK END command is computed by adding the

ASCII decimal equivalent (ADE) value of each charac-

ter of the block into a 12-bit accumulator with an end-

around-carry of any overflow. The block characters

included in the checksum extend from the (in the

BLOCK START command to the ) in the BLOCK END

command, as shown in Figure 2-8. To arrive at the

checksum shown in Figure 2-8, add the ADEs of

characters (, A, B, C, -c, A, and ):

40

65

66

67

27

65

+ 41

= 371

See Appendix C for ASCII chart showing decimal

values.

All block characters contained between the BLOCK

START and BLOCK END commands are included in the

checksum except for the following:

@ The “i character.

@ The §n character.

SERIAL INTERFACE CONCEPTS

@ The °r character if DEL IGNORE has been selected

by the four rear-panel switches. This allows systems

which use °r characters for padding to be

accommodated. An -c ? character sequence should

be substituted for the °r character in Style II

commands if this selection is made. In this case,

both the Fe and ? (not the replaced + character)

must be included in the checksum and may not be

split between blocks.

The 12-bit accumulator is initially set to “O”. If the

addition of the ADE value of each character causes the

accumulated value to exceed 4095 (the maximum 12-

bit number), 4095 (—4096+ 1) is subtracted from the

accumulated value to accomplish an end-around carry

from the 12th bit. When all characters have been

added, the checksum value is converted to an ASCII

decimal integer string and transmitted as a BLOCK

END command argument followed by a command

terminator. When the block is received by the plotter,

the checksum is recomputed using the same proce-

dure to check for errors in the block’s data.

BLOCK START Command

|

|

Ec Ap ( \
|

Ne

Plotter Commands

eeceoeeeee Commands eseeeecee

BLOCK END Command

Ec Ap ) checksum

»)

Forexample: Ec A ( asc

NS

Included in Checksum

Ec A ) 371

4164-4

Figure 2-8. Block Mode Checksum.
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Turning Block Mode ON and OFF. Described here are
procedures for enabling and disabling Block mode

communications. Figure 2-9 is a state transition dia-

gram which illustrates the relationship between Block

mode and Continuous mode. Each circle in the figure

represents an interface “state” where certain process-

ing steps (described later) are performed on the
received commands. Each arc connecting the circles

represents a “change of state” when the specified

command is received.

NOTE

DC1/DC3 Flagging mode is not included in this

diagram. This is because DC1/DC3 Flagging

mode operates independently of, and is

compatible with, either Block or Continuous

mode.

POWER U

Xo

w,a &

f 3 °< fo)

“
ra rs
Oo -

pa ° «
a Sa Jof

ey

PLOTTERON

4164-5

Figure 2-9. Communications Mode State Diagram.
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Continuous mode automatically occurs at plotter

power-up. Continuous mode is represented by the

PLOTTER ON and PLOTTER OFF states. In these

states, commands are recognized and executed as

described under Continuous Mode, earlier in this

section.

If a BLOCK START command is received, Block mode

communication is initiated (the IN BLOCK state).

Communication continues in Block mode until either a

PLOTTER ON or PLOTTER OFF command is received.

While in the IN BLOCK state, the interface recognizes

the commands, stores them in the input buffer (without

executing them), and accumulates the checksum.

After the BLOCK END command is received and the

checksum is verified, the plotter enters the BETWEEN

BLOCKS state and the positive or negative acknowl-

edge character is generated. If the acknowledge was

negative, the stored commands are discarded. If the

acknowledge was positive, the commands are execut-

ed. While in the BETWEEN BLOCKS state, all charac-

ters/commands except PLOTTER ON, PLOTTER OFF,

or BLOCK START commands are ignored. This state

allows the interface to ignore any unexpected

characters transmitted by the host between blocks.

Existing Block Mode Support Software. Several host

support software packages are available from Tek-

tronix and may be installed on most host computers to

manage Block mode communications as well as pro-

vide other plotter and terminal support functions. These

are components of the Tektronix PLOT 10 software.

These packages provide capabilities from simple

graphing to state-of-the-art graphics for the plotter. For

further information about these software products,

contact your local Tektronix sales office.

PLOTTER-TO-DEVICE TRANSMISSION

The plotter transmits several types of information to the

host computer in response to certain plotter com-

mands. The following paragraphs describe the

transmission of output information:

@ How output blocks are generated.

@ How the host can identify the output blocks that are

received.

@ How output blocks are stored and grouped into

messages for transmission.

@ How initiation of the output transmission is con-

trolled for compatibility with the host computer.
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@ How the output transmission rate is controlled.

@ How the plotter bypass function disposes of output

message characters echoed by the host.

Output Blocks

The plotter generates two classes of outputs: commu-

nications control information, and data generated in

response to plotter commands. Each of these output

classes, the forms in which they are transmitted, and

the priority of their transmission are described in the

following paragraphs.

Communications Control. One type of communica-

tions control information is the 91 and °3 characters

used for DC1/DC3 flagging rate control (in Option 31

equipped plotters). This information is transmitted as

single characters rather than as output blocks. Another

type of communications control information is the

Block mode acknowledge characters. These

characters are transmitted as special output blocks

consisting of only the acknowledge character, preced-

ed by a signature character (if one is programmed) and

followed by a selected output terminator.

Command Responses. The other class of plotter

output is the output which is generated in response to

receiving certain plotter commands or to an operator

using the front-panel CALL switch to digitize the

current pen coordinates. The response to each com-

mand is transmitted as one output block. Each output

block contains two numeric response values and a

value that identifies the type of output.

The size of the output block can be either one or seven

characters, plus a possible signature character if one

is programmed. A zero- to two-character terminator

(determined by the setting of the four rear-panel

switches) is also appended to the end of each output

message, which may, under certain circumstances,

contain more than one data block.
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Output Block Identification

When the host receives an output response block, the

response must be identified and associated with the

output-generating command which created the re-

sponse. If a single output-generating command has

been sent, identification is easy. If multiple output

response blocks are received, refer to the following

guidelines to help you identify the output-generating

commands:

@ QOuiput responses are always generated in the order

that the generating commands were received —

with the exception of Block mode acknowledge

responses, which are generated before responses to

commands within a block are generated, and call

digitizing responses, which are generated at the time

the operator presses the CALL switch. (Block

acknowledge responses have priority over these

digitizing responses.)

@ The last data character in the response block is

encoded to identify the type of response.

@ The use of a unique signature character permits the

host to identify the source of response blocks when

multiple plotters are being used.

Output Buffering

The following describes how the plotter’s output blocks

are stored and ordered for transmission. As the

plotter’s outputs are generated, each is stored until all

output transmission constraints are satisfied before

being transmitted to the host. These contraints are

discussed in more detail later in this section. Only one

flagging control character or one Block mode control

block can be ready for transmission at any one time.

Two or more command response blocks may be ready

for transmission at once, provided the number of

characters in ALL pending outputs does not exceed

the plotter’s output buffer capacity (72 characters).

NOTE

In general, the host should wait for the response

of one output-generating command to be re-

turned from the plotter before sending another

output-generating command; otherwise, output

from subsequent commands may exceed the

buffer capacity and be lost.

The output buffer is cleared whenever the front-panel

LOCAL switch is pressed or by a DEVICE RESET

command.
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Formation of Output Messages

Two criteria determine the way in which types of

buffered output are returned to the host: the priority of

the output, and any possible limitations of the host

computer in receiving the response.

Buffered output may consist of 91 and °3 control

characters, Block mode control blocks, or response

blocks (including operator digitizing blocks).

D1 and 93 flagging control characters have the highest

priority for transmission from the plotter. Because the

host computer continually scans for the 91 and °3

characters, the plotter can transmit them at any time

regardless of any current output activity. When

transmission is not in process, the flagging character is

transmitted immediately, and the plotter ignores any

output initiation constraints. When transmission is

currently in process, the flagging character is the next

character transmitted, even if this places the character

within an output block. Output termination characters

are not added to the flagging characters when they are

transmitted, but are transmitted as single characters.

The next priority is any pending Block mode control

block (Block acknowledge characters). A pending

control block is always contained in the next output

message which is initiated when the output initiation

constraints are satisfied.

NOTE

The Block mode acknowledge character

generated when a BLOCK END command has

been received by the plotter is always transmitted

before any responses that are generated by

commands contained within the block.

Some line-oriented host computers only store incoming

data and inhibit processing until an output terminator

(End of Line) is received. Since the block containing

the Block mode acknowledge character is a control

biock, the information needs to be processed quickly

and is always immediately followed by the currently

defined output terminator characters selected by the

four rear-panel switches. These characters define the

end of the output message.

The lowest priority is the transmission of pending

response blocks. When the higher priority messages

have been transmitted, any pending response blocks

are transmitted when the output initiation constraints

have been satisfied.
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Many host computers also have limitations on the

length of the line received. Since the selected output

termination characters are appended to each output

message and a message is at most 72 characters, line

length is normally not a problem. However, the maxi-

mum size of a response message is limited to one

response block (seven characters plus a signature

character, if set), followed by the selected terminator, if

the host limits the number of response-generating

commands in a data block to one.

Output Initiation

In many cases, due to hardware or software limitations,

the host computer may only be able to receive

responses from the plotter when it is “ready for input.”

This can occur even if the plotter is connected to the

host via a full duplex communication line. Responses

transmitted to the host computer at other times can be

lost. Two output initiation mechanisms are available in

the plotter to control response transmissions to ensure

that the host is ready to receive them. These mecha-

nisms are the Turnaround Delay function and the

Prompt function. Either one or both functions may be

required to match the plotter to the requirements of a

particular host. Once these mechanisms have been

satisfied, transmission starts and continues until a

complete output block (ending with the selected output

termination characters) has been transmitted.

Turnaround Delay Function. This function

accommodates host computers that are not able to

read for a short time after each transmission. The

Turnaround Delay function is enabled when the SET

TURNAROUND DELAY command changes the Turn-

around Delay value to a number greater than O. This

function forces “software half duplex” operation so the

host computer must stop transmitting for a time equal

to the Turnaround Delay before the plotter is enabled to

initiate transmission. Each time a character (including

a padding character) is received from the host, the time

period is restarted. This time period allows the host

software to switch from “send mode” to “receive

* mode.”

Some host computers also are not able to read for a

short period after they receive an output terminator

(End of Line). The Turnaround Delay function accom-

modates this restriction by inhibiting the start of a

second transmission message (for the Turnaround

Delay period) after the first output message has been

transmitted, even if all other transmission requirements

have been satisfied.
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Prompt Function. The second mechanism controlling

output initiation is the Prompt function. Here, prompts

are useful for host computers that exhibit a varying

time period between when host transmission ends and

when the host is ready to receive information. These

hosts transmit a predetermined prompt character to

indicate to the plotter that they are ready to accept a

message. This function is enabled when the SET

PROMPT CHARACTER command changes the prompt

character to a non-null value.

The prompt characters may be any ASCII character

except Nt, Sy, and + (if DEL IGNORE is active).

In Continuous mode, the plotter is enabled to scan for

the prompt character after receipt of any output- .

generating command (DIGITIZE, SIZE, or STATUS), if

the SET PROMPT CHARACTER command has set the

prompt character to some non-null value. Prompt

character scanning stops when the block is transmit-

ted in response to the command. A PROMPT LIGHT ON

command also enables scanning for a prompt charac-

ter. The scanning process is not disabled until a

PROMPT LIGHT OFF, PLOTTER ON, PLOTTER OFF, or

DEVICE RESET command is received, assuming that

the operator transmits a number of blocks to the host

using the front-panel CALL switch while the PROMPT

light is on.

In Block mode, the plotter is enabled to scan for the

prompt character only between blocks.

While prompt character scanning is enabled, only

PLOTTER ON, PLOTTER OFF, BLOCK START, and

DEVICE RESET commands (and the PROMPT LIGHT

OFF command in Continuous mode) are recognized, all

of which terminate the prompt character scanning.

The prompt character is not recognized within a block

during Block mode. The plotter recognizes a prompt

character only when prompt scanning is enabled.

