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FOREWORD
This manuai presenEs 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 and their use. Programming
information in section three, including flow charts and sample programs,

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 Manual documents the Display Controller.

 PD §21345Q9Q 1



@ 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 Monl;ql .
IHustrated instructions for installing the equipment at the site as well as
procedures for making it operational constituf the third section. The
Theory 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 techniques used to perform various opera-
tions. After absorbiné this material, the reader should have little difﬁcult‘y

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 diqgrar"ns,
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.



e Book 3 (publication no. PD82134800) — this book contains replaceable
parts information for the Display Controller. A provisioning parts list
. identifies parts called out on illustrated parts drawings. It also contains

a list 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 to inter--

connection diagrams.

PD 8213450y
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SECTION I

GENERAL DESCRIPTION

The graphic display subsystem is a computer-controlled, infegrated cifcuif,
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 sfored program

Of‘fs'ona.l

processor with onAinput/oufpuf channel for peripheral equipment communication,
enabling small-scale data processing, effective use of the operator controls —
alphanumeric/function keyboard and light pen — and visual display. Stored
program and input/ou.fpuf capabilities 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.

‘PD 82134500 11



SUBSYSTEM CHARACTERISTICS

o Stored program
e Parallel mode of operation
e Binary arithmetic=--modulus 212-1 (one's complement)
e Single address logic
e 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
e Input/ Output
CONTROL DATA 3000 Series interface
lé-bit bytes/parallel transfer
Maximum transfer rate --- 208,000 bytes/second
Up to 200 ft. logic cables === subsystem to data source
e Interrupt system

e Flexible processor and display repertoires

‘pp 82134500 "



° Processor execution times—;2.4 to 9.2 microseconds

_Processor inpuf/output channel

Prov%des peripheral equipment communication

Maximum transfér rate—96 KHz

Maximum cable lengTh—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~1less than 9 microseconds

® Display characteristics -
21-inch electromagnetic deflection cathode ray tube (crt)
Display area-—~12 inches by 12 inches

Spot size-~0.030 inch (maximum)

. BD 82134500 L



“PD 82134500

Poéitioning accuracy— +1%

Large symbols—0.2(0 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—O to 50 foot lamberts

Basic Symbﬁl set—64 symols ' - i

Extended Symbol set—64 symbols

1=-3A



° Solid state logic

Digital ~---DTL Integrated circuits
~~--TTL adder '

Analog ---discrete components
Easy access pluggable logic board
Y Operator controls
Alphanumeric/funcfion keyboard
Light pen
Operator Panel
e Power
60-hertz, 3-phase, 208 volt

60-hertz, single-phase, 120 volt

| 1-4
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- OPERATTIONAL DESCRIPTION.

fThe'data source executive program controls all communication
Abetweeh the dafa‘source‘and display'subsystem. -Before data‘source/.
'bsubsystem communication can take blace, the.data sourbe must conneéﬁ the
subsystem to the qdmmunicatisn line by transmitting the subsystem connect
sode, After counecbion, funcfion codes sst up subsystémsoperafing» :
:conditions and initiate opsrations; Uponvreéuest, the - data sOubcé sén h

‘ obtéin information on the operating status of the subsystem.

oN LINE/OFF LINE SUBSYSTEM STATUS

When the display subsystem is on line and ready for serv1ce, thek
‘data source transfers data or programs to the subsystem for storage into B
, memory. ' The subsystem can also transmlt data from nemory to the data ~'

. source.

~fThe off-line ésnditiuu pfovides for mainbeuancé and pfogbamu

. debugging. The operator uses the 6perator_coutrol.?anelAtovsimulate f:-':
‘ ~daba sourse'operatibns_or uonitbr internal operations of fhs.display-

f subsysfem. Except fof ths interfaceAmodule‘wbich'is iockediout while the =
subsystem is off line, operation w1thin the display subsystem 1s the same:

in’ either the on—line or. off 1ine states.

S APD 821353500 - s



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 operate simultaneous;i;
Operating mode can be selected by any onejof three sources: :data source;} -

- operator; or subsystem internal program.

Stored processor and aisplay programs permit 1ndependent sub-

- 'system data proce351ng and graphic display. In conJuncticn with storec

prograns, operatoricontrols'--'light pen and alphenumeric/function X

-'g keyboard -- prOV1de manual data entry and display intervention capabilities.;
. Stored programs enable 1ndependent subsystem operation, freeing valuable '

i data~source computation time.

Processor.

A fieiible processor instruction repertoire enables solving‘.

N compiex data processing and engineering design problens. An interrupt

system enables effective interchange of subsystem and data source in-

‘ formation. : - C o ‘ .-‘ -

' interlacing execution of processor and display progrems presents;
grephicvand»elphanumeric.displays under opersator control.' Enabled op- :
‘ . ) ' B . ‘ . . "‘~“‘
- erator controls generate manual interrupts when activated. A manual

PD 82134500 . 4¢



interrupt initiates a processor interrupt routine. By interrogating

‘ appropriate registers, the 1nterrupt routine identifies the interrupt

__‘source and initiates a pre-programmed response to the interrupt. In

this manner, the operator enters program parameters P selects alternate
courses of action (different program subroutines), or modifies specific -

di splay entities .

Display.
In display mode, a display program generates images on the 12-
“+4nch by 12-inch usable display._area of the Eleinch monitor 'crt. Vectors' '

* (straight lines), poi'nts, and symbols comprise & display image. -

'mage Generation.

A An electron 'beam in the crt produces a 'V'lSlblG display when it i
strikes the phosphor coated crt screen, caus:mg that portion of the :
phosphor to glow briefly. Normally the glow i‘ades within a fraction of |
a second too soon for the human eye to percelve and 1dentify the :unage.’
For this reason, the display image must be redrawn continuously (re- . |
freshed) at a rate which makes the display appear stead;y and of uniform
'intensity to the observe‘r. Dlsplay refresh is under program control.‘
To prevent damaging the crt phosphor, fl,e 415/;/ ey program masf m:fmfe a.,, 4

Iu.era-re refres/‘ Je// *71 ﬂe ena/ '/ev-cj mmh J:gf// {"/e',

'PD 8213450y



Deflection.
Position ﬁords , associated with display commands ,‘:cont‘rol electron
' beam positioning (deflect.ion)' on the crt screen. 'fhése positicin. irords. |
g specify electron beam deflection to horizontal (X) and vertical (Y)
‘coordinates on & square gi’id composed of. péssi’ble électroﬁ 'bea.m‘positioﬁs‘. |
| ",This grid (called a raster)l covers 'bﬁé lg—inch by‘lzninc‘:h display a}eg
on the crt screen. There are 1021+'equaily' spaced X positibns: and ,1021{'

equally spaced Y positions, “Pigure 1-2.

; A 1023

0512 - == = == ty=0512

0256 -

0128 -
0064- -]

0c00 | 0123+ 0255 0512 1023
- 0064 .

B ' X Axis . —

Note: One resterunit = 0,0117 inch, 25raster units = 1.0 inch,
ond 1023 roster units = 12 inches. 3

Figure 1-2. Displgy Area Coordinate System

Po- 82134300 1-8



.Posifion;words in the display’program’select.the X and Y.coor-Ar
dinates for each element of a dlsplay (each point, vector end point and
- ymbol.matrlx center) A p01nt appears directly on a coordinate position.b«
A vector is a straight line between any two coordinate positions. The
crt beam paints a symbol w1thin an imaglnary 5 by 7 symbol matrix centered»m

.around a coordlnate position.
The dlstance between two sequentlalxy addressable lines on the

raster is called a- raster unit" A raster unit represents 1/1023 of '

an imege in either the X or Y direction.

PD 82134500
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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.
Eacﬁ 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 analog module 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.

Interface Module.

Via communication lines, the interface module links the display

subsystem to and controls communication 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



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 manjpulation.

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

.PD g2134500
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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 conjunctlon with the memory control
module.' Within the memory control module, special address translation '
. circuits allow the control circuits to recognize the memory Eank'selected .

e

for data storage or data retrleval.

Manual Input Module.

Manual 1nput loglc §r0v1des a data trassfer path between the
controller and operator controls. This transfer path operates during
_message entry or durlng operator modification of a graphic dlsplay using
‘_the light pen or keyboard. Manual input loglc also operates in conjunction
with controls on the operator panel permitting off-line subsystem |

operation.'

upn 82134 09 113



’Analog Module.

Circuits within the analog module convert binary data, . in the

form of position words and symbol words, into the anelog signals received

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

display images specified by the display module.

PPD 821345V 1



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
tﬁree ma jor functional areas in the Display Console: monitor, operator
contrgls, and power cabinet.

Monitor circuits receive anolog signals from the Display Controller
analog module and convert these signals into visual images on a 21l-inch
electromagnetic cathode ray 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 pfogram 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.



PHYS ICAL 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 (-4 shows unit dimensions.

All external Eabling is through the bottom and rear of the equip-

ment. The equipment weighs approximately 820

weighs approximately 125 pounds.

ENVIRONMENTAL DATA.

pounds. Motor generator

Table |-l lists the environmental ranges fur subsystem operating

and nonoperating status.

TABLE I-f. ENVIRONMENTAL DATA

CONDITION

OPERAT IONAL

NONCPERAT | ONAL

Temperature

Relative Humidity

| Altitude

+40 F to +110 F

10% to 90%
| _1p00 to 8,000 feet —

-30 F to + I50 F

5% to 95% (including

condensation)

~ =1,000 to 15,000 feet

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

plenum at the bottom of the controller cabinet and up thsough the logic.

Air exhausts through vents beneath the cabinet top.

blowers draw in and exhaust cooling air through vents at the rear.

dissipation is 8350 BTU/hour.

“PD 2134500
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o The display subsystem operates on 60-hertz, 3-phase, 298-v61t.
power at appx;oximat‘ely 10 axxiperes and 607-he1;tz , single-phase , léO-inf .'
:éowef at approximately 3 am.p.eres:. Total power éons_umption is lesé thah_ |

2,000 watts. TV,

' POWER ON and POWER OFF switch/indicators on the monitor fromt

panel cOntrol. powez; appiicatibn. :

APD 82134509 18



SECTION II

'OPERATION

The display subsystem has two major groups of controls and indicators,
monitor and operator. Monitor controls and indicators control display quality andA :
indicate subsystem operating conditions. Operator controls link the operator, ‘dis=

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

‘MONITOR CONTROLS AND INDICATORS.

Figure 2-1 shows thé monitor and associated cc;nfrdls. Four main éonfrols :
adiust' the display. These aré: ’-HORIZ (I1§_rizonfo|) and VERT (veﬁical) CENTERING
- controls, for adjusting display positiéning; énd FOCUS and ‘IANTIVENSITAY controls fc.,r‘ ‘
. adjusting di;pl;y upéecmﬁce. - Table 2-1 ilists and exbl;zins the remaining ménifét; |

controls and indicators.

PD 82134500 o
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TABLE 2-1. MONITOR FRONT PANEL CONTROLS AND INDICATORS

NAME TYPE DESCRIPTION
POWER ON Switch Depression applies subsystem power.
momentary Indicator lights while power is on.
Indicaior
POWER OFF Switch Depression removes subsystem power.
: momentary
[HI TEMP/TEMP WARN { Indicator HI TEMP lights when an interior
split thermostat determines an unsafe
temperature and removes subsystem
power. TEMP WARN lights when
subsystem interior air rises above a
preset temperature.
THERMOSTAT Switch Depression bypasses the hi temp
BY-PASS alternate action | thermostat and allows 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
clear. CONN indicates subsystem
connection to the data channel for
input/output operations.,
“IBLANK —_ Reserved.
A/N KEYBOARD Indicator -Lights after program selection of the
keyboard.
- Li,gHS
LP TRACK/LP CAPT Switch ) ofter program selection of the light
alternate action | pen, switch depression selects the
Indicator desired light pen operating mode.
split LP TRACK lights for tracking mode.

LP CAPT lights for capture mode.

PD g213450¢0
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~ OPERATOR CONTROLS.
Operator controls — light pen, alphanurheric/i’u‘nct.ion keyboard, ,cmd“
_operator control pdﬁel — enable effective man/machine communication « Fig-

ure 2-2 shows the operator controls.

ALPHANUMERIC/
FUNCTION
KEYBOARD

LIGHT
PEN

OPERATOR
CONTROL
PANEL

Figure 2-2. Operator Controls

“PD 8213450y . o4




LIGHT PENT

The light pén,.figure 2-3, is a solid-state, high-speed, photosensitive
stylus actuated by a two-position, momentary switch. [t operates in either
of two program selected modes, track or capture. Aiming parentheses of light,
emitted from the light pen tip, enable operator selection of a specific
display item. By placing the tip of the light 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

E,/ Switch

W\

Figure 2-3. Light Pen

Because the light pen senses changes in light 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 program
address at direct address 108, and initiates a processor interrupt routine
at relative address Ils. This routine is set up by the programmer, not

hardwired. In general, the interrupt routine performs the following tasks:

pPD 2134500
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(a) Stores X position register contents.

(b) Determinés interrupt source.

(c) Indentifies 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. Examination of the X, Y position register, Direct memory address
10g, of display state register identifies the light penned display item or
group. After determining which item or group the operator puinted to, a
jump to the associated processor subroutine occurs. The subroutine may modify
the display or interrupt the data sourcé. 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.

gperating Modes.

Before processor recognition of light pen hits, the display program
must enable the light pen. With the light pen enabled, the operator selects
"track' or "capture' mode via the LP TRACK/LP'CAPT switch/indicator on the
monitor front panel. The respective indicator informs the operator of the

selected mode.

_PD 2134500 pet



Light pen mode determines handling of light pen hits, In track mode, all
lighf pen hits generate manual interrupts as long os the adfivate switch on the light
pen remains depressed. In capture mode, only one light pen hit per activate switch

depression generates a manual interrupt.

