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INTRODUCTION

The CONTROL DATA 250 Graphics Display Subsystem meets
the demand for new versatility in graphics displays. Incorporating
the most desirable features of earlier subsystems and several new design
concepts into the CONTROL DATA 250 has produced a state-of-the-
art subsystem for viewing, composing, and recording graphic data in
off-line or on-line, real-time situations.

The 250 subsystem is one of the few peripheralsallowing effec-
tive instantaneous communication with a computer. It can be pro-
grammed to take full advantage of time-sharing systems. Data pre-
sented on the Display Console, Microfilm Recorder, and Hardcopy
Recorder crtare not limited tosimple alphanumeric symbols. Rather,
data may take the form of complex drawings, graphs, models, etc,
which may change dynamically as various program sequences occur.
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GRAPHICS DISPLAY
SUBSYSTEM

The CONTROL DATA 250 Graph-
ics Display Subsystem isa programmable
display and recording complex capable
of visual graphic and alphanumeric dis-
play , manual data composition, and
archival quality data recording -

The subsystem maximum configu-
ration consists of a Display Controller
with a CONTROL DATA 6000 Series
Computer (via 6681 data channel adap-
ter) or 3000 Series Computerdata chan-
nel interface, three (maximum) Display
Consoles, one (only) Hardcopy Recor-
der, and one (only) of three available
MicrofilmRecorders. All configurations
must include the 3398-2 Display Con-
troller. Available display subsystem
equipments are as follows:

— 3398-2 Display Controller
— 252-2 Display Console

Additionally, a Microfilm Pro-
cessor, which develops 20 feet of film
per minute, and an external Hardcopy
Processor, which develops archival qual-
ity Hardcopy Recorder output, are
available .

The Display Controller has six
analog channels: three for Display Con-
soles, one for a Hardcopy Recorder, one
for a Microfilm Recorder, and one un-
assigned. The unassigned analog channel
is available for special equipment
applications -

The display subsystem is modular.
Abasic configuration, eg, Display Con-
troller/Display Console or Display Con-
troller/Microfilm Recorder, expands by
adding equipment until reaching the
maximum configuration .

— 253-2 Hardcopy Recorder plus Motor Generator

— 254-2 35mm Microfilm Recorder plus Motor Generator

—- 254-2 35mm Butt-Plot Microfilm Recorder plus Motor Generator
—  254-2 16mm Microfilm Recorder

Supplementary Items

—  Microfilm Processor

—- Hardcopy Processor
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TYPICAL APPLICATIONS

The subsystem is operable in on-
line, real-time applications which make
full use of time-sharing systems. Typi-
cally, the display subsystem becomes a
communication hub or command center
during computer graphic data handling -
The Display Consoles allow observation

and control of graphic data. The Hard-
copy Recorder presents flash-processed,
quick -look quality pictures 4 seconds
after exposure. A Microfilm Recorder
adds butt-plot, still, or motion-picture
production capability. Data can be
filmed for later use and analysis.-




Programmed Models

Complex mathematical concepts
often are difficult to communicate . One
of the best methods of communication of
such dbstract concepts is the visual
method — particularly through dynamic
or static crt displays.

The computer - generated model
can be a three-dimensional outline ofa
physical object that is currently under-
going computer analysis, eg, an orbital
vehicle. The computer can manipulate
the model to show effects of calculated
gravitational and inertial forces. The
interplay of forces — difficult to vi-
sualize if printed outasalisting of num-
bers — becomes clear when seen on
the model. A Display Console, pro-
grammed as a command center during
work with models, gives effective com-
munication with the computerand allows
the call -up of subroutines on an as-
required basis. A Microfilm Recorder,
programmed to produce still or motion
pictures, canrecord highlights or entire
sequences of model behavior for later
observation and analysis. This type of
motion picture, costly with conventional
animation, isrelatively inexpensive here
because the computer generates the pic-
tures as it analyzes the model .

Continuous (Strip) Graphing

The Butt-Plot MicrofilmRecorder,
in addition to normal still or motion-
picture production, can produce con-
tinvous strip pictures without frame

separation under program control . Con-
tinuous strip (butt plot) film output is
oscillography with unexcelled detail .
Events sensed or initiated by the com-
puter program can be duly recorded on
the graph together with pertinent alpha-
numeric data .

Design Tool

The Display Console may be pro-
grammed as a computerized design tool
for use in the engineering arts. Many
engineering problems are solved by
repeating fripsto a data center with up-
dated programs and/or new data. With
dynamic programming, the Display Con-
sole becomes a communication center
from which an engineer can work di-
rectly with hisprogram. ADisplay Con-
sole allows working with a computer on
a time-sharing, real-time basis. Many
of the previously necessary output list-
ing analyses and program revisions are
bypassed because the program can dis-
play programresults on the Display Con-
sole crt. Using Display Console acces-
sories, the user can manually intervene
and direct his program along the most
desirable routes.

Graphic Hardcopy

The Hardcopy Recorder outputs
pages of positive data records ata one-
frame-per-second rate which makes on-
the-fly line printers and digital plotters
slow by comparison. Display subsystem



alphanumeric and graphic capability

allowsdata output tobe consolidated on.

paper records of quick-look or archival
quality. This formerly required com-
bination line printer and plotter usage .
The quick-look records are available
to the user 4 seconds after exposure.
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Archival quality records are obtained by
bypassing internal flash processing and
using the external Hardcopy Processor.
Data recording can be computer initia-
ted or manually initiated by a Display
Console operator .
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FUNCTIONAL DESCRIPTION

Each of the display subsystem
equipments and supplementary items
performs separate identifiable opera-
tions. This modular approach allows a
display subsystem capability consistent
with immediate needs. Expansion of
capability is accomplished by adding
equipments, options, and supplementary
items until reaching the maximum con-
figuration. The following descriptions
explain the characteristics of the Dis-
play Controller, Display Console, Hard-
copy Recorder, the three Microfilm
Recorders, the Microfilm Processor,
the Hardcopy Processor, and the Motor
Generator.

