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FOREWORD

Thi s report , submitted to the Navy Undersea Warfare Center San Diego, by Hughes Air-
craf t Company , is a contractually required document under Contract No . N00123- 67—C —
0833 . The report describes the operations of the Multi—Mode Sonar Console and Passive
Data Memory Unit from the viewpoint of the computer programmer. Instruction and data—
word formats for each of the equipments are described , as are the actions that occur in
response to the instructions and data words . For convenienc e in ha ndling , the document
is divided into two volumes: Volume I describes operational programming and Volume
H describes diagnostic programming .

In the preparation of this report , it has been assumed that the reader is famil iar  with
the UNIVAC 1230 computer , with logical operations , and with the basic principles of
computer—controlled display generation. The information in this report will permit the
reader to write valid programs for generating versatile sonar displays.

V 
~~~~~~~~~~~~~~~~

I

. ~:: L~~ iL. ~ ~ 
-

\
~~

L. i



i~i~~~~:--- -----~
---

~----- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

CONTENTS

SU \IMAHY S—()

SECTION 1 — COMPUTER/DISPLA Y SYSTEMS COMMUNICATIONS

Functional Organization for Communications ] —0

Computer Communications to MMSC and PDMU

Format  for External Function Words 1—2
Formats for MMSC/PDMU Memory Control Command Words 1—4
Formats for MMSC Indicator Words and PDMU Passive Format Word 1—fl
Format for Test Stimulus Word 1-10
Format for Output Acknowledge Words 1 - 12

i\IMSC or PDMU Communications to Computer
Computer Notification of MMSC Actions: Interrupt Word Format . . . 1-14
MMSC Function Code s 
Amplif ying Data for the Number Entry and Trackba ll Interrupt . . .  i - l b
Amplifying Data for the Keyboard Interrupt Word 1— 20
Computer Notification of PDMU Acti ons: Interrupt Words 1-24
Use of MMSC in Computer to PDMU Communications 1-25
Data ~Vords to Computer from MMSC or PDMU: Input Data

Request Words 1-2fl

SECTION 2 — MEMORY ALLOCATIONS
MMSC and PD1\IU Memory Allocations 2—0

SECTION 3 — MIUSC PROG RAMMING

General Description of the Multi—Mode Sonar Console Display
Program 3—0

Memory Addressing
Memory Addressing by Multiplexing the Memory Address

Register 3—2
State Diagrams for the Program Control Counter 3—fl
State Diagrams for the Display Control Counter 3-S

MMSC Instructions
Display Parameters Specified b Format Control Word 3— 12
Format of Brightness Group Word 3-16
Format of Data Start/Stop Word 3— 18

iii

~~~~~~~~~ -.4



MMSC Data Words
Format of Position Word • 3— 22
Format of Line Word 3-24
Format of Alpha numeric Word 3-26
Format of Symbol Code \Vord 3—28

M MSC Symbols 
- I

Direction and Length Coding for Symbols 3-30 .1
Design Guidelines for Numeric Symbols 3-32
Design Guidelines for Geometric Symbols 3-34 J

Spec ial Features
Display of Lines , In-Line Alphanumeric and Passive Data 3-36
Horizontal-Displacement and Expanded—Sector Displays 3-37

•f i in c—Compressed Ping History

Operations Sequenc e in Displaying Time—Compressed Ping
History 3—38

Factors in Achieving the Desired Brig htness in Ping History 3—4 0

SECTION 4 — PDMU PROG RAMMING
PDMU Functional Description

Gener2l Principles of Operation of Passive Data Memory Unit 4—0
Program—Accessible PDMU Units Involved in Generating BTR

Display s 4—2
Sequence of PDMU Operations During BTR Display Frame 4-4

PDMU Word Formats and Usages

Format of PDMU Instruction Word 4-6
Format of PDMU Intensity Word 4-7
Using PD~ IU Words to Generate Static BTR Displays 4-~
Using PDMU Words to Generate Rasters for Dynamic Displays . . . . 4- 12

APPENDIN A — USE OF THE MAINTENANCE PANEL IN PROGRA M
DEBUGGING A-i

APPENDIX B — PASSIVE DISPLAY LINES/SYMBOL TIMING B-l

APPENDIX C — SINGLE SYMBOL MODE TIMING C-i

APPENDIX D — TABLE OF MMSC AND PDMU FORMATS D-i

i V

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

—- -- — — -
~~~~~-~



SUMMAR Y



~~~~~~~ ~~~~~~ —

Summary

SU M MARY OF’ MMSC DISPLA Y SYSTEM

The MMSC display system combines a group of stored-program , general-purpose Mult i-Mode
Sonar Consoles with a Passive Data Memory Unit  for interface with a UNIVAC computer to pro-
vide for storage and display of sonar data.

“ The Multi -Mode Sonar Console display-system consists of one to seven Multi-Mod e Sonar
Consoles (MMSC ’s) and a single Passive Data Memor Unit (PDMU). The MMSC display
S stem provides versatile disp la capability for computer-aided sonar systems. The
MMSC ’s and PDMU will interface with either the militarized UNIVAC CP-642B/USQ - 20B
or the UNIVAC 1230 computer. (See the facing figure. ) The MMSC display system does
not interface directly with the sonar sensor sub- system. All active and pa~.sive sonar
data are assembled , formatted , and transmitted to the MMSC display- system by the
computer.

The design of the MMSC ’s will allow seven consoles or less to time-share a single, fast-
interface, input/output channel of the computer . The PDMU operates on its own fast
interface channel.

MMSC Features — The MM SC is a stored-program general-purpose sonar console. The
program and display data are stored in the console ’s 8K , 36-bit word , random-access
memory . Information is displayed on the CRT by cycling through the memory under
control of the stored program . A selectable frame rate of either 35 or 50 Hz permits
a steady state , non-fl ickering display. Features of the MMSC are summarized on the
figure.

PDMU Features — The PDMU provides BTR display data in a variety of formats for the
MMSC consoles. In performing thi s function the PDMU is required to store passive
sonar data transmitted by the computer. The passive data , along with a limited number
of program words , are stored in an 8K , 36-bi t word , random access memory. The
program words allow the BTR raster to be displayed in up to 15 bands with variable
band spacing. In addition , the program words allow optimizing the data rate between
the computer and PDMU. The computer may instruct the PDMU to format the passive
data in one of seven formats which define the number of beams to be displayed and their
widths. The format determines the required pulse trains to be transmitted by the PDMU
to the consoles. The PDMU can transmit raster data in parallel to up to seven MMSC ’s.

Programming — Two essentially different types of programming exist within the MMSC
display-system. One group of instructions is used in the exchange of information be-
tween the computer and MMSC display-system. Thi s type of communication initiates
a direct action in either the computer or MMSC display-system (e. g.,  a command
transmitted by the computer to a particular MMSC to load the next block of transmitted
words into its memory). This type of programming is similar for both the r~IMSC and
PDMU and is presented in Section 1. In the second group, the instructions are initially
data word s which are transmitted by the computer to be loaded into an MMSC ’s or
PDMU ’s memory. However , when these word s are read out of memory during the nor-
mal course of operation , they become instructions which directly control the display on
the CRT in the case of the MMSC , or raster generation in the case of the PDMU . This
second group of instructions is presented in two sections as M1~~ C programming
(Section 3) and PDMU programming (Section 4).
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FEATURES OF THE MMSC

• PROGRAMMABLE SYMBOL SHAPES

• ALPHANUMER IC TYPEWRI TER DISPLAY

• BTR DISPLAY (WHEN USED W I T H  A POMU

El’:;)

. TIME COMPRESSED PING HISTORY DISPL

• LINE DISPLAY (NEARLY CONSTANT WR I

• SECTOR EXPANSION

• COMPUTER CONTROLLED LABELS FOR M
PUSHBUTTONS . ACTION ENTRY PUSHBU
PUSHBUTTONS

• COMPUTER I N I T I A T E D  ON-LINE TESTIN G.