By appropriate positioning of light pen enables and disables throughout a

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

V .ATyéical Applica'fion.
One application is drawing images on the crt whv‘h‘fhe‘ aid of a ;;fdgrémmed
.r‘.fracking cross, figure 2-4. Also, reference fhe, idénﬁfier_Word ‘descriptiOn in pdrf B -
~ of Section 1II for an exarﬁple. A tracking cross is an ari'ay of dots on the crt used |
for locﬁ_fing points ar;d lineé ‘or‘drqwing.. Under program confrql, light pen selecfioﬁ
'. of a dot in fHe tracking crossidraws a vecfor’from the .center'dof‘ of the é.}éss.i'n.th-é o
- direction of the selected dot. The érogrom detefmines .vecfor. l.e'rlugfh. The program
repositions the center of the tracking cross to :fhere’nd of the 'vector‘i.us.f drawn. Ir‘|' .
this mcm;ier,’ the 0pe;';:for draws on thz.a: crt. Vecfto.r length and h_;,:m_bel: of lfrAccl.dqg "

~ cross dots determine line resolution., .

PD 82134500 0.7



CRT RASffR AREA

. TRACKING CRoss
o o o P E e

-

T
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-
-

(NOT DISPLAYED)

Figure 2-4. Tracking Cross Application (Not to Scale)
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ALPHANUMERIC AND FUNCTION KEYBOARD.

' Figuré 2-5 shows the alphanumeric/function keyboard.

L1707 () | (i) [ (o)} | SEND
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Figure 2-5. Alphanumeric// Function Keyboard

.

Alphanumeric.

~ The alphanumeric pori‘ioh of the keybocrd is a switch actuated, dotc-.entry

<&

device. Alphanumeric keys enable message editing and composition by an operator,
Operation.
Enab!ihg or disabling of the keybOard is under display progrom control,

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

the monitor mdlcafes the enabled sfute to fhe Operafor. Depressmg an alphonumerlc/

m— e et et U .- e U0 S NSy
-1

{
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: ‘gdit key generates a manual interrupt and places an edif/qlphanumeric key word in
keyboard regfsfer (RZ)' figure B3-17A. All keybdqrd operations are flexible with
) ihterprefafion of each key code, table B3;28, defermined by processor progrcmi.
Typical Application.

A typical alphanumeric keyboard applicatioﬁ is composing a message on the
.crt and sending the completed message to the data source, figure 2-6. .

With the keybocrd‘ enabled, each key depression generates a manual inter= .
. rupt. By interrogating the manual input register, the processor interrupt routine
E ide’nfiﬁesrun}a/ n keyBoard interrupt. After determining the a/n keybbard generated

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

If the keyboard register contains a SEND key code, the processor interrupts -
the data source. The data source then fequests‘ the data message from the Display c

- Controller memory.

.,'An ed'if kéy ihiﬁote_s the indicc;fed edi.ting function. The inférrupt rouiiﬁe
stores any other a/n key code in a message storage area in memory . After perform= |
ing the required oF;grafi;:an, the interrupt routines clears iﬁferrupt lockout and .‘returns .
to the display roﬁfine. ‘The display routine presents the operator message on the crt

~as it is composed.

PD '821345QG0
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Function.

The function portion of the keyboard inciudes 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 enébled 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 B3-28, as
desired.

Depressing a status switch locks it down, actuated position.
The second depression of a statué switch releases it. Any combinatidn
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 B3~I8A.
There are |6 possible status switch combinations which may be inter-

preted as desired by program.
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Typical Application.

Status switches provide a means of selecting program subroutines.
As an example, éssume the operator wishes to erase g displayed symbol
with the light 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, light 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 of operation, switches for internal register
selection, an operator keyboard for data entry, and an octal readout

indicator for monitoring selected internal registers.

Reqgister Selectors and Octal Readout Indicator.

The right bank of interlocking switch indicators designate by
illumination 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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Figure 2-7. Operator Control Panel
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TABLE 2-2. REGISTER SELECTORS

DES IGNATOR

F

KBD

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.

Displays the Y register which contains the
vertical (Y) display position.

Displays the keyboard register which contains

data loaded by the numeric keyboard.

PD 82134500
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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 position

of the keyboard register. Uniabled Keys do not have a 3-digit

‘octal code, vad do not function. With the keyboard regis~

ter displayed, KBD switfh 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.

Iin conjunction with the LOAD ADDR, WRITE MEM, 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 bank of switches, together with the STEP
switch, are a combination of interlocking and mementary contact
switches. These switches enable operator control of the display

subsystem. Table 2-3 describes the switches.

82134500 4
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TABLE 2-3.

CONTROL SWITCHES (CONT)
SWITCH '
FUNCTION
NAME TYPE C
ON LINE Interlocking | Selects the display subsystem operating
' Indicator status, on line or off line. When .
. depressed, the subsystem is on line and
the ON LINE indicator lights. On line
_'status enables communication with a data
source. Off line status enables the
- operator control panel. Depressing any
one of the other interlocking left bank
switches places the subsystem off line. .
MC ‘Momentary Macfer clears the d nsp!oy subsystem .
BANK 1 ‘Momentary | Selects memory bank l. nghts whtle bank 1 is
Indicator - N .
selected.
BANK 2 Momentary Selecfs memory bcnk 2 nghts whlle bank 2 is
 Indicator selecfed ) o i .
. RUN Momentary Enables and disables high-speed progrc:m execu=-
- llndlcafqr tion. When illuminated, high~speed program
" execution is enabled and vice versa.
STEP  Momentary | When off line, it initiates a complete
_ " operational cycle for each depression.
- This feature aids program debugging.

PD g2134500

2-17




Operational Seguences.

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 following sequence
of operations; | |
(a) MC (master clear).
(b) Depress the LOAD ADDR switch. A

- (c) Using the operator keyboard, enter the [2-bit stafting

address into the keyboard register. | 3

(d)’ Depress the STEP switch. |
(e) Select the memory bank for the wriie,'ifvothervthan

| 0, by depressing the BANK | or BANK 2 switch.

“(f) Depress the WRITE MEM switch. | | '

‘{g) Using the operator keyboard, enter the‘deéired I2-bit

" word into the keyboard register. A | p

(h) Depress the STEP switch.

PD 82134500 -



For continuous operation, repeat steps (g) and (h) until
the entiré program has been entered into memory. While writing

memory, the following 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 FPegister -~ indicates the last stokage 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 operatioﬁs.
(a) MC (master clear). |
(b) Depress the LOAD ADDR switch.

~ (c) Using the operator keyboard, enter the I2-bit
- starting address into the keyboard register.

(d) Depress the STEP switch.

'(e) Selett the memory, bank for the read, if other than -
bank O, by depressing the BANK | or BANK 2 switch.
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()  Depress the READ MEM switch.

(g) Depress the STEP switch.

Repeated depressions of the STEP swifch’ results in reading memory data from
sequential addresses. While reading memory, the following registers may be monitored

on the octal readout indicator.

.® Zregister — indicates the contents of the address referenced on fhe o

lost depression of the STEP switch.

® S register — md icates the next address to be referenced.

e Pregister — indicates the last address referenced.

Sfart' Processor.
: To initiate the processor‘ mode of 0perafien~ 'p'e,-form the following.opemﬁo"s i
' m the indicated sequence. o ‘ ’ o T
. (@) MC (mdsfer clear). | |

.v (c) ‘Using the operator keyboard, enter the |2 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 0, by depressing the BANK 1 or BANK 2 switch.

(f)  Depress the OPR MEM switch.

PD 2134500
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(9) bDepvress the PROC 'MODE swifch

(h)  For high-speed program execuhon, depress the RUN switch.. For
' program debugglng, opercte the STEP swntch

' When program debuggmg, each depressuon of fhe STEP swntch ccuses the
'processor fo perform one memory cycle. The number of memory cycles reqmred

“to perform'an instruction varies with the instruction code. {

The followvng reglsters may be momtored by the Operafor on fhe ocfal

) »readout mdlcator.

o 'z reglsfer —_ mdncates the coni'enfs of fhe cddress referenced on

‘ fhe last depressson of the STEP switch.

° 'S reglsfer -'—‘ mdlccfes the next address to be refereneee.. .
- P regxsfer - mdlcates fhe lesf address refereeced |
e X register — l;vdlcafes resulfs of ar;thmeflc; | loglcal and shlﬂ'mg\
e ;P:%f::f.—e J:s /s lHS?t)‘ucfton fo Le exect«?teJ or in f"w‘ss_ o
efeculion. o C Lo

- -Start Dlsplcy. .

- To mmafe the dlsplay mode of 0perahon, perform the followmg Operahons |

in the mdxcated sequence. ‘

tpD 82134500 |
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(@) MC (mosfer clear).
(b) Depress the LOAD ADDR switch,

(c) Using the operator keyboard, enter the [2 bit
starting address into the keyboard register.

(d) Depress the STEP switch.

~(e)  Select the memory bank for the display operation, if other than |
bank 0, by depressing the BANK1 or BANK 2 switch.

(f) © Depress the OPR MEM switch.
(@) Depress the DISP MODE switch.

() For high-speed display operation, depress fhe RUN switch, For program -
debugging, operate the STEP switch.

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

- ® Zregister — indicates the contents of the address referenced on the

last depression of the STEP switch.
® S register — indicates the next address fé be referenced.
® Pregister — indicates the last address referenced.
e Xregister — indicates the present X beam position.

® Y register — indicates the present Y beam position.

' o : 2-22
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SECTION III
PROGRAMMING

~ PARTA

: ~ Part A of this section contains

pD 82134500
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INTERFACE.

The sbbsysfe&\ Display Controller i'nférface medule is compdfiBle wifh and -
confrols communication wnfh a sfqndcrd CONTROL DATA 3000 Serles Data Chcmnel
.- Refer to the associated 3000 Senes Reference Manval for defmled mput/oufput pro- ..

.'grammmg information. .

_'DATA TRANSFER.
L Transfer of lZ-Bif data "byfes between the Disple‘y“-Conh-'ollver memely'c‘md‘
" data clmmel is bldlrechona! \/4 Wr, fe iTe . oddress funchon selec%memory ;

b

- cddresses for data sforage, and refnev_olio' e Ny Odd parrty lnformahon

T T ‘WWW

" .accompanies each data byte. |

If a panfy error occurs on dcfo durmg a write Operahon (dafa to subsysfem), o

3 the foliowmg occurs.
(a) Subsysfem transmits Parity Error signal aird Reply"; '

() ':PARITY ERROR lndlcaror on fhe momfor ccbmef I:ghfs. It remmns on "
until recelpf of a Mcster Clear s:gnal or depressnon of fhe Operafor

kpanel MC swnfe_h.

- () -. Subsystem stores the data in memory'.

Coon 82134500 .
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CONNECT.
The subsystem interprets the connect code, figure A3-1, received from the

data channel/ as follows.

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

switch number.

(b)  Bits 8 through 0 are not translated.

1 98 0 :

0%////////%

Figure A3-1. Connect Code Format

‘Reply and Reject signals are 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.

(o) Power is on.

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

L5 (N E IS T Y ‘
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(c) The subsystem is on-line.

(d) No transmission parity error.

Reiecf.

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

is off-line. All other conditions are the same as for a Reply. S Zatus [ines are

e}mL/GJ u.u'f// {‘€<:e7/3‘71” O‘F '/ize na,\‘"f Connec% 5:'3M¢L/«

Parity Error.

A connect code parity error results in the following.

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

~N

(b) The subsystem does not return a Reply, Reject, or Parity Error signql. ‘

“(c) The PARITY ERROR indicator on the monitor cabinet lights. It remains
on until receipt of a Master 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

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

82135500 |
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0 6 0 09 0 0|X X X X X X

- Figure A3-2. Function Code Format
(@) Translates bits 5 through O to initiate the function.
(b)  Bits 11 through 6 must equal 0's or the function code translates as an

illegal code.

Reply, Reject, and Parity Error signals are the possible responses to a func~

tion code.

Reply.
If the specified function can be performed, the subsystem initiates the func-
tion and fransmits a Reply. The accepted function locks out all other functions

until completion. All the following conditions enable a Reply.
(@) Display subsystem is connected.
(b) No transmission parity error exists,

() Function code can be performed.

tPD 821345400 A3-4



Reject.

If the specified function cannot be performed, the subsystem ignores the
function code and transmits a Reject. With the exception of being unable to per-

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

Parify Error.
If o parity error exists in a function code and the subsystem is connected,

the following occur.
(@) The subsystem returns a Parity Error signal in lieu of a Reply or Reject.

b) The PARITY ERROR mdlccfor on the monitor cabinet Ilghts. It
remains on until recelpt of a Master Cleor sngnal or depress:on of the

- ope rator MC swntch .

() The subsystem does not perform the function.

PP 82134549 "
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TABLE A3-1.

FUNCTION CODES

CODE

FUNCTION DESCRIPTION
(OCTAL)

0000 Release and Disconnects the display subsystem and clears the
Disconnect interface module logic.

0020 Select Interrupt Enables starting another i/o operation

when the subsystem is on.line, the
on Recdy and Not | ¢ nio) Busy line is inactive, and
Busy peripheral i/o is inactive. Clears
previously generated interrupt on read
and not busy.

0021 Clear Interrupt Clears interrupt on ready and not busy selection

on Ready and Not | and any resultant interrupt.
Busy
0022 Select Interrupt Enables an interrupt upon termination
‘of a read, write, or peripheral i/o
on End of operation or when the processor en-
Operation counters a halt instruction. Clears
previously generated interrupt on end
of operation.
0023 | Clear Interrupt on | Clears interrupt on end of operation selection
V End of Operation and any resultant interrupt.
0024 | Select Interrupt on | Enables an interrupt when the processor
encounters an error instruction (0000_).
Abnormal End of Clears previously generated interrupt
Operation on abnormal end of. operation.
operation.

0025 | Clear Interrupt on "l Clears the interrupt on abnormal end of opera-
Abnormal End of tion selection and any resulting interrupt.
Operation

PD Al-é
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TABLE'.A3-I. FUNCTION CODES (CONT)

CODE

" FUNCTION

'DESCRIPTION

(OCTAL)
1 0026

0027

0040

Select Processor

Interrupt

Clear Processor

lnferwpt ’

Write Address | | A

Write Mgmory. '

e W L Ly mmae—,

o T . e e e e e . . . L N
g 5 e i o R et RN - B
. F . . . b 5 *

'pD 82134503

NowesT ocla

Operchon halts. The progrom address (P) regls-

Enables an interrupt when the processor en-
counters an interrupt data source instruction
(01228). Clears préviously 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 cddress. 776 :
Aof the second data word selects ~ memory bcnk '

O, Isor 2(5 nary 010=2 ‘Zr) Processor or display

ter remains unalfered

Directs succeeding data words from the data =
_channel to consecutive memory addresses, Nor-| . .
maHy, a write address function sefs u‘p the start-

' mg address pnor to the write memory function. |
Processor or dnsplay Operahon halts. The si‘or-
| age address(5) register increments qutqmohcg“y. ‘
The program address (P) register remains .

