
CONTROL DATA 

, GRID 

DISPLAY SUBSYSTEM 

PRELIMINARY 
DRAFT 

® 

• General Description 

• Operation 

• Programming 



GRID 

DISPLAY SUBSYSTEM 

HARDWARE REFERENCE MANUAL 

SECTIONS IN THIS MANUAL: 

Section I 

Section II 

Section III 

General Description 

Operation 

Programming 

Any comments concerning this 
publication should be addressed to: 

Control Data Corporation 
Data Display Division 

Technical Services Department 
2401 North Fairview Avenue 
St. Paul, Minnesota 55113 

SV""eo'- ~tr 
t>if~~to.J C,\T 

Fv tefOA 

Publication No. PD82134500 
September, 1969 

e Copyright 1968, 1969 
Control Data Corporation 

PRINTED IN USA PD-1-0 



GRID 

DISPLAY SUBSYSTEM 

HARDWARE REFERENCE MANUAL 

REVISION RECORD 

REVISION DESCRIPTION 

PD-0-0 Released August 1968 

PD-0-1 Interim change written to correct various errors. Chan_ge! 

pages i, 1-3, 1-4, 1-10, 1-12, 1-15, 1-16, 2-3, 2-5, 2-62 

2-12, 2-13' 2-13a, 2-14, 2-15, 2-16, 2-17' 2-18, 2-19, 

2-20, 2-22, A3-6, A3-9, BJ-3, BJ-4, B3-5, B3-7, B3-9, 

B3-14, B3-15, B3-19, B3-20, B3-20A, B3-2 l, B3-34B, BJ-38, 

B3-38B, B3-38C, B3-38D, BJ-39, B3-40, B3-47, B3-48, B3-49 

B3-51, B3-52, B3-55, B3-56, B3-63, B3-64, and B3-68. 

Added pages A, l-3A, and B3-20B. 
C' 

--\·~ -
PD-1-0 Manual reprint includes and obsoletes all previous -

changes, also includes miscellaneous other, chan_g_es. 

I 

-
~ 

I 

' 
001 219 REV 3/68 

PD82134500 
A 



F 0 R E W 0 R D 

This manual presents an overall view of the Grid Subsystem together with 

detailed operating and programming information. ExplanAtions assume only 

a basic knowledge of data processing and display methods and address three 

general classifications of readers: system planner, operator, and program-

mer. 

The text is in three sections. The first explains both operational 

and functional characteristics of the subsystem. Section two thoroughly 

discusses the operator controls and indicators ~nd their use. Programming 

·~ information in section three 7 including flow charts and sample programs, 

.. ~D 

enables effective user application of the subsystem. 

The following additional publications may be ordered through the 

Control Data Literature Distribution Center. 

Control Data 
Literature Distribution Services 

9200 Bloomington Freeway 
Minneapolis, Minnesota, 55431 

A three-book Customer Engineering M~nual documents the Display Controller • 

S213l;5QO i 



• Book 1 (publication no. PD82134600) - contains six sections; General 

Description, Operation and Programming, Installation and Checkout, 

Theory of Operation, Maintenance, and Maintenance Aids. The first 

two sections act as a supplement to the Hardware Reference Manual. 

Illustrated instructions for- installing the equipment at the site as well as 

procedures for making it operational constitu1: the third section. The 

Th~ory of Operation is concerned with internal operations. A functional 

approach is used to eliminate the necessity of tracing through the logic 

diagrams. This approach links the various functional areas in the con­

troller and provides insight into techni.ques used to perform various opera­

tions. After absorbing this material, the reader should have little difficulty 

understanding the logic diagrams. Maintenance consists of preventive 

and corrective maintenance procedures while Maintenance Aids provides 

useful information for customer engineers. 

• Book 2 (publication no. PD82134700) - this book contains logic diagrams, 

timing charts, block diagrams, card placement charts, schematic diagrams 

and interconnection diagrams. In many instances, the back of the preced­

ing sheet is used to explain functions shown on the diagram. This serves 

as an additional "Theory of Operation," from a more analytical viewpoint. 

ii 



• Book 3 (publication no. PD82134800) - this book contains replaceable 

parts information for the Display Control I er. A provisioning parts list 

identifies parts cal led out on ii lustrated parts drawings. It also contains 

o I ist of vendors. 

DISPLAY CONSOLE 

A single-volume Hardware Reference/Customer Engineering Manual (publi­

cation no. PD82134900) is available which has its sections structured in a manner 

similar to that for the Display Controller. The theory of operation has been inte­

grated with the various schematics and waveforms which have been added fo in~_er-
'-.:5 

connection di agroms. 
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SECTION I 

GENERAL DESCRIPTION 

The graphic display subsystem is a computer-control led, integrated circuit, 

stored program, visual data processing subsystem. The basic subsystem consists of a 

Display Controller and Display Console. In conjunction with a large-scale data 

processing system, the graphiC display subsystem enables solving complex scientific 

and data processing problems. The subsystem features an internal sfo red program 

. ortio~~J 
processor with anAinput/output channel for peripheral equipment communication, 

enabling smal I-scale data processing, effective use of the operator controls -

alphanumeric/function keyboard and light pen - and visual display. Stored 

program and input/output capabi I ities minimize subsystem to computer communications, 

freeing the large system for other tasks. This enables more effective use.of the large 

system and provides the subsystem with access to increased data handling capability. 

;pn a213~s-00 1-1 
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SUBSYSTEM CHARACTERISTICS 

Stored program 

Para lie I mode of operation 

Binary arithmetic---modu lus 2
12 

-1 {one's complement) 

Single address logic 

12-bit storage word 

Magnetic core storage 

Basic ---· 4096 words 

Expanded --- 8192 words or 12, 288 words 

Cycle time --- 1. 2 microseconds 

Access time --- 0.8 microseconds 

Relative addressing 

Direct addressing 

Indirect addressing 

• Input/Output 

CONTROL DATA 3000 Series interface 

12-bit bytes/parallel transfer 

Maximum transfer rate --- 208,000 bytes/second 

Up to 200 ft. logic cables --- subsystem to data source 

• Interrupt system 

• Flexible processor and dis.play repertoires 

;· p D 8 2 1 3 4 5 O O 
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• 

Processor execution times-2.4 to 9.2 microseconds 

Processor input/output channel 

Provides peripheral equipment conununication 

Maximum transfer rate--96 K.Hi 

Maximum cable lengih--75 feet 

Maximum number of peripheral controllers-5 

• Display times 

Random point plot--4.0 to 12.0 microseconds 

Incremental point plot--4.0 microseconds 

Random symbols--5.2 to 18.4 microseconds 

Incremental symbols--5.2 to 8.4 microseconds 

Tabular symbols~2.8 to 8.4 microseconds 

Vectors 

Full-scale diagonal (approximately 16 inches) - 30 microseconds 

2-inch vector~less than 12 microseconds 

1/2-inch vector--less than 9 microseconds 

1 Display characteristics 

21-inch electromagnetic deflection cathode ray tube (crt) 

Display area-12 inches by 12 inches· 

Spot size--0.030 inch (maximum) 

; P.D 82.134 500 1-3 
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~D 82134500 

Positioning accuracy~ ±1% 

Large symbols--0.210 inch high by 0.160 inch wide (nominal} 

Small symbols-0.166 inch high by 0.125 inch wide (nominal) 

Display refresh rate-nominally 50 hertz (variable) 

Display intensity--0 to 50 foot lamberts 

Basic Symbol set--64 symols 

Extended Symbol set-64 symbols 

l-3A 
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• Solid state logic 

Digital ---DTL integrated circuits 
---TTL adder 

Analog ---discrete components 

Easy access pluggable logic board 

• Operator controls 

Alphanumeric/function keyboard 

Light pen 

Operator Panel 

• Power 

60-hertz, 3-phase, 208 volt 

60-hertz, single-phase, 120 volt 

1-4 
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·. OPERATIONAL DESCRIPrION. 

'The· data source executive program controls all connnunication 

between the data source and display subsystem •. Before data·source/. 

subsystem connnunication can take place, the data source must connect the 

subsystem to the ~0.mmunication line by transmitting the ~ubsystem connect· 

code. A:rter connection, function codes set up subsystem -operating 
. I 

·c·onditions and initiate operations·. Upon request, the· da~a source can 

obta"in information on the ope:t:ating status of the subsystem~ 

ON LINE/OFF LINE S~YST]l.1 STATUS. 

When the display subsystem is on line and ready for service, ~he 

data squrce transfers data or programs to the subsystem for_ storage into 

memory. ·The subsystem can also transmit data f'rom memory to· the data 

source. 
. . 

. . 
c . 

···-t_rhe ·off-line condition p~ovides for maintenance and program 

debugging. The operator uses th~ operator. control panel to simulate 

data source operations or monitor internal operations of the disp~ay· 

subsystem. Except for the interface module which· is locked out while the· 
.. 

subsystem is ~ff line; .·operation within the display subsystem is ·the · ~e 
. . 

·1n·either.the on-line or off-line states. 
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INTERNAL SUBSYSTEM OPERATING MODES. 

There are two basic modes of' operation within the subsystem,. 

display· mode and processor mode. Since both display and processor.share 

the same arithmetic and memory circuitry, they cannot opera:te simultaneously_, 

Operating mode can be selected by any one of' three sources: .data source; 

·operator; or subsystem internal program. 

Stored processor and display programs permit independent sub• 

.·system data processing and graphic display. In conjuncticn with stored 
. . 

progra.m:s, operator controls --· light pen and alphanunieric/f'unct~on 
. . 

keyboard -- provide manual data entcy and display inter:vention capa.?ilities •. 

·. Stored programs enable independent suhsystem operation, freeing valuable 

~ data· source computati_on · time. 

Processor. 

A flexible processor instruction repertoire enables solVing· . 

complex data processing and engineering design problems. ·An ~nte~ru:pt 

system enables effective interchange of' subsystem and·data source in-. 

formation. 

Interlacing execution of processor and display programs presents 

graphic. and alphanume~ic. displays under operator control. · Enabled op-
1 

erator controls generate manual interrupts when activated. A manual 

PD ·s213,~sao· 1-6 



interrupt initiates a processor interrupt routine. By interrogating 

appropriate registers, the inte~rupt routine identifies the interrupt 

·s<?urce and initiates a pre-progrannned response to the interrup:t. In 

this manner, the operator enters program pa.ran1eters, selects alternate 

courses of action (different program subroutines), or modifies specific 

~isplay entities. 

Display. 

In display mode, a display program generates images on the l2-

: ·inch by J2-inch usable display .. area of th~ 21-inch monitor c~. Vectors· · 

{straigI:.t lines), points, and. symbols comprise a display image.: 

Image Generation. 

An electron beam in the crt produces a .visible display when it 
I 

strikes the phosphor coated crt screen, causing that portion of the . 

phosphor to glow briefly. Nonnally· the glow fades 'Within a fraction of 

a second, too soon for the human eye to perceive and identify the image. 

For this reason, the display image must be redrawn cont~nuousl;y· (+e- . 

freshed) at a rate which makes the display appear s~eady and of uniform 

intens~ty to the observer. Display refresh is under program ~ontrol. 

To prevent damaging the crt phosphor,_ th~ ~i;rl7 fr"JrMn ,.,,11-s()~<_i:~_ttf-~-~~·. 

k .. ,J;.,Ar~ r-ef'resl. de/(' •/ ke ... .,j • /_ "-"-Gl ,.,.._;,. J,:~7 'Me. . 

• p D 8 2 1 3 4 5 0 ·J 
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Deflection. 

·Position words, associated 'With display connnands, control electron . 

beam positioning (deflection) on the crt screen. These positi~n. words. 

specify electron beam deflection to horizontal (X) and vertical (Y) 

·coordinates on a square grid composed of possible electron beam positions. . . 

.This grid (called a raster) covers the J2-inch by· 12-inch display area 

on the crt screen. There are 1024.equally spaced x positions. and .1024 

equally spaced Y positions, 'figure 1-2. 

.·j 

t . 
. 1 

.·. j 
·l 

1023-.---------------

' 

JYM• 
x;: fY256 

0512. - t- - - - - - ~ y ::: QS'J 2. 
I 
I 

. I 
I 

I 
02.~b _, I 

I • 
j 
j 

I 
0128 -1 I 

I 
0064- -I I 

oooo I . : ocoo 0128. 0256 
I 

0512 
0064 

------.XA.icis------

Note: One rcstervnit = 0.0117 inch, as·rastcr units= I .O ;nch, 
- ond 1023 roster units= 12 inches . 

. . •. 

Figure 1-2. Display Area Coordinate System 
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Position words in the display program select the X and Y coor­

dinates for each element of a. display (each poiµt, vector end point, and 

·symbol matrix center). A point appears directly on a coordinate position. 

A vector is a straight line between any two coordinate positions. The 

crt beam paints a symbol within an imaginary 5 by 7 symbol matrix centered 

around a coordinate position •. 

The distance between two sequentially addressable lines on tµe 

raster is called a ·"raster. unit". A raster unit represents 1/1023 of 

an image in either the X or Y direction. 

·PD 8213.4500 



.,, 
0 

.... 
I 

b 

Of'17o>./ll L 

I/O t>ATA 
C#A>l!l£L !!/:JVRCE. 

A 

-- -------------------~ 
INTERFAC! 
MOOVLE 

DISTlllUTION IUS 

MAM.JAL 
INP\JT 

MOOULE 

PIOCUSOt 
MOOULE· 

MfMOtY DISl'LAV 
CONTIOL AUTHMETIC (ONTtOL 

MODULE MODULE I MODULE 

r - - - - - I .--.....i SVM!Ol . r- - - T - - - - - - - :- - - - - - - - - , GENcRATO" 

J r,,niJ'11.tt.-, r -OPrlONA~ , ~ I : ,,_,_ __ ...1._, 

I 
I 41 091o . I I .. 096 I .l,096 
12-IItr WOJto I 12-arr w°'o I 12·1!T WOtO I ANALOG 

~ I · I I I MOOULE 

L~:_K:~:-~~~N!}_J~~~N~-~_-___ J:_ ~~~~~~~---.ii·. DISPLAY 
CONTROLLER 

...... ----------------~-----

LIGHT 
PE.ti 

OP~RATDR 
ClJNTROt.. 
PME.L 

DISPLAY 
co.v.so1..E. 

Figure l-3· Subsystem Functional Diagram 

""'" ::s 
;:'l 

Otl 

~ 
...... 
I w 
• 

~· 
0 

~ 

! ~ 
CD ~ 
§ Cf) 

0 

(') ~ 
c+ ~ ....,. 
0 H 
::s 0 
ID !2: ..... . 
~. 
c+ 
Ul 

0 
HJ 

c+ 
~ 
CD 
p., 
I-'• 
Ul 
ta 
\;" 
~ 

l'Jl 

~ 
l'Jl 

C<: 
Ul 
c+ 

~ 
rr 
~ 
~ 
Ai 

~ 
t)) 
t/l 

m 
~ 

~ 



DISPLAY CONTROLLER. 

Seven functional modules in the controller perform all the data 

transfer, processing, and visual display operations. 

Six of the functional modules control all logical operations. 

Each of the six modules connect to a distribution bus which, as the name 

implies, distributes data transferred from one block to the next. Specific 

combinations of blocks are active during execution of programs. Inactive 

blocks ignore distribution bus data. 

The a~~log ffi~dule interfaces to, and operates in conjunction 

with, the display control and arithmetic modules. Circuits in the analog 

module perform digital-to-analog conversions required for presentation 

of a crt display. 

In~erface Module. 

Via communication lines, the interface module links the display 

subsystem to and controls corrnnunication with a data source. 

Processor Module. 

When in processor mode, the processor module functions as the 

principal control element governing execution of program instructions. 

The processor accesses memory to obtain instructions for execution and 

to obtain operands and data for processing. The processor continues 

1-11 
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executing instructions until termination of processor mode. Optional 

processor control enables communication with peripheral equipment via 

an unbuffered input/output channel. 

Display Control Module. 

Display control logic directs actions of the analog, arithmetic, 

and memory control logic in generating a display. Symbols, points, 

and vectors comprise all displays. Display logic accesses memory for 

display commands and continues executing commands until termination of 

display mode. 

Arithmetic Module. 

Arithmetic logic serves both the processor and display modules. 

During display mode, arithmetic logic computes crt beam positions 

and vector lengThS· 

During processor mode, arithmetic logic adds, subtracts, multiplies, 

shifts, and performs logical operations required for data manipulation. 

Memory Control Module. 

Memory control accepts commands from the processor, the inter-

face, manual input, or the display control logic to initiate memory 

read/write cycles. The memory control logic includes the circuitry 

necessary for random addressing and automatic address incrementing. Data 

82134500 
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stored in or read from the core memory is transferred into or out.of 

the memory module via the distribution bus. 

Core Memory. 

Each core memory operates in conjunction with the memory control 

module. Within the memory control module; special addre.ss · transl8.tion · · 

circuits allow the control c~rcui ts to· rec~gnize the memory ·bcJ..n k) .selected . . . - .- -.,. -. ~ . . 

for.data storage or data retrieval. 

Manual Input Module. 

Manual input logic provides a data transfer path between the·· 

controller ·and operator controls. This transfer path operates during'. 

_message entry or during operator modification of a graphic display.rising 
. . 

the light .pen or keypoard. Manual input log~·c also operates in conjunction 

With controls on the operator panel, permitting off-line subsystem . 

operation. 

'PD 8213.4500 
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Analog Module. 

Circuits "Within the analog module convert binary data,_. in the 

fonn of position words and symbol words, into t~e analog signal$ received 

at the monitor. Analog signals deflect the crt electron beam, generating 

· • display images specified by the display module. 



DISPLAY CONSOLE• 

The Display Console is the subsystem unit with which the operator 

views graphic displays, modifies displays, enters program data, contols 

off-line operation, and controls subsystem power on/off. There are 

three major functional areas in the Display Console: monitor, operator 

controls, and power cabinet. 

Monitor circuits receive analog signals from the Display Controller 

analog module and convert these signals into visual images on a 21-inch 

electromagnetic cathode rPy tube. Controls permit operator adjustment 

of display position and quality. 

Operator controls -- alphanumeric/function keyboard, light pen, 

and operator control panel -- provide manual data entry and display 

intervention capabilities as well as program debugging facilities. 

The power cabinet contains power distribution control circuitry 

and logic, analog, and memory power supplies. A running time meter, 

voltage adjustments, and temperature sensing controls are provided. 

PD 02131.500 1-15 



PHYSICAL DESCRIPTION. 

The display subsystem is 52-1/2 inches wide, 72 inches deep, 

and 48 inches high. All table tops or operator working areas are 29 

inches from the floor. Figure 1-4 shows unit dimensions. 

Al I external cab I ing is through the bottom and rear of the equip-

ment. The equipment weighs approximately 820 pounds. Motor generator 

weighs approximately 125 pounds. 

ENVIROf\MENTAL DATA. 

Table 1-1 I ists the environmental ranges fur subsystem operating 

and nonoperating status. 

TABLE 1-1. ENVIRONMENTAL DATA 

CONDITION 

Temperature 

Relative Humidity 

OPERATIONAL 

+40 F to +I I 0 F 

Io% to 9if/o 

NONOPERATIONAL 

-30 F to + 150 F 

5% to 95% ( i n c I u d i. n g 
condensation) 

Ambient air cools the subsystem. A blower forces air through a 

plenum at the bottom of the controller cabinet and up th~ough the logic. 

