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FOREWORD
This manual presenﬁs 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 82134500 !



@ Book 1 (publication no. PD82134600) — contains six sections; General

" Description, Operation and Programming, Installation and Checkout,

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

two sections act as a supplement to the Hardware Reference Manual.
THustrated instructions for installing the equipment at the site as well as
procedures for making it operational constitu the third section. The
Theory of Operation is concemed 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 difficulty

understanding the logic diagrams. Maintenance consists of preventive

and corrective maintenance procedures while Maintenance Aids provides

useful information for customer engineers.

Book 2 (publication no. PD82134700) — this book contains logic diagrams,
timing charts, block diagrams, card placement charts, schematic diagrams
and interconnection diagrams. In many instances, the back of the preced-
ing sheet is used to explain functions shown on the diagram. This serves

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



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 odded 16 -inter=

connection diagrams.

PD 82134500
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SECTION I

GENERAL DESCRIPTION

The graphic display subsysrerﬁ is a computer-controlled, integrated circuit,
stored program, visual data processing subsystem. The basic subsystem consists of a
Display Controller and Display Console. In conjunction with a large-scale data
processing system, the graphic display subsystem enables solving complex scientific
and data processing problems. The subsystem features an internal sfored program

Or"n'ono.l

processor with anAinpuf/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 inpuf/ou.tput 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 tb increased data handling capability.

‘PD 82134500 -1



 SUBSYSTEM CHARACTERISTICS

e  Stored program
e Parallel mode of operation
e . Binary arithmetic-~-modulus 2]2-1 (one's ’complemenf)
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 microsecond}s'
Access time --- 0.8 microsecondsv
Relative addressing |
~  Direct addressing
- Indirect addressing
. ”.Inpuf/ Output
CONTROL DATA 3000 >Se|”ies interface
12-bit bytes/parallel transfer
Maximum transfer rate --- 208,000 bytes/second
Up to 200 ft. logic cables === subsystem to data source
o Interrupt system

e Flexible processor and display repertoires

‘PD 82134500 )



* Processor execution times—2.4 to 9.2 microseconds

Processor input/ouﬁput channel

Provides peripheral equipment communication

Max imum transfér rate—96 KHz

Maximum cable lengTh—75 feet

Maximum number of peripheral controllers—>5

L) Display times
Random point plot—4.0 to 12.0 microseconds
Incremental point plot—4.0 microseconds
Random symbols—5.2 to 18.4 microseconds
Incremental symbols—5.2 to 8.4 microseconds

Tabular symbols—2.8 to 8.4 microseconds

Vectors
Full-scale diagonal (approximately 16 inches) — 30 microseconds
2-inch vector—less than 12 microseconds |
1/2-inch vector—less than 9 microseconds
® Display charactefistics
21-inch electromagnetic deflection cathode ray tube (crt)
. Display area=~12 inches by 12 inches

Spot size—~0.030 inch (maximum)

_BD 82134500 -
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Positioning accuracy— +1%

Large symbols—O0.210 inch high by 0.160 inch wide (nominal)
Small symbols—0.166 inch high by 0.125 inch wide (nominai)‘
Display refresh rate—nominally 50 hertz (variable)

Display intensity—0O to 50 foot |amberts

Basic Symb;l set—64 symois

Extended Symbol set—64 symbols

I -3A



° Solid state logic

Digital ---DTL integrated circuits
~~-TTL adder ‘

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

60-hertz, single-phase, 120 volt

| 1-4
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’ OPERATIONAL DESCRIPTION.

v'].?he' él'at_a source‘ executive program 'controls -8ll corm’nunicatioh

.Vbetween the data "source ‘and’display'subsystem.’ 'Before data 'source/ .
su'bsystem cqmmunication can take place R the data source must connect the \.
’ subsystem to the connnunication line by transmitting the subsystem connect '
code. Ai‘ter con.nection, function codes set up subsystem operating |

‘condit_ions and initiate operations.~ ‘ Upon »'request ’ the. data’ source can |

obtain information on the oper'atinggstatus of the subsystem.

j ON LINE/OFF LINE smasrsmm STATUS )
When the display su‘bsystem is on line and ready for service y the

) data source transfers data or programs to the subsystem for storage into }

memory. _ The subsystem can also ‘transmit data from memory t0' the data

. source.

The ofi'-line conditionprovides for maintenance and program o
f&ebugging. The operator -'uses the operatorcontrol panel" to simulate": Sl
" :bdate source operations or monitor internal operations of the display

subsystem. Except for the interface module which is 1ocked out while the‘i.
subsystem is off 1ine 3. operation 'within the display subsystem is the samex

dn- either the on—line or oi’f-]ine states. )

U APD 82134500 . 4.



INTERNAL sussrsma OFERATING MODES.

| .' There are two loasic modes of operation within the subsystem,
'display mode and pro_cessor:mode., Since both display and processor share
_the same a’rithinetic and memory. circuitry s they cannot operate simultaneous;ty}
Operating mode can be selected by any one of three sources: ',vdataxsourc'e} )

- operator; or su'bsys’tem‘ internal':prog_ram.

Stored processor and display programs permit independent su'b- '
. system data process1ng and graphic display. In congunction with stored
. programs ) operator controls - light pen and alphanumeric/ function .' .
. keyboard -- provide manual data entry and display intervention capabilities.~_
'fv Stored programs enable independent subsystem operation, freeing valua'ble :

. data- source cOmptrtation'time. '

, ‘Processor. i

| | A flexible processor instruction reperboire ena'bles solving

: complex ‘data processing and engineering design pro'blems. An interrupt
‘ _system enables effective interchange of subsystem and data source in-v ,

" Pormation.
Interlacing execution of processor and display programs presents

: graphic and alphanumeric displays under operator control. Ena'bled op-
_ \ ,

erator controls generate manual interrupts when activated. : A manual

PD 82134500 %



" interrupt initiates a processor vinte)rrupt' routine. By interrogating

' appropriate registers , the 1nterrupt routine identifies the interrupt

~ source and im.tiates a pre-programmed response to the interrupt.' In
.this ma.nner, the operator enters program parameters R selects alternate

‘courses of action (different program su'broutines), or modiﬁes specific ‘

di splay entities.

Display.

In display mode , & display program generates images on: the 12- _

“4inch by l2-inch usable display..area of the 21-inch monitor crt. Vectors :

(straight lin’e's) R poi:rts R and,‘sym'bols Aco‘nrprise a‘-display image.,' ‘ -

A 'Image Generation. ,

An electron 'beam in the crb ‘produces a visible display when it

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

phosphor to glow 'briefly Normally the glow fades within a :E'raction of '

‘a second +00 soon . for the human eye to perceive and identif‘y the image.

' For this reason, the display image must be redra:wn continuously (re- .

:t’reshed) at a rate which makes the display appear stea.dy and of u.niform

'intensity to the observer.' Display re:r:‘resh is under program control. -

" To prevent damaging the crt phosphor, ﬂ,e J}jf/ / fraJram musf /ai /'..\fc a.,.x

,lea.wal-re refres‘ c/e// -~7Z ﬂe eriq/ /’ ea.cz m,.,,, ,,/,s/,// f’/e’ ~. .

\pD 82134507 .
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- “ .Deflection. |
_ Position words s associated with display eo:mnands ’ ‘con'brol electron :
beam positioning’ (deflection) on the crt screen. These position words. |
| 3 specif‘y electron beam deflection to horizontal (X) and verbical (Y)

g coordinates on a sq_uare grid composed of possible electron beam positions. ‘5:
'This grid (called a raster) covers 'l:he 12-inchi by’ 12-inch display area . |
on the crt screen. There are 1021+ equally spaced X positions and 1021&

. equally spaced Y positions ’ ﬁgure 1—2.

0256 -

0i28

00647
0000 : ]
0000 | 0128+ 0256 0512 © 1023
- 0064 ’

X Ais _ »

) ' Note: One resterunit = 040117 inch, 85raster umts 1.0 inch,
i ond 1023 raster units = 12 inches..

DO §

Figure 1-2. 'Display Area Coordinate System
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o Position. words in the display program'select the X and Y coor;- .
dinates for each element of a, display (each point, vector end point and

" symbol matrix center).. A point appears dfrectly on a coordinate position.‘,

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

crt bea.m paints a symbol within an ima.ginary 5 by 7 symbol matrix centered

around a coordinate position.

-, The distance between . t'wo sequent:la.].‘l.y a.ddressable 1ines on. the :
raster is called a- "raster unit" A raster unit represents 1/1023 of

- an :lmage :'m either the X or Y direction. ,

pp 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 ﬁodules 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‘fv,

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.

Displaf controi logic directs actions of the analo%, 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 terminatiqn 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 légiC'adds, subtracts, mhltiplies,'

shifts, and performs logical operations required for data manjipulation.

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 82134500
1-12



stored in or read :E'rom ‘the core memory 1s transferred into or out of

» the memory module via the distri‘bution bus..

v.fCore. Menory. |
A' Each core memory operates in con,ju.nction with the memory control

.module. Within the memor;y controi module R special address translat:lon ';

- 'circuits allow the control circuits to recognize the memory lmnk b selected

: :E'or data storage or data retrieval. :

' Manual Input Module.

Manual input logic provides a data transfer path between the ‘
controller and operator controls. This trans:t‘er path operates during |
" ‘message entry or dur:lng operator modification of a graphic display using','
the 1ight ‘pen.-or keyboard. Manusl 1nput 1ogic also operates in con,junction |
.., with controls on the operator panel, permitting off-line su'bsystem .

,operation.

sPD 82134500



Analog Module.

| Clrcuits within the analog module converh binary dsta, . in the
form of position words and symbol words R into the a.na.log signals received
| .at the monitor. Analog signals deflec’c the crt electron 'beam, generating
. display mages speci:f'ied by the display module. ‘

+PD 8213450y b



DISPLAY CONSOLE,

‘The Display Console is the subsystem uni£ 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 Controllef
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 guality.

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 contrql circuitry
and logic, énalog, and memory bowér supplies. A running time meter,

-

voltage édjustments, and temperature sehsing controls are provided.

PD g2134500 1-15



~ PHYSICAL DESCRIPTION.

The display subsystem is 52-1/2 inches wide, 72 inches deep,
and 48 inches high. All table tops or operator working areas are 29

inches from the floor. Figure |—4 shows unit dimensions.

All external Eabling is through the bottom and rear of the equip-
ment. The equipment weighs approximately 820 pounds. Motor generator

-

weighs approximately 125 pounds.

ENV IRONMENTAL. _DATA.

Table |-l lists the environmental ranges fur subsystem operating

and nonoperating status.

TABLE I~-1. ENVIRONMENTAL DATA

COND ITION OPERAT |ONAL NONOPERAT | ONAL
Temperature +40 F to +I1I10 F : -30 F to + I50 F
Relative Humidity 10% to 90% 5% to 95% (including

: condensation)
Altitude =100 to 8,000 feet -] -1,000 to 15,000 feet

Ambient air cools the subsystem. A blower forces air thfoughra
plenum at the but{om of the controiller cabinet’and up thsough the logic.
Air exhausts through vents beneath the cabinet top. Ihtefnal console
blowers draw in and exhaust cooling air through vents af the rear. Heat ,

dissipation is 8350 BTU/hour.

~PD 82134500 I—l6



CONTROLLER

‘MOTOR-. -
_GENERATOR .

Figure |~4. Controller, Conscle, and Motor. Generator Dimensions
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o The display subsystem operates on 60-hertz, 3-phiace, 208-v§1t‘

" power é.t appfo;cimaﬁely 10 an{peres énd 607-hez;tz , single-phase, 120-in£ _i
ﬁwef at approximately 3 amferés:. - Total pover éonsmnp!:{ion is ,le'sé 'bhari.‘
B 2,000 wa:lrﬁs. , | -

. POWER ON and POVER OFF switch/indicators on the monitor fromt.

Pane]..f”:c;Ontrol_ Vp‘c':wez" appfliéatidn.

APD 82134509 148



 SECTION Ii

'OPERATION

The dlsplay subsystem has two ma|or groups of confrols and indi lcofors,
monitor und operator. Monitor controls cmd lndlcators confrol display quollfy und :
_indicate subsysfem 0perah ng conditions. Operafor confrols |mk fhe operator, dls-—,

.play subsystem, and data souree ina man/machme‘commumcahonhloop,

'MONITOR CONTROLS AND INDICATORS.

Flgure 2-1 shows tﬁe momtor‘ and assoclated controls. Four main confrols :
ud|usf the dlsplay. These are: HORIZ (honzonfal) und VERT (vemcal) CENTERING
controls, for ad|ushng chsplay posmonmg, and FOCUS ond INTENSITY confrols for |
-v od|ushng d lsplay appearonce.v Table 2-1 Ilsts and explams fhe remaining momtor o

controls und mdlccrrors. .

PD 82134500 o
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- Figure 2-1, Monitor -
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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.
Indicator
POWER OFF Switch Depression removes subsystem power.
: momentary
[HI TEMP/TEMP WARN { Indicator HI TEMP lights when an interior
split thermostat detemines 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.
SPAR/CONN Indicator PAR indicates a parity error in trans-
J 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.
LBLANK —_ Reserved.
A/N KEYBOARD Indicator ‘Lights after program selection of the
keyboard.
: Lights
LP TRACK/LP CAPT Switch after program selection of the light
‘ alternate action | pen, switch depression selects the
Indicator desired light pen operating mode.
LP TRACK lights for tracking mode.

split

LP CAPT lights for capture mode.