Display Controller

The Display Controller is the
heart of the display subsystem. It com-
municates with the computer, exchanges
analog and control signals with the
monitors, and performs the display sub-
system logical operations. The con-
troller contains as @ minimum, a sym-
bol generator, vector generator, point
plotter, buffer memory, control logic,
and digital - to-analog conversion
circuits.

The symbol generator uses a
stroke technique in a 9 by 9 matrix to
produce up tol 28 symbols if the expand-
ed symbol set is installed. Automatic
matrix shiftdown allows subscripts and
symbols with parts below the line. The
vector generator produces eight cate-
gories of vectors in two programmable

intensity levels. Through programselec-
tion, points may be plotted at a slow or
fast rate .

The controller random access,
core memory has a 1.67 - microsecond
cycle time . It providesastorage capac-
ity of 4096 addresses; each address con-
sists of 24 data bits plus 2 parity bits.
Adding the expanded memory option
doubles the memory storage capacity .
Memory control contains two memory
address registers which hold the address-
es of the next word for display and the
next word for an inpuf/oufpuf opera-
tion. Interlacing of input/output and
display sequences, facilitated by the two
registers, allows memory access without
interruption of the display presentation .




Display Console

The Display Console presents
graphic and alphanumeric displays ona
19-inch crt under computer initiation
in direct mode or under controller ini-
tiation in buffer mode. The alpha-
numeric and function keyboards, light
pen, optional trackball, and front panel
controls provide operator intervention,
data modification, and mode selection
capabilities under program control .

The alphanumeric keyboard con-
tains symbol keys and shift, lock, and
clear keys aswell as indicators for error
and interrupt active conditions. De-
pression of a symbol key stores the cor-
responding symbol code in memory from
which it may be read by the computer,
displayed, or acted upon as determined
by the program.

When the function keyboard is
enabled, the operator may select con-
ditions for interpretation by the program.
Momentary, latching, overlay encod-
ing, and clear switches generate inter-
rupts , store 24-bit words in memory,
and clear the keyboard. Latching and
overlay encoding switches also can be
read directly from the keyboard over
the status lines.

The light pen is a high-speed
photosensitive stylus with which an
operator can selectively modify,
change, or compose graphic data. One
application is drawing images on the
crt with the aid of a programmable
tracking cross. A tracking cross is made
up of a circular array of dots overlaid
with across of dots that appears on the
crt. Under program control, light pen
selection of any tracking cross dots

results ina vector fromthe tracking cross
center to the selected dot. The program
repositions the tracking cross center to
the end of the vector just drawn . Inthis
manner, the operator draws on the crt.
Vector length and the number of track-
ing cross dofs determine line resolution.

The optional trackball is a phe-
nolic ball mounted in the console desk
top. Trackball rotation supplies quan-
titative information indicating direction
and amount of rotation to the Display
Controller. During trackball rotation,
the controller can move adisplayed cur-
sor about the screen. The computer can
sample the cursor position at any time
and alter relative positions of two or
more displayed images, rotate a three-
dimensional image, etc.

When program enabled, Display
Console front panel controls allow man-
val interrupts with mode and operation
selection of the light pen and trackball .
In addition, the operator may choose
printout by the Microfilm or Hardcopy
Recorder.



Hardcopy Recorder

The Hardcopy Recorder, driven
by the Display Controller, provides 7-
inchsquare data records on 9-inch-wide
roll-stock photosensitive paper. An11-
inch frame advance, under computer or

CRT
DIAMETER

N

N\

N

/

DISPLAY AREA
3.25"BY 3.25"

operator control, repositions the paper
for subsequent recordings. The frame
advance takes 1 second which is the

time required for internal flash
processing -
llll
FRAME
ADVANCE
PAPER
TRAVEL
7" SQUARE
DATA
RECORD

Hardcopy Recorder Output



Microfilm Recorder

Display subsystem configuration
offersa selection, based on desired out-
put, of one of three types of Microfilm
Recorders — 35mm, 35mm butt plot,
or 1émm. Each Microfilm Recorder

incorporatesa 5-1/4-inch, high resolu-

tion crt and a camera with controlling
circuitry . When the Microfilm Recorder
is program selected, Display Controller
clock frequency switches from 6 MHz
to 2 MHz to allow recording during a
single refresh cycle .




35mm

The 35mm Microfilm Recorder pro-
vides data recordings for later observa-
tionasstill or motion pictures. A Micro-
film Recorder, inanapplicationoriented
to production of still pictures, presents
data within a 0.625-inch square film
display area on standard-sized, perfora-
ted, 35mmfilm. Where output is motion-
picture oriented, the film display size is

CRT DIAMETER
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N

N /

DISPLAY AREA
2.500"BY 2.500" ]

FILM
TRAVEL

0.562 inch square. A frame advance
moves the film 0.748 inch. Physical
positioning of the camera and lens
achieves a film display size compatible
with majorapplications. The crtdisplay
area is the same for both film display
sizes. The maximum recording rate is
30 frames per second.