Prompt charcters can not be queued up. If the host

wants the plotter to transmit two stored outpuis, it is

necessary to send one prompt character prior to each

transmission. One or two prompts will not cause the

plotter to transmit more than one stored output

message at a time. A new prompt character must be

sent after each response block is received if more than

one response block has been generated.
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Remember that BLOCK END commands (which cause

a block acknowledge to be generated) and call digitiz-

ing (which allows the operator to generate digitizing

response blocks) are included in the output-generating

commands category. However, the Call Digitize function

is permanently enabled. This permits messages to be

generated without a corresponding output-generating

command to enable the prompt scan. For these formats,

the PROMPT LIGHT ON command must be used to

enable the prompt scan if operator-digitized output is

expected but not yet generated. If the prompt scan is

enabled by a PROMPT LIGHT ON commana, it will be

disabled only by a PROMPT LIGHT OFF or a DEVICE

RESET command. Other plotter functions may turn off

the Prompt light, but they will not disable the prompt

scan.

Combined Output Initiation. A combination of the

Turnaround Delay and the Prompt mechanisms satisfy

the constraints of most host computers. If a Turn-

around Delay or Prompt character is not defined, then

the host computer is assumed to have “full duplex”

capability and transmission is started for each output

block as soon as it is generated. Thus, each block

constitutes an output message and is terminated by the

current output termination characters.

lf a Turnaround Delay or a Prompt character is defined,

then software “half duplex” operation is assumed and

the output blocks are buffered until the transmission

constraints are satisfied and transmission can be

started. An example is when the host transmits the

prompt string and then stops until the turnaround delay

period has expired.

As an example, the Plotter is communicating with a

host under software “half-duplex” constraints and has

received a Block mode block containing a READ

STATUS command and a DIGITIZE command. The

following sequence of events can occur:

1. The block is first processed and its checksum

verified.

2. A positive Block mode acknowledge control block

is generated.

3. When the Prompt character has been received

from the host computer and the Turnaround Delay

has expired, the control block is transmitted as an

output message preceded by any defined signature

character and followed by any current outout

termination characters.
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At the same time, the commands within the block

are processed, and the two command response

blocks are generated.

When the next Prompt character is received from

the host and the Turnaround Delay has again

expired, the two response blocks are transmitted

as an output message.

If the host computer responded quickly with the

second prompt before the second response gener-

ating command was processed, the output mes-

Sage might contain only the first response block,

and thus require another prompt from the host

computer to cause both responses to be

transmitted.

If the host computer responds slowly and the first

prompt is received (after the output-generating

commands are processed and the command re-

sponse blocks are generated), the next prompt

then causes the two response blocks to be trans-

mitted as one message, each preceded with any

defined signature character, but with only one

terminator sequence.

NOTE

In general, each block mode data block transmit-

ted by the host should contain only one output-

generating command. If more than one response

is required, a separate data block should be sent

with another output-generating command after

the response to the first command has been

received. However, if a host data block contains

more than one response-generating command,

the host must continue to send prompts and

accept all of the responses generated before the

next data block is transmitted.
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The Bypass Function

Many host computers used with terminals send back

(echo) the received characters for display on the

terminal. But if output responses from the plotter are

echoed back, the characters are normally processed

as commands. To avoid this situation, the bypass

function directs the plotter to ignore the echoed

characters. This function is enabled when the SET

BYPASS CANCEL CHARACTER command set a

bypass cancel character. The bypass cancel character

may be set to any ASCII character except NL, Sy, or °r (if

DEL IGNORE is active).
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If a response is to be sent to the host computer,

bypassing begins when transmission is started and

continues until the bypass cancel character is received

from the host. For example, if the current output

termination character is a °r, and the host echoes ©r

and “s characters for each ©r received, the bypass

character should be “r. Then the entire output mes-

sage, sent from the plotter to the host, would be echoed

by the host and ignored by the plotter. The final

character echoed would be a ©r and the following ‘r

character added by the host computer would end

bypassing and allow further commands to be received

by the plotter.

NOTE

Characters echoed while bypass is in effect do

not reset the Turnaround Delay function.
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Section 3

INTRODUCTION TO

SERIAL COMMANDS AND RESPONSES

INTRODUCTION

This section describes how to form commands that

control the plotter, and how to interpret responses sent

by the plotter. A host, a terminal, or a data storage

device issues commands to the plotter to initiate

actions. An action, for example, may be drawing a line

or a response (to be sent back to the host compuier).

Commands recognized by the Serial Interface are of

two general types: Style | commands and Style II

commands.

Style | commands are plotter commands which use

ASCII decimal data coding.

Style II commands use binary data coding for efficient

transmission. Style Il commands are the type used with

the TEKTRONIX 4010 Series Computer Display

Terminals.
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The following pages describe Style | and Style Il

commands separately and then show how both com-

mand styles are combined to control the plotter.

NOTE

As characters received by the Serial Interface are

processed into commands, any ‘Nu, Sy, °t charac-

ters + if DEL IGNORE is selected by the four

rear-panel switches), are discarded immediately

on receipt and may appear anywhere within the

data transmission.

Appendix H shows an example of a simple plot using

both Style | and Style Il commands.
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STYLE | COMMANDS (PLOTTER COMMANDS)

The genera! form of Style |! commands is:

< Attention Character> < Address

Character> < Command Code> < Arguments>

Figure 3-1 shows the command form for Style |

commands. Each part of the Style | command, along

with any separators and terminators required to cor-

rectly punctuate the command, is discussed in the

following paragraphs. Also presented is the plotter

response to incomplete or unrecognized commands.

ATTENTION CHARACTER

Each Style | command begins with an attention charac-

ter 4r. The attention character identifies the beginning

of a command. The attention character is -e and should

not be used for other purposes, except as part of a

Style Il attention action sequence command.

ADDRESS CHARACTER

The address character is a single uppercase ASCII

character which must agree with the address character

chosen by the four rear-panel switches for the com-

mand to be accepted by the plotter. This allows

commands to be directed to a single plotter when

several plotters are connected to the communication

oe

_ ADDRESS CHARACTER

line. If each of the multiple plotters have the sam

address, then all the plotters can receive the com-

mands in parallel.

NOTE

If several plotters, set for different addresses, are

connected to the same communication line, only

one plotter should be logically on at a time (only

one plotter should have been sent a PLOTTER ON

command ata time). While the other plotters will

ignore commands not addressed to them, they

will attempt to interpret any command arguments

as text and print the command arguments.

NOTE

If all plotters have the same address, then no

command (or block mode) which generates out-

put can be used because all of the plotters would

attempt to respond simultaneously.

The address choices are A, B, C, or D.

COMMAND CODE

The command code consists of one or two uppercase

ASCII characters which identify the command. The

command code for each command is defined in Section 4.

ARGUMENTS AND ARGUMENT SEPARATORS ,

character-space, line-space

Figure 3-1. Typical Command Form for Serial Style | Commands.
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ARGUMENTS

Any arguments defined for the particular command

follow the command code. Specific arguments for each

command are described in Section 4. Command argu-

ments may be either numeric, integer, or character.

Individual numeric arguments are separated from each

other by argument separators and the end of an

argument set is marked by a command terminator.

Refer to Argument Separators and Command Termina-

tors, described later in this section.

Numeric Arguments

Numeric arguments may be expressed in three forms:

integer, floating point, or scientific notation. Here are

examples of each form:

—15 Integer

+158

0.158E+ 01

Floating Point

Scientific Notation (E Format)

The following rules apply when entering numeric

arguments:

@ When a numeric argument is positive, the “+” sign

is optional.

@ Leading zeros are ignored.

@ In the scientific notation form, the mantissa may be

expressed in either integer or in floating point form.

@ The E should be uppercase (lowercase is accepted

but not recommended) and the exponent must be

expressed in 1 or 2 digits.

@ A “+” sign is not required if the exponent is positive.

@ Aspace may be substituted for a “+ ” sign in either

the mantissa or the exponent. No other spaces

should appear within the argument.

@ Anumeric argument is terminated by any character

which is not part of a specified numeric form. For

example, a character which is not one of the digits 0

through 9, and the characters + ,—,E,e,anda

period.

These numeric argument forms adhere to ANSI

Standard X3.42. The units, resolution, and allowable

range of numeric arguments are unique to each

command and are noted in the command descriptions.
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Integer Arguments

Integer arguments consist of only the digits 0 through 9

and they must immediately follow the command code

with no spaces. Integer arguments are terminated by

the first character not in the range O through 9. Leading

zeroes may be included and are ignored. The allow-

able range of the arguments are specified for each

command.

Character Arguments

A character argument is a single ASCII character which

may be any character except SL, Sy, and °r (if DELETE

IGNORE is selected by the four rear-panel switches).

The character argument must be the very next charac-

ter after the command character.

ARGUMENT SEPARATORS

Argument separators are special sequences of charac-

ters which define the end of one argument and the

beginning of the next. A space or a comma character

are the most common argument separators. However,

an argument separator may also be expressed in one of

two more general forms:

@ A sequence of one or more spaces, or

@ Acomma, followed by a sequence of zero or more

spaces.

NOTE

The argument separator implies that another

argument follows. Therefore, do not follow the last

argument of a command with a space or comma

character (which would be interpreted as an

argument separator).

COMMAND TERMINATORS

A command terminator is a character which marks the

end of the command’s last argument and indicates that

no more arguments follow. A command is not executed

by the plotter until the command has been terminated.

NOTE

Commands that have no arguments, such as

PLOTTER ON or PLOTTER OFF, or commands

that have a character argument, such as SET

PROMPT CHARACTER, do not require a

terminator.
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The terminator used in the plotter is called a repro-

cessed terminator. Reprocessed terminators are char-

acters which terminate a command but are also used

as a part of the next command. An example is when the

attention character for one command terminates that

command and also starts the next command. The last

argument of a command must be properly terminated. If

it is not known what character will follow a Style |

command, the Style | command should be terminated

by an explicit command terminator.

NOTE

It is recommended that all Style | commands be

explicitly terminated by a terminator that will be

ignored as a reprocessed command terminator. SB

is an excellent choice for this function.

NOTE

The characters Nu, Sy, °r (if DEL IGNORE is

selected by the four rear-panel switches), the

prompt character, or the bypass cancel character

(when bypass is active) will not act as command
terminators.

Both the semicolon character and the r character are

treated as reprocessed command terminators and as

part of a Style Il command.

COMMAND INTERPRETATION

Errors in forming or communicating commands may

cause the plotter to receive commands which cannot

be recognized as a valid Style | command. The

following outlines the plotter’s responses to different

situations:

@ If the attention character is garbled or omitted, the

beginning of a Style | command is not recognized

and the remaining command characters are pro-

cessed as Style Il command characters.

@ If the address character is valid (unnercase A
ww OsSe es Seled ed

through D), but is not the current plotter address

character, the command is ignored, but the

command code and arguments are treated as Style

Il commands.

@ If the address character is the current plotter

address, but the command code is not recognized,

the command is ignored but the arguments are

treated as Style Il commands.

@ If a command is entered in error, a new command

can be started anywhere if it is started with a new

attention character. The erroneous portion entered

is discarded or executed depending upon the char-

acters already entered and the errors previously

described.

Careful termination of commands assists the recovery

from command interpretation errors.

STYLE Il COMMANDS (4010 SERIES TERMINAL COMMANDS)

The Style Ii commands recognized by the plotter are

very similar to the host commands that control TEK-

TRONIX 4010 Series Computer Display Terminals. For

most standard functions, the plotter responds to host

commands in the same way as a TEKTRONIX 4014

Computer Display Terminal. This allows plots devel-

oped for a 4010 Series terminal to be sent to the plotter

for a high quality hard copy. The coding of Style II

commands results in high efficiency communication.

These commands are normally generated by host

computer support software (such as Tektronix PLOT

10 software).

The basic Style Il commands are shown in Figure 3-2.

Each command controls some basic plotter action,

such as printing characters, moving the pen, and

drawing lines with the pen. The Attention Action

commands control special functions. Each of these

commands (with their functions and parameters) are

discussed later in this section.

3-4

Style Il commands are expressed to the plotter by first

sending a mode control character (such as, Ys, Ss, or

Ec) to place the plotter into the proper mode. The

relationship between these modes is defined by the

mode transition diagram shown in Figure 3-3. The

mode control characters are similar to command codes.

The Ys (alpha) and &s (graphic) modes “remember” that

the corresponding commands are being processed.

Therefore, the mode control characters do not need to

be repeated for each successive command unless the

mode is changed. While the plotter interface is in either

Graph or Alpha mode, successive ASCII characters

received are interpreted as arguments for the

corresponding commands. The required coding for

these arguments is described for each of the modes.
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ALPHA MODE

In order to print characters, a Ys character is sent to the

plotter to force the current mode to Alpha. The plotter

automatically resets to Alpha mode at power-up or

after a DEVICE RESET command. In Alpha mode,

INTRO TO SERIAL COMMANDS AND RESPONSES

subsequent characters sent to the plotter are normally

printed beginning at the current pen position. Refer to

Alpha Commands in Section 4 for a detailed descrip-

tion of the print actions for each ASCII character.