PD g213450¢"
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. OPERATOR CONTROLS.
Operator controls — light pen, alphanumeric /function keyboard, and
_ operator control pdﬁel — enable effective man/machine commuﬁicdfion; Fig-'

- ure 2-2 shows the operator controls.

ALPHANUMERIC/
FUNCTION
KEYBOARD

LIGHT
PEN

OPERATOR
CONTROL
PANEL

- Figure 2-2. Operator Controls

PD. 8213450y 24




LIGHT PENT

The light pen, figure 2-3, is a solid-state, high-speed, photosensitive
stylus actuated by a two-position, momentary switch. It operates in either
of two program selected modes, track or capture. Aiming parentheses of 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

B"/ Swi tch

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 Iighi pen senses unblank ("hit"), it generates an
interrupt. The interrupt halts display operation, stores the next program
address at direct address I08, and initiates a processor interrupt routine
at relative address l|8. This routine is éet up by the programmer, not

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

pD 82134500



(a) Stores X position register contents.

(b) Determines 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, oE display state register identifies the Iight penned display item or
group. After determining which item or group the operator pvinted to, a

bjump to the associated processor subroutine occurs. The subroutine may modify
the display or interrupt the data source. Upon subroutine completion, the
processor enabies further manual interrupts by'executing a clear interrupt
lockout (I208) instruction. The processor may restore the original display

© parameters and resume the display program from the interrupted point.

Operating Modes.

Before processor recognition of light pen htts; 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 g2134500 -



Light pen mode determines handling of light pen hits, In track mode, all -
lighr pen hits generate manual interrupts as long s the clcﬁvclfe swifch on the light
| pen remains depressed. In capture mode, only one lught pen hit per uchvafe sw:tch

depresslon generafes a mcnual interrupt.

By approprlafe posmonmg of lnghf pen. enables and disables fhrovghouf a

program, a programmer muy proi'ecf mdlv:dual cllsplay items from Irght pen operohons.

| .‘Ty;‘)ical‘Applica'fion. _ '

One application is drawing images on the crt w‘i‘rh'rhe‘ aid of a ;rregrcrmmed

- tracking crose, figure 2-4. Also, ‘referenee t.he,} rdenfifier.\)m‘rd .descripfion in pcirr B

~ of Section III for an example. Arrucking cross is an array of dots on the crt used -
for Ioeaﬁng points cmd lines ‘or.drawingb.l Under program con'frolll , light pen ‘selecfier‘n’ '

" of a dot in tlre tracking' cross.draws a vector from 't.he .cer\fer'dor of the cross .i.n'fhe K

: dlrechon of the selecfed dot. The program determmes vecfor lengrh The program

reposahons the center of fhe trcckmg cross ro fhe end of the vector |usf drawn. In o

this manner, the Operutor draws on fhe crt. Vecror Iengrh and number of frackmg.

 cross dots determine line resoluhom

PD 82134500 g



CRT )?ASTf:R AREA

| TRACKING CROSS
¢ o 0 glsﬁA)’zD)

Figure 2-4, -Tracking Cross Application ,('Nof to Scale)
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- ALPHANUMERIC AND FUNCTION KEYBOARD.

' .Eigure. 2-5 shov;/s the alphanumeric/function keyboard.

cuear

8

UINE \ | ! Fs Y Fe J{ F7 @ fFo ||l Fo %
] I RRRTEE
D ime ([T < = 1 £\ ¢ ;
Elda8Be 7
wilellr
o _
s I o IlLe e filln i
@w@ﬁ”naav"

~ Figure 2=5. Alphanumeric/Function Keyboard

NIV

wm
N *x

cle

A

|
=

TAB
TAB i seT

Al’ph’anumefié .

The alphonumerlc porhon of the keyboard isa switch ocfuoted data-eniry

-'devnce. Alphanumerlc keys enable message edmng and composition by an 0perofor.

Operahon .

Enoblmg or dlsoblmg of the keybbard is under dlsploy program control
' Before the keyboard can be used it must. be enabled The A/N KBD mdlcafor on

' the monitor mdtcafes the enobled state to fhe Operafor. Depressmg an alphanumerlc/ .
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g 'edlr key generafes a manual interrupt and places an eduf/alphanumenc key word in
keyboard reglsrer (R2), ﬁgure B3-I7A All keyboard operahons are flexrble wurh

) mferprefahon of each key code, fable B3-28, determined by processo_r pro'gram.i '

Typical Application.
~ A typical alphanumenc keyboard appllcahon is composing a message on l'he

“crt and sendmg the cOmplefed message to the data source, flgure 2-6.

Wlfh the keyboard enabled, each key depressuon generates a manual mfer— .
- rupt, By lnferrogatmg fhe manual input reglsfer, the processor lnferrupf'routme
. |denhﬁ es an a/n keyboard interrupf. Affer defermlnlng the a/n keyboard general'ed

| fhe manual mterrupf l'he mrerrupf routine mrerrOQares fhe keyboard reglsfer. a

If the keyboand register contains a SEND key code, the processor lnferrupfs ‘
fhe dafa somce. The data source fhen requesfs the dafa messoge from rhe Dlsplay

" Confrol ler memory .

An edll' key lnmates the mdncafed edlhng funchon. The lnterrupt rourlrne ;
‘sf.ores any other a/n key code in a message sforage area ln memory. After perform- )
ing the required operahon, the mterrupt rouhnes clears mrerrupr lock0ur and refurns :
to the dlsplay r0uhne. The dlsplay routine presenfs rhe Operator message on fhe crr
as it is composed |

134560 .
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Fig.ui'e 2:6. TyplcalA/N Keyboard Applic.affon'.'
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Function.

The function portion of the keyboard includes 10 function keys
(FO through F9), 4 status switches, and an INTER (interrupt) key.
Function keys and status switches, in conjunction With the INTER key,'

serve as a data entry device.

Operation.

Before operation, the keyboard must be enabled. The A/N KBD
indicator on the monitor indicates the 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 status 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=|8A.
Tﬁere are |6 possible status switch combinations'which may be inter-

preted as desired by program.

“PD g21343%0%
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- Typical Application.

Status switches provide a means of sefecting program subroutines.
As an example, assume the operator wishes to eraseka 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 seléctioh, light penning |

a displayed symbol erases that symboi.
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.

Register 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

ofithe keyboard register. uNLAbLﬁd_KEy3 do not have a 3-digit
-octal code, vad do not function. With the keyboard regis-
ter displayed, KBD switﬁh 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 regiéter contents.

In 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 thé display

subsystem. Table 2-3 describes the switches.
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TABLE 2-3. CONTRCL SW]TCHES
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i SWITCH
NAME TYPE FUNCT ION
PROC MODE Momentary Selects processor mode and remains *
Indicator illuninated until selection of dis-"
play mode.
DISP MODE Momentary Selects display mode and remains *
Indicator illuninated until selection of
processor mode.
OPR MEM Interlocking wWhen operating off-line, it must be
Indicator depressed to enable selection of
processor or display mode. Lights
while depressed.
LOAD ADDR Interiocking Enables entering a I2-bit memory
Indicator address via the operator keyboard.
- STEP transfers this address to the
P and S registers. Lights while
depressed.
READ MEM Interlocking Enables reading data from memory
Indicator by depressing STEP or = RUN. It
- is useful for checking programs
stored in memory. Lights while
depressed.
WRITE MEM | Interlocking Enables storing keyboard data into
Indicator ‘memory by depressing STEP or RUN.
= It permits manual entry of program
- data. Lights while depressed.
* DOperate only when OPR MEM is depressed.




TABLE 2-3. CONTROL SWITCHES (CONT)
- SWITCH
NAME TYPE FUNCTION
ON LINE Interlocking | Selects the display subsystem operatmg
, ' - Indicator status, on line or off line. When .
o depressed, the subsystem is on line and
- the ON LINE indicator lights. On line ..
. ‘status enables comminication 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 ||ne§ ;,_:.
MC ‘Momentary | Master clears the d lsplay subsysfem .
|BANK1 | Momentary Selects memory bank l “Lights whnle bcmk i is -
- Indicator - 'selected R , : v
BANK 2 | - Momentary | Selects memory bank 2 Lughfs whvle bank 2 is ,
. Indicator selecfed , e
-RUN | Mdmenfory" " Enables and disableshigh '.spee'd program exéc.:b-;
g ,lnd',cafér: ~ tion. When illuminated, high-speed program |
‘kexecuhon is enobled and vice  versa.
| STEP Momenta'r_y' ‘IWhen off line, it mitlates a cnmplete

| operational ctycle for each depressign_
| f-|-h|s feature ands proqram debuggmg, B

PD g2134500
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Operational Seguences.

'Definite opefational sequences permit'the bperator to .
write into memory, read from memory, star{ processor‘operatlons,'

and start display operations.

Wr ite Memory.

Enter program data into meMory with the following sequenée
‘of operations. .

(a) MC (master clear).

(b) Depress the LOAD ADDR switch. |

(g) Using the uperétor keyboard, enter the I2-bit starting

address into the keyboard register.
(d) Depress the STEP switch.
(e) Select the memory bank for the write, if othérkthan
0, by depreésing fhe BANK | or BANK 2 switch. o

(f) Depress the WRITE MEM switch. | |

‘(g) Using the operator keyboard, enter thef&esifed l2—pit~v
" word into the keyboard register.

(h) Depress the STEP switch.
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For continuous operation, repeat steps (g) and (h) until
“the entire program has been entered into memory. While writing

memory, the following registers may be monitored by the operator.’

,.i Keyboard register — indicates data enteréd from the
' operator keyboard.

I 4 registef - indicates the data written into memdry R
at the last depression of the STEP switch.

« S register - indicates the next storage address.
. P Pegister - ind{cates the last stokage address.
To store the same data word thbughout mémory, depresskRUN'

instead of STEP.

Read Memory.
Read data from memory with the following Seqhence of opekations.i
(a) MC (master clear).
(b) Depress the LOAD ADDR switch.

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

(d) Depress the STEP switch.

(e) Select the memory, bank for the read, if other than
‘ bank 0, by depressing the BANK | or BANK 2 switch.
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-

(9)

Depress the READ MEM switch.

Depress'the STEP switch.

Repeated depressions of the STEP switch results in reodihg memory data from

| sequential addresses. While reading memory, the following registers may be monifbred 7

on the octal readout indicator.

e Zregister — indicates the contents of the address referenced on fhe

last depression of the STEP swufch

® S register — indicates the_next address to be refereneed.f

o P regisfer — indicates the last 'qdydress réfé_renbed. |

Start Processor.

To initiate the processor mode of eperaﬁod perform the fqllbw_ing operaﬁbns

_in the indicated sequence.

@
e
@

@

(e) .

- ®

PD 2134500

Mé (master clear).

Depress the LOAD ADDR swifch. "

‘Using the operator keyboard, enter the 12 bltv
. starting address into the keyboard ‘register.

Depress the STEP switch.

Select the memory bank for the processor operation, if other than
bank 0, by depressing the BANK 1 or BANK 2 switch.

‘Depress the OPR MEM switch.



e A(g) Depress the PROC MODE swntch

- (h)  For high-speed program execuhon, depress fhe RUN swrtch. For
o program debuggmg, operore the STEP swrtch o

' When program debuggmg, each depressmn of the STEP swurch causes fhe
. processor to perform one memory cycle. The number of memory cycles reqmred

o to perform an msrmchon varies wuth the mstruchon code.

The follow;ng reglsrers may be momrored by rhe Operator on the ocfal

. :reodouf mdlcator. ; |

Y e Z regnsfer —_ |nd |cqres fhe contents of rhe address referenced on
L .4‘:'.:_.fhe last depress:on of the STEP switch,
o S reglsfer —_ mdlcol'es rhe nexi' address fo be referenced. :
e "_'P reglsfer _— lndlcates fhe Iasr oddress referenced
e = Xregister —_- mdncafes resulfs of arlthmehc, IOglcal dnd sl'ufhng\)
S open:hans.

L e F v« ssfer --—- 15 s :nsfrucf:on fo Le execq‘fecj ar- n«' r'°¢‘¢$$:k_
' ‘SfortDlsplay.- 43 ‘ 7%6“'/6'4'1 T O f L

- To mlhcn‘e rhe drsploy mode of 0perahon, perform fhe followmg operohons

in the mdlcated sequence.
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@
NOR

()

C)
(e)

NG)
@
ROR

MC (master cleor)'
‘Depress the LOAD ADDR swurch. '

_Using the operator keyboard, enter the 12 bit
. starting address lntn the keyboard register..

Depress the STEP switch.

Seiect the memory bank for the dlsploy operahon, if ofher fhcm
bank 0, by depressmg the BANKT or BANK 2 swutch | :

Depress the OPR MEM swutch.
Depress the DISP MODE switch.

For high-speed d:sploy 0perahon, depress the RUN swntch. For programﬁ
‘debuggmg, operofe the STEP sw:tch

The following regfsfers may be monitored by the operator on the octal read=

f indicator.

PD g2134500

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

last d_epresslon of the STEP switch.

S register — indicates the next address to be referenced;tf

P register — indicates the last address referenced.

