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TRW-85 DIGITAL UNIT




GENERAL DESCRIPTION 1

The TRW-85 is a man-machine, communications and control console
capable of presenting visually to a computer user, a full range of alpha-
betic, numeric and graphical data. Displays may be generated by a
computer or may be entered by an operator off-line by means of the
TRW-85 controls. Most important, however, the TRW-85 allows direct
communication between the operator and the computer, combining the
calculating abilities of the electronic equipment with the intuition and
judgment of the human user to produce a single integrated man-machine
system.

The computer may present results of calculation in the form of charts,
graphs, tables, or any other chosen representation. An example of one
kind of display that canbe generated is shown in Figure 1. The operator
evaluating these results may feed new data into the computer, and in-
stantly see the effects of the changes he has made. He may directly
manipulate data displayed on the screen, using a variety of controls at
his disposal to arrive at desired results. These, in turn, may again
be fedtothe computer for further evaluation. Furthermore, the opera-
tor needs no specialized knowledge of computers or computer languages
to communicate with the machine. He uses symbols and languages re-
lated to his particular application to perform desired functions.

Informationto be used by the computer display system may be prepared
on anoff-line basis, withouttaking up any of the computer's calculating
time. Whenthe dataisready it maybe instantly transmitted to the com-
puter, evaluated, and the results displayed on the screen. The com-
puter then goes ontodo other work while the operator considers the new
display and decides what action should be taken.

Visual and audio alarm signals are incorporated into the display unit,
which may be programmed to demand operator attention under pre-
scribed conditions. Critical conditions are thus assured of receiving
top priority, regardless of whatever may occupy the display and the
operator at a given moment.

These capabilities make the TRW-85 an indispensable aid in such appli~
cations as on-line command and control, computer controlled checkout,
spaceflight control, intelligence data analysis, air traffic control, pro-
gram management, PERT layout and evaluation, process control, and
information retrieval.



Figure 1. A TRW-85 Display
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TRW-85 FEATURES 2

The TRW-85 consists of two units: a display unit and a digital unit.
The display unitis a console type enclosure containing the CRT(Cathode
Ray Tube)display screen and various controls, alarms, and indicators
as shown below in Figure 2.

Figure 2.  TRW-85 Features

O ® ®
1 ELECTRONIC DISPLAY 5 CURSOR CONTROL
2 PROGRAM KEYBOARD 6 LIGHT GUN

3 ALPHANUMERIC KEYBOARD 7 STATUS LIGHTS

4 CONTROL KEYBOARD 8 ERROR LIGHTS

9 BRIGHTNESS AND FOCUS CONTROLS




CRT DISPLAY

10

The main components of the TRW-85 are:

A program keyboard for communicating with a computer
(a second program keyboard is optional). Each keyboard
contains 30 keys and 30 associated lights.

An alphanumeric keyboard for manual entry of alpha-
numeric information consisting of letters, numerals and
special characters.

A control keyboard for creating visual displays, manipu-
lating and editing displayed data, and for performing other
control functions.

A light gun for direct manipulation of single elements on
the display.

A cursor control ball for positioninga cross-hair symbol
at selected points on the display.

Twenty-five status indicator lights which may be turned
on by a computer program to indicate the existence of
prescribed conditions.

Five errorand warninglights including a blinking warning
light.

A digital unit containing the display memory, display con-
trol logic, and computer interface circuitry.

These components and the ways in which they react togetherto display
information and control computer operation are described in the sec-
tions following.

A single gun, cathode ray tube displaysthe data stored in the memory
unit. The electron beam which createsthe picture is positioned on the
CRT screen by a combination of electromagnetic deflection for gross
positioning and electrostatic deflection for symbol generation.

The diagonal measurement of the CRT is 23 inches, nominal. It has
the same characteristics as atype 23ASP4 television picture tube. The
usable display area is 12 inches high by 16 inches wide, allowing for a
1/2 inch margin all around.

The tube is mounted into the screen panel of the TRW-85 display con~
sole, with its center approximately 38-1/2 inches from the surface of
the floor. The screen istilted away from the operatorfor easier view-
ing at an angle of 5° from vertical.

Reference to specific locations on the screen is made by means of a
Cartesian coordinate system which uses the lower left hand corner of
the usable screen area as its zero point. The X and Y coordinates are
divided into equal units of 1/32 inch each. The 12 inch height of Y thus
contains 384 increments, increasing in a vertical direction from zero;
the 16 inch width of X contains 512 increments, increasing in a direc-
tion to the right of the screen from zero.



MEMORY UNIT

DATA DISPLAY

Figure 3.
Alphanumeric Keyboard Symbols

The TRW-85 display appears as a continuous image on the screen. In
reality, however, the display is refreshed at a rate ofup to 60 times a
second, and may thus be updated at that rate by the computer. All the
displayed information, along with its position on the screen, is stored
in the display memory unit of the TRW-85.

The magnetic core memory unit contains 4096 words of 9 bits each, and
is dividedinto two separate areas for display purposes. These are re-
ferred to as page A and page B, each page havinga storage capacity of
2048 words. Page A and page Bmay be displayed separately or simul-
taneously, at the operator's option. The position of information on the
screen does not depend onits locationin memory. Either page, there-
fore, may contain informationto be displayed on any part of the screen,
and it is up to the operator or programmer to place information as he
wishes it displayed: superimposed, or separated.

Access to memory is afforded the operator through the control and
alphanumeric keyboards. When operating through the keyboards no
memory addressing is required, since data will automatically be stored
in the active page in successive memory locations. Data is stored
starting with the first free memory location where all succeeding lo-
cations are clear.

When the last available location in a page has been filled, a MEMORY
FULL indicator will light up on the keyboard. The operator then may
switch to the alternate page, until that too is filled.

The computer may address the memory at random, and transfer blocks
of information into or from it. Specific addresses must be given for
data transfer from computer to memory unit, asdescribedin Section 4,
"Computer Generated Displays. '

The TRW-85 Display Console can display both graphic and alphanumeric
information. Graphic information is generated by means of line seg-
ments and dots, interconnected as desired. Alphanumeric information
consists of alphabetic letters, numerals, and special characters and
symbols shown in Figure 3.
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Alphanumeric charactersand symbols may be displayed in either of two
sizes ~ normal or large. The size of a character may be controlled by
the computer, or by the operator through the alphanumeric keyboard.

Any character, symbol, or line segment may be made to blink so as to

call immediate attention to it. This may be done manually, by use of
the light gun, or under computer control.

11



CURSOR AND CURSOR CONTROL

LIGHT GUN

STATUS LIGHTS

ERROR LIGHTS

12

Data displayed on the CRT by the computer is positioned on the screen
by specifying appropriate coordinates of X and Y; these coordinatesare
stored in memory as part of the display information. During manual
operations, when data is entered through the alphanumeric keyboard or
the control keyboard, a cursor is used to automatically indicate the
coordinates and thereby position the data as desired on the CRT.