• 7 INTENSITY LEVELS

_- \ ~~~~~~ — P0MW FEATURES

\
\ 

. 7 FORMATS FOR NUMBER OF BEAMS A~

• 7 BRIGHTNESS LEVELS FOR SIGNAL STI

• 15 BANDS TO ALLO W DISPLAY OF PASS
DIFFE RENT TIME CONSTANTS

• V A R I A B L E  BAND W IDTH SPACING

• PARALLEL OUTPUT FOR UP TO 7 MM~

CONSOLE 7 
. COMPUTER I N I T I AT E D  ON-LINE TEST IN

Configuration of the Multi-Mode Sonar Console Display-Sy stem. Features of the MM SC and I
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PANEL

POWER
CONTROL
PANEL

POMU

F E A T U R E S  OF THE MMSC

• PROGRA MMA BLE SYMBOL SHAPES

• ALPHANUMERIC T Y P E W R I T E R  DISPLAY

• BTR DISPLAy (WHEN USED WITH A POMU)

• TIME COMPRESSED PING HISTORY DISPLAY

• LINE DISPLAY (NEARLY CONSTANT W R I T I N G RATE FOR ALL L INES)

• SECTOR EXPANSI ON

• COMPUTER CONTROLLED LABELS FOR ALERTS . CATEGORY SELECTION
PUSHBUTTONS . ACTION ENTRY PUSHBUTTONS . AND NUM ERICAL ENTRY
PUSHBUTTONS

• COMPUTER IN IT IATED ON-LINE TESTING CAPABIL ITY

• 7 INTENSITY LEV ELS

PDMU FEATURES

• 7 FORMATS FOR NUMBER OF BEAMS AN D WIDTH

• 1 BRIGHTNESS LEVELS FOR SIGNAL STRENGTH

• 15 BANDS TO ALLOW DISPLAY OF PASSIVE DATA WITH
DIFFERENT TIME CONSTANTS

• V A R I A B L E  BANDWIDTH SPACING

• PARALLEL OUTPUT FOR UP TO 7 MMSC’S

. COMPUTER IN IT IATED ON-LINE TESTING CAPABIL ITY

by-Sy stem. Features of the MM SC and PDMU are listed in the figure.
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Section 1—  Computer/ Display System Communications

FUNCTIONAL ORGANIZATIo N FOR COMMUNICA TIONS

Similar Input/Output units are contai ned in both the .\IMSC and PDMU to enable cummunications
with  the computer .

Each MMSC and PDMU contains an Input/Output (I/O) unit which acts as a buffe r for
communications between the computer and the equipment contai ning the i/o unit. The
I/O unit for the MMSC and PD \ LU are essentially identical . A block diagram of the
functions used in communications between the computer and the MMS C or the PDMIJ is
shown in the facing fi gure. A brief thscript~~n of these functions follows .

Input Logic — The Input Logic consists of three functional logic groups: Input Source
Selection Gates , Assembly Logic, and the Input Load Control Logic. The Input Source
Selection Gates are used to select either the 30—bit lines from the computer or the 30-
bit switches from the maintenance panel . The source selection is controlled by the
“On- Line/O ff - Line” switch on the maintenance panel . The Assembly Logic is used to
convert two 30-bit acknowledge words from the corr uter into a 36 bit word for storage
in the memory. The Input Load Control Logic detec~~ word types , external function ,
acknowledge word 1 or acknowledge word 2 , and g€~ erates control and timing signals .

Input Register — The Input Register provides temporary buffer storage for assembInd
acknowledge words or external function words .

Memory Load/Unload Control — The memory load flip-flop and memory unload flip-
flop are contained in the Memory Load/Unload Control. These flip-flops are set and
reset by external function commands , thus storing the load and unload commands . A
PDMU or MMSC is capable of full duplex operation , thus both fli p—flops may be set at
the same time. The Memory Load/Unload Control logic generates ti ming signals that
control memory operation.

Input Data Address Counter — The Input Data Address Counter is preset with an address
contained in word 1 of an output acknowledge word pair. This address specifies the
location in memory in which the 36-bit word in the input register is to be stored , The
counter is only activated after the MMSC or PDMU receives a memory load start ex-
ternal function. The counter has an increment mode that may be used by setting to zero ,
bit 13 of each acknowledge word 1.

Output Data Address Counter — This counter is used after receipt of a memory unload
start external function to address words in the memory for return to the computer. It
is preset to the start address by the memory unload start external function.

Address Selection Logic — The Addres~i Selection Logic allows the address lines to the
memory to he time shared by a number of sources. There are other sources than the
two indicated in the drawing but they are not used in computer communications.

Output Register — The Output Register is a 36—bit buffe r storage that stores memory
words , auto-test responses , or function codes . One memory word is transmitted to the
computer by two input request words . The Output Register isolates the memory from
the computer input channel .

1-0
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Output Logic — T he  Output I A ) g i e  C(In Si StS ol t h e  (hisassen-IJJlv logic gates and the output
nRI cle cont rol logic. The disasse m bly logic converts the 3( —bit  mc~nor~- wo rd into  two

i t  input  request WOVdS - i’he mnode control logic Sets the interrupt  and input re ( 1UC St
lines t( the computer and generates into nut i Li (fling sLgnals.

82 4 9 2 - 2

________________ 
TO IN DIC A T O R  UNIT (MMSC ONLY)  1

I 
AND FORMAT nEC. IPDMU ONLY)

I M E M O R Y

~~ LOAD! ______________________________

I UNLOAD
C O N T R O L

I OUTPUT I
__________________ 

D A T A0 A D D R E S S
COUNTER

ADDRESS
MAINT - SELECTION
ENANCE 

INPUT 
LOGIC I

_ _ _ _ _  
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INPUT 
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_~~~

PUTjJ
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TO AUTO~~tEST UNIT . I
COMPUTER 
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~~~~~~~~~ 