FRAME |
FRAME 2 =

0.748"

FRAME ADVANCE
FRAME 3|

FRAME 4/

1

0.625" SQUARE QUALITY STILLS

0.562" SQUARE MOTION PICTURES

t

v

35mm Microfilm Recorder Output
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35mm Butt Plot

The 35mm butt-plot Microfilm
Recorder has the same output capability
as the 35mm Microfilm Recorder. In
addition, it plots continuous strip record-
ings with no film display separation by
program selection. In butt-plot mode,
the entire crt display image automatically
rotates 90° clockwise and the crt display
area expands to fill the film frame . Butt-

CRT DIAMETER

BUTT-PLOT MODE

DISPLAY AREA

2.500" BY 2.500"

N\

N/ S

ALTERNATIVE DISPLAY AREA:
2.088"BY 2.088" FOR QUALITY
STiLLs, 1.877" BY 1.877"
FOR MOTION PICTURES.

0.748" FRAME
ADVANCE NO
SPACING

plot frame size is 0.748 inch square.
When used for still pictures, the alter-
nate film display size is 0.625 inch
square . For motion pictures, the alter-
nate film display size is 0.562 inch
square . Cridisplay area adjustment pro-
videsa filmdisplay size compatible with
still or motion-picture production when
it is not expanded for butt plotting -
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16mm

The 16mm Microfilm Recorder pro- iswithin a 0.4523-inch square film dis-
vides compact data recordings on non- playarea. The maximum recording rate
perforated 16mm film. Data recording is 15 frames per second .

FRAME |

FRAME 2%

CRT DIAMETER
0.5413"
FRAME ADVANCE

// FRAME 3“7

/.
\ / FRAME 4/

DISPLAY AREA /
2.500" BY 2.500" FRAME 5
I 0.4523" SQUARE QUALITY STILLS
FILM l
TRAVEL FRAME 6
)\’

16mm Microfilm Recorder Output
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Hardcopy Processor

The external Hardcopy Processor
develops Hardcopy Recorder output into
archival quality records. A lightproof
internal takeup magazine in the Hard-
copy Recorder is used when paper is to
be developed in the external Hardcopy
Processor. Exposed paper is transferred
from the internal takeup magazine to the
processor magazine by splicing leader
to the exposed paper leading edge - Rol-
lers guide the paper into four tanks of
processing solution. A heating element
dries the fixed paper which is suitable
for indefinite storage .

Motor Generator

The Motor Generator isacombin-
ation 60-hertz motor and 400-hertz
generator. It provides transient-free,
primary power for a Hardcopy Recorder
or a Microfilm Recorder. In a 50-hertz
subsystem configuration, a special 50-
hertz Motor Generator is available for
use with the Microfilm Recorder only.
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OPERATION

The 250 Graphics Display Subsys-
tem operates with a CONTROL DATA
6000 Series Computer via a 6681 data
channel adapter ora 3000 Series Com-
puter with a 12-bit data channel . The
display subsystem is controlled by the
computer which sends digital instruc-
tions to the Display Controller. The
Display Controller translates those in-
structions for the crt into analog signals
which control movement and unblank-
ing of the monitor crt beam.

The subsystem has two program-
mable operating modes: direct and
buffer. Inhigh-speed direct mode, the
Display Controller converts computer-
generated instructions directly to ana-
log signals for crt display and recording -
In buffer mode, the computer loads a
display routine into the Display Con-
troller memory where it remains for
observation and possible revision or
recording, thus freeing the computer for
other operations.

Buffer mode operation handles
routines that required direct mode op-
eration in earlier display subsystems.
The subsystem repertoire contains in-
structions required to perform data com-
position, editing, and manipulation
through operator use of the alphanu-
meric keyboard and light pen without
computer intervention . This capability

15

removes asignificant processing burden
from the computer .

In both direct and buffer mode,
the computer may activate the display
subsystem interrupt system so that when
certain conditions occur an intferrupt
signal is sent to the computer. When
so interrupted, the computer has two
alternatives: it can temporarily ignore
the interrupt or it can sample status
lines to determine the exact cause of
the interrupt. For example, the Dis-
play Console keyboard and light pen
have the interrupt feature . Depressing
a keyboard key or light penning data
onthe crt generates an interrupt to the
computer. The computer can then read
the keyboard or light pen information
from the display subsystem.

Alldisplays are made up of three
basic display elements: symbol, point,
and vector. A symbol is a character,
letter, or number. A point is simply a
dot. A vectoris a straight line of pro-
grammable length. All displays, from
simple statementsto complex models or
diagrams, are made from combinations
of these three basic display elements.

Normal displays of data on the
crt are within a square display area.
The display area divides into 1024
(1777 octal) increments in both the X



and Y directions. By using 10-bit X
and Y coordinates, the computer can
directone of the basicdisplay elements
to a specific position. Although the
crt are of different diameters — the
Display Console, Hardcopy Recorder,
and Microfilm Recorder crt are respec-
tively 19 inches, 7-1/2 inches, and
5-1/4 inchesin diameter — computer
programs consider each display area as
1777 octal increments square .

The Display Controller provides
the monitors with precise analogsignals
which control the crt beam. The ana-
log signals are the results of logical
operations in the Display Controller.
The digital-to-analog circuitry senses
the logical operations and develops
corresponding analog signals. Display
Controller operation is similar to that
of a stored program computer because
it has random access memory and an
instruction repertoire - The instructions,
however, are oriented to data display
and recording rather than general prob-
lem solving .

Effectively, the Display Consoles
provide windows for observation of com-
puter data. The function keyboard,
alphanumerickeyboard, light pen, and
optional trackball are program-enabled
methods of manual data entry andrevi-
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sion. In a display subsystem with a
recording monitor, a Display Console
switch initiates a page print of the
data currently shown on the Display
Console crt.