MODE COMMANDS GENERAL FORM

Alpha PRINT Us Char... char... ---— Char...

Graph MOVE/ Gg ..xy coordinate... ..Xy coordinate... -_---— ..xy coordinate...
DRAWeee

Attention | ATTENTION | Ec ..char...

Action

4164-7

Figure 3-2. Basic Style ll Commands.

GRAPH Ec

MODE

GRAPH

Gs PROCESSING ATTENTION
COMPLETE MODE

Us

ALPHA
POWER UP MODE

Ec

ALPHA

ATTENTION

MODE

PROCESSING

COMPLETE

4164-8

Figure 3-3. Style Ii Command Modes.
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GRAPH MODE

To draw lines utilizing Style II commands, a &s charac-

ter is sent to the plotter to place it into Graph mode. In

Graph mode, the plotter can perform moves or draw

lines. To perform move and draw actions, you specify

the command arguments (as encoded pairs of X and Y

coordinates).

The first XY coordinate pair received following the &s

character is interpreted as a MOVE command coordi-

nate, which causes a pen-up motion to the specified

position. Successive XY coordinate pairs are

interpreted as DRAW command coordinates, which

cause a Straight line to be drawn from the current

position to the specified positions.

A “move” may follow “draws” by preceding the MOVE

command’s coordinate with another Ss character. The

“move” following the °s may be suppressed either by

(1) following the &s with the coordinates of the current
pen position (which generates a move to the current

position), or (2) following the &s character with a ®t

(bell) character (which causes the first coordinate pair
to be interpreted as a “draw” and rings the bell).

Coordinate Encoding

The XY coordinate pairs sent to the plotter as MOVE or

DRAW command coordinates consist of two 12-bit

binary coordinates in Figure 3-4. This gives a O to 4095

coordinate range where the units are in ADUs.

NOTE

The XY coordinates specified in Style I! com-

mands are always interpreted as ADUs.

NOTE

The 4662 plotter accepts 16-bit graphics suitable

to the 4663 plotter (i.e., graphics containing EEB

and EEEB byies). However, these extra bytes do

not increase the 4662 plotter’s resolution.

The following paragraphs describe how coordinates

are coded and sent to the plotter. Figure 3-5 defines

five groups of binary bits within the 12-bit binary

description. The bit patterns which may appear in

these groups are mapped into portions of the ASCII

character set as shown in Figure 3-6. The five least-

significant bits of the 7-bit ASCII characters are

matched with the corresponding bit patterns.

The other two bits of the 7-bit ASCII characters identify

one of the five coding groups. The appropriate ASCII

characters are then used to express the encoded

coordinates (see Table 3-1). The HIX and HIY groups

are assigned to the same portion of the ASCII character

set and are identified by the order in which the plotter

receives them. The same holds true for the extra byte

(EB) which is assigned to the same portion as the LOY
byte.

NOTE

The correct identification of the encoded coordi-

nate characters depends upon the order in which

the characters are received. If a sequence of

coordinate characters is interrupted while being

received, a following sequence must begin with

another “s character to mark the beginning of a

sequence.

NOTE

This coding scheme requires that the host com-

puter is able to transmit all of the characters in

the last six columns of Figure 3-6, except plus

the €c, &s, and Ys characters.

Some host computers use the °r character for system

functions. In this case, an €c ? attention action

command may be substituted for the °r character

during encoding of the XY coordinate pair, and the

plotter’s rear-panel switches may be set to select

DELETE IGNORE. This causes the plotter to discard

the °r characters. Refer to Attention Mode, later in this

section, for more information.
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Most Least

Significant Significant

Bit Bit

J /

X-COORDINATE}| Xj, | Xio Xo %Xg Xz Xe Xs Xq Xz XQ Ky XO

Y-COORDINATE| Y;; Yio Yo Ys Yr Ye Ys Yan Y3 Yo Yy Yo

4164-9

Figure 3-4. 12-Bit Binary Coordinates.

HI X LOX

cr “~ \N “~ ~“

X-COORDINATE | X,, Xig Xq Xg x, } Xe Xs XX, Xz x, : XK, Xo:

Y-COORDINATE | Y1; Yio Yo Yas Y7 Ye Ys Yq Yop Ye: Y, Yo :
Ne ~- v) Ne ~- v)

HIY LOY

4164-10

Figure 3-5. Definition of Graphic Coding Groups.
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3-8

B7 g g g B 1 1 1 1
B6 Rg Bg 1 1 g g 1 1

B5 g 1 g 1 g B 1

BITS LOY

CONTROL HIX HIY LO X
B4B3B2B1 EB

0 Nu 20 DL 40 "@ 120 140 \ 160

8820 8 SP 0 Po NUL 9/10 DLE 416] 20 32130 484 40 64/50 80860 96|70 P 112
sq” 21 Dy"° 41 61 101 124 141 161

Boo 1 ! 1 A Q a4 SOH 4/44 DC1 47fo1 " a3i3s 49} a1 65 51 81464 97/71 q 113
2 S 22 D 42 " 62 102 122 142 162

ao1ig] 2X | V2 2 B R b r
z STX aji2 OC2 19422 34|32 50] 42 66] 52 82]62 98| 72 114

3 23 43 63 103 123 143 163

6611) EX | D3 # 3 c Ss c Ss
3 ETX 3/13 DC3 y9]23 35133 51443 67| 53 83]63 99|73 115
4 E spc |24 D DCL 44 64 104 124 144 164

9109 T 4 $ 4 D T d t
EOT 4|14 DC4 aofiog 36| 34 52944 68/54 84464 100} 74 116

5 E PPC| 25 N PPU | 45 65 105 125 145 165

8191; -Q K % | § E U e u
; 5 ENQ 5]15 NAK 21925 37/35 53145 69] 55 85165 101| 75 117

6 A 26 Ss 46 66 106 126 146 166

6119 K Y & 6 F Vv f [| oev
6 ACK 6/16 SYN 22] 26 38| 36 54446 70} 56 86166 102] 76 118

7 B 27 E 47 , 67 107 427 147 167

91141 L =) 7 G w w
7 BEL 7/17 ETB 23] 27 39 | 37 55147 71157 8767 103] 77 119

10 GET 26 SPE{50 70 110 130 150 170

18881 Bs N ( 8 H x h x
8/18 CAN 24] 28 40| 38 56) 48 72| 58 88168 104| 78 120

" TcT|31 spp] 51 71 111 131 151 171

1601] H E 9 l Y i9 T 9|19 M 25] 29 ) 41/39 57149 73} 59 8969 105} 79 y 121
12 26 52 . 72 112 132 152 172

19109] Le B : J z j z
A 10/1ASUB 26] 2A 42|3A 58140 74|5A 90]6A 106| 7A 122

13 33 E 53 73 113 133 153 173

1691141 VT C + . K [ k {
B 11/1B ESC 27428 43/3B 591 4B 751 5B 919568 107] 78 123

14 34 54 74 114 134 154 174 1 y

11099] Fr Fs ; < L N I |
c t2lic 28 | 2C 44| 3c 60} 4c 7615C 9246C 108] 7C 124

15 35 55 75 115 135 155 175

1191] CR Gs - = M ] m }D 13|1D 29 42D 45|3D 61f4D 77150 9316D 109| 7D 125

16 36 56 76 116 136 A 156 176

111281 SO Rs . > N n ~N
E 14) 1c od | 2E 46|3E 62] 4E 78|5E 4[6e 110] 7E 126

17 37 57 7 77 UNLE117 137. « UNT}157 7 DT

173171471 U ? re] — 0 DELF SI 15] 1F Ss 31 | 2F 47|3F «6 344F 79|5F 95 |6F 414] 7E e427
n i

|
}on some keyboards or systems

uclal 7 25

NK graphic representation

NAK mnemonic :hex | 15 21 decimal 4164-11

Figure 3-6. ASCII Code Chart Showing Assignment of Graphic Coding Groups.
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Table 3-1 details the bytes required to encode the XY

coordinate pair, including the order in which they are

transmitted to the plotter. Byte 1 is transmitted first.

Table 3-1

PACKED BINARY COORDINATE

CODING DEFINITION

7-Bit ASCII Character

Fixed

Bits Data Bits

Byte Byte

No. Name B7 B6| B5 B4 B3 B2 _ 8B1

INTRO TO SERIAL COMMANDS AND RESPONSES

Coordinate Resolution

If the full resolution of the plotter is not required, it is

not necessary that all 12 bits be transmitted to the

plotter. This results in increased transmission efficien-

cy. A lower resolution of 10 bits can be transmitted for

the XY coordinates by simply eliminating the extra

byte. The optional byte permits coordinate resolutions

as shown in Table 3-2.

1 High Order} 0 1 Yi1 Yt9 Yo Ys Y7

Y (HIY) \ — - /

5 most significant bits of Y

2 Extra Byte | 1 1 @) y; Yo X, Xo

(EB)
2 low 2 low

bits of Y bits of X

3 Low Order | 1 1 Ye Ys Yn YR Yo

Y (LOY) \ 7Sr

5 intermediate bits of Y

4 High Order| 0 1 X41 XQ Xg Xp X,

X (HIX) Ne - vy,

5 most significant bits of X

5 Low Order | 1 (8) Xe X5 X, Xg Xo

X (LOX) Ne — J

5 intermediate bits of X

This coding results in the following graphic character

sequence, which specifies a 12-bit XY coordinate pair:

HIY EB LOY HIX LOX

These characters must appear in the defined order to

be correctly interpreted. Appendix F contains two types

of tables which may be used to determine the coded

bytes required to define a given XY coordinate pair.

NOTE

The 4662 plotter accepts the EEB and EEEB

bytes used for extra resolution in the 4663

plotter. However, neither of these bytes are used

by the 4662 plotter. For increased resolution in

the 4663 plotter, the order is: HlY EEEB EEB EB

LOY HIX LOX.

4662 PROGRAMMER’S REFERENCE

Table 3-2

COORDINATE RESOLUTION

Coordinate Resolution Extra Bytes

Bits (ADUs) Required

10 4 none

12 1 EB

NOTE

The mechanical resolution of the 4662 plotter is

1.37 ADUs, unless modified ADUs are selected by

the SET PLOTTER UNITS command (available in

plotters equipped with Firmware Level 5 or great-

er), in which case the resolution is 1 ADU.

Normally, the coordinate sent is rounded to the

closest possible mechanical position.

Optimized Coordinate Encoding

Further transmission efficiency may be achieved by

optimizing coordinate transmission. When coordinate

specifications are received by the plotter, the graphic

bytes update two 12-bit graphic memory coordinates

(which always reflect the current graphic position). The

current values of the graphic memory coordinates are

then used to form the internal arguments for the MOVE

or DRAW commands. Therefore, it is only necessary to

transmit the portion of these coordinates that change

from the previous “Move” or “Draw.” Table 3-3 defines

the minimum number of bytes which must be used to

transmit the coordinate bits that changed from the

previous coordinate specification.
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Table 3-3

INSTRUCTIONS FOR

OPTIMIZED BINARY COORDINATE CODING

Bytes Which Must Be Sent
Bytes to be

Changed HIY| EB| LOY! HIX| LOX

HIY X x

EB xX Xx xX

LOY xX x

HIX xX X x

LOX X

NOTE

If more than one byte changes value, the bytes

which must sent are the combination of all the

bytes that must be sent for each byte changed.

For example, if the HIX and EB bytes change,

send only EB, LOY, HIX, and LOX.

If the specification of an XY coordinate is

interrupted and then restarted, the graphic memo-

ry is modified even if no LOX character is

received to initiate the corresponding “Move” or

“Draw” action. Therefore, the restarted graphic

sequence should be fully specified and not

optimized to ensure that the graphic memory

contains the desired values.

The graphic memory in the plotter is only reset to

0 during powerup. Therefore, a plot should nor-

mally begin with a full 12-bit coordinate specifi-

cation, which sets all coordinate bits to known

values even if less resolution is used for the

remainder of the plot.

ATTENTION ACTION MODE

The Attention Action commands allow special functions

to be performed or parameters to be established

without changing the basic command mode.