The cursor is a crosshair marking electronically generated on the dis-
play screen when the CURSOR MODE key is actuated onthe control key-
board. By use of the Cursor Control ball located in the desk top of the
display unit, the cursor may be moved on the screen in any desired
direction. The operator positionsthe cursor atthe spot where he wishes
data displayed, and the coordinates of this position are automatically
recordedin the display memory. Data may then be entered through the
keyboards and is displayed on the screen starting at the position indi-
cated by the cursor.

The light gun is a hand-held, photo-electric device usedto pointat in-
formation being displayed on the screen to identify it to the console or
the computer. When the gun is actuated and pointed at a symbol being
displayed, the symbol's storage location is noted by the display logic
and recorded in a special register. The operator having identified the
memory location he wants to reach, can now cause various operations
to be performed on that location and those succeeding it.

By using the light-gun together with switches on the control keyboard,
the operator can delete a symbol, a word, or whole lines of text, change
the position of displayed data, and replace data with newor corrected
information. The light-gun may also be used for clearing portions of
memory.

The TRW-85 is equipped with 25 status lights for monitoring computer
activities without displaying data on the CRT screen. The lights are
arrayed in five rows of five lights each, labeled by means of a change-
able Mylar overlay. Any light, or combination of several lights, may
be programmed to turn on under computer control. The programmer
may setup whatever conditions he chooses to monitor computer opera-
tions in progress. When a light comes on, the operator can tell at a
glance that certain conditions have been fulfilled and that action may
be required on his part. The use of the status lightsis explained more
fully in Section 4, "Computer Generated Displays."

A group of error lights, located immediately above the status lights is
used for common trouble shooting purposes (see Figure 4). A PROCE-
DURE ERROR EXTERNAL light comes onwhen the computer receives
a meaningless command from the display unit. The PROCEDURE ERROR
INTERNAL light indicates that the operatorhas used an incorrectdis-
play procedure, or giventhe display unit an instruction it cannot execute.

A COMPUTER PARITY ERROR light is turned on whenever the computer
transmits data containing a parity error to the display unit.

A COMPUTER NOT READY light will flash on if the computer fails to
acknowledge messages sent to it by the display unit. This light will
turn off by itself as soon as a response is received from the computer.



Figure 4.  Error and Warning Lights

AUDIBLE ALARM

A red ATTENTION light will blink on and off whenever any of the other
error lights are lit, alerting the operator to the fact that a condition
exists which requires his attention.

The error lights are actually illuminated switches. The operator may
depress them to turn them off when he has perceived the nature of the
trouble; he may then take whatever corrective action is necessary.

SWITCH LIGHT NO.
NO, ~——= 03 02 ot

PROCEDURAL

ERROR (INT.)

. COMPUTER COMPUTER

Joun s - - PARITY NOT DpSo1
PROCEDURAL ERROR READY
ERROR (EXT.) )

DS04

An audible alarm is included in the TRW-85 system, to provide for
situations where instantaneous operator response is necessary. The
alarm is under computer control and will turn on when pre-programmed
conditions are met.

To turn the alarm off, the operator depresses the CLEAR ALARM switch
on the control keyboard.

13



CONTROL KEYBOARD

Figure 5.

Control Keyboard

ALPHANUMERIC KEYBOARD

Figure 6.
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Alphanumeric Keyboard

The control keyboard consists of twenty switches, some of which double
as indicators. The switches and indicators are identified in Figure 5.

The control keyboard controls the functions of the variousconsole com-
ponents. The operator uses it in conjunction with the alphanumeric
keyboard, the light gun, and the cursor, to communicate with the dis-
play memory and create displays on the screen.

The alphanumeric keyboard is similar to an ordinary typewriter key-
board, except for a few specialized symbols and keys. It is used in
much the same wayas a typewriter, with the printed message appear-
ing on the CRT screen instead of paper. Operation of the alphanumeric
keyboard and the meaning of the special symbolsand keys, is discussed
in Section 3, '"Manual Operation of the Display Console.”" A diagram
of the alphanumeric keyboard is shown in Figure 6.

CHANGE SIZE
INDICATOR LIGHT

SPACE




PROGRAM KEYBOARD

The display unit console is equipped with either one or two program
keyboards, each containing 30 keys, and 30 associatedlights. A plastic
overlay is placed over the keyboard, identifying the function of each
key.

The program keyboard is for communications between the operator and
the computer. Each key, when actuated, causes the computer to per-
form some pre-programmed operation, such as displaying data, accept~
ing data from the display memory, processing data in various ways,
etc. The operator need have no knowledge of how the computer works
or howit is programmed: the function of each keyis plainly described
on the overlay, and depressing the key will cause the function to be
executed. ‘

Up to 64 overlays may be used with each keyboard, and up to 30 func-
tions may be contained in each overlay, yielding a total of 1920 differ-
ent activities which may be initiated from the console by depressing
a button; up to 3840 if two keyboards are used. All the routines for
performing these functions may be stored simultaneously in the com-
puter, provided it has sufficient storage space. Changing the identi-
fication overlaysto correspond to a new set of routines is accomplished
in seconds. The nature of the operations performed is entirely up to
the user or computer programmer, who assigns any desired meaning
to the keys and overlays. More detailed descriptions of the program
keyboard and its operations will be found in Section 5.

15



DISPLAY GENERATION

Page Selection
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MANUAL OPERATION OF THE
DISPLAY CONSOLE 3

The main purpose of the TRW-85 Display Console is to graphically
present data processedby the computer, in a format which is meaning-
ful and instantly comprehensible to the user. Once the computer has
displayed the data, it is free to proceed with other operations, such as
gathering and processing additional data to update the display it has
created.

While the computer is occupied, the operator can evaluate the display,
take any action which may be desirable in light of the information pre-
sented, and request further actionfrom the computer through the pro-
gram keyboards.

‘The operator may also wish to alter certain aspects of the display or

generate a newdisplay manually for transmittal to the computer. This
can be accomplished without taking up the computer's operating and
processing time. Whenthe display is ready for transmittal it may then
be sent to the computer by activating the appropriate keys on the pro-
gram keyboard.

To generate or modify a display manually, the operator places infor-
mation in the display unit memory, using the control keyboard, the
alphanumeric keyboard, the cursor control, and the light gun. Data
thus placed in memory is automatically displayed on the CRT screen.

Displays usually consist of both alphanumeric and graphic information
displayed concurrently. For example, a map may be displayed (graphic
information) with names of cities spelled out (alphanumeric
information). To create such adisplay the operator works, essentially,
with three display elements: line segments, dots, and the alphanumeric
characters (including special characters and symbols) contained on the
alphanumeric keyboard.

Before entering information for display on the CRT screen the operator
should select the memory page in whichhe wishes to store the informa-
tion, by depressing the PAGE A/PAGE B key on the control keyboard.
If the entire memory area is to be used, the MAXIMUM DISPLAY key
is activated. Both keys have indicators associated with them, which
light up to show the area of memory selected.

The dual page capability provides several advantages to the TRW-85
user. Two different displays can be carried in memory, for exam-
ple, and produced at will by pushing a button. Page A could be used
to display data processed by the computer, and page B to compose
messages tothe computer; or the two pages may be used to superimpose
information: charts representing conditions at different times could
be overlaid on one another to showdevelopments over a period of time.
Or, a display may be broken up into two pages to simplify its struc-
ture, so that essential information could be displayed on one page,
while supplementary, but less critical, information could be displayed
on the other.