A Hardcopy or Microfilm Recor-
der records data pictures under compu-
ter and/or operator control. Recording
monitor crt presentations are duplica -
tions of the Display Console picture. A
single unblanking of a recording monitor
crt correctly exposes the recording me-
dium. The shutterless Hardcopy Recorder
projection system transfers the data image
to vacuum-stabilized , photosensitive
paper- Similarly, shutterless Microfilm
Recorder cameras transfer the data image
to either negative or reversal type film.

Quick-look Hardcopy Recorder
output, internally flash processed, is
operator viewable 4 seconds after ex-
posure . Archival quality hardcopy rec-
ords are obtained by using a lightproof
takeup magazine, which bypasses the
internal processor, and developing the
exposed paper with the external Hard-
copy Processor. The Microfilm Record-
ersupply and takeup magazines are light-
proof and simplify film removal for de-
veloping with the external Microfilm
Processor -



TECHNICAL
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FEATURES
3398-2 DISPLAY CONTROLLER

— Solid-state, plug-in logic circuit
cards with easily accessible test
points.

— Communicates with 6000 (via 6681
adapter) or 3000 Series Computer
data channel (or equivalent) in 12-

bit parallel mode.

— Internal processing in 24-bit par-
allel mode.

— Stored program.

— Random access 26 (24 data plus
2 parity) by 4096 core storage
optionally expandable to 26 by
8192.

— Memory cycle time of 1.67 micro-
seconds.

~—  Program error detection (software
debugging aid).

— Basic 64 - symbol  repertoire,

optionally expandable to 128 sym-
bols.

— Programmed 50-hertz refresh rate
control.

— Interrupt system.
— Operable in direct or buffermode.
— Basic clock speed of 6 MHz.

— Recording clock speed to 2 MHz.

Al

— Internal tracking capability with

either a light pen or a trackball.

— Internal data (alphanumeric and

graphic) entry and editing capa-
bility .

252-2 DISPLAY CONSOLE

Electrostatic 19-inch crt with type
P31 phosphor.

A 3:1 display contrast ratio.

Dynamic focus and astigmatism
correction.

Spot size of 0.035 inch maximum
within the 11.3-inch square dis-
play area.

Positioning accuracy of + 2 per-
centof crtdisplay area edge length
(11.3 inches).

Drift tolerance after 30-minute
warmup of + 2 percent in an 8-hour
period.

Full-length vectors.

Four symbol sizes.

Program selection of 128 or 136
symbols per line in a 64-line dis-

play.

Random or tabular (automatic)
symbol spacing.

Two intensities.



FEATURES (CONT)

Italics.
I .
90~ orientation.

Blink mode.

Alphanumeric keyboard for inter-
nal data composition.

Function keyboard allows manual
selection of varying operations by
storing static and momentary codes
and sending an interrupt, when
enabled, to the computer.

Light pen senses discrete display
elements on the crt and provides
internal tracking for program
modification.

Trackball (optional), used in con—
junction with aprogrammable cur-
sor, allows manual changes of
position codes which can be sam-
pled by the computer.

253-2 HARDCOPY RECORDER

Electrostatic 7-1/2-inch crt with
type P11 phosphor.

Dynamic focus and astigmatism
correction.

Spot size does not exceed 0.012
inch any place within the 3.25-
inch-square display area.

Positioning accuracy of * 2 per-
cent of crt display area edge
length (3.25 inches).

— Drift tolerance after 30-minute
warmup of + 1 percent in an 8-
hour period.

— Full-length vectors.

— Four symbol sizes.

— Program selection of 128 or 136
symbols per line with 64 datalines

per frame.

— Random or tabular (automatic)
symbol spacing.

— [talics.
o . .
— 90~ orientation.

— Frame advance moves paper 11
inches in 1 second.

— Shutterless projection system.

254-2 MICROFILM RECORDER

— Electrostatic ultra- precision,
5-1/4-inch crt with type P11
phosphor .

— Dynamic focus and astigmatism
correction.

— Spot size does not exceed 0.006
inch any place within the 2.5-
inch-square display area.

— Positioning accuracy of + 0.6 per-
cent maximum of crt display area
edge length (2.5 inches).



FEATURES (CONT)

Drift tolerance after 30-minute
warmup of = 1.5 percent in an 8-
hour period.

Full-length vectors.
Four symbol sizes.
Two intensities.
Italics.

o . .
90" orientation.

Blink mode.

Program selection of 128 or 136
symbolsper line with 64 data lines
per frame.

Random or tabular (automatic)
symbol spacing.

Frame advance (35mm and 35mm
butt plot only) moves film 0.748
inch in 33 milliseconds (40 at 50
hertz).

Frame advance (16mm only) moves
film 0.5413 inch in 66 milliseconds
(80 at 50.hertz).

Shutterless cameras.

Film magazine capacity of 1000
feet (35mm and 35mm butt plot) or
400 feet (16mm).

Special f1.2/55mmrecording lens,
corrected for P11 phosphor, with
1.5 minification.

A3

MOTOR GENERATOR/60 HERTZ

Output voltage of £ 1 percent
nominal in 5 seconds.

Operating speed of 1760 revolu-
tions per minute.

Built=in motor starter circuit.

Thermal overload protection pro-
viding automatic shutdown.

HARDCOPY PROCESSOR

Compact for table top usage.

Continuous processing at a 10-
foot-per-minute rate (maximum).

Canbe placed at a location remote
from the display subsystem.

Archival quality high-contrast
fixed stable records.