M E M O R Y  1
~ F OUTPUT I OUTPU~~~1I 1 LOGIC 1 REG 

__________ TEST RESPONSES ,I I I FUNCTION CODES (MMSC ONLY)

1
~~~ MSC OR POMU J

Functions Used in Com m unications with the Computer . Inp m Output units  in t he  \IM SC and
PDMU are essentially ide ntical
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Section 1 — Computer/ I)isplay Svs tern Com mon n ications
Subsection — Computer  Communica t ion s  to MMSC and P D MtI

[“ORMA l’ FOR EXTER NA L l ’ t ’N C T IO N WORDS

External tunction words control mem ory loading/unloading , initiate auto—tests , set panel in-
dicators in an ~ThlS C, and select the passive display format in the PDMU.

General Description of External  Function Word — External function words are sent from
the computer  to an MMSC or I~DMU and used to load and unload the memory , ini t iate
auto—tests , set panel indicators in an \IM SC , and define the passive display format in
a PDMU . External function words can be sent when the external function reques t line to
the eompuler is set . Use of the forced external function by the computer may cause loss
of the da ta in the MMSC’ s or PDMU’s Input Register .

82492-3

2’J 28 22 21 19 18 0

U MMSC A D D R E S S  
~ -‘~ ?~~~~~ DAT A

h h h I h l  I I  l h h h I h h l h h h h h h l h h h

General Format of External Function \Vord

Bits 0 — 18 Contains auxiliary data which is loaded
into bits 0 — 18 of the input register .

Bits 19 — 2 1  Word type — defines the operation to he
performed .

Codes Definit iui .

21 20 19 Octil
0 0 0 0 not usecl
0 0 1 1 memory load s tar t
0 1 0 2 memory load stop

0 1 1 3 memory unload start
1 0 0 4 memory unload stop

1 0 1 indicator (MMSC )
passive format (PDM U)

1 1 0 6 test stimulus
1 1 1 7 not used

(‘4
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Bit 22-2~ — These bits are unused in the P1 ) M U.  In the \D~ISC , they specify the console
address. The operation defined by the word type ~‘i ll he p erlormed at t he  console(s)
whose correSpon SilIg ad(lreSS bit is set. Any number  ul address hits I~ ia ~ he set
simultaneously .

Code Console

28 27 2 6 2~ 24 23 22
0 0 0 0 ( 1 0 1 1
0 0 0 0 0 1 0 2
0 0 0 0 1 0 0  3
0 0 0 1 0 0 0 4
0 0 1 0 0 0 0  5
0 1 0 0 0 0 0 6
1 0 0 0 0 0 0  7
1 1 1 1 1 1 1 l throug h 7

Bit 29 unused — may be 1 or 0

- 1 —:3
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Section 1 — Computer Display Sy stem Corn niun ieat i ou s
Subsection — Computer Communica t ions  to \I \ISC and PDMU

FORMATS FOR M~ ISC PDM I MEMO R Y CONTROL COMMANI ) \VORl )S

The MMSC, - I~DMI.’ Memory Control Command \~‘ords consist of t h e  memory load start , memory
load stop, mem ory  unload start , and memory  unload St01) .

Memory Loath Start Description — The memory loath s tar t  command causes the Memor y
Load FF to become set . With the Memory Load FF set, the MMSC or the PDMU will
store output acknowledge words from the computer in its memory.

82 4 9 2 - 5

29 2 8 22 21 19 18 0

U MMSC ADDRESS 0 0 1 SPARE

h i l i h i  I I  h h h h h I ! h I h I h h h h h h I

Format of Memory Load Start Word

Memory Load Stop Descri ption — The memory load stop command causes the Memory
Load FF to be reset . With the Memory Load FF reset, MMSC or PDMU will not store
output acknow ledge words in its memory .

82492 -6

29 28 22 21 19 18 0

U MMSC ADDRESS 0 1 0 SPARE

I h i  I l l  I i  h h I h h h h I I h  1 1 1 1 1  I I I

Format of Memory Load Stop \Vord

Memory Unload Start Description — The memory unload start command causes bits 0—12
to be loaded into the Output Data Address Counter and the Memory Unload FF to become
set. With the Memory Unload FF set the MMSC or PDMU will access the memory ad-
dress specified by the Output Data Address Counter , disassemble the 36 bit word into
two 30 bit words , transmit the two words to the computer as input data request words
and then increment the Output Data Address Counter. This process will continue until
the Memory Unload FF is reset.

1—4
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20 28 77 7 1  19 18 13 12 0

U MMSC ADDRESS 0 1 1 SPARE S T A R T  ADDRESS

1 1 1 1 1 1  h i  1 1 1 1 1  h h h I h I h i I I h I

Format of Memory Unload Start Word

Memory Unload Stop Description — The memory unload stop command causes the Mem-
ory Unload FF to be reset. With the Memory Unload FF reset , the MM SC or PDMU
will disc ontinue transmission of input data request words after the current transmission
is complete.

8 2 4 92 - 8-I
29 28 22 21 19 18 0

U MMSC ADDRESS 2 0 0 SPARE

I h i  I I I  h i  1 1 1 1 1 1  l i i i  h h h h h h h i

Format of Memory Unload Stop Word

-4
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Section 1 — Computer ,  Di s~ m lay System C oni in unicati oil s
Subsection — C 01111 mute i’ Corn in un icat i  OnS to M MSC and PI )M 1’

l”ORMATS FOR M MSC INDICATOR \V ORI) ANI )  I3DM U i’ASSIVE FOR MAT \\ OI(l)

The \l MSC Indicator Word and PDM U Passi cc Format word have the same ~co rd type. The In-
dicator Word is only used when addressing an \ IM SC while the Passive Format  Word is used
when addressing a PDMU.

Indicator Word (MMSC Only) — The format of MMSC Indicator words is shown in Figure
A . There are 58 rear -projection readout devices in an MMSC each with 12 selectable
lamps. Each lamp can disp lay a different message in the readout. The lighting of the
58X 12=696 lamps is under computer control via the indicator word. The coding for this
information is given in Table I. Once a lamp is lit , it will  remain lit until a new indicator
word is sent to either blank the readout or change to a new lamp within the readout. The
correlation of the readout coding to panel location of the readout is shown in Figure B.

In addition to the 12 selectable labels , the alert readouts have 3 selectable backgrounds.
These are indicated as background 1, 2 , and blank . When a particular background is
selected , all four of the alert readouts will be illuminated or blanked by the selection .
To activate the background requires sending an external function indicator word with
tile desired AL code. No lamp driver no. , cell no . ,  or lami) cod e must be specified
as is required to light a particular label on an alert. It is intended that one of the back-
ground colors be used as an operational or tactical alert while the other ~vi1l he used
~is an equipment fault alert. The codes for selecting the backgrounds are specified in
Table II. The alert background must be in the blank state when either background 1 or
2 is initiated to prevent two colors being on simultaneously.

82492-9

29 28 22 21 19 18 17 16 13 12 10 9 0

U MMSC ADDRE SS 1 0 1 A L LAMI’ CODE CELL NO. LAMP D R I V E R  NO.

1 1 1 1 1 1  I l  I i i i  I I  i i h i i i i i i

Figure A. Format of MMSC Indicator Words
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TAB LE I. INDICATOR \VOHD C( IJING

Bits 0 — 9 Lamp l)river Code

9 8 7 6 1 3 2 1 “ l~imp I)river No.
0 0 0 (1 0 0 () 0 0 1 None
(1 0 0 0 0 0 ( 1 0 0
0 ( 1 0 0 ( 1 (1 0 0 1 0
0 0 0 1) 0 0 1) 1 0 1 3
0 0 0 0 1) (1 1 1) 1) ( 1
0 0 0 ( 1 0 1 0 0 (1 ( 1
0 0 0 0 1 6 1) 0 0 0 6
0 0 0 1 I) (1 0 0 1) (1 7
0 0 1 0 0 0 0 1) 0 0
0 1 1 0 0 0 0 1 0 ° 9
1 0 0 0 0 0 0 0 10
1 1 1 1 1 1 1 1 1 1 l thru l()

Bits 10 — 12 Cell Number Code

12 11 10 Octal
0 0 0 0 None
0 0 1 1 Cell 1
0 1 0 2 2
0 1 1 3 3
1 0 0 4 1
1 0 1 5 5
1 1 0  6 6
1 1 1 7 None

Bits 13 — 16 Lamp Number Code

16 15 14 13 Octal Lamp Number
0 0 0  1

0 0 0 1 01 2
0 0 1 0 02 3
0 0 1 1 03 4
0 1 0 0 04 5
0 1 0 1 05 6
0 1 1 0 06 7
0 1 1 1 07 S

1 0 0 0 10 9
1 0 0 1 11 10
1 0 1 0 12 11
1 0 1 1 13 12
1 1 0 0 14 S and 9
1 1 0 1 15 G and lO
1 1 1 0 16 11
1 1 1 1 17 Blank

1—7
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Section 1 -- Compu t em’ Disp lay System Coni municati  ons
Subsection — Computer Corn muni cat i ons  to M MSC and PDM I

FOR MATS FOR M MSC IN l)ICA TOll WOR D (Continued)

TABLE U.

Bits 17 — 18 (AL) Alert Background Code

18 17 Octal
0 0 0 None
0 1 1 Background 1
1 0 2 Background 2
1 1 3 Blank Background

82492-10

1-1 1-2 1-3 1 14 I
L___ALERTS____i

r— CATEGORY SELECT~~~~
2-1 2-2 2-3 2-4 2-5 2-6 1— N.J MERICAL ENTRY— 1

3-1 3-2 3-3 3-4 3-5 3-6 C R T  110-1 1b0 ’2 1b 03 1b0 -4 1b 0 5 1b 06 I
4-1 4-2 4-3 4-4 4-5 4-6

~~~~~ ACTI ON ENTRY ~~~~~~

6-3 6-4 6-5 6-6 
____________________________

8-1 8-2 8-3 8-4 8-5 8-6

1 ST NUMBER IN SQ. IS LAMP DRIVER NUMBER

2 MD NUMBER IN SQ. IS CELL NUMBER

Figure B. MMSC Readout Coding
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HUGHES- FULLERTON
Hughes A i r c r a f t  Company

Fullerton , Ca l i fo rn ia

lk i s s iye  Format  Word (PDM U Only) — The pass i~’c 1oI’nla t word contains the format  cod e
wh ich is sto red in a reg ister . The iorni at  code spec ilies the numb er and placement of
the data beams on the MMSC display .