CURSOR AND CURSOR CONTROL

Drawing Dots

Drawing Lines

When the page being displayed is full, the MEMORY FULL indicator
will light up. The operator may then switch to the alternate page.

Displays are stored in memory along with the associated coordinates
required to place them correctly on the CRT screen. It should be
reemphasized that there is no connectionbetween the location of infor-
mation on the screen and its storage location in memory, except that
alphanumeric data, which is displayed sequentially, is normally stored
sequentially in memory. The operator places the display he creates at
the spothe selects onthe screenby means ofthe cursor andthe cursor
control mechanism. ‘

The cursor consists of two perpendicular lines, about one inch in
length, arranged to form a cross-hair pattern on the display screen.
The cursor appears at the upper, left-hand corner of the usable dis-
play area when the CURSOR MODE key on the control keyboard is
depressed. The cursor can then be moved on the screen in any direc-
tion, by rotating the cursor control ball which protrudes through the
desk top of the console. To move the cursor in atrue horizontal line,
the CURSOR Y HOLD buttonis depressed, allowing no vertical motion.
If a true vertical movement of the cursor is desired the CURSOR X
HOLD button is depressed, allowing no horizontal movement. This
feature is particularly useful when the cursor must be positioned on
a precise horizontal or vertical from a previously displayed point.
When the cursor has been moved tothe desired spot on the CRT screen,
the operator may proceed to draw lines, dots or write alphanumeric
characters at that spot. The coordinates of the cursor are automati-
cally recorded by the display logic, and stored as part of the display
information. '

To place a dot on the CRT, the operator moves the cursor to the de-
sired position, then depresses the PLOT SYMBOL key on the control
keyboard. The dot will be placed at the center of the cross-hair. To
draw successive dots, the operation is repeated as desired, until all
dots have been placed on the screen.

Todraw a line on the CRT, the operator places the cursor at the point
where he wants the line to begin and pushes the DRAW LINE SEGMENT
key on the control panel. He then moves the cursor to the position
where the line terminates or changes direction, and depresses the
DRAW LINE SEGMENT key a second time. A line will be drawn be~
tween the points. To continue the same line in a different direction,
the operator merely moves the cursor to a new terminal point and
again pushes the key. To draw a second, unconnected line, the opera-
tor may depress the RESET key, and then repeat the procedure.

For maximum accuracy, horizontal or vertical line segments should
not be over three inches long, since longer segments may waver
slightly. When drawing a diagonal line, neither the X nor Y component
should be longer than 3 inches. For example, a 45° diagonal should
not be longer than 4. 25 inches. The width of a line is approximately
0.02 inch. Line drawing time is 50 to 60 microseconds, depending on
line length. Automatic brightness control assures uniform appearance
of the lines. A manual controlfor adjusting line brightness enables the
operator to bring the lines up to any desired intensity independently of
other display elements.

17



ALPHANUMERIC KEYBOARD

Character Size

Upper Case
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To create an alphanumeric display, the operator first creates a cur-
sor, and positions it at the point where words or characters are to
appear on the screen. He then creates a marker symbol (inverted
arrow) by depressing the CREATE MARKER key on the control key-
board. The marker will appear at the center of the cursor. The op-
erator may now proceed to type words and characters on the alpha-
numeric keyboard just as he would on an ordinary typewriter. The
characters will appear on the screen as they are typed. As each
character is ty ped the marker is replaced by the character, and ad-
vances to the next character position. When it is desired to begin
typing a new line, the CARRIAGE RETURN key will return the marker
and position it just below the first character of the preceding line. In
this way the operator may continue typing information which will be
stored in memory and displayed on the screen, until he has completed
his message or filled up the screen.

The operator canbe automatically prevented from accidentally destroy-
ing data placed in memory by the computer. The means of doing this
willbe discussed in Section 5, "Operator-Computer Communications. "

An ADVANCE MARKER key and a BACKSPACE MARKER key allow the
marker to be moved forward and backward through displayed characters
to any desired point, without displacing more than one character at a
time. The location to which the marker is moved will be temporarily
vacated, and the marker will be displayedin place of the character pre-
viously occupying that location. As soon as the marker is advanced or
retreated again, however, the original contents of the memory location
is restored, and the character again displayed on the screen. If any
alphanumeric key is depressed while the marker is in a location pre-
viously occupied by a character, the new character will replace the one
previously there. This, then, is a useful error correction feature: if
the operator makes a typing error, he has only tobackspace the marker
and retype the correct character. To replace segments of data larger
than a single character or two, however, even more convenient methods
are available. These are indicated briefly in the following discussion,
"Light Gun Uses," and in greater detail in Section 5, "Operator-
Computer Communications. "

The alphanumeric keyboard characters can be displayed in two sizes:
the regular size occupies a rectangle, about 3/16 inchhigh by 1/8 inch
wide, and the large size, 5/16 inch high by 7/32 inch wide. To display
a single letter in the large size, the operator holds down the LARGE
SIZE key, on the alphanumeric keyboard, while typing the desired
letter. To display a block of letters in large size, the operator de-
presses the CHANGE SIZE key on the alphanumeric keyboard. The
amber light indicator above the key will be turned on, and all charac-
ters typed willbe displayed in large size, until the operator depresses
the key again, changing the size back to normal.

Some alphanumeric characters are doubledup ona single key, although
they have different code representations. The UPPER CASE key is
used to display the character occupying the top position on the key.



E. 0. M. Key

LIGHT GUN USES

The E.O. M. key signals an End of Message, and deletes the marker
symbol from memory and from the display. The E. O. M. key generates
a code which is stored in memory in place of the marker code. The
DELETE MARKER key on the control keyboard may also be used to
delete the marker symbol from memory, but does not store any code
in its place. The E.O. M. code also serves to terminate such opera-
tions as deletion of words and lines of text. More detailed discussion
of the E. O. M. code, the STOP code, and other codes stored in mem-
ory, will be found in Section 5 dealing with Operator-Computer
Communications.

The light gun is a photoelectric device, hand actuated by a button in its
handle, which identifies a given item of information displayed on the
screen to the internal logic of the display unit. Through such identi-
fication it be come s possible to manipulate an item of information in
various ways, by using the console control keys associated with the
light gun unit. The address of information identified by the light gun
is also available to the computer on demand.

A character can be made to blink by light-gunning it, i.e., pointing
the light gun at it and actuating the button in its handle. When this is
done, all characters blinking under computer control (see Section4)
will cease to blink, and the light-gunned character will start blinking.

When the operator releases the light-gun switch, the character light-
gunned will continue to blink, and the GUN MODE indicator on the con-
trol panel will l1ight up. The display unit is now in light-gun mode,
which allows the following operations to be performed:

Create Marker Change Line Segment

Copy Word Delete Line Segment

Delete Word Clear Memory

Copy Line Text Stop Computer Geénerated Blinks
Delete Line Text Any Computer Function

The light-gun mode is terminated automatically in some instances, and
may be terminated manually at any time by depressing the CLEAR
BLINK/CLEAR ALARM key on the control keyboard. Gun mode may
also be terminated by depressing the gun button while the light gun is
resting in its socket (or not aimed at any display element). When the
light-gun mode is terminated, the GUN MODE indicator turns off, and
characters which were blinking under computer control will resume
blinking.