MICROFILM PROCESSOR

Processes negative or reversal type
film (perforated or unperforated)
up to 35mm wide.

Continuous processing at a 20 foot-
per-minute rate.

Fault sensors and automatic shutoff
on failure.

Operable in normal room lighting.

Canbe placed at alocation remote
from the display subsystem.



EQUIPMENT SPECIFICATIONS

DIMENSIONS AND WEIGHT

NAME WIDTH DEPTH HEIGHT WEIGHT
(Inches) (Inches) (Inches) (Pounds)
Display Controller 88-3/8 20-1/2 75 2300
Display Console 40-1/2 56 49-1/2 900
Hardcopy Recorder 42-1/2 25 58 850
Microfilm Recorder 64 25-3/4 63-1/2 920
Motor Generator 22-1/4 15-1/4 31 215
Supplementary Items
Hardcopy Processor 31 19 18-1/4 160 (dry)
Microfilm Processor 105-1/4 19-1/4 67 425 (dry)
INPUT POWER REQUIREMENTS
VOLTAGE | FREQUENCY WATTS
NAME (Volts) (Hz) PHASE (Per Unit)
Display Controller 208 400 3 2650
120 50/60 1 460
Display Console 208 60 * 3 2150
Hardcopy Recorder 208 400 3 500
120 60 1 1800
Microfilm Recorder 208 400 3 500
120 50 **/60 1 200
Motor Generator *** 208 60 3 2000
or
440
Hardcopy Processor 120 60 1 1600
Microfilm Processor 120 60 1 1500

*50 Hz with 50-Hz power conversion kit.
** 50 Hz requires 50-Hz Motor Generator.,
*** Power requirements given are for 60 Hz only.
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SYMBOL SPACING AND VECTOR LENGTH

TABULAR (AUTOMATIC) SYMBOL SPACING

size | SIZE | patio | SYMBOLS | LNES PER | it ic | spacine
(OCTAL) (OCTAL)
Miniature 00 1.0 128 or 136 64 100r7/10 20
Small 01 1.5 94 47 13 26
Medium 10 2.0 64 32 20 40
Large 1 3.0 | 43 21 30 63
VECTOR LENGTH AND RAMP TIMES
LENGTH LENGTH TIME
(Raster Units) (Inches) (Microseconds)
Oto8 0.00 to 0.09 3.30to 5.00
8 to 16 0.09to 0.18 5.00 to 6.67
16 to 32 0.18to 0.35 6.67 to 8.33
32 to 64 0.35t0 0.71 6.67 to 10.00
64 to 128 0.71 to 1.40 8.33 to 13.33
128 to 256 1.40 to 2.80 10.00 to 15.00
256 to 512 2.80to 5.70 13.33 to0 25.00
512 to 1023 5.70t0 11.30 21.67 to 38.33
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SYMBOL REPERTOIRE

STANDARD SYMBOL SET

seo [ acp [ S0l 1VOON] pecuenon | sep | oo |0t PN pescuemion
CODE |CODE KBD CODE|CODE KBD :

00 12 Colon 41 41 J J

[1)] 01 1 1 42 42 K K

2 | 0 2 2 Q| . L L

03 03 3 3 44 “ M M

04 04 4 4 45 45 N N

05 05 5 5 46 46 o o

06 06 6 [} 47 47 P P

07 07 7 7 50 50 Q Q

10 10 8 8 51 51 R R

11 n 9 9 52 52 v \ Logical OR

12 | o0 0 0 3 ) 53] s $  |Dollar sign

13 13 = = Equal sign 54 54 * * Asterisk

14 | 14 # # Not equal sign 55 | 55 t t Up arrow

15 15 < < Less than or equal to sign 56 56 4 4 Down arrow

16 16 % % Percent sign 57 57 > > Greater than

17 17 [ [ Opening bracket 60 20 + + Plus sign

20 60 Space (no symbol displayed) 61 21 A A

21 61 / / Diagonal 62 22 B B

22 62 S S 63 23 C C

23 63 T T 64 24 D D

24 64 u U 65 25 E E

25 65 v v 66 26 F F

26 66 w w 67 27 G G

27 67 X X 70 30 H H

30 70 Y Y 7 31 I I

31 71 4 z 72 32 < < Less than

32 72 ] 1 Closing bracket 73 33 . . Period

33 73 , , Comma 74 34 ) ) Closing parenthesis

34 74 ( ( Opening parenthesis 75 35 2 2 Greater than or equal to

s | 75 - —~ | Right arrow sign

36 76 = = Identical to 76 % - - Logical NOT

7 |7 A A Logical AND 71w ; : Semicolon

40 40 - - Dash or minus sign

Ab



SYMBOL REPERTOIRE (CONT)

EXPANDED SYMBOL SET

scp | scp DrpiavEp | DESCRIPTION seb | D DreaLAvED | DESCRIPTION
CODE | CODE CODE | CODE
00 12 B Small beta 40 40 % Plus or minus
01 01 L Subscript 1 4] 41 i
02 02 2 Subscript 2 42 42 k
03 03 3 Subscript 3 43 43 I
04 04 '/ Small psi 44 44 m
05 05 P Small rho 45 45 n
06 06 Y Small gamma 46 46 o
07 07 ¢ Small phi 47 47 P
10 10 w Small omega 50 50 q
1 A a Small alpha 51 51 r
12 00 v Del 52 52 f Integral sign
13 13 3 Small delta 53 53 0 Partial sign
14 14 P Sigma 54 54 ° Degree sign
15 15 o Small sigma 55 55 A Delta
16 16 M Small mu 56 56 _ Underline
17 17 L4 Small pi 57 57 v Square root
20 60 € Small epsilon 60 20 a Small theta
21 61 - Left arrow 61 21 a
22 62 s 62 22 b
23 63 t 63 23 c
24 64 u 64 24 d
25 65 v 65 25 e
26 66 w 66 26 f
27 67 x 67 27 g
30 70 70 30 h
31 71 z 71 31 i
32 72 ~ Tilde 72 32 A Small lambda
33 73 ] 73 33 2 % Psi
34 74 © 74 34 " Quotation mark
35 75 a 75 35 ' Prime mark
36 76 & 76 36 ® Infinity
37 77 v 77 37 ? Question mark
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FUNCTION CODES