Air exhausts through vents beneath the cabinet top. Internal console 

blowers draw in and exhaust cooling air through ~ents at the rear. Heat 

dissipation is 8350 BTU/hour. 

p D 8 2 1 3 L~ 5 0 0 
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POWER DATA. 

The display subsystem operates on 60-hertz,'3-ph~se, 2o8-volt 
. . 

· ·power at approximately 10 amperes and 60-hertz, single-phase, J20-volt 

p_ower at approximately 3 amperes. Total power cons~ption _is less than 

2,000 wa.~ts. 

PCM.ER ON and POWER OFF sv.i.~ch/indic~tors on the monitor .. ri:-ont 

panel control power application. · 

1-i8 



SECTION II 

OPERATION 

T~e display s~bsystem has two ~aior groups of controls. and indicators, 

monitor and operator. Monitor controls and indicators control display qua I i-ty and 

.indicate subsystem operating conditions •. Operator controls link the operator, -~is-· 

play subsystem, and data source in a man/machine communication loop. 

MONITOR CONTROLS AND INDICATORS. 

Figure 2-1 shows the monitor and associated controls. Four main controls 

adiust the display. These are: . HORIZ (horizontal) and VERT {vertical) CENTERING. 

controls, for adiusting display positioning; and FOCUS a~d _INTE~Sil~Y controls fo~ .. 

adiusting di~play appearance •. Table 2-:- 1 lists and explains the remaining· monJtor 

controls and indicators. 

PD 0213'450u· · 2-1 
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TABLE 2-1. MONITOR FRONT PANEL CONTROLS AND INDICATORS 

NAME TYPE DESCRIPTION 

POWER ON Switch Dep;ession applies subsystem power. 
momentary Indicator I ights while power is on. 

Indicator 

POWER OFF Switch Depress ion removes subsystem power. 
momentary 

HI TEMP/TEMP WARN Indicator HI TEMP I ights when on interior 
split thermostat detenn ines an unsafe 

temperature and removes subsystem 
power. TEMP WARN I ights when 
subsystem interior air rises above a 
preset temperature. 

THERMOSTAT Switch Depression bypasses the hi temp 

BY-PASS alternate action thermostat and al lows continued 
Indicator operation. Indicator lights when 

the subsystem is in a bypass condition. 

PAR/CONN Indicator PAR indicates a parity error in trans-

. split mission from the data channel to the 
subsystem. Turned off by master 
cle or. CONN indicates subsystem 
connection to the data channel for 
input/o•jtput operatior.s. 

- BLANK - Reserved. 

JA,/N KEYBOARD . Indicator ·Lights after program selection of the 
keyboard. 

LP TRACK/LP CAPT Switch 
Li~~fs 
f\ °"'fter program selection of the light 

alternate action pen, switch depression selects the 

Indicator desired light pen operating mode. 
sp(it LP TRACK lights for tracking mode. 

LP CAPT I ights for capture mode. 

- . 

PD 82134500 
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OPERATOR CONTROLS. 

Operator controls -. I ight pen,· alphanumeric/function keyboard, and 

. operator control panel --- enable effective man/machine communication. Fig-

ure 2-2 shows the operator· controls. 

OPERATOR 
CONTROL 

.PANEL 

ALPHANUMERIC/ 
FUNCTION 
KEYBOARD 

Figure 2-2. Operator Controls . : 
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LIGHT PEN. 

The light pen, figure 2-3, is a sol id-state, high-speed, photosensitive 

stylus actuated by a two-position, momentary switch. It operates in either 

of two program selected modes, track or capture. Aiming parentheses of I ight, 

emitted from the light pen tip, enable operator selection of a specific 

display item. By placing the tip of the I ight pen on or near the face of 

the crt, and depressing the activate switch, the operator may selectively 

modify the displayed image under program control. 

Activate 
Switch 

Figure 2-3~ Light Pen 

Because the I ight pen senses changes in I ight intensity only, it 

"sees" data on the crt at the instant the electron beam passes (unblanks) 

that data. When the light pen senses unblank ("hit"), it generates an 

interrupt. The interrupt halts display operation, stores the next progran 

address at direct address 10
8

, and initiates a processor interrupt routine 

at relative address I 1
8

• This routine is set up by the programmer, not 

haRdwired.· In general, the interrupt routine performs the fol lowing tasks: 
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(a) Stores X position register contents. 

(b) Determines interrupt source. 

(c) lndentifies the light penned item or group. 

{d) Performs associated subroutine. 

{e) Clears interrupt lockout • 

{f) Returns to display mode. 

Program interrogation of the manual input register determines the inter­

rupt source. Exanination of the X, Y __ position register, Direct memory address 

IOa, or display state register !dentif ies the I ight penned display item or 

group. After determining which item or group the operator pointed to, a 

jump to the associated processor subroutine occurs. The subroutine may modify 

the display or interrupt the data source. Upon- subroutine completion, the 

processor enables further manual interrupts by executing a clear interrupt 

lockout (1208) instruction. The processor may restore the original display 

parameters and resume the display program from the interrupted point. 

Operating Modes. 

Before processor recognition of I ight pen hits, the display program 

must enable the I ight pen. With the I ight pen enabled, the operator selects 

"track" or "capture" ~ode via the LP TRACK/LP CAPT switch/indicator on the 

monitor front panel. The respective indicator informs the operator of the 

selected mode. 

PD 82134500 
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Light pen mode determines handling of light pen hits. In track mode, ·an 

light pen hits generate manual interrupts as long as the activate s~itch on the light 

pen remains depressed. In capture mode, only one light pen hit per activate switch 
' . 

depression genera.tes a manual interrupt. 

By appropriate positioning of I ight pen enables and disables throughout a 

program, a programmer may protect individuaf'display items from light pen operations. 
. . 

Typical Application. 

<;>ne application is drawing images on the .crt with the aid. of a programmed 
' ' 

tracking cross, figu.re 2-4. Also, reference the. identifier word description in part B 

of Section in for an example. A tracking cross is an array of dots on the crt used · '. 

for locating points and lines or drawing. Under program control, light pen selection 
.. . . . . . . . ·. 

of a dot in the tracking cross draws a vector from the center dot of 'the c~oss in.the 

direction ofthe sele.cted dot. The program determines ve~tor le.ngth. The program 

repos-itions the ~enter of the tracking cross to :the end of the vector iust drawn •. In 
this manner, the operator draws on the. crt. Vector length and number of .trackir:'g 

cross dots determi~e line resolution. 
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Figure 2-4. Tracking Cross Applicat~on (Not to Scale) 
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ALPHANUMERIC AND FUNCTION KEYBOARD. 

~igure 2-5 shows the alphanumeric/function keyboard. 
.. .... 

l· 
[ 

l'. 
I 
~. 

i 
i .t ,. 

--------------.-~----------~....--------~__,,._~_,,.,__.,~· 
Figure 2-5. Alphc:mumeric/Fu~ctio~ _Keyboo_rd 

Alphanumeric. 

The alphanumeric portion of the keyboard is a switch actuo.ted, data-entry 
'!i!~: 

device. Alphanumeric keys enable message editing. and composition by on operator. 

Operation. 

En<?bl~ng or disabling of the keyboard is under disp_lay program controt 

Before the keyboard can be used, it must be enabled. The A/N KBD indicator on. 

. .. .·. 

' ' . ' 

the monitor indicates the·enobled. state to the· ~perotor ." Depressing .on alphanum~ric/ 
- __ ... _-._ --·· • • ------·----- •. __ . ..,.. ·--...-....- ..... - •. - .... -·-·· -· -·-· '· - - • -~- -·- .. ___ - ··- • _,.... - - - ........ "'~ - __ ..;. __ ---- - ........... ----~:... . ....t. .. .---..... .... _ _... ___ ... 

J f r ..._ 
~-----•.PD a 21 3-4 s-o-o-- ,--·~--··.·~--~·--· 

; 
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~dit key generates a man~al interrupt and places ·an edit/alphanumeric ~ey w~rd in 

keyboard register (R
2

), figure B3-:-17 A •. All keyboard operations are f~exible with. 

interpretation of each key .code, table 83-28, determined by processor program. 

Typical Application. 

A typical alphanumeric keyboard application is .composing a_ message on the. 

·crt and sending the completed message to the data source, figure 2-6. 

With the keyboard enabled,. each key depression generates a manual i~ter- . 

rupt. By interrogating the manual input register, the processor interrupt routine 

·identifies an. a/n keyboard interrupt. After determining the a/n keyboard generated 

the manual interrupt," the interrupt routine interrogates the keyboard register. 

If the keyboard· register contains a _SEND key code, the processo_r interrupts_ 

the data source. The data source then requests· the do.ta message from the Display ·" 

· Control I er memory • 

. ·An edit key initiates the indicated editing function. The interrupt routine 

stores any other a/n key code in a message storage area in memory. After perform­

ing the req~ired o~rotion, the ·interrupt routines clea,rs i~terrupt lockout and ~eturns 

to the display routine •. The display routine presents the operator message o~ the crt 

. as it is composed. 
•. y . 

PD :a21345~\)_ 
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Function. 

The function portion of the keyboard includes 10 function keys 

(FO through F9), 4 status switches, and an INTER (interrupt) key. 

Function keys and status switches, in conjunction with the INTER key) 

serve as a data entry device. 

Operation. 

Before operation, the keyboard must be enabled. The A/N KBD 

indicator on the monitor indicates the enabled state to the operator. 

Depressing a function key or INTER key generates a manual inter­

rupt and sets up the keyboard register as shown in figure B3-18A~ 

The processor program interprets function key codes, table 83-28, as 

desired. 

Depressing a status switch locks it down, actuated position. 

The second depression of a status switch releases it. Any combination 

of status switches may be actuated simultaneously. The operator 

depresses the INTER key or function key to gererate a manual interrupt 

and enter the status code into the keyboard register, figure 83-IBA. 

There are 16 possible status switch combinations.which may be inter­

preted as desired by program. 
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Typicai Application. 

Status switches provide a means of selecting program subroutines. 

As an example, assume the operator wishes to erase a displayed symbol 

with the I ight pen. Via processor program, the operator selects an 

erase subroutine by depressing the proper combination of status switches 

and the INTER key. After erase subroutine selection, I ight penning 

a displayed symbol erases that symbol. 

OPERATOR CONTROL PANEL. 

The operator control panel, figure 2-7, interfaces between the 

operator and the display subsystem. The panel incorporates switches 

to control the mode oi operation, switches ior internal register 

selection, an operator keyboard for data entry, and an octal readout 

indicator for monitoring selected internal registers. 

Register Selectors and Octal Readout Indicator. 

The right bank of interlocking switch indicators designate by 

ii lumination the register being monitored. Depressing a switch in­

dicator displays the contents of the respective register in the octal 

readout indicator, {reference table 2-2). 
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DESIGNATOR 
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IR 

x 

y 

KBD 

PD 82134500 

TABLE 2-2. REGISTER SELECTORS 

DESCRIPTION 

Displays the processor function register. It 
contains the processor function (instruction) 
to be executed or in the process of execution. 

Displays the storage address register. It 
contains the storage address for the next 
memory reference. 

Displays the transfer register which holds data 
read from or written into memory during the 
last memory reference. 

Displays the program address register which 
contains the address of the current program 
instruction. 

Displays the interface input register which 
contains the last data received from the data 
source. 

Displays X register contents. When in processor 
mode, it contains results of arithmetic, logical, 
and shifting operations. When in display mode, 
it contains the horizontal (X) display position. 

Displ.ays the Y register which contains the 
vertical (Y) display position. 

Displays the keyboard register which contains 
data loaded by the numeric keyboard. 
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Operator Keyboard. 

The operator keyboard is a switch actuated data entry device. 

Each time the operator depresses a numeric key, 

the octal code for that key enters the 'lowest octal posit ion 

o f t he key b o a rd reg i st e r • UN u, b L. £<i KE y .s do no t have a 3-d i g i t 

octal code, ANd do not function. With the keyboard regis-

ter displayed, KBD switch depressed, the number associated with 

a depressed key appears in the lower octal of the readout indicator. 

Previous keyboard register contents shift left one octal position 

for each key depression. Four key depressions change the entire 

keyboard register contents. 

In conjunction with the LOAD ADDR, WRITE M8"1, and STEP switches, 

the operator keyboard enables storing data in memory by supplying 

the initial memory address ·and data for storage. 

Control Switches. 

The left and top b-0nk of switches, together with the STEP 

switch, are a combination of interlocking and momentary contact 

switches. These switches enable operator.control of the display 

subsystem. Table 2-3 describes the switches. 

PD 82134500 
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NAME 

ON LINE 

MC 

BANK 1 

BANK 2. 

.RUN 

STEP 

TABLE 2-3. CONTR9L SWITCHES (CONT) 

SWITCH 
TYPE 

Interlocking 
Indicator 

. Momentary 

. Momentary 
Indicator 

Momentary 
Indicator 

Momentary 
Indicator 

" 

FUNCTION 

Selects the display subsystem operating 
status, on I ine or off I ine. When. 
depressed, the subsystem is on I ine and 
the ON LINE indicator I ights. On I ine 

·status enables corrmunication with a data 
source. Off I ine status enables the 

. operator cont~ol panel. Depressing any 
one of the other interlocking left bank 
switches places the subsystem off I ine. 

Ma~ter clears the display subsystem • 

Selects memory bank 1. lights while bank 1 is 

selected. 

Selects memory bank 2. lights while bank 2 is 
selected. 

Enables and disables high-speed program execu­

tion. When illuminated, high-speed program 

· execution is enabled and vice versa. 

Momentary When off line, it initiates a complete 
·operational cycle for each depression. 

· This feature aids program debugging. 

PD 82134500 
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Oper~tional Sequences. 

Definite operational sequences permit the operator to 

write into memory, read from memory, start processor operations, 

and start display operations. 

Write Memory. 

Enter program data into memory with the fol lowing sequence 

of operations. 

(a) MC (master clear). 

(b) Depress the LOAD ADDR switch. 

_(c) Using the operator keyboard, enter the 12-bit starting 

address into the keyboard register. 

(d) Depress the STEP switch. 

(e} Select the memory bank for the write, if other than 

o, by depressing the BANK I or BANK 2 switch. 

-(f) .Depress the WRITE MEM switch • 

. (g) Using the operator keyboard, enter the desired 12-bit 

word into the keyboard register. 

(h) Depress the STEP switch. 

821.31+500 
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For continuous operation, repeat steps (g) and (h) until 

the entire program has been entered into memory. While writing 

memory, the fol lowing registers may be monitored by the operator • 

• . Keyboard register - indicates data entered from the 
operator keyboard. 

Z register - indicates the data written into memory 
at the last depression of the STEP switch. 

S register - indicates the next storage address. 

p register - indicates the last storage address. 

To store the same data word thoughout memory, depress RUN 

instead of STEP. 

Read Memory. 

Read data from memory with the following sequence of operations. 

(a) MC (master clear). 

(b) Depress the LOAD ADDR switch. 

(c) Using the operator keyboard, enter the 12-bit 
starting address into the keyboard register. 

{d) Depress the STEP switch. 

(e) Select the memor~ bank for the read, if other than 
bank o, by depressing the BANK I or BANK 2 switch. 
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(f) Depress the READ MEM switch. 

(g) Depress the STEP switch. 

Repeated depressions of the STEP switch
1 

results in reading memory data from 

sequential addresses. While reading memory, the following registers may be.monitored 

on the octal readout indicator • 

. • Z register - indicates the contents of the address referenced on the 

lost depression of the STEP switch. 

• S register indicates the next address to be referenced. 

• P register indicates the last address referenced. 

Start Processor. 

To initiate the processor mode of operation perform the fol lowing operations 

i~ the indicated sequence. 

{a) · MC (master clear). •. 

{b) Depress the LOAD ADDR switch. 

~) Using the operator keyboard, enter the 12 bit 
starting address into the keyboard register. 

{d) Depress the STEP switch. 

(e) Select the memory bank for the processor operation, if other than 

bank O, by depressing the BANK 1 or BANK 2 switch. 

(f) Depress the OPR MEM switch. 
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. . . 
(g} Depr~ss the PROC MODE switch • 

(h) . For high-speed program ~xecution, depress t.he RUN switch •. For 

program debugging, ·operate the STEP switch. 

When program debugging, each depression of the STEP switch causes·. the· 

·processor to perform one memo.ry cycle. The number of memory cycles requ~red 

·to perfor:nr an instruction varies with the ·insfru~tio~ code. ~ 

·. The ~of lowing registe~ may .be r:nonitored. by the operator on· the ·octal·· 

readout· indicator •. 

• Z register. - indic~tes the c~ntents of the addre5s referenced .. on .. 

·. the last depression of the STEP switch. 

• ~ register indicates the next odd~ess to be referenced. · 

•• P register indicates _the last address referenced •.. 

. • X re~iste~ ~ indi~ates results ofarithmetic, logicol>and s~ifting~~ 

•. . . r:::;to;;·~ J;~,IAyS ';sfrMcl:on io J,e e)(eC'< fe.J or /n;r•G~S~. 
·Start Display. . . . . ot e.xec«.A..f, ~VI• ' :· . ·.. . . ' . . . • : ' .. 

. . 
To initiate the display mode of operation, perfo~. ~he fol.l~w_ing o~rations 

. i~ the i~dicated sequenc.e •. · 

1pn a2134s.oo· 
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{a) MC (master clear). 

(b) Depress the LOAD ADDR swit~h. 

~) Using the operator keyboard, enter the 12 bit 
starting address into the keyboard register. 

(d) Depress the STEP switch. 

(e) se:ect the memory bank for the display operation, ff other than 

bank 0, by depressing the BAN Kl or BANK 2 switch. 

(f) · Depress the OPR MEM switch. 

(g) Depress the DIS P MODE switch. 

(h) For high-speed display _operation, depress .the RUN switch •. For program 

debugging, operate the STEP switch. 

The following registers may be monitored by the operator on the octal read-

out indicator. 

• Z register indicates the contents of the address referenced on the 

lost depression of the STEP switch. 

• S register indicates the next address to be referenced. 

• P register indicates the last address referenced. 

• X register indicates the present X beam position. 

• Y register indicates the present Y beam position. 

2-22 
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SECTION III 

PROGRAMMING 

PART A 

Part A of this section contains 

interface programming information 

.. for the display subsystem. 

,· 
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INTERFACE.· 

The s~bsystem _Display _Controller i.nterface module is compatible with and 

controis communication with a standard CONTROL.DATA 3000 Series Data Chan~eL 

.• Refer to the associated 3000 Ser.ies Referenc~ Ma.nual for detailed in.put/output p~o~ . 

. g_rcimming information. 

~ • r .- • , • 

. DATA TRANSFER. 
. '... . ~ ... 

Transfer of 12-bit data bytes between the Displ~ .Controller memory. and· ". 
. • . • • . . ·' . . .· '-11..,_,,: . . • . • •. •. 

data c~~~ef is bidire~tional •. ·~=~;-~~--~dress f~nc.tion selec~memo.ry . · .·. 
.. . . . ·,. . . .. . .. . . . . . . . . 

• ' . . . . . • • • .·' ~·. : • ·J";,1. ·-~'.,,:. . . .' • . . 

.... addresses for data storage. a'nd retrieval,.· , __ . __ ., . .,~.--. ·--.,,_;'Odd par_ity infonnati()_n .· . . '. .. 
a ...._ __ -:.-•••...,,.:;.--;...,,,. P• :..,· ·~~/ , . •• • • 

. accompanies each data byte.· .. 

. . 
. · ' . .. .... 

Ifa parity error occu~ on data during a write oper-ation· (d?ta to subsystem), . 