NOTE

Refer back to Figure 3-3 and notice that two

Attention Action modes exist: Alpha Attention

and Graph Attention. Unless the Attention Action

command causes a mode change, the current

mode (Alpha or Graph) is reestablished after the

Attention Action command process is completed.

3-10

Unless noted otherwise in the following discussion, the

Attention Action commands perform the same

functions when received during Alpha or Graph modes.

The Attention Action command can appear at any point

within the character sequences that are used to form

commands for the specific mode. Also, unless noted,

the Attention Action commands are always two charac-

ters long: the c character and a specified action

character.

NOTE

There must not be any other characters between

ihe ®c characier and the foiiowing action charac-
ter, except for the discarded characters, N, §n,

and °r (if DELETE IGNORE is set on the four rear-
panel switches).

Table 3-4 lists the Attention Action commands recog-

nized by the plotter and describes the resultant plotter

action. Avoid using any ASCII characters not listed in

these tables.

NOTE

Each Attention Action command must be

completed before another is specified.

Table 3-4

ATTENTION ACTION COMMANDS

AND THEIR EFFECTS

Attention Action

Command Action

Ec? Is converted to a °r character and
interpreted as a LOY graphic byte.

EcB, Bell sounds. May be used to ring
bell without affecting the mode.

EcFe Forces the Plotter to Alpha mode
and performs the Move To Home

function (see the PRINT command
description in Section 4).

EcGs Equivalent to Ss

EcUs Equivalent to Ys

Ecle Equivalent to &c

Ec Equivalent to -c

EcEc Equivalent to =c

EcNu Equivalent to -c

NOTE

Any character following the last four commands

in Table 3-4 is interpreted as the second charac-

ter of another Attention Action command.
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MIXING STYLE I AND STYLE II COMMANDS

Style | commands may be viewed as a large set of

multicharacter Attention Action commands. Therefore,

Style | commands may appear within Style Il com-

mands wherever an Attention Action command is

appropriate.

Take care in terminating Style | commands because

any stray characters following these commands are

interpreted as Style I! print or graphic arguments,

depending on the mode the plotter was in when the

Style | command was received.

OUTPUT RESPONSES

Output messages consist of 51 and °3 control

characters, control blocks, and response blocks. Out-

put messages are transmitted from the plotter to the

host in response to output-generating plotter com-

mands. These paragraphs explain how output mes-

sages are coded and how the host decodes each

response to retrieve the desired information. The "1

and 93 control character responses require no

decoding. Refer to Plotter-to-Device Transmission in

Section 2 for more information on how these blocks are

transmitted to the host.

CONTROL BLOCKS

Control blocks are used for plotter functions where no

data values are required. The only control block

responses transmitted by the plotter are the negative

and positive Block Acknowledge characters (I and A)

used in Block mode communications (see Host-to-

Plotter Transmission, in Section 2). These blocks are

always one character in length and are encoded as

shown in Figure 3-7.

The control bit (C) is encoded as either “0” (a positive

block acknowledge, which is the ASCII character A) or

as “1” (a negative block acknowledge, which is the

ASCII character I). The “1 0” value for Bits 7 and 6

indicate that this is the last byte of a binary coded

block. The “O 1” value for Bits 2 and 1 indicate that this

is a control block. The parity bit (P) is determined by

the setting of the four rear-panel switches.

4662 PROGRAMMER’S REFERENCE

RESPONSE BLOCKS

This format is used by the plotter when responding to

all output-generating commands. The response block,

which can range from 7 to 8 characters in length,

consists of two data values and a value indicating the

block type encoded in the last character of the block.

The encoding of the two data values are slightly

different for blocks containing plotter pen coordinates

(generated by digitizing commands and operator digi-

tizing) and other returned values such as plotter status.

See Figures 3-8 and 3-9 for the encoding information.

Refer to the specific output-generating command for

more information.

BIT POSITION b,| b7| be| bs|b, | bs] Be] D,

BIT VALUE pPi1;/0;/0;/c;o]0]1

WHERE:

P = PARITY BIT

C = CONTROL BIT

O = POSITIVE ACKNOWLEDGE

| = NEGATIVE ACKNOWLEDGE
4164-12

Figure 3-7. Control Block Coding.
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alc
co ee
Se
oe

7-BIT ASCII CHARACTER

FIXED BITS DATA BITS

CHARACTER NAMECHARACTER NUMBER

HIGHEST X 1 Kio X,
5 MSB of Value 1 (X Coordinate)

HIGHEST Y Yio | Yo Ye
5 MSB of Value 2 (Y Coordinate)

HIGH X Xs, X, X3
5 Intermediate Bits of Value 1 (X Coordinate)

ag

ee& oo ‘ HIGH Y Y; Ya Ys Y,

S 5 Intermediate Bits of Value 2 (Y Coord nate)

MID X Xo [o] [e] Oo
Next 5 Intermediate Bits of Value 1 (X Coordinate)

MID Y Yo (e] [8] i9)
Next 5 Intermediate Bits of Value 2 (Y Coordinate)

Oe LOX, LOY, PEN STATUS, 0

. BLOCK TYPE
oe

ae S
Se ee
eeeee eneraent OA RCN : TT cern
oe Se Ps eS a fe oe ae eS

Le ee ae i Eee aes He Ee Ue ae ee es
by ie 2 ae es ee

ie is - os
ee ee eee
Se ee i S
ee é ae : Ree BUG Leu

WAR SR CAEL SEEGae SSRI ee

oe.
4 Se a

i ’ : Se ee
: 8 aoe ss

annathan ated it anti til ages ef ee a ae e
OE Be SERGE a ee ee ras =
ee ee ae ig yet ee eas hose cast ae ae
oe oo eeY a _

oe CU BeSS

7-BIT ASCII CHARACTER

a FIXED BITS DATA BITS

CHARACTER NUMBER
CHARACTER NAME

B;
ce

HIGHEST X X13
5 MSB of Value 1

HIGHEST Y |. Ys Yi2
5 MSB of Value 2

oo a cee

ee 5 Intermediate Bits of Value 1

HIGH Y Yo Ys Y,
5 Intermediate Bits of Value 2

MID X X4 X; X,
Next 5 Intermediate Bits of Value 1

MID Y Y, Y3 Y,
Next 5 Intermediate Bits of Value 2

LOX, LOY, BLOCK TYPE

Figure 3-9. Packed Binary Response Format.
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The last data character in the block (Character 7)
encodes the low two bits to indicate the block type as
shown in Table 3-5.

Table 3-5

BLOCK TYPE

Block Type

Digitizing Responses

Control Block (described earlier)

Status Response

Size ResponseaCO -O-0
Following is a description of the data blocks.

The Packed Binary format, used for response blocks,
consists of seven consecutive ASCII characters. These
are encoded as shown in Figure 3-8 from two 16-bit
numbers, a pen status bit, and two bits of block type
coding. The coding (defined more formally in Figure 3-
9) uses only the ASCII characters “Space” to “Under-
line” (ADE 32 to ADE 95) to permit return of responses
to the host even if the host computer’s input character
Set is restricted (such as when lowercase characters
are not accepted).

For all responses except coordinate values, the 16-bit
values are integers with a numeric range of 0 to 65535.
For coordinate values, the 12-bit coordinate value is
returned using the highest 12 bits of the 16-bit value —
see Figures 3-8 and 3-9 for these representations.

The pen status bit is valid only for digitizing response
blocks. The pen status bit is set to zero if the pen is up
and one if the pen is down on the plotting surface. It is
set to O for all other block types.

Each response block (including control blocks) are
preceded by the signature characier if one has been
defined by a SET SIGNATURE CHARACTER command.

Several response blocks may be transmitted to the
host in a single output message. In this case, each
response block in the message is preceded bya
signature character if one is defined, but only one
terminator sequence is appended to the end of the
entire message.

The message termination characters depend on the
setting of the rear-panel switches and may be Cr, Cr
and 7, or none.

COMMAND NOTATIONS

The following paragraphs describe the conventions

used in this manual to represent commands and their

arguments.

CHARACTERS

ASCII Characters

The 94 printing ASCII characters (numbers, symbols,
uppercase and lowercase letters) are represented by

their normal symbols.

The ASCII Control, Space, and Delete characters are

each represented by an appropriate single symbol (see

the ASCII Code Chart in Appendix C).

3-14

NOTE

The ASCII space character is always shown as §p,
and not as a “blank space” between printed

characters.

Examples of characters: & 12 ABab &c Sp 27

The last three ASCII characters are Escape, Space,

_and Delete.

Special Characters

The 4t symbol is always the e ASCII character. This is
the attention character for serial communications.

The 4p symbol is replaced by one of the following ASCII
characters. This is the plotter’s address character.

A, B, C, orD
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LITERAL VERSUS VARIABLE ELEMENTS

Boldface

Boldface is used to indicate a literal element, entered

exactly as shown.

(The “at” signs in this manual are an exception to this

rule; although the @ appears in regular type, enter the

@ exactly as shown in the commands.)

Regular Type

A variable element which is replaced by appropriate

specific information is shown in regular type. A single

element may be represented by one symbol, one word,

or words connected by hyphens.

Examples:

Ec Ap R rotation-angle

In this example, two elements (Ap and rotation-angle)

are to be replaced and -c and R are entered exactly as

shown.

ECAR 45.

In this example, all five ASCII characters are entered

exactly as shown.

COMMAND ELEMENTS

Element Types

The last word(s) of a 4662 plotter variable element

name indicates the element type required by the 4662

as shown below:

Last Word(s) Element Type

integer integer

selector selector

character character

Other endings imply a “numeric” element.

For example:

@ Pen-selector is a ‘selector’ element.

@ Checksum-value-integer is an “integer” element.

@ Prompt-character is a “character” element.

@ Rotation-angle is a “numeric” element.
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Argument Separators

A comma (,) between elements can be replaced by

either a comma (,) or one or more Sp characters.

Command Terminations

Command terminators are generally NOT shown in the

individual command descriptions. Refer to Command

Terminators earlier in this section for instructions on

how to terminate commands.

NOTATIONS

An element inside brackets is

OPTIONAL. Stacked elements

within brackets indicate that you

may select one or none of the

elements.

Brackets []

Example:

[0]

[1]

Select 0, 1, or neither.

Dots... Three dots (ellipsis) indicate that

a previous element MAY be re-

peated.

Example:

Sp...

One or more §p characters.

lf a command is “continued” on

the next printed line, the addi-

tional line is indented.

Indented for

Continuation

Example:

Ec4p Icharacter-space,

line-space
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Section 4

SERIAL COMMAND DESCRIPTIONS

COMMAND DESCRIPTION OVERVIEW

Serial commands are divided into major groups accord-

ing to similar functions. These groups are:

Serial Interface Commands

Device Commands

Alpha Commands

Graphic Commands

Digitizing Commands

Multiple Pen (Option 31) Commands

The discussion of each command group is divided into

two parts: general concepts about the group, and

specific command descriptions for each command in

the group. Each command description follows a general

format and contains all or some of the following:

@ Purpose

@ Syntax Box

@ Parameters (This includes restrictions, meanings

assigned to selector arguments, etc.)

Outputs

Comments

References

Examples

The syntax box shows the recommended command

form that can be used under most conditions. The

syntax box includes a specific example of the com-

mand. Comments and References are sometimes in-

cluded to clarify specific entries in the syntax box.

Appendix H shows a simple plot using several of the

commands described in this section.

SERIAL INTERFACE COMMANDS

INTRODUCTION

Serial Interface commands conirol the communication

between a host computer and the plotter and are

executed immediately upon receipt. Therefore, it is

important not to include Serial Interface commands

within Block mode blocks. (See Block mode description

in Section 2.)

CONCEPTS

Refer to Section, Serial Interface Concepts, for more

information.
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SERIAL INTERFACE COMMAND

DESCRIPTIONS

There are nine Serial! Interface commands:

@ PLOTTER ON

PLOTTER OFF

BLOCK START

BLOCK END

SET TURNAROUND DELAY

SET BLOCK SIZE

SET BYPASS CANCEL CHARACTER

SET SIGNATURE CHARACTER

SET PROMPT CHARACTER

Each command is described separately in the pages

that follow.



SERIAL COMMAND DESCRIPTIONS

PLOTTER ON

Purpose: This command turns the plotter logically on.

SERIAL ou a

Ec ADE

Comments

The logical ON state means the plotter interprets as

commands all characters received after a PLOTTER

ON command. The TERMINAL MUTE function is

enabled if it has been chosen by the rear-panel switch

settings. This means that in a loop-through configura-

tion, received characters, beginning with the character

following the command character E of the PLOTTER

ON command, are not sent to the terminal. This

condition remains in effect until a PLOTTER OFF

command is received.