OCTAL CODE FUNCTION
0000 Release
0001 Buffered Mode
0002 Stop Buffered Display
0003 Start Buffered Display
0004 Enable Trackball Interrupt
0005 Disable Trackball Interrupt
0006 Enable Alphanumeric Keyboard Interrupt
0007 Disable Alphanumeric Keyboard Interrupt
0010 Enable Light Pen Interrupt
0011 Disable Light Pen Interrupt
0012 Interrupt on Halt Instruction
0013 Release Interrupt on Halt Instruction
0014 Interrupt on Memory Parity or Program Error
0015 Release Interrupt on Memory Parity or Program Error
0016 Enable Function Keyboard Interrupt
0017 Disable Function Keyboard Interrupt
0020 Enable Manual Interrupt
0021 Disable Manual Interrupt
0022 Interrupt on End of Operation
0023 Release Interrupt on End of Operation
0024 Interrupt on Abnormal End of Operation
0025 Release Interrupt on Abnormal End of Operation
0026 Set Interrupt Active
0027 Clear Interrupt Active
0030 Direct Mode
0031 Function Keyboard 1
0032 Function Keyboard 2
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FUNCTION CODES (CONT)

OCTAL CODE

0033
0034
0035
0036
0037
0040
0041
0042
0043
0044
0045
0046
0047
0050
0051
0052
0053
0054
0055
0056
0057
0060
0061
0062
0063
0064

FUNCTION

Function Keyboard 3

Select Normal Status

Select Special Status

Enable 01 Decoding

Disable 01 Decoding

Enable Page Print

Record Console 1 on Hardcopy Recorder
Record Console 2 on Hardcopy Recorder
Record Console 3 on Hardcopy Recorder
Record Console 1 on Microfilm Recorder
Record Console 2 on Microfilm Recorder
Record Console 3 on Microfilm Recorder
Disable Page Print

Enable all Interrupts

Clear all Interrupt Causes

Enable Read X, Y Position Register
Continue

Clear

Select External BCD

Select Internal BCD

Select 136 Symbols

Select 128 Symbols

Enable Destructive Readout

Disable Destructive Readout

Enable Butt Plot

Disable Butt Plot
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NORMAL STATUS CODES

OCTAL CODE INDICATES
XXX1 Controller Ready
XXX2 Controller Busy
XXX4 Internal Busy
XX1X Light Pen Interrupt
XX2X Function Keyboard Interrupt
XX4X Alphanumeric Keyboard Interrupt
X1XX Manual Interrupt
X2XX Trackball Interrupt
X4XX Abnormal End of Operation Interrupt
IXXX End of Operation Interrupt
2XXX Halt Interrupt or Direct Mode Program Error
4XXX Program or Memory Parity Error
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SPECIAL STATUS CODES

OCTAL CODE

XXX1
XXX2
XXX4
XX1X
XX2X
XX4X
X1XX
X2XX
X4XX
IXXX
2XXX
4XXX

INDICATES

Hardcopy Ready

Hardcopy Busy

Paper Low

Microfilm Recorder Ready
Microfilm Recorder Busy
Film Low

Trackball Mode Console 1
Trackball Mode Console 2
Trackball Mode Console 3
Manual Interrupt Console 1
Manual Interrupt Console 2

Manual Interrupt Console 3

All



FUNCTION KEYBOARD STATUS CODES

OCTAL CODE ORIGIN
XXX1 Latching Switch, Bit 12
XXX2 Latching Switch, Bit 13
XXX4 Latching Switch, Bit 14
XX1X Latching Switch, Bit 15
XX2X Latching Switch, Bit 16
XX4X Latching Switch, Bit 17
X1XX Overlay Switch, Bit 18
X2XX Overlay Switch, Bit 19
X4XX Overlay Switch, Bit 20
IXXX Overlay Switch, Bit 21
2XXX Overlay Switch, Bit 22
4XXX Overlay Switch, Bit 23
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RESERVED MEMORY ASSIGNMENTS

MEMORY LOCATION

N 00 O h W BN

10
11
12
13
14
15
16
17

CONTENTS

Program error word

Store XY, Console 1

Store XY, Console 2

Store XY, Console 3

Light pen word for Console 1

Light pen word for Console 2

Light pen word for Console 3

Trackball word and Manual Interrupt for Console 1
Trackball word and Manual Interrupt for Console 2
Trackball word and Manual Interrupt for Console 3
Alphanumeric keyboard for Console 1
Alphanumeric keyboard for Console 2
Alphanumeric keyboard for Console 3

Function keyboard word for Console 1

Function keyboard word for Console 2

Function keyboard word for Console 3
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INSTRUCTION FORMAT DESIGNATORS

DESIGNATOR

\___|__/

00
Sample

AC

@]

S

K

KX

KY

L1, L2, L3

L

M1, M2, M3, M5, M6

EXPLANATION

A two-digit octal translation of the upper 6 bits
(operation code) of the instruction. The operation
code specifies the major function of the instruction.
An X in the second octal digit location indicates
any digit O through 7.