X register — indicates the present X beam position.
Y register —_ indicates the present Y beam position.
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,'/ _‘_.INTERFACE.' |

' The subsysrem Drsplcry Confroller mterface module is compahble wrrh and
: conrrols cOmmumcaflon wrfh a srandard CONTROL DATA 3000 Serles Dafa Chunnel
. Refer to the ossocra'red 3000 Serles Reference Monual for derollecl mpur/oui'put pro-’

‘ :'grommlng |nformaf|on.

«_:""DATA TRANSFER

L Trunsfer of 12-b|r data byres befween rhe Dlsploy Controller memory and S

A g
dafa clmmal s bldlrechonal Wr: 71'6 1mddress funchon selecfAmemory

addresses for daro sforage and rerrlevalo" f""t\‘Odd parity '.“f°!'m.°f'9,“'.‘; o

' "'.‘accompames each dafa byfe.: L g

| lf a parlry error occurs on dafa durmg a wrlre operahon (dofa to subsysrem),,v_:

fhe r'ollowmg OCCUI'S« |
o (@) i" S’ubsxsfern trunsrnirs Pari‘ty. Error:;:ighd dﬁa’R.eplAy", :
NOE '::PARITY ERROR rndlcaror on fhe monlfor cablner ||ghrs. If remams On;g
- unfrl recerpt of" a Masrer Clear slgnol or depressron of rhe Operator

. ‘panel MC swnrch

) - 'Sob'sysfern sroresf'rhe ‘dotd in m_emory'. - el A



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

data C‘idnncl as fO”OWS.

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

switch number.

(b) Bits 8 through O are not translated.

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

A3-2



~ (c) The subsystem is on-line.

(d) No transmission parity error.

Reject.

The subsystem does not connect and transmits a Reject signal if.fhe’ subsystem

is off-line. All other conditions are the same as for a Reply. S 7a fw_s [ines are

emxl,/ecl want:/ kece?'p’f o'l\ 'fire nex"f Cmrmec-/_ S".SHA'/'A 3

Parity Error.

A connect code parity error results in the following.

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

¢
(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 qufer Clear signal or depression of the operdfb‘r
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 subsysfém
_interprets a function code, figure A3-2, as follows.

D 82134500 .
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0 6 0 0 0 OJ¥X X X X X X

" Figure A3-2. Function Code Format
(@) Translates bits 5 through 0 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 iniﬁa'fes_fhé func-
tion and transmits a Reply. The accepted function locks out all other functions

until completion. All the following conditions enable a Re{plyﬁ ,
(o) Display subsystem is connected.
(b) No transmission parity error exists. .

(c) Function code can be performed.

tPD 82134500 A3-d



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

" form the function, Reject and Reply subsysferﬁ »Condiﬁon's 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 o'RepIy or Reject.

(b) The PARITY ERROR mdlcator on the monitor cabinet hghfs. lt_
remains on unhl recelpt of a Master Clear sngnal or depresslon of ihe =

operator MC swnfch

() TheAsubsy‘st‘em does not perform the function.

PP 82134309 S
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TABLE A3-1. FUNCTION CODES

(SSF:L) 'FUNCTION DESCRIPTION
0000 Release and Disconnects the'display subsystem and clears the
Disconnect interface module logic.

0020 | Select Interrupt
on Ready and Not
Busy

0021 Clear Interrupt
on Ready and Not

Busy
0022 | Select Interrupt

on End of
Operation

0023 Clear Interrupt on
End of Operation

0024 | Select Interrupt on
' | Abnormal End of

Operation -

0025 | Clear Interrupt on’

Abnormol End of

PD 82134350V

Operation ,

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

Clears interrupt on ready and not busy selection

and any resultant interrupt.

Enables an interrupt upon termination

'of a read, write, or peripheral i/o

operation or when the processor en-
counters a halt instruction. Ciears
previously generated interrupt on end
of operation.

Clears interrupt on end of operation selection

and any resultant interrupt.

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

operation.

" Clears the interrupt on-abnormal end of opera-

tion selection and any resulting interrupt.
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TABLE A3-1. FUNCTION CODES (CONT)

CODE
(OCTAL)

0026 Select Processor | Enables an interrupt when the processor en-"'

PUNCTION. | -~ DESCRIPTION

Interrupt 3 "~ counters an mferrupf data source instruction
, (0122 )e Cleors prevnously generated processor" :

mterrupf .

~0027 Clear Processor- | Clears the processor interrupt selection and any |.

| Inferrupf s B | resulting interrupts.

0040 Write A‘_ddr_es's N Dlrects the next two write data words fo‘thé | ‘
o A B sforage address(S) register. The first data word .
' contains the lower 12 bits of the address. 776;}
/o;: of the second data word selects . memory bank ‘
‘0, lyor 2(‘» inaty 010= Zef) Processor or dlsplay _ “
’ operahon halts. The program oddress (P) regls-
ter remains unaltered, |
0041 | Write Me_mory‘; " | Directs succeeding data words. from the data ©
o L | channel to consecufive memory addresses. Nor- E

mally, a write address function sets up the si'art-

K mg address pl‘lOl‘ ‘to fhe write memory funcﬂon.

Processor or display operahon ha!fs. The sror- |

1 age uddress(s) reglster increments automahcally. -
The progrum address (P) reglsfer remums |

B unoltered. D

apD 82134508 o



 TABLE A3-1.

FUNICTION -CODES (CONT)

' DESCRIPTION

Directs data from consecutive memory addresses

| - to the data chqnﬁél' Normqlly a write address

function precedes a read memory funchon, sef-g‘

ting up the initial address. Processor.or display’

1 opei'aﬁon halts. The storage address(5) registel"“"i
- increments aufomahcal lys The program. address"_", 1

: (P) regnster remains. unolfered

' ;Sturts processor Operahon ai' the address in fhe

.. S register.

Starts display operation at the address in the .

- S register.

' Transfers the P register to the S registerand =
- directs operation to resume in whichever mode -
- (display or proéessdr) was operaﬁhg lasf. This |

- enables. -resuming d dlsplcxy or processor program

fhaf was sfopped by a read o wrlfe |/o opercmon._

S e

CODE i
1 (OCTAL) FUNCTION
' 0042 . Reud Memory .
0050 . | Start Processor
0051 | Start Display |-
0052 | Resure
SUBSYSTEM STATUS. -

oAl

When connecfed the. subsysiem mdncates its.operating status on 12 Channel

Ffotus Imes. .Toble A3-2 Iusts the stafus buts.
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TABLE A3-2. STATUS BITS

BIT
POS ITION NAME DESCRIPTION
(6] .

2 Ready On line.

2' Busy Connected and channel busy or

perlpheral i/o busy.

22 Processor Active| Processor active or last actlve

mode of operation.
2 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 notﬂlnterrupt 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.

2IO 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 progromming

of the subsystem,
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' l'i,,lARITHMETIC. B

A processor word contoms 12 blnary chglts. Flgure B3-l shows blt pos:tlon *.,,)f;
numbenng, bmory representctlon of a 12-b|t quontlty, ond octal equnvalent of thot._‘"

. quontlty AII ornthmetsc is bmory, one's. complement notatlon. Although the pro':l;’-'

‘ cessor operates in bmory, processor words are represented as four octol dnglts fo

0 pr09rammmg convenlence ;

. Figure B3-1. Proceesor Word Repreeentotion o |

- In one's complement notohon, posltlve numbers are’ represented by thelr'- .

fi.bmcry equwolent, negctlve numbers are represented by the one 's complement of '

,f.f.,’f“the equnvalent posmve number. Form the one 's complement by reversmg eachl:nt

:;"'of a word.

L L('Exdmple | o - o
45'= ooo oooooo lO] (blnory) 0005 (octol)
| "‘,'..-4_,-5—111 m m OlO(bmory) 7772 (octol) W




The arrthmehc module performs all arithmetic 0perahons by subfrachon. 4

: Addmon resulfs From subfrachng the complemenf of the addend from the augend
K Subtrachon does not requrre complemenflng. Arrfhmehc is modulus 2]2 - l. Thaf ‘v f

Js, a borrow generated from fhe hrgh order end of a l2-b|f word subfracts from l'he

f;ﬁ Iow order end to provrcle the correcr result (end-around-borrow)

' - Zsromay be represénted.in one's complement notation in either of two ways
000 000 000 000 (plus zero)
L .l”.lﬂll-bll]i-lll mirus zor0)

Bofh plus and minus zero are aocepfable as afi thmehc operands. : There are ;
o only Iwo cases in whlch a zero amhmehc resulf wrll be mmus zero, in all ofher

. cases, fhe resqu wrll be plus zero. These two cases are:
- 0 N €0 and “o '-l (.+”o) S

- The programmer may mferpret and use arnrhmehc 0perands and results of

'forlthmehc operatlons as desired. For example, he may or may nof freal' blf ll as"

a srgn blf dependlng upon program requrremenfs. Treaflng bli' ll as a srgn blt
Ilmrts oPerands fo a maxumum value of 4-37778 and a mmrmum value of . 3777

: :.’,‘fi';‘The hmrf for unsrgned operands 's ; : ;:
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‘Me moty provides magnetic core stokége for i2¥bit' di'sol‘ayf
and processor information'words. The. tnterface, processor, 4;
'dlsplay, and operator all have access to. memory on a tlme shar~'

_ing basis.
- MEMORY REGISTER.

1 Th€re are three registers associated with memory:-P,vs, andoZ;
P - I2-bit program address register. It contains the addregs’i.:
o of’the last memofy reference. _" .
15»; [2-bit storage address register.' It COntains thefnext fﬂf

reference address.v Upon_ completlon of each memory CYCIe,f

the S reglster automatlcally advances I. wie;irny“e

1:2 - I2~b|t transfer reglster whlch holds data being wrlttenv%,

lnto or read from memory.n
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"~ BANK. CONTROL.

When the Display Controller contains three memory banks o
of 4096, I2-bit words each, bank control becomes necessary.
Each bank has IO,OOO8 addresses numbered from 00008 to 77778.
Bank control allows independent selection of banks for relative,
direct, and indirect addressing. When the Display Controller |
contains only bank 0, relative, difect, and indirect referehte$ ;

to other than bank O yield instructions and operands of.77778.

Relative Bank Control (r).-

Reference memory bank control instructionsfor selection of?

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

relative bank. Also,‘jnstructions indicating relative or con- -

stant addressing reference the relative bank. The rglative '

bank also contains the first‘Addkess for memory inStructjbns. e
A change in relative bank initiates a proceséor jump; ’

: Reference the set memory bahk confro]s instruction ih.théjpfq;:ji

.cessor repertoijre.

Direct Bank Control (d).

| Reference memory bank control instructions for selectioh;‘jx
of the storage bank for reference by all instructionshavingf:T
direct addressing operation codes} Fdr operafidnAcpdes | |
indicating indirect addressing, (d) selects the'dikect‘bank;gf

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 referehces

the indirect bank for final operands. Because jump |nstructlons

‘Cause an indirect transfer of control, they are exceptlons. JPI

'~ and JF| transfer control within the relative-bank.

" PROCESSOR_INSTRUCT ION REPERTDIRE.

While in the processor mode of operation (actIVated by
- manual interrupt, lnterface function code, operator panel, or
t‘display jump instruction), a program stored in memory controis’g
processor operation. The stored program may be located in oenki
‘1e"0, bank |, or bank 2. i |
- Utilizing’memory, manualtinput, aod arithmetic modoie§;,{

"“;} processor loglc performs |nstructlons snmllar to those of a.

f CONTROL DATA I60—A computer. The lz-blt X reglster |n the
> arlthmetlc module receiVes the results of aII arlthmetlc, logf

Cal, and Shift|ng Dperations‘ :
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.wom) FORMAT.

A processor mstruohon word dwldes tnto a 6-b|t funchon code (f) and a
" 6-=bit execuhon address (E). “Most instructions reqwre only one word of storoge : %
. but exponded lmtruoﬂons occupy two words. Flgure B3-2 shows the proeassor _' : ‘.{

lnsrruchon word formafs. The First word confums a 6-brf funchon code’ and a 6—brt

;,::execuhon address fleld whlch a|Ways equols zero in two-word mstruchons. The
second word confams a 12-b|t address or 0perc|nd (G), dependmg on the msfrucho

: ‘Both words l ond 2 musi' be Iocufed in sequenhol sforage uddresses in the same

memory bank. -

n . e . 6.5
" FUNCTION CODE (F) EXECUTION ADDRESS (E)
: : H / _
 ALWAYS ZERO IF /
© ' EXPANDED INSTRUCTION

n o

ADDRESS OR OPERAND (G) -

i -}f’F?svre B3-2.. Processor Insiruction Word Formats

ADDRESS MODES.

Seven memory address modes llsted in: rable 83-

531 provide maximons6-bi

toddress flex rbllrfy.
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B Relative Address

TABLE B3-1, MEMORY ADDRESS MODES

| ADDRESS MODE
No Address (N) -

Direét Address (D)

Indirect Address (I)

Relative Address
Forward (F)

Backward (B)

Constant Address (C)*

Memory Address (M)*

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

S ploying indirect addressing, E refers to

" address.,

 Generates operand or jump address by oddfng E to the
" Generates operand or jump address by subtracting E from

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

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

DESCRIPTION

operand, the instruction initiates arithmetic and logical
operations using this 6-bit operand as a 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 4
addresses. For processor instructions em-— =

one of 77g of the firsl100g memory loca-
tions starting at location 000l of the
direct storage bank. The contents of this
address become the address of the operand
or become the jump address.

current contents of P, This specifies one of 778
addresses immediately following the address of the cur~

rent processor instruction.