· t~e following occurs; 
. . • 

..... ,,,·. 

. . 

. {a). Subsystem transmits Parity Error signal arid Reply. -

· . (b) . :PARITY ERROR indicator. on the ·mC?nitQr ca~inet lights.· It rema~ns ~n : · · 

unti I re_ceipt of a M~ster Clear signah?r .depre~sion of the opera_t~r ·. '. ·. 

panel MC switc~ •. 

(c) ·. ·subsystem stores the data in memory·. . . ,, ' 

.. 

·P.D 821345.00 .· ~--·. . .' 
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CONNECT. 

The subsystem interprets the connect code, figure A3- l, received from the 

(a) Checks bits 11 through 9 for a matching EQUIPMENT SELECTOR 

switch number. 

(b) Bits 8 through 0 are not translated. 

11 

EQ'JIPMEN 
SELECT 

Figure A3-1. Connect Code Fonnat 

·Reply and Reiect signals ore the possible connect code responses. A parity 

error results in no resPonse, 

Reply. 

The subsystem connects and transmits a Reply signal if the Following condi-

tions exist. 

(a) Power is on. 

(b) The connect code and EQUIPMENT SELECTOR switch setting match. 

AJ-2 



(c) The subsystem is on-line. 

(d) No transmission parity error. 

Reiect. 

The subsystem does not connect and transmits a Reiect signal if the subsystem 

is off-line. All other conditions are the some as for a Reply. S le.. flA.,s //n e 5 ckr-e 
en.tl.)eJ u.11 f;/ l'-f?.<..e;p·f cf lf,.,,e n-ex-f Cori11ecf "'=-;::/1c...{, : 

Parity Error. 

A connect code parity error results in the following. 

(a) The subsystem does not connect; if connected, it disconnects. 

< 

(b) The subsystem does not return a Reply, Reiect, or Parity Error signal. 

(c) The PARITY ERROR indicator on the monitor cabinet lights. It remains 

on unti I receipt of a Moster Clear signal or depression of the operator 

panel MC switch. 

FUNCTIONS. 

The data source initiates display subsystem functions with 12-bit function codes. 

Table A3-1 lists the function codes recognized by the subsystem. The subsystem 

intetprets a function code, figure A3-2, as follows. 

p D 8 2 1 3 Ii ) 0 0 
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v 0 

Figure A3-2. Function Code Format 

{a) Translates bits 5 through 0 to initiate the function. 

· (b) Bits 11 through 6 must equal O's or the function code translates as an 

illegal code. 

Reply, Reiect, and Parity Error signals are the possible ~esponses to a func• 

tion code. 

Reply. 

If the. specified function con be performed, the subsystem initiates .the func­

tion and transmits a Reply. The accepted fun~tion locks out al I other functions 

until completion. All the following conditions enable a Reply. 

(a) Display subsystem is connected. 

(b) No transmission parity error exists. 

(c) F~.mction code can be performed. 

1 11 D 8 2 J 3 Ii 5 o a 
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Reiect. 

If the specified function cannot be performed, the subsystem ignores the 

function code and transmits a Reiect. With the exception of being unable to per-

form the function, Reiect and Reply subsystem conditions are identical. 

Peri ty Error. 

If a parity error exists in a function code and the subsystem is connected, 

the following occur. 

(a) . The subsystem returns a Parity Error signal in lieu of a Reply or Reiect. 

(b) The PARITY ERROR indicator on the monitor cabinet lights. It 

r~n:-ains on unti I receipt of a Master Clear signal or depression of the 

ope rotor MC switch • 

(c) The subsystem does not perform the function. 



TABLE A3-1. FUNCTION CODES 

CODE 
(OCTAL) 

0000 

0020 

0021 

0022 

0023 

0024 

0025 

\ 

FUNCTION 

Release and 

Disconnect 

Select Interrupt 

on Ready -and Not 

Busy 

Clear Interrupt 

on Ready and Not 

Busy 

Select Interrupt 

on End of 

Operation 

Clear Interrupt on 

End of Operation 

Select Interrupt on 

Abnormal End of 

Operation 

_,. 

Clear Interrupt on 

Abnormal Erd of 

Operation , 

PD 8 2 1 ) I+ 5 lJ iJ 

DESCRIPTION 

Disconnects the display subsystem and clears the 

interface module logic. 

Enables starting another i/o operation 
when the subsystem is on. I ine, the 
Channel Busy I ine is inactive, and 
peripheral i/o is inactive. Clears 
previously generated interrupt on read 
and not busy. 

Clears interrupt on ready and not busy selection 

and any resultant interrupt. 

Enables an interrupt upon termination 
·of a read, write, or peripheral i/o 
operation or when the processor en­
counters a halt instruction. Clears 
previously generated interrupt on end 
of operation. 

Clears interrupt on end of operation selection 

and any resultant interrupt. 

Enables an interrupt when the processor 
encounters an error instruction (00008 ). 
Clears previously generated interrupt 
on abnorma I end of operation. 

- . 

operation. 

· Clears the interrupt on abnormal end of opera-

tion selection and any resulting interrupt. 
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CODE 
(OCTAL) 

0026 

·0027 

0040 

0041 

TABLE A3-1. FUNCTION CODES (CONT) 

FUNCTION. 

Select Processor 

Interrupt 

Clear Processor 

Interrupt 

Write Address 

Write. M~mory 

DESCRIPTION 

Enables an interrup~ when the processor en­

counters an interrupt data source instruction 

(0122
8
). CI ears previously generated processor 

interrupt. 

Clears the processor interrupt selection and any 

resulting interrupts. 

Directs .the next two write data words to the 

storage address{S) register. The first data word 

contains the lower 12 bits of the address. The 
/ow~d ocJ<.\../ · -- ,. 

A of the second data word selects . memory ban~ · 

.-o) J)or 2(L1a.r1 OIO= ~)-e.tJ,, Processor or display 

operation halts. The program address (P) reg is-

ter remains unaltered. 

Directs succeeding data words from the data . 

. channel to consecutive memory addresses. Nor­

mally, a write address function sets up the start-

. ing address prior to the write memory function. 

Processor or display operation· halts •. The stor­

age ad~ress'5) register increments automatic~lly. 

The program address (P) register remains 

unaltered. 

. .... 

. . i . - __ .. _______ , -- . - - . . ., .. , . . 
·- ··-·-· ~~--.-----·.··-::-·-.--···-~--~~ .... 

" .· .. 



TABLE A3-1. FUNCTION CODES (CONT) 

CODE 
(OCTAL) 

0042 

FUNCTION 

Read Memory· 

0050 . Start Processor 

. 0051 Start Display 

0052 · · Resume 

.• 

SUBSYSTEM STATUS.· 

DESCRIPTION 

Directs data from consecutive memory addresses 

to the data channel. Normally a write address· 

function precedes a read memory function, set-. 

ting up the initial address. Processor.or di.splay· 

. operation halts. The storage address{S) register· 

. increments automatically. The program .address· 

. (P) register remains. unaltered. · · 

Starts processor operation at the address in the 

.. S register. 

. .. 
Starts display operation at the address in the 

: S register. 

Transfers the P register to the S regist~r and 

·.directs ope~ation ~o resume in whichever mode 

(display or proc~ssor) was operating. last. This 

·enables resuming a display or processor· program . 

that was ·stopped by a reacf or write i/o c:>peration. 

,,·, 

.-. ~ 

· When connected, the.subsyst~m indicates its.operating status ~n 12 C~annel; 

Status I ines •. Table A3-2· lists the status bits ... · 
.. 

.; ... 

. . t, 
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TABLE A3-2. SLAIUS_ fil TS 
BIT 

POSITION NAME 

Ready 

Busy 

Processor Active 

Display Active 

Not Used 

Not Used 

Processor 
Interrupt 

Ready and Not 
Busy Interrupt 

End of Operation 
Interrupt 

Abnormal End of 
Operation Inter­
rupt. 

210 Not Used 

211 Not Used 

DESCRIPTION 

On I i ne. 

Connected and channel busy or 
peripheral i/o busy. 

Processor active or last attive 
mode of operation. 

Display active or last active 
mode of operation. 

Processor interrupt occurred. 

bugy 
Ready and notAinterrupt occurred. 

Processor encountered a halt in­
struction {778 ). 

Processor encountered an error 
instruction {00008 ), read oper­
ation terminated, write operation 
terminated, or peropheral i/o 
operation terminated. 

PD 82134500 
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SECTION III 

PROGRAMMING 

PART B 

Part B of this section provides arithmetic, 

memory, processor repertoire, display 

repertoire, and symbol repertoire infor­

mation. Programming hints and examples 

encompass and clarify overall programming 

· of the subsystem. 



ARITHMETIC. 

A processor word contains 12 binary digits.· Figure 83-1 shows bit positio~ · 

numbering, binary representation of a 12-bit quantity, and octal equivalent of that · 

quantity. All _arithmetic is binary, one's compl_ement .not.~tion •. Al.thou~h ,the pro~:.· 

cessor operates in binary, processor words are represented as four octal digits for ·. ·. · · 
. .· . . . . . . . . . 

.. · 
programming con.venienc~. . .. 

·_.: 

Figure 83- l. Processor Word Representat~on . 

. · · . In one's complen:ient notation,_. positive numbers ore ~represented ~y their 
. . . . 

. · .. binary equivalent; negative numbers ore represented by the one's complement of ·. · . . . . · ... 

th~ equivo~lent positive number •. Form the one's complement by reversing each bit· · 
. . ' . ~ . . . ' 

of a. ~ord. 

Exdmple: 

+5·= 000 000 ·ooo 101 (binary)= 0005 (octal)· 

. · ~5·= 111· 111 111. 010 (bin~ry)=.7772 (octaD. 

'· 

P D . 8 21 3 4 5 0 o· 
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The arithmet.ic module performs all arithmetic· operations by subtraction. 

. . . ~- ~ . . 
A~dition results from subtracting the complement of the addend from the alJg.~_aj • .,~_._; 

Subtr_octi~n· d~es not require c~mplementing. Arith~etic .is modulus· 2 12_·~ 1. Th<'.lt··· 

. is·, a borrow generat~d from th~ high order end of a 1~-bit ~~rd subtra.cts fro~ t~e . 

low ord¢r ~~ to provid_e the correct res~lt (erid-around•bo.rrow). 

. . . . ~ 

. ·.-Z~ro ~~be represented in on~'s complement notation in ei~~er of two ways.:: 

000 _000 000 000 {plus zero) 

111 111 111 111 (minus zero) 

--

Both plus ·and minus zero are acceptable as arithmetic c;>perands. There are,· 

only two cases in which a zer~ arithmetic result wi 11 be minus zero; in afl ~ther. : · · .. 
. ' .. 

cases, the result will ·be plus zero. These two cases are: 

- 0 +. (- O) and - o· - {+O) ···., 

The programmer ~ay interpre~ and use arithmetic ope~ands and results._of . :.·' .. ·. 

·~rithm~tic operations as desired. For example,. he·. mar or may not tree~ btt 11_ ·_as. :.­

a sign bit; depe~ding upo~ progra~ ~equir~ments. Tre.ating bit ·11 as a sign .bit .. :. 

limits operands to a maximum value of +3m 
8 

and _a minimum val1.1e of .. 3m8 . ... 

· The limit for u~igned _operands is 7777 
8

• 
. . ~ .· 

' .. 

. . 

·PD 821.34.500 
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MEMORY. 

Memory provides magnetic core storage for 12-bit display 

and processor information words. The interface, processor, 

display, and operator al I have access to memory on a time shar­

ing basis. 

MEMORY REGISTER. 

There are three registers associated with memory: P, S, and z. ·· 

P - 12-bit program address register. It contains the address 

of the last memory reference. 

S - 12-bit storage address register. It contains the next 

reference address. Upon completion of each memory cycle, 

the S register automatically advances I. 

Z - 12-bit transfer register which holds data being written 

into or read from memory. 
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BANK CONTROL. 

When the Display Controller contains three memory banks 

of 4096, 12-bit words each, bank control becomes necessary. 

Each bank has 10,0008 addresses numbered from 00008 to 77778 • 

Bank control al lows independent selection of banks for relative, 

direct, and indJrect addressing. When the Display Controller 

contains only bank o, relative, direct, and indirect references 

to other than bank O yield instructionsand operands of 77778 • 

Relative Bank Control (r). 

Reference memory bank contra I instruct i on.s for se I ect ion of 

the relative (r) storage bank. All instructions are in the 

relative bank. Also, instructions indicating relative or con­

stant addressing reference the relative bank. The relative 

bank also contains the first address for memory instructions. 

A change in relative bank initiates a processor jump. 

Reference the set memory bank controls instruction in the pro­

cessor repertoire. 

Direct Bank Control (d). 

Reference memory bank control instructions for selection 

of the storage bank for reference by all instructionShaving 

direct addressing operation codes. For operation codes 

indicating indirect addressing, (d) selects the direct bank 

containing the indirect address. 
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Indirect Bank Control (i). 

Reference the memory bank control instructionsfor selection 

of the indirect (i) storage bank. When instructions have indirect 

or memary addressing operation codes, control logic references 

the indirect bank for final operands. Because jump instructions 

cause an indirect transfer of control, they are exceptions. -JPI 

and JFI transfer control within the relative bank. 

PROCESSOR INSTRUCTION REPERTOIRE. 

While in the processor mode of operation (activated by 

manual interrupt, interface function code, operator panel, or 

display jump instruction), a program stored in memory controls 

processor operation. The stored program may be located in bank 

o, bank I, or bank 2. 

Utilizing memory, manual input, and arithmetic modules, 

processor logic performs instructions similar to those of a 

CONTROL DATA 160-A computer. The 12-bit X register in the 

arithmetic module receives the results of al I arithmetic,. logi­

cal, and shifting operations. 
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WORD FORMAT • 

. A processor instruction word divi_des into a 67bi~ function cod~ (f) a~ a 
6-bit execution address (E). Most ~nstructions require only one word of storage 

. . 
but expanded instructions occupy two words. Figure B3-2 shows the processor 

. . . 
instruction word formats. The first word contains a 6-bit function code and a 6-bit 

exec~tion address field which always equals zero .. i~ tw~-word ·.instructions. : The 

. second word ~on~ains a· ·12-bit addr~ss or operand -(G), depending on the instruct_iori.' 

Both words ·1 a~ 2 must b~ located i~ _sequential storage a~dresses in the.same· 
. . . .• . . .. 

.. 

memory bank. · .. 
' . . . ~ 

-~·· ~·--~--- _.,. .. ~----\... . .. ..: .... _ .. __ ... : .. ...., __ -- ~ ··~·-- ·- ·-~·-· ~· ~---·-· . . . 
--·---~-------'·-----~-----~---- ·-~-

11 6 5 0 

WORD 1 FUNCTION CODE (F) EXECUTION ADDRESS (E) 

ALWA VS ZERO IF 
EXPANDED INSTRUCTION 

.1 . 11 .0 I. · ~1~~------~--------AD-D-R5--SO_R_O_P-ERA~N-D-(G-)----~~~---------.~-.. 

. . 

· · Figu_re 83-2 •. Processor Instruction Word Formats.· 

ADDRESS MODES. 

-5.even memory oddres_s modes ~isted in~ table 83- l · pro~ide ~oximum· 6-bi~. 

address flexibility. 
.· . . . .. 

·. 

·.· 

.\, . 

.' .•' 

~ . ~ . 



TABLE B3-1 ~ 1',\EMORY ADDRESS MODES 

ADDRESS MODE DESCRIPTION 

No Address (N) When the E portion of a processor instruction is a 6-bit 

Direct Address (D) 

Indirect Address (I) 

Re I ati ve Address 
Forward (F) 

Relative Address 
Boe kwa rd {B) 

operand, the instruction initiates arithmetic and rogicof 

. ope rot ions using th is 6-bi t operand as a constant. By 

combinin9 constant and instruction, this mode conserves 

memory locations. 

Refers to o 12-bit operand in one of the first l 00
8 

mem­

·ory locations in the direct memory bank. 

Provides for operand references and jump 
addresses. For processor instructions em­
ploying indirect addressing, E refers to 
one of 778 of the f irsllOOa memory loca­
tions starting at location 0001 of the 
direct storage bank. The contents of this 
address become the address of the operand 
or become the jump address. 

address. 

Generates operand or iump address by adding E to the 

current contents of P. Th is specifies one of 77 
8 

addresses immediately following the address of the cur­

rent processor instruct ion. 

Generates operand or iump address by subtracting E from 

the current contents of P. This specifies one of 77 B 

addresses immediately preceding the address of the cur­

rent processor instruction. 

Constant Address {C) * The G portion of a 24~bit processor instructi~n contains 

the operand. 

Memory Address (M)* The G portion of a 24-bit processor instruction contains 

the address of the operand. 

*This mode uses two seq_Je~tiof storage locations, designation .for the- second 
location is G. In this mode, E must always equal zero. 

·PD 82134500 
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No Address Mode (N). 

. . 
.In no address mode, E is the· lower 6 bits of an implied 12-bit oper~n~. The 

upPe·r 6 bits of the operand always equal .zero. Thus, the ~portion of the instruction 

:~ord .becomes the opera~. 

Examp~e: 
. f '.• ~· t.) ~ ;· .. ":"··· .• 

) ~ocation 
-:--:-:--~--<'~· . .::"" 

F 
·' 

(r)Ol 00 

·· (r)Ol 01 

LON 43 (load no address)~ ._. _.· 
·.'·. 

next instruction 

.. , ....... 
·, 

A lo~ instruction transmits the operand t~ the X register. The 12-bit · 
' . . . ~ ~ 

. , ..... 
. . 

. . . 
operand for LON 43 is 0043. * The n~~ber 0043 goe~ to the X registe.r. At the · 

completion of a no address (N) instruction, c_ontrol continues at the location in the:: · · 
. . . ~ 

relative storage bank (r) specifi~d by the ~on~ents of P + 1. _In this cos~~ .control : .·· : ·. 
• • • • • • illo 

continues ~t location (r) .101 •.. · .. 

. . 
., . 

-.· ! 

.. · .. ·• 
· Direct Address Mode (D). ~· ) ~· 

.·. · In the direct address ~ode, E se~ects one. ~f the first l00
8 

loc~tions_in the . 
. ·. . .. ,· . 

direct storage bank (d) as the operand address. 

Example: Location F E ·-
.• 

(d)0076 12 34 

(r)1075 · LOO ?6. (load direct)· 

(r).10?6 · next instructicin 

. . . . . 

*All numbers in example programs are octal unless. stated otherwise. 

'PD a2134soo · 
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E specifies the operand address as {d)0076. This address 

contains the quantity 1234 which wil I be transferred to the X 

register. At the completion of a direct address {d) instruction, 

control continues at the location in the relative storage bank 

specified by the contents of P +I. In this case, control con­

tunues at (r)J076. 

Indirect Address Mode (I). 

In indirect address mode, E references 778 of the first 

1008 locations, starting at location 0001 of the direct storage 

bank (d). The location {d)OOE is then referenced and the contents 

·of (d)OOE become the operand address in the indirect bank ( i ) . 

Example: Location E. s. 
{d)0045 33 65 

( i )3365 46 57 

ir )4121 LOI 45 {load indirect) 

{r)4122 next instruction 

E calls for referencing {d)0045, which contains the address 

3365. A final reference is now made to· {i)3365, which contains 

·the number 4657. The quantity 4657 goes to the X register. 

Notice that both the direct (d) and indirect {i) storage bank 

controls are involved in the indirect address mode. At comple­

tion of an {i} instruction, control continues at the location 

in the relative storage bank specified by the contents of P +I. 