87492  4

7 9 2 8 22 21 1 9 18 16 15 0

U S P A R E  1 ~ 1 FORMAT 

j  

SPARE

1 1 1 1 1 1  1 1 1 1 1  i l l I h I h l i h i l I l l

Figure C . Coding of the Passive—Format Word to Control MMS C Display of Data Beams

Format Display Parameters*

18 17 16 Octal

0 0 0 0 No Display — I/O Operations Only
0 0 1 1 680 Lines , 144 Beams Full \Vidth
0 1 0 2 340 Lines, 288 Beams Full Width
0 1 1 3 680 Lines , 144 Beams Left Half
1 0 0 4 680 Lines, 72 Beams (1—72) Full \Vi dth
1 0 1 ~ 680 Lines, 72 Beams (73—144 ) Full \Vid t h
1 1 0 6 680 Li nes, 72 Beanis ( 1 — 7 2 )  Half \Vidth
1 1 1 7 680 Lines , 72 Beams (73—144) Half Width

*Refer to Section 4 for detailed display information .

1—9
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Section 1 — Computer/Display Syste m Communi cations
Subsection — Computer Communications to MMS C and PDMU

FORMAT FOR TEST STIMULUS WOltI)

The test stimulus word initiates an auto—test specified by the test nu mber in bits 0—5 .

The test stimulus word initiates an auto—test. The specifi c auto-test to he performed
is specified by the test number in bits 0—5. The codes for the auto—tests are defined in
the table. Use of the test sti mulus words to perform auto—testing is described in Diag-
nostic Programmi ng , Software Memo- Volume II .

8 2 4 9 2 - 1 1

29 28 22 2 1 19 18 6 5 0

U MMSC ADDRESS 1 1 0 SPARE TEST NO.

1 1 1 1 1 1  I i  I I I I I i I I I I I I  I i  I i i

Format of Test Stimulu s Word

t%4!

1— 10
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H U G H E S - F U L L E R T O N
Hughes A i rc ra f t  Company

Fullerton , Ca l i fo rn ia  -

TEST STIMULUS WOIW

Bits 0 — Test Number

.5 1 3 2 1. 0 Octal Test
0 0 0 -J 0 0 00 Auto—Test U ni t
0 0 0 0 0 1 01 i/o Unit
0 0 0 (1 1 0 ( 12 1/0 Counters
0 0 0 0 1 1 03 Frame Rate Generato r
0 0 0 1 0 0 04 Spare
0 0 0 1 0 1 05 Memory Data Register — 1
0 0 0 1 1 0 06 Memory Data Register — 2
0 0 0 1 1 1 07 Display Generator
0 0 1 0 0 0 10 Line Counter
0 0 1 0 0 1 11 G. P. Counters
0 0 1 0 1 0 12 Registers
0 0 1 0 1 1 13 Address Register 1
0 0 1 0 0 1-1 Address Register  2
0 0 1 1 0 1 15 Address Register 3
0 0 1 1 1 0 16 Address Register 4
0 0 1 1 1 1 17 Address Register 5
0 1 0 0 0 0 20 Symbol Address Register
0 1 0 0 0 1 21 Data Stop
0 1 0 0 1 0 22 Ras ter Generator
o i 0 0 1 1 23 Time Compression
0 1 0 1 ( )  0 2-1 Intensity 1
0 1 0 1 0 1 25 Intensity 2
0 1 0 1 1 0 26 Intensity 3
0 1 0 1 1 1 27 Symbol Generator
0 1 1 0 0 0 30 Deflection 1
0 1 1 0 0 1 31 Deflection 2
0 1 1 0 1 0 32 Display Control
0 1 1 0 1 1 33 Disp lay Control Counter
0 1 1 1 0 0 34 Program Control Counte r
0 1 1 1 0 1 35 Spare
0 1 1 1 1 (1 36 Spare
0 1 1 1 1 1 37 Spare
1 1 1 1 1 1 77 Auto—Test Unit

1-11
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Section 1 — Computer/Display System Communicat ions
Subsection — Computer  Coinn iun icat iuns to MMS C and P l)M U

FORMAT FOR OUT PUT A CKNOW LEI ) GE WORDS

Two 30—bit output acLno~ ledge word s ar e  used to form one 36 -- I I ~ M MSC ui Pl)M 15 memory  \\ uyd.

Output acknowledge words are sent from the computer and used to load the memory and
to provide bit patterns for auto—testing . Output acknowledge words consist of two types ,
designated word 1 and word 2 . Successive transmission of word 1 and a word 2 is re-
quired to form a 36—bit memor word. The 36—bits obtained fr om the 2 words are assem-
bled in the Input Reg ister. The Input Register data is then stored in the address specified
by the Input Data Address Counter if the memory load FF is set.

8 2 4 9 2 - 1 2

29 ~~ 20 19 14 13 12 0

O D A T A  U A A D D R E S S

1 1 1 1 1 1 1 1  1 1 1 1 1  I h h i l l i I l h i l

\Vord 1 of the Output Acknowled ge \Vord Pair

Description

Bits (~ 
— 12 Contains a 13 bit address which is loaded

int o bits 0—12 of the Input Data Address
Counter when bit 13 is true.

Bit 13 A = 0 , increment the Input Data Address
Counter by 1.

A = 1, load bits 0-12 into the Input Data
Address Counter .

Bits 14 — 19 Unused
Bits 20 — 2-S Contains data which is loaded into 1)its

27— 35 of the Inpu t Register.
Bit 2!) Always a 0 to indicat e word 1.

1—12

~~~~~~~~ ~~~~~~~~~~~~~~~~ -:
~~~~~~~~~~

- ‘ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~



_______________  -- - — - - - -  
_______

HUGHES-  F U L L E R T O N
Hughes Ai rc ra ft  Company

Ful ler ton , Ca l i fo rn i a

~ 24~~? - 1

. ) 28 -~~ ‘ b 0

U D A T A

I ! i i I h I I I I I I i i ! I I I I I I I ! I h l l

Word 2 of the Output Acknowled ge Word Pair

Description

Bits 0 — 16 Contains data which is loaded int o bits
0—2 6 of the Input Register.

Bits 27 — 2S Unused
Bit 29 Always a l t o  indicate word 2.

The reception of word 2 and memory load FF set is a command to store the word in the
Input Register in the memory location specified by the Input Data Address Counter . The
format of the resulting memory word is:

8249 , -~ - ‘ -

35 27 26 0

DATA FROM WORD 1 DATA FROM WORD 2

I I  I I I I I I I I I I I I  I I I I h i  I I I I I I I I I I I L

Format of Memory Word

1- 1 3
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Section 1 —- C1)I1li)LIt(’r/ I ) i sp l a v  Sv stein CDIII I1l( II1IC II1OIiS

Subsec tion -— M M S C  or h~D\ l  1 ( ‘otu I I i U t l i C a t i o I l s  t I  C o m np u t e l

COM PU TER N O I l  l- ’IC,\ 1’IUN OF ) .1MS( ’ .-\U I l ( ) N S :  l N l ’ E R R I  P~l’ \ \ O Ri )  1’( ) U M \ ’ l ’

In te r  I’ I I}  It \ \ O  t’iI s a m  c SeIlt  L I )  t h e  corn I )Ute 1’ l t ’om ì i  an M MSC to 11011 Iv  tI le (‘(lOl l iut i-  1’ oh ac t ions
~Ie~’1i r r j I I ~ at :1 ( ‘Oi lsulC.

A l l  i f l t c l ’ rU I ) t  ~v i l l  r esult  ~- Imen an action entry , n umerical  d l i i  V U U I I 1  icr e I l t I ’V .  kcVJ )o:1 I I I

or the in i t ia te  pushbutt on is dcprcssed . (Sec lacing I i~ um’e . ) (Jul y I)ne i n ter r up t  ~vi ll i-c—
suit t ro n i  :1. sin !~1e depression ol a pushbutt on . Interrupts wi l l  also result when  rol l ing
the t rackba ll or \~ hen the end ol 0 disp lay Ir on ic  is 11  -ached hie lore all  in lormat ion  has
been diS J) lavc d.  l )u r ing auto—test ing,  the interrupt  is use (I to inform t h e  conlputer  ol
ft st r e su l t s.

82492- 65

29 28 22 21 16 15 0

0 MMSC ADDR ESS FUNCTION CODE AMPLIFY ING DATA

1 1 1 1 1 1  l i i i !  I I I I I ! I I I I I I I ! I

General Interrupt Word Format

Word Format Description

Bits 0— 15 Contai ns amp l i fy ing  data used to supple-
ment tile function cod e

Bits 16-2 1 Function code — defines the type of inter-
rupt word. The codes for the funct ions
are defined in the table of the next topic.