8
oddresses 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 oddress of the operand.

“PD g2134500
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 No Addreés Mode (N).
In no oddress mode, E is the lower 6 bli's of on Implled ]2-b|f operand. The ';
- ‘ -upper 6 bits of the operond olw<:|ys equal zero. Thus, fhe E porflon of fhe msfruchonj'
:'Eword becomes fhe opercmd. . ' 4 | -

o g et

E B«:mp!e: ‘.-;f - ] Location ‘

~rr“"'"':‘°'_\,4n‘.h,(> .

|m
Ctmo

A : (i')'OIOO'._ DN o 43.(lood no'oddre'ss‘)j.

: (r)OlOl - next instruction . I

A load instruction fransmlfs the operand to the X reglsrer. The 12-b|f
. operand for LDN 43 |s 0043, * The number 0043 goes to fhe X reg|ster. Af the :
o complehon of a no address (N) mstruchon, control conflnues at the Iocahon in the e

_’ relohve storage bank (r) speclﬁed by fhe confenfs of P * 'l. In thls cose, control

;».-':."conhnues at location (r) 101. L

‘k""f'f'.“Dnrecf Address Mode (D)

o :. In the dlrecf address mode, E selecls one of the fll‘S" 1008 Iocahons in ﬂ'ne

'_.'f;‘w“.' dlrecf sforage bonk (d) os the Operand address. | j .

s Example ; Rl Locohon F ' E B
Coo@eo7e 12 - 34

© @075 WD 76 (Ioad dlrect)

’(r).'IOZ'6 o next msfmchon o "

” ”*All numbers in example programs are ocfal unless sfafed ofherwuse. L

“ ‘PD aa:usoa
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E specifies the operand address as.(d)0076. This address 
'n.contains the quantity 1234 which will bebtransferred to the X
register. At the completion of a direct address‘(d)'instrdcfion;f
~ control continues at the location in {he'relative_Storage bankdmin
. specified by the contents‘of.Pd+_l; jn this Caseg-controf cdn-x:t

“ " tunues at (r)tove.

j‘.lndirect Address Mode (1). |
| In indirect address mode, E references 778 of the first |
100 locations, starting at location OOO] of the direct'storage f:f
: ,dbank (d) The locatunn (d)OCE is then. referenced and the contents

'e51¥of (d)OOE become the operand address in the indirect bank (i)

:,,Example,;' e Location . 5' : E
| | (d)oo4s 33 65
(13365 46 57 |
(r)ar2i DI 45,(luad indirect)diﬁg

(r)al22 next instruction

E calls for referencing (d)0045, which contains the addressrdﬁ

~ 3365. A final reference is now made to (i)3365, which containSij;

jr the number 4657. The quantity 4657 goes to the X reg|ster. ; :

Notlce that both the direct (d) and indirect (l) storage bank f?%fe

" controls are involved in the indirect address mbde., At comple-Xﬂif
~tion of an (|) lnstructlon, control cont;nues at the Iocation

‘,fln the relatlve storage bank specified by the contents nf P + |.{i 

‘In the above example, control contunues at (r)4l22.,_ *7ﬁ"”" B
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, There are two (I) msrruchons whrch ure excephons fo rhe ubove rules,

k"JPI cmd R |

e ; (a) - JPI initially references Ioccfioh (d)OOE. A frcnsfer of c'ontro( fhen '
takes place wrfhm the relahve (r) bank to rhe location speclfled by

L "T“the contenis of (d)OOE. :

‘ o ®) VJFI muhol reference is relchve forward. A trunsfer of confrol fhen
takes place within the relchve (r) bcnk to. rhe uddress speclﬁed in rheﬂ

‘ elchve forward reference. e

:"-Re'lcf'iv“e' Forwand Address Mode‘(r). |
In relchve forwald uddress mode, E adds to the conrem‘s of the P reglsfer.

"_-iThrs sum becomes rhe effechve Operand addres in- fhe relahve storoge bank (r).

hme

Example R Loccfion‘u S A '
(r)0233 LD'F i 22 (load forward)

(7)0234 next msrruchon L
s mw
Addmg E fo the P reglster ylelds address (")0255. , The contenrs of (r)0255 b
go to fhe X reglster Ai' COmplehon of this lnsfruchon, X confams 7703 Af
L *compleﬂon of an (F) mstruchon whtch does nof ccuse rrunsfer of conrrol ccm-z.." :
rrol conhnues in rhe relahve sforage bunk (r) at the Iowﬂon speclfled by confents_._'f :

pn 92134500 aa-w



- of P +"l In the above. example, control conhnues at Iocatlon (r)0234 ForWGrd

1"-"‘ Jump msfruchons fransfer control E locahons forward in fhe relahve bank. :

Relative Ba_ckward Address Mode (B).‘ |

The relahve backward address mode funchons slmllar to relahve forward

" (F) mode. In relahve backwaml address mode, subfrachon of (E) from the confenfs

‘Vof fhe P reglster forms an oddress in fhe relahve storage bank. ‘

: B ? N v

. Constant Address Mode (C). .

x 'All-consfant.addre'ss’ mode‘ins‘frucfions ocoupy fwo sequentiol sforage loea?: ¥

hons.- The G porhon of fhe 24-b|t msl'ruchon word confams fhe operand. . E alwaysw:’

_equols zero. L
t:;:__~:»"|55<‘amp|e: Location »h _ _Ii E G ’ L
’(r)OIOI e 00 (load constcmf)
R o 7337 R B
. (r)o1o3 - STC . - 00 “(store consfonf)
IR ' ' 2345

| 0105 next instruction ‘_ob_._

Af locahon (r)OIOl isa Ioad constant (LDC) lnsfruchon. The operand
address is (r)0102. The quanhfy 7337goes to the X reglsfer. Upon complehon of a
‘(C) msfruchon, confrol conh nues m the rela’hve storage bank (r) af fhe locahon
:‘j'specnfled by the coni'enfs of P + 2.- In thls case, confrol confmues at (r)0103. ;

N



- This oddress contalns a store constant (STC) mstruchon. Thls tronsfer X regtster
_contents to the operand oddress.” 'In the above example, the operand address of
the STC mstruchon is (r)0104 The quonhty 7337, in fhe X reglster as a result of

the LDC msfruchon in (r)OlOl, goes to Iocahon (r)0104 replucmg the consfont

il

2345 now m (r) 0104 Fmal confents of (r)0104 are 7337. Confrol conhnues ot

- f(r)m 05.

Mem'Ory Address Mode (M).»

AII memory oddress mode mstruchons occupy two sequenhal storage loca-v .,
"ffg-‘hons. The G porhon of the 24—be mstruchon word contams the oddress of fhev |

:fff:;,operond. E always equuls zero.

Example* Locahon Lo

Im
|C)

,; 2}=',(r)3477 ,_'f_,‘LDM S

(Ioad mernory)
(73501 - STM
(r)3503 nexfinsfrucﬁon e

‘fq‘:!jik(i)‘l 1 ‘-1' sy

oo e




‘Location (r)3477 contains a load memory (LDM) instruction. The location
. (l)llll becomes the operand address. The quanhfy 6766 goes to the X reglster. .. E .
_‘ Upon complehon of an (M) mstruchorl, confrol continues in the relahve storage
bank (r) ot the location speclfled by the confents of P + 2 In ‘l'l1l$ case, confrol
- continues at |ocahon (r)3501 whlch contams a store memory (STM) mstruchon” Tl1e
‘;";oPerand address ol" flns lnstruchon becomes (l )0024. : Thls sfores X reglster quanhfy )
""“6766 in locahon (:)0024, replacmg quanhfy 0234, 'Conh-ol conhnues ai' Iocahon

C(asos.

:_LINSTRUCTIONS
Table B3-2 llsfs the processor msiruchons and execuhon hmes. For explana-:

j'_l'io__ns of mstmohons that follow, fhese pomfs apply. .

Al humbers are in.octal Anofati"o'n unless stated otherwise.

In operaﬁo'n code descriptions, operations aopear in_lsequence ,.- s o

¥ .Instruchon descnphons are by general funchon rather fhan numencal ;l
" order. - Instructions whlch may assume more fhan one address mode

‘o',"appear under the gene'ral funchon. o

e '(d) A id’esoriptioh‘ lists the G‘portlon of'qu lns’trucfi'on. vonly.Wll'h} iasfrdo_t'l:otl:s‘Q

occupying two storage words. - o ¢
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. TABLEB3-2. PROCESSOR REPERTOIRE AND EXECUTION TIMES

A - MNE- TIME - TTNE VE ]
:[ OPERATION MONIc| cope| MODE] microseconds] OPERATION WOic] cope | MODE| (micaetonds
[error sTOP ERR 0000 n 2.4 BET Y o7xX | = “*'2,“ '
_ i|NO OPERATION NOP | 000X " 2.4 : ‘ 8D My | d 48
L s | 350 | m 6.8
K SRJ 001X n 2.4 UBTRACT . s 35vY i 8.8
: SIC 002X n . 2.4 $8C 3600 e 4.8
. ) IR 003X n 2.4 SBF 36XX f 5.6
" | IMEMORY BANK CONTROLS soc | ooax " 2.4 b8 wxx | b 54 i
B prJ | oosx n 2.4
SID 006X " 2.4 sto | 4ovy | d 4.8 .
: ac) | oonx " 2.4 S | 4100 | :.g
“1{MEMORY BANK CONTROLTO X | cTX [ 0130 n 2.4 STORE sic | a0 . i
$TX 0100 n 2.4 STF 42XX f 5.6
PTX 0101 n 2.4 STB 43XX b 5.6
YTX 0170 n 2.4 SRD 44YY d .
jix | om n 2.4 stm | 4500 - b4
o | x| o2 n 2.4 ) :
TRANSFER INTERNAL REGISTERS |, oo 017 n 74 LEFT SHIFT 1 AND REPLACE :::: ﬁg ! ;§
XTY 0174 n 2.4 SRF 46XX £ 3:0
oxTA | o075 n 2.4 | e priosolll IS 8.0
*XMA 0176 n 2.4 B — -
; *XTR 0177 B 2.4 RAD 50vY d 7.2
-~ [ueFr shieT on 1 o0l 2.4 vl e T I
X HI E 1 n . RAI siyy | i 9.2
+ -J{LEFT SHIFT THREE 53 | ono n 2.4 REPLACE AND ADD RAC | 5200 c 7.2
. |LeFT SHIFT SIX 156 ol n 2.4 RAF | 52xx f 8.0
¥ muLtieLy sy 12 wt | o2 n 2.4 raB | saxx | b 8.0
|ICLEAR INTERRUPT LOCKOUT ci 0120 n 2.4
"4 ISET INTERRUPT LOCKOUT SiL 021 | " n 2.4 28?4 543 d 7.2
= 1 INTERRUPT DATA SOURCE baos | oz n 2.4 ol A B 5.2
aie : v REPLACE AND ADD 1 i 9.2
ten | oxx| e 2.4 AOC | 5600 c 7.2
LD ovy| d . 48 AOF | 56XX f 8.0
» tem | noo m 6.8 AOB | S7xX | b 8.0
LOGICAL PRODUCT ) nyy| i 6.8
trC 1200 c 4.8 ZERO JUMP o o : 3.2
LPF 12XX f 5.6 ‘ 18 XX 3.2
LPB xx| 5.6 NZF | 61xx f 3.2
NONZERO JUMP -
| scN | oaxx N 2.4 NZB | 65XX b 3.2
sco | wvy| d 4.8 PIF 62xx | ¢ 3.2
_ scm | 1500 m 6.8 POSITIVE JUMP Pi8 s6xx | b 3.2
1S ELECTIVE COMPLEMENT . st 0% - 6.8
: \ scc | 1600 s NOF | eaxx | f 3.2
sec e | e 48 NEGATIVE JUMP e | o | b 2
SCB x| b 5.6 JUMP INDIRECT P 7oy | d 4.4
DN | 04xX n 2.4 | | IRETURN JumPp JR 7100 m 6.8
red 2oy 4 Pt [1UMP FORWARD INDIRECT JFi 7xx | & 5.2
wI 2y | 6.8 JUMP TO DISPLAY 0 | 7axx | m 4.4
e | 2200 c 4.8 ,
F | 22xx f 5.6 o | .
ws | 28xx | b 5.6 ol s m
len | osxx [ o 2.4 || [NeUT/OUTRUT XF | 75xx | n :
o | 2avvy | 4 a8 INX | 7600 "
« cm | 2500 m 6.8 ~ orx | 7em7 n ,
LOAD COMPLEMENT * - | LCI vy |0 8.8 - =
; o \ec 2600 . e HALY HLT TTXX n 2.4
e | o2exx f 5.6 T
s | o [ s . 5.8
ADN | 06xx n 2.4 ) . ) i
apoo | sovy | 4 4.8 o v e e .
AoM | 3t | 8.8 * Applicable on remote subsystems »nTy.
i - A i ; U o i h el P
aoc | mo | e s ** Not .applicable on remote subsystems.
ADF | 3xx | f 5.6 AT S N AT L RN A TR
aos | 3pxx | b | 5.6




()  When the Display Controller contains only one memory bank,
~only memory bank O can be referenced, ‘Reference to a bank
other than O yields operands and instructions of 77775,

(f)  XXXX represents an octal operand.