In the above example, control contunues at (r)4122. 
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,•. 

· .. ·. The~e are .two (I) instructions which ~re exceptions to the abov·e ruies,· 

J Pl and. JFI: 

. . 
- (a) · JPI initially references location (d)OOE. A transfer of control then . 

. . 

· ·. · takes place within the relative .(r) bank to the l?Cation specified by · :. 

_._ · · ~he conten~ of (d)OOE •. · 

(b) JFI initial reference is rel~tive. forward. A trans"fer of control then: . 

takes _place within the relative (r) ·bank.to the address specified.·i~ the·· 

relative forward reference. 
. '•• 

. ·' 

··.· .. ~ 

" Relative· Forward Address Mode· (F). - _. .- ~ . 

.. 
. . In relative foaward add_ress mode,· -E adds to the contents of the P register • 

i 

. Jhis sum beco~es the effective operand address in ·t.he .relative storage b~nk (r).·_.. 
':: 

. Example:. Location F E -· . . 

. (r)0~33 .- LDF .. 22 (load forward) · : · · 
. . 

.(r)0234· . next instructfon 
.. · .. 

(r}0255 .03 

. Adding E to the P register yields address (r)0255 •. The contents of (r)0255 
. ' . 

-. go to the X registe~. At· ·. ,completion of this instr.uction, X contains 7703 •. At _ 

< ,/~ompletion of.an (F) instruction-which does ~-ot cause transfer of control, coil"".' 
. . . . .· . . . . . 

trot' c~ntinu~ in the re lati~~ sto~age bank .(r) ~ the locati.on sp~cified by cont~nts 
<, _PD . :·· . . . ~ 
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. ·of P + 1 ~ In the above. example, control continue~ at location (r)0234. Forward 
. ' . ' ·.. . 

.Jump instructions transfer control E locations forward in the relative bank •. · 

. Relative Backward Address Mode (B). 

The· relative backward address mode f~nction5 similar to relative forward· : .. · . . . . . ;• 

(F) m~e·. In relative backward address mode, subtro~tion o.f. {E) fro~ the contents ... 

of the P register forms an address in the relative storage bank • 

. . ' 

.. Constant Address Mode (C) •. . .. . . 
'. 

All· constant address mode instructions oc~upy ~o sequential stor~ge loea- ·: 
• • • I • • ' .• 

.·. ·. 

· : "tions •. The G portion of the 24-bit instructior_i word contains the operand_. E·alwoys 
. . . . . . . . . : ... . . ... 

. ·•. . •. 

.. .: . 
.. . ··: . . . 

· · .-· EXampf e: Location ·F E G 
... ~ . . 

. . ' . 
... (r)Ol 01 . LDC 00 . ··(load constant) 

:7337 
(r)0103 STC 00 . .. . (store constant) : 

2345 . 
(~)0105 next instruction 00 . . . . '· ·~. ··. 

At location {r)Ol01 is a load ~<>nstant (LDC) instruction. T~e opera~.d 
. . ... 

address is (r)Ol 02. The quantity 7337 goes to the X register. ·· Upon complet(on of a. 
. . . . . . 

. (C) instructi~n, control continues i~ the relative storage bank (r) at t.he location· .. ; 

specified by the. contents<;>f P + 2. l~_this case;· control continu~ of (r)Ol03.· · . 
. . . . . 

. . 
. ... , · .. 
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Th·is addre~s contoi~s a store constan.t (STC) instruCtion •.. This transfe~X register .. 

contents to.the operand address.· ·in the above example~ the opera~d address of. 

the STC i~struction is (r}Ol 04. · Jhe quantity 7337, in the X registe~ a.s a ~esult of 

the LDC instruction in (r)OlOl, goes to location (r)0104, replacing the constant .:.: 

· .. ~ 2345 .. now i~ (r) 0104.' Final con.tentS of (r)~n· 04_ are 73~?. ·· ~ontrol -~ontinues .a_t· · .. 
. . 

. . {r)~J 05~~ .· .. 
·.-. · . 

.. Memory Address Mode (M). 

: . . . . 
All memory address mode instructions occupy tw.o sequential· storage -loco-· · 

tions: The. G portion of the 24-bit instruction w~rd cont.ains .the addre~ of. the:· · 
... 

operand. E al~ays equals zero. : . . " 

... ···. ~ample: Location ··F ... 

·.: ...... · . " .. :. · "(r)3477 . LDM · 

.. ' .. :. >. (r)3501 . STM . ~ . 

· (r)35_o~· . ._ next instruction 
· .. 

{i)0024 ·02 
! : . 

·_. . .• 

' •I .. 

·po e2134so-o. 
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E G 

. : 00 : (lo~ memory) 

:.34 

'. 

.·: 1111 .. · 
. . (st~re mem~ry . . :: .. 

0024 

'. 

. . .~ . ' . . : 
'-:.··· ·. 

• ,·:."' ,, I 

•,. I ,*. •' 

•.:. ·: ·. .. · .. 

. . ,· 
.... 
. . ' ~ . • . . . . 

.. . 

.. ·; .·· 



Location (r)3477 contains a load m'emory (LDM) instruction. The location 

(i) 1111 becomes the operand address. The quantity 6766 goes to the X register. · 

Upon completion of an (M) instruction, contro~ continues in the relative storage 

bank (r) at. the.lo~ation.spec~fied by the contents of P + 2. In this case, control 
: . ' 

cont~nues at location (r)3501 which contains a st~re memory (STM) instructiortf. ·The. " 

oper~nd address of this instruction becomes (i)0024. This stores X register quantity"·:· 
. . . . . ' 

. 6766 in location (i)0024, replacing quantity 0234. Control ~ontin~es at. location 

. · (r)3503 .• 

I·.; 

INSTRUCTIONS. .· .. 

Jobie. 83,.;2 I ists the proc.esso.r· instructions and execution times. Fo~·:~xpfana.-:-

.. tions t?f instru~tions that fol low, these points apply. 

.·. ·. 

·:~ .. (a) ·All numbers are in octal n~tatlon unless stated otherwise·. 

·. ·' .. 

· (b). · In operation code descriptions, operations appear in.sequence • 

. . 

(c) _Instruction descriptions are by general function rather than numerical. : . .. . . .. 

. ·:·order. Instructions ·which may assume more than on·e· addr~ss mode · " 

. appear under the. general function. 

. .. 
(d) .A ·descripti~~ lists the G portion .of<:'" instruction. only. with· instruc.tion~ · . 

. .. . " 
.occupying ~o storage words. . : 

.'PD 02134.50-0 
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(e) When the Display Controller contains only one memory bank, 
only memory bank o can be referenced. Reference to a bank 
other than O yields operands and instructions of 77778, 

(f) XXXX represents an octal operand. 

(g) YYYY represents on octal address. 

STOP INSTRUCTIONS. 

Stop instructions, tabf e B3-3, stop the processor unconditionally. When the 

processor encounters on ERR or HLT instruction, computation stops and, if enabled, 

interrupts the data channel. 

TABLE B3-3. STOP INSTRUCTIONS 

F E MNEMONIC NAME 

00 00 ERR Error Stop 

77 xx HLT Halt 

NO OPERATION INSTRUCTION. 

A no operation instruction (NOP), octal code OOOX, does not perform any 

function. Program control passes to the next instruction at location {r)(P) + 1. 

DATA TRANSMISSION INSTRUCTIONS. 

Doto transmission instructions enable transferring data between the X register 

and memory, and between the X register and other selected registers. 
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Load Instructions. 

Load instructions; table 83-4, transfer an operand to the X register. Execu-

tion of a load instruction does not alter the operand in storage. After transferring 

the operand to x for each address mode, control continues as descri~ed under address 
. . .. 

modes.· 

NOTE 

The E portion of LOI and LDF instructions must 

not be zero •. If zero, the processor interprets 

the operation c;ode as LDM or LDC, respectively • 

. TABLE B3-4. LOAD INSTRUCTIONS 

·F E G MNEMONIC NAME 

.04 xx LDN. Load No Address 
·• 

20 yy LDD Load Direct 

21 oo· yyyy LDM load Memory 

21 ·YY LDI Load Indirect 

22 00 xx xx LDC Load Constant 
.. 

22. xx LDF Load Forward · 

23 xx LDB Load Backward 

.. . . ... 
. De~cription: operand ..+X : 

' " ' 
-- ·- . -

·P D D ~ 1 3 4 ~ t) 0 · 
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· . Load Complement Instructions. · 

·Load complement instructions, table 83-5, transfer the one's complement. 

of the operand to X. ·A load complement instruction does not alter the operand in . 

. ·storage. After transferring the o~e's complement of the operand to X for each. 

address mode, control continues as described under ~ddres·s mode~. 

F 

05 

.· 24 

25 

25 

26' 

·. 26 

27 

. . 

NOTE 

The E p~rtion of LCI ~nd LCF instru~tion~must not 

be zero. If zero, the processor interprets the 

operation code as LCM or LCC, respectively. 

···. 

TABLE B3-5. LOAD COMPLEMENT INSTRUCTIONS 

E G MNEMONIC NAME 

xx LCN Load Complement No Address 

VY LCD Load Complement Direct 

00 yyyy LCM Load Complement Memory 

yy LCI load Complement Indirect 

00 xxx LCC · Load Complement Constant 

xx LCF · ·Load Complement Forward 

xx LCB Load Complement Backward 

.. 
Desc'ription: operand~X 

.. 

PD 82134500 83-17 
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Store Instructions. 

. . 

Store instructions, table B3-6, transfer an operand from the X register to the 

operand me~ory address. Execution of a store instruction does not alter contents 
. . 

of the X register. After storing the operand for each a~dress mode, control con-· 

tinues as described under address modes. 

NOTE. . ·' 

. ~h~ E portion of STI and STF instructions must not 

. be zero. If zero, the pro~essor interprets the opera-. 

·tio~·code as STM or STC, respectively. 

· TABLE 83-6. STORE INSTRUCTIONS 

F E G MNEMONIC NAME 

40 yy STD Store Direct 

41 00 yyyy STM. Store Memory 

41 ·yy STI Store Indirect 

42 00 xx xx STC. Store Constant 

42 xx .STF Store Forward 

43 . xx STB Store Backward 

---i 

.. 
Description: (X)-J>ope~and address 
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Transfer Internal Registers. 

The transfer internal register instructions (tab I e B3-7) enable saving, modifying, 

and sampling the contents of the indicated registers. 

TABLE B3-7. TRANSFER INTERNAL REGISTERS 

F E MNEMONIC FUNCTION 

01 00 STX State --{> x 
01 01 PTA p __. x 
01 70 YTX y _. x 
01 71 RTX Rl __...,. x 
01 72 RMX R2 

__.. x 
' *01 73 RSX Remote Status __.. x 

01 74 XTY x __,. y 

. * 01 75 XTA x ___. 
Al 

* 01 76 XMA x __... 
A2 

* 01 77 XTR x -+ Remote Control 

*Applicable on remote systems only 

Example: Location F E 

1313 01 72 

(R2) 00 61 

(X) n 57 (original} 

(X) 00 61 {final) 

PD 
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Transfer Bank Controls. 

The transfer bank controls to X register (CTA ) instruction enables sampling 

the current memory bank se lee ti ons. Figure B3-2A is an octa I breakdown of the X 

register after executing a CTA instruction. Each of the four octals in X designates 

the r:iumber of its respective memory bank. For example, if memory bank 2 is the 

relative bank, the binary equivalent of the lowest octal in Xis 010. Storage bank 

controls remain unchanged and program control continues at (r)(P) + 1. •. 

11 . 9 8 6 5 3 2 0 

DISPLAY INDIRECT DIRECT RELATIVE 
BANK BANK BANK BANK 

Figure B3-2A. X Register Breakdown 

ARITHMETIC INSTRUCTIONS. 

Arithmetic instructions include multiply, subtract, replace odd, and replace 

odd one instructions. 

Multi ply. 

The multiply instruction/able 83-9, multiplies the contents of X (multiplicand) 

by 128 (multiplier). The product appears in X as on 11-bit signed number or a 

12-bit unsigned number, depending on the value of the multiplicand. For a multi­

plicand range of -314
8 

to +314
8

, the product is algebraically correct. The upper 

• f\ " 
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bit of X is the sign. A 1 indicates a negative number and 0 indicates a positive 

numJ?er. If the contents of X a~e> +314
8 
or<-~ 14

8 
before m~I tipl ica.tion, the 

.· · ~ognitude of the product is. correct modulus 2
12 

-1. That is, the product becomes 

a 12-bit unsigned number. The maximum ~ultiplicand for a meaningful product is 

TABLE 83-9. MULTIPLY INSTRUCTION 

.F E MNEMONIC NAME 

01 12 MUT Multiply X by 12
8 .. 

Description: 

'Example: Multi~ly +314
8 

by 128 ~ 

Original (X) = 0314 

Multiplier = 0012 

12
8 

(X)-)X 

Final_ (X) = 3770 =. +3770
8 

Exompl~: Multiply +315
8 

by 12
8

. 

O~iginal (X) = 0315 

··Multiplier= 0012 

final {X) = 4002 =f4002J 

PD82134500 B3-20A 
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Add Instructions. 

Add instructions, table B3-9A, place in X the sum of the 
,.wrj 

original contents of XAthe operand. The operand remains unchanged. 

Control continues as described under address modes. 

PD a2131,.500 

NOTE 

The E portion of ADI and ADF instructions 

must not be zero. If zero, the processor 

i nterpRe.T.s the o per at ion code as ADM or 

ADC, respectively. 
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TABLE B3-9A. ADD INSTRUCTIONS 

F E G MNEMONIC NAME 

06 xx ADN Add no Address 

30· yy ADD Add Direct 

31 00 yyyy ADM Add Memory 

31 .YY ADI Add Indirect 

32 00 xx xx ADC Add Content 

32 xx ADF Add Forward 

. 33 xx ADB Add Backward 

· Description: (X) +operond~X 

Subtract Instructions.· 

S_ubtroct instructions, table B3-10, pl~ce in X the difference betw_een 

.... ··.the origin~I cont~nts of X on.d the operand. The operand remains_ unchang.ed •. _Con­

trol continues as described under address modes~ 

. . .. ~ 
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NOTE 

The E portion of SBI and SBF instructions must not 

not be zero. If zero, the processor interprets the 

operation code as SBM or SBC, respectively. 

TABLE 83-1 Oe SUBTRACT INSTRUCTIONS 

F. E G MNEMONIC NAME 

07 xx SBN · Subtract No Address 

34 ·.yy SBD 
' 

Subtract Direct 

35 00 .· yyyy SBM Subtract Memory . 

35 yy SBI Subtract Indirect . 

. 36 00 xx xx SBC Subtract Constant 

36 xx SBF Subtract Forward 

37 xx SBB Subtract Backward 

Description: (X) - operand ~X 

Replace 'Add Instructions. 

Replace add instructions, _table B3-11, sum the contents of X with an 

· operand. Upon. completion, .b~th the operand addres~ and X co~tain the new su~~ 

. Control continues as described under address modes • 

.. . 
·NOTE 

.. The E portion of RAI and RAF instruct ions mu.st not 

be zero. If ze~o,. the proc:;essor interprets the opera- . 

tion c~e a5 RAM or RAC, respecti~ely. 
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TABLE B3- l l. REPLACE ADD INSTRUCTIONS 

F E G MNEMONIC NAME 

50 yy RAD Replace Add Direct 

51. 00 yyyy RAM Replace Add Memory 

51 · yy RAI Replace Add Indirect 

52 00 xx xx RAC Replace Add Constant 

52 xx RAF· Replace Add Forward 

53 .XX RAB Replace Add B~ckward 

Description: (X) + operand ->X 
(X} ~perand address 

Replace Add One Instructions. 

Rep,ace add one instructions, table ·83-12, form the sum of the operand 

plus one in X and transfer this sum to the ope.rand address. Upon compl_etion, both 

· _the operand address and X contain the ori.ginal operand increased by- 1 •. Control · 

continues as described under.address modes. . . . · . 

. NOTE 

. The E portion of AOI and AOF instructions must 

. nc:>t be zero. If zero, the processor interprets the· . 

. . ·operation code a~ AOM or AOC,· respective Ir. 
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TABLE 83-12. REPLACE ADD ONE INSTRUCTIONS 

,, F E G MNEMONIC NAME 

54 yy ·AOD Replace Add One Direct 

55 00 yyyy ·AOM Replace Add One Memory 

55 yy AOI Replace Add One. Indirect · 

56 00 xx xx AOC Replace Add One Constant 

··s6 xx AOF Replace Add One Forward 

.. 57. xx AOB. Replace Add One Backw_ard 

Description: operand--+ X 
(X) + 1 -fl' X 
(X) ~operand address 

.. .• . . . 

SHIFT INSTRUCTIONS. 

There are two groups of shift instruct.ions, shift.and shift repla~e~. 

Shift~ 

. . 

Shift instructions, table B3-13, perform an end around (c.ircular) left shift 

·On information in the x register. Bits shifted out of bit position 11 move to bit· 

position 00. -From bit position 00, bits shift into bit position 01, etc. Control 

continues at location {r) (P) + 1. 
• ! 

TABLE 83-13. SHIFT INSTRUCTIONS 

F E MNEMONIC NAME 

01 02 · · LSl Left Shi ft One 
01 10 LS3 Left Shift Three 
01 11 LS6 Left Shift Six 

Description: Shift X left the number of bit positions specified. 
:. l y------··- . 
·~ : P D a 21 3 4 5 O o 

-···---····-- 4-·-------. ' .. 
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E>cample: Location F E -
(r)6173 ·LS3 

. "(X) -61 02 

E is not specified since all the"shift instructions u.se' E OS par~ of the opera~ 

tion code. ·x contains· 6102. At completion _of LS3, X contains 1026 and control 

. continues at (r}6174. 

Shiff Replace. 

Exe_cution of a replace shift i_~truction, table B3"'.' 14, transfers the operand 

to X, shifts it left (circular) one bit position, and transfers the· contents of X back . 

to the operorld address. After completion of a ·shift replace, bOth X and the operand 

address contain the shifted operand. Control ·continues as described _under address 
. . . . . . . 

. · 

· .. NOTE 

,-.The E portion of SRI and SRF instructions must not 

be zero •. If zero,. the prc:>cessor interprets t~e opera­

tion code· as SRM ·or SRC, respectively •. 

PD 82134500 
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TABLE B3-14. ·SHIFT REPLACE INSTRUCTIONS 

F. E G MNEMONIC NAME 

44 yy SRD Shift Replace Direct 

45 00 yyyy· SRM Shift Replace Memory 

45 yy SRI .. Shift Replace ·I~irect 
. . . . 

46 00 xx xx SRC Shift Replace Constant 

. 46 xx SRF Shift Replace Forward 

47 XX-. SRB Shift Replace Backward 

Descripflon: operand-> X 

shift X l"eft circular 1 bit position 

· (X)-.> operand address 

.. 
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NOTE 

The E portion of LPI and LPF instructions must not 

be zero. If zero, the processor interprets the 

operation code as LPM or LPC, respectively. 

TABLE 83-15. LOGICAL PRODUCT INSTRUCTIONS 

F E G MNEMONIC NAME 
·~ 

02 xx LPN Logical Product No Address 

10 yy i..PD Logical Product Dire ct 

11 00 yyyy LPM Logical Product Memory 

11 VY LPI Logical Product Indirect 

12 00 xx xx LPC Logic~I Product Constant 

12 xx LPF logical Product Forward 

13 xx LPE logical Product Backward 

Description: Logical product of (X) {operand)-.x 
LL 

Selective Complement Instructions. 