Expanded memory select bit.

Address count, difference between memory address
and address detected by light pen.

Blink control bit.

Complement control bit.

Reserved memory flag bit.

Italic control bit.

Interrupt plus status return enable.

An operand to test the current value of X.

An operand to test the current value of Y.

The light pen enables for monitors 1, 2, and 3.
Light pen register change enable.

Enable memory store, unblank, or input device
flag test for monitors 1, 2, 3 (Display Consoles),

5 (Hardcopy Recorder), and 6 (Microfilm Recorder),
respectively. M4 is unassigned.
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INSTRUCTION FORMAT DESIGNATORS (CONT)

DESIGNATOR EXPLANATION
@ Orientation control bit.
O/P Operator/program priority mode enable.
R Indicates whether the instruction contains X, Y

values or AX, AY values.

S Expanded symbol set select bit.
SC Symbol count indicates which symbol of a sequential
word was detected.
S/F Slow or fast point plot mode enable.
SI Enable bit for storing a skip word.
S1, S2, S3 Expanded symbol set enables for symbols 1, 2, and 3.
T Transfer memory address to X, Y register.
T/C Track/capture mode enable.
W Intensity control bit.
X A 10-bit horizontal coordinate.
Y A 10-bit vertical coordinate.
AX Magnitude of horizontal change.
AY Magnitude of vertical change.
////) Unused bit positions.
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INSTRUCTIONS

17 13
y
000001 / A MEMORY ADDRESS START ADDRESS
A

' ol ’ \SELECT EXPANDED MEMORY
23 18 17 13 .12 11 0
V.,
MP
000010 7/ A MEMORY ADDRESS -
77k .67 usec

~ r / \

02 SELECT EXPANDED MEMORY
23 I8 12,11 0

7 13
[
0coo0o0 1 | / A MEMORY ADDRESS RETURN Jump
% A 3.33 usec

' N SELECT EXPANDED MEMORY

03
0001 KX KY 1.67 LLSEC -~ NO SKIP
3,33 USEC - SKIP
—_ T /
04,05,06,07
23 I8 17,16 .15 14,13 12 11 0 STORE X,Y
/|
3.33+N (1.67) i sec
001000 |mmelwilsiFa MEMORY ADDRESS N = NUMBER ' OF
~ A A ‘\ SELECTED CONSOLES
L ¥
10 MONITOR \ SELECT EXPANDED MEMORY
SELECT STORE SKIP WORD
MEMORY
LOCATION
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INSTRUCTIONS (CONT)

NAME AND
FORMAT EXECUTION TIME/6MH,

23 18 17 16 15 14 13 12 1l (o} LIGHT PEN SKIP
%
001001 |wwemsTPJa| MEMORY ADDRESS 6.67 JLSEC - NO SKIP
s : e— 1472 ‘\ 8.33 jusEC - SKIP
" MONITORS \ SELECT EXPANDED MEMORY
1,2, AND 3
b N ENABLE TRANSFER
FLAG TEST
23 18 17, 16,15 14 0 TRACKBALL _SKIP
OO0 101 O m MZMB////////////////////// .67 pusec - NO skip
24 3.33 JMSEC — SKIP
\ T J \. T J
12 \(_ MONITORS 1, 2, AND 3
TRACKBALL FLAG TEST
23 1817 13 .12 1 )
7 REPLACE ADD ONE
00101 1 /////A MEMORY ADDRESS 5.0 LSEC
A1 OH
[ v / \
13 SELECT EXPANDED MEMORY
23 18,17 16 15 14 13 12 || )
% STORE BASE POSITION
OO0 1 | 00 [mmM2M3 R%A MEMORY ADDRESS 3.33+N(1.67) uSEC
trart
\ /\ / \
14 MONITOR SELECT EXPANDED MEMORY
SELECT
MEMORY STORE ABSOLUTE =0
LOCATION STORE RELATIVE = |
23 18,17 16,15 14 13 12 || )
R ? A MEMORY ADDRESS STORE PLOT POINT
M [M2{M3
ool 1ol NZE 3.33 + N (1.67) usec
L Y J\ 1 / \
18 MONITOR \ SELECT EXPANDED MEMORY
3‘:‘&‘5& STORE ABSOLUTE =0
LOCATION STORE RELATIVE = |
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INSTRUCTIONS (CONT)

NAME AND

EXECUTION TIME/6 MH

STORE _VECTOR
3.33 +N(1.67) pusec

MANUAL |INTERRUPT SKiIP

FORMAT
23 18,17 16,15 14 13 12 1l o
”
00 1 11 0 |mimemalr %a MEMORY ADDRESS
? 1
\ : A — \\
16 MONITOR SELECT EXPANDED MEMORY
:E;E,‘;E STORE ABSOLUTE =0
LOCATION STORE RELATIVE =1
23 18 17,16 15 14 o
.
/]
\ T AN T J
7 \~—_ MONITORS 1, 2, AND 3
MANUAL INTERRUPT FLAG TEST
23 19 18,1716 ,15 14,13 12,11 ,10,9 8,7 6 ,5 .4 3 2 | 0
SYM
01000 L™ MZM%MSMG 1/8(w|8|s1ze uleuwo/wc
? tivlede 3N
- T 7\ T J \ ]
20,21 ENABLE / ;'g‘:‘;’ ’5"}
ENABLE OB Ak ENABLE o1
INTERPRET
ITALICS :&I)'g: f)ligxsr .l
BLINK PRIORITY ENABLE
INTENSITY OPERATOR = O/PROGRAM =1
23 18,17,16 15 14 0
7
oO10010 MlMZM:’»////////////////////
\ /\ /]
T T
22 MONITORS 1, 2, AND 3
ALPHANUMERIC KEYBOARD FLAG TEST
23 18,17,16 15 14 o
7/
\ | N\ 1 v}
22