Since some light gun operations may depend onor affect computer gen-
erated data, a full discussion of these procedures is deferred to
Section 5 "Operator-Computer Communications. "

Only one character at a time, or one line segment, may be light-
gunned. If an actuated light gun is aimed at a succession of charac-
ters, the first character aimed at will be tagged as the light-gunned
symbol by the display unit.

19



DATA AND CONTROL CODES

Figure 7.
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Data Word Format

COMPUTER GENERATED DISPLAYS 4

The TRW-85 is designed to operate with most digital computers in the
medium to large-scale range. However, a certain amount of special
purpose interface logic is necessary to adapt the TRW-85 tothe char-
acteristics of any particular computer. Spaceforthe interface circuitry
is provided in the digital unit, and is installed when the identity of the
companion computer has been established.

The computer creates displays on the CRT screen in the same way the
operatordoes -- by placing data in the displayunit's memory. Special
codes are stored in memory to give the position of displayed informa-
tion, characters to be displayed, terminal coordinates for line seg-
ments, etc. When the operator uses the various keys and controls
already briefly enumerated, these codes are generated automatically
by the console logic and stored in display memory to generate the de~
sired display. When the computer generates a display, on the other
hand, it must place the required codes explicitly in the display mem-
ory: where the operator automatically positions data on the screen by
indicating its placement with the cursor, the computer must calculate
the exact coordinates to place its data.

In addition to displaying alphanumeric and graphic information on the
screen, the computer may activate the status lights and the audible
alarm. The computer mayalso be programmed to receive commands
from the program keyboards of the display console (see "Operator-
Computer Communications, ' Section 5).

The codes necessary to furnish information to the console and to gen-
erate data displays on the CRT screen are discussed in this section.

The TRW-85display memory contains 4096 words of 9 bits each. Each
word may represent an alphanumeric character or symbol for display,
or other information such as coordinates or special purpose codes.
Memory addresses are 0020g ~ 3777g for page A, and 40008 ~ 77778 for
page B.

A general representation of a data word is shown in Figure 7.

BT _.fo]s]7]6]5[4a]3]2]1

NO.
CHARACTER
LINK
gn - L NOT USED —
SIZE CAN BE 1 or O

BIT




Position Code

Coordinate Data Codes

The least significant six bits represent the actual code of the charac-
ter to be displayed. Bit 7 is not used for data codes, and may be a 1
or a 0 as desired. Bit 8 determines the size of the character to be
displayed: a 0 in this bit position will display the character in itsnor-
mal size; a 1 in bit 8 will display a large size character on the CRT
screen. Bit 9 is a blink bit; a 1 in the 9th bit position will cause the
displayed character to blink on the screen.

Octal codes for the least significant six bits, and the characters they
represent, are shown in Table A, Appendix 1.

In addition to thé data codes there are eight codes representing control
and special information. These codes occupy more than six bits, as
explained below (See also Table B, Appendix 1).

Four of the special control and symbol codes may be generated through
thealphanumeric keyboard (Space, E.O. M., Stop, and Carriage Return).
The otherTour codes are generated when appropriate keys are depressed
on the control keyboard (Position Code, Coordinate Data, Line Code,
and Plot Code).

POSITION CODE ' x01 111 111 (177g)

The position code signals to the display unit that the two succeeding
locations contain Y and X coordinates, respectively. The position code
and the coordinates associated with it thus place data on the screen at
a predetermined position. Data which follows the position and coordi-
nate codes will be displayed onthe screen starting at the location spec-
ified by the coordinates. Thus, the first character of a line of text
would be placedat the designated spot, and succeeding characters will
follow it (another position code is not required). In the case of a
graphic line segment, the coordinates would represent the point of
origin of the line. The ninth bit position is not used by this code and
may be either 1.or 0.

'COORDINATE DATA CODES - XXX XXX XXX

A coordinate data code represents distance along an axis in the Carte-
sian system, in the Y or the X direction. The zero pointis at the lower
left hand corner of the usable screen area, and the measurements in-
crease vertically for Y, and to the right for X. Measurements are in
units of 1/32 of an inch. The nine bits in a coordinate data word are
used according to conventional binary number notation. The least sig~
nificant bit in the 9-bit word represents a distance of 1/32 inch, and
each succeeding bit represents double the distance of the preceding bit.
Therefore, a 1 in the various bit positions has the following values:

Bit1 = 1/32" Bit6 = 1"
Bit2 = 1/16" Bit7 = 2"
Bit3 = 1/8" Bit 8 = 4"
Bit4 = 1/4" Bit9 = 8"
Bit5 = 1/2"

The binary codes required to place the character A, for example, at a
screen position which has the coordinates Y =7-31/32 inches and
X =5-13/16 inches are derived in the following way:

v -7 81 _ 255 x _ 513 _ 26 _ 186
32 32 16 32 32

25579 = 3775 =011 111 1112|1864, = 272¢ =010 111 010
10 8 2 10 8 2

In this method, coordinates are reduced to improper fractions with a

~ common denominator of 32. The octal number equivalent of the deci-

mal numerator is then found by referring to a standard octal-decimal
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integer conversion table. The octal number is then converted by writ-
ing down the binary triad equivalent of each octal digit, a transform
every computer programmer is able to perform automatically.

With the Y and X coordinates in the example converted to binary, the
following codes mustbe placed in the display memory by the computer.

Position Code X01 111 111  (Position code = 177g)
Y Coordinate 011 111 111 (7-31/32)
X Coordinate 010 111 010 (5-13/16)

Character Code 100 110 001  (Letter "A" =61g: See
Appen. 1, Table A)

Note thatthere is no code thatdistinguishes Y from X coordinates. The
display unit always considers the firstcode following a position code to
by a Y coordinate, and the next code to represent X. Also note, since
the character code has a 1 in bit 9, that the character displayed will
blink. The last sixbits of the code, 110 001, are the binary equivalent
of 61g, which Table A lists as the proper code for displaying the char-
acter "A".

LINE CODE X11 111 111 (377g)

The line code is used to draw line segments on the display screen. It
is followed by a Y coordinate and an X coordinate (in that order), and
usually follows either a position code or another line code. The coor-
dinates following the line code determine the terminal point of a line
segment. Thus, to draw a line on the CRT, two reference coordinates
are required: the initial set, following a position code, and the ter-
minal set following a line code. A second line segment which connects
to the firstcan be drawn by givinga secondline code and a second pair
of coordinates, without a second position code. A second, unconnected
line segment, however, would require a new position code.