(9)  YYYY represents an octal address.

STOP INSTRUCTIONS.
Stop instructions, table B3-3, stop the processor uncéndiﬁona”y, ‘When fhe‘"
- 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 | 00  ERR Error Stop
77 | XX HLT Halt

- NO OPERATION INSTRUCTION,
A no operation instruction (NOP), octal code 000X, does not ﬁérform_‘ ahy

.. function. Program control passes to the next instruction at location '(r)(P)+A'lk._ '

 DATA TRANSMISSION INSTRUCTIONS.

Data transmission instructions enable transferring data between the X register

‘and memory, and between ..t‘he X register and other ZSelecfed registers.

" PD 82134500
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- . Lood Instructions.

* Load .instru'otiohs,‘ tdb!e 83-4 rronsfer on ooerond to the X regis’tef.' -‘Execu-o‘." |
;ighon of a lood msfruchon does not alter the 0perond in sforoge Aﬁer fransferrmg
‘i..;the Operond to X for each oddress mode, control conhnues as desonbed under oddress
. mo;des.-_: ! | | | L
| NOTE |
lThe E porhou of LDI and LDF mstruchons must o
* not be zero.. I zero, the processor mrerprefs |

.the operation code o -LDM or LDC, respecfiVely.

. " TABLE B3-4. LOAD INSTRUCTIONS

F | e | o | mnemonic |  Name

04 |.xx | ] N | Lood NoAddress
‘20| vw | | wp .| LoadDirect
‘2 | oo fvwwy | M | Lowd Memory
2 |y | | w1 | Lood Indirect
22 | oo | xxxx | e | Lood Constant
2 | x| | wF | Lo Forward
23 | oxx | ] B | Lo Bockword

{ é‘ : ;Degcfipﬁon.: ‘operond =X
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" 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 troh_sferring the 6nefs complement of the operand to X for each, * -

 address fn_ode, cont’foll continues as des(iribed'under' c;ddreés modes.

" NOTE

- The E pérfion of LCI and LCF insfrUcHonirﬁusl' not . ;

~ be zero. If zero, the processor interprets the

L -

" operation code as LCM or LCC, respectively.

 TABLE B3-5. LOAD COMPLEMENT INSTRUCTIONS

F E . G| MNEMONIC NAME |
05 XX .t . -~ LCN | Load Complement No Address|

' : 24 'YY . -]  LCcD | Load Complement Direct -
25 1.0 YYYY o LCM . Load Complement Memory
25*“. LYY - . | Lcr - ,' | Load Complement Indirect
‘26'. - 00 XXX e "Load Cotnplérﬁenf Constant
26 | oxx - LF | ‘Load Complement Forward -
27 | oxx 1B " | Load Complement Backward -

b Deséi'ipﬁoh': opero'ndv-‘..-*X"'_: '
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Store Instructions,
Sfore instructions, foble B3-6 frunsfer an operand from the X t'egisfer to fhe'“
‘ 0percmd memory address. Execuhon of a store mstruchon does not alfer confents '

" of fhe X regnster. After stori ng fhe Operand for eaoh address mode, confrol coh- e

. hnues as descrlbed under address modes. _

NOTE
- } ,.'The E porhon of STI and STF instructions must not -
o be zero. If zero, the processor mterprets the opero- -

. ‘tion code as STM or STC respechvely

i

' TABLE B3-6. STORE INSTRUCTIONS

F | e | & | mnemonie | NAME

4 1 - YYy . - ‘  - §TD - Store Direct
4 oo fyvyy | stM | Store Memory
@ Loy L st | Store Indirect
2 | o0 . |xxxx 1 sTC :' e _Sfore Constcmf -
42 ':‘ XX. wa o . STF B Store Forward |

s | x| | swo *Store Bockward

Desori‘pﬁoo:' (X)f-)OPerond odd:"ess_”
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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

FIT E ] MNEMONIC FUNCTION
01} 00 STX . State. —s X
01| o1 PTA P s X
01§ 70 - YTX Y — X
o1 | 71 RIX | R —e X
o1 | 72 RMX R, — X .
*01 ] 73 RSX Remote Status —s 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

* : B Excimple:' . Location . F - E
1B a7
Ry 00 6
- X) 77 57 (original)
00

x) 61 (final)

PD g213450¢
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o

- " Transfer Bank Controls.

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

the current memory bank selections. Figure B3-2A is an octal breakdown of the X

~- register after 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.

11~ 9 8 6 5 3 2 0
DISPLAY | INDIRECT | DIRECT | RELATIVE
BANK BANK BANK BANK \

Figure B3-2A. X Register Breakdown

 ARITHMETIC INSTRUCTIONS.

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

- add one instructions.,

Multiply.

The multiply instruction,table B3-9, multiplies the contents of X (multiplicand) o
by 128 (multiplier). The product appears in X as an 11-bit signed number or a
12-bit unsigned number, depending on the value of the multiplicand. For a multi-
plicand range of -3]48 to +3]48, the product is algebraically correct. The upper

*PD R2134500 B3-20



bit of X is the sign. A 1 indicates a negative number and 0 indicates a positive
- number. If the contents of X are +3148 or<—3148 before multiplication, the
- magnitude of the product is.cdrrect’modulus?]z-l. That is, the product becomes
a 12-bit unsigned nuhber, The maximum multiplicand for a meaningful productl is
'.6318'.' .

TABLE B3-9. MULTIPLY INSTRUCTION
F | E | MNEMONIC NAME
01 | 12 MUT  Multiply X by 128'

Description: 128 XX

* Example: .Mulﬁply +3]48‘by 128.

Original (X)= 0314
Multiplier = 0012
Final (X) = 3770 = 43770, -

8 by ]28.

‘Example:  Multiply +315
| Original (X)= 0315

~ Multiplier =0012

Final (X) = 4002 =]4002|
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- Add Instructions.

Add instructions, table B3-9A, place in X the sum of the
o ,
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. |If zero, the processor
interprels the operation code as ADM or

'.;,pfﬁ Aoc;;respec{iveTYs;Lbyr
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* TABLE B3-9A. ADD INSTRUCTIONS

Fl E| ¢ MNEMONIC | 'NAME
06 | XX . ADN | Add no Address
“30 | vy | ADD | Add Direct
| s foo |yyyy ADM ' Add Memory
s w ADI | Add Indirect
| 32|00 |xxxx | ‘ADC | Add Contant
s fxx| | ADF Add Forward
"33 XX | | ADB Add Backward
DescrlphOn (X) +operand-)X

Subtract Instructions.

Subfracf instructions, toble B3-10, ploce in X the dlfference befween .
“the ongmal contents of X and fhe opercmd The Operand remains unchanged Con- :

trol confmuec c:s descrnbed under address modes.
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NOTE
" The E perfion‘of SBI and SBF instructions must.not
‘not be zero. If zero, the processor interprets the

~ operation ‘cvode‘as SBM or SBC, respet:tively.»

TABLE B3-10. SUBTRACT INSTRUCTIONS

F | £ | & | MNEMONIC NAME |
o7 | oxx- | 0 | - sBN. - | Subtract No Address
34 . 22 R SBD '., | subtract Direct - -
35 | o0 |ovyyy | . seM .| Subtract Memory .
sy | . SBL .| Subtract Indirect .
36 | o0 | xxxx | sBc | Subtract Constant’ .
36 xx | | sBF .| subiract Forward
37 | xx | | ses . | subtract Backward

D'escripﬁod;f (X) - 0perand —X

; Re‘place‘A'dd i"nsfrucfions.‘ '

'; Replace odd mstmchons, tcble BS-H sum fhe contenfs of X wnth an-
i"10pen-.md Upon complehon, bofh fhe operand address ond X contam the new sum.
; Confrol conhnues us descrlbed under address modes.

NOTE
.The E porhon of RAI and RAF msfruchons must noi' '
be zero. If zero, fhe pfocessor mferprets the opera- DI

' hon code a5 RAM or RAC, respechvely. i



 TABLE B3-11.

REPLACE ADD INSTRUCTIONS

| E- " G | MNEMONIC NAME
50 YY o RAD Replace Add Direct
st |00 | yyyy " RAM Replace Add Memory
st oy | RAI Replace Add Indirect
- 52 00 XXXX - RAC Replace Add Constant |
52 | oxx | RAF. |  Reploce Add Forward | -
53 | XX RAB ‘Replace Add Backward
- “'vDescri'pﬁon:.)('X'k)_ + opelra'nd —X
. (X) =poperand oddress -

Réplace'Add'bne lnstructions.. .'

: i Replace add one msfruchons, foble B3-12 form the sum of fhe operond

- fplus one in X and transfer thls sum to the operand address. Upon complehon, bofh"
fhthe operand address and X confam the ongmal Operand mcreased by l

,‘zconhnues o descnbed under address modes. S

NOTE

Lo The E porhon of AOI and AOF mstruchons musf

Conﬂo'

“not be zero.. If zero, the procesor mterprefs fhe

. PD 82134500
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TABLE B3-12. REPLACE ADD ONE INSTRUCTIONS -

TE | G | MNEMONIC NAME
. 54 - Yy | -AOD - | Replace Add One Direct .
55 Joo |YYYY | AOM Replace Add One Memory
- 55 1YY R } AOI Replace Add One. Indirect - i '
56 |00 | xxxx |* AOC - | Replace Add One Constant -
56 | xx AOF Replace Add One Forward
57 | XX AOB. | Replace Add One Backward
Descrlphon - operand --)X
. X)+1—=2+X . o
(X)—poperand oddress
SHIFT INSTRUCTIONS.

"Ther'e are fwo groups of ;hiﬁ instructions, shiff;qnd‘s'hift replace.

Shiff,

Shift instfu_ctipns, table B3-13, perform an end around (circular) left shift

-on inforrhotion'in the X fegiste.r. 'Bifs shifted. dﬁ of bit pos'.ition 1 'mbve‘ to bit’

:pOsmon 00. -From bvt posmon 00, blfs shift lnto blf posmon o1, efca Confrol

’contmues at |occmon (r) (P) + l

TABLE B3-l3. SHIFT INSTRUCTIONS

E

F MNEMONIC 'NAME

o1 02 LS ~ Left Shift One - .
o 10 1S3 * Left Shift Three -
o1 n LSé6 -

~ Left Shift Six

_ FDeScripﬁor"\: Shift X left _'th"e'number'of bit positions specified. .

PD e2134500

'B3-23




Example: - L'ocaﬁoh,"' -~ F ; _E_
o 6173 13 .
® el 02

Eis nor specnf‘ed since all rhe shrft msfruchons use E os part of rhe oPera-
‘tion code. X cOnrams 6102 At complehon of l.S3 X contains’ 1026 cmd conrrol

continues at (r)61 74.

Shift Reploce: R

Execuhon of a replace shlﬂ' msrruchon, rable B3-14, rronsfers the operand
fo X shrﬂs it left (crrcular) one bit posmon, ond frcnnsfers fhe contenfs of X back
o fhe operand address. Affer complehon of a shrff repl ace, both X ond fhe operand
oddress oonram the shifted Opercmd Conrrol conh nues as descrrbed under oddress

'mOdes Y

' NOTE ’
The E porhon of SRI and SRF msrruchons must not
be zero. 4 If zero, fhe processor mrerprets rhe Opera-

hon code as SRM or SRC respechveiy.

" pp. 82134500 |
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TABLE B3-14. ‘SHIFT REPLACE INSTRUCTIONS

F E G MNEMONIC NAME
4| Y_Y.  SRD Shift Replace bireet |
| 45 00 | YYYY 1 SRM Shift Replace ~Memon
45 1 YY " ‘ * SRI | Shift Replace Indlrecf
46 | 00 ‘.XXXXA.‘. - ::SRC ' Shift Replace Constoni'
| 46 XX | : SRF ~ \7 Shiff‘Repluce Forward

47 XX B SRB Shift Replace Bockwotd

Descrlphon opercnd >X-
shift X left circular 1 blf poslhon |
(X)-?operand address

PD. 821345090
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LOGICAL INSTRUCTIONS.

Logical instructions complement or extract any portion of the X register

according to a designated bit pattern.

Logical Product Instructions.

Logical product instructions, (table B3-15) form, in X, the logical product
of the operand and the original contents of X. Using the operand as a mask, selected

portions of X may be cleared or retained., The operand in storage remains unchang‘éd;."

Example:
(X) (binary) 111 010 001 101
operand (binary) 010 010 000 101

logical product (binary) 010 010 000 101

‘Control continues as described under address mod.es; .
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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

FlE G | MNEMONIC NAME »
02 ] XX LPN Logical Product No Address
101 YY LPD Logical Product Direct :
11} 00 YYYY LPM Logical Product Memory
1n| vy ©LPIL Logical Product Indirect
1200 | xxxx | LpC Logical Product Constant
12 xx| LPF Logical Product Forward
131 XX | LPE Logical Product Backword
l : Description: Loglcal producf of (X) (operand)—-DX

‘Selective Complement Instructions.
Selechve complement mstruchons (tuble 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 .

>pnchanged,
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Example:

(X) binary) 111010001 101

‘operdnd (binary) 010000100 111

selective complement (binary) 101010 101010
_Control continues as described under address modes.
NOTE
‘The E portion of SCI and SCF instructions must not
be zero. If zero, the processork interprets the: '

operafibn code as SCM or SCC, respectively.