A BLOCK START command also performs plotter-on

functions.

NOTE

At power-up the plotter is in the logical OFF state

except if it is in Copy mode. In Copy mode the

plotter powers-up logically on and no PLOTTER

ON command is necessary (see the 4662 Interac-

tive Digital Plotter Operator's Manual). (In Copy

mode, a PLOTTER OFF command may still be

sent to turn the plotter logically OFF.)
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SERIAL COMMAND DESCRIPTIONS

PLOTTER OFF

Purpose: This command turns the plotter to the logical OFF state.

SERIAL «= —

Ec 4D F

Comments

The plotter’s logical OFF state means that all charac-

ters received after a PLOTTER OFF command are not

interpreted as commands (until either a PLOTTER ON

or a BLOCK START command is received). The

TERMINAL MUTE condition, if set by the rear-panel

switches, is disabled. The terminal then receives all

characters sent by the host computer following the F

command character in the PLOTTER OFF command.

NOTE

The plotter is logically OFF at power-up except if

the rear-panel switches select Copy mode, in

which case no PLOTTER ON is necessary unless

a PLOTTER OFF command is sent to turn the

plotter logically OFF.
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SERIAL COMMAND DESCRIPTIONS

BLOCK START

Purpose: This command is used to begin a block in Block mode communications and also turns the plotter
logically ON (this is equivalent toa PLOTTER ON command).

SERIAL a I

Ec An (

Example: c A (

Oe

Comments References

A BLOCK START command initiates Block mode A complete description of Block mode communications

communication. The Serial Interface starts a checksum is given in Section 2.

calculation beginning with the ( command code char-

acter and ending with the ) character of the BLOCK

END command. Refer to Section 2, Serial Interface

Concepts, for more information on checksum accumu-

lation.
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BLOCK END

SERIAL COMMAND DESCRIPTIONS

Purpose: This command ends a block in Block mode communications. The plotter sends an A (or an 1) indicating

that the block has been received correctly (or incorrectly) and that the plotter is ready to accept another

block of data.

SERIAL

Ec Ap ) checksum-value-integer

Parameters

checksum-value

Block checksum value, 1-4095 (integer argument).

Outputs

One character (plus signature character and output

termination character as selected)
Block acknowledge responses, A or I:

e A= positive block acknowledge (block is accept-

ed, ready for next block)

@ |= negative block acknowledge (block is

rejected, retransmit last block)

Comments

The checksum begins with the ( character of the

BLOCK START command and ends with the ) character

of the BLOCK END command. Information concerning

checksum calculations is presented in Section 2, Serial

Interface Concepts.
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References

See Section 2 for complete information on Block mode

communication.
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SERIAL COMMAND DESCRIPTIONS

SET TURNAROUND DELAY

Purpose: This command sets the turnaround delay time.

SERIAL

Ec An G delay-time-integer

Parameters

delay-time

Delay time, in milliseconds, 0-65535 (integer argu-

ment). Resolution is approximately 8 milliseconds.

Comments

Some host computers cannot accept input from a

device immediately after sending information to it. A

time delay called the turnaround delay must occur or

data is lost. This command causes the plotter to wait

the specified time before transmitting to the host

computer. This delay is also used between consecutive

plotter output messages.

The default value for the delay time is zero and is

established at power-up or after receiving a DEVICE

RESET command.

References

See Communication With Other Devices in Section 2

for a complete discussion of plotter-to-host communi-

cation.
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SET BLOCK SIZE

SERIAL COMMAND DESCRIPTIONS

Purpose: This command sets the maximum size of blocks that will be sent to the plotter.

SERIAL ==

Ec 4p H maximum-block-size-integer

Parameters

maximum-block-size

Maximum number of characters which will be sent in

a block, 0-65535 (integer argument).

Comments

The maximum-block-size value should include room for

the BLOCK START and BLOCK END commands (in-

cluding the checksum and terminator).

The default value for block size is zero and is

established at power-up or after a DEVICE RESET

command.
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References

See Section 2, Seria! Interface Concepts, for a

discussion of Block mode communications and recom-

mendations for block size values.
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SERIAL COMMAND DESCRIPTIONS

SET BYPASS CANCEL CHARACTER

Purpose: This command sets the bypass cancel character (enables the Bypass function — see Appendix |,

Glossary).

SERIAL

Ec Ap U bypass-cancel-character

Parameters References

bypass-cancel-character See Section 2, Serial Interface Concepts, for use of the

The bypass cancel character. bypass cancel character function.

Comments

Output messages from the plotter may be echoed

(returned to the plotter) by the host computer. When

the correct bypass cancel character is selected, the

plotter ignores the host computer echo.

The bypass cancel character selected should be the

last character echoed from a plotter output message.

For example, a typical situation is when the plotter

output terminator is ©r (selected by the four rear-panel

switches), and the host computer echoes Cr with Cr “r.

In this case, the bypass cancel character should be set

to Lr.

At power-up or after a DEVICE RESET command, no

bypass cancel character is established — the plotter

does not ignore echoed characters.
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SERIAL COMMAND DESCRIPTIONS

SET SIGNATURE CHARACTER

Purpose: This command sets the signature character that the plotter prefixes to each output block.

SERIAL

Ec 4v S signature-character

Parameters References

signature-character Refer to Sections 2 and 3, Serial Interface Concepts

The signature character. and Introduction to Serial Commands and Responses,

for more information.

Comments

This command causes output blocks from the plotter to

be prefixed with the selected signature character.

Some hosts use the signature character to identify the

specific plotter originating an output block if more than

one plotter is used in the same loop-through configura-

tion.

At power-up or after a DEVICE RESET command, no

signature character is established — output blocks will

not be preceded by a signature character.
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SERIAL COMMAND DESCRIPTIONS

SET PROMPT CHARACTER

Purpose: This command sets the prompt character that the plotter must receive before any output message is

sent to the host computer.

SERIAL

Ec 4p R prompt-character

Parameters

prompt-character

The prompt character.

Comments

Some host computers can accept input from a device,

such as a terminal or plotter, only at certain times. A

prompt character (for example, ?) is sent to the device

to indicate input is expected (and will be accepted).

The SET PROMPT CHARACTER command prevents

the plotter from transmitting output messages to the

host computer until the host computer sends the

selected prompt character. The plotter must receive a

prompt character for each output message.

At power-up or after a DEVICE RESET command, no

prompt character is established — prompt mode is

disabied.

4-10

References

See Section 2, Serial Interface Concepts, for a com-

plete description of Prompt mode.
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SERIAL COMMAND DESCRIPTIONS

DEVICE COMMANDS

CONCEPTS

Some of the Device commands generate output

messages. Therefore, it is important to understand the

information about output messages in Serial Interface

Concepts (Section 2) and Introduction to Serial Com-

mands and Responses (Section 3).
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DEVICE COMMAND DESCRIPTIONS

There are three Device commands:

@ DEVICE RESET

@ READ STATUS

@ SIZE

Each command is described separately in the para-

graphs that follow.



SERIAL COMMAND DESCRIPTIONS

DEVICE RESET

Purpose: This command resets graphic, alpha, and interface parameters to power-up (default) values.

SERIAL Oe

Ec ApN

Comments

The following is a list of actions that occur as a result

of this command:

@ Alpha parameters are reset to default values. This is

equivalent to an ALPHA RESET command. See the

description of the ALPHA RESET command under

Alpha Commands later in this section for a complete

list of actions.

@ The PROMPT light is turned off (equivalent to

receiving a PROMPT LIGHT OFF command).

@ The output buffer is cleared.

@ The PEN SPEED is reset to FULL SPEED (equivalent

to a PEN SPEED command with an argument of 570

mm/second) in Option 31 equipped plotters.

@ The ERROR light is turned off (if on) and the error

bits in the device status register are cleared.

@ The following actions also occur:

— Prompt mode is disabled.

— The bypass function is disabled.

— No signature characters are sent.

— Turnaround delay time is set to zero.

— Block mode BLOCK SIZE is set to zero.

— Plotter units are set to normal ADUs in plotters

equipped with a Firmware Level 5 or above (see

the SELECT PLOTTER UNITS command).
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READ STATUS

SERIAL COMMAND DESCRIPTIONS

Purpose: This command causes the plotter to generate an output message containing plotter status information.

SERIAL euueeeeeeeeees TS

(One Output Message Block Produced)

Ec 4p O status-register-selector

Example: -®AOQ1

Parameters

status-register-selector

Status register selector, 0-3 (see Comments).

Outputs

value 1

status register number, 0-3.

value 2

status information (see Comments).

block type

status response (see Section 3, Introduction to

Commands and Responses, for more information).

Comments

The legal status-register-selector range is 0-3. Plotter

responses are defined in Table 4-1.

Table 4-1

STATUS INFORMATION (OUTPUT VALUE 2)

Status-Register- ;

Selector Status information

6) Device status

1 Interface status

2 Current selected pen (Option 31

only, O otherwise)

3 Available buffer space (Firmware

Level 4 and up only; 0 otherwise)
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Device Status

This is a 16-bit integer value in which each binary digit

indicates if a particular condition is true or false.

Unused bit positions are currently zero (see Table 4-2),

but these bits are reserved for future use and may not

always be zero. The “1” binary value for a specified

position indicates that the state associated with that

position is true. A zero indicates the state is not true.

Table 4-2 describes each bit position.

Table 4-2

DEVICE STATUS BITS

Bit? Description

15 This bit is not currently used (set to zero).

14 This bit is not currently used (set to zero).

13 Pen Select Error. This bit is set to “1” by a

PEN SELECT command (either front-panel

or host command) if the requested pen

position is empty or if there is no empty pen

position to store the pen currently in the

plotter’s pen carriage. This bit is reset by a

READ STATUS 0 or DEVICE RESET com-

mand, or by pressing the front-panel LOAD

switch.

12 Plotting Speed. This bit is set to 1” if Slow

Plotting Speed is selected by either the

front-panel (Option 31 equipped plotters)

or rear-panel switches (plotters without

Option 31). The bit is O otherwise.

11 Cr action. This bit is set to “1” if the rear-

panel ©r action switch is set to °r implies

Ce + Le. The bit is O otherwise.

10 Pen Status. This bit is set to 1” if the

plotter’s pen is down on the paper or “O” if

the pen is up.

Bit-0 is the least-significant bit. (continued)
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SERIAL COMMAND DESCRIPTIONS

Table 4-2 (cont)

Bit @ Description

9 Load mode. This bit is set to “1” if the

plotter is in Load mode (the front-panel

LOAD switchis pressed down and locked).

The bit is “O” if the LOAD switch is up

(released).

8 Page X Mirrored. This bit is set to “1” if the

Page lower-left x-coordinate has been

defined to the right of the Page upper-right

x-coordinate. Bit-8 is set to ‘O” otherwise.

7 Page Y Mirrored. This bit is set to “1” if the

page lower left y-coordinate has been

defined above the page upper right y-

coordinate. Bit-7 is set to “O” otherwise.

3-6 Bit-6 through Bit-3 indicate when the

current pen position is outside the current

page boundaries as follows:

Bit-6 xX Right

Bit-5 X Left

Bit-4 Y Above

Bit-3 Y Below

Left, right, above, and below are defined

with respect to the horizontally oriented

platen surface. These directions are not

altered by a mirrored page.

2 Communication Error. A communications

error, such as parity or framing error, sets

this bit to “1”. This bit is cleared by

pressing the front-panel LOAD switch, by

sending a READ STATUS WORD 0 com-

mand, or by sending a DEVICE RESET

command.

1 Command/Response Error. Com-

mand/response errors occur when an in-

valid command, argument, or format is

front-panel LOAD switch, by sending a

READ STATUS WORD 0 command, or by

sending a DEVICE RESET command.

received. This bit is cleared by pressing the

0 internal Error. A internal error condition

sets this bit to “1”.

Bit-0 is the least-significant bit.

Interface Status

This is a 16-bit integer value in which Bit-11 through

Bit-15 are binary digits indicating true or false. A “1”

binary value for a position indicates that the state

associated with that position is true. A “0” indicates

the state is not true. Bit-O through Bit-10 encode the

amount of available memory in the input buffer. Table

4-3 shows the meanings of the bits.
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Table 4-3

INTERFACE STATUS

Bit Description If RS-232-C Interface Is
Selected

15 Bit is not currently used (set to 0). It is

reserved for future expansion and may not

always be zero.