_unaltered.

Ad=7



TABLE A3-1. FUNCTION CODES (CONT)

DESCRIPTION

Directs data from consecutive memory addresses

~ to the data chcmr‘iel. Norma”y a write address’
function precedes a read memory function, set-.
ting up the initial address. Processor-or display’

_operation halts. The storage address(5) register”

. increments aufomahcally The program . csddress-‘—

: (P) register remains. unaltered.

| Sfarfs processor oPerohon ot the address in the -

.. S register.

* S register.

" Transfers the P register to the S register and -
“directs Operction fo resume in whichevér mode

- (display or proﬁessor) was operating, last. This; ‘
| - endbles. resuming a d ssplay or processor progrcm

| that wos stpped by a read or wnfe l/O operation,

. Starts display operation at the address in the

i
i

CODE :
1 (ocTAL) FUNCTION
0042 | Read Memory
0050 . | Start Processor
10051 | Start Display
0052 " | Resume |
SUBSYSTEM STATUS

T

‘ When connected the subsystem mdncofes its 0perahng status on. 12 Channel

Status lines.

.Table A3-2 hsts fhe status bsfs. R ;

‘

o

S Co
. '.f-x

- PD 82134500
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JABLE A3-2. STATUS BITS

BIT
POS ITION NAME DESCRIPTION
0 .

2 Ready On line.

2' Busy Connected and channel busy or

peripheral i/o busy.

22 Processor Active] Processor active or last active

mode of operation.

23 Display Active Display active or last active

‘ mode of operation.

24 Not Used

25 Not Used

26 Processor Processor interrupt occurred.
Interrupt

7 bys

2 Ready and Not Ready and notninterrupt occurred.
Busy Interrupt

28 End of Operation ProcesSor encountered a halt in-
Interrupt struction (778).

29 Abnormal End of Processor encountered an error
Operation Inter-{ instruction (0000,), read oper-
rupt. ation terminated, write operation

terminated, or peropheral i/o
operation terminated. '

2'O Not Used

2" Not Used

PD 82134500
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SECTION 111
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.
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ARITHMETIC.

‘A processor WQra contains 12 i)?nary d igi‘fs.' Figure BS—T shows bit Pos:i.fion o
- numbering, bi:.'\c:ry~ representation of a 1‘2—;b3t quantity, and bgtol eqL;ivczlen:t of that

quantity. All .arifhmetié is binary, one's .compl‘emen‘f‘nofétion} ,Alfhougﬁ the pro- o
cessor obemf%; in binory, pr{ocessorv;words are repres'gnf'ed.os fqu( oc»faAI d_igifs f.or;,.-: :

- programming convenience.

"M 10 09 038 07 06 05 04 -03 02 O 00

" - Figure B3-1. Processor Word Representation -

*~ . In one's complement notation, ‘p.osiﬁ:ve nu‘mbers' are represented by their o
- binary gquiyulent; negoﬁvé numbers are represented by the one's complement of 3
~ the equivalent positive number.. Form the one's complement by reversing each bit o

‘of a word.

- '_Exdmple:.-. _ N ,
’ +5'= 000 000 000 101 (binary) = 0005 (octal).

~7<5= 111111 111 010 (binary)= 7772 (octal)

PD 82134500
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The crifhrﬁeﬁc module pet;forms all orifhmetic" 0perations. by'. subfraefien.. -
g Adduhoﬁ results from subtracting the complement of the addend from the ougend /
Sub’rrochon does not requure complemenhng. Anfhmehc is modulus 2‘2_- l. That

“is, a borrow generated from the hlgh order end of a 12-bit word subfracfs from fhe

o low order end to provide the correct resulf (end-cround‘-borrow). '

' ’-.A'Z_er'o mey be represented in 6ne_'s complement notation in either of two ways:

000 000 000 000 (plus zero)

Soom m_m'm (minus zero)

, Bofh plus and minus zero are accepfcble as unfhmehc opercnds. There are
~ only fwo cases in whlch a zero ornfhmehc result wull be minus zero, in all ofher

cases, ‘the resulf will be plus zero. These twq cases are:
-0+ (-0)and -0 - (+0)

The programmer mey interpret and use arithmetic operands and results of L
‘arithmetic operations as desired. For example, he rhey or may not treat bit 11'as. -
a sign bit, dependiné upon prograh requiremenfs. '.Treaﬁng bit ,” as a sign~bbit ,_-, :

3 and a minimum vulue of 37778

hmlts opercnds to a maximum value of +3777

" The hmlt for unsugned Operonds is 77778

PD 82134500 o
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MEMORY.

Me mory provides magnetic core storage for I2-bit display
and processor information words. The interface, processor,
dispiay, and operator all have access to memory on a time shar-

ing basis.

MEMORY REGISTER.

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

P - I2-bit program address register. |1 contains the address

| of the last memoky reference.

S,— I2-bit storage address register. |t contains the next B
reference address. Updn completion of each memory cycle,
the S register automatically advances I. |

Z‘— I2-bit transfer register which holds daté being written

into or read from memory.

82134500 B3-3



BANK CONTROL.
When the Display Controller contains three memory banks
of 4096, [I2-bit words each, bank control becomes necessary.

Each bank has 10,000 addresses numbered from 00008 to 77778.

8
Bank control allows independent selection of banks for relative,
direct, and indirect 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 control instructionsfor selection of‘
the relative (r) storage bank. All instructions are in the
relative bank. Also, instructions indicating relative or con-
stant addressing reference the ke!ative'bank. The relati?e
bank also contains the first address for memory instructions.

A change in relative bank initiafes a processor jump.
-Reference the set memory bank cdntrols instruction in the pro-

cessor repertoire.

Direct Bank Control (d).

| Reference memory bank control instructions for selection
of the storage bank for reference by ail 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 memory addressing Operation codes, control logic references
the indirect bank for final operands. Because jump instructlbns
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 prograh may be located in bank
0, 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 I[2-bit X register in the
arithmetic module receives the results of all arithmetic, logi-

cal, and shifting operations.
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: WORD FORMAT.

| A processor instruction word d:vndes into a 6- blf Funchon code (f) und a

. 6=bit execution address (E). Most instructions require on!_y one word of storage |

but ekpanded i'nsfrUcfAions occupy two words, Figdre, B3-2 shows fh‘e. processor |
: ‘instruction word fqrmafs;; The first word contains a 6-531 function code and é 6-b|t ,
iexec-u.ﬁ_.on.cddress field which alwcyg equals ‘zero‘,.in MQ-WOrd 'insi'r.ucﬁons. The’

- second word 'contair;s e '12-bif address or opémnd @), depending on the in;mc},ion"{

Both \‘Nords}'l anﬁ 2musf b‘é_. lo.cai"ed‘ in ;e_aquénficl storage cdo_lrés;és in the’samfe-'_ R

me\;nory bank. -

TR Y bt s e Vs ca EX . . . JRE USRS S SOECION

11} . 6,5 : [

WORD | ' FUNCTION CODE (F) EXECUTION ADDRESS (E)

ALWAYS ZERO IF /

. EXPANDED INSTRUCTION .
LU -0

. w“ | : ADDRESS OR OPERAND (G) - ' . /J

-~ Figure B3-2.. Processor Instruction Wbrd Formats g

ADDRESS MODES

Seven memory uddress modes hsfed in fable B3-1 prov:de maximum 6-bct -

oddress flembuhfy. :
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| ADDRESS MODE
No Address (N)

Direcﬁ Address (D)

Indirect Address (1)

Relative Address
Forward (F)

Relative Address
Backward (B)

Constant Address (C)*

Memory Address (M)*

TABLE B3-1, MEMORY ADDRESS MODES

DESCRIPTION

When the E portion of a processor instruction is a 6-bit

operand, the instruction initiates arithmetic and logical

.operations using this 6-bit operand as o constant. By

combining constant and instruction, this mode conserves

memory locations,

Refers to o 12-bit operand in one of the first 1008 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 firsl'100g memory loca-
tions starting at location 000! 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 jump address by adding E to the

current contents of P. This specifies one of 778

addresses immediately following the address of the cur-

rent processor instruction.

Generates operand or jump address by subtracting E from
the current contents of P. This specifies one of 778
addresses immediately preceding the address of the cur-

rent processor instruction.

The G portion of a 24-bit processor instruction contains

~ the operand.

The G portion of a 24-bit processor instruction contains

the address of the operand.

* This mode uses two sequenﬂo! storage locations, designation for the second
location is G. In this mode, E must always equal zero.

-PD g2134500
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No Addreés Mode (N).

In no address mode, E is the lower 6 bits of an |mphed lZ-—blf operand The
'upper 6 bits of the operand clwoys equal zero. Thus, the E porhon of fhe msfruchon

wpnd becomes fhe Qpemnd_. .

ey

E .Examp!e: ‘r‘ / Loccﬁon’i E
. (.-)0100 ~ LPN , 43A(loc.1d no iaddre:e,sA)‘."..j:'f

(r)0101 ~ next instruction
A l'ood instruction transmits the o‘pefdnd to thé’ X register. The 12-bit . -
operand for LDN 43 is 0043, * The number 0043 goes to the X reglster. Ai' the - ‘
- completion of a no address (N) msfruchon, confrol conhnues af the Iocahon in fhe .

. relchve storage bank (r) speccﬁed by the contents of P + 1. In this case, control

conﬂnues at location (r) 101

‘ DirectbAddréss Mode (D).
. In the dlrect address mode, E selects one of the flrsl' 100 locahons in fhe -

direct sforage bank (d) as the opercnd cddress. . ., -

_ Exomple. : | ‘. Locahon F | “E. o
odoors 12 4 |
(075 WD 76 (load d:reci')

(r)1076 next msfruchon

* All numbers in example programs are 0ctc|| unless sfafed otherw:se.

‘PD 8213 4500
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E spééifies the operand address as (d)0076. This address
contains the quantity 1234 which will be transferred to the X
register. At the completion of a direct address (d) instruction,
control continues at the [ocation in the relative storage bank
specified by the contents of P + |, In this case, control con-

tunues at (r)lo76.

Indirect Address Mode (1).
In indirect address mode, E references 778 of the first
IOO8 locations, starting at location 000l of the direct storage
“bank (d). The lecation (d)OOE is then referenced and the contents.

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

Example: ' Location E E
| (d)oc4s 33 65
(i)3365 46 57
«r)4121 - LDI 45 (load indirect)
(r)a122 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 dikéct (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 + |,

In the above example, control'contunues at (r)4122.
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* There are two (I) instructions which are exceptions fo tbe above rules,

~ JPland JFL:

(a)' -JPI initially references Iocorion (d)OOE. A tronsfer of oontro[ rhen_ .
- takes plcce w:fhm the relohve (r) bank to fhe location specnfned by .

o :.the contents of (d)OCE.

L ®) JFI mmal reference is relahve forword. A rronsfer of confrol fhen
takes ploce within the reiohve (r) bank to rhe address specrf’ed in the"

- relahve forward reference. -

Relaffve Forwérd Address Mode'(F).
In relohve forward address mode, E adds to rhe contents of the P reglsfer. ‘.

B Thls sum becomes fhe effecflve operand address in- the relahve sforoge bank (r) o

'. Example: " Location . f_ S E
| 0233 © LDF. 22 (load forward) -

(r)0234° . next inst.n_Jc:ﬁ‘orw .
L (f)ozss '77" Y I
Addmg E to fhe P regrster ylelds oddress (r)0255. _ The contenrs of (r)0255 ‘
~-goto the X reglsfer Ar ‘ complehon of this msfruchon, X contains 7703, Af

A 'complehon of an (F) mstruchon Whlch does nof cause transfer of confrol con-"

trol continues in rhe re|ahve sforoge bonk (r) cn‘ fhe locaﬂon specuﬁed by confents
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o .of.'P +1. In fhé abo-ve-exqmple, control corit_inu‘eé at location (r)0234. | Forward

: '  Jump insfrucﬁ_oné transfer control E locations forward in the relative bank. -

. Relative Backward Address Mode (B).

The relahve backward address mode funchons slmllar fo re!ahve forward
(3! mbde In relohve backwcmd czddress mode, subfrachon of (E) from fhe COnl’enfs

of fhe P regnsfer Forms an address in fhe relai'lve srorczge bank

REE BN

; .ConSicmf Address Mode (C). ,'

: AH constant eddress mode mstruchons occupy fwo sequenhal sforage Ioca- :

hons. The G porhon of fhe 24-b|t mstruchon word confoms the 0percnd. E always

" equals zero.

s

m

o E,{dmple: Location -
S o1 IbC - 00 . - (load consfanf)
- (r)0103 - STC 00 (store constanf)
: ' ' 2345 e

| (r)o105 'nexfir_zsfru.cﬁon 00

At locaﬁén (r)o101 is a Ioad consfanf (LDC) insfrucﬁoh The“ operand
address is (r)0102 The qucmmy 7337goes to the X regxster. Upon complehon of a_:
(C) instruction, control conhnues in the relahve storcge bank (r) at the locahon En

, .specn‘ned by the contents of P+ 2. In fhxs case, confrol conhnues at (r)0103

4pD 82134560 T men



This address confoir;s a store consfan.f (STC) instruction .  This fronsfeﬁx regisfetl
contents to the operand oddress.” 'In the above >exomple',..the Operdn.drcxddress of
the STC irisfruqfion is (r)0104." The 'quar.\‘fity 7337, in the X regfster os a result of w
the LDC instruction fn (r)o101, goés to IocéfEQn (r)0104, r.eplaci.ng.fh'e‘ con;fanf .

: 2.345:n9w. m (r) 0104 Finc;licon‘.f.enfs' V_of‘(r)O_'].04A are 733;7..'-. (.:‘ongffol'ponfinuens,qf“: "

oros,

Me‘mor;, Address Mode (M).
All memory cddress mode msfrucflons occupy two sequenhcl sforoge loco-" '

“hons. The G pomon of the 24-—b|f mstruchon word contams fhe address of fhe E

opercmd E alwoys equols zero.