TABLE B3-16. SELECTIVE COMPLEMENT INSTRUCTIONS

F.| | & | MNEMONIC  NAME

03 | XX | | - SCN | Selective Complement No Address|

“l vyl | : . SCD Seledﬁve Complement Direct

151 00 | YYYY | - SCM Selective Corriplemeni' Memory

51 yvw| | sCI Selective Complement Indirect

16| 00 | XXXX | scC ~Selective Complement Constant

16| XX | - SCF Selecﬁyé Complement Forward

7] XX | - . SCB - vSeleéﬁvé Comple.menf Backwalrc;l‘
o Des@ripﬁq’n: »S:e‘l.ecﬁvle complement Xn fqr 'oper'an,dn =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 relative mode to a memory bank, program control transfers to the
relative address specified by the contents of the X register. Execution of a memory
bank control instruction does not alter the contents of X. Not only may (r) be set by

itself, combinations of memory bank controls may be set at the same time. The

PD 82134540
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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 G
(r=0)3100 LDC 00 4600
DRJ 52

(r=0) 3102

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

‘no operation (NOP) instructions.. "Afte'rr a NOP, control continues at the next address.
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JUMP INSTRUCTIONS .

Jump lnsfruchons termmate fhe current program sequence ancl lmhal'e a.

' 'new sequence at a dlfferenf memory oddress. Cerfcun |ump mstruchons uncondl-
: Program ; whi / ’ ' :

. tionally chunge the,sequence ~con'fefni'svcbf the X register condmgn : oﬂer |um'p.‘,“ ;

L msfruchons.

‘ Conditional Jump ‘Instmcﬁon's. ‘

Condmonal jump instructions;’ table BS- 8 test the X register for the
;v condition sfafed If fhe specnfued condition. exnsfs, confrol fransfers forwurd or B
. backward in the relative (r) bank XX Iocahons, If the speclﬁed condlﬁon does

. not exist, control continues at P + 1.

" TABLE B3-18. CONDITIONAL JUMP INSTRUCTIONS'

F. E .  |MNEMONIC | = . NAME
: "!.»60 “ XX »__'.’ZJF' | . Zero Jump Forward e ,
| 61 . | xx | ¢ NZF | . Non-Zero Jump Forward
‘ 62 XX _}y.',PJF | . Positive Jump Forward
63 ]l xx 1 ‘- NJQF“ '_ " Negahve Jump Forward
64 : xx 1 ZB | Zero Jump Backward »
. ;55 XX | , H ‘.NZBl N Non-Zero Jump Backward -
. 66 | xx . : PJB | : ‘Posmve Jump Bockward
67 L XX ~» - NJB _'Negoﬂye Jump Bcnckward_ .




" Test ébnditions are:

_'(a) |

X zero — confents of X equal posmve zero (OOOO). Negahve' '

- zero (7777) does not meet fhe |ump condlﬂon. S

'.-‘(b) X not zerg.' ___ X..cbniqins‘uny qd‘unfify other 't:ha_n.QOQO; ‘\

@

@

X positive — bit 11of X is 0.

X negative — bit 11 ofXj‘is 1..

LUnconditional Jump Instructions,

Uncondmoncul jump instructions, fable 83-19 transfer program control

regurdless of X reglster confenis. S |

TABLE B3-19. UNCONDITIONAL JUMP INSTRUCTIONS

L

R

, F E G MNEMONIC NAME
70 | oYY a '._JPI' S Jump Indirect
, 71 00 YYYY JPR - ._Refum Jump
it o

Jump Forward Indnrecf

' Jump Dlsplay '

APD 82134500
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Jump Indlrecl'. |

The jump mdlrecr instruction (J PI) rransfersbprogram control to rhe relative |
(9] bunk Iocahon speclfled by rhe contents of direct (d) bank locahon OOYY Aﬂer‘_
execuhng the JPI 43 instruction in rhe following example, since (d) 0043 confams

3662, program c0nrro| rransfers to locahon (r)3662

B(Qmple‘:';’ ) ‘»‘ Location 3 F ' E :
@YY .o 43
'f~'(d)0043 36 : -..162'
() 3662 . Continve "

Rerurn Jump.
The return |ump (JPR) msfruchon transfers control from the main program R
_'sequence toa program subrouhne. In don ng fhls, reference frgure B3-3 it provrdesi”

a method of refummg from the subrouhne to the nexf srep in rhe mam program.
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MAIN PROGRAM

" [ApDRESS |__InSTRVCTION
F1E] G
\,_1':
INSERT ADDRESS OF
(0 1173 |71 |00 - NEXT MAIN PROGRAN]
STEP(]175). |
1174 | .| (2100 SUBROVUTINE
ADDRESS FI.‘L]STEUCI»T/éA/
() 1175 | X X |XX ‘ ,
; - :
1% LPslnz2iol |23 |01 |
® 2102]40 | 50|
: |
o e Y ]
SUBROUTINE. STEPS
R i |
O 2300] 70 | 50 | SUBRITIVE

RETURN 7O NEXT
MAIN PROGRAM STEFP

Figﬁre_ B3-b3_.' Return JumAp (JPR) Application

A reﬁ:rn |ump mcreases fhe confents of P by 2, provadmg the address of
the néxt main program step (r)l 175 in this exomple . The processor trcnsfers thls
;oddress [(r)l 175] to locqhon (r) YYYY @)2]00 in thls exomple] Program confrol
transfers to |ocahon (r)YYYY +1 [(r)ZlOl] Loucl backward and sfore dlrect '.
: ‘mstruchons at the begmnmg of the subrouhne, flgure B3-3, enable an mdlrect

i |ump to address (r)l 175 of fhe mam progrdm affer subrouhne complehon. :
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Jump Forward Indirect.
Jump forward indirect instructions transfer program control to the relative
- (r) bank oddress specified by contents of the storage location XX positions forward .
After executing JFIO7 in the following example, the processor references the relative
‘ ban‘locati‘on 0007 positions forward, (r)5171. Program control transfers to fhe udf:lress

contained in this location, (r)0423.

Example:  Location F E

(r)5162  JF1 07
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 (J PD) instructions transfer program control to the displqy mode -
| of operation at the address specified by G. In the E éorfion of J PD in#ffucffOns, -

| bifs 0 and 1 specify the display memory bank as follows. N

BIT  BIT

1 o BANK
0 0
0 1 1
10 2

'PD 82134500 33.34



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

resumes where it left off, If bit 5 is a 0, display clears before starting.:
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INTERRUPTS.
| Interrupt lines and iﬁstructions enable effective processor
handling of the manual input devices (alphanumeric/funtion key-
board 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 {ines,
notify the processor of external requests for action. An inter-
rupt initiates transfer of processor program control to a fixed
memory location without losing the information needed for’return
to the main program. There are four interrupt 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)OOBI, or (r)o041. The address at location (d)oolo, (d)OOZO,
(d)0030, or (d)0040 enables returning 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 intérrﬂpts"

A 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 interrqgoted following an interrupt to determine

- which equipment generated the interrupt.

Interrupt Servicing.

A scanner sequentially interrogates the four inferrupt 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 qufomafically clears the serv‘lyvc':ed’_
""":‘interrup'f. Interrupts 30 and 40 must be cleared with an external func;fioﬁ 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.

 TABLE B3-20. INTERRUPT INSTRUCTIONS

F | E | MNEMONIC | = NAME

01 20 . CIL - - Clear Inferrupt Lockout -
ot | 21 | sit” . | Setinterrupt Lockout
0l | ‘22 ,; IDS - Interrupt Data Source

Clear/Set Interrupt Lockout.

After detection of an interrupt 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 ;.
scanﬁed for activity. The set interrupt lockdqf‘(SIL) instmcﬂén unconditionally -

locks out all interrupts.



'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, ;his 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
»Aroutine. Activating a manual input device (alphanumeric/function key-
" board and light pen) interrupts the display or processor routine. When
interrupted, the next addres# in the active routine goes to direct address
- 00/0 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 interrogating the manual input register.
 tInterrogating the manual input register enables determining the interrupt \
:’source (function/status, a/n keyboard or light pen) with three sequential
groups of register transfer, selective complement, and zero jump forward
instructions. Table B3-21 is an example of interrogating the manual input
register for a light pen interrupt. Determination of the interrupt sOurcev
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

“:‘ggfﬁ? Fl e | 6 DESCRIPTION
- 0043 74 | 01 | R1—>X
0044 16 | 00 SeLecTive CompLemenT
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 fueTiony/status and a/n keyboard interrupts, examinei
~bit Il of the display state register. |[f bit Il is a logical I, display
mode was interrupted. Before returning to the display routine, determine
;ithé 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 Il of the display state register is a logical 0,  ;
_return to the interruptdkrocessor rouiine.with a jump indirect to the cone i
tents of direct éddress 00}o. | | | g
in {he,case of a light‘pén interrupt,'returd to the diépléy fohtine€ L

as previously described.

PD 82134500 ~
| B3-38



~ INPUT/OUTPUT INSTRUCTIONS.
* Input/output instructions, table B3-21A, permit communication between the

~ processor and peripheral equipment (unit).

TABLE B3-21A. INPUT/QUTPUT INSTRUCTIONS
F E G MNEMONIC NAME
+72 | xx | YYYY INP Normal Input
+73 | XX ]YYYY - our Normal Output
75 | 00 | EXC External Function Constant
75 | XX EXF External Function Forward
76 00 INX Input to X
76 | 77 OTX Output from X
* (r)(P) + 00XX = FWA of the input or output area
= LWA +1 of the input or output area

Normal Input/Output.

An input operation consists of reading information from a previously selected
peripheral unit and storing it in a specified memory area. Transmitting information
from a specified memory area fo a previously selected péripheral 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
Iocotioﬁs 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/outpﬁt

area is Iocatioh 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 proper |y
selected, the processor will be indefinitely delayed (hung up).

Information transfers initiated by INP and OUT instructions‘
are not buffered. That is, execqtion 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+l actually written into or read out of memory
during the input or output. Although the FWA and LWA of the input/
‘output memory area are in the relative memory bank (r)) /Xhey'
specify locations in the indirect memory bank (i). The following -
>progkam example reads 10004 words from a peripheral unit and.‘ -

“stores them in memory locations (i)1000g through'(i)l7778.‘

NOTE
The E portion of INP or OUT instructions must

not equal zero.

PD 82134500
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Ex'ampl‘e: Location
| (r)1134 INP 33 2000

(r)1136 Next instruction
(1167 10 00 (FWA)
Final (X) 20 00 o (WWA +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
6 specific function. With the exception of a status request code, attempting an
illegal selection delays the processor indefinitely (hangs it up). One example of an
il|ega. selection is oﬁemp}ing to select a magnetic tape unit for reading v;hen the

unit is off.

Most peripheral units hc;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 is given and some other unit on the
channel is busy, the pfocessor will be delayed until a selection can be made. If a

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

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

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

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

- X lnpdt/Oufpuf.

INA and OTA instructions read or write, on a previously selected peripheral
unit, one word to or from X. On _equipmenfs which transmit less than one full computer
word at a time, information transfers to and from the low order portion of X. Pferam
" control continues of,(r)(P) +I; Aﬂempﬁhg an IN’A or OTA with no periph‘erql

. uhif selected hangs-up the processor.
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DISPLAY REPERTGRE.

The display mode of operation (activated by interface
function code, processor jump-display instruction, or operator
panel) enables displaying symbols, points, and vectors on the
crt. Display commands may be located in bank O, bank I, or
bank 2. While in display mode, the arithmetic module controls

beam positioning and relative coding. The X register controls’

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

Table..B3-22 presents the display repertoire. For the following\’

explanations, all nunbers are octal unless stated otherwise.

ENTER MODE COMMANDS.
Codes 40 through 47 define display operating modes.‘ Even
" codes select mode |I. 0Odd codes select mode Il. Bits O through
5 of an enter mode command assign display parameters for the

" selected mode, figure B3-5.

o Mode | Position Words.

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

Two position words follow each enter mode command.

PD 82134500
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TABLE B3-22 DISPLAY REPERTOIRE

ENTER PLOT POINT MODE I (40)
ENTER PLOT POINT MODE II (41)
ENTER PLOT SYMBOL MODE 1 (42)
ENTER PLOT SYMBOL MODE 11 (43)

~ ENTER TABULAR SYMBOL MODE I (44)
ENTER TABULAR SYMBOL MODE 11 (45)
| * ENTER VECTOR MODE 1 (46) |

ENTER VECTOR MODE 11 (47)

JUMP (52)

RETURN JUMP (53)

IDENTIFIER (54)

START REFRESH CYCLE (55)

ENABLE OPERATOR DEVICE (56)

- DISABLE OPERATOR DEVICE (57)

"X" AND "Y" MODE I POSITION WORDS {

MODE 11 POSITION WORD
~ SYMBOL WORD
ADDRESS WORD

PD g2134500 83-40
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A 6,85 : 0

DISPLAY
4x : ' PARAMETERS

Figure B3-5. Enter Mode Command Format

n 10 9 °
oDD WORDS 0 vt X OR AX
N ReLATIVE '
eveN worps | 0 |\ VORAY
\BLANK

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 Xand Y pos%ﬁonal information as absolute values. A l in bit 10 of the X |
- position word indicates that X and Y positional informaﬂqn is Tn relative mode.
“ATlinbit 100f the Y position word allows the beam to be posiﬁdned but not

unb'anked .
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Absolute Positioning.