To illustrate: a line 3 inches long must be drawn from the Y axis, 2
inches above the X axisand parallelto it. A secondline isto be drawn,
from the terminal point of the first, and perpendicular to it, to a point
3 inches up. A third line, 2 inches long, is parallel to the first line,
bisects the second and is in turn bisected by it. The sequence of in-
structions to draw the three lines follows:

Position Code X01 111 111 First line initial point

Y Coordinate 001000 000 Y = 2"

X Coordinate 000 000 000 X = 0"

Line Code %11 111 111 First line terminal point
Y Coordinate 001 000 000 Y does not change

X Coordinate 001 100 000 X = 3"

Line Code %11 111 111 Second line terminal point
Y Coordinate 010 100 000 Y = 5"

X Coordinate

001 100 000

X does not change

Position Code Xx01 111 111 Third line initial point

Y Coordinate 001 110 000 Y = 3-1/2"

X Coordinate 001 000 000 X = 2"

Line Code %11 111 111 Third line terminal point
Y Coordinate 001 110 000 Y does not change

X Coordinate 010 000 000 X = 4"

The drawing resulting from these instructions is shown in Figure 8.



Figure 8.  Line Drawing Example
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NOTE: The X-Y axes and scale values are shown here for refer-
ence only. They are not displayed on the CRT.

PLOT CODE X00 111 111 (77g)

The plotcode may be usedto place a doton the CRT screeninthe same
manner as a data code. If the dot symbol follows a position code (and
its associated coordinates)it will be placed at the spotindicated by the
coordinates. If it appearsin the middle of a data sequence, it will fol-
low the preceding character, and will be placed in the center of the
slot normally reserved for a character. As in data codes, a 1 in the
ninth bit position will cause the dot to blink, and bit 8 controls the size.
For accurate placement of the dot, however, it is recommended that
bit 8 be left a zero so that the dot will be displayed in small size.

CARRIAGE RETURN CODE XX1 010 000 (120g)

When aline of textis generated by the computer, only one position code
and one pair of coordinates is required to position it on the screen.
The first character or symbol will be placed at the point indicated by
the coordinates, and succeeding characters will follow it on the same
Y coordinate and along the X coordinate (in other words, on a straight
line). If the text extends beyond a single line, it is not necessary to
use another position code for the second line position. Instead, a car-
riage return code is used, followed by a Y coordinate only, to show the
new line coordinate. The X coordinate is assumed to be the same as
the one following the last position code. As many lines of text as are
required may be generated by repeated use of the carriage return code
at the end of each line. The Y coordinate which follows the carriage
return code, determines the spacingbetween the lines, and may be set
at any desired value. A carriage return generated manually from the
alphanumeric keyboard automatically inserts a Y coordinate that is
12 units (3/8 inch) less than the preceding Y coordinate.
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END OF MESSAGE CODE 010 000 000 (200g)

The end of message code is usedto indicate the lastdisplayed memory
location on a given page. Thus, if only half of the A page is beingused,
an E.O.M. code may be inserted at the last memory location. From
a practical point of view, the E.O.M. code serves to reduce the re-
fresh time of a given page. When no E.O.M. code is presentin a mem-
ory page, the entire page will be displayed, and refreshed, whether it
contains data, or not. Thus, ifthe whole page is notin use, the E.O. M.
code will prevent refreshing of unused locations, and speed up the rate
at which the useful area is refreshed.

The E.O.M. code may be generated from the alphanumeric keyboard,
and may be erased manually as well. When the operator types data
into a location containing an E.O. M. code, the E.O.M. code is auto-
matically deleted. A special symbol (=) is displayedwhen an E.O. M.
code is stored in memory.

STOP CODE XX 0 010 000 (20g)

The stop code is used to protect computer generated data from being
accidentally erased by the operator. The stop code symbol (4 ), how-
ever, is not displayed during normal operations, to avoid cluttering up
the screen. The symbol appears when the light gun button is actuated,
since the only way the operator can modify computer generated data is
to place the displayunit in light gun mode. Bits 8 and 9 control the size
and blinking of the stop code symbol (4 ), as in normal data symbols.
The exactuse of the stop code is explained under "Alphanumeric Com-
munication' in Section 5.

SPACE CODE 000 000 000 (000g)

The space code is used to insertblanksinto a sequence of data symbols
storedin display memory. It is also inserted in memory when the space
bar on the alphanumeric keyboard is actuated.

A computer connected to the TRW-85 Control /Display Console may be
used to monitor and control several sources of information from on-
line devices. This information may be processed by the computer and
output to control the devices, and it may be used simultaneously to
create a display on the CRT screen. Several operations dealing with
different aspects of a given problem, or even with different problems,
may thus occur side by side. It may not be desirable to display all this
activity at once, but on the other hand, conditions may develop in any
one of these operations which call for immediate operator action. The
statuslights are usedto helpthe operator selectthe program which re-
quires attention. Once identified, the operator may then abstract data
from the program and display it on the CRT screen.

The status-light display consists of 25 light indicators, arranged in
five rows of five lights each. The lights are under computer control
and can be turned on by computer programming to indicate conditions
of which the operator should be informed. A thin plastic overlay is
provided, which may be labeled by the user to indicate the function of
each light.

The status lights are numbered SS01-SS25, as shown in Figure 9. The
light register number and the data bit which controlseach light is shown

_ in Table C, Appendix 1. The word format for addressing the lights is

dependent on the computerused, and cannot be completely defined until
the characteristics of the computer are known.



Figure 9.  Status Light (SS) Identification

AUDIBLE ALARM

The audible alarm is addressed in the same manner as a status light
(see Table C)and may be programmed to indicate any condition to which
immediate response is required. The alarm may be turned off from
the keyboard by depressing the CLEAR BLINK/CLEAR ALARM key.
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OPERATOR-COMPUTER
COMMUNICATIONS 5

One of the major advantages of the TRW-85 lies inits ability to provide
for constant communications between the various elements of a man-
machine system. The man at the controls of the display console can
correct or update data displayed by the computer. The computer can
request additional data from the console operator, alerthim to various
conditions, and request his attention by means of status lights and the
alarm. Finally the operator can, at the touch of a switch, call into
operation a variety of pre-stored programs to deal with virtually any
contingency.

The operator communicates with the computer in one of three ways:

1. Directly, through the program keyboard. The op-
erator may call for specific action by the computer,
executing a pre-stored program by depressing a
switch on the keyboard.

2. Through the alphanumeric and control keyboards.
The operator may compose messages to the computer
on the CRT screenand transfer them tothe computer
for processing, either through the program keyboard
or according to a prearranged schedule.

3. In the light-gun mode. By changing some computer
created displays, using the light gun and other de-
vices at his control, the operator can manipulate
data, reprocess it, and arrive at the optimum solu-
tion to a given set of circumstances.

The specific operations involved in these three modes are discussed
in this section.

The display console may be equipped with either one or two program
keyboards, each containing 30 keys and 30 lights (see Figure 10). A
thin plastic overlay containing labels for each of the keys is placed
over the keyboard. Besides visually identifying the functions of the
keys, the overlay serves a second purpose: generating a coded mes-
sage which identifies the overlay to the computer.

Along the top edge of the overlay a unique pattern of up to 6 holes is
punched for identification. The holes are sensed by means of pins
protruding through the surface of the program keyboard. There are
8 pins, but the right-most and left-most are always depressed by the
overlay. When depressed, these inform the console that an overlay
is in place. Only the center 6 pins, therefore, are used in detecting
the overlay identification code.