Bits 22 -2k MMSC address — defines to the computer
the MM SC which transmitted the interrupt.
Onl y one of the 7 bits will be set.

Cod e Console

25 27 26 25 24 23 22
0 0 0 0 0 0 1 1
0 0 0 0 0 1 0 2
0 0 0 0 1 0 0 3
0 0 0 1 0 0 0  4
0 0 1 0 0 0 0 5
0 1 0 0 0 I ) 0 6
1 0 0 0 0 1) 0 7

Bit 29 Alw ay s

1—14
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H U G H E S - F U L L E R T O N
Hughes A i r c r a f t  Company

Fullerton , Ca l i fo rn ia
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MM SC Front Panel Pushbutton Locations
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Section 1 -- Computer  - Disp la Sy stem C o m n m u m i i c a t i o n s
Subsection — MMSC or PDM U Coin mun i ca t ions  to Computer

MM SC 1-U N CTION CODES

1’unct ion codes for the Action E n t r y , N LI I I I  erical En t r y , and Initiate switches , located on ti - me
I runt  h) anCl ol the M \ l  SC are presented in the table , together with those ut the Di siil av Ovem -fI ow ,
Auto— rest Response tun ctions ,  Nu i i ib er  Ent r y ,  Trackball  and Keyboard .

Action Entry — The function codes for the action entry switches are listed in the facing
table. The correlation of switch number to panel location of the switch is shown in the
figure of the 1)i’eViOUs topic.

Numer ica l  Entry — The tunction codes for the numerical  entry switches are listed in
tile facing table. The correlation of switch number  to panel location of the switch is
sho\v n in the fi gure on page 1— 1 5 .

Initiate — The initiate pushbutton is located in the lower left—hand corner of the CRT
Panel (see fi gure in previous topic.)  The function code lor initiate is listed in the
facing table.

Display Overflow — When MMSC reaches the end of its specified display f rame hj e lure
all data has been displayed , an interrupt  will  occur . The interrupt will be transmitted
once each frame until  the problem is corrected . The function code for display over-
flow is listed in the facing table.

Auto—Test Response — In response to an external function test s t imulus word , an MM SC
will  t ransmi t  an interrupt w ord consisting of the lunction code listed in the facing table
and amp lify ing data A — i  (next topic ) .  The amp li lving data A-I  varies with the type of
test init iated. This d ata is specified in Diagnostic Programming,  Software Memo—
Volume II.

The Number  Ent r y , Trackball , and Keybo ard  i nterrupt words all contain ampl i fy ing
data. These words are presented in th~ next  two topics.

F [ NC T1(  )N  C(  )D ES

S’\\ i tu Ii Acti (30 Inter ru l) t \~ ord Ampl i f yi ng
Descr ipt ion J~~i ts  Cod e T p e

21 1)) 19 1~ 17 16 Octa l

Action Entry Switch I I )  I )  I )  0 1 01 All  Zero
2 I I  I )  I )  II 1 I I  02

II I )  I) ( I  1 1 03

4 I) I )  ( 1 I )  I 04

. 4  I )  I i  ( 1 1 I )  1 I i )

I; 4 )  4 )  4 1 1 4 )  I

7 44 1) 4) 1 1 1 1;

II  I)  I I)  4) II ill

4 )  0 1 I I  ( 4  1 11 Al l  /a- ru

I — 16
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HUGHES-FULLERTON
Hughes Ai rc ra ft  Company

Fullerton , Cal i fornia

I t N C FiON COI)ES (Cont inued)

Switch Actioti  lntevi’up t  \\ urd A n i p l i  l y i n g
Description Bits 

— 
Code Type

II 2 4 4 19 I~ 17 16 Octal

Action Ent ry  Switch 10 0 ( 4 1 ( 4 1 0 12 All Zero

11 ( 4 ( 1 1 4 )  1 1 13

12 4 ) 0 1 1 0 14

13 0 4 ) 1 I 4 ) 1 15

1-I 4 ) ( .4 1 1 1 4 ) 1) ;

15 4 )  4 )  1 1 1 1 17

1) ; 0 1 0 4 ) 0 4 ) 2 4 )

17 0 1 0 ( 4 ( 4 1 21

1-~ 0 1 0 ( (  1 4 ) 22

19 0 1 0 ( 1 1 1 23

20 0 1 0 1 ( 4 ( 4  24

21 0 1 0 1 () 1 25

22 0 1 0 1 1 1) 26

23 0 1 ( 4 1 1 1 27

2-1 0 1 1 0 0 0 30

Numerical Entry 1 0 1 1 0 1 31
S~~itch 

2 1) 1 1 0 1 ( 4

3 4 1 1 0 1 1 33

4 1) 1 1 1 4) 0 34

5 ( 4 1 1 1 1) 1 35

6 )) 1 1 1 1 0 36

Initiate 0 1 1 1 1 1 37

Display Overfl ow 1 0 ( 4 0 4 )  4 )  40 All Zero

Auto- Test Response 1 0 0 0 ( 4 1 41 A- I

Number  Entry 1 0 1 0 4 ) 4 )  50 A — 2

Trackb ail  1 1 ( 4 0 0 0 60 A-3
Kevhu i rd 1 1 1 0 0 0 7 ) )  A— 1

0~

1 — 1 7
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Section 1 — Computer  l ) i s 1I la v  System Corn n luni cat i ons
Subsecti on — M MSC or Pl)M 1 ( ‘ 0111 munic at i  ons to Corn put em-

A M P L I I ’ Y I N ( ;  DAT~\ i -O R T i lE N U M  HER E N T R Y  A N I )  TRA CKI3ALL I N ’ l ’ E R R U P J ’

A l ist  of t h e  a mph lvi ng ilat a fur  the Nu nthe r E n t r y  Pat iel and Trackba ll are tabulated at l ( 1
(It St ci bed .

Nun ibe r Ent i ’-~ Panel — The interrupt  ~vorci for  switches on the nu Ill be r cot i v  Ia lie I c on —

sists of a fixed function code plus amp l i ly ing  data A — 2  which  depends on the spu ci l  mc
button pushed on the number  entry panel . The funct ion c ode i ~ ii Stel I in the tab le (ii
the previous topic. The amp l i ly ing  data A— 2 is specified in the 1: rc i i i ~ tab le .  fh i ~
corre la t ion  of pushbutton symbol to panel location of the pushbutt on is  ~huu n n the Hg -

~t i c  on page 1—1 5.

Trackba ll — Trackball increments  are t m a n s m n  itted t the corn puter I l l  in  t~- m m u ( t t  )

each f rame it the increment  counters : i i e  (ietecte(i to be non— / e I I ) . The i n t e r r u p t  word
consists of a fixed function code plus ampl i fy ing  data A— 3 which  spec i I i~~ the ~ N and
~ Y increments .  The _~~ N a nd _~ Y incr em ents  represent the ci 1 ’CU t l l I c ren t i :ml  Ii
i n N and V that the surface ut the trackbal l  has been displaced since t h e  last I came .
If the trackball is being rotated at a hi gh speed such that  t l i ~ in c rement  Counte rs  i e : id iJ

all ones, the counters will  remain in the all ones state unti l  the inc r emn e n t s  are sent
to the computer.  The counters are then reset to beg i n the next accumula t ion .  liii s
allow s the display system to follow m a x i m u m  ball m ate mov em ents  ol 23 . 1 i n  see when

i n the 35 f rame per second mode and 33 in sec w h e n  in the 5 ))  I ron ies  pci’ SeC (t i l l  mode.
This corresponds to CR T movement  of the t rac kba l l  of ~~. 4 in sue and 12 in Sec y eS—
pectivel y in X and V when max imum resolution is ut i l ized . The func t ion  cod e tor  thu
trackba ll word is listed in the table of the previous  topic . The fo rma t  for the a m p l i —
ly ing  da ta is specified in the (acing table.