Absolute positioning, 0 in bit 10 of X position word, transfers bits 0 through
9 of the X and Y position words to bits 0 through 9 of the X and Y position registers,
respectively. This enables positioning the beam to any X, Y coordinate on fhe'crf
raster. Minimum and maximum X, Y position values are 0000 and 1777, respechvely..
»Example: | |

CINITIAL  POSITION  FINAL
COORDINATE  POSITION ~_WORDI ~ POSITION

X D13 os1 0441
Y 0573 1172 72

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

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

S 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 und maximum positive A values are 0000 cnd 0777, respectively. Mini=
mum and maximum negative A values are 1777 and 1000, respectively. Table B3-23
lists some examples of X, AX relative posmonmg combinations resulhng from T's

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

r 1 CURRENT NEW DIRECTION OF  MAGNITUDE OF
EXAMPLE X AX X BEAM MOVEMENT | CHANGE IN
POSITION POSITION  (BLANKED) X POSITION
y 0000 | 0000 | 0000 NONE 0000
2 | o000 |o777 0777 > +0777
3 1000 {0777 | 1777 b +0777
4 | 001 |o7 | ooor 4+ - 1000
5 1777 \omz | o7 |4 1000
6 7 V| v NONE 0000
7 1777|1000 | 1000 4 - 0777
8 1000 |1000 | o001 & o
9 .0001 |1000 [ 1007 5 | +1000
ALL NUMBERS ARE OCTAL

" Mode II Position Word.

Mode Il 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 II command. A 1 in bit 5 of an enter mode I 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 l’li

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

PD 82134500
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position beforé being added to the previous X, Y position. Bits 10 and 4 are sign
bits for AX and AY, respectively. A 1 indicates a negative A value in 1's com-
plement. A 0 indicates a positive A value in standard notation. A 1inbit5 alldWs
beam positioning without unblank .  Table B3-24 tabu |’ates the A values for bofh

: bscales . | | |

Example:

INITIAL . FINAL

COORDINATE  POSITION  POSITION WORD II  POSITION
x 122 sz 2lscacn
A 0573 - 0561 |
X 1232 g5 P%%scawes
Y 0573 052
n 10 8 5 4 0
o |ueN| - 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 o + 4 + 20
0303 = = + 6 + 30
0404 +10 + 40
0505 o +12 + 50
0606 +14 + 60
0707 - +16 + 70
1010 - ‘ +20 +100
1111 +22 +110
1212 ‘ 424 +120
1313 N +26 +130
1414 , +30 +140
1515 +32 +150
1616 ; +34 +160
7i7z . +36 +170
2020 -36 - 170
2121 AR -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
8232 -12 - 50
3333 -10 - 40
3434 -6 - 30
3535 , - 4 - 20
3636 , -2 - 10
3737 -0 - 00

5Q
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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 II which uses a
" mode 11 position word. A 1 in bit position 4 of either mode causes blinking of
: “ displayed Vpoints. Display logic remains in plot point mode until recognition of a

new enter mode command.

n 10 9 8 7 [ 5 4

;ﬂm poINTMODEI(O) | 1 | o | o | o fo |o 7/4 BL'NKW
,nor-rommoosu @ |1 fo Jo Jo |0 |1 |SCAE “”"“‘W

Figure B3-8. Plot Point Words

Mode 1.

Plot point mode 1 requires two position words for each point. Odd position

~ words following the enter plot point mode I command éo‘ntain the X position and éven
position words contain the Y posifion. A 1inbit 100of the Y positibn wofd ‘qllows

~ crt beam positioning but inhibits unblaning the point. A O in bit 10 allows both

 positioning and point unblank,
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The following example program plots points at the coiriers

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

- _Program , Comments
4000 ‘ Enter plot 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
1777
1777
Plot point at lower right corner
0000
4020 ‘ Enter plot point mode | - blink
3000 (X =-0777) Blink point at center
0777 (AY=+0777)
| " Mode 1.
Plot point mode Il requires only one position word for each
point. Both AX and AY values are in a mode |l position word. X

and AN»binary weights, table B3-24, dependent upon the scale
selected in the enter mode command. A O in bit 5 of the enter
i*tlot point mode Il command selects scale | and a | selects scale
3. Scales | and 3 shift the &X, AY values left | and 3 positions,
respectively, before adding them to the previous X, Y position.
Al in bit 5 of the pqsition 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~IOOO the

follownng program plots points at the corners of an 'maglnary

- square centered on the crt raster.

fong.

Program

4100

3232

0012

1200

0025

Plot Symbo| Mode.

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

Each side

Comments

Enter plot point mode ||

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 | position words.

initiates mode Il which uses a mode || position word.

Code 43

Display

logic remains in plot symbol mode until recognition of a new

enter mode command.

“the basic symbol

PLOT SYMBOL MODE [ (42)

 PLOT SYMBOL MODE It (43) |

t. |

slei 10 9 8 7 é 5 4 3 2 1 [+]
1 o | o o |1 e 7// BUNK| OR % S1Z€ %
1 0 0 . 0 ] 1 SCALE BLINK QR % SIZE %
‘Figure B3-9. Plot Symbol Words ‘ ' ’

Bit positions 4, 3, and | of either mode select blink, orient-

ation, and size respectively.

Code

Plot symbol mode command automatically selects

Al in bit position 4 selects

blinking of following symbols and O inhibits blinking.

PD g21345%0
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A | in bit position 3 plots symbols rotated 90 degrees

counterclockwise and O plots symbols in normal orientation.

Al

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

Reference table B3-25 symbol spacing.

size.
TABLE B3-25. SYMBOL SPACING
HORIZONTAL |
BIT : SYN\BOL 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

foliowing 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

fhrough 0. Reference the symbol repertoire heading for basic and

~extended symbo |: sets.

1

615

Set Code

Symbo| Code

Figure B3-10. Symbo| 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 mede | and Il plotting.
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The following example program, using plot symbol mode I, plots four, small

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

Progam Comments_
4210 Enter plot symbol mode (90 degrees small)
0062 Symbol word(B)
0000 S .
Plot "B" at lower left corner (absolute).
- 0000
© 2000
0525 Plot "B" qf X= 0000, Y= 0525
~ 2000 ;
| Plot "B" at X = 0000, Y = 1252
0525 | ' | -
0000 N SRR [
Plot "B" at upper left corner
1777 : S

'fobulur Symbol Mode.

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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7! 10 9 8 7 é 5 4 3 ! 0

_ 2
TABULAR SYMSOL 7 7 .,
hayrtaion 1..] o o | 1 0 0 % BUNK| OR //jé s1ze @
TABULAR SYMBOL . 0 0 7 7
MODE 11 (45) 1 o 1 SCALE] BUNK| OR /// SIZE ///
) g

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)
¢] 148v 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, Updn recognition of a set shift code (17), the symbol set changes.

If using the basic symbol set, shift code (17) selects extended symbols,

and vice versa.
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Except for the positional information, tabular symbol mode I and mode Il
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.

" 6 5 0

SYMBOL 1 SYMBOL 2

Figure B3-12, 'Symbol Word for Tabular Symbol Mode

.Assuming an initial beam pdsiﬁbn 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‘ S - Comments

4542 Enter tabular symbol mode II (scale 3,
R large size, normal orientation)

2701 AX=-100, AY=10

48317 L, case shift

6151 a,r ‘

6765 - g, e

3200 éscape
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Vector Mode.

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

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

tions 4 and 3, respectively.

1 10 9 8 7 é 5 4 3

VECTOR MODE 11 (47) 1 0 0 ' . v | scate |sunk | pask 7////////////

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 posiﬁOny' .
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 storting .

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.

Program | Comments

Enter vector mode I

, 0000 Posmon blanked crt beam i'o
2000 _lower left corner
0000 :

Upper left corner

1777.
Vo) B :

' - Upper right corner
1777 )

- Lower right corner

0000 .
0000

Lower left corner

0000

Example 2: With each side equal to 100, draw a square around the centeft
of ‘_th'e""‘rdstet"‘;wUSe dashed vectors and assumean k‘inifidi”}:ﬁf .

~ beam position of X = 1000, Y = 1000.
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Program - Comments

B 4750 . - Enter vector mode | (scalé 3, dash) ‘ 
3373 MX=-40, AY=-40, blank |
oolo MX=00, Ay=+|00
1000 Ax=+|oo, AY=00
0027 AX=00, AY=-]00
2700 AX=-100, AY=00

JLMP COMMANDS .

Codes 52 and 53, figure B3~i4 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

:{ransfers 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. AO

~r confinue5'display mode, A‘l’selects processor mode.
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rROCEssOR/ 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 O 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.
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n o, 10 , 9 8 7 .8 5 0

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 ﬂve 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,
"H1‘e staievt"egisfer contains the identification code for R3. After determining R3 i
: generated Vthe in‘ferrupt, enabling 'rhe’ keybourd pefmité entering a different resis-'-j
_'_,‘kl'ance vqlue for R3. 'In’ fhis manner, the design éngi’neer quiyfies a circuit for

~ ‘desired 'choracteri‘sﬁ cse
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Lol

(9]

-20V

R, 2.4K

ovTPUT

INPUT

Figure B3-16. Typical Circuit Display
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IDENTIFICATION
CoPE FOR
RESISTOR R3

p/5PI?}}>7 _5;
v AlD T,
INTERRUPT—=-Cr i p e &) tanese

(VALVE
DETERMINE —X
INTEXKVIT SOURCE LA LOG;HT ”_’5”
AND FROCESS INTERRUFT >

Vi | continve

(fq-— INTERRUPT

DISPLAY  m4—
ROVTINE

Y
INTERKOGATE
STATE
REGISTER

X

:—“ S\ VES
TKANSISTOR
coDDv—> PRCESS T
~|NO : '
RES’_S_T-O—R NO ./ ERROR
CODE “PN\sTOP
YES

Y
DETERRINE
WHETHER R),R,, 0R
Ry WAS LIGHT
PENIED
ENABLE K67BOARD

ENTRY OF A New
RESIST?R VALVE

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

The start refresh command, figure B3-18, 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-mil|isecond 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 example.

WARNING
Each display pattern must contain a start

refresh command or damage to the crt phosphor
may result.

Il 10 9 8 7 6

Figure B3-I8. Start Refresh Cycle Word
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evaseormron | o |1 |1 v | W 71 7 7 :/%c/r

FigureB3-20, Operator Control Device Words

16 9 % 7 b & 32 1 O

L AN KBD ENABLE

LIGHT PEN ENABLE.
A/N KBD INTERRVPT
FUNCTION/STATUS INTERRUFT
LIGHT PEN ZNTERRVFT ~

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



SYMBOL REPERTOIRE,

Tables B3-26 and B3-27 list the basic and extended sumbol

sets and codes, repectively.

TABLE B3-26.

BASIC SYMBOLS

_{5%25 : (::::!;OL _*_(g%gls) WSYMBOL (ggozgi\j; . SYMBOL

o P 27 X 55 t
02 2 30 Y 56 }
03 3 3 z 57 >
04 4 32 Tobular Escape 60 o+
05 5 33 . ‘ 61 A
06 3 k7] ( 62 8
07 7 35 - 63 C
- 10 8 35 _ (underline) &4 D
n 9 7 A 65 E
12 g o | - 66 F
13 = 41 J 67 G
4 # 42 K 70 H
15 < 43 L 7 i
16 % 4“4 M 72 <
7 ScT Shift 45 N 73 . (period)
20 Space 4 o 74 )
21 / 47 P 75 2
22 s 50 Q 76 1
2 T 5 R 7 ;
24 u 52 v

25 V. 53 $

PD 82134500
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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 interprets
the 12-bit word following the symbol wora containing an escape code as a display

-

command.

TABLE B3-27. OPTIONAL EXTENDED SYMBOLS

OCTAL | syMsoL 1
CODE | DISPLAYED DESCRIPTION |
00 . B Small Beta |
01 - Subscript 1
02 2 Subscript 2
03 3 Subscript 3
04 v Psi
05 P Rho
06 ~ Gamma
e ¢ Small phi
10 w Small Omega
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B3-27. OPTIONALLY EXTENDED SYMBOLS (CONT)

OCTAL SYMBOL _

CODE | DISPLAYED" DESCRIPTION -
n A Small Alpha

12 \Y4 Del

13 $ Small delta

14 2 Sigma

15 T Small 'sigmo '

16 R Mu

17 : Shift to Basic Symbol Set
20 ' Space

21 - Left Arrow.

22 s | |

23 - ot

24 v

25 v

26 W

27 . X

30 y

31 Lz
32 N Tab Mode Escape

33 o -

“ | O

35 A

36 ©

37 v

40 + Plus or minus

41 J
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B3-27. OPTIONALLY EXTENDED SYMBOLS (CONT)

OCTAL
CODE

SYMBOL
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

PD82134500
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Integral sign
Partial sign
Degree sign
Delta

Pi

Square root

Theta

B3-648




B3-27. OPTIONALLY EXTENDED SYMBOLS (CONT)

OCTAL SYMBOL
CODE | DISPLAYED DESCRIPTION
72 2 Superscript 2
73 | 3 Superscript 3
74 "o Quotation mark
75 - ’ Prime mark
76 o 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 g§213450v
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- DISPLAY STATE REGISTER.,

A' .
The display state register, figure B3—l%, is an internal control register

available to the processor for determining conditions in the ('display conirol mode,

11 10 9 - 6.5 |
DISPLAY . |IDENTIFICATION
MODE.  CODE ‘-

Tabular Symbs] Count
Dlsf}A) Acriye

Figure B3-l6¢ Displdy 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

e disployed.
~ 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 (RZ)‘-

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

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

INTER

status, or the HYT key results in the R2 setup shown in figure B3-13’,’.q

‘ %% h, 10 9 8 7 6 0 '
i :
. 3 VRV EYENEN KEY CODE
\\\- CLEAR

: ' |
DELETE t!