When a program key is actuated, a 12-bit message is composed and
sent to the computer for decoding. The six most significant bits of
the message are generatedby the hole pattern in the overlay; the least
significant bits by the program key itself. The code word causes the
computer to execute a pre-stored program or take any other action
previously arranged for by the programmer.



Figure 10. Program Keyboard (L) and
Key (P) Identification
L. H. Keyboard

Thus the operator can cause any of thirty programmed sequences to
be executed by the computer by depressing a key on the program key-
board. Furthermore, it requires only seconds to change an overlay,
thereby changing the code word emitted by each key so that an entirely
new function may now be performed. Since the six-bit identification
of the overlay can be represented in 64 different combinations, it fol-
lows that up to 1920 different programs may be controlled through a
single keyboard. This capacity is doubled where two keyboards are
used, and the operator can command up to 60 separate computer ac-

. tions at any one time.

The overlays may be clearly labeled with the function each key per-
forms for that overlay, and can be quickly changed by simply lift-
ing the plastic cover and exchanging one overlay for another (see
Figure 11).

The program keyboard operates by means of an interrupt system, which
requests computer attention whenever a program key is depressed.
If the computer cannot be interrupted immediately for some reason,
the error light labeled COMPUTER NOT READY will be turned on. The
light will turn off automatically when the computer is ready to accept
the interrupt signal. Normally this will occur before the operator has
perceived the light. The COMPUTER NOT READY light may be ex-
tinguished manually, by depressing the switchover the light, but doing
so will erase the information in the output register, cancelling the
effect of the program key.

OVERLAY
SWITCHES

FUNCTION
LABELS

FUNCTION KEYS

OVERLAY
LABEL
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Figure 11.

Program Keyboard Overlay

The interrupt of computer operation is controlled by bit number 5 of
light register 12g, which also controls status light SS01. When the
bit has been 'set to '"1" by the computer, the’console may initiate an
interrupt sequence. When the computer has set the bit to 0", the
console will not start the interrupt sequence and the program keyboard
message will remain in the output register until RESET or COMPUTER
NOT READY is depressed.

The uses of the program keyboard are varied. Typically, some of the
keys in each overlay will be used to start computer processing of data
placed on the screen by the operator. Others will be used to ask for
computer generated displays, to manipulate data within the computer,
and so on. The user is limited only by his imagination and the capa-
bilities of the associated computer, in assigning functions to the keys.
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ALPHANUMERIC
COMMUNICATION

LIGHT GUN MODE

The controls with which a user creates a display on the CRT screen
have already been discussed (see Manual Operation of Display Console).
After a display has been created, i.e., data and control codes have
been stored in display memory, the informationmaybe transferred to
the computer for processing. The computer's operations on the data
may be automatic or controlled through the program keyboard.

It is also possible for the computer to request information. The com-
puter may be programmed to place a display on the screen in which
certain items of information are left blank, and must be filled in by
the operator through the alphanumeric keyboard. For example, in an
air traffic control application, the control tower may use a computer
to calculate the approach of a landing aircraft. When the procedure
is initiated the computer could be programmed to place a message on
the screen reading CURRENT ALTITUDE FT. CURRENT SPEED
KNOTS. These blank spots would be filled in by the operator
when an aircraft requested landing instructions, and reported its
altitude, speed and position.

The marker symbol would be contained in the data stored in display
memory, at the location where the first character entered by the op-
erator is to be stored. The following locations should contain the
underline symbol, so that the message appears on the screen with a
blank space underlined. Since the marker is already present on the
screen the operator may type information without having to pause and
create the marker manually. As information is typed, the character
typed will replace the marker, and the marker will replace the next
underline symbol. In order to protect the computer generated data
from accidental destruction, the blank spaces in memory should begin
and terminate with a stop code. When the marker reaches the stop
code, it will automatically be transferred to the next location in
memory containing an underline code, i.e., to the next location where
the operator is to insert data. If no underline code exists between the
stop code andthe end of memory, the marker will be deleted, prevent-
ing the operator from typing data into occupied memory cells. When
the operator deliberately wants to change the data displayed by the
computer, however, he may do so by using the light gun.

The light gun as it relates to manual operation of the Display Console
has been explained briefly in Section 3. Many of these preliminary
comments are repeated in the following discussion which explains the
various functions that can be performed when the Console is in light
gun mode.

The main purpose of the light gun is to enable the operator to identify
some item of data displayed on the screen, regardless of where in
memory such data is stored. This cannot be done without the light
gun, since the operator has no other means of reaching a specific
memory location; creating a marker on the screen, for example, by
creating a cursor and then depressing the CREATE MARKER key, will
not reach the desired memory location, even if the marker is positioned
on the screen directly superimposed on the character to be changed.
A marker created by the console, without the light gun, is always
stored in the first unused memory location, following the last location
in which data was previously stored.

To enter the light gun mode, the operator points the activated light
gun at a character, symbol, or line segment on the screen. The sym-
bol thus identified will start blinking, so thatthe operator has positive
confirmation of his action. All other blinking symbols, that is sym-
bols generated by the computer with a 1 in the ninth bit position, will
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stop blinking until the gun mode is terminated. When the operator
releases the light gun enable button, the light-gunned character will
continue blinking, and the gun mode will have been initiated. The op~
erator may now perform-any of the operations described below. The
GUN MODE indicator on the control keyboard will light up and remain
illuminated until gun mode is terminated.

The operations which may be performed in the gun mode are:

Create Marker Change Line Segment

Copy Word Delete Line Segment

Copy Line Text Clear Memory

Delete Word Stop Computer Generated Blink
Delete Line Text Any Computer Function

All these functions may be used by the operator to change and edit the
display.

A marker symbol will replace the light-gunned symbol, in. display
memory and on the screen, when the CREATE MARKERkey is depressed
while the console is in the light gun mode. If a key isnow depressed
on the alphanumeric keyboard, the appropriate character will replace
the marker, and the marker will advance to the next memory location
in the normal manner. In this manner, data displayed on the screen
and stored in memory can be changed one character at a time. It is
also possible to advance the marker without changing the data, by using
the ADVANCE MARKER key. As the marker advances, it will be re-
placed by the symbol which occupied that location originally.

The marker will continue to move through memory and on the display
screen, untilit reaches the last memory location, unless it is stopped
by one of the following:

1. A position code. This indicates that the marker has
come to a location where a different section of the
display is stored. The marker is deleted automati-
cally, when this happens, to avoid unintentional de-
struction of display information.

2. A stop code. As described previously, the marker
will be transferred to the next memory location con-
taining an underline code. The display logic here
assumes that information is to be inserted into lo-
cations identified for that purpose with underline
codes. If no such space exists (no underline code)
the marker is deleted.

3. AnE.O.M. code, while usingthe ADVANCE MARKER
key. Here again the intention is to prevent the op-
erator from advancing beyond the present limit of
his message, while using the ADVANCE MARKER
key. Note that the E.O.M. code will not stop the
marker when the operator is actually typing data;
in this case, data codes will replace the E.O.M.
code.

The operator may manually terminate the operation at any time by de-
pressing the DELETE MARKER key.