E?écmple: " Location ‘
(13477 © LDM - "'-;_,,:-'oo ,ﬁ " (toad memory)
o350 STM - L (sfore memory .
. (r)3503 - next instruction '
S er 66]"["‘

o Goo24 . 02 .34
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Location (r)3477 contains ov load memory (LDM) instruction. The location
(i)lllﬂ becdmes the operand address. fhe qudnﬁfy 6766 goes to the X register.
Upon eompletion of an (M) insfrucﬁoﬁ, vconhl'ol continues in the reluf‘ive sfomge _
bonk (r) of the location Spec:fred by the contents of P + 2.A In fhls case, confrol
continues at Iocahon (r)3501 whlch contains @ store memory (STM) msfruchon?’ The
. ‘.operond oddress of th:s mstruchon becomes (1)0024 Thls stores X reglster qucmmy
| 6766 in Iocahon (1)0024 replacmg quanhfy 0234. Control conhnues at loccmon :

= (r)3503_f _

.‘INSTRUCTIONS

chie B3- 2 lists the processor msfruchons and execution 'nmes. For explcna- |

- tions QF lnsfru_chons that fo”ow, these points c:pply. -

. (@) . All humbers are in octal notation unless stated otherwise.

() . op*equion code descriptions, opera'ﬁons abpear inﬂétequence .

(c) ' .Instruchon descrlphons are by general funchon rather fhan numerlcal
" order. Instructions Whlch may assume more than one oddress mode

. appear under the. genercl function,
(d)  Adescription lists the G portion of an instruction only. with- insfrdcﬁbn;.l

'occbpying two storage words.
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(e) When the Display Controller contains only one hemory bénk,
~only memory bank O can be referenced. Reference to a bank
other than O yields operands and instructions of 77778.

()  XXXX represents an octal operard.

(@)  YYYY represents an octal aoddress.

STOP INSTRUCTIONS.

Stop instructions, table B3-3, stop the processor unconditionally. When the
processor encounters an ERR or HLT instruction, computation stops and, if enabled,

interrupts the data channel.

TABLE B3-3. STOP INSTRUCTIONS
F E_| MNEMONIC NAME
00 | OO ERR Error Stop
77 | XX HLT Halt

NO OPERATION INSTRUCTION.

A no operation instruction (NOP), octal code 000X, does not perform any

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

_ DATA TRANSMISSION INSTRUCTIONS.

Dota transmission instructions enable transferring data between the X register

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

 Load instructions, table B3-4, 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 described under address

modes, .
NOTE
The E portion of LDI and LDF instructions must
not be zero. If‘zefo, ‘the processér interprets
the operation code as LDM or LDC, respectively.
- TABLE B3-4. LOAD INSTRUCTIONS
F E G | MNEMONIC NAME
04 f XX | ] N ‘Load No Address
20 | vy | | WD | Locd Direct
21 | 00 | YYYY LDM - Load Memory
21 | vy I | Locd Indirect
22 00 | XXXX [ LbC | Lood Constant
22 XX o DF | Lood Forward
23 - XX ' LDB Load Backward
’ ,Degcripﬁon‘: operand =X -




~ Load Complement Instructions.

‘Load complement instructions, table B3-5, transfer the one's complement

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

) storage. After transferring the one's complement of the operand to X for each,
* oddress mode, control continues as described under address modes.
NOTE
- The E portion of LCI and LCF insfrucfion:musf not -
be zero. If zero, the processor interprets the

operation code as LCM or LCC, respectively.

TABLE B3-5. LOAD COMPLEMENT INSTRUCTIONS

F | E . G | MNEMONIC  NAME
05 XX . LCN Load Complement No Address
24 | vy | . kKo | Lood Complement Direct .
25 |- 00 YYYY o ICM | Load Complement Memory
25 YY . - 1w Load Complement Indirect
.26' 00 XXX . LCC Load 'Complémenf Constant
26 | xx | | LCF | ‘Lood Complement Forward
27 XX . "~ ICB | Load Complement Backward
- Description: WQ-FX
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Store Instructions.

Store instructions, table 33—6, transfer on'op-ercnd from the X register to fheA‘
operand memory cddress; Execution of a store 'i‘nstmcfién does not qlfer coﬁfehfs
" of the eregisfér’.‘ After storing the Operana for each oqldréss mbde, conffo! c.ov_n._.'
finués as dé;cribed und'er address modes.
. NOTE -
The E borﬁon of STl and STF instructions must not
. "be zero. If zero, the processor interprets the opera-

‘tion code as STM or STC, respecﬁvely.

- TABLE B3-6. STORE INSTRUCTIONS

F . E G MNEMONIC NAME
40 - YY . : STD Store Direct

41 00 YYYY: - STM.  Store Memory
41 YY o | STI Store Indirect
2 | o - |xxxx |  st€ | Store Constant
42 XX .| . sTF | Store Forward
43 XX o STB | Store Backward

Descriptiohi (X)—yoperﬁnd address
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Transfer Internal Registers.

The transfer intemal register instructions (table B3-7) enable saving, modifying,

and sampling the contents of the indicated registers.

TABLE B3-7. TRANSFER INTERNAL REGISTERS

FI E | MNEMONIC FUNCTION
01 ] 00 STX State —s X
o1} o1 PTA P — X
01| 70 YTX Y — X
01| 71 RTX Ry —= X
01| 72 RMX Ry — X .
*01 | 73 RSX Remote Status —» X
01| 74 XTY X — Y
" *01 | 75 XTA X — A]
*01 | 76 XMA X — A2
*01 | 77 XTR X —=+ Remote Control
* Applicable on remote systems only

Example: Location F E
1313 01 72
(RZ) 00 61
(X) 77 57 (original)
x) 00 61 (final)
PD 2134500
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Transfer Bank Controls.

The transfer bank controls to X register (CTA ) instruction enables sampling
the current memory bank selections. Figure B3-2A is onuoctul breakdown of the X
register ofter executing a CTA instruction. Each of the four octals in X designates
the number of its respective memory bank. For example, if memory bank 2 is the
relative bank, the binary equivalent of the lowest octal in X is 010. Storage bank

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

119 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

add one instructions.

Mulﬁply.

The multiply instruction table B3-9, multiplies the contents of X (multiplicand)
by ]28 (multiplier). The product appears in X as an 11-bit signed number or @
12-bit unsigned number, depending on the value of the multiplicand. For a multi-

plicand range of -314_ to +314

8 g’ the product is algebraically correct. The upper
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bit of X is the sign. Al indicates a ncgative number and 0 indicates a positive
numf;ier. If the contents of X are® +3148 or<~3i48 before mbltiplicdfion, the
- magnitude of the product is correct modulus.2]2-l. That is, the product becomes
- a 12-bit unsigned number. The maximum multiplicand for a meaningful product is
'§318.

TABLE B3-9. MULTIPLY INSTRUCTION
F E | MNEMONIC NAME
01 | 12 MUT ~ Multiply X by 124

Deséﬁpﬁon: 128 XX

Example: Muliiply 1314, by 12.
’d;;gsnar (X) = 0314
Multiplier = 0(5]? |
VFinol_ X) = 3770 =f +3770g
" Example: Multiply +315 by 12;.

Original (X)= 0315
~ Multiplier = 0012

Final (X) = 4002 =}4002]
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Add lnstfuctions.

Add inétructions, table B3-9A, place in X the sum of the
A
original contents of XAthe operand. The operand remains unchanged.

Control continues as described under address modes.

NOTE

The E portion of ADI and ADF instructions
must not be zero. |f zero, the processor
interpreTs the operation code as ADM or

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

Fl E| G MNEMONIC 'NAME
06 | XX ADN Add no Address
30 | YY | ADD | Add Direct
31 | 00 |YYyy ADM " Add Memory
|y | ADI Add Indirect
32 |00 | xxxx | ADC | Add Contant
32 | XX ADF | Add Forvard
"33 | XX ADB | Add Backward
- Description: (X) +0perandv§X. |

Subtract Instructions.’
Subtract instructions, table B3-10, place in X the difference between

~ “the original contents of X and the operand. The operand remains unchanged . ‘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 B3-10. SUBTRACT INSTRUCTIONS

F E G MNEMONIC NAME

07 XX .| - SBN. | Subtract No Address
- 34 YY ] sBp ) Subtract Direct

35 | 00 | vyyy | . sBM .| Subtract Memory .

35 . vy | ~ SBI .| Subtract Indirect .
36 [ 00 XXXX SBC | Subtract Constant

36 - XX o SBF | Subtract Forward

"37 XX - o 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, both the operand address and X contain the new sum; _
: anfrol continues as described under address modes.,
"NOTE
. .The E portion of RAI and RAF instructions must not
be zero. If zero, the processor interprets the opera-

tion code os RAM or RAC, respectively.

W
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- TABLE B3-11. REPLACE ADD INSTRUCTIONS

F E- G | MNEMONIC NAME

50 YY - ' - RAD , Replace Add Direct
51| 00 | vyyy RAM Replace Add Memory

51| vy | . RAI - Replace Add Indirect

52 | 00 | xxxx|  RAC Replace Add Constant

52 XX . RAF Replace Add Forward }
53 | XX RAB | Replace Add Backward
| Descrfpﬁon: >(Xl) + Ope.rcmd —>X
(X) =»operand oddress -

" Replace Add One Instructions .

; Repl_cée Acdd one instructions, table B3-12, form the sum of the _op-erand”
plus one in X chd transfer this sum to the operand address. ‘Upon cor’npl‘_eﬁon, bo'th
" the operand address and X contain the original operand increased by 1.. Control -

_continves as described under.address modes. -

"NOTE
‘The E porﬁon'of AOI and AOF in;tﬁ:ctions must
_not be zero. If zero, the processor interprets the

_:0perci;ion code as AOM orIAOC,~ respectively.
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TABLE B3-12. REPLACE ADD ONE INSTRUCTIONS

. F E - G MNEMONIC NAME
© 54 1YY L ‘AOD Replace Add One Direct
55 |00 YYYY | AOM Replace Add One Memory
55 |YY | _ AOI o Replace Add One Indirect - |
56 |00 [xxxx | AOC . | Replace Add One Constant
56 |xx | AOF | Replace Add One Forward
.57 | XX ’ AOB. | Replace Add One ."Bockqud
Descrfpﬁén: operand —» X
(X)+ 1—+ X |
. (X)—poperand oddress

SHIFT INSTRUCTIONS. |

" There are two groups of shift instructions, shift and shift repléce;_

Shift.

Shiﬁ in;fructions, table B3-13, perform an end croundl(c.ircular) l‘eff'shift‘;
' .‘on informai‘“i'on.in. the X registe.r. ‘Bits shifféd eui" of bit position Hb move to Bit‘ »‘
»position 00. -From bit position 00, bits shift into bit posivtion 01, 'etc.; Confr?al 4
" cc;nﬁnjues at location ") P+ 1. : |

. TABLE B3-13. SHIFT INSTRUCTIONS

F E MNEMONIC NAME
01 02 LSt Left Shift One
01 10 LS3 . Left Shift Three
01 1 LS6 Left Shift Six
Description: Shift X left the number of bit positions specified.

!:
1}{
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© Example: . Location F E
T (r)6173 183
X .61 02

Eis not specified since all the'shiff insfrucﬁonsv u‘se' E as pdrf of the opera- o
tion code. X contains 6]02 Af complehon of LSS X contains ]026 and conrrol "

: continues at (r)6l74

- Shift Replace.

B<ecuhon of a replace shlff msrruchon, fcble 83-14 transfers rhe operond
§ ‘ro X, .sh:ﬁs it left (cnrculcr) one bit posmon, and transfers rhe conrenfs of X back
:  to the operand address. Afrer complehon of a shift repl ace, both X and the operand
.address contam fhe shrfred operand. Conrrol continues as desonbed under address o

modes;_ .

- NOTE
""Tr\e E porfion of SRI ond SRF instrucﬁons must not
- be zero.' If zero, the processor lnferprefs fhe opera—

 tion code as SRMor SRC respechvely.. |

2134500 o
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" TABLE B3-14. -SH"IFT:I'R.EPLACE INSTRUCTIONS

F E G MNEMONIC NAME
P70 B2 SRD - | Shift Replace Direct
45 | o0 YYYY ‘SRM | shift Replace Memory
45 1YY | “SRI - | Shift Replace «I_nd'irecf'
- 46 | 00 XXXX | t.SRC | Shift Replace Constant
e | oxx ' ' SRF Shift Replace Forward
7 | xx  sRe Shift Replace Backward
‘. Description: operand = X
o : shift X left cfrcuiar 1 bit position
- (X)--? éperand 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 B3-15. LOGICAL PRODUCT INSTRUCTIONS

F E G MNEMONIC NAME .
02 | XX LPN Logical Product No Address
10} YY LPD Logical Product Direct
11 { 00 YYYY LPM Logical Product Memory
1T} YY - LPI Logical Product Indirect
12 | 00 XXXX LPC Logical Product Constant
12 | XX LPF Logical Product Forward
13 | XX LPE Logical Product Backward
Description: Logical product of (X) (operand)=$X

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.
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Example: -

(X) (binary) - 111010 001 101

_ operand (binary) ~ 010000 100 111

. selective complement (binary) 101 010 101 010

.Conirol eontinues as described under address modes.

NOTE
‘The E portion of SCI and SCF instructions must not
* be zero. If zero, the processor interprets the ‘

operofion code as SCM or SCC, respectively.

- "TABLE B3-16. SELECTIVE COMPLEMENT INSTRUCTIONS

F| E | 6 [ MNEMONIC NAME
03 | XX ~ SCN .| Selective Complement No Address
141 YY | ‘ _SCD - Selective Complement Direct
15 00 | YYYY ~ SCM | Selective Complement Memory
151 Yy | SCI Selective Complement Indirect
16 1 00 | XXXX | SCC Selective Complement Constant
161 XX - SCF | Selective Complement Forward
171 XX | - SCB Selective Complement Backward
3 Description: ‘Selécﬁve complement Xn for operandn =1
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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 1X 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, SDC, 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 relative bank
control (r) alters the bank from which the next program instruction will be read.
After assigning the reléfive mode to a memory bank, program control transfers to the
relative oddress 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 F E <
(r=0)3100 LDC 00 4600
(r=0)3102 DRJ 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.

' 5
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' JUMP INSTRUCTIONS.
o Jdmp instructions teminate the current program sequence and initiate a 8
" ‘new sequence at ad ifferent mer'r'rhory.oddn.'ess . Certain jump instructions uncondi- :
program ’ while ' '

' tionally change the sequence , contents of the X register condition offer jump " .