A M P L I F YI NG DATA CODES

Cod e Description Interrupt  \Vord Bits

15 14 13 12 11 10 9 s 7  6 5 4 3 2  1 0

A — i  (Auto—Test) Bit pat terns  are given for each test in Diagnostic
Programming ,  Software Memo Volume II

A-2 (Number Ent ry)  Octal
Spare Switch SI 4 ) 0 4 ) ( 4 0 0 0 ( 4 0 ( 4 1 4 ) 0 0 0 1 41

S2 1 0 0 (4 1 0 42

S3 1 U H 0 1 1 43

S4 1 4 ) 0 1 0 0 44

S3 1 (4 0 1 0 1 45
S6 0 0 0 0 ) )  0 0 0 0 0  1 0 0 1 1 ( 4 46

h — 1 ~
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HUGHES-FULLERTON
Hughes A ircraft Company

Fullerton , Cal i forn ia

AMPLIFYING DAT~\ COl) ES (Continued)

Code Dese ri pti on I mi ter ru i )t \V )rd B its

15 1 -1 13 12 11 10 9 ~ 7 6 5 -1 3 2 1 U Octal

Enter 0 1) 4) (1 (1 0 4 ) 4) 0 (4 1 0 1 4) 0 0 50

Clear 1 0 1 0 4) 1 51

Plus 1 0 1 U 1 1 53

Minus 1 0 1 1 0 1 55

Decimal  Point 1 0 1 1 1 0 56

0 1 1 0 1) 4) 4) 60

1 1 1 0 0 4 ) 1 61
2 1 1 0 0 1 (1 62

3 1 1 (4 0 1 1 63
4 1 1 0 1 0 1) ) i4

5 1 1 0 1 4) 1 65

41 1 1 0 1 1 0 );~;

7 1 1 0 1 1 1 67
1 1 1 0 4 ) I) 70

9 0 0 0 0 1 1 1 0 0 1 7 1

A-3 (Trackhall) 0 0 0 0 0 0 S M M M \I S M M M M
y y3  y 2  y l v() x x3 x2 xl x0

S - Sign: “0” = + Direction

“1” = — Direction

M = Magnitude

M 0 = I = 0. 044 in . *

= 1 = 0. 0~~5 in .
= 1 = 0. 176 in.
= 1 = 0. 352 in .

*Jnchles of ball surface movement.

1— 19
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Sectio n 1 - -  Compute  r Di s~ 1:m\ - Svste l l l  Coin in unic at i  ( i l ls
Subsection — M MSC or l ’i)M I Coin iii t i i i ie at i o t i s  to C I i ) l I i ) u t e l

AM PLI I-’YIN G l) A T- \  FOR ~ i i E K E Y i I O A R I )  lN1’E1 ( IP  PT WOI ( l )

r u e  a m 1)1 t i  rig do ta lor the i nte r r u j  )t w o  r(i ut swi tc lies on t u e  kevbo a rd p0 lie 1. located on t i e
bul ln osc of the ~l \I SC conso le, a rc listed and dcscx-ibe(I .

The interrupt word for switches on t h e  keyboard panel consists of a fixed function code
plus ampli fy ing data A—4 (see facing table) which depends on the specific button pushed
on the keyboard . The function cod e is listed in the table on 1— 16. The coi ’r elation of
pushbutton symbol to pu shbutton location on the keyboard is shown in t h e  f igure  below .
It should be noted that the upper/ lowet case selection is controlled by the two switches
on the key board labeled CC and LC. The lamp adjacent  to each switch determines wh ich
switch is activated . Activat ing one switch automatically resets the other.

824 92 -66

ii I I — t ( ) *1 2 3 4 5 6 7 8 9 0 -

I I ~~w E ~~~ I T I [il~ II 1 1 0 1 1  W I_
4 1  N E W

1 A S D F G H J K L L I N E

LANK! ~ I I ~ [~ ~
] N M ‘ I I  - I I ?  I

b C  LAMP) ( L C  LAMP)

I ~~c I SPACE 1 ~~D 
LC

Con sole Key board Panel

l — 2 u

--  
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HUGHES- FULLER TON
Hugh es A i rcr aft Comp an y

Fullerton , Ca l i fo rn i a

A M P L IFYING DATA CODES (Continued)

Code Description Inte rrul)t \Vord Bits
A-4 (Kcyboard) 15 14 13 12 11 10 9 ~~~~~ 7 6 5 1  3 2 1  Octal

(Down I line) (IC ) 0 0 0 1) 0 0 0 1) 0 1) 1) 0 1 0 1 0 012
New Line 4 ) 0 1 1 4 ) 1 015
$paCe 1 0 41 0 U 0 ( 4 1 4 )

(Plus) 1 0 1 4 )  1 1 4 ) 53

(Comma) 1 0 1 1 1 1 445 4
— (Minus) 1 0 1 1 1) 1 055

- (Per iod — Dec. Point) 1 0 1 1 1 0 4 ) 56

/ (Slash) 1 0 1 1 1 1 057

1 1 0 0 0 0 0 6) )

1 1 1 4) ( 4 0 1. 06 1

2 1 1 0 0 1 0 ( ( I ; 2

3 1 1 0 0 1 1 063

1 1 1 0 1 0 0 064
5 1 1 0 1 0 1 (465

6 1 1 0 1 1 0 0 ;o

7 1 1 0 1 1 1 0) 17

-~ 1 1 1 0 0 4 )  4) 7 0

9 1 1 1 0 0 1 071

; (Semi—colon) 1 1 1 0 1 1 (473

Blank 0 1 1 1 1 1 1 1) 77

A 1 0 0 0 0 ( ( 1 101

B 1 0 0 0 0 1 0 1(42

C 1 0 0 0 0 1 1 103

D 1 0 0 0 1 0 0 104
E 1 0 0 0 1 0 1 loS
F 1 0 ( 4 1) 1 1 0 1( 4 ;

G 1 0 0 0 1 1 1 1 0 7

1 ~ ~ 1 ~ 0 0 110
1 1 0 (4 1 ( 4 0 1 111
-J 1 0 0 1 0 1 0 112
K 0 4) 0 0 0 0  0 0 0 1 0 ( 4 1 0 1 1 1 1 3

1-2 1
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Secti on 1 — Computer/Display Sb- s te in Corn nrnn ications
Subsection — MMS C or Pl )MU Coni uiunicatj ons to Computer

AMI ’ II F ’YIN G l)A T .~ F’OR TiLE K E Y B O A R D  IN T ER R UP T  WORD (Continued)

AMPLI FYING [)ATA CODES (Continued)

Code l)eser iption Interrupt Word Bits

A-4~~~ ont inued)  15 14 13 12 11 1 0 9 8 7 6 5 4 3 2 1 0  Octal
L 0 4 ) 0 ( ( 1 ) 0 0 0 0 1 0 0 1 1 0 0 1 1 4

1 0 0 1 1 0 1 115
N 1 0 0 1 1 1 0 116
0 1 0 0 1 1 1 1 117

1 0 1 0 0 0 0 12))

Q 1 0 1 0 0 0 1 121
II 1 0 1 0 0 1 0 122
S 1 0 1 (1 0 1 1 123

T 1 0 1 0 1 0 0 124
U 1 0 1 0 1 0 1 125

V 1 0 1 0 1 1 0 126
1 0 1 0 1 1 1 127

X 1 1) 1 1 0 0 (4 130
Y 1 0 1 1 0 0 1 131
Z 1 (4 1 1 4 ) 1 0 132

-~ -- (Back Space) 0 1 0 1 1 1 1 1 137

$ (Up 1 Line (UC) 1 0 ( 4 0 1 4 ) 1 4 ) 212

= (Equal) 1 0 1 0 1 0 1 1 233
(Asterisk) 1 4 ) 1 0 1 1 ( 4  1 255

? (Question Mark) 1 0 1 0 1 1 1 1 237

(Right Paren) 1 0 1 1 4 ) 0 0 0 2) 10

quotation Mark) 1 0 1 1 0 0 1 0 2 ; 2

L ( L ~~ft Bracket) 1 0 1 1 1) 0 1 1 263
(Right Bracket) 1 0 1 1 0 1 0 0 26-1
(Exclamation) 1. 0 1 1 4 )  1 ( 4 1 265

— 
(Underline) 1 0 1 1 0 1 1 I ) 2 4a

(Equivalence) 1 0 1 1 0 1 1 1 2 67
(Apostrophe) 1 4 ) 1 1 1 4 ) 0 4 ) 27 ) )

( ( 1~~ft Paren) 1 0 1 1 1 ( 4 0 1 27 1
(Colon) 4) 0 0 (4 0 4 ) 4 )  0 1 0 1 1 1 0 1 1 272
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S.~’c tion 1 — Computer/  Display Sys tern Coin mnunic at ions
Subsection — MMSC or PDMU Communica t ions  to Computer

COMI 1U I’EH NO l’IFICATION 01’ P1)MU ACTIONS : ll’~’I ’ERR UP T WORDS

T!’e interrupt  word for Auto—Test Response , which is the only one that is sent to the computer
f r o m  a PDMU . is formatted and described .