Copy Word

Copy Line Text

Delete Word

If it is desired to transfera word of text displayed on the screen from
one spot to another, this may be done by placing a marker at the new
position where the word is to appear, light-gunning the first letter to
be transferred, and depressing the COPY WORD key on the control
keyboard. The copied word is not destroyed by this operation.

The copying operation is automatically halted when the end of a word
is reached. While the function is intended mainly to copy a word of
text, it may also be a formula, or any other type of alphanumeric
information. For purposes of word copying, a word is any sequence
of alphanumeric characters terminated by a space, an E.O.M. code,
a stop code, a carriage return, or a position code. Each of these
codes could conceivably terminate a word of text, and thus any of them
will stop the copying process. The space, E.O.M., stop, and car-
riage return codes will all be copied to the new location before the
copying process stops; the Y coordinate associated with the carriage
return will not be copied, since it would be erroneous in the new lo-
cation. Instead, a new Y coordinate is inserted which is 12 units
(8/8 inch) less than the coordinate of the line on which the marker was
placed. When a word copying process halts because of a space, stop,
or carriage return code the gun mode is not terminated; instead the
first character of the succeeding word is considered to be a light-
gunned character. Thus to copy the succeeding word to the new loca-
tion the operator need only depress the COPY WORD key again;he
does not have to create a new marker or light-gun another character.

On the other hand, a position code or an E.O.M. code, when en-
countered by the marker, terminate not only the copying operation but
the light gun mode as well. The position code indicates that the infor-
mation following it is displayed in an entirely different spoton the screen
from preceding information and may have no connection with the in-
formation being transferred. Therefore, automatic copying does not
take place. The position code is not copied, but left undisturbed, and
the operator can, if he chooses, return to the light gun mode by point-
ing the gun at another character. The E.O.M. code indicates that the
end of active memory has been reached.

A whole line of alphanumeric information may be copied at one time,
in the same manner used for copying a word: a marker is placed at
the position to which the line is to be moved, the first character of the
line to be moved is light-gunned, and the COPY LINE TEXT key is
depressed. The operation will copy all codes encountered, including
space, E.O. M. andstop codes. When acarriage return is encountered
it is copied with a new Y coordinate appropriate to the new location,
and the operation halts. The first character of the succeeding line is
now considered to be light-gunned, and may be copied by depressing
the COPY LINE TEXT key again.

A position code, when encountered, stops the operation and terminates
the light gun mode.

A word may be deleted from display memory (and erased from the
screen) by light-gunning its initial character and depressing the DE-
LETE WORD key on the control keyboard. A space, carriage return,
E.O.M. code, position code, ora stop code will terminate the deletion
process. In case of a space or carriage return, the first character
of the succeeding word assumes the light gun mode, and the next word
may be erased by depressing the DELETE WORD key a second time.
A stop code, a position code, or an E.O.M. code will terminate the
light gun mode automatically.
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Change Line Segment

Figure 12, Line Segment Change

Delete Line Segment
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The same procedure may be used to delete an entire line of textual
information from display memory, except that the DELETE LINE
TEXT key is used instead of the DELETE WORD key. In the case of
line erasures, the space code will not stop the process. A carriage
return will stop the operation and the first character of the next line
will assume the light gun mode. If the keyis activated a second time,
the next line will be erased. A stop code, an E.O.M. code or a
position code will stop the operation and terminate the light gun mode.

It should be noted that none of the codes which terminate either the
"delete word" or the '"delete line text', are themselves deleted. All
these codes are left unchanged, so that only the data to be deleted is
affected, but none of the control information surrounding the data.

So far all operations for making corrections discussed here are used
to change alphanumeric text. The two following operations deal with
graphic representations. To avoid confusion, the functions and the
keyboard switches controlling them, are labeled LINE SEGMENT when
a graphic line is involved, and LINE TEXT when the reference is to a
line of alphanumeric copy. '

A line segment is a portion of a displayed drawing defined by two sets
of coordinates stored in memory. It may be created either manually,
or by computer program. The position of a line segment may be
changed by replacing in memory the coordinates of its terminal point
with new coordinates. To do this, the cursor is placed on the spot
which will become the new terminal point of the line. The line seg-
ment is then light-gunned and the CHANGE LINE SEGMENT key is
depressed. The line segment will assume its new position, between
its original starting point and the new terminal point. If a second line
was connected to the first at the terminal point of the first line, the
second line will be moved so that it remains connected to the first.
Figure 12 shows the effect of this procedure on two connected lines.
In the example, line AB was light gunned, and the cursor was at point
B1 when the CHANGE LINE SEGMENT key was actuated.

When line AB is changed to line AB,, line BC is auto-
matically changed to B,.C

A line segment may be deleted from the screen and from memory by
a similar procedure. The line segment to be removedis light-gunned,
and the DELETE LINE SEGMENT key is depressed. This procedure
will delete the line code from memory but will not affect the coordi-
nates, thus leaving unaffected any lines connected to the deleted line
at either end.



Memory Clear

Clearing a Blink

The display memory, or any portion of it, may be cleared whenever
the information it displays is no longer useful. Two interlocked keys
are provided for this function: the MEMORY CLEAR TEST key and
the MEMORY CLEAR. When the MEMORY CLEAR TEST key is de-
pressed by itself, characters within the clearing limits will be erased
from the screen but not from memory, allowing the operator to check
visually the effect of the operation. The display will reappear as soon
as the MEMORY CLEAR TEST key is released. When the operator
is satisfied that no information is affected which he wants preserved,
he may then depress the MEMORY CLEAR TEST and the MEMORY
CLEAR keys together. The using of two deys not only allows the op-
erator to make certain that information being erased is no longer
needed by the display, but also prevents the unintentional erasing of
a display if the CLEAR key should be accidentally actuated.

The limits of the clearing operation are set by the operator through
the use of the marker symbol, the light gun, and the E.O.M. code.
Clearing will take place only within the memory page selected for dis-
play (page A or B), except when the MAXIMUM DISPLAYkey has been
depressed, activiting the entire memory.

The entire page (or the entire memory) is cleared, from the first lo-
cation to the last, except:

1. If the page contains an E.O.M. code, memory is
cleared from the first location to the E.O.M. code.

2. If the page contains a marker, memory is cleared
from the first location to the marker.

3. If a memory page contains a light-gunned symbol,
memory is cleared beginning with the light-gunned
symbol and up to a marker, an E.O.M. code, or
the last memory location on the page.

Thus, the lower limit of the clearing operation, if not the first loca-
tion in memory, is set by the light gun. The upper limit, if not the
last memory location, is specified by a marker or an E.O.M. code,
whichever has the lower memory address.

The E.O.M. code itself is not cleared from memory. Note too that
the light gun mode is not essential to the clearing operation, except
where the operator wishes to start at some location other than the
first location of the active memory page.

A symbol on the screen (or a line segment), which blinks under com-
puter control (a 1 in the ninth position of its word format) can be stop-
ped from blinking by the operator. The blinking symbol is light-
gunned, and the CLEAR BLINK/CLEAR ALARM key is depressed.
The symbol will stop blinking, and a 0 will ‘'be inserted into the blink
bit of its stored code word.
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GENERAL SPECIFICATIONS 6

Digital Unit - 48" high, 46" wide, 24" deep.