Selective complement instructions {table B3-16) form, in X, the bit comple-

ment of X for each bit in the operand equal to 1 • The operand in storage remains 

unchanged. 



Example: -

(X) (binary) 111 010 001 101 

operand (bi nary) 010 000 100 111 

selective complement (binary) 101 OTO 101 010 

-Control continues as described under address modes. 

NOTE 

. The E portion of SCI and SCF instructions must not 

be zero. If zero,· the processor interprets the 

operation code as SCM or SCC, respectively. 

· -TABLE 83-16 SELECTIVE COMPLEMENT INSTRUCTIONS • 

F E G. MNEMONIC NAME 

03 xx SCN Selective Complement No Address 

14 yy . SCD Selective Complement Direct 

1_5 00 yyyy SCM Selective Complement Memory 

15 yy ·SCI Selective Complement Indirect 

16 00 xx xx sec Selective Complement Constant 

16 xx SCF Selective Complement Forward 

17 xx SCB Selective Complement Backward 

Description: Selective complement X for operand = 1 · n · n 
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MEMORY BANK CONTROLS. 

Memory bank control instructions, table B3-17, assign address modes to the 

three memory banks before transferring program control to a given bank reference 

TABLE B3-17. MEMORY BANK CONTROL INSTRUCTIONS 

F E MNEMONIC NAME 

00 lX SRJ Set Relative Bank Control and 
Jump 

00 2X SIC Set Indirect Bank Control 

00 3X IRJ Set Indirect and Relative Bank . 
Control and Jump 

00 4X SDC Set Direct Bank Control 

00 5X DRJ Set Direct and Relative Bank 
Control and Jump 

00 6X SID Set Indirect and Direct Bank 
Control 

00 7X ACJ Set Direct, Indirect, and 
Relative Bank Control and Jump 

Instructions SIC, SOC, and SID allow program continuation at (r)(P}+ 1. The 

remaining instructions, SRJ, IRJ, DRJ, and ACJ, are the only instructions which 

transfer program control between memory banks. The act of setting the re;J~.tive bank 

control (r} alters the bank from which the next program instruction wi II be read. 

After assigning the relative mode to a memory bank, program control transfers to the 

relative address specified by the contents of the X register. Execution of a memory 

bank control instruction does not alter the contents of X. Not only may (r} be set by 

itself, combinations of memory bank controls may be set at the same time. The 
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following example sets the direct and relative bank to 2 and transfers program control 

to storage bank 2, location 4600. 

Example: Location 

(r= 0) 3100 

(r= 0) 3102 

F 

LDC 

DRJ 

E G 

00 4600 

52 

When there is only one memory bank, memory bank control instructions become 

no operation (NOP) instructions. After a NOP, control continues at the next address. 

'PD 8213450U 
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JUMP INSTRUCTIONS. 

· . Jump instructions tenn inate the current program sequence and initiate a 

· .·new sequence at a different memory add~ess. Certain iump instructions uncondi- · 
fWP~Y'4wt Wh de,. . . . . . . . . 

tionally change the
11

sequence /) contents of the ~ register condition of~er iump · . 

· : instructions • 

. Conditional Jump Instructions.· 

· Conditional. jump instructions;· table B3-18, test the X register for the 

· : condition stated. If the specified condition exists, control tr~nsfers forward ~r 

··backward in the relative (r) bank XX locations. If the specified condition ~oes 

· . not exist, control continues at P + 1. 

TABLE 83-18. CONDITIONAL JUMP INSTRUCTIONS. 

F. E MNEMONIC NAME 

60 xx ZJF . Zero Jump Forward 

61 . . xx . . NZF . Non-Zero Jump Forward .. 

62 xx .· PJF Positive Jump Forward 

63 xx NJF Negative Jump Forward 

. 64 xx ZJB Zero Jump Backward 

65 xx NZB Non-Zero Jump Backward 

66 xx PJB Positiv_e Jump Backward 

67. xx . NJB ·Negative Jump Backward . 
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· Test conditions are: 
. . 

{a) X zero - contents of X equal positive zero (0000)-. Negative 

zero (7777) does not meet the iump condition .• 

. -(b) ·· X not zero· x contains any qu.antity other "than 0000 • 
. •'. 

{c) X positive · bit 11 of X .is 0. . 

{d) X negative bit 11 of X is 1. 

Unconditional Jump Instructions. 

Unconditional iump instructions, table B3- l 9, transfer program control 

·. regardless of X register contents •... 

TABLE 83-19. UNCONDITIONAL JUMP INSTRUCTIONS 

F E G MNEMONIC NAME 

.70 ·. yy 
.. · JPI Jump Indirect . 

.. 
.. 

.71 00. yyyy JPR Return Jump 

.71 xx JFI Jump Forward Indirect 

74 : XX. xxxx JPD Jump Display 
.. 

I J 
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· Jump Indirect. 

The iump indirect instruction (J PI) transfers. prog.ram control to the relative 

(r) bank location specified by the contents of direct (d) bank location OOYY. After 

executing the jp1 43 instruction in the following example,: since· (d) 0043 contains 

36~2, program CC?ntrol transfers_ to location (r)3662. 

Exampl~:· Location F. E 

(r) yyyy JPI 43 

. {d) 0043 36 62 
.. 

{r) 3662 Continue · 

· Return Jump. 

· ·The return iump (J PR) instruction transfers control from the· main program 

·. seqllence to a program subroutine. In doing this, ·reference figure 83-3, it provides• . . . . . . ' 

a method ~f returning from fhe subroutine to the n~xt step in the main program. 
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MAIN PROGRAM 
ADDRESS ON 

G 

I>ISE.K( A PPf: E.SS 0 f 
,__r_) _11_7_3_~7_1 __ 0 _0........__---li---- Nnl /YJAJN PROGRAJVJ 

(r)·ll 71- 2.100 

xx. xx 

~£TLJR/J ID NE.XI 
MAJN PROGRAM S IE.? 

Sl!.P (//7.£) 

Jc/MP 
TO 

SUB RDU//N E 

(~)2100 I/ 7S 

(r) 210/ 2.3 

<r) 2.102 4 0 
____ y_ 

.SUBROUT!N£ .STf~.f5 

~) 2300 70 SO SIJBRO!JT/l/E. 
i-----...___.__,.___.. __ -+ , EX JI 

Figure B3-~ •. Return Jump (J PR} Application 

·A return iump increases the contents of P by 2, providing the address of 

the next main program step (r}l.175 in this example •. The processor transfers this. 

address[(r)l 175] to location (r) YYYY ~)2100 in this example]. Program control 

. transfers to location (r)YYYY + l [cr)2101) Load backward and .store direct · . 

instructions at the beginning of the subroutin~, figure 83-3, enable an indirect 

iump .to ·address (r)l 175 of the m~in progrdm after subrou.tine c.ompletion •. 
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Jump Forward Indirect. 

Jump forward indirect instructions transfer p-ogram control to the relative 

(r) bank address specified by contents of the storage location XX positions forward. 

After executing J FI07 in th.e following example, the processor references the relative 

bank location 0007 positions forward, (r )5171 • Program control transfers to the address 

contained in this location, (r)0423. 

Example: Location 

(r)S 162 

(r}5171 

NOTE 

F 

JFl 

04 

E 

07 

23 

The E portion of the J Fl instruction must not be 

zero. If zero, the processor interprets the opera­

tion code as a J PR instruction. 

Jump Dispf ay. 

Jump display (J PD) instructions transfer program control to the display mode 

of operation at the address specified by G. In the E portion of JPD instructions, 

bits Oand 1 specify the display memory bank as foll_ows. 

BIT BIT BANK . 1 0 -
0 0 0 

.o. 1 1 

1 0 2 
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Bit 5 of E determines whether to resume or clear the display. If bit 5 is a 1, display 

resumes where it left off. If bit 5 is a 0, display c I ears before starting. 
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INTERRUPTS. 

Interrupt I ines and iNstructions enable effective processor 

hand I i ng of the manua I input devices (a I phanumer i c/funt ion key­

board and I ight pen}, remote interface communication, and peri­

pheral equipment connected to the input/output channel. 

Lines. 

Interrupt signals, transmitted on one of four interrupt I ines, 

. notify the processor of external requests for action. An inter­

rupt initiates transfer of processor program control to a fixed 

memory location without losing the information needed for return 

to the main program. There are four interrupt I ines: IO, 20, 30, 

and 40. When an interrupt occurs on one of these I ines, the 

processor stores the contents of P at location (d)OOIO, (d}0020, 

(d)0030, or (d)0040, depending on the I ine which generates the 

interrupt, and takes its next instruction from (r)OOl I, (r)0021, 

(r)0031, or (r)0041. The address at location (d)OOIO, (d)0020, 

(d)0030, or (d)0040 enables returning to the interrupted program 

with a jump indirect instruction (70YY). 

Interrupt IO. 

Interrupt IO is a manual interrupt generated by a manual 

input dev.ice. Depressing a key on the keyboard or a light pen 

hit generates this interrupt. 

B3-34B 
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Interrupt 20. 

This line is only for subsystems with a remote interface. At completion of a 

processor initiated input or output to or from a modem, the remote interface generates 

an interrupt on Ii ne 20. 

Interrupts 30 and 40. 

Interrupt lines 30 and 40 may be activated by any peripheral equipment 

which provides an interrupt signal. The meaning of these interrupts is a function of 

the equipment generating the signal. Because several equipments may be connected 

to each line, each line must be interrogated following an interrupt to determine 

which equipment generated the interrupt. 

Interrupt Servicing. 

A scanner sequentially interrogates the four interrupt lines. Detection of on 

interrupt locks out further interrupts while the processor services the honored interrupt. 

When the processor services interrupts 10 and 20, it automatically clears the serviced 

interrupt. Interrupts 30 and 40 must be c I eared with an externa I function to the 

interrupting peripheral unit. The Display Conso·le MC switch clears all interrupts. 
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Instructions. 

Interrupt instructions, table B3-20, enable effective usage of manual input 

devices (alphanumeric/function keyboard and light pen), remote interface communi-

cation, and input/output channel communication. 

TABLE B3-20. INTERRUPT INSTRUCTIONS 

F E MNEMONIC i NAME 

01 20 CIL Clear Interrupt Lockout 

01 21 SIL . Set Interrupt Lockout 

OJ 22 IDS Interrupt Data Source 

Clear/Set Interrupt Lockout. 

.,.., 
. -:! 

·i 
' j 
'; 

'.! 
; 

After detection of an i ~terrupt or execution of an external function instruction, 

all further interrupts are locked out until execution of a clear interrupt lockout (CIL) 

instruction. Any interrupt line which becomes active during interrupt lockout remains 

active until execution of a CIL, at which time all interrupt lines will be sequentially 

scanned for activity. The set interrupt lockout (SIL) instruction unconditionally 

locks out all interrupts. 

83-35 



Interrupt Data Source. 

The interrupt data source (IDS) instruction permits processor 

interruption of the data source when a predetermined condition occurs. 

If properly enabled by an 0026 function code, this instruction places 

a logical 1 on the data channel Interrupt line and appropriate Status 

lineo 

Typical Manual Interrupt Routine. 

Figure B3-4 is a flow chart for a typical processor manual interrupt 

routine. Activating a manual input device (alphanumeric/function key­

board and light pen) interrupts the display or processor routirie.. When 

interrupted, the next address in the active routine goes to direct address 

ooto and a processor interrupt routine begins at relative address 0011. 

All manual interrupts are locked out until execution of clear interrupt 

lockout instruction. Because the X register serves as both an X position 

register and arithmetic register, depending upon operating mode, its 

contents must be stored before interrogating the manual input register. 

Interrogating the manual input register enables determining the interrupt 

source (function/status, a/n keyboard or light pen) with three sequential 

groups of register transfer, selective complement, and zero jump forward 

instructions. Table B3-21 is an example of interrogating the manual input 

register for a light pen interrupt. Determination of the interrupt source 

transfers control to the corresponding interrupt processing routine. After 

processing the interrupt, a clear interrupt lockout instruction enables 

further manual interrupts. 
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. Figure 83-4. Typical Processor Ma~ual Interrupt Routine 
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TABLE 83-21. MANUAL INPUT REGISTER INTERROGATION 

ADDRESS 
F E G DESCRIPTION 

(OCTAL) 

0043 74 01 Rl ->-X 

0044 ,, 00 SeLEc7h1£ Compl.F-mcNT 

0045 0400 Mask For Light Pen Interrupt Bit 

0046 60 20 x =0000 - Jump to Interrupt Routine 

XI 0000 - Go to Next Instruction 

In the case of ~UNtTioN/status and a/n keyboard interrupts, examine 

bit 11 of the display state register. If bit 11 is a logical I, display 

mode was interrupted. Before returning to the display routine, determine 

the display bank. Knowing the display bank and next address in the display 

routine, contents of direct address 0010, return to the display routine with 

a jump display. If bit I I of the display state register is a logical o, 

return to the interrupt~rocessor routine with a jump indirect to the con-

tents of direct address OOfO. 

In the case of a light pen interrupt, return to the display routine 

as previously described. 
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IN PUT/OUTPUT INSTRUCTIONS. 

Input/output instructions, table B3-21A, permit communication between the 

processor and peripheral equipment (unit). 

TABLE B3-21~. INPUTLOUTPUT fNSTRUCTIONS 

F E G MNEMONIC NAME 

*72 xx yyyy INP Normal Input 

*73 xx yyyy OUT Normal Output 

75 00 EXC External Function Constant 

75 xx EXF External Function Forward 

76 00 INX Input to X 

76 77 OTX Output from X 

* (r )(P) + OOXX = FW A of the input or output area 
YYYY = LWA + 1 of the input or output area 

Normal Input/Output. 

An input operation consists of reading information from a previously selected 

peripheral unit and storing it in a specified memory area. Transmitting information 

from a specified memory area to a previously selected peripheral unit is an output 

operation. These instructions define the input/output memory area as follows: 

(a) The first word address (FWA) of the input/output memory area is XX 

locations forward in the relative memory bank {r). This location, 

{r) P + OOXX, specifies an address in the indirect memory bank (i). 
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(b) The last word address (LWA) +I of the input/output 

area is location YYYY in the indirect memory bank 

(i)YYYY. 

If the peripheral unit has been properly selected, the input 

or output operation wil I toke place and at its completion, control 

will continue at (r)(P)+2. If no peripheral unit has been properly 

selected, the processor wil I be indefinitely delayed (hung up). 

lnfot'mat ion transfers initiated by INP and OUT instruct ions 

are not buffered. That is, execution of processor instructions 

halts during an input or output. Upon completion of the input/ 

output operation, the processor executes the next instruction. 

The contents of X at completion of an INP or OUT instruction 

indicate the LWA+I actually written into or read out of memory 

during the input or output. Although the FWA and LWA of the input/ 

output memory area are in the relative memory bank (r)) /hey 

specify locations in the indirect memory bank (i). The fol lowing 

program example reads 10008 ~o~ds from a peripheral unit and 

stores them in memory locations (i)I0008 through (i)l777
8

. 

NOTE 

The E portion of INP or OUT instructions must 

not equal zero. 
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Example: location 

(r)1134 INP 33 2000 

(r)l 136 Next instruction 

(r)1167 10 00 (PNA) 

Final (X) 20 00 (LWA+l) 

External Functions. 

External function constant and external function forward instructions transmit 

12-bit function codes to peripheral units. The operand (function code) is selected 

and control continues as described under address modes. At completion of an external 

function instruction, X contains the 12-bit external function code. 

An external function instruction selects a peripheral unit for performance of 

a specific function. With the exception of a status request code, attempting on 

illegal selection delays the processor indefinitely {hangs it up). One example of an 

illegal selection is attempting to select a magnetic tape unit for reading when the 

unit is off. 

Most peripheral units have o status request cede. When such a code is given 

and followed with on IN A instructi~n, a 12-bit status rt?sponse code will be sent to X. 

By examining this response code, it is possible to determine whether further selection 

of the unit is possible. A status request may be given even when a peripheral unit 

is off. 
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Only one unit may be selected at any time. Selection of any unit automatically 

disconnects any other selected unit. If a select is given and some other unit on the 

channel is busy, the processor will be delayed until a selection can be made. If a 

unit is selected for some function and another select is made on the same unit for 

some other function, the previous select is nullified. This applies to status request 

so that, if a unit is selected for reading and then status is requested of that unit, 

another read selection must be made before any further reading con take place .. 

X Input/Output. 

INA and OTA instructions read or write, on_ a previously selected peripheral 

unit, one word to or from X. On equipments which transmit less than one full computer 

word at a time, information transfers to and from the low order portion of X. Program 

control continues at {r}(P) + 1. Attempting an IN A or OTA. with no peripheral 

unit selected hangs-up the processor. 
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D I SPLAY REPERTOJ RE. 

The display mode of operation (activated by interface 

function code, processor jump-display instruct ion, or operato1~ 

panel) enables displaying symbols, points, and vectors on the 

crt. Display commands may be located in bank o, bank I, or 

bank 2. While in display mode, the arithmetic module controls 

beam positioning and relative coding. The X register controls 

X beam position. The Y register controls Y be9m position. 

Table .. ·83-22 presents the display repertoire. For the fol lowing 

explanations, al I nlJ1lbers are octal unless stated otherwise. 

ENTER MODE COMMANDS. 

Codes 40 through 47 define display operating modes. Even 

codes select mode I. Odd codes select mode II. Bits O through 

5 of an enter mode command assign display parameters for the 

selected mode, figure 83-5. 

Mode I Position Words. 

Mode. I position words, figure 83-6, contains X positional 

information in odd words (first, third, etc) fol lowing the 

enter mode command and Y positional information in even words. 

Two position words fol low each enter mode command. 