- :instructions.,

- . Conditional Jump Instructions.

- Conditional jump instructions, table B3-18, test the X register for the -
. condition stated. If the specified condition exists, control transfers forward or B
“backward in the relative (r) bank XX locations. If the specified condition does .

. not exist, control continuesat P+ 1.

_ TABLE B3-18. CONDITIONAL JUMP INSTRUCTIONS'

1 F. E MNEMONIC - NAME
1 60 XX -} ZJF - | ZeroJump Forward
61 .. XX . NZF . o ~Non-Zero Jump Forw.cn;d ~
62 XX " PJF ~ Positive Jump Forward ‘
63 | xx NJF Negative Jump Forward
64 | xx' |z | Zero Jump Backward
;55 XX | NZB ' Non-Zero Jump Backward
66 | XX - PB Positive 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). Negdtfve

zero (7777) does not meet the jump condition,

t»(b) - X not zero. — X contains any qu’anfity other than 0000.

() X positive — bit 11 of X is 0.

) :X negative — bit 11 of X is 1.

Unconditional Jump Instructions. -

Unconditional jump instructions, table B3-19, transfer program control

" regardless of X register contents,

" TABLE B3-19. UNCONDITIONAL JUMP INSTRUCTIONS

F E G MNEM ONIC NAME
70l oy | et | Jump Indirect
’ 71 - 00 3 YYYY - JPR " Return Jump
71 XX . SR Jump Forward Indirect| =
74 |ooxx | oxxxx | gPD Jump Display

fpD 82134500
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~ Jump Indirect.
The jump incjirecf instruction (JPI) transfers program control to kthe relative
(r) bank location speciﬁed by tHe confenfe of direct (d) bank locoi’ion 00YY. Aff.e-r‘
execuhng the JPI 43 instruction in the following example, since (d) 0043 contains

' 3662, progrcm confrol fransfers to Iocahon (r)3662

Example:i - ‘ Location : E E :
» L OYYY . 83
-@)oo43 36 62

() 3662 = Conﬁnee ‘

' "Return Jurﬁp.
The refurn |ump (JPR) msfruchon trcnsfers control from the main program
sequence fo a program subrouhne. In dou ng fh:s, reference flgure B3—3, it provndes'

* a method of returning from the subrouhne to fhe next sfep in the main progrdm. :
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MAIN PROGRAM

" |appRESs | msrRucTioN
F 1] G

I —

) 1173 |71 |oo

(r)-117% | 12100

() 1175 | X X | XX
" .

INSERT ADPRESS OF
NEXT /MAIN PROGRAN]
STEP(1175)

SUBROVTINE

-f D,
ADDRESS FI ”15 éu?’/g/

_

/

RETVRN TD NEXT
MAIN PROGRAM STEP

=
()2 00| 1/ 75
Y

w20l (23 o]

Jump,_
To

®2102]40 | 50]
1

e — Y -
SUBROUTINE. STEPS

e e o — - ey

0 2300| 70 | 50 | S

Figﬁre; B3-3. Return Jump (JPR) Application

"A return jump increases the contents of P 'by 2, providing the address of

the next main program step (r)1175 in this example . "The processor transfers this

oddress [(r)l 175] to location (r) YYYY @')2100 in this example]. Program control

: 4tronsfer§' to location (r)YYYY + 1 [(r)ZlOl} Load backward and store direct

instructions at the beginning of the subroutine, F?gure B3-3, enable an indirect - -

| jump to address (r)1175 of the mc?in program after subroutine é_ompleti'on. -
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Jump Forward Indfrécf.

| Jump forward fndirect instructions transfer program control to the relative
(r) bank address specified by contents of the storage location XX positions forward.
After executing JFIO7 in the 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 F E

—

(r)5162  JF1 07
r)5171 04 23

NOTE
The E portion of the JF1 instruction must not be

zero. If zero, the processor interprets the opera-

tion code as a JPR instruction.

Jump Display.

Jump display (JPD) instructions transfer program control to the display mode
of operation at the address speciFiéd by G. In the E portion of JPD instructions,
bits 0 and 1 specify the d‘isplay'memory‘ bank as fol l_ovys. |

BIT  BIT

Bl %, BANK
| 0 0

0 1 1

10 2



Bit 5 of E determines whether to resume or clear the display. If bit 5isa 1, display

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

Iﬁterrupt lines and instructions enable effective processor
handling of the manual input devices (alphanumeric/funtion key-
beard and light pen), remote interface communication, and peri-

pheral equipment connected to the input/output channel.

Lines.
Interrupt signals, transmitted on one of four interrupt lines,

~notify the processor of external requests for action. An inter-
rupt initiates transfer of processor program control to a fixed
memory Iocation without losing the information needed for return
to the main program. There are four interrupt lines: 10, 20, 30,
and 40. When an interrupt occurs on one of these lines, the
processor stores the contents of P at location (d)00l0, (d)0020,
(d)0030, or (d)0040, depending on the line which generates the
interrupt, and takes its next instruction from (r)ooll, (r)oo2i,
(r)oo3t, or (r)oo4l. The adcress at location (d)00i10, (d)0020,
(d)0030, or (d)0040 enables retﬁrning to the interrupted program

with a jump indirect instruction (70YY).

Interrupt 10.
Interrupt 10 is a manual interrupt generated by a manual
input device. 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 line 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 détermine

which equipment generated the interrupt.

Interrupt Servicing.

A scanner sequentially interrogates the four interrupt lines. Detection of an
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 cleared with an external function to the

interrupting peripheral unit. The Display Console 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.

s TABLE B3-20. INTERRUPT INSTRUCTIONS ' 1
LF E MNEMONIC  NAME S
01 20 . CIL Clear Interrupt Lockout
01 21 ‘ | o oSIL '- Set Interrupt Lockout

0/ 22 - _IDS - Interrupt Data Source

Clear/Set Interrupt Lockout.

After detection of an ihferrupf 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.

D ‘;_,-,‘ . .
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Interrupt Data Source.

The interrupt data source (IDS) instruction permits processor
interruption of the data source when a predetermined condition occurs.
1f properly enabled by an 0026 function code, this instruction places

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

line.

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 routine. When
interrupted, the next address in the active routine goes to direct address
0010 and a processor interrupt routine begins at relative address 00ll.

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 interfogating 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 inputv
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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TABLE B3-21. MANUAL INPUT REGISTER INTERROGATION

?ggTRAEfi‘ Fl e | o DESCRIPTION
0043 74 1 O | R1—>X
0044 l6 | 00 SelscTive ComplemenNT
0045 0400 | Mask For Light Pen Interrupt Bit
0046 60 | 20 | X =0000 — Jump to Interrupt Routine
. X #0000 — Go to Next Instruction

In the case of funcTion/status and a/n keyboard interrupts, examine.
bit Il of the display state register. |If bit Il is a logical |, 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 |l of the display state register is a logical O,
return to the interruptﬁ%rncessor routine with a jump indirect to the con-
tents of direct address 00]0.

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

as previously described.
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INPUT/OUTPUT INSTRUCTIONS.

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

processor and peripheral equipment (unit).

TABLE B3-21A. INPUT/OUTPUT INSTRUCTIONS

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 {1 00 INX Input to X
76 | 77 OTX Output from X
*(r)(P)+00XX = FWA of the input or output area
YYYY = LWA +1 of the input or oufput 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:

(@)  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+ 00XX, 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 will take place and at its completion, control
will continue at (r)(P)+2. If no peripheral unit has been properly
selected, the processor will be indefinitely delayed (hung up).

Information transfers initiated by INP and OUT instructions
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+| actually written into or read out of memory
during the input or oﬁtput. Although the FWA and LWA of the input/
output memory area are in the relative memory bank (r)) /T%ey
specify locations in the indirect memory bank (i). The following
program example reads IOOO8 words from a peripheral unit and

stores them in memory locations (i)lOOO8 through (i)l7778.

NOTE
The E portion of INP or OUT instructions must

not equal zero.

PD g213450Q9
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Example:  Location

(r)1134 INP 33 2000

(r)1136 Next instruction
(1167 10 00 (FWA)
Final X) 20 . 00 (LWA +1)

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 an
illegal selection delays the processor indefinitely (hangé it up). One example of an
illegal selection is atfempﬁng to select a mégnefic tape unit for reading Qhen the

unit is off.

* Most peripheral units ho-ve a status request code. When such a code is given
and followed with an INA instruction, a 12-bit status response 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,

B3-38C
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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 i;c, 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 @ unit is selected for recding'cnd then status is requested of that unit,

another read selection must be made before any further reading can 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 equipmeni;s which transmit less than one full computer
word at a ﬁme, information transfers to and from the low order portion of X. Program
control continues at (r)(P) +1. Attempting an IN Aor OTA with no peripheral

unit selected hangs-up the processor.

PD 82134500
| B3-38D



DISPLAY REPERTO.IRE.

Thé'display mode of operation (activated by fnterface
function code, processor jump-display instruction, or operator
panel) enables displaying symbols, points, and vectors on the
crt. Display commands may be Jocated 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 beam position.

" Table.B3-22 presents the display repertoire. For the following

explanations, all numbers are octal unless stated otherwise.

ENTER MODE COMMANDS.

Codes 40 through 47 define display operating modes. Even
codes select mode |. Odd codes select mode [I. Bits O through
5 of an enter mode command assign display parameters for the

selected mode, figure B3-5,

" Mode | Position Words.

Mode.| position words, figure B3-6, contains X poéitional
information in odd words (first, third, etc) following the
enter mode command and Y positional information in even words.

Two position words follow each enter mode command.

PD 82134500
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3] 6,5 0

DISPLAY
PARAMETERS

4X

Figure B3-5, Enter Mode Command Format

1" 10 9 0
ODD WORDS 0 % _ X OR AX '
: : N RELATIVE '
EVEN WOKDS v 0 \ YORAY
\nLA; K

Figure B3-6. Mode I Position Words

Bit |1 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 posfﬁonal 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 1in bit 10 of the Y position wérd allows the beam to be positioned but not

oo
unblanked. ' '91 _ared it k)

5 4
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Absolute Positioning.

Absolute posifi§ning, 0 in bit 10 of X position word, transfers bits O 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 ert'
rasfer. Minimum and maximum X, Y position values are 0000 and 1777, respectively.

~

Example:

INITIAL POSITION FINAL
COORDINATE  POSITION WORD 1 POSITION

X 1232 0441 0441
Y 0573 1172 1172

Relative Positioning.

Relative positioning, 1 in bit 10 of X position word, enables updating
the current X, Y position coordinates. The 10-bit AX, AY values in the position
- words combine with the current X, Y coordinates, yielding new X, Y coordinates.
- AX and AY are either positive values or negative values expressed in 1's complement.
Minimum and maximum positive A values are 0000 and 0777, respectively. Mini=-
mum and maximum negative A values are 1777 and 1000, respectively. Table B3-23
lists some examples of X, AX relative positioning combinations resulting from 1's

complement arithmetic.
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TABLE B3-23. POSSIBLE X, AX COMBINATIONS, RELATIVE POSITIONING

| 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 b +0777
3 1000 0777 1777 b +0777
4 | 1001 |o777 | ooo1 |< - 1000
5 1777 oz | o7 | - 1000
6 1777 {1777 1777 NONE 0000
7 1777 1000 1000 I: - 0777
8 1000 | 1000 0001 - 0777
9 .0001 1000 | 1001 - b +1000

ALL NUMBERS ARE OCTAL

Mode 11 Position Word.

Mode II position words, figure B3-7, 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 Il command. A 1 in bit 5 of an enter mode 11 command

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

before being added to the previous X, Y position, A 0 in bit 5 of an enter mode II

command selects scale 1. Scale 1 results in AX, AY values being left=shifted 1

PD 82134509
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position before beiing added fo the previous X, Y position. Bits 10 and 4 are sign
bits for AX and AY, respectively, A1 indicates a negative A value in 1's com-
plement. A O indicates a positive A 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 I POSITION
o

X 1232 0532 1244 ¢ scaLe 1
Y 0573 0561
X 1232 0532 '303 SCALE 3
Y 0573 052
n 10 6 5 4 )
o lsiGN AX BLANK [SIGN AY

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, AY (OCTAL)

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

500
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Plot Point Mode.

Codes 40 and 41, figure B3-8 select plot point mode. Code 40 initiates
mode I which uses mode I position words. Code 41 initiates mode 11 which uses a
mode II position word. A 1 in bit position 4 of either mode causes blinking of
displayed vpoinfs. Display logic remains in plot point mode until recognition of a

new enter mode command.

n 10 9 8 7 6 5 4 0

PLOT POINTMODEI(40) | 1 | 0 | o f o | 0 | 0 % PLNK W///////
. MOTPOINTMODEN @) | 1 | 0 | 0 | 0 | 0 | 1 [SCALE|BLNK %///////////A

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 allows both

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

and center of the crt raster. The center point blinks.

Program Comments
4000 Enter pliot point mode |
0000
Plot point at lower left corner
0000
0000 :
Plot point at upper left corner
1777
1777 '
Plot point at upper right corner
777
1777
Plot point at lower right corner
0000
4020 Enter plot point mode I ~ blink
3000 (AX =-0777) Blink point at center
0777 (&Y=+0777)
"~ Mode 1.
Plot point mode |l requires only one position word for each
. point. Both AX and AY values are in a mode || position word. &X

and AY binary weights, table B3-24, dependent upon the scale
selected in the enter mode command. A O in bit 5 of the enter
plot point mode Il command selects scale | and a | selects scale
3. Scales | and 3 shift the X, AW values left | and 3 positions,
respectively, before adding them to the previous X, Y position.
A} in bit 5 of the position word allows crt beam positioning but
inhibits unblanking the point. A O in bit 5 allows both position-
ing and point unblank. ' .
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Assuming an initial crt beam position of X=1000 and Y=/000, the

following program plots points at the corners of an imaginary

square centered on the crt raster.

long.

_Program

4100

3232

ooi2

1200

0025

Plot Symbol Mode.

Codes 42 and 43, figure B3-9, select plot symbol mode.

Each side

Comments

Enter plot point mode I|

is 24 positions

Plot point at lower left corner
(X=0766, Y=0766)

Plot point at upper left corner
(X=0766, Y=1012)

Plot point at upper right corner
(x=1012, Y=1012)

Plot point at lower right corner
(x=1012, Y=0766)

42 initiates mode | which uses mode liposition words. Code 43

initiates mode |l which uses a mode I'l position word.