Display Unit - 48" high, 46" wide, 30" deep, excluding control
panel overhang of 18'".

Digital Unit - 600 pounds

Display Unit - 750 pounds

115 Volts, 60 cycle, single phase, AC.

1.8 KW average; 2 KW maximum.

Operating - temperature 60°F - 85°F.
- humidity 20% - 90%, excluding condensation.
- pressure sea level to 8000 ft above sea level.

Non-Operating

temperature 32°F to 120° F.

- humidity 10% to 100% (including

condensation).
- pressure sea level to 25,000 ft above sea
level.
Mean Time Between Failure, Digital Unit - 295 hours.

Display Unit - 280 hours.
System - 148 hours.

These figures assume normal preventive maintenance.



SPECIAL CONTROLS Special controls (Figure 13) are provided for testing indicator lamps,
adjusting panel lamp intensity, adjusting overall display brightness
and focus, and for adjusting line, cursor, and symbol brightness
independently.

SAFETY FEATURES Interlocks turn off high voltage tothe cathode ray tube when the access
doors are opened. Override for these interlocks is provided for main-

tenance purposes. High-impact safety glass is bonded to the face of
the CRT.

Figure 13. Special Controls
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APPENDIX 1
PROGRAMMING CODE TABLES

TABLE A
CHARACTER CODES

In all characters shown the 7th bit may be one or zero. The
8thand 9th bits control the symbol size and blinking, respec-
tively. The Plot Point should always be displayed in small size
(bit 8 set to zero) so it will be accurately placed on the CRT

display.
6-Bit 6-Bit

Character Symbol Character Symbol

Code (Octal) Code (Octal)
00 1 (E.O0.M.) 40 -
01 1 41 J
02 2 42 K
03 3 43 L
04 4 44 M
05 5 45 N
06 6 46 o
07 7 47 P
10 8 50 Q
11 9 51 R
12 0

52 %o
13 = 53 $
14 + 54 *
15 | (Marker) 55 "
16 ! 56 A
17 | 57 >
20 4 (Stop Code) 60 +
21 /
61 A

22 S 62 B
23 T 63 C
24 U 64 D
25 v 65 E
26 w 66 F
27 X 67 G
30 Y 70 H
31 Z 71 I
32 # 72 <
33 . 73 .
34 ( 74 )
35 __ (Underline) 75 :
36 = 76 ?
37 ° (Degree) K4 e (Plot Point)
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TABLE B
CONTROL AND SPECIAL SYMBOL CODES

Bit Number

Code Name 9 8 7 6 5 4 3 2 1 D?Zﬁ?;id
Position code X 0 1 1 1 1|1 1 1 none
Coordinate data X X X| X X X[ X X X none
Line code!®) x 1 1/ 1 1 1/ 1 1 1| none
Carriage Return| X X 1 0 1 0} 0 0 0 none
Space 0O 0 0/ 0 O OlO O O Space
End of message 0 1 00 0 0f0 0 O T
stop code®®(© | x x ol 0 1 oo o o 2
Plot code® x 0 of1 1 1/1 1 1 R
NOTES

X Means the bit position may contain either 1 or 0.
(a) A 1 in bit 9 will cause line segment to blink.
(b) Bits 8 and 9 control size and blink.

(c) Stop code symbol is displayed only when the light
gun enable button is depressed.




TABLE C
STATUS LIGHT AND ERROR LIGHT CODES

Light Register No.

Status Light No. (Octal Address) Data Bit No.
*SS01 12 5
02 12 6
03 12 7
04 13 1
05 13 2
06 13 3
07 13 4
08 13 5
09 13 6
10 13 7
11 14 1
12 14 2
13 14 3
14 14 4
15 14 5
16 14 6
17 14 7
18 15 1
19 15 2
20 15 3
21 15 4
22 15 5
23 15 6
24 15 7
25 16 1
Error Light No. Register No. Data Bit No.
DS03 16 7
(Procedure error-external)
Register No. Data Bit No.
Audible Alarm 16 2

*S$S01 controls interrupt of computer by display console
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TABLE D1

PROGRAM KEYBOARD CODES ~ LEFT KEYBOARD

Program Keyboard

Light Register No.

Light No. (Octal Address) Data Bit No.
Lo1 02 1
02 02 2
03 02 3
04 02 4
05 02 5
06 02 6
07 02 7
10 03 1
11 03 2
12 03 3
13 03 4
14 03 5
15 03 6
16 03 7
17 04 1
20 04 2
21 04 3
22 04 4
23 04 5
24 04 6
25 04 7
26 05 1
27 05 2
30 05 3
31 05 4
32 05 5
33 05 6
34 05 7
35 06 1
36 06 2




TABLE D2

PROGRAM KEYBOARD CODES - RIGHT KEYBOARD

Program Keyboard

Light Register No.

Light No. (Octal Address) Data Bit No.
141 06 3
42 06 4
43 06 5
44 06 6
45 06 7
46 07 1
47 07 2
50 07 3
51 07 4
52 07 5
53 07 6
54 07 7
55 10 1
56 10 2
57 10 3
60 10 4
61 10 5
62 10 6
63 10 7
64 11 1
65 11 2
66 11 3
67 11 4
70 11 5
71 11 6
72 11 7
73 12 1
74 12 2
75 12 3
76 12 4

41



42

Figure 14. PERT Chart

Figure 15. Production Graph

APPENDIX 2
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Figure 16. Bar Graph

Figure 17. Population Map
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THE ENTIRE DISPLAY SHOWN HERE CAN BE COMPOSED BY THE

OPERATOR, THE COMPUTER PROGRAM,OR IT MAY BE A COMBINED
EFFORT.

MAJOR U.S.A, CITIES
METROPQOL1TAN AREAS
SYM, POPULATION

MINNEAPOLIS
® 10 MILLION AND UP [c]
a 5 TO 10 MILLION REW
o] | TO 5 MILLION CHICAGO & PHILAE/ YORK
® UP TO | MILLION

SAN DEgVER WASHINGTON (4
FRANCISCO

=
KANSAS CITY

4 LOS ANGELES ATLANTA
SAN DIEGO ® DALLAS o]
B
THE COMPUTER CAN READ OR WRITE ANY PORTION
OF THE DISPLAY. USING THE LIGHT GUN AND CONTROL
KEYS THE OPERATOR CAN SEND MESSAGES TO THE

COMPUTER INDICATING SPECIFIC PORTIONS OF
THE DISPLAY.

HOUSTON
O]

@ M1 AMI

THIS 1S A TYPICAL CATHODE. RAY TUBE DISPLAY ILLUSTRATING THE CAPA-
BILITIES OF THE T,R.W,-85 DISPLAY CONSOLE AND INDICATES MAP DRAWING,
SPECIAL SYMBOLS AND ALPHA-NUMERIC CAPABILITY, THE MAP IS MADE UP OF
197 LINE SEGMENTS IN 3 GROUPS, USING 600 CHARACTERS. THERE ARE 916
SYMBOLS IN 48 GROUPS, USING 1060 CHARACTERS.
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