14 “1” if rear-panel COPY MODE switch is

set; “O” otherwise.

ie Le? or a ee ee A

1 i tne rear-panei DEL iGNORE switch is

set; “O” otherwise.

-4 (en)

11-12 Set according to rear-panel GIN

termination selection as shown (Bit 12 is

the first bit and Bit 11 is the second bit):

Bit-12 Bit-11 Termination

0 0 none

fe) 1 Cr
1 fe) Cp+ EF
1 1 invalid

0-10 indicates the amount of available buffer

space (in bytes).

3Bit-0 is the LSB (least-significant bit).

NOTE

In plotters with Version 4 and higher, if more than

2047 bytes of space are available, this field is

forced to 2047. In these versions, the actual

number of free bytes is indicated in Status Word 3.

Currently Selected Pen

If Option 31 is installed, this integer value indicates the
pen number currently in the pen carriage (1 to 8). If no

pen is currently selected, a value of O is returned.

Zero is always returned if Option 31 is not installed on

the plotter.

Available Buffer Space

if the plotter’s firmware is Version 4 or higher, this

integer value indicates the number of available bytes in

the input buffer. In plotters with Version 3 and below,

this value is always zero.
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SIZE

SERIAL COMMAND DESCRIPTIONS

Purpose: This command causes the plotter to transmit a one-block message that gives the size of the plotting

area and an identification word.

SERIAL eu

(One Output Message Block Produced)

Ec ‘DQ

Example: -c AQ

Outputs

value 1

3850 (represents x-size x 256 + y-size where x-

size equals 15 inches and y-size equals 10 inches).

value 2

Identification word (see Table 4-4).

References

See Section 3, Introduction to Serial Commands and

Responses, for information on decoding output re-

sponses from the plotter.

Table 4-4

IDENTIFICATION WORD

Bit? Information

0-3 Firmware release number.

4-5 See Table 4-5.

6 In plotters with Version 4 or higher, this bit

is set to “1” if Option 20 (RAM expansion)

is installed. This bit is zero in earlier

versions.

7-13 Set to “0” (reserved for future use and

must not always be assumed to be zero).

14 Set to “0” for versions earlier than Version

4. In later versions, this bit is set to “1” if

the new (4663-compatible) character font

is selected by the OLD-NEW strap on the

System Memory circuit board, or “O” if the

old 4662 character font is selected.

15 Set to ‘'1” if Option 31 is installed; “Oo”

otherwise.

Bit 0 is the LSB (least significant bit).

4662 PROGRAMMER’S REFERENCE

Table 4-5

IDENTIFICATION WORD BITS 4 AND 5

Bit 4 Bit 5 Maximum Buffer Space

Available in Bytes

8) 6) Less than or equal to 600

bytes

8) 1 Less than or equal to 1100

bytes

1 0 Less than or equal to 1600

bytes

1 1 Greater than 1600 bytes
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ALPHA COMMANDS

INTRODUCTION

The plotter has an internal “alpha” (alphanumeric

character) generator that enables the user to print

alphanumeric characters and symbols that are defined

in nine resident fonts.

The alpha generator prints the 95 ASCII characters Sp
therainiah — rAAananal LL- ana ata thn annie-!l -L 1. 8
VU ahi POOPUNUS LU IG COMmUOG!: Characters WL

through Yt and Cr.

CONCEPTS

The following concepts are presented here:

@ PRINT Command Fundamentals

@ The Automatic Move-To-Home Function

® The Home Position

@ Setting Size and Spacing of Printed Characters

@ Resident Alpha Fonts

PRINT Command Fundamentals

For each Sp through ~ character received in Alpha

mode, the alpha generator does the following:

@ Moves and draws as necessary to print the selected

character with the character's lower-left corner

located at the current pen position

@ Moves to the start point for the next character (as

determined by the SET ALPHA DIMENSION com-

mand).

The alpha generator prints characters from the active

font according to alpha setup commands for alpha

dimension and rotation. The alpha generator also

processes control characters ®: through Yr and ©r.

4-16

The Automatic MOVE-TO-HOME Function

The plotter expects the first PRINT command after

power-up to be preceded by a MOVE or DRAW

command, or by a joystick action. If this expectation is

not met, the plotter precedes the PRINT command with

a MOVE-TO-HOME command (home is defined in the

next paragraph). The automatic MOVE-TO-HOME func-

tion aiso occurs on the first PRINT command after

pressing a front panel LOAD, LOCATE LOWER-LEFT,

or LOCATE UPPER-RIGHT switch.

The Home Position

The home position is a point located one character

height below the upper-left corner of the page. (If the

alpha rotation angle is non-zero, the home position is

rotated by this angle about the upper-left corner of the

page.)
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Setting the Size and Spacing of Printed

Characters

The SET ALPHA DIMENSION command is used to

specify the character space and line space

dimensions. These dimensions are directly related to

SERIAL COMMAND DESCRIPTIONS

character width and character height, as illustrated for

the PRINT command in Figure 4-1. Default dimensions

are described under the SET ALPHA DIMENSION

command.

“] A
|

|

|

|

| |
|

|

: '

[ I Line
Ee | Space

Shaded area 2 oF |

allotted for a Ue pe
typical upper base 7 | Character

case character ee aes Height
b= : | 11/18 times

E . 2 | line space

pe Lee ees

3/18 times

Pp sg: line space Pen position after
en aa ; Y PRINT command

prior t oF Pal (origin of next
character)

character origin( g a Character

Notice that some lower case aresames
wt rigiletters extend below the origin space

Character |

space

4164-15

Figure 4-1. Alpha Size and Spacing for the PRINT Command.
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Resident Alpha Fonts

The alpha generator has resident character definitions

for ASCii characters Sp through ~ in nine fonts.

Figure 4-2A shows the entire Font O (default) character

set. All other fonts are identical to Font O except for the

character substitutions shown in Figure 4-2B.

A. FONT @ CHARACTER SET:

PES ASRCO*R+,-—/

VI123456/789:; <=>?

@ABCDEFGHI JKLMNO

PQORSTUVWXYZE\I7_.

‘abcdefghi jkIlmno

oarstuvwxyzt|3~

B. ALTERNATE CHARACTERS vs FONT:

>

@) mm “FONT @

FONT

FONT

FONT

FONT

FONT

FONT

FONT

FONT

FONT

>

BMmMAMANAMNOAAM
>

>

Oo:O—

OWVUIYWwwe@w
>

—K
—SethODFeFEFEOHOOGESE ,IO7>OOwonOOWMKRWDN COZF©COCVVOVO® ADaYMAOnNnDDD® Paa QYHDLY2UZAOO PuuuOe Q—

4164-16

NOTE

Plotters with a Firmware Level of 3 or less have

slightly different character substitutions in Fonts

1 through 6 as shown in Figure 4-3.

An OLD-NEW strap is located on the System

Memory circuit board in newer plotters to obtain

Fonts 1 through 6 used in early model plotters.

Figure 4-3 shows the old fonts.

ALPHA COMMAND DESCRIPTIONS

There are six Alpha commands:

SET ALPHA DIMENSION

SET ALPHA ROTATION

SELECT ALPHA FONT

PRINT

RESET ALPHA PARAMETERS

MOVE-TO-HOME

Each is described separately in the following pages.

Characters varying with alternate fonts:

0 #¢$¢O@EL\17 € : 3

1 foOS CBoOATAOA

2 LEoWS asoukraAodu

3 fo®WBegsgC\ I TC: 3

4 LEodsgi Ned TT CY 3

5 #G$¢OosgCV\ IT € v >

8 # $UWU@QCN\J TC 7 3
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Figure 4-2. Resident Alpha Fonts.
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Figure 4-3. “Old” Style Resident Alpha Fonts.
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SET ALPHA DIMENSION

SERIAL COMMAND DESCRIPTIONS

Purpose: This command specifies the character space and line space.

SERIAL EEE

Ec 4p I character-space,line-space

Parameters

character-space

X-axis distance from the beginning of a letter to the

beginning of the next (in ADUs).

line-space

Y-axis distance from the baseline for one line of

printed characters to the next baseline above it (in

ADUs).

Comments

Default values are shown in Table 4-6. These occur at

power-up or after a DEVICE RESET or RESET ALPHA

PARAMETERS command.
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Examples

The example in the syntax box causes all subsequent

printing and the associated spacing to be twice as wide

and three times as high as the default character

dimensions.

Table 4-6

DEFAULT ALPHA DIMENSIONS

(SERIAL INTERFACE)

Character Character Character Line

Width Height Space Space

37 1/3 ADUs | 53 7/9 ADUs | 56 ADUs 88 ADUs

References

Refer to Figure 4-1. The width and height of a character

is 2/3 times and 11/18 times the character space and

line space values respectively.
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SET ALPHA ROTATION

Purpose: This command (1) sets the alpha rotation angle specified in degrees and (2) sets the left margin (as a
line through the current pen carriage position perpendicular to the printing direction) used by subsequent

alpha commands.

SERIAL

Example: © AJ30

| a

Parameters

rotation-angle

The angle of rotation, counterclockwise, in degrees.

Comments

The default rotation angle is 0 degrees, and the default

left margin is the left side of the page. The left margin is

used for PRINT Cr.

4-20

Examples

The example in the syntax box shows how to specify a

30° counterclockwise rotation angle, and how to set the

left margin at the current pen carriage position. Figure

4-4 shows the effect of a 30° alpha rotation on

subsequent PRINT commands.

NEW LEFT MARGIN

ZERO

Pen position at time of

SET ALPHA ROTATION

command

Pen position after

Cr if

4164-31

Figure 4-4. Alpha Rotation of 0° and 30°.
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SERIAL COMMAND DESCRIPTIONS

SELECT ALPHA FONT

Purpose: This command selects the font used by subsequent PRINT commands.

SERIAL I

Ec Ap T font-selector

Parameters References

font-selector Refer to Resident Alpha Fonts earlier in this section.

font selector, 0-15
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PRINT

Purpose: This command causes the specified ASCII characters to be printed according to all alpha parameters
currently defined. After each character is printed, the pen carriage moves to the origin for the next character.

SERIAL a

(Use Style Il Alpha Mode)

Comments

The Alpha mode (Style Ii command form) is used to

print ASCIi characters Sp through ~, ®: through Yr and

Cr. Use Ys to enter Alpha mode. The alpha generator
prints each character Sp through ~ according to

current ALPHA DIMENSION, ROTATION, and FONT

command parameters. Control characters are pro-

cessed as listed in Table 4-7 (other control characters

are ignored).
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——

Examples

The example in the syntax box shows how to print the

first seven letters in the alphabet: ABCDefg, including

lowercase.

References

See Section 3, /ntroduction to Serial Commands

and Responses, for more information on printing

characters.

Table 4-7

CONTROL CHARACTER RESPONSES

Character Action

BL Rings the bell.

Bs Moves the pen carriage left one character
space.

Hy Treated as a Sp.

Le Moves the pen carriage down one line
space.

Vy Moves the pen carriage up one line space.

EcFr See the MOVE-TO-HOME command.

Individual Fe characters received in Al-
pha mode are ignored.

CR Moves the pen carriage to the left margin
(and generates a “r if CR GENERATES
LF is selected by the four rear-panel

switches).
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RESET ALPHA PARAMETERS

Purpose: This command resets alpha parameters to their default (power-up) values.

SERIAL

Ec 4a V

Comments

The RESET ALPHA PARAMETER command establishes

default parameters for the alpha setup comands:

@ Sets alpha rotation to zero degrees

Selects alpha font 0

Resets alpha dimensions as shown in Table 4-6

Sets the left margin to the left page boundary.
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MOVE-TO-HOME

Purpose: This command moves the pen carriage to the home position and sets the plotter in Style Il Alpha mode.

The home position is a point located one character height below the upper-left corner of the page.
(If the alpha rotation angle is non-zero, the home position is rotated by this angle about the upper-left

corner of the page.)

SERIAL

[ (Style Il Command)
| Ec Fr }

Comments

This command moves the pen carriage to the home

position (the height of a typical uppercase character

from the upper-left corner of the page, perpendicular to

the printing direction).
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GRAPHICS COMMANDS

INTRODUCTION

The following pages include information about stan-

dard Graphics commands, including:

@ Graphics concepts

@ the MOVE command

@ the DRAW command

CONCEPTS

The MOVE and DRAW commands are sent to the

plotter using Style Il Graph mode coding. The overall

plotter command coding scheme (including Graph

mode) is described fully in Section 3 and briefly here.