Display

logic remains in plot symbol mode until recognition of a new

enter mode command.

"the basic symbol set.

Code

Plot symbol mode command automatically selects

PLOT SYMBOL MODE 1 (42)

PLOT SYMBOL MODE 11 (43)

11 10 9 8 7 3 5 4 3 2 ‘v, 0
1 0 0 0 1 Q V// BLINK| OR % SIZE %
1 0 0 0.} 1 1 |scate| sunk| OR 2%:;2 SIZE ;%j;ﬁ

‘Figure B3-9. Plot Symbol Words

Bit positions 4, 3, and | of either mode select blink, orient-
ation, and size respectively.

blinking of following symbols and O inhibits blinking.

PD 82134500

Al

B3-48

in bit position 4 selects



Al in bit position 3 plots symbols rotated 90 degrees

counterclockwise and O plots symbols in normal orientation. A {

in bit position | selects large size symbols and O selects small

size. Reference table B3-25 symbol sbacing.

TABLE B3-25. SYMBOL SPACING

p
s

HORIZONTAL
BIT - SYMBOL HORIZONTAL VERTICAL
POSITION 1 SPACING SYMBOLS/LINE | SYMBOLS/COLUMN
(OCTAL) (DECIMAL) (DECIMAL)
0 (small) 14 - 86 64
1 (large) 20 64 43

Display logic automatically interprets the first word

following the enter plot symbol command as a symbol word. Bits

6 through Il of the symbol word, figure 3-10, define symbol set.

Symbol code |7 selects the extended symbol set, and all 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.

11 615

Set Code Symbol Code

Figure B3-10. 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 | and Il plotting.

B3-49
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The following example program, using plot symbol mode 1, plots four, small

size, 90 degree letter "B's" equally spaced along the left edge of the raster.

Program ' Comments
4210 Enter plot symbol mode (90 degrees small)
0062 Symbol word(8)
0000 . | 5
Plot "B" at lower left corner (absolute) . -
0000 ’
2000
0525 Plot "B" af X = 0000, Y = 0525
. 2000
Plot "B" at X = 0000, Y = 1252
0525
0000 ‘
Plot "B" at upper left corner
1777 |
Tabular Symbol Mode. N

Codes 44 and 45, figure B3-11, select tabular symbol modes I and 11,
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, Y position.
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n 10 9 8 7 3 L} 4 3 1 0

. 2
TABULAR SYMBOL 7 7
MOOE 1 (24) .| o 0 1 0 0 //A BUNK]| OR ///é S12€ V//A
TABULAR SYMBOL : 0 0 \ . T Teone : 7, 7
MODE 11 (45) BUNK| CR /4 StZE 1/5;
Vs

Figure B3-11. Tabular Symbol Word

Al in bit 4 of either mode causes following symbols to blink. The

size of the symbol (bit 1) determines the automatic spacing between symbols

as follows.

Bit | Spacing Symbol/Line Vertical Symboly
- Column (Decimal)
¢] |48 86 | 64
I 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 line 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 (I17) selects extended symbols,

and vice versa.
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Except for the positional information, tabular symbol mode I and mode 11
are identical. Display logic treats all words following the position as symbol words,
figure B3-12, until reéogniﬁon of an escape code (32) in either symbol position.

Reference the symbol repertoire heading for basic and extended symbol sets.

1 6 S 0

SYmsOtL 1 SYMBOL 2

Figure B3-12, ASymbol Word for Tabular Symbol Mode

.Assuming an initial beam p&sifion 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‘ | Comments

4542 Enter tabular symbol mode 11 (scale 3,
large size, normal orientation) |

2701 - AX=-100, AY = 10

4317 L, case shift

6151 . a,r

6765 g, e

3200 escape
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" Vector Mode .

Codes 46 and 47, figure B3-13, select vector mode. Mode I, code 44,
enables painting full-length vectors for absolute position words and half-length
vectors for relative position words, Code 47 initiates mode 1. Scale 1 (bit 5= 0)

allows vector lengths up to 408 and scale 3 (bit 5 = 1) allows vector lengths up to
2008 in both X and Y directions. The distance between crt beam posiﬁon‘s is 0.0117
inch. Either mode permits selecting blinked or dashed vectors with a 1 in bit posi-

tions 4 and 3, respectively.

n 10 9 8 7 é 5 4 3

victormooet@) | 1| o f o f v 1 fo %BUNK pAsH %////////A/o/é
vicrosmoornun | 1 j o j o |1 |V | [scaejpuncorss W

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 using absolute coding, the position
words contain the vector end point and become the starting point for the next
vector. In relative coding, AX and AY values add to the current vector starting
point, forming the next vector starting point. This feature enables "head-to-tail"

vectors by simply programming a series of end points.
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Example 1: Draw a box around the display area.

Progmm Comments
4600 | Enter vector mode 1
0000 Position blanked crt beam to
2000 “lower left corner
0000 |

Upper left corner
1777, '
1777
Upper right corner
1777,
1777 :
Lower right corner
- 0000
0000
' Lower left corner
0000

Example 2: With each side equal to 100, draw a square around the center
of the raster, "Use dashed vectors and assume an initial erf

beam position of X = 1000, Y = 1000,
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Program Comments

4750 Enter vector mode 11 (scale 3, dash)
- 3373 MX=-40, AY=—40, blank

0010 OX=00, AY=+]100

1000 AX=+100, AY=00

0027 MX=00, AY=—100

2700 MX=-100, AY=00

JUMP COMMANDS.

Codes 52 and 53, figure B3-14 provide memory jump cap-
ability. For a direct jump, code 52, the 12-bit word follow-
ing the jump command becomes the jump address. Program control
transfers to the jump address in the memory bank specified

by bits 0 and | of the jump command.

Bit 2 of the jump command selects the mode of operation,
display or processor, following execution of the jump. A O

continues display mode. A | selects processor mode.

PD 82134500 5355



BANK pso

o CT T s
PROCESSOR/ DISPLAY

Figure B3-14, Jump Words

A return jump command, code 53, occurs within the same memory bank as

the instruction, no bank selection. A 12-bit address word follows the return jump
command. Executing a return jump stores the present address plus two at the loca~

tion specified by the address word. Program control transfers to the contents of the

address word plus one. Reference the return jump application, figure B3-3.

IDENTIFIER WORD,

Code 54, figure B3-15, stores bits 0 through 5 of the identifier word in the
Identity register. The intemal processor examines the identity register by reading

the state register. The last received identification code appears in bits 0 through 5

of the state register.

PD g2134500
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Figure B3~15. Identifier Word

Figures B3-16 and B3-17 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 R3. Refreshing R3 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 idenﬁﬁcoﬁgn code for R3. After determining R3
generated the interrupt, enabling the keyboard permits entering a different resis-
tance value for R3. ‘In this manner, the design engineer modifies a circuit for

desired characteristics.
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-20V

R, 2.4K
oUTPUT
K.
INPUT o ANA/ 9 Ql
620
R3
10K
+20V

Figure B3-16. Typical Circuit Display
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IDENTIFICATION
CopE [OR
REs:sro,_g R3

[DISPLAY” R3]

TERRUDT o~y Mo /'“-,_D /TS‘
INITERRUPT —{ i KESIrZI‘/)r.t;I:‘
(VALVE ]
DETERRINE NOS [ OA— JINTERRUPT
INTFRREYT SOURCE bg— ’LJE;H(T 1>/,;1> £
. < NTER U S AN
D Rockss | YES CONTINVE
DISPLAY  ~4—
ROVTINE
_ Y
INTERROGATE
STATE
REGISTER
Y
asssrero\ P ES
(A STOR) —— PRocESS F—
No .
Y
RESISTOR\NO
CODE
JES
DEIERINLE
WHETHER R, )Ry, 0k
R3 WAS LIGHT
\PENHED
ENABLE £6¥RoARD
ENTRY OF A Niw

RESISTeR VALVE

Figure B3-17. Typical Identifier Word Usage
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START REFRESH.

The start refresh command, figure B3-i8, controls the display pattern
refresh rate. Recognition of code 55 triggers a 20-millisecond delay.
Detection of another code 55 before delay termination stops display. After
delay termination, display resumes and another 20-millisecond delay begins.
Detection of code 55 after delay termination begins another 20-millisecond
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

B3-19 for a start refresh ¢xample.

WARN I NG
Each display pattern must contain a start

refresh command or damage to the crt phosphor
may result.

1 10 9 8 7 é 5

Figure B3-18. Start Refresh Cycle Word
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PROGRAM
Sf’ar‘!’ Rcrresl. GMManJ %_"‘

Dis PLAY
DATA

\TUMP Command

Figuré. B3-19. Start Refresh Example

OPERATOR DEVICE CONTROL.

Codes 56 and 57, figure B3-20, endble or‘discble the manual operator control
devices by setting or clearing appropriate bits in the manual input register, figure
B3~21. Bits 2 and O of the ope;’ator 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.
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mwewe [ 0 L L - 00
z i‘ | |

. 5 4 3 )
72 o ARIN
DISABLE OPERATOR f
DBEVICE (57) ! 0 ‘ ! ' ) ‘ /////7//’ ol é//// ;uf;,/.cf

Figuref3-20. Operator Control Device Words

I 10 9 % 7 L & 32 | ©

L A/N KBD ENABLE

LIGHT PEN ENABLE.
AN KBD INTERRUPT
FUNCTION/STATUS INTERRUPT
LIGHT FEN LNTERRUFT

Figure B3-21. Manual Inpui Register (R])

» .
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: CyseT  USH S X34 - 1068
SYMBOL REPERTOIRE.
Tables B3-26 and B3-27 list the basic and extended sumbol
sets and codes, repectively. Tt BAE
T
2
-
TABLE B3-26. BASIC SYMBOLS
CODE SYMBOL CODE SYMBOL CODE SYMBOL
»——-(OCOBAL) l : (C°|0n) ~-——(oc;2£_)—l v }__,(QEZAL)__J ~
01 1 27 X 55 [
02 2 30 Y 56 | 7
03 3 a z 57 > /i >
o4 4 32 | Tobulor Escopc®| 60 .
05 5 33 . ' 61 A
06 3 34 ( 62 8
07 7 35 - - 63 C
10 8 36 _ (under“ne)_’_ &4 D
1" 9 7 A A 65 E
12 g . 40 - 66 F
13 = 41 J &7 G
14 # o 42 K 70 H
15 < @ 43 L 7i 1 .
16 % 9 44 M 72 < v«
V7  ScTShi® = 45 N 73 « (pericd)
20 Spoce 45 o 74 )
21 / 47 P 75 2 N
22 s 50 Q 76 1 A
23 T 51 R 77
24 U 52 Voo
25 % 53 $
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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 code 17 initiates a set shift. With the basic symbol set selected, it

shifts to extended symbol set and vice versa.

"Code 32 causes an escape from the tabular symbol mode. This escape code
may appear in either symbol position of a symbol word. If an escape code appears
in symbol 1 of a symbol word, symbol 2 is ignored. Display control logic fnferprets
the 12-bit word following the symbol word containing an escape code as a display

,

command,

TABLE B3-27. OPTIONAL EXTENDED SYMBOLS

OCTAL| SsYMBOL 1
CODE DISPLAYED DESCRIPTION
00 . B Small Beta
01 T Subscript 1
02 2 Subscript 2
03 3 Subscript 3
' 04 y/ Psi
| oos P Rho
06 r Gamma
o7 ¢ Small phi
10 w Small Omega
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B3-27. OPTIONALLY EXTENDED SYMBOLS (CONT)

OCTAL SYMBOL
CODE | DISPLAYED DESCRIPTION -

n

12

13

14

15 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
L ORI S
: 32 S Tab Mode Esco;:e’ -
33
34
35
36
37
40
41

Small Alpha
Del
Small delta

Sigma

f 9 < 9

<

Plus or minus

“w ¢ODOD

PD82134500 53%4A




B3-27. OPTIONALLY EXTENDED SYMBOLS (CONT)

OCTAL SYMBOL ;
CODE | DISPLAYED DESCRIPTION

42
43
44
45
46
47
50
51
52
53
54
55
56
57
60
61
62

- 63
64
65
66
67
70
71

Integral sign
Partial sign
Degree sign
Delta

Pi

Square root

Theta

—-:rco-nm‘cz.!n:ro@7§D’°°"\'\-‘_n-oo:3—x-

PD82134500 - B3-64B




L]

B3-27. OPTIONALLY EXTENDED SYMBOLS (CONT)

OCTAL SYMBOL

CODE | DISPLAYED DESCRIPTION
72 2 Superscript 2

73 | 3 Superscript 3

74 " = | Quotation mark

75 - ! Prime mark

76 o2 Infinity

77 ? } Question Mark

DISPLAY STATE AND KEYBOARD REGISTERS.

The display state and keyboard (Rz) register supply inform-

ation on display conditions and keyboard data, repectively.

PD gol3hs50y :
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DISPLAY STATE REGISTER.

The display state register, figure BS-]%, is an internal control register

available to the processor for determining conditions in the display control mode.

i

:I
!l 10 9 : 6 5 0
DISPLAY IDENTILFICATION
MODE  CODE ‘-

— 7o bidor S/MLO/ Count
DlstA/ AC'—TI‘VB

A .
Figure B3-lbn. 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 O through 5 equal the last received identification code.
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KEYBOARD REGISTER (R2)°

The keyboard register (R2) accepts data from the alphanumeric/function

keyboard.

With the keyboard enabled, depression of any key other than a function,

: INTER . Lo A
status, or the HYT key results in the R2 setup shown in figure B3-IZ}.