P D 8 2 1 3 '~ 5 0 0 
83-39 



OISPlAY 
PARAMETERS 

Figure B3-5. Enter Mode Command Format 

ODO WO~DS 1 __ :_
1

_.__\~'°'_._·~
9

~~~~~~--~x_o_R_ll_x~--~~----~~~o~I 
~RELATIVE 

E.. VE.II W OR'l>S Y OR llY 

Figure B3-6. Mode I Position Words 

Bit I I of both position words must be zero or display logic interprets them as display 

commands, clearing the current display mode. 

A 0 in bit 10 of the X position word directs the display logic to interpret 

the X and Y positional information as absolute values. A 1 in bit 10 of the X 

position word indicates that X and Y positional information is in relative mode. 

A 1 in bit 10 of the Y position word allows the beam to be positioned but not 

unblanked. 
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Absolute Positioning. 

Absolute positioning, 0 in bit 10 of X position word, transfers bits 0 through 

9 of the X and Y position words to bits 0 through 9 of the X and Y position registers, 

respectively. This enables positioning the beam to any X, Y coordinate on the crf 

raster. Minimum and maximum X, V position values are 0000 and 1777, respectively. 

Example: 

COORDINATE 

x 
y 

Relative Positioning. 

INITIAL 
POSITION 

1232 

0573 

POSITION 
WORD I 

0441 

1172 

FINAL 
POSITION 

0441 

1172 

Relative positioning, 1 in bit 10 of X position word, enables updating 

the current X, Y position coordinates. The 10-bit AX, llY values in the position 

words combine with the current X, Y coordinates, yielding new X, Y coordinates. 

llX and llY are either positive values or negative values expressed in 1 's complement. 

Minimum and maximum positive li values are 0000 and 0777, respectively. Mini-

mum and maximum negative Ii values are 1777 and 1000, respectively. Table 83-23 

lists some examples of X, /J.X relative positioning combinations resulting from 1 's 

complement arithmetic. 
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TABLE 03-23 POSSIBLE X AX COMBINATIONS RELATIVE POSITIONING . '.L L 

CURRENT NEW DIRECTION OF MAGNITUDE OF 
EXAMPLE x AX x BEAM MOVEMENT CHANGE IN 

POSITION POSITION (BLANKED) X POSITION 

1 0000 0000 0000 NONE 0000 

2 0000 0777 0777 > +0777 

3 1000 0777 1777 \) +0777 

4· 1001 0777 0001 1 -1000 

5 1777 0777 0777 ~ -1000 

6 1777 1777 1777 NONE 0000 

7 1777 1000 1000 ~ -0777 
"' 

8 1000 1000 0001 ~ -0777 ~ 

.9 . 0001 1000 1001 ' _ _... + 1000 
\ 

,,.. 
.... 

7 

1 

ALL NUMBERS ARE OCTAL 

Mode II Position Word. 

Mode II position words, figure 83-7, contain the relative X and Y positions in 

the same 12-bit word. Interpretation of the AX, AY values depends on the scale 

selected by the enter mode II command. A 1 in bit 5 of an enter mode II command 

selects scale 3. Scale 3 results in AX, AY values being left-shifted 3 positions 

before being added to. th~ previous X, Y position: A 0 in bit 5 of an enter mode II 

command selects scale 1. Scale 1 results in AX, l:l.Y values being left-shifted 1 
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position before being added to the previous X, Y position. Bits 10 and 4 are sign 

bits for fix. and l:iY, respectively. A 1 indicates a negative /:1 value in 1 's com-

plemento A 0 indicates a positive b.. value in standard notation. A 1 in bit 5 allows 

beam positioning without unblank. Table B3-24 tabulates the A values for both 

scales. 

Example:. 

INITIAL FINAL 
COORDINATE POSITION POSITION WORD II POSITION 

x 1232 ~ 

0532 1244 J SCALE 1 
·y._.· 0573 0561 

x 1232 0532 llOJ SCALE 3 
y 0573 052 

AX AV 

Figure B3-7. Mode II Position Word 
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TABLE B3-24. POSITION WORD 2 AND AX, AY VALUES 

POSITION WORD 2 (OCTAL) AX_L ~y 'OCTAQ 
SCALE 1 SCALE 3 

0000 + 0 + 0 
0101 + 2 + 10 
0202 + 4 + 20 
0303 + 6 + 30 
0404 +10 + 40 
0505 +12 + 50 
0606 +14 + 60 
0707 +16 + 70 
1010 +20 + 100 
1111 +22. + 110 
1212 +24 +120 
1313 +26 +130 
1414 +30 + 140 
1515 +32 +150 
1616 +34 + 160 
1717 +36 + 170 --
2020 -36 -170 
2121 -34 -160 
2222 - 32 -150 
2323 -30 -140 
2424 -26 -130 
2525 -24 - 120 
2626 -22 - 110 
2727 -20 - 100 
3030 - 16 - 70 
3131 -14 - 60 
3232 . - 12 - 50 
3333 -10 - 40 
3434 - 6 - 30 
3535 - 4 - 20 
3636 - 2 - 10 
3737 - 0 - 00 
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Plot Point Mode. · 

Codes 40 and 41, figure 83-8 select plot point modeo Code 40 initiates 

mode I which uses mode I position words. Code 41 initiates mode II which uses a 

mode II position word. A 1 in bit position 4 of either mode causes blinking of 

displayed points. Display logic remains in plot point mode until recognition of a 

new enter mode command. 

!" 1~01918 716 ~4 ~ 

. tlOTl'OlNTMODEll(41) I 1 I o j o j o j o j 1 jscAtE,BUNK~ 

Figure B3-8. Plot Point Words 

Mode I. 

Plot point mode I requires two position words for each point. Odd position 

words following the enter plot point mode I command contain the X position and even 

position words contain the Y position. A 1 in bit 10 of the Y position word allows 

crt beam positioning but inhibits unblanking the point. A 0 in bit 10 al lows both 

positioning and point unblank. 
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The following example program plots points at the co1 n12ts 

and center of the crt raster. The center point bl inks. 

Program Comments 

4000 Enter plot point mode I 

0000} 
Plot point at lower left corner 

0000 

0000} 
Plot point at upper left corner 

1777 

1777} Plot point at upper right corner 
1777 

1773 Plot point at lower right corner 
0000 

4020 Enter plot point mode I - blink 

3000 (~ =-0777) Bl ink point at center 

0777 (6Y=+0777) 

Mode It. 

Plot point mode I l requires only one positJon word for each 

point. Both~ and ~y values are in a mode I I position word. lSt. 

and 6Y binary weights, table 83-24, dependent upon the scale 

selected in the enter mode corrrnand. A O in bit 5 of the enter 

plot point mode II corrrnand selects scaie and a I selects scale 

3. Scales I and 3 shift the ts<, ~y values left I and 3 positions, 

respectively, before adding them to the previous X, Y posJtion. 

A I in bit 5 of the position word aJlows crt beam positioning but 

inhibits unblanking the point. A 0 in bit 5 al lows both position­

ing and point unblank. 
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Assuming an initial crt beam position of X=IOOO and· Y=l'OOO_, the 

followlng program plots points at the corners of an imaginary 

square centered on the crt raster. Each side is 24 positions 

long. 

·Program 

4100 

3232 

0012 

1200 

0025 

Comments 

Enter plot point mode I I 

Plot point at lower left corner 
(X=0766, Y=0766) 

Plot point at upper left corner 
(X=0766, Y=I 012) 

Plot point at upper right corner 
( X =I 0 I 2, Y= I 0 I 2) 

Plot point at lower right corner 
(X=IOl2, Y=0766) 

Plot Symbol Mode. 

Codes 42 and 43, figure 83-9, select plot symbol mode. Code 

42 initiates mode I which uses mode I position words. Code 43 

initiates mode I I which uses a mode I I position word. Display 

logic remains in plot symbol mode unti I recognition of a new 

enter mode command. Plot symbol mode corrrnand automatically selects 

·the basic symbol set. 

. rt 10 9 I 80 I 7 6 5 ' 3 ~ I ~ 
nors~BOLMODEl~~~~-·~~~~o~~o~L-~~-~~~o~~~~~-B-U_N_K~l_o_R~~~~~Sl-ZE~~~~ 

I I I I I 1
1 ISCAlE,BllN.KI OR~ SIZE~ Pl.OT SYMBOL MOOE 11 (43) I 0 0 ~ 0.. 1 _ _ _ _ ~ ~ 

Fjgure B3-9. Plot Symbol Words 

Bit positions 4, 3, and of either mode select bl ink, orient-

ation, and size respectively. A I in bit position 4 selects 

bl inking of fol lowing symbols and O inhibits bl inking. 
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A I in bit position 3 plpts symbols rotated 90 degrees 

counterc I ockw i se and O p I ots symbo Is in norma I or·i entat ion. A I 

in bit position I selects large size symbols and O selects small 

size. Reference table 83-25 symbol spacing. 

TABLE 83-25. SYMBOL SPACING 
~ 

~ HORIZONTAL 
BIT . SYMBOL HORIZONTAL VERTICAL 

POSITION 1 SPACING SYMBOLS/LINE SYMBOLS/COLUMN 
(OCTAL) (DECIMAL) (DECIMAL) 

0 (small) 14 
1

.86 M-
,, 

1 (large) 20 64 43 

Display logic automatf~al ly interprets the first word 

fol lowing the enter plot symbol command as a symbol word. Bits 

6 through II of the symbol word, figure 3-ID, define symbol set. 

Symbol code 17 selects the extended symbol set, and al I other 

codes select the basic symbol set for the symbol code in bits 5 

through o. Reference the symbol repertoire heading for basic and 

extended symbol' sets. 

ll 6 5 0 

Set Code Symbol Code 

Figure 83-10. Symbol Word for Plot Symbol Mode 

Display logic plots the symbol at positions specified by 

position words following the symbol word. Reference the plot 

point mode description for details on mode I and I I plotting. 
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The following example program, using plot symbol mode I, plots four, small 

size, 90 degree letter "B's" equally spaced along the left edge of the raster. 

Program 

4210 

0062 

00001 

0000) 

2000')_ 

05255 

. 2000} 

0525 

0000), 

1777) 

Tabular Symbol Mode. 

Comments 

Enter plot symbol mode (90 degrees smal I) 

Symbol word(B) 

·-Plot ilB" at lower left corner (absolute) 

Plot "B" at X = 0000, Y = 0525 

Plot "B 11 at X = 0000, Y = 1252 

Plot 11 8 11 at upper left corner 

Codes 44 and 45, figur~ 83-11, select tabular symbol modes I and II, 

respectively. For mode I selection, the next two words following the tabular 

symbol word determine the initial X, Y position. In mode II, the position word 

following the tabular symbol word provides the initial X, Yposition. 
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I :· .1 :o I 9 

I : 
7 6 5 .c 3 2 1 

~ TABUlAR SYMSOL 0 I 0 I 0 ~ &UNKI~ s1zE MOOE I (~4} 

I I I I 0 
TABULAR SYMBOL 0 0 1 I 1 I SCALE' &LINK! OR ~SIZE ~ MOOE II (4'5) 

Figure 83-1 I. Tabular Symbol Ward 

A I in bit 4 of either mode causes fol lowing symbols to bl ink. The 

size of the symbol (bit I) determines the automatic spacing between symbols 

as fol lows. 

Bit I Spacing Symbo I/Line Vert i ca I Symbo W' 
Co I umn (Dec ima I) 

0 148 86 64 

1 · 208 64 43 

The selected orientation determines whether the X or Y position registers 

increment. Normal orientation causes spacing in the X direction and 90 degree 

orientation causes spacing in the Y direction. Accomplish I ine spacing or 

carriage returns by escaping tabular mode and reentering at the desired X, Y 

position. 

An enter tabular mode command automatically selects the basic symbol 

set. Upon recognition of a set shift code (17), the symbol set changes. 

If using the basic symbol set, shift code (17) selects extended symbols, 

'· and vice versa. 
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Except for the positional information, tabular symbol mode I and mode II 

ore identical. Display logic treats all words following the position as symbol words, 

figure 83-12, until recognition of on escape code (32) in either symbol position. 

Reference the symbol repertoire heading for basic and extended symbo I se1s. 

11 

I SYMBOl 1 SYMBOL2 

Figure 83-120 Symbol Word for Tabular Symbol Mode 

.Assuming on initial beam position of X=0100, Y = 1767, and large symbol 

size, the following program displays the word "Large" in normal orientation along 

the X axis at the top of the raster. 

Program 

4542 

2701 

4317 

6151 

6765 

3200 

Comments 

Enter tabul~r symbol mode II (scale 3, 

large size, no.rmal orientation) 

llX = - 100, llY = 10 

L, case shift 

a, r 

g, e 

escape 
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Vector Mode o 

Codes 46 and 47, figure B3-13, select vector mode o Mode I, code 46, 

enables painting full-length vectors for absolute position words and half-length 

vectors for relative position wordso Code 47 initiates mode II. Scale 1 (bit 5 = O) 

allows vector lengths up to 40
8 

and scale 3 (bit 5 = 1) allows vector lengths up to 

200
8 

_in both X and Y directions. The distance between crt beam positions is 0.0117 

inch. Either mode permits selecting blinked or dashed vectors with a 1 in bit posi-

tions 4 and 3, respectively. 

1-1 
10 9 8 7 6 5 .. 3 2 1 0 

VECTOR MODE 1 (<fl>) 0 I 0 I 1 I 1 I 0 ~BLINK I DASH~ 
V£CTO~ MODE II (·C7) I t I a I a I 1 I 1 I 1 I SCALE I BUNK l DASH ~ 

Figure B3-13. Vector Words 

Regardless of vector mode, the X, Y position registers contain the vector 

end point at completion of each vector. When usin.g absolute coding, the position 

words contain the vector end point and become the starting point for the next 

vector. In relative coding, /lX and ll.Y values add to the current vector starting 

point, forming the next vector starting point. This feature enables "head-to-tail" 

vectors ?Y simply programming a series of end points. 
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Example 1 : Draw a box around the display area. 

Program Comments 

4600 Enter vector mode I 

00:1 
2000 

Position blanked crt beam to 
· fewer left corner 

ooooj 
177Z 

Upper left corner 

1~1 
177Z 

Upper right corner 

1~~ 
0000 

Lower right corner 

•, 

OOOJ 
0000 

Lower left corner 

Example 2: With each side equal to 100, draw a square around the center 

of the raster. Use dashed vectors and assume an initial crf 

beam position of X = 1000, Y = 1000. 
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Program 

4750 

3373 

0010 

1000 

0027 

2700 

JLMP CCJ.1MANDS. 

Corrments 

Enter vector mode II (scale 3, dash) 

~=-40, b.Y=-40, blank 

!YJ<=QO, b. Y=+ I 00 

bi.X=•tl 00, b.Y=DO 

~=oo, ~Y=-100 

b:/..=-1 00, l:N=OO 

Codes 52 and 53, figure 83-14 provide memory jump cap-

abi I ity. For a direct jump, code 52, the 12-bit word fol low­

ing the jump cornman'd becomes the jump address. Program control 

transfers to the jump address in the memory bank specified 

by bits O and I of the jump cormiand. 

Bit 2 of the jump corrmand selects the mode of operation, 

display or processor, fol lowing execution of the jump. A 0 

continues display mode. A I selects processor mode. 
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BANI< f<i.., so 
,.-0 . 

II 10 9 8 7 6 o· f\t.l.ovl 
.NMP (52) 0 0 0 ~ i~\(.S 

PROCESSOV J)JSfJ..AY 

I I 0 I ™ lETURN JUMP (SJ) ' I 0 I· I 
1 I I •, 

Figure B3-14. Jump Words 

A return iump command, code 53, occurs within the same memory bank as 

the instruction, no bank selection. A 12-bit addres$ word follows the return iump 

command. Executing a return iump stores the present address plus two at the loco-

tion specified by the address word o Program control transfers to the contents of the 

address word plus one. Reference the return iump opp Ii cation, figure 83-3. 

IDENTIFIER WORD. 

Code 54, figure B3-15, stores bits 0 through 5 of the identifier word in the 