Gs selects Graph mode. When Graph mode is selected,

the first XY coordinate pair represents a “move” and

subsequent XY coordinate pairs represent “draws.”

(Refer to Section 3 for details on encoding or decoding

the XY coordinates.) Move and draw coordinates are

expressed in ADUs.

In using graphics commands, you may want to refer to

Appendix E, which provides additional information on

area fill patterns.
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GRAPHICS COMMAND DESCRIPTIONS

There are two Graphics commands:

@ MOVE

e DRAW

The following pages describe these commands

separately.
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MOVE

Purpose: This command causes the pen carriage to move (with the pen up) to the specified position.

SERIAL EEE

(Use Style Il Graph Mode Coding)

Comments

The pen moves to the point specified. If either coordi-

nate is outside the page boundary (or both coordi-

nates), the pen moves to the point on the page

boundary that is nearest to the specified point.

Use Style Il Graph mode. Use &s to enter Graph mode.:

The first point (coordinate pair) after the °s character

specifies a Move. Coordinates are specified in ADUs

(see Appendix F for a coordinate conversion chart).
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DRAW

SERIAL COMMAND DESCRIPTIONS

Purpose: The DRAW command causes the plotter to drawa straight line from the current position to the specified

position.

SER] eyes

(Use Style {1 Graph mode coding)

Comments

The pen drawsa line from the current pen position to

the point specified. If either the new or previously

specified point is outside the page boundary, the

DRAW command is treated as a MOVE command. If

either coordinate is outside the page boundary (or both

coordinates), the pen moves to the point on the page

boundary that is nearest to the specified point.

Use Style Il Graph mode. All coordinate pairs after the

first are draws. Coordinates are specified in ADUs (see

Appendix F for a coordinate conversion chart.

NOTE

The first XY coordinate pair after the Ss ASCII

character can be used for a draw if a®. ASCI/

character follows the &s.
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DIGITIZING COMMANDS

Introduction

The plotter’s digitizing commands allow the host

computer to request and obtain coordinates of (1) the

current pen position or, (2) points designated by the

operator using the front-panel CALL switch.

Current pen position information is obtained using the
+ mAen aeDIGITIZE command. Operator designated points are

obtained using the “call digitize” procedures described

later. Remember that the CALL switch is permanently

enabled and, therefore, the operator must be instructed

when to use the CALL switch.

Concepts

Cail digitizing is the process by which the operator

presses the front-panel CALL switch to send pen

coordinates to the host.

A call digitizing process has these steps:

1. The PROMPT LIGHT ON command turns on the

PROMPT light, which indicates to the operator that

digitizing is permitted.

2. a. For each point, the operator uses the joystick to

position the digitizing reticle (used in place of a

pen in the pen carriage) over the desired point.

The operator then presses the front-panel CALL

switch. This instructs the plotter to store the

point.

b. (Optional) If the operator chooses, he or she may
press and hold the CALL switch until the plotter’s

bell rings (which sends a “status block” to the

host) and indicates the end of digitizing. (This

action assumes that the host knows the meaning

of the status block.)
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3. For each point, the plotter sends one digitizing

output block of information consisting of X and Y

position values and a value indicating whether the

pen is up or down.

lf Step 2b is used, the plotter sends a status block

rather than position information.

If this is NOT the last point, the process continues at

Step 2.

4. The PROMPT LIGHT OFF command turns off the

PROMPT light, thus telling the operator to stop

digitizing.

This completes the call digitizing process.

Digitizing Command Descriptions

There are three Digitizing commands:

@ DIGITIZE

@ PROMPT LIGHT ON

@ PROMPT LIGHT OFF

Each command is described separately in the para-

graphs that follow.
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DIGITIZE

Purpose: This command causes the plotter to send one output message block containing current X and Y position

values and a pen up/down status value.

SERIALQ=uuy=== -

(One Output Message Block Produced)

Ec ADM

Example: «Fc AM

Outputs References

value 7 Refer to Section 3, Introduction to Serial Commands

X-position and Responses, for more information on decoding

output responses from the plotter.

value 2

Y-position

pen-status

QO= penup

1 = pen down
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PROMPT LIGHT ON

Purpose: This command turns on the front-panel PROMPT light.

SERIAL

Ec AnK

Comments

When using the Serial Interface, the PROMPT light ON

State is one of several factors that enable prompt string

scan action when a prompt string is defined. For

details, refer to Communicating with Other Devices in

Section 2, Serial Interface Concepts.

On Option 31 equipped plotters, the blinking PAUSE
light (set by pressing the front-panel PAUSE switch)
overrides the PAUSE light established by this com-

mand. The PAUSE function causes the PROMPT light

to blink at a one-second rate. The PROMPT light

returns to the correct condition when RESUME is

pressed.

The PROMPT light is turned off and Prompt mode is

exited by a PROMPT LIGHT OFF or a DEVICE RESET

command.
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References

See the PROMPT LIGHT OFF command description.
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PROMPT LIGHT OFF

Purpose: This command turns the front-panel PROMPT light off.

SERIAL

Ec AnL

Comments References

Refer to the PROMPT LIGHT ON command. See the PROMPT LIGHT ON command description.

4662 PROGRAMMER’S REFERENCE 4-31



SERIAL COMMAND DESCRIPTIONS

MULTIPLE PEN (OPTION 31) COMMANDS

INTRODUCTION

The Multiple Pen option (Option 31) adds an eight-pen

capability to the plotter. With this option, you can make

multi-colored plots. Although the front-panel switches

allow the operator to select pens, the host can also

select pens under program control. In addition, the host

can program the plotter to plot at the best speed for a

pen to match its ink flow characteristics to the media

used. The programmed speed is the pen’s termina!

velocity on long vectors (see Performance Specifica-

tions in the 4662 Interactive Digital Plotter Operator's

Manual) and is measured in mm/second.

The SELECT PLOTTER UNITS command allows the

host to address the plotter’s mechanical resolution.

This allows improved solid area fills on overhead

transparency films in critical applications.

CONCEPTS

The SELECT PEN command permits the host to select

one of eight pens stored in the rotary pen turret of

Option 31 equipped plotters.

The PEN SPEED command permits the host to select a

terminal velocity for the current pen. (This terminal

velocity is in effect after the pen’s initial acceleration

and prior to its deceleration at the end of a vector.) The

pen’s terminal velocity may be selected to match the

particular ink flow characteristics of the pen/media

used. In plotters with Firmware Levels of 5 and less,

host-selected terminal speeds of less than 220

mm/second automatically set the plotter to SLOW

acceleration regardless of the current front-panel

SLOW or FAST (acceleration) switch settings. On the

other hand, if the host-selected terminal speed is

greater than 220 mm/second, the current front-panel

SLOW or FAST (acceleration) switch setting becomes

active. Therefore:

@ For speeds less than 220 mm/second, only SLOW

acceleration is used (available in plotters with

Firmware Level 5 and above).

® For speeds greater than 220 mm/second, SLOW or

FAST acceleration can be chosen.
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The SELECT PLOTTER UNITS command {available in

Option 31 equipped plotters with Firmware Versions 5

or greater) is primarily designed for plots using solid-

area fill patterns. Selecting the plotter units allows the

host to chose the default plotter coordinate system or a

modified plotter coordinate system.

The default addressing units for the plotter are 0 to

4095 ADUs over the length of the X-axis of the page

and 0 to 2730 ADUs overthe length of theY-axis of the

page. This ratio matches a 10x15 inch ratio of the Y-

axis to the X-axis. However, the mechanical resolution

is 0.005 inches, making 3000 addressable points along

the 15-inch X-axis and 2000 addressable points along

the 10-inch Y-axis. The uneven mapping of the ad-

dressing units into the mechanical resolution units of

the plotter makes it difficult to step the pen in small,

even increments that are necessary to perform high-

quality solid area fills on transparency film.

The modified plotter coordinate system allows the host

to address each of the 3000 points in the plotter’s X-

axis exactly. Addressing each of the 3000 points (or

the 2000 points in the Y-axis) eliminates the very slight

shift of some area fill lines when the plotter addresses

the normal 2730 by 4096 ADU coordinate system. In

the normal 2730 by 4096 ADU coordinate system, the

plotter rounds off calculations to plot some of the 4096

points in its normal X-axis (the same is true in the Y-

axis). The result is that sometimes unwanted shading

patterns develop in solid-area fill patterns. The effect is

not noticeable in other plots. See Appendix E for more

information on area fill patterns.

NOTE

The ability of the host to exactly address the

3000 points of the plotter’s maximum resolution

only occurs for a default page size. If the page

has been altered by the front-panei SET PAGE

switches, the uniform solid-area fill effect can not

be guaranteed.

MULTIPLE PEN (OPTION 31) COMMAND

DESCRIPTIONS

Three Option 31 commands are described here:

@ SELECT PEN

@ PEN SPEED

@ SELECT PLOTTER UNITS
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SELECT PEN

Purpose: This command causes the plotter to select the specified pen from the rotary pen turret or to store the

current pen in the rotary pen turret.

SERIAL

Ec Ap BP pen-selector

Parameters Examples

pen-selector The example in the syntax box causes the pen carriage

pen position in the rotary pen turret 1 through 8, or to deposit any pen it has and to pick up the pen located

0, which means store the pen presently in the pen in Pen Position 1 of the rotary pen turret.

carriage in the rotary pen turret.

Comments

The pen position (selector) matches the pen numbers

printed on the rotary pen turret cover. Out-of-range

arguments generate a command/response error.
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PEN SPEED

Purpose: This command causes the plotter to limit its terminal velocity to a value less than or equal to the
specified value.

SERIAL

Ec “y BY pen-speed

Parameters

pen-speed

terminal velocity of the pen, in mm/second. Ranges

from 10 to 570 mm/second, in steps of 10

mm/second.

Comments

Pen speeds are rounded to the nearest 10 mm/second

value. This gives 57 different speeds ranging from 10

mm/second to 570 mm/second. Negative and zero

values generate a command/response error and cause

the command to be ignored.

Values greater than 570 mm/second are treated as

570 mm/second.

In plotters with a Firmware Level 5 or higher, the

plotter’s acceleration is reduced to one-half of normal

to improve line quality whenever speeds of less than

220 mm/second are programmed.

The default pen speed value at power-up or after a

DEVICE RESET command is 570 mm/second.
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Examples

The example in the syntax box causes the plotter to

operate at approximately one-half speed.
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SELECT PLOTTER UNITS

Purpose: This command selects the plotter coordinate system.

SERIAL a

Ec Ap BV units-selector

Example: -F©ABV3

Parameters Examples

units-selector: (0 or 3) The example in the syntax box causes the plotter to

® Oselects the normal 4096 by 2730 ADUs (X-axis select the modified plotter coordinate system.

by Y-axis) plotter coordinate system. In copy

mode, the coordinate system is 4096 by 3124
ADUs. References

@ 3 selects the modified 3000 by 2000 ADUs (x- See Concepts (under Multiple Pen Commands) for a
axis by Y-axis) plotter coordinate system (3000 description of the use of this command.

by 2288 ADUs in Copy mode).

Comments

The physical size of a single modified ADU is 0.00366

inches (.093 mm) using a default page size.

The default plotter corrdinate system selector is O and

is set at power-up or after a DEVICE RESET command.
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Section 5

GPIB INTERFACE CONCEPTS

INTRODUCTION

This section describes five aspects of the GPIB

Interface which must be considered before GPIB

devices can communicate with the plotter. These are:

@ Connecting the plotter to other GPIB devices,

@ Setting the four rear-panel switches to allow other

GPIB devices to communicate with the plotter,

@ Controlling the transmission of information to and

from the plotter,

@ Formatting the various plotter commands,

® Decoding plotter responses.

CONNECTING THE PLOTTER TO OTHER DEVICES

The General Purpose Interface Bus (GPIB) is a stand-

ardized interfacing system defined by IEEE Standard

488-1978 for programmable measuring apparatus. This

standard defines the mechanical and electrical charac-

teristics of the bus, as well as procedural characteris-

tics (such as how to send data bytes to and from the

interface). Standardization allows the plotter to be

easily installed in systems with various devices

communicating through the GPIB. However, the GPIB

information (consisting of commands and responses

that are transferred over the GPIB bus) is not defined in

the standard and is unique to the plotter. This subject

is discussed further under /ntroduction to GPIB Com-

mands and Responses in Section 6.