1 10 9 8 7 6 0
RN WS KEY CODE
\\
, DELETE
EOIT
UNE UP
UNE DOWN

A ,
Figure B3—1;‘. Edit and Alphanumeric Key Word (R2) ;

INTER
Depression of a function key or the Hi¥key results in the R2 setup shown
in figure B3-1§\/§

11,10 7, 6 0

\ STATUS CODE FUNCTION CODE

\ INTERRUPT  KEY

PD 92134 5Fiogt(_:)re B3~18A}.’ Function and Interrupt Word (R2)
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Table B3-28 lists the keyboard code assignments,

TABLE B3-28. R2 AND KEYBOARD CODE ASSIGNMENTS

cézos SYMBOL coe|  SYmsoL cgos SYMBOL cgzos T
000 | : (colon) o1 |J o] Rewm # 160 FO
o0 | “ 042 | K 102] Send — 161 F1
002 |.2 043 | L 103 Not used 162 F2
003 | 3 044 | M | 104 163 F3
004 | 4 045 | N 105 164 Fé
005 | 5 04 | O " 106 165 F5
006 | & 047 | p 107 166 Fé
007 | 7 050 | @ 1o 167 F7
o0 | 8 051 | R m 170 F8
on | s 052 | v [ 112 171 3]
o2 | g 053 |$ 13
013 | = 054 |+ | 114
04 | # 055 | ¢ . 1ns
015 | < 056 | ¢ " 116
016 | % 057 | » 17| Notused
017 | Not used 060 | + 120 | Bksp ¢ =
020 | Space 061 | A “ 121} Tab .
o | / 052 | B 122 | Line Skip
022 | s 063 | ¢ 123 | MoT Used
03 | T 064 | D 124 | Line Clr ~
024 | U 065 | E 125 | Not used
025 | v 086 | F {t 126 l
02 | W w7 | G 127
027 | X 070 | H 130 | Not used
o | v on |1 131 | Skip -
031 | z 072 | < 132 | Reset -
032 1 Not used 073 | . (period) 133 Not u;ed
033 s (comma) 074 |) 134 Not used
034 | ( 075 | 2 ) 135 | Not used
s | - 076 | Not used 135 | Tab Set
036 _ funderline) 077 | ; {semicolon) 137 Not used
w7 | A 100 | Not used 140 | Aux Send
_S“O = (minus) it
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PROGRAMMING HINTS.

2'

Use start refresh command in each display pattern.

After transferring to processor mode from display mode,
store the X register contents if they are of value.

Place all negative constants in one's complement notation.
Express negative &X and AY relative position values in
one's complement notation.

Always enable an operator device before attempting usage.
Always select a peripheral unit before initiating an input

or output.

~PD g2134500
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EXAMPLE PROGRAM.

By employing processor, display, and manual operator device commands,
the example program provides a working familicrity with display subsystem pro-

gramming. Figure BB—I?:is a flow chart of the program listing in table B3-30.

Via the data source, store the program in Display Controller memory bank 0
beginning at address 0000, After cctivating 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-
ures B3-2(§Jnd B3-2 'f:;how the tuning pattern and box with tracking cross displays,

respectively.
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TABLE B3-29. PROGRAM OPERATING PROCEDURES

ALPHANUMERIC
KEY DESCRIPTION

B B displays the tracking cross and enables keyboard
selection of other functions. With the light pen, track
or capture mode, the operator positions the fracking
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  DEL deletes the tuning paitern and displays only a box
together with the tracking cross.

S S designates the present tracking cross position as a
vector starting point.

E E designates the present tracking cross position as a
vector end point and draws a vector from S fo E.
must be activated before E.

T 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 data overflow.

EDIT EDIT provides a program resfart.
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706 BE SUPPLIED

A
, AFigure !3’3--2(2,f Tuning Pattern

70 BE SUFPPLIED

A
Figure B3—214. Box With Tracking Cross
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TABLE B3-30, EXAMPLE PROGRAM

MEMORY
LOCATION F E COMMENTS
0000 57 04 Disable light pen
/ 40 00 Plot point
2. 15 50 Tracking cross X position
3 13 70 Tracking cross Y position
4 52 00 Jump —piracking cross
S 04 36 |-
¢ 17 | 27 | Mask o]
7 74 40 Kesume dispfay
0010 XX XX In'ferruffagfprf/vss + /
/ 7/ 0/ anlf rb 'in ffii’r‘u/f/' }"O%+r‘h6
2 00 | 4/ | Tuterrapt rectivie address
3 05 33 Jump address
9 05 32 Mode address
& 77 | 00 | Storage limit
e 71 01 Jump to kbd routine
: )?C))( 7?( Temporay X "5";""'1 slerage
L 3| &3 Tl Cotnand Lbhyess
‘ ;‘ th » %0024 — 0040 S'fora.se oareco—
41 40 20 | Store X position
2 ol 71 R1—X
3 12 00 Logical product constant
9 01 00 Mask 26 — a/n keyboard bit
-3 65 | 27 | (X)#0 jump to kbd routine
6 20 20 | . X position—¥ X
7 07 50 Check left limit
0050 63 16 (X) neg = jump forward 16
/ 06 50 Restore (X)
2 34 06 Check right limit
3 62 13 (X) pos — jump forward 13
4 30| 06 Restore (X)
s 40 02 Update X position
6 ol | 70| (V)X
7 07 50 Check lower limit
0060 63 06 (X) neg ~— jump forward 6
/ 06 50 Restore (X)
2 34 06 Check upper limit
3 62 03 X pos == jump forward 3

PD 82134500
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TABLE B3-30. EXAMPLE PROGRAM (CONT)

MEMORY (
LOCATION F E COMMENTS
0064 30 06 Restore (X)
5 40 | 03 | Update Y position
¢ 01 20 Enable interrupis
7 71 01 Resume interrupted roufine
0070 00 71
/ 74 40 Resume display
A 03 13
3 o1 72 R2-¥X
4 03 62
& 60 32 (X)=0  Begin "B"
6 71 01 First Key # "B", resume display
7 00 07 Becomes "S" check after B
0100 60 42 (X) = 0 = Vector start "S"
/ ol 72 R2—+X
2 03 65 _
3 60 44 (X}=0 Vector end "E"
T | o1 | 72 | R2—X
5 16 | 00 '
6 04 | 00
7 60 12 (X)=0 Delete "DEL"
0110 Ol 72 R2—» X
/ 03 23
2 60 11 (X)=0  Track "T"
3 o/ | 72 | R2—¥X
9 16 | 00
s 10 | 00
e 60 07 (X) = 0—Reset "EDIT"
7 71 01 Resume display
0126 00 07
/ 71 01 Jump—pdelete
2 02 07 A
3 71 01 Jump —#irack
4 02 | 21
S 71 01 Jump—preset
& 02 27
7 23 14 Begin rouftine
0130 43 32
! 22 00
2 22

03

PD 82134500
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TABLE B3-30, EXAMPLE PROGRAM (CONT)

1

IPD g2134t .

MEMORY :
LOCATION F E COMMENTS
0133 43 34 Provide "S" check data
4 04 | 00
-3 41 00 Enable tracking cross display
4 05 33
7 01 20 Enable interrupts
0140 74 40 Resume display
/ 03 13
2 22 00 Vector start routine
3 40 | 00
7 41 14- | Insert plot point command
& 71 | o1
& 01 52
7 22 00 Track routine
0150 46 00
/ 41 14 Insert vecfor command
2 20 02
3 41 21| Insert X position
4 20 03
s 41 22| Insert Y position
”5 04 03 +
7 50 14 { Mode address +3
0160 04 03 :
/ 50 21 4+ X address +3
2 04 03
3 50 22 4= Y address +3
i 04 | 03
s 50 23+ Jump command address +3
6 04 | 03 | :
7 50 13 Jump address +3
0170 22 00
/ 52 | 00
2 41 23 Move Jump command
3 04 | 00
4 41 13 Change jump address
£ 20 14
[z 10 15
7 34 15
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TABLE B3-30., EXAMPLE PROGRAM (CONT)

MEMORY :
LOCATION F E COMMENTS
0200 60 04 (X) =0 = assigned storage overflow
/ 01 20 Enable interrupts -
2 79 40 Resume display
3 03 13
4 01 20 Enable interrupts
5 74 40 Jump _joverflow message
4 02 70
7 22 00 Delete routine
0210 05 14 Address of box
] 41 00 Delete tuning pattern
2 05 13
3 41 00
4 02 03
s 40 72
¢ 01 20 Enable interrupts
7 74 40 Resume display
0220 00 00 .
1 22 | 00 | Inifate track
2 01 47 Address of irack routine
3 40 70
4 01 20 Enable interrupts
S 741 40 Resume display
¢ 00 | 00
7 22 00 Reset routine
0230 71 01
I 41| o0
2 00 76
3 04| 07 |
7 41 00
3 0| 77
e 22 | 00 |
7 03 13 Tuning pattern address
0240 41 | 00
/ 05 13 Tracking cross exit address
2 41 00
3 02 | 03
4 4 13
=3 40| 72
2 04 71
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TABLE B3-30, EXAMPLE PROGRAM (CONT)

MEMORY
LOCATION F E COMMENTS
0247 - 40 70
0250 22 00
/ 05 32
2 40 14
3 40 23
9 22 00
5 05 33
& 40 | 2l
7 40 13
0260 22 00
/ 05 34
2 40 | 22
3 2 00
¢ 52 00
£ 41 23
6 74 40 Jump —» Tuning pattern
7 03 13 :
0270 55 00 Overflow message routine
/ 57 04 Disable light pen
2 44 02 Tabular symbols == large=normal
3 05 40
7 12 | 00
S 23 | 51 | T,R
6 61 63 A, C
7 42 71 K, I
0300 45 67 N, G
é 20 64 Space, D
61 23 |LAT
3 61 20 A, Space
7 46 | 25 o, V
£ 65 | 51 | E R
& 66 43 F, L
7 46 26 o, W
0310 32 00 Escape tabular mode
/ 52 00 Repeat message
2 02 70
3 57 04 Tuning pattern routine
o 46 00 Vector mode I

APD 82134500
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TABLE B3-30, EXAMPLE PROGRAM (CONT)

MEMORY :
LOCATION F E COMMENTS
o3 /‘g (2)8 gg} Lower left (blank)
7 00 | 00 f
0320 17 7
. 17 77} e
2 17 77
3 17 77
4 00 | 00 $
5 00 00
¢ 00 oo} 4
7 7 77}, A
0330 17 77
/ 00 | 00 / .
2 00 00
| i , gg 8(7) Upper left (blank)
5 17 77 ‘
P 00 | 005 |
> 00 | o0} |R
034? 17 77
2 gi 88} Begin 29 box
3 04 00 T
z _ 14 | 00
14 00 '
6 4 | S| ¥
7 14 | 00 «L
0350 04 00
/ 04 00
2 04 oo} “
-43 44 02 Tabular symbols = large — normal
< (l)z gg Top line
2 67 | 51 | G, R
> 71 | 64 | 1,D
036 © 32 00 Escape tabular mode
- 44 12 Tabular symbols — large — 90 degree
EN T ]

PD. 82154500
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TABLE B3-30., EXAMPLE PROGRAM (CONT)

MEMORY \
LOCATION F E COMMENTS
03064 23 24 T, U
KY 45 71 N, I
¢ 45 | 67 | N, G
7 32 00 Escape tabular mode
037 © 44 02 Tabular symbols — large = normal
/ 07 20 Bottom i
2 0] 77 ottom line
3 47 61 P, A
4 23 | 23 | 1,71
5 65 51 E, R
G 45 32 N, escope tabular mode
7 44 12 Tabular symbols — large = 90 degree
040 O 01 77 Left Ii
/ 07 20 eft line
2 65 | 27 | E X
3 61 | 44 | A M
4 7 | 43 | P L
S 65 32 E, escope tabular made
A 42 02 Plot symbol — large = normal
7 00 40 Dash (-)
041 © 10 06} Top ()
é 13 | 00 °P
13 Co .
3 10 OO} R!ghf (")
¢ 10 | 00
Ry 05 00 Bottom (=)
o 05 | 00y
7 10 | oof| ‘eft®)
042 0 42 1 Plot symbol = large = 90 degree
/ 00 | 40 | Dash (1)
2 10 00
3 13 | oof| Ter ()
# 13 oo} .
< 10 00 Right (1)
10 00
47', 05 00 Bottom (1)
043 O 05 00

P2 pazzancen
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TABLE B3-30, EXAMPLE PROGRAM (CONT)

MEMORY )
LOCATION F E COMMENTS
0432 56 01 Enable Keyboard
3 01 20 Enable interrupts
4 52 00 Jump —Prefresh
3 05 30
G 45 00 Tracking cross routine
7 20 00
0440 00 50
/ 20 00
A 20 25 | 4 blank)
3 20 | 50 .
4 00 0(?} -
Y 37 2
7 20 o’% )
0450 17 27
/ 20 0
2 20 | s50f | T (lank)
3 37 27
v 00 OQ)
< - 20 50
V4 56 04 Enable light pen
046 0 41 00 Plot point mode II
/ 00 05 AX =00 AY = +12 (small circle)
2 03 35 AX =+06 AY =-04
3 02 34 AX=+04 AY ==-06
4 35 34 AX ==04 AY = =06
s 34 35 AX==-06 AY =-04
& 34 62 AX ==-06 AY = +04
‘ 7 35 03 AX ==04 AY = +06
047 0 02 03 AX =+04 AY = +06
/ 03 | 40 | AX=-06 AY =00, blank
2 00 11 AX =00 AY = +22 (large circle)
3 05 36 AX=+12 AY =-02
4 03 35 AX =+06 AY = =04
k% 03 33 AX=+06 AY =~-10
2 01 32 AX=+02 AY =~ 12
7 36 32 AX==02 AY =~12
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TABLE B3-30. EXAMPLE PROGRAM (CONT)

MEMORY
LOCATION F E COMMENTS
0500 34 33 | AX=-06 AY=~10
/ 34 35 AX ==06 AY = -04
2 32 36 AX==12 AY = -02
3 32 01 AX==12 AY = +02
4q 34 02 AX=-06 AY = +04
K 34 04 AX ==-06 AY = +10
¢ 36 05 AX==02 AY = +12
o 01 05 AX =+02 AY = +12
0510 03 04 AX =+06 AY = +10
/ 03 02 AX =+06 AY = +04
z 52 00 Jump to current
3 03 13 display pattern
4 57 04 Box routine
i 46 00 Vector mode I
7 gg 8% Lower left (blank)
0520 00 g:c;} 4
/ 17 _
z 17 75’} e
3 17 77
g 17 | 771
< 00 OQj 4’
G 00 o@ P
7 00 0
0530 55 00 Start refresh
/ 57 04 Disable light pen
2 52 00 Jump to current
3 03 13 display pattern”
Storage
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MPLE

P= LWGHTPEN
Sz SET SCALE 7o \oB
V= VEatnicad,

TABLE B3-22. DISPLAY REPERTOIRE

PRYoE, L — C6
B Bl
b= DASH
K= k8D
L- 06
d>Pc,¢m-:

PM. ENTER PLOT POINT MODE 1 (40)

Pmz ENTER PLOT POINT MODE 11 (41)
Smi ENTER PLOT SYMBOL MODE I (42)
stz ENTER PLOT SYMBOL MODE 11 (43)
TMA ENTER TABULAR SYMBOL MODE 1 (44)
w2 ENTER TABULAR SYMBOL MODE II (45)
VA ENTER VECTOR MODE 1 (46)

VM2 ENTER VECTOR MODE 11 (47)

IMP  ADR, BNk (Poocessat
JMD  Ave, BNK (‘btmw

RETURN JUMP (53) RBYT

JUMP (52)
IDENTIFIER (54) ~ TOW

START REFRESH CYCLE (55) RFS :
E@D ENABLE OPERATOR DEVICE (56) '

DD DISABLE OPERATOR DEVICE (57)

B=BLMKk BEAm
ma?.‘l RY,C,C2  o: reELAWS

“X" AND "Y" MODE I POSITION WORDS

mosEZ XN, B B Bumik BEAM
MODE 11 POSITION WORD

SYMBOL WORD (ea;:. SEY 70
‘E” For BRD)
ADDRESS WORD T

~

PD 82134500 B3-40

11109 8 7 6 5 & 3 2°1 o

W IFN Y Y P T S
(ilololololl mlmwmxz' ]

'[1!010l011l0l><lsuloxt\lslzzi ]

(LT oTo Tol i [t bl oSl
[1 | 01 0 ] 1]o]o [\\IBLI‘OR[.I\TSIZE{.‘ |
rloiolllﬂl ISC'IbLIIO'»I <}31251 j
[1]0}01111101\\lmmsr4 ”J\l |
2 I 0 | ol i1l m[au,m /i\f\l '!
Ldolifol o< LP[3|5
B IS R S R SO O O
Gleliilelel —® ]
hioilhiohm

| L 6.i SRR 0f>‘-T.I>Q><Lm\\WJI

:\\b o1 T ]y l>~<.>®<l LPI_/<L’~./M1
{0 [R] ) X+AX

{Lo 8L YrAY |

Lo lsed] ax lBalsies] Ay ]

[ sweoL 1 | SYMEOL. 2 —l

L ADD!..’ESS. . ' |




L |
" TABLE B3-2 PROCESSOR REPERTOIRE AND EXECUTION TIMES R
[ TR - . . . it ‘_( o .
. TIME MINE- TIVE i . £ :

. X OPERATION MON(C CODE| MODE} (microseconds OPERATION MONIC CODE MODE (rmcmeconds ;L Do R
1 S lerror sTOP EsN | e 0000 n 2.4 22t SBK. o ool = e
- " INO OPERATION NOP 000X n 2.4 ’ SBD 34vY d 4.8 1 T ;

‘ Ser ¢ IRt SBM | 3500 m 6.8 | v :
.. z? n‘ > SRJ 001X n 2.4 SUBTRACT S8l 3syy i 6.8 i e
T 1 SET T o SIC 002X n 2.4 ‘ S8C %0 -1 ¢ a4 i . .

f 35;'%&5 - I 003X n 2.4 . SBF 36XX £ 5.6 | L
! MEMOf(Y BANKC 3 sDC 004X n 2.4 el poceiy b se |1 )
) ‘ ORJ 005X n 2.4 q pun R p e : Lo
; ...9? A sio 006X n 2.4 . N S
! :" ACS 007X n 2.4 t STM 4100 m e |' P
1or STl 41vy i 68 | o .
Z8IMEMORY BANK CONTROL TO X | €TX 0130 n 2.4 TORE phb 4200 . e | L
| 19 nne | oix 0100 n 2.4 STF 42%X f N
< | 4 PTX o101 n 2.4 sT8 43%XX b 58 |, - -
A YTX 0170 n 2.4 SRD pye 4 56 | o .
; 'a‘(w!}‘&h:-mx o n 2.4 29,25 oM | 4500 - o2 | L
A ~t= RMX 0172 n 2.4 ; " j rEoS
||TRANSFER INTERNAL R wsx | o3| m 2.4 | JLEFT SHIFT 1 AND REPLACE vl I AR A |
o X =28 xrv | o n 2.4 ; R
i SRF 46XX f 8.0 . L
— AL »=] *XTA 0175 n 2.4 SR8 47XX b 8.0 -
L. l A=} * XMA 0176 n 2.4 z ‘t“ ) Sorv = = S .
H *XTR 2.4 . DT e
Reay con el oxk | 07 | o 22, RAD | sovy | d 72 »
LEFT SHIFT ONE’ 151 0102 n 2.4 RAI stvy ; 9.2 .
L} ‘ LEFT SHIFT THREE v 153 o110 n 2.4 REPLACE AND ADD RAC 5200 c 7.2 RN
LEF= SHIFT SIX 156 o n 2.4 RAF 52XX f 8.0 B C.
Zo 2OR = |MULTIPLY BY 12 MUt | o2 n 2.4 RAB 53XX b 8.0 s
£ ICLEAR INTERRUPT LOCKOUT ciL 0120 n 2.4 2zA.23 won T ey p ; e
35 !pn INTERRUPT LOCKOUT SIL 0121 n 2.4 * aom | 3500 ;-2 R
JINTERRUPT DATA SOURCE Hgl0S 0122 n 2.4 m . U ARERRESS
REPLACE AND ADD 1 AOL 1} 55vY i 9.2 s
LP‘ PN 02XX n 2.4 Aoc | sen c 7.2 I
27 o | lovyY d 4.8 AOF | sexx f 8.0 R
, i tpa | lioo m 6.8 AOB | 57xx b 8.0 e
LOGICAL PRODUCT Ll nyy i 6.8 IR
trC 1200 ¢ 48 | [zErO JUMP , g: o : 32 C :
LPF 12XX f 5.6 . L
LPg 13IXX b 5.6 NZF 61XX f 3.2 I
INONZERO JUMP . P R
1% sey SCN | 03xx n 2.4 NzB | 65xX b 3.2 EAETET
SCo 4vy d 4.8 PIF 62XX ¢ 3.2 e
L cm | 1500 o o8 POSITIVE JUMP e fexx 4 37 RERERRA
- | SELECTIVE COMPLEMENT sCl 15YY i 6.8 T
i scc | 1600 c 4.8 NEGATIVE JUMP N ool B 32 PRI
. SCF 16XX f 5.6 - 4 X 3. IR ‘
"3 scs 17XX b 5.6 LUMP INDIRECT Jpl 70vY d 4.4 RS
54 —1 e )
4 LDN 04XX n 2.4 RETURN JUMP 7100 m 6.8 e A
il o LoXK oD | 20vY d 4.8 3, 34
i eVl BN ¢ o iump FORWARD :Nmkscjm 71X fi X1 Dl R
. } LOAD i 21YY i 6.8 JUMP TO DISPLAY JPD 74%XX m 44 i .
! e | 220 K 48 INP | 72X fi T
C r | 2xx | ¥ 5.6 B%A oo By B ,
‘ [$5]:] 23XX b 5.6 i EXC 7500 m S -
g 2 LeK, || ox | e 2.4 |[neuvOUTRUT EXF | 75X | n 3 ‘
i . o | 24yy [ d 4.8 i INX | 7860 | m .
H LM 2500 m 6.8 O1X 7677 n % -
LOAD COMPLEMENT Lt 25vY i 6.8 - !
wcc | 2600 c PCR b . — - HUT | 77XX | » 2.4 _Ji
LCF 26XX f 5.6 : -
Lce 27XX b 5.6 it
’ ADN 06XX n 2.4 B
20 & ADK ADD 30vY d 4.8 2 . e I A
“laom| 300 | m 8 * Applicable on remote subsystems wnly.
ADD ADI vy i X .
. ac | w0 | e ws |2 ** Not appl icable on remote subsystems.
: ADF 32XX f 5.6 |:
b ADB 33XX b 5.6

= ”—““ . mq B\ﬁ 5? b\s?‘-h Mm ‘
. 3} R e . A tﬁ"r tb ‘ INT“QUPT‘
. P—V(d)qmo

§u782134506



PROCESSOR REPERTOIRE

ME- TIME ) T
| OPERATION MONiC| cODE | MODE | _micrimesonds] OPERATION WONic | coDE | MODE| (microssaonds)
lerroR sTOP ERR 0000 n 2.4 SIN O7XX R 2.4
NO OPERATION NOP | 000X n 2.4 :l) uyy d 4.8
ey M 3500 m 6.8
BEL LS oo ) 2.4 SUBTRACT so | sy | 6.8
o | osie 002X n 2.4 SBC %00 . s
Loa, e | IRS 003X n 2.4 SBF 200 : 56
IMEMORY BANK CONTROLS ¥\@ | SDC 004x n 2.4 sBB %X b 5e
v Fev | DRY 005X n 2.4 -
aA e | SID 006X n 2.4 S0 40vY d 4.8
e o Ay i | ACH 007X n 2.4 ST™M 4100 m 6.8
1 i B
MEMORY BANK CONTROLTO X | CTA | 0130 n 2.4 STORE glc pAARE I et
STX 0100 n 2.4 STF 42xx f 5.6
PTX o101 " 2.4 ST8 43%X b 5.6
YTx 0170 n 2.4
RTX 0171 n 2.4 ::,?A g}g : g';
RMX 0172 n 2.4 N *
TRANSFER INTERNAL REGISTERS | 45y | gi73 n 2.4 LEFT SHIFT 1| AND REPLACE povill Ry A I 2
XTY 0174 n 2.4 SRF oxx : a0
*XTA 0175 n 2.4 Pt XX b eo
*XMA | 0176 n 2.4 :
*XTR 0177 n 2.4 ::ADA gm d ;;
m -
LEFT SHIFT ONE LSt 0102 n 2.4 RAI Siyy H 9.2
LEFT SHIFT THREE L3 o110 n 2.4 [REPLACE AND ADD RAC 5200 ¢ 7.2
LEFT SHIFT SIX Lsé oan n 2.4 RAF §2XX £ 8.0
MULTIPLY BY 12 MUT 0112 n 2.4 RAB 53XX b 8.0
ICLEAR INTERRUPT LOCKOUT ciL 0120 n 2.4
ISET INTERRUPT LOCKOUT SIL 0121 n 2.4 :82‘ ?Z.?’ d 7.2
INTERRUPT DATA SOURCE DS 0122 n 2.4 Ao éw m ‘;;
REPLACE AND ADD 1 ! .
PN 02XX n 2.4 AOC | 5600 c 7.2
LPD 10vY d 4.8 AOF | 56xx f 8.0
LPM 1100 m 6.8 AOB 57XX b 8.0
LOGICAL PRODUCT LPl vy i 6.8
LhC 1200 < 4.8 IZERO JUMP ZiF s : 3.2
LPF 12XX f 5.6 ZJ8 XX 3.2
LP8 13XX b 5.6 NZF 61XX ¢ 3.2
INONZERO JUMP .
SCN | 03XX n 2.4 NZB | 65XX b 3.2
SCD 14vY d 4.8 PJF 62XX f 3.2
SCM 1500 m 6.8 POSITIVE JUMP PIB 86XX b 3.2
ISELECTIVE COMPLEMENT scl 15vY i 6.8
sCC 1600 < 4.8 NEGATIVE JUMP NJF &3XX f 3.2
SCF 18XX f 5.6 NJB S7XX b 3.2
scs 17%XX b 5.6 JUMP INDIRECT Pl 70YY d 4.4
LON 04xX n 2.4 | IRETURN JUMP IR 7100 m 6.8
oD 20vY d 4.8
reet 2100 - o8 LJUMP FORWARD INDIRECT JFL 71XX fi 5.2
LOAD LDI 21vY i 6.8 LIUMP TO DISPLAY IPD 74XX m 4.4
LC 2200 c 4.8
LDF 22XX f 5.6 'o"“J’T % g
LD8 23XX b 5.6 L Exc 7500 .
N | osxx | n 2.4 NPUT/OUTPUT XF | 75xx | =
Lcp 24vY d 4.8 INX 7600 m
™M | 2500 m 6.8 orxX 7677 n
LOAD COMPLEMENT LCI 25YY i 6.8
Lec 2600 . P HALT HLY 77X n 2.4
LCF 26XX f 5.6
LCB 27XX b 5.6 ‘
:grg géoa n 3; ! % APPLICABLE ON REMOTE SUBSYSTEMS ONLY
ADM | 3100 m 4.8 -
ADD ADI vy i 6.8 ' XX OPERAND
ADC 3200 4 4.8 -
ADF 32XX f 5.6 YY = ADDRESS
ADB 33XX b 5.6 I
. t



iHriI0 9 8 7 6 5 4 3 2 {1 O
ENTER PLOT POINT MODE I (40) Amd B [1]|o]o oo ]o [
ENTER PLOT POINT MODE IT (41) Az S| 1|00 |o|o|1 |scAsLi S
ENTER PLOT SYMBOL MODE I (42)8&mi Byt|f1|o|O]|O]1I]O t{orR ZE g
ENTER PLOT SYMBOL MODE II (43)swz sgvd 1 [o]o]o |1 |1 [scAai|or]X e R
ENTER TABULAR SYMBOL MODE I (44) s [1 o Jo [ JoTo [Xuor[xpe ﬁ
ENTER TABULAR SYMBOL MODE IT (45)7rz[1[oo[ o]l a1 or[D oz g
ENTER VECTOR MODE I (46) annnnnoas =

m
ENTER VECTOR MODE II (47) S)gﬂz {ofo] ] 1] lscapLipnsd
JUMP (52)  Omp & dme Aon,gue [H[O]1]o]1]o P [BANK
RETURN JUMP (53) RTS  Aoa ot o]t ]l
IDENTIFIER (54) Jow AN [o[ 11 [o]o D
START REFRESH CYCLE (55) RFS ol 1o
ENABLE OPERATOR DEVICE (56) o0 p« [1]o]t]i]i]o Lr XA
DISABLE OPERATOR DEVICE (57) Tno A«|i|of1 |1 |11 Lp D<A
| mooEd %%8L ([o]R X+AX
"X"and "Y" MODE I POSITION WORDS
» { opA Y +AY
MODE II POSITION WORD M®EZ X%8  |opey AX BLASSN AY
| SYMBOL | svmeoL 2

SYMBOL WORD

ADDRESS WORD

ADDRESS
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