identity register. The internal processor examines the identity register by reading 

the state register. The lost received identif~ cation code appears in bits 0 through 5 

of the state register. 
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1
11

1:1
9

1: 1: 1: 1
5 0 

ID 

Figure 83-15. Identifier Word 

Figures B3-16 and 83-17 illustrate a typical method of using the identifier 

word for a circuit analysis application. Via program, an engineer displays the 

desired circuit and performs a mathematical analysis of circuit operation. To change 

circuit component values, the engineer points the light pen at the desired component 

and activates the light pen switch. For example, assume light pen designation of 

resistor R
3

• Refreshing R
3 

generates a light pen interrupt. Interrupt routine identi­

fication of a light pen interrupt initiates state register interrogation. In this example, 

the state register contains the identificati~n code for R
3

• After determining R
3 

generated the interrupt, enabling the keyboard permits entering a different resis­

tance value for R
3

• In this manner, the design engineer modifies a circuit for 

desired characteristics. 
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-2ov 

+2.0\I 

Figure 83-16. Typical Circuit Display 
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Figure 83-17. Typical Identifier Word Usage 
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START REFRESH. 

The start refresh command, figure 83-18, controls the display pattern 

refresh rate. Recognition of code 55 triggers a 20-mil I isecond delay. 

Detection of another code 55 before delay termination stops display. After 

delay termination, display resumes and another 20-mi I I isecond delay begins. 

Detection of code 55 after delay termination begins another 20-mil I isecond 

delay and display continues without interruption. This instruction must 

be used in each display pattern to assure a constant intensity, flicker-

free display and prevent damage to the crt phosphor. Reference figure 

83-19 for a start refresh r:xample. 

WARNING 

Each display pattern must·contain a start 
refresh conmand or damage to the crt phosphor 
may result. 

Figure 83-18. Start Refresh Cycle Word 
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PKOGRAM 
5t .. ~t rr(/r~~s~ G,..,.,.,.~J ~ 

""Ct 

Pl.SPLAY 
PATA 

~: 
,, 

.TUMP COtllMA!Vl> 

Figure 83-19. · Start Refresh Example 

OPERATOR DEVICE CONTROL. 

Codes 56 and 57, figure 83-20, enable or disable the manual operator control 

devices by setting or clearing appropriate bits in the manual input register, figure 

B3-21. Bits 2 and 0 of the operator control device words.control bits 2 and 0 of 

the manual input register, respectively. A 1 enables and a 0 disables a device. 

Bits 8, 7, and 6 of the manual input register indicate light pen, function/status, 

and a/n keyboard interrupts (1 = interrupt), respectively. 

·pn a2134~oa 
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FigureB3-20. Operator Control Device Words 

0 

A/IV J<Bf) E..N/tBLE. 
-----LIGfll PE.N EJIABLE.. 

'-----------A/Iv' KBJJ :LNTJ:.RJ(VP/ 
L-----------FUllCTI.O}J/5 rATUS .i:1itrit .. RffVFf 

L-------------LIGJf( Plf!tl .J:N77!.R!{rJP/ 

Figure 83-21. Manual Input Register (R
1
) 
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USP\ 

.SYMBOL REPERTOIRE. 

Tables B3-26 and 83-27 Ii st the basic and extended sumbol 

sets and codes, repectively. :r.x:,.J""1 l('.:, 

f 
l 
""' ..., 

TABLE 83-26. BASIC SYMBOLS 

.. 

1L,~g%J CODE SYMBOL CODE SYMBOL SYMBOL 
HocrAL) 

: (colon) 
-HocTAL) 

00 26' w 54 .. 
01 1 27 x 55 t ":J ·; I 

02 2 30 y 56 ' ? 
03 3 31 z 57 > } > 
04 4 32 (lobular Escop~ 60 + 

05 5 33 I 61 A 

06 6 34 ( 62 B 

07 7 35 - - 63 c 
10 8 36 {urxlerline} 64 D - -
11 9 37 /\ , 2~ 65 E 

12 J! 40 - 66 F 

13 = 41 _J 67 G 

14 ;. ,:! " 42 K 7~ H 

15 ~ r;-_~. 

~' 43 l 71 l 

16 % c71) 44 M 72 <· ' < .. 
17 Sc;TShifO· 45 N 73 • (period) 

20 Space ~ 0 74 ) 

21 I 47 p 75 ?! ' 
22 s so Q 76 l " 
23 T 51 R 77 ; 

24 u 52 v L,, 

25 v 53 -t 

PO 82134500 83-63 
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Uppercase codes 17 and 32 are control codes and do not have associated 

symbols. 

When the Display Controller contains the optional extended symbol set, 

·detection of ccx:fe 17 initiates a set shift. With the basic symbol set selected, it 

shifts to extended symbol set and vice versa. 

·Code 32 causes on escape from the tabular symbol mode. This escape code 

may appear in either symbol position of a symbol word. If on escape code appears 

in symbol 1 of a symbol word, symbol 2 is ignored. Display control logic interprets 

the 12-bit word following the symbol word containing an escape code as a display 

command. 

TABLE B3-27. OPTIONAL EXTENDED SYMBOLS 

OCTAL SYMBOL 
CODE DISPLAYED DESCRIPTION 

00 /3 Small Beta 

01 Subscript 1 

02 2 Subscript 2 

03 3 Subscript 3 

04 r Psi 
;· 

05 p Rho 

06 y Gamma 

07 r Smo II phi 

10 w Small Omega 

·-··- -· .. 
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83-27. OPTIONALLY EXTENDED SYMBOLS (CONT) 

OCTAL SYMBOL 
CODE DISPLAYED· DESCRIPTION· · 

11 o\ Small Alpha 

12 v Del 

13 ~ Small delta 
. 

14 ~ Sigma 

15 0- Small sigma 

16 ....,(,.( Mu 

17 Shift to Basic Symbol Set 

20 Space 

21 Left Arrow 
.. - . 

~ 

22 s 

23 t 

24 u 

25 v 

26 w 

27. x 

30 y 

31 . z 
----. . - - - -·- --·""'--"--'' . - -·. ------ -··-- --------- .. -- ··--- -------···" .. 

32 Tab Mode Escape 

33 G 
34 0 

- ... 

35 .8 
36 -~ 

,,, 

37 v 
40 ± Plus or minus 

41 . 
J 
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•· ti• ;_ 



83-27. OPTIONALLY EXTENDED SYMBOLS (CONT) 
- OCTAL SYMBOL 

CODE DISPLAYED DESCRIPTION 

42 k 

43 I 

44 m 

45 n 

46 0 

47 p 

50 q 

51 r 

52 5 Integral sign 

53 J Portia I sign 

54 0 Degree sign 

55 Ll Delta 

56 7r Pi 

57 --r-- Square root 

60 G Theta 

61 a 

62 b . 
. 63 c 

... .. . ..... 

64 d 

65 e 

66 f 

67 9 .-

70 h 

71 i 
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83-27. OPTIONALLY EXTENDED SYMBOLS (CONT) 
.. 

OCTAL SYMBOL 
CODE DISPLr\YED DESCRIPTION 

72 2 Superscript 2 

73 3 Superscript 3 

74 II ~·~ .... Quotation mark 

75 i Prime mark 

76 ~ Infinity 

77 ?· Question Mark 

DISPLAY STATE AND KEYBOARD REGISTERS. 

The display state and keyboard (R
2

) register supply inform­

ation on display conditions and keyboard data, repectively. 

PD S21)45viJ 
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DISPLAY ST ATE REGISTERo 

. Ir . 
The display state register, figure B3-1 ~' is an interpol control register 

. 
available to the processor for determining conditions in the '.display control mode. 

\ 

II /0 j_ J,~ £ Q 
DISPLAY I.J>E..NT.IrICATION 
MOOE. COPE. I 

· ro.bv.I""~ s/rt't&,J Co(..(..nf 
I 

Figure B3-16t,~ Display State Register 

Bit 11 indicates the last operating mode. A 1 indicates the display and· 

·a 0 indicates the processor was last active. 

Bit 10 denotes the symbol count when in tabular mode. A 1 indicates that 

symbol code 2 was last displayed and a 0 indicates that symbol code 1 was last 

displayed. 

Bits 6 through 9 equal the lower 4 bits of the present display mode. 

Bits 0 through 5 equal the last received identification code. 
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KEYBOARD REGISTER {R2). 

The keyboard register (R
2

) accepts data from the alphanumeric/function 

keyboard o 

With the keyboard enabled, depression of any key other than a function, 

. /NTEK A 
status, or the tm key resu Its in the R

2 
setup shown in figure B3-1~. 

0 

KEY CODE 

A 
Figure 83-1~. Edit and Alphanumeric Key Word (R

2
) 

INTER 
Depression of a function key or the i'Mrkey results ~n the R

2 
setup shown 

in figure B3-18ti~ 

I ~ 10 t STATUS CODE FUNCTION CODE 

PD 
83-67 



Table B3-28 lists the keyboard code assignments. 

TABLE 83-28. R2 AND KEYBOARD CODE ASSIGNMENTS 

R2 SYMBOL 
R2 

SYMBOL 
R2 

SYMBOL 
R2 FUNCTION 

CODE CODE CODE CODE KEY . 
000 : (colon) 041 J 101 Return . ""' ...... 160 FO 

. 001 1 042 K 102 Send - 16\ Fl 

002 .2 043 l 103 Not used 162 F2 

003 3 044 M \04 163 FJ 

004 .4 045 N 105 164 f 4 

005 5 ·01.6 0 106 165 f 5 

006 6" 047 p 107 166 f 6 

007 7 050 Q 110 . 167 f 7 

010 8 051 R 111 170 f 8 

011 9 052 v 112 171 f 9 

012 ¢ 053 $ 113 

. 013 :: 054 41- 114 

014 I 055 9 ·r 115 

015 ~ 056 ' 116 

016 o/o 057 > 117 .Not used 

017 Not used 060 + 120 Sksp • .-

020 Space 061 A 121 Tab 

021 I 062 B 122 Line Skip 

022 s 063 c l23 Mel Usc.cJ 

023 T 064 0 124 line Cir -

024 u 065 E ·125 Not used 

025 v 066 F 126 

1 026 w 067 G 127 

027 x 070 H 130 Not used 

030 y 071 I 131 Skip --
031 z 072 < 132 Reset -
032 Not used 073 . (period) 133 Not used 

033 
I {comma) 074 ) 134 Not used 

034 ( 075 ~ 135 Not used . 
035 • 076 Not used 136 Tab Set 
036 (underline) on i (semicolon) 137 Not used -
037 "' 100 Not used 140 Aux Send 

0..CO - - {minus} 
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PROGRAMMING HINTS. 

I. Use start refresh command in each display pattern. 

2. After transferring to processor mode from display mode, 

store the X register contents iF they are of value. 

3. Place al I negative constants in one's complement notation. 

4. Express negative !SI.. and ~y relative position values in 

one's complement notation. 

5. Always enable an operator device before attempting usage. 

6. Always select a peripheral unit before initiating an input 

or output. 
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EXAMPLE PROGRA/v\. 

By employing processor, display, and manual operator device commands, 

the example program provides a W?rking familiarity with display subsystem pro­

gramming. Figure 83-l~s a flow chart of the program listing in table 83-30. 

Via the data source, store the program in Display Controller memory bank 0 

beginning at address OOOOe After activating display mode with the proper interface 

function code or the DISP MODE switch on the operator control panel, begin the 

program at address 0313. Table B3-29 lists program operating procedures. Fig-

A If 
ures 83-29,and B3-2~show the tuning pattern and box with tracking cross displays, 

respectively. 
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TABLE 83-29. PROGRAM OPERATING PROCEDURES 

ALPHANUMERIC 
KEY 

B 

DEL 

s 

E 

T 

EDIT 

PD 8213h500 

DESCRIPTION 

B displays the tracking cross and enables keyboard 
selection of other functions. With the light pen, track 
or capture mode, the operator positions the tracking 
cross by light penning a point in the inner or outer 
circle. The tracking cross repositions to the selected 
point. The outer display pattern box defines the limit 
of tracking cross movement. 

DEL deletes the h.Jning pattern and displays only a box 
together with the tracking cross. 

S designates the present tracking cross position as a 
vector starting point. 

E designates the present tracking cross position as a 
vector end point and draws a vector from S to E. S 
must be activated before E. 

T selects track. In track, the operator may draw a 
continuous line with the light pen and tracking cross. 
The program storage area limits line length. A dis­
played message signals tracking dai·a overflow. 

EDIT provides a program restart. 
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Figure B3-2o; Tuning Pattern 

1t; /5t= SUFPL..IED 

A 
Figure 83-2 }r Box With Tracking Cross 
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TABLE 83-30. EXAMPLE PROGRAM 

MEMORY 
LOCATION 

0000 
I 
2. . 

3 
4 
s 

" 7 

0010 
J 

~ 

3 
i 
6 
~ 
7 

.*I 0029 
2. 

~ 3 . 
-->~21 

~ . * . 41 
2. 
3 
4 
s-

' 7 
0050 

I 
2 

3 
LJ 
s 

" 7 
0060 

I 
2. 
3 

F 

57 
40 
15 
13 
52 
04 
17 
74 
xx 
7/ 
00 
05 
05 
77 
71 
00 
xx 
OS' 
05 

. 0~5' 

40 
DI 
12 
01 
65 
20 
07 
63 
06 
34 
62 
30 
40 

I 0 I 
07 
63 
06 
34 
62 
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E 

04 
00 
50 
70 
00 
36 
27 

40 
XX' 
0/ 
41 
33 
32 
00 
01 
73 

3fx 3 
3 

~o 

71 
00 
00 
27 
'2.0 
50 
16 
50 
06 
13 
06 
02 
70 
50 
06 
50 
06 
03 

COMMENTS 

Disable Tight pen 
Plot point 
Tracking cross X position 
Tracking cross Y position 
Jump ->tracking cross 

Mask 
Re::.._tm ~ J ,'s?/(t/ 
x,,Je,·rupf o..}J,,-ess + I 
J v....n•f' JD . ; ,,, ferr--""f f roCA..f/11 e 
.Ihf-o-Y._.f'f ro._,-f:i,e ,,JJ1--e~S 

Jump address 
Mode address .. 
Storage limit 
Jump to kbd routine 

.,.. X 5 • flc11 sfo,,.-c. c<e ,e,yort1.V f'o ' c..l 
X in.serf- ~JJ,,e.>> 
)'_Insert ""Jdre5S11 
Ju.ny7 Ct.>r~mo.11J c.l..d::fr-C-55 

B.0024--:oMD Sfov~':{ "'""'<>­
Store X position 
Rl_,..X 
Logical product constant 
Mask 26 - a/n keyboard bit 
(X) f 0 iump to kbd routine 
X position~ X 
Check left limit 
(X} neg - iurnp forward 16 
Restore (X) 
Check right limit 
(X) pos - fu mp forward 13 
Resrore (X) 
Update X position 
(Y)4X 
Check lower limit 
(X) neg - iump forward 6 
Restore (X) 
Check upper limit 
X pos - jump forward 3 
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TABLE B3-30. EXAMPLE PROGRAM (CONT) 

MEMORY ( 

LOCATION F E COMMENTS 

00~4 30 06 Restore (X) 
~ 40 03 Update Y position 

" 01 20 Enable intemJpts 
7 71 01 Resume interrupted roui'ine 

0070 00 71 
I 74 40 Resume display 
z. 03 13 
3 0 I 72 R2~X 

4 03 62 
6 60 32 (X) = 0 Begin 11 B 11 

" 71 01 First Key f 11 B11
, resume display 

7 00 07 Becomes 11 S11 check after ~"B" 
0100 60 42 (X) = 0 ~Vector start 11S 11 

I o I 72 R2_..X 
2. 03 65 
3 60 44 (X) = 0 Vector end "E 11 

'f 0/ 72 R2-.X 
s 16 00 

" 04 00 
7 60 12 {X) = 0 Delete "DEL" 

0110 01 12 R2_.,, X 
I 03 23 
2. 60 11 {X) = 0 Track "T 11 

3 0/ 72 R2_.,X 
4 16 00 
S' 10 00 
~ 60 07 (X) = O~Reset "EDIT" 
7 71 01 Resume display 

0120 00 07 
I 71 01 Jump~delete 
2.. 02 07 
3 71 01 Jump~h"ack 
4 02 21 
s-- 71 01 Jum~reset 
~ 02 27 
7 23 14 Begin routine 

0130 43 32 
I 

l 
22 00 

2.. 03 22 

P D B 2 1 3 1~ 5 0 O 
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TABLE B3-30e EXAMPLE PROGRAM (CONT) 

MEMORY 
LOCATION F E COMMENTS 

0133 43 34 Provide "S 11 check data 
4 04 00 
.5' 41 00 Enable tTacking cross display 
~ 05 33 
7 01 20 Enable interrupts 

0140 74 40 Resume display 
I 03 13 
2. 22 00 Vector start routine 
3 40 00 
4 41 14- Insert plot point command 
6 71 01 

" 01 52 
7 22 00 Track routine 

0150 46 00 
I 41 14 Insert vector command 
2. 20 02 
3 41 '2. I •. Insert X position 
4· 20 03 
5 41 22.· Insert Y position 

" 04 03 -1-

7 50 14 Mode address + 3 
0160 04 03 

... 

I 50 2. / -1--' X address +3 
2. 04 03 
3 50 2.2. -- Y address +3 
1 04 03 
~ 50 . 2.3 . ., !----' Jump command address + 3 
f, 04 03 

~ 

7 50 13 Ju mp address + 3 
0170 22 00 

I 52 00 
2 41 2.3 Move Jump command 
3 04 00 .. 

4 41 13 Change lump address 
£ 20 14 