NOTE

The plotters GPIB Interface does exhibit some

exceptions to the IEEE Standard 488-1978. How-

ever, the plotter is designed to work with other

devices that are manufactured by Tektronix’s

Information Display Division. Proper operation

cannot be assured with other GPIB devices

except those manufactured by Tektronix’s Infor-

mation Display Division.
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The GPIB Interface allows devices to be connected in

any convenient configuration if the following limitations

are observed:

@ The total length of GPIB cable in the system must

either be less than 66 feet (20 m) or 6.5 feet (2 m)

times the number of devices connected to the

system, whichever is less.

@ No more than 15 devices should be connected to

the system. For operation with maximum reliability,

individual cable lengths should be less than 13 feet

(4 m) and, at least two-thirds of the devices

connected to the system should be powered up

when the system is operating.



GPIB INTERFACE CONCEPTS

Figure 5-1 illustrates a typical system configuration In addition, the plotter may be connected to other GPIB

showing the flexibility of GPIB. More than one plotter devices with or without a GPIB controller present.

may be connected in the system if desired.

SETTING THE FOUR REAR-PANEL SWITCHES

Settings on the four rear-panel switches (associated Settings) and Understanding Operation With the GPIB
with the GPIB Interface) permit the plotter to operate in Interface located in the 4662 Interactive Digital Plotter
a variety of communications environments. See the Operator's Manual.

discussions Rear Panel Controls (GPIB Switch

GPIB

DEVICE

GPIB

DEVICE

GPIB

CONTROLLER

=

GPIB PLOTTER GPIB
DEVICE DEVICE

4164-35

Figure 5-1. Typical GPIB System Configuration.
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COMMUNICATING WITH OTHER DEVICES

The following describes how other devices instruct the

plotter to transmit or receive data bytes, and how the

plotter interacts with a GPIB controller. These actions

are described both in terms of the GPIB functions

required by the plotter interface and, for the example of

TEKTRONIX 4050 Series controllers, the typical com-

mands the controller uses to command the required

GPIB functions. Refer to the controller operator’s

manual to see how GPIB functions are commanded.

GPIB OPERATION

The GPIB Interface allows data bytes, consisting of

commands and responses, to be transmitted through

the bus from a single ta/ker (a data byte transmitter) to

one or more listeners (data byte receivers). The

designation of the talker and listener on the bus can be

changed to allow data byte transfer between any

connected devices.

The designation of the talker and listener devices is

done under control of a system controller. The

controller utilizes special bus functions to designate

the desired talker and listener(s), to initiate the

transmission of data bytes between devices, and to

determine the status of the devices in the system.

Examples of devices with this controller capability are

the TEKTRONIX 4050 Series Graphic Computing Sys-

tems. For systems that do not have a controller, the

plotter’s four rear-panel switches manually designate

the plotter as a talker and listener and initiate data byte

transfers.

LOCAL SWITCHING FUNCTION

The LOCAL switch controls the plotter’s response to

messages on the GPIB. The choices provided by this

switch are:

@ LOCAL Switch UP (On-Line Remote) — This is the

normal mode of operation. The plotter receives all

bus messages and executes received commands.

Any action of the LOCAL switch clears the output

buffer.

@ LOCAL Switch Down (Off-Line Remote) — The

plotter ignores all GPIB messages. This mode is

logically equivalent to removing the GPIB cable from

the plotter.
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DEVICE-TO-PLOTTER TRANSMISSION

The following pages describe the actions required to

transfer commands (in the form of data bytes) from a

talker to a plotter acting as the listener. The temporary

storage of plotter commands is also described.

The Plotter as a Listener

The controller directs the plotter to listen by sending

the ATN (attention) and the MLA (my listen address)

bus messages at the same time. The MLA message

contains a primary address which must correspond to

the primary address selected from the four rear-panel

switches. Refer to Figure 5-2 for a chart of GPIB

message bytes.

0107 8 g 8 8 1 1 1 1
DATA DI06 8 6 1 1 8 a 1 1

Bus 0!05 8 5] 8 1 8 1 8 1

D104

pio3 BITS | abpresseo| UNIVERSAL PRIMARY LISTEN PRIMARY TALK SECONDARY
pio2 COMMANDS | COMMANDS ADDRESSES ADDRESSES ADDRESSES

BIO1

NUL DCEReee oe eea A

69/8}8)8 e ie E ‘o ne Mite . oF Ad6) Me
ie] TOPE es a

SOH DC IEaeueae . Ae

ejele|+| GTL ) LLO EMEA + MTA17| MSA1
17 oe C33 S cS

STX DCA fee oF ae ee oeajej1fe PMLA2: ialwtaeA: ‘A18| MSA2 fi :2 16k ee —aeoe eeNelLeaBie 98kne og
ETx a ae c eesa hae :

ayejtit MLAS Al9| MTAS MAX: :3 19h oe er bee 99 Ps
EOT DCS A Bt Cee

a}+j)ele! SDC | DCL ‘MLAS LA20| MTAS: ATA2O| M
4 20) oe ee CS moonooe i es

ENO NAK[. oe.oe SS on ae /
@)1/0)/1} PPC | PPU — 21. MTAS: MTA2ie 1)MSA55 2tfeeoe See a so tes 5) -

ACK SYN heecaeeeOs BOR+Sw leeoo

gf1i1ia og ie | MTAG IM TV A22 MSA6
6 22h.ossee oa aee eel Cooeo ee 1025:enoere

BEL ETB i-AT-Tae2ee ne-TAT. a poxADOe ow.

7 23h S os F oo oeoes
Oe = ae epee ee :Pe re aeaoe ee oS eee
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. ieod :a SLeeeey =oecn aa vPee eo
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H VT ESCHoeasyLeoe a ae sk ae = oe

ryejt ts MLALUMLA
1 27 pes

1

1

1

1

CAN] ASCII Character

SPE GPIB Code

24] Decimal

* 1
1 on some keyboards or systems

®@ MLAn Primary Listen Address for device n

MTAn Primary Talk Address for device n

MSAn Secondary Address (MSA Commands)

UNL UNLISTEN command

UNT UNTALK command

SPE SERIAL POLL ENABLE command

SPD SERIAL POLL DISABLE command

(3806) 4164-18

Figure 5-2. GPIB Code Chart.
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Once the plotter is addressed as a listener, device-

dependent messages consisting of plotter commands

are sent as data bytes (DABs) from the talker to the

plotter (listener). The EO! (End Or Identify) bus mes-

Sage sent with the last DAB indicates that the message

is complete and terminates the last command of the

message.

After all commands are sent to the plotter, the controller

may cancel the plotter’s listen function by sending

the ATN and the UNL (unlisten) messages at the same

time to the plotter.

DAB Commands From a Controller. Data bytes

(DABs) containing the command code and arguments

are transmitted from the controller to the plotter. For

example, to transfer a Draw command to the plotter

from a 4050 Series controller, the following BASIC

statement is executed by the graphic system:

PRINT @1,32:D50,50”;

This statement instructs the 4050 Series controller to

send the ATN and MLA 1 bus messages at the same

time, which configures a plotter having device address

1 to be the listener. The controller then automatically

becomes the talker when the data bytes D50,50 are

transmitted through the GPIB to the plotter. As long as

the plotter remains enabled as a listener, several

commands in succession may be transmitted from the

talker to the plotter. The EOI (End Or Identify) bus

message is sent with the last data byte to tell the

plotter that the transmission is complete. The controller

then sends UNT (Untalk) and UNL (Unlisten) messages

to cancel the established talker and listener functions.

NOTE

The talker could be a device other than the 4050

Series Graphic System, such as a GPIB mass

storage device. In this case, the controller en-

ables the mass storage device as the talker and

commands it to transfer a plot to the plotter.

When the transfer is completed, the controller

cancels the talker and listener functions.

NOTE

The 4050 Series Graphic Computing System

functions as both a controller and as a talker.

Refer to the Print and WByte statements and to

the Interfacing Information appendix (located in

the 4050 Series Graphic Computing System

Reference Manual) for a further discussion of

these actions. The actual transmitted data bytes

that define a specific command are discussed in

Section 6, Introduction to GPIB Commands and

Responses.

MSA Commands From a Controller. An alternative for

transmitting the DRAW command from the 4050 Series

Graphic Computing System is:

DRAW @ 1:50,50

This statement instructs the 4050 Series controller to

send the ATN and MLA 1 bus messages at the same

time, followed by the MSA 20 (my secondary address)

message while the ATN message is still true. The MLA

1 message configures a plotter having device address

1 to be a listener. The MSA 20 message is equivalent to

the “D” command code for the DRAW command in the

previous example. This non-standard use of the MSA

message is unique to the 4050 Series Graphic Com-

puting System. Refer to Section 6, /ntroduction to GPIB

Commands and Responses, for a description of the

plotter commands having equivalent MSA definitions.

The remainder of the statement is processed the same

as the previous PRINT @1,32: statement, which

transferred the DRAW arguments of 50,50 to the

plotter.

Off-Line Plotting. A plot can also be transferred to a

plotter without needing a controller connected to the

GPIB. A typical system involving a TEKTRONIX 4924

Digital Cartridge Tape Recorder and a plotter is shown

in Figure 5-3. To transfer a plot, the plotter is enabled

as a listener by selecting LISTEN ONLY on the four

rear-panel switches. Then, the desired tape file is

located on the 4924’s tape cartridge. The 4924 is then

enabled as a talker by pressing the TALK button on the

4924 front panel (the 4924’s ON LINE button should be

in the released or up position). The contents of the

desired tape cartridge file are transferred to the plotter.

TEKTRONIX
4924 PLOTTER

3806-28

Figure 5-3. Typical OFF-LINE Configuration.



NOTE

When the plotter is in LISTEN ONLY mode, it does

not recognize MLA or MTA messages. The plotter

will, therefore, interpret all data bytes seen on the

GPIB as commands. Therefore, other devices

should not exchange data while the plotter is

connected to the bus in LISTEN ONLY mode.

NOTE

Only DAB command forms may be sent to the

plotter in LISTEN ONLY mode. MSA forms are not

allowed.

Input Buffering

As commands are received from the talker, they are

placed temporarily in an input buffer in the plotter’s

memory. (Temporary storage is needed when com-

mands are received faster than the plotter can execute

them.) When the plotter is ready for another command,

commands are withdrawn from the input buffer and

executed. The following pages describe:

@ How the input buffering function operates,

@ How much memory is needed to store a plotter

command, and

@ How much memory is available under various condi-

tions to store commands.

Buffer Operation. As commands are received from the

talker, they are not executed immediately, but are

stored in the plotter’s input buffer. The only exception

to this is the DEVICE RESET (IFC) command, which as

well as being stored in the input, also immediately

resets the plotter’s GPIB Interface functions.

To maximize the data transfer rate on the bus, the

plotter transfers data received from the GPIB bus into

its input buffer any time it is not actually processing

stored commands. If the buffer becomes full (i.e.,

commands are transferred to the plotter faster than the

plotter can execute them), data transfer on the GPIB

bus pauses until the input buffer space becomes

available.

Storage Requirements for Commands. All commands

are received by the Plotter in the various command

forms described in Section 6, Introduction to GPIB

Commands and Responses.
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Commands are normally stored internally in the same

form they are received (including separators and

terminators), using one byte of storage for each

received character. Exceptions to this are:

@ Listen Address, Talk Address, Unlisten, and Untalk

commands are processed directly by the interface

and are not stored.

@ Acharacter sent with EO! true requires an extra byte

of storage for a termination command which is

generated internally.

@ Each secondary address command requires one

byte of storage.

@ An Interface Clear (IFC) command requires one byte

of storage for an internally generated command.

Memory Limits for the Input Buffer.

NOTE

The amount of memory available to store input

data can be determined by using the READ

STATUS command. In the standard plotter with

2K bytes of memory, about 1400 bytes are

available to store received data. Option 20, RAM

Memory Expansion, increases the input memory

by 6000 bytes for a total of 7400 bytes.

NOTE

The plotter’s input buffer is cleared by pressing

the LOCAL or LOAD switches.

PLOTTER-TO-DEVICE TRANSMISSION

The plotter transmits several types of information to

other devices. The following topics discuss this infor-

mation and include:

@ How responses generated by plotter commands are

temporarily buffered.

@ How these responses are transmitted (as data

bytes) from a plotter acting as a talker to a listening

device.
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