Auto—Test Response — Interrupt  words are sent to the computer from a PD \I U with auto—
test responses only .

82492- 67

29 28 22 21 16 15 0

0 SPARE FUNCTION CODE AMPLIFYING DATA

i i l h ii  
l ° i ° i ° i ° I l  I h I l l i i I i I i I i i i

Interrupt Word Format

Description

Bits 0 — 15 Contains auto—test responses
Bits 16 — 21 Function code is always the auto-test code 41

Bits 22 — 2~ Spare
Bit 29 Always a 0.

I

1 2 1

kL~ ~~~~~~~ 
;~~~~~~~~ ~~ ~~~~~~~~ -~
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H U G H E S — F t  - I~LE HTON
Hug hes A i r c raft  Comp any

Fuller ton , Ca l i fo rn ia

USE OF MMSC N COMPUTER TO Pl)MU COMMUNIC .-\’l’IONS

The MM SC operator specifies passive ci is i i lav 1o~ m u i a t  1)0 ru i i leter s  via the Coi i iput ev .

There is no electrical connection for direct M\ lS C to PD MU communicat ion . The sys-
tem computer must contain as part of its program , routines to convert console action
entry , numerical entry and/or keyboard interrupts into PDMU format  external funct ion
words . Sinc e the computer controls PDMU operations , other input (leviceS connected
to it such as ty pewriters, kevsets, etc . couldi also be utilized to spec i fy passive disp lay
formats . \Vhen a PDMU drives severa l consoles , all wi th  p a s s i v e  display selected . ~vi1l
observe the same passive display data and in the same format .

The PDMU contains no operator panels, only a maintenanc e panel and a power panel .
By placing the PDMU off—line from the computer the maintenance panel may be used to
simulate any computer word or message. I-: -

1 -25
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Secti on 1 — Compute i’/ l)isplav S vs te I l l  Co mn iunicat iuns
Subsection — MMSC or PDMIJ Con l luht n ica t i on s  to Computer

DATA WORDS TO CO~ I I 1~i l ~ l’l li) \l \I ~\ lSC () R PD MI’ : IN PI” 1 DAT1\ I (E Qt  EST WORDS

Input (Iota r equest words are sent to th e computer  f rom an M~ ISC or a PI ) MU d u r i n g  a memory
unload process and dur ing certain au to—tes t s .

A memory word consisting of 36 bits is loaded into the Output Register and then disas-
sembled into two 30 bit words to be transmitted to the computer as word types 1 and 2 .
Input data request words result only f rom either a memor unload command or certain
auto—tes t commands from the computer . 82492-6 8

2 )  28 20 19 13 12 0

0 DATA MMSC ADDRESS ADDRESS

! i i i l l h i  h u h  I l h ! i l h I ! t l i

\Vord 1 1-’ormat

Bits 0 — 12 Data address — contains the contents of the Out-
put Data Addiress Counter . During memory un-
load this address is the memory address from
which the current data word being transmitted
was extracted!.

Bits 13 — 19 These bits are all zeros for the PDMU . In the
MMSC . they contain the address of the MMSC
transmitting the input data request word .

Cod e Console
i i )  1~— 17 16 15 14 13

0 ( 4 0 0 ( 4 0 1 1
0 1) 0 4 ) 0 1 0 2
0 ( 4 ( 4  0 1 (4 0 3
(4  (4 0 1 0 ( 4 0 4
(~ ( 4  1 (4 ( 4  (4 0 5
0 1 0 0 ( 4 0 0 (3
1 ( (  ( I  14 (4 0 0 7

Bits 20 — 2~~
- Contains th e ciata stored in bits 27—35 of the

memory word being trans mitted.

B i t  20 Always a ( I to indicate  word 1.