, % EOIT ‘
3 LINE UP 2
(. : k
L._,m‘ LINE DOWN - SO

A . ’
Figure B3—I;l. Edit and Alphanumeric Key Word (R2)

INTER
Depression of a function key or the H¥key results in the R2 setup shown

A

\ STATUS CODE

Y \—
INTERRUPT  KEY

H
|

: 4% 1,10 7,6
]
i FUNCTION CODE
:

Figure B3-1 A 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

cove|  sYMeoL “ covg|  SYMBOL covg|  SYmeot cone | v
000 | : (colon) o |J 101 | Retum 160 FO
001 | 1 042 | K 102 | Send 16 Fl
002 |.2 043 |t 103 | Not used 162 F2
003 | 3 044 | M 104 163 F3
004 | 4 045 | N 105 164 F4
005 | 5 04 | O 106 165 F5
006 | & 047 | p 107 166 Fé
007 | 7 050 | Q 110 “ 167 F7
00| 8 051 | R m 170 F8
onjle 052 |V 112 171 F9
oiz | g 053 | $ 13
o | = 054 |+ 114
.04 | £ 055 | ¢ 115
05 | < 056 | 4 116
016 | % 057 | > 117 | .Not used
017 | Not used 060 | + 120 [ Bksp
020 | Space 081 | A 121 Tab _
021 _ /. 052 | B 122 Line Skip
022 | s 063 | C 123 | MoT Used
023 | T 054 | D 124 | Line Clr
02 | U 065 | E 125 | Not used
025 | v 066 | F 126
02 | W %7 | G 127
027 | X 070 | H 130 | Not used
00 | v on |1 131 | skip
03 | z 072 | < 132 | Reset
032 | Not used 073 (period) 133 Not use&
033 | , (comma) 074 1) 134 Not used
034 | ( 075 | 2 . 135 Not used
035 - 076 | Not used 136 Tab Set
03 _ (underline) 077 | ; (semicolon) 137 Not used
037 { A 100 | Not used 140 | Aux Send
_°~40 = (minus) » [
B3-48
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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 akperipheral unit before initiating an input

or output.

~PD 82134500
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- EXAMPLE PROGRAM,

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

gramming. Figure B3-1 Ais 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 activating display mode with the proper interface
function code or the DISP MODE switch on the operator control panel, begin the
program at address 0313. Table B3-29 lists program operating procedures. Fig-

' ures BS—ZCﬁmJB&Zﬁshow the tuning pattern and box with tracking cross displays?

respectively .
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opehveres Q4.

LZ-¢t8

Y
SELECT
PISPLAY

¢
i

T erAez !
KESBLARD |
INTERRYPTS |

S

DISPLAY j
|

TUNING

LPATTERN

INTERRVPT
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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 posihons the tracking

cross by light penning a point in the inner or outer
circle. The tracking cross repositions to the selected
point. The outer display pattern box defines the I|m|f
of tracking cross movement.

DEL DEL deletes the tuning pattern and displays only a box
together with the tracking cross. ‘

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

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

T o T selecis track. In track, the operator may draw a
continuous line with the light pen and fracking cross,
The program storage area limits line length. A dis~
played message signals tracking data overflow.

_EDIT | EDIT provides a program restart.,
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76 BE SUPPLIED

,t_]_:'!Figure B3f29? Tuning Pattern
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p .
Figure B3-21/r Box With Tracking Cross
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TABLE B3-30, EXAMPLE PROGRAM

MEMORY
LOCATION F E COMMENTS
0000 57 04 Disable Tight 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 )
7 74 40 Resume displey
0010 X X XX In'fewu/afatf/;‘fe/ss + /-
/ 7/ 0] *'J'wmp 1o ,'n’f'erru/:f row'/'/;, e
2 00 | 41| Eutervapt roatine address
3 05 33 Jump address ’
9 05 32 Mode address
-3 77 | 00| Storage limit
e 71 01 Jump to kbd routine
? 00 Z ’ X0g< >(7§< Jemporay XF°5" ff”" slerage
S| g3 25 L |
‘Q\W 3 05 3 .ra.m/v command adfress
o7 2{’«,;, 0024 —» 0040 Sforage arce
41 40 | 20 [ Store X position
2 0l 71 R1—»X ‘
3 12 | - 00 Logical product constant
9 | o1 | 00 Mask 26 — a/n keyboard bit -
- 65| 27 | (X)#0 jump to kbd routine
- b 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
3 30| 06 | Restore (X)
s 40 02 Update X position
2 .ol 70 (Y)—+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

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

MEMORY

(
LOCATION F E COMMENTS
0064 30 06 Restore (X)
g 40 | 03 | Update Y position
e 01 20 Enable interrupts
7 71 01 Resume interrupted routine
0070 00 71
/ 74 40 Resume display
2 03 13 |
3 o/ 72 R2—¥X
4 03 62
s 60 32 (X)=0  Begin "B"
¢ 71 01 First Key # "B", resume display
L 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"
¢ o1 | 72| R2—X
5 16 | 00 ‘
6 04 | 00
7 60 12 (X)=0  Delete "DEL"
o0 ol | 72 | R2—eX
v / 03 23 :
2 60 | 11 X)=0  Track "T"
3 | er | 72| R2—»X
9 16 | 00
s 10 | 00 |
e 60 | 07 | (X)=O0—wReset "EDIT"
7 71 01 Resume display =~
- 0120 00 07 | ’
- 71 01 Jump—pdelete
z 02 07
3 71 01 Jump—pirack
4 | 02 | 21
s 71 01 Jump—preset
2 02 27
7 23 14 | Begin routine
0130 43 32
- 22 00
4 22 |

03
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TABLE B3-30, EXAMPLE PROGRAM (CONT)

)

IPD 82134550

:| MEMORY :
LOCATION F E COMMENTS
0133 43 34 Provide "S" check data
4 04 | 00
5 41 00 Enable tracking cross display
e 05 33 ‘
7 01 20 Enable interrupts
0140 74 | 40 Resume display
/ 03 13
2 22 | 00 | Vector start routine
3 40 | 00
K 41. 14- | Insert plot point command
& 71 | o1
& 01 52
7 22 00 Track routine
- 0150 - 46 00 |
SR 41 14 Insert vector command
2 20 02 o
= 41 | 21/ | Insert X position
4 20 03
s 41 22.- | Insert Y position
o 04 03 ‘
L 50 14 Mode address +3
0160 04 03
/| 50 21 1 X address +3
2 04 03 |
3 50 | 22+ Y address +3
¢+ | o4 | 03
s 50 ~ 23, Jump command address +3
6 04 | 03 |. 2
7 50 13 | Jump address +3
- 0170 22 00
/ 52 00
2 41 231 Move Jump command
3 04 | 00 |
4 41 13 ‘Change jump address
s 20 | 14 .
6 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 74 40 Resume display
3 03 13
4 01 20 Enable interrupts :
5 74 40 Jump _poverflow message
b 02 70 :
. 7 22 00 Delete routine
0210 05 14 Address of box
) 41 00 Delete tuning pattern
2 05 13
3 | a1 00
4 02 03
_ s 40 72
-6 01 20 Enable interrupts
A 7 74 40 Resume display
- 0220 00 00 .
1 22 | 00 | Initate track
2 01 47 Address of track routine
3 40 70 .
¢ 01 20 | Enable interrupts
5 74 40 Resume display
¢ 00 | 00
- 7 22 00 Reset routine
- 0230 71 01 ‘
- / 411 00
2 0 | 76
3 04 07" +
7 41 00
£ 00 | 77
6 22 | 00 |
7 03 13 Tuning pattern address
0240 41 | 00
/ 05 13 Tracking cross exit address
-z <41 00 : '
3 02 | 03
¢ 41| 13
=3 40| 72
6 04 71
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TABLE B3-30. EXAMPLE PROGRAM (CONT)

MEMORY
LOCATION F E COMMENTS
0247 - 40 70
0250 22 00
I 05 32
2 40 14
3 40 23
4 22 00
5 05 33 |
e 40 2l 4
7 40 13
0260 22 00
/ 05 | 34
2 40 | 22
3 22 00
¢ 52 00
£ 41 23 |
2 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 21 71 | k1
0300 45 67 N, G
‘ / 20 64 Space, D
2 61 | 23 | AT
3 61 | 20 | A, Space
7 46 25 | O,V
S 65 | 51 E, R
6 66 | 43 | F L
> 46| 26 | O, W
0310 32 00 | Escape tabular mode
/ 52 00 Repeat message
2 02 70
3 57 | 04 | Tuning pattem routine
¥ 46 | 00 Vector mode |
v ‘
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TABLE B3-30, EXAMPLE PROGRAM (CONT)

MEMORY :
LOCATION F E COMMENTS
03)5 00 | 00
7 20 OO} Lower left (blank)
BBt
0320 17 |
- 7 |77y | e
S 2 17 77
3 17 | 77
4 00 00
S 00 00
¢ 00 oo} <
7 7o\ T Vel
0330 17 77
/ 00 | 00 /
2 00 00
3 00 00 ;
2 37 7 Upper left (blank)
z 17 77 ‘
P 00 | 005 |
> 00 | 00} IR
034? 17 77,
‘ 04 0 . a7
2 24 Og} Begin 2” box
3 04 00 T
z | 14 | 00 |
14 00 v
e 14 | 00
8 7 14 | 00 Jr
0350 04 00
/ 04 00
2 04 00
g 44 02 Tabular symbols — large — normal
07 50 .
< 16 0(3 Top line
6 7 | 51 | G, R
7 71 64 I,D
036 © 32 00 Escape tabular mode
- 44 12 Tabular symbols — large — 90 degree
2 16 00
3 07 3(} Right line
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TABLE B3-30, EXAMPLE PROGRAM (CONT)

MEMORY |
LOCATION F E COMMENTS
T 0304 23 | 24 | T,V
5 5 1 71 | NI
¢ 45 67 N, G
7 32 00 Escape tabular mode
037 0 44 02 | Tabular symbols — large — normal
é 8? ;E/)'} Bottom line
3 47 | 61 | P, A
4 23 23 1,71
5| e | 51 | ER
G 45 32 N, escape tabular mode
7 44 12 Tabular symbols = large = 90 degree
040 ? 8; ;7;} Left line ‘
2 65 | 27 | E X
3 61 | 4 | A M
9 47 | 43| pL
S 65 32 E, escaope tabular mode
A 42 02 Plot symbol- — large — normal
7 00 40 Dash (~)
041 © 10 oc% Top ()
] 13 | 00 P
| 13 | 00 .
2 10 0(} Right (=)
10 00
, i 05 00 Bottom (=)
05 00,
7 0 | oof| € | ~
0420 42 1 Plot symbol - large = 90 degree
; (])8 gg Dash (1) ‘
3 13 | oof | Tor(n)
¢ 13 oc% .
= 10 00 Right (1)
¢ 10{ 0
> 05 00 Bottom (1)
043 O 05 00 '
7 10 00 Left (1)

2D bpai1zanon
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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
¢ 52 00 Jump —prefresh
3 05 | 30 |
G 46 00 | Tracking cross routine .
7 20 00 f ' .
0440 00 50
20 00
2| 2 { ®lank)
20 50
00 oc} .

37 1 2 |
T I | eblank)

20 00
1 ol

045 |
- 20| 0
20 | s0f | T (elenk)
37 | 27
0| of| @

) 38 g?} —p(blank)

56 04 Enable light pen

41 00 Plot point mode II

00 05 AX =00 AY = +12 (small clrcle)
. 03 35 AX = +06 AY = -04

02 34 AX =+04 AY =-06

35 34 AX ==04 AY =~ 06

34 35 AX ==06 AY ==04

34 02 AX ==06 AY = +04

35 03 AX = =04 AY = +06

02 03 AX =+04 AY = +06

03 40 AX ==06 AY =00, blank

00 11 AX =00 AY = +22 (Iarge circle)

05 36 AX=+12 AY =-02

03 35 AX=+06 AY ==04

03 33 AX =+06 AY ==~10

01 32 AX=+02 AY =~12

36 32 AX==02 AY = =12

047

o
, &
NS ARAWNSTOYUDAPWN~OUDKNAWNSAUDARADWNS
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TABLE B3-30. EXAMPLE PROGRAM (CONT)

MEMORY
LOCATION F E COMMENTS
0500 34 33 | AX==-06AY=-10
/ 34 35 AX = =06 AY = -04
-z 32 36 AX ==12 AY ==-02
3 32 01 AX==12 AY = +02
4 34 02 AX ==-06 AY = +04
S 34 04 AX==06 AY =+10.
¢ 36 05 AX==02 AY =+12
Vi 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
f 46 - 00 Vector mode [
7 gg g% Lower left (blank)
0520 00 gg} +
/ 17 |
z 17 2% —”
3 17
4 17 7%
< 00 0 l’
G 00 00 a—
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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