—

MONITORS 1,2, AND 3
FUNCTION KEYBOARD FLAG TEST

A18

I.67 LLSEC - NO SKIP
3.33 pLSEC - SKIP

MONITOR SETUP
.67 uSEC

ALPHANUMERIC
KEYBOARD SKIP

|.67 LLSEC - NO SKIP
3.33p.sec -SKIP

FUNCTION .
KEYBOARD SKiP

1.67 WLSEC -NO SKIP
3.33 U SEC -SKIP




INSTRUCTIONS (CONT)

FORMAT NAME AND
EXECUTION TIME/6 MH2
23 19,18 17 12,11 109 8.7 6,5 0
51010l // elwls SYM SYMBOL SYMBOL SETUP
/ SIZE CODE 3.33 usec
/ A el iy
~ 7
A Qomsm 90°
' SELECT INTENSITY
EXPANDED
SYMBOL SET BLINK
ITALICS
23 19,18 17,16 15 14 12,11 ,10,9 8,7 6,5 0 )
7 SYM SYMBOL M.E_A_I:L_
O 101 I {S]miIM2M3 /I BIWIPIsze |  cooe 5.0 uSEC
1 Znnnn
e 7\ /
T T Qomem 90°
26,27 ENABLE
SELECT UNBLANK BLINK
EXPANDED ITALICS
SYMBOL SET
23 21 20,19 18 17 12 1 6,5 )
o1 1lsilsalss SYMBOL SYMBOL SYMBOL SEQUENTIAL_SYMBOL
CODE | CODE 2 CODE 3 10.0 usec
\ J
3x/

““_ SELECT EXPANDED SYMBOL SET
FOR SYMBOL |,2,AND 3

23 21,2019 10 9 0
. BASE POSITION
| OO (R X or AX Y or AY
1 3.3 pusec

\ ' —
ax ABSOLUTE MODE =0

RELATIVE MODE = |

23 212019 109 °
PLOT POINT
101l r; X or AX Y or AY 5.0 WL SEC - SLOW
- - 3.3 L SEC - FAST
5% \ ABSOLUTE MODE = 0

RELATIVE MODE =i
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INSTRUCTIONS (CONT)

NAME AND
FORMAT EXECUTION TIME /6 MH;
23 212019 10.9 [
VECTOR
' l 0 z X OR AX Y OR AY 3.3 ,J.SEC ‘MlN)
A\ J
6X \_—Aasou_un-: MODE = 0
RELATIVE MODE = |
23 19,18
HALT
lt1 00 ';////////////////////////// 1.67 . SEC
J
70,7 INTERRUPT AND STATUS
23 18 17 13,1211 0
// STORE SYMBOL SETUP
Lt1rotro //////? MEMORY ADODRESS 3.33 +N (1.67) puSEC
L ' / \
72 SELECT EXPANDED MEMORY
23 '82 113,12 F RAME ADVANCE
L1100 ///ms///////////////// 1167 fLSEC - No SKIP
- ; A 1t 3.33 wSEC - SKIP
73 mcnorn.m RECORDER
HARDCOPY RECORDER
23 18 17 13,12 11 0
////// REPLACE OPERAND
11100 /A MEMORY ADDRESS
zn 3.0 pseC
\ /]
78 \SELECT EXPANDED MEMORY
23 18 17,16 13,12 11 0.
11101 c///// A MEMORY ESS =080 %, X
ADDR
' /// N 3.33 usec
e g
75 \SELECT EXPANDED MEMORY

LOAD COMPLEMENT
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RESERVED MEMORY WORDS

NAME AND

FORMAT MEMORY LOCATION

13,12 1t (0]

A
\ EXPANDED MEMORY

23 21

Y.

23
7 LIGHT PEN
/ SC {AC |A MEMORY ADDRESS 4g 52 . 6
8,vY8 ), ©O8
ZRARAr
\\EXPANDED MEMORY
ADDRESS COUNT

SYMBOL COUNT - 10=SYMBOL |

10,9 0
X Y

20,19
G
AY
N~ MEMORY FLAG

X,Y POSITION

lg, 28, 38

0l=SYMBOL 2
00:=SYMBOL 3
23,22 21,2019 10,9 0 TRACKBALL AND
klools TRACKBALL TRACKBALL MANUAL INTERRUPT
X POSITION Y POSITION
r Y\ 78, |08' “B
~ |
TRACKBALL MODE
\ \MEM‘?R* NO TRACKBALL = I's
MaNUAL | LAG LIGHT PEN MODE = O's
INTERRUPT
23 8.7 6.5 0
// SYMBOL ALPHANUMERIC
7z 12g,13g ,14¢
MEMORY \ EXPANDED
FLAG SYMBOL SET
23 18 17 12 1 o FUNCTION
OVERLAY LATCHING MOMENTARY KEYBOARD
SWITCHES SWITCHES SWITCHES
ISg, 16g , 178
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CONTROL DATA

CORPORATION

CORPORATE HEADQUARTERS, B100 34TH AVE. 50., MINNEAPOLIS, MINN. 55440/5ALES OFFICES AND SERVICE CENTERS IN MAJOR CITIES THROUGHOUT ThE WORLD
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