' 10 15 
7 34 15 

83-76 



TABLE B3-30. EXAMPLE PROGRAM (CONT) 

MEMORY 
LOCATION F E COMMENTS 

0200 60 04 (X) = 0 -- assigned storage overflow 
I 01 20 Enable interrupts 
2 74 40 Resume display 
3 03 13 
4 01 20 Enable interrupts 
5 74 40 Jump _.JOverflow message 
~ 02 70 
7 22 00 Delete routine 

0210 05 14 Address of box 
J 41 00 Delete tuning pattern 

2.. 05 13 
3 41 00 
1 02 03 
s- 40 72 
<P 01 20 Enable interrupts 
7 '74 40 Resume display 

0220 00 00 • 
J 22 00 

I . 
Ini~te track 

·2 01 47 Ad ress of track routine 
3 40 70 
4 01 20 Enable interrupts s 74 40 Resume display 
(, 00 00 
7 22 00 Reset routine 

0230 71 01 
I 41 00 
2. 00 76 
3 04 07- -
4 41 00 
£ 00 71 

" 22 00 
7 03 13 Tuning pattern address 

0240 41 00 
I 05 13 Tracking cross exit address 
2. . 41 00 
3 02 03 
4 41 13 
s 40 72 
~ 04 71 

• . 
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TABLE B3-30. EXAMPLE PROGRAM (CONT) 

MEMORY 
LOCATION F E _COMMENTS 

0217 40 70 
0250 22 00 

I 05 32 
2. 40 14 
3 40 '2.:3 
4 22 00 
5 05 33 ,_ 

~ 40 '2.1 -' 
7 40 13 

0260 22 00 
I 05 34 

2.. 40 2."2.. 
3 22 00 
4 52 00 
,£ 41 23 

, 

6 74 40 Jump-.. Tuning pattern 
7 03_ 13 

0270 55 00 Overflow message routine 
I 57 04 Disable light pen 
2. 44 02 Tabular symbols - large-normal 
3 05 40 
q. 12 00 
s 23 51 T, R 
I? 61 63 A, C 
7 42 71 K, I 

0300 45 67 N, G 
I 20 64 Space, D z 61 23 . A, T 
3 61 20 A, Space 
1 46 25 o, v 
s 65 51 E, R 
(:, 66 43 F, L 
7 46 26 o, w 

0310 32 00 Escape tabular mode 
I 52 00 Repeat message 
z. 02 70 
3 57 04 Tuning pattern routine 
'I- 46 00 Vector mode I 

·r . 
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TABLE ~3-30. EXAMPLE PROGRAM (CONT) 

MEMORY 
LOCATION F E COMMENTS 

03/5 00 00:} Lower left (blank) 
~ 20 00 
7 00 ~ t 0320 17 
I 17 ~} 

.. __.. I 

2 
~. ·~ ·::. 

17 
3 17 n,) i 4 00 00 
.5 00 ~) " 00 00 ..--
7 17 ~ /' 0330 17 
I 00 

o~ I • 
2 00 00 
3 00 00 

Upper left (blank) 
4 37 77 
s 17 

~~ ~ ~ 00 
7 00 00 '\ 0340 17 77 
I 04 ~~ Begin 2

9 
box 2 24 

3 04 

o~~ ' 1 14 00 
s· 14 00 
b 14 00 

__... 
7 14 ooJ i 0350 04 00 ,. 

I 04 o~ z 04 00 ..--
3 44 02 Tabular symbols - large - normal 
4 07 5~ Top line s 16 00 
b 67 51 G, R 

, 7 71 64 I, D 
036 0 32 00 Escape tabular mode 

I 44 12 Tabular symbols - large - 90 degree 
2 16 o~ ...3 07 30 

Right line 
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TABLE 83-30. EXAMPLE PROGRAM (CONT) 

MEMORY 
LOCATION F E COMMENTS 

0:3ft:J1 23 24 T, U 
s 45 71 N, I 

" 45 67 N, G 
7 32 00 Escape tabular mode 

037 0 44 02 Tabular symbols - large - normal 
I 07 ~} Bottom line 2 01 
3 47 61 P, A 
4 23 23 T, T 
S' 65 51 E, R 
G, 45 32 N, escape tabular mode 
7 44 12 Tabular symbols - large - 90 degree 

040 0 01 ;7~ Left line I 07 
2.. 65 27 E, X 
3 61 44 A, M 
q 47 43 P, L 
s 65 32 E, escape tabular mode 
(,:, 42 02 Plot symbol - large - normal 

7 00 40 Dash (-) 
041 0 10 o~ Top {-) I 13 00 

2. 13 o~ 3 10 00 
Right {-) 

1 10 00 
Bottom(-) s 05 00 

&, 05 00 
Left (-) 7 10 00 

0420 42 1 Plot symbol - large - 90 degree 
I 00 4.0 Dash ( 1) 
2 10 o~ Top ( r) 3 13 00 
'f 13 o~ Right (I) s 10 00 
~ 10 

o~ Bottom(•) 
7 05 00 

043 0 05 00 
Left ( 1) I 10 00 
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TABLE B3-30o EXAMPLE PROGRAM (CONT) 

MEMORY ' 
LOCATION F E COMMENTS 

04-32 56 01 Enable Keyboard 
3 OT 20 Enable interrupts 
t:J 52 00 Jump ~refresh 
s 05 30 
~ 46 00 Tracking cross routine 
7 20 

o~ t 0440 00 50 
I I 20 00 i (blank) 2. 37 27 
3 20 5~ ~ 
1 00 00 
.s 37 ~~ -.'t"""""(blank) (p 20 
7 20 o~ i 045CJ 17 27 
I 20 

~~ t (blank) 
2. 20 
3 37 27 
4 00 00 

4i-

s 20 5~ .-;(blank) 

" 20 00 
7 56 04 Enable light pen 

046 0 41 00 Plot point mode II 
I 00 05 liX = 00h.Y=+12 (small circle) 
2 03 35 tiX = +06 1::,,Y = -04 
3 02 34 tiX = +04 D.Y = - 06 
1 35 34 /J.X = - 04 Ii y = - 06 
s 34 35 tiX = - 06 ti Y = -. 04 
"-' 34 B2 tiX = - 06 /1Y = +04 
7 35 03 l:lX = - 04 l:lY = +06 

0470 02 03 11X = +04 flY = +06 
I 03 40 /iX = - 06 liY = 00, blank 
2 00 11 /J.X = 00 !:J.Y = +22 (large circle) 
3 05 36 '1X = + 12 l:J. Y = - 02 
4 03 35 tiX = + 06 ti Y = - 04 
S" 03 33 .6X = +06 l:,.Y = - 10 

" 01 32 LlX = + 02 b. Y = - 12 
7 36 32 ~ = - 02 b.Y = - 12 

P n a 2 1 3 '+ s o o 83--81 



TABLE B3-30o EXAMPLE PROGRAM (CONT) 

MEMORY 
LOCATION F E COMMENTS 

0500 34 33 '" D..X = - 06 l::N = - 10 
I 34 35 D..X = - 06 A Y = - 04 
2 32 36 D..X = - 12 A Y = - 02 
3 32 01 t;X = - 12 ll y = + 02 

4 34 02 l:::.X = - 06 AY = +04 

~ 34 04 l:lX = - 06 A Y = + 10 

" 
36 05 AX = - 02 t::,. Y = + 12 

7 01 05 AX= +02 AY = + 12 
0510 03 04 AX= +06AY=+10 

I 03 02 AX= +06 AY = +04 
z. 52 00 Jump to current 
3 03 13 display pattern 
4 57 04 Box routine 
£ 46 00 Vector mode I 
~ 00 ~~ Lower left (blank) 
7 20 

0520 00 ~ t I 17 
z 17 ~ __,,. 
.3 17 

4 17 -,j) 
~ s 00 oQJ 

" 00 ~~ 4-
7 00 

0530 55 00 Start refresh 
I 57 04 Disable I ight pen 
2 52 00 Jump to current 

..3 03 13 display pattern~ 
Storage 

J 
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.P~E, c.t. C.<o 
'&.: "g\..\--a¥. 'P= L\t:.t-l~LI 
b: t>f\S.\'\ S.:: SE"r SC.1\\..£ "TO \O'& 

t<= ~&b \}:. \lk."t\-~ 
&a:. t.M&(.. 

TABLE 83-22. DISPLAY REPERTOIRE 

11 10; 9, 8 7 6 . 5 4.· 3 2 ···.·1 0 

~1 ENTER PLOT POINT MODE I (40) [i] 0 I 0 ( 0 I Cr I 0 (X'lBLit?(f><J><I 

[ 1 I o I o I o I o f 1 fuCA (BLr[)<[XfXJ I 
I rt'\?. ENTER PLOT POINT MODE II (41) 

Sf'\i ENTER PLOT SYMBOL MODE 1 (42) 

Sff\l. ENTER PLOT SYMBOL MODE II (43) 

. . . . . . . . ·. .. . . '. 

[ 1] o (Ci] o] 1 uf o ·l)<ls1..I1oR]X~ 
. . . ·. .. . 

1W\ 1. ENTER TABULAR SYMBOL MODE I (44) 

~'2. ENTER TABULAR SYMBOL MODE II {45) 

V'*'i ENTER VECTOR MODE I (46) 

. . . . ·.. . . 

( 1 I ~ I _ilili_ f o l><lnLrl OR [>(!s1zq-:J 
. . . . . .. 

J .1 I o I o ( 1 [ o [iJ so.lsLII oR ()<f1zaj . ) 
. . - . . . . . 

'Vt'\1. ENTER VECTOR MODE II (47) _ . I 1 I o I . o ( I I 1 l t SC.4 {BLl~As~{><f><tJ 
.ltl\? ~~.~tc. (~~ . . . . . : 

JUMP <52>, ~"'t) Av...j ~~ tl>'~"'~ . ( 1.' 0 I 1 [Q] I I 0 t><D<I><I p [ 8 I B 1 

mu RN Ju MP (53) -..n ! \ i . l o I i I o I i I i. l><]x!;<i)<[;<r>?J 
IDENTIFIER (54) %1)\,.) CCfOI1 I 1 I 0 I 0 I l[) I 
START REFRESH CYCLE (55) 1trS 

9$1) ENABLE OPERATOR DEVICE {56) 

* DISABLE OPERATOR DEVICE (57} 

lt=~\.~-L ~ 
ffi~'£'l. ~>'( > C~>Cl.. Q:: R.'£\.t'n\"'i... 

"X" AND "Y" MODE I POSITION WORDS {[ 0 I R I X+AX · 1 

f!J\O'DE i. .__;(, & 'B: ~.W" b~ l=o==,8=1.A=J ======y=t-=!l=y==>===========i 
MODE II POSITION. WORD rr-r,51:-:-G.J:rl--A.x---.--.---.---~-

LQ__,,_ _ ___." --=u~ ___ -i.:18-!A f s1G~1J AY 

SYMBOL WORD 

ADDRESS WORD 

P D a 2 1 3 4 5 0 0 83-40 
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. "it'?. dr:::::1~r-. -----: . ., .. • .. 2-Z· . . .. . ·. ~£ ~· ... 
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, .~ 

.,._.__ AJ,A &.a...-~ . 
&..::Will~ ..... --..... '+" ....... . . . . . f... St/Nt,C,0 

~e>•r '----,,., ,,,, 
-----L~~ 

PROCESSOR REPERTOIRE. A~J°D EXECUTION TIMES 

AJt1 ~r. . · . . : .. 
R!w/ STM-. '"'..- . 

l.i: ~:-r 
TABLE 83-2. .. 
---------~·-· - . ------·------- ... -

MNE­
MONIC 

TIME 
MODE CODE (microseconds OPERATION 

MNE­
MONIC MODE 

TIME l . 
£sf'l ERR 

NOP 

(microseconds t · 
~ .: 
\' 

! 
0000 n 2.4 I Zl 1, "I. SSl(. -SBN ---07XX' n . 2.4 
OOOX n 2.4 • SBO 34YY d 4.8 

~ SSM 3500 m 6.8 
' zt;,"Mi• s:"..!1!'-_ SSRJIC 001X n 2.4 SUBTRACT SBI 35YY 6.8 

...,,,.. -~~ ... 002X n 2.4 SBC 3600 - c 4.8 

I MEMORY BANK c~~~~!!'-= ~~c go~~ ~ ~:! ~:: ;~;~ ~ ~:: i 
I ...... ~1> st. :Jtt::t"., ~ ORJ 005X n VI 1----------+-;....._+---+--+------1 r 

7 -- .._ Di«' ~."f_ ...... SAICDJ 006X n 2.4 l W STD 40YY d 4.8 I 
_. "l!'"f(' .1t.":..~::;. 007X n 2.4 I r STM 4100 m 6.8 • . 

- -l----ll!!EJL;iii~~-..:#/toi-..-.-.IE.:==J-....:..:.::=--+-~~f----t------j STI 41 YY 6.8 
6iM MEMORY BANK CONTROL TO X CTX 0130 n 2.4 TORE STC 4200 c 4.8 

/ ~ ERROR STOP 

. NO OPERATION 

CODE OPERATION 

' A ~ STX 0100 n 2.4 STF 42XX r 5.6 
' I I • 0101 n 2.4 STB 43XX b 5.6 · . ! <. ~ 

·; t§ll' x.. " ... RTX ~~;~ : ~:: ,.,J..$ ~: ~~ d ~:~ 
1 .;;N~!- RMX 0172 n 2 • .t SRI 45YY 9.2 
1 TRANSFER INTERNAL R •RSX 0173 n 2.4 EFT SHIFT I AND REPLACE SRC 4600 c: 7.2 

. ] • _,.. .,111 -t- XTY 0174 n 2.4 SRF 46XX f 8.0 
' "\- *XTA 0175 n 2.4 SRB 47XX b 8.0 · i A).- *XMA 0176 n 2 • .t • d 

f. 

"'("' , .. -,· 
. I.( .~~ 

•.· t 

1· I •. • 

.. 1L _ _B:!'ihA.M_"l'_jfa~-~~~~==~::!·x~T..'5_.R-i-~o'.!.'.177~f.---__:"~~-_!..;2.~4-l i~. 'I.'& :~ ;~~ ~:~ f~. 
> .'l. t LEFT SHIFT ONE LSI 0102 n 2 • .t REPLACE AND ADD RAI 51YY 9.2 . • "' 
"-~·. LEFT SHIFT THREE $\o\" LS3 0110 n 2.4 RAC 5200 c 7.2 f. 

, LEF7 SHIFT SIX LS6 0111 n 2.4 RAF 52XX f 8.0 t 
'O' ,·111.:.: MULTIPLY BY 12 MUT 0112 n 2.4 1-----------+--RA_B-+_5J_X_X-+_b_l--__ a_.o_1 ~ .•• 
5.. :J,..Of'I. t'lcLEAR INTERRUPT LOCKOUT CIL 0120 n 2.-4 2tA~ Z,.], AOD 54yy d 7.2 i >S . : ~ET INTERRUPT LOCKOUT SIL 0121 n 2. 4 AOM 5500 m 9.2 't . 

.,;1•. • 1 INTERRUPT DATA SOURCE ~,IDS 0122 n 2.4 AOI 55YY 9.2 .• ··• 
• . ! 0 n 2 4 REPLACE AND ADD l AOC 5600 c 7 2 

'.j Z7 LAC. t~ 1~~ d 4:8 AOF 56XX r 8:0 
. t . LPM 1100 m 6.8 AOB 57XX b 8.0 

I LOGICAL PRODUCT t~ g~ ~ ::: ZERO JUMP ZJF 60XX f 3.2 

t 
LPF 12XX f 5.6 ZJB MXX b 3.2 

' LPB l3XX b 5.6 NONZERO JUMP NZF 6 lXX f 3.2 1; •. 

.'! L-'t-'1-----~-. -~--l--~-~-~-+--~-~-X-+--~--i---4-2:-:--t 1------~Miirl--+...:.~..;;:J~~B-+--=-::;:.;_:.:..;:-+-~-t--~::;..:;:-I r : 
SCM 1500 m 6.8 POSITIVE JUMP PJB 66XX b 3.2 t 

•, 'j~ElECTIVECOMPlEMENT SCI 15YY i 6.8 1---------+--+--N-J-F--+-b3-X-X--+-f-t----3-2-l!,l .. :,• .. 
; ' sec 1600 c 4.8 NEGATIVE JUMP • 

· SCF 16XX f 5.6 NJB 67XX b 3.2 ( .. 
. . 

ti • • 

. ··-.· 

·" 

1

-.···J_.·,: l::========:::!=S=C=8=!::=:l=7X=X=:;;:==b =t::===::-5-.6~ UMP INDIRECT JP! 70YY d 4.4 f, 

·i-· ...-.._ LON 04XX n 2.4 ·~RETURN JUMP JPR 7100 6.8 .. 1.· 3_ 1,· ·M. ·_. 'A .. · .. · 
.1 IC. ....., LD\(. LOO 20YY d 4•8 l,; UMP FORWARD INDIREC JFI 71XX fi 5 2 . 
} LOM 2100 m 6.8 ~.::.:.....:...:::=..:.:..:::~.:..:.:::.:.;=::~!!!1!!!~~:__-!-~:.::.....-1-~+--..::;·:::_-1" ,. 

.. ) LOAD LOI 21YY i 6.8 ' UMP TO DISPLAY JPD 74XX 4.4 f· 
! LDC 2200 c 4.8 I 3cJ Ii INP 72XX Fi [ - ·~ "'-;.:.-~ ....... 
; LOF 22XX f 5.6 1j> rr OUT 73XX Fi l .. 
, LDB 23XX b 5.6 ; EXC 7500 t 
L-..--------~~~.i-----+---+-----i ~.· INPUT/OUTPUT I,.· · 

'? Lc9' LCN 05XX n 2.4 , EXF 75XX n 
·1 ..._ LCD 24YY d 4.8 { INX 7600 m 1 • 

. ! LCM 2500 m 6.8 I OTX 76n n 1· 
l LOAD COMPLEMENT LCI 25YY i 6 8 J i----------~~-4---4---+----2.-,---t [j I!' . I LCC 2600 c 4:8 ·~.LT _____ .. ··- HLT nxx --. _ _____,_.; ~-
l LCF 26XX f 5.6 
I LCB 27XX b 5.6 
;~2~~.-,~~~A-l)~~~A=D~N-+-~.;_;..;:.xx~~n-+~~-2.-4~1 

.···1 o... K ADD 3rNY d 4.8 
ADM 3100 m 6.8 

1 jAOD ADI 31YY i 6.8 :· 
, ~ ADC 3200 c 4.8 ~ 

1 AOF 32XX f 5.6 
i AOB 33XX b 5.6 : 
~..l=::::::::=~--:::::::::::::=:::;::::~====:::::::±::==::=±:=:=~=::I!::===::=±-".. ==~-=-~-~-::-=:!. 

...... ,, 

-~ .~·· ... 

. ; 

•·· 

··· .. · 



PROCESSOR REPERTOIRE 

OPERATION ~oi~ic CODE MODE 
~IME 

(miclOMConds 

ERROR STOP ERR 0000 n 2.4 

NO OPERATION NOP ooox n 2.4 

RF SRJ OOlX n 2.4 
'\,;, SIC 002X n 2.4 

·1..e IRJ 003X n 2.4 
MEMORY BANK CONTROi.s1:>1<L soc 004X n 2.4 

\ \ r 1? r~· \ DRJ oosx n 2.4 
~f'--~ > i)\ a__ SID 006X n 2.4 

.L"J,J? t££C.J..c_ ACJ 007)( n 2.4 

MEMORY BANK CONTROL TO X CTA 0130 n 2.4 

STX 0100 n 2.4 
PTX 0101 n 2.4 
YTX 0170 n 2.4 
RTX 0171 n 2.4 

TRANSFER INTERNAL REGISTERS 
RMX Oln n 2.4 

*RSX 0173 n 2.4 
XTY 0174 n 2.4 

*XTA 0175 n 2.4 
*XMA 0176 n 2.4 
*XTR 0177 n 2.4 

LEFT SHIFT ONE LSI 0102 n 2.4 
LEFT SHIFT THREE l53 0110 n 2.4 
LEFT SHIFT SIX l56 0111 n 2.4 
MULTIPLY BY 12 MUT 0112 n 2.4 
CLEAR INTERRUPT LOCKOUT CIL 0120 n 2.4 
~ET INTERRUPT LOCKOUT SIL 0121 n 2.4 
INTERRUPT DATA SOURCE IDS 0122 n 2.4 

LPN 02XX n 2.4 
LPD lOYY d 4.8 
LPM 1100 m 6.8 

LOGICAL PRODUCT LPI llYY i 6.8 
LPC 1200 c 4.8 
LPF 12XX f 5.6 
LPB 13XX b 5.6 

SCN 03XX n 2.4 
SCD 14YY d 4.8 
SCM 1500 m 6.8 

~ELECTIVE COMPLEMENT SCI 15YY i 6.8 
sec 1600 c 4.8 
SCF 16XX f 5.6 
SCB 17XX b 5.6 

LON 0'4XX n 2.4 
LOO 20YY d 4.8 
LOM 2100 m 6.8 

LOAD LOI 21YY i 6.8 
LDC 2200 c 4.8 
LDF 22XX f 5.6 
LOB 23XX b 5.6 

LCN osxx n 2.4 
LCD 24YY d 4.8 
LCM 2500 m 6.8 

LOAD COMPLEMENT LCI 25YY i 6.8 
LCC 2600 c 4.8 
LCF 26XX f 5.6 
LCB 27XX b 5.6 

AON 06XX n 2.4 
ADD 30YY d 4.8 
ADM 3100 m 6.8 

ADD ADI 31YY i 6.8 
ADC 3200 c 4.8 
ADF 32XX f 5.6 
ADB 33XX b 5.6 

OPERATION 

jsUBTRACT 

~TORE 

~EFT SHIFT 1 AND REPLACE 

j«EP\ACE AND ADD 

REPl.ACE AND ADD 1 

jzERO JUMP 

jNONZERO JUMP 

POSITIVE JUMP 

NEGATIVE JUMP 

!JUMP INDIRECT 

!RmJRN JUMP 

i.l_UMP FORWARD INDIRECT 

i.l_UMPTO DISPLAY 

~N PUT/OUT PUT 

~LT 

* APPLICABLE 

xx = 
yy = 

OPERAND 

ADDRESS 

~i TIM! 
IC CODE MODE (microsec:ond!L 

SIN 07XX " 2.4 
SID 34yY d 4.1 
SIM 3500 m 6.8 
SB! 35YY i 6.8 
sac 3600 c 4.8 
SBF 36XX f 5.6 
SBB 37XX b 5.6 

STD 4<1YY d 4.8 
STM 4100 m 6.8 
ST! 41YY i 6.8 
STC 4200 c 4.8 
STF 42XX f 5.6 
STB 43XX b 5.6 

SRO 44YY d 5.6 
SRM 4500 m 9.2 
SRI 4SYY i 9.2 
SRC 4600 c 7.2 
SRF 46XX f 8.0 
SRB 47XX b a.o -
RAD 50YY d 7.2 
RAM 5100 m 9.2 
RAI SIYY i 9.2 
RAC 5200 c 7.2 
RAF 52XX f 8.o 
RAB 53XX b 8.0 

AOD 54YY d 7.2 
AOM 5500 m 9.2 
AO! SSYY i 9.2 
AOC 5600 c 7.2 
AOF 56XX f 8.o 
AOB S7XX b 8.0 

ZJF 60XX f 3.2 
ZJB 64XX b 3.2 

NZF 61XX f 3.2 
NZB 6SXX b 3.2 

PJF 62XX f 3.2 
PJB 66XX b 3.2 -
NJF 63XX f 3.2 
NJB 67XX b 3.2 

JPI 70YY cf 4.4 

JPR 7100 m 6.8 

JFI 71XX fi 5.2 

JPD 74XX m 4.4 

INP nxx fi 
OUT 73XX fi 
EXC 7500 m 
EXF 75XX " INX 7600 m 
OTX 7677 n 

HLT nxx n 2.4 

ON REMOTE SUBSYSTEMS ONLY 



I I 10 9 8 7 6 5 4 3 2 I 0 
ENTER PLOT POINT MODE I ( 40) Prv>1 13 I 1 o o o Io Io C><JaulXl><D<J I 
ENTER PLOT POINT MODE II (41) 11vi2 ~611 0 0 0 0 I fSC3sulXl><D<J 
ENTER PLOT SYMBOL MODE I (42) 2)tv'.i Bj>t .... 11 o o o 1 o [X]euf oR[X]SIZEI 
ENTER PLOT SYMBOL MODE II (43)~2 ~e~l)~ I 0 0 0 I I fSC4L1foRc><f31ZEI 
ENTER TABULAR SYMBOL MODE I (44) 71";'lj I 1 o o I o o l><JBL1l0Rc><f31z~ 

BJ r.J,'-

ENTER TABULAR SYMBOL MOOE II (45) 7/YJil I 0 0 I 0 I ~4uloR[X]Slz~ 
s)eJ v1 ,, 

ENTER VECTOR MODE I (46) $j~/1'1J lr--1--r--o--r--o-r-1 __ 1 __ o""T""r><J __ BL_l~§*JXM---z----. 

ENTER VECTOR MODE II ( 47) U(f)2- I 1 o o I I I l$CAIBL1§*)XM 
S,.B, J:> 

JUMP (52) ~Mt:> ¢ JM'f> ACtt.JBr.Jt.. I 1 0 I 0 I 0 IXIXIXI p !BANK 

RETURN JUMP (53) R.T~ /t-D(L I 0 I 0 I ,~, 

IDENTIFIER (54) TDW rJ I 0 I I o ol ID I 
START REFRESH CYCLE (55) R i==S I 0 I I 0 1 1~1 
ENABLE OPERATOR DEVICE (56) EOO p) I 0 I I I 0 IXIXIXILP[XIA/~ 

DISABLE OPERATOR DEVICE (57) UJLJ ~A( I 0 I I I I IXl><J)<JLPl)()AIN 

Posl Tl ON
fYJ aoW£01.RD'J(S1 (i /J.J( 1 o R 

II x" and 11 Y11 MODE I 

=O=~=========Y=+=~=y========== 
x+~x 

MODE II POSITION WORD M(X)t2 X//;B 

SYMBOL WORD 

ADDRESS WORD 

SYMBOL I I SYMBOL 2 

ADDRESS 

0 
en 
"'O 
r 
~ 
:::0 
ITI .,, 
(Tl 
:::0 
-t 
0 
:::0 
(Tl 
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