1—2 1 ,

~~~~~~~~ —~~ ~ _ ~~
_
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I I I  G H E S — F ’ I I I f - J ) 1 4 )~\
H u ghes  :\j  r d - r a f t  C rnp ~~~~

Fu l l e rton , ( 2 a l I f I ,  r ’ .~

i ~ ~ ~ ~ ~ I I ~ ~

Word 2 Format

Bits 0 — 26 Contains the data stored in bits 0—2 6 of the
memory word being transmitted .

Bits 2 7 — 2 ~ May be ‘ U ’ s or “ l ’ s should be ignored .

Bit 29 Always a 1 to indicate word 2 . Input data request
word s arc alway s transmitted in pairs  with word
2 always transmitted following word 1. In the
case of the \IMSC , word 2 ~vi11 alway s lie trans —

mitted from the same MMSC as the ~reyious1v
transmitted word 1. This eliminates any am—
U ioui t ies  when more than two consoles ai~e c o r n —
milandedi to unload their memories .

BL A N K  PA GE FO L LOWS 1 — 2 7 ’  1 — 2 ~ -

-

~

- - 
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SEC TION 2
MEMORY ALLOCATI ONS

MM SC and P D \ I C  Memo r y  Allocations 2—0



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

Section 2 — \ I . -morv :\l I I I c : l t i o n s

MMSC ANI )  I ’DMI ’  M E M ( ) H V  A L LO CATI ON S

The ~I \ I SC memo i-v is P ar t i t ioned  into th i - et  storag e blocks and the PDM U memo i-v is pa r t i t i oned
in to  two s tor age blocks , wi th  a l locat ions  as delined l) eIoW.

MM SC Memot’ s- Allocations — The ~.L\ISC m e m o r y  (sec Table I) is part i t ioned into three
blocks for storage of the various types of M~ 1SC memory words . The \L\ISC ins t ruct ion
word s , are stored in octal locations 0 0 ( 4 ( 4 ) )  through 00377. Symbol code words and l ine
wo rds ( f o i -  l ines—t y pe II) are stored in the last 1024 locations 16000 through 17777.
Position . line and al phanumer ic  words may  be stored at any location in memory not in
u~~c f O F  an ins t ruc t ion  word or a SVm )ol code Wordi . Normal ly ,  these words wi l l  be
stored between the ins t ruc t ion  word store and the symbol  code store , i . e . , 00400
throug h 15777 .

PDM C \I ei i io ry Allocations — The PDM U memory (sec Table II) is partitioned into two
sections: instruct ion \vord l store and intensity  word store . The f i r s t  32 locations , octa l
( 4 0 0 0 ( 4  through 00037 , are for storage of instruction wordls only . The remainder of the
PDMU memory is for storage of passive sonar display intensity words .

If the MMSC or PDMTJ memory is being used as a bulk storage device , there are no
restrictions as to the placement of data , In this case , all memory locations are availa—
ble for storage of data.

2 - 1 )
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HUGHES - FULLE R TON
Hug hes .-\ ircr alt  Co r np ;I i~v

Ful le r ton , C a l i f o r n i a

‘!‘\ I l.E I . ~I ,\ lS ( ’ \ l I- \ I (  ) U V  ~1 ,\ l ~

I ( I ) )  I I I ) )

I i nst  l ’ II(t il Ii \ \ ( I  I l l S
7

I ) ) )  ( I I I  pos i t ion .  l in e.
and :l l j I h a n L t I n e t ’ i ( -  \ \o r I lS

1 5777

16 (400
Sy f l i l s I l  ( Ode \\  1111k

17777

TABLE II . PDM U ‘\I EMOHY M- \ P

i f lS t i llC t i  I l f l  \ \ I )  i i l s
) H) I I t I

( ( 1 )11 4 1)

pass ftc disp lay in t en s i ty  \\ -ol -( ls
‘7777

131 , -\ N l< P.\ ; I-: 1 11i )\VS 2 -1 , 2-2
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SECTION 3
\IMS ( ’  P HOGBAM M I N G

General Desc r ip t I on  of the Mul t i—Mode  Sonar Console Display Program . . 3 —4 1

Memory Addressing
Memory Address ing by M u l t i p l e x i n g  the M e m o ry  Address Reg i ste r
State Diagram s for the Progra m Control Counter 3-6
State Diagrams for the Display Cc it rol Counter 3-~

MMSC Instructions
Disp lay Parameters Specified by Format Control Wo rd 3— 12
Format of Bri ghtness Group Word 3-16
Format of Data S ta r t  5t0 1 1 Word l 3—I ~

MMSC Data \Vords

Format of Position Word 4 —2 2
Format of Line Word 3—24
Format of Alphanumeric  Word 3— 2 ) 1
Fo rmat of Symbol Code \Vord 3—2 ~

MMSC Symbols
Direction and Length Coding for Symbols 3—30
Design Guidlines for Numeric Symbols 3—32
Design Guidelines for Geometric Symbols 3 3 4

Special Features

Disp lay of Lines , In—L in e Alpha numeric and Passive Data 3—36
Horizontal - Displacement and Expanded i-Sector Displays 3—37

Time-Co mpressed Ping History
Operations Sequence in Display ing Time-Compressed Ping History 3-35
Factors in Achieving the Desired Brig htness in Ping l 1istorv 3-40
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Sect ion 4 M \I S C  l ’ ro~ l ’at1I I l l i t I g

4 ; E N  E R A  1. l )ES ’ I ( I P T I O N  4 ) 1 - ’ T I l E  M t L.l .l MOl )E SONAR CONSOLE E) ISP LAY P RO GRAM

The Mult i— M o de Sonar Console  d m11015 the storing , selecting , processing and displaying of
fl0U~~()~tSS ive (JOtO .

General  iusc ci ption -- The di  s~ day  of n on—pass ive  data on the CRT of a Mul t i— Mod e
Sotl at Console is direct l y contcolled by the contents of its memoi’~- . The in lormat ion
wi th in  i t s  memor is divided into two basic sections; a program and a data bank . The
program contro 1s~~c te r a l  display pai-ametcrs such as f r a m e  rate , the form of presen-
tation , and de sc r ibe s  the type ut data contained wi th in  a block ol words in the data bank .
In addition , the program controls the cycli ng th rough the dat a section of met-n-
ot-v. This can be }lcrfoI’med in a random manner  unuer  program control to optimize
sy s tem operation . The d ata section of m e m o r y  contains the detailed information for
display such  OS the coordinate position for a sonar symbol and the data required to paint
a symbol at that point.

Disp lay Modes — The disp lay of memory data is accomplished by using one or more
display mod The terminology “display mode ” refers to a sequence of ha~’dwa re
logic operations that result in display of an individual symbol , a’phanumeric or line.
See table on opposite page. Thi s is not to lie confused with operational modes such as
active search , track , etc.

Sing-Ic Symbol Mode — The Sing le Symbol Mode is the basic console operating mode. In
this mode of operation a position word is read from memory and the CRT beam is posi-
tioned to the coordinates specified the re in . The symbol generator is loaded with one or
more symbol code words which define a symbol shape from memory .  The symbol is
then displayed. \Vhen the disp lay is complete , another position wor’i is read and the
cycle repeated . The term “ symbol” in this document refers to anything displayed that
uses the symbol generator . Operationall y this may be sonar events , track symbols ,
alphanumerics , etc .

Track symbols , ball tab , hocl’ markers and similar symbols are designated as pro-
cessed data symbols and are displayed in the sing le symLol mode.

Line Type I Mode — The Line Type I Mode displays a line using a position word and a
line word which are read from consecu tive memory locations. The symbol address
in the position word is not used .

Line Type II Mode — The Line Type II Mode is s imilar  to Line Type I except the line
word is stored in the symbol code store area of memory and the symbol address in the
position word is use0 to retrieve the line word. This mod e was included to s impl i tv
display of sonar events that ara short lines.

In- Line Alp hanumeric Mod e — T h e  In- Line Alphanumeric  Mod e is used to display a
horizontal  line of A - N  characters. A positi on word is used to def ine the coordinates
of the first character. The svm.bol address in the position word is not used. Al phanu-
merics words follow the position word with each defining fou r characters. Aft er display
of a character the CRT beam is automatically positioned a small increment to the right.
Additil,nal position words are used for vertical spacing of character lines . This mode
of operation does not save display time over the sing le symbol mode, It does however.
conserve memory locations .

C
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N( )N— PASSI \‘E I ) I SP LAY MODES

Mode l) isplay Form

Single Symbol To Protray Sonar Events , Tracks , Al phanumer ics ,
Ball Tab , h ook Marker , etc.

Line Type I Long Lines UI) To 2 Inches
Line Type II 1-’or Sonar Events That Are Short Lines
In- Line Alp hanumeric  I Ion zontal Line of Alphanumeric Characters

0’

3-1
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Section 3 — ~l \I SC i’i’ogi’ani t i l i ng
Subsection - - Men ior v  Ad dr e ss i re~

M E M O R Y  A D D R E S S I N G  BY Mt  L T I P L E N I N G  ‘l’IIE ~l E MO R Y AI ) i ) I (E SS B Et  1S’I’EI {

i’hic Program Counte r , Disp lay  Address (‘ 1 h In t e r , Symb ol  Address  Count er  011(1 the input  ou tput
coun te r s  are n i u l t i  p lexed i n to  the M e m o r y  A(Idi ’eSs Reg is te t ’  l I l t ’  t t i e t f l u r \ ’  C I ) t l t l ’ O l

There are f i v e  basic  type s of m c m l  t r y  operation : 1) entry ni new data I rum the cool puter ,
2 1 re t r ieval  of m emor  &Ia ta  fur  t r a n si n i  ssiofl  to the computer , :4~ re t r ieva l  of in struc-
t ion  words . -1) r e t r ie~’al of disp lay data words , and 5) t n e n i w ’ v  tes t ing.  There are f ive
cou nters that genera te  the I l l e f l lOF ,’s ’ a I ld l ’ esses. These counters  are mult iplexed into the
\ lemorv  Address Register . The memory loading/unloading opei-ations with the corn —
p l i t ci’ were  cI ) v e I ’ e(i in  Section 1. The r e m a i n i n g  func t ions  are described below .

Program Coun te r  — The Program Counter  is used to address MMSC display instructi on
\ \or (Is .  (See t h u  ligui’e on the  opposite e1r.~e). The counter  is set to zero at the start
of each display f r a m e  and is incremented undet - control of the Program Control Sequence
Counter. Whenever a fort-nat control word is read out , memory hits 0—7 are loaded
int o the Program Counter effecting an unconditional trans fer . The Program Counter
has S h its , it drives the S LSB1s of the Me mory Address Register. The 5 MSB’s of
tile M e m o ry  Address Reg ister are a lways  a “0” when the register contains the program
count , thus the Program Counter univ accesses tile f i r s t  256 memory  locations.

Display Address Counter — The Disp lay Address Counter is used to read out position ,
line and alphanumeric words, It is a 13 I)it counter and may access all of the MMS C
memory .  h owever, it normally reads the wordis between the instruction word store
and the start of the symbol cod e word storage. The Display Address Counter is pre-
set by bits 0-12 of a data start instruction word .

Symbol Address Counter — The Symbol Address Counter generates the memor  address
for the readout of symbol code words. The counter is preset by data start , alpha-
numeric , and position words as indicated in the table. Bits 10 , 11, 12 , of the Memory
Address Register are always a “1’ when the register contains a symbol address, Bit
0 (LSB) of the counter is always forced to the “0” state when the counter is preset \V ith
a symbol address. Only the ~ LSB’s may be incremented  under control of tile Display
Control Counter. Bits 5 , 9 (MSB’ s) store l)it s 22 and 23 of the dat a start word. The
six bits of symbol address contained in the position word are loaded into the Symbol
Address Counter in two ways as indicated in the table.

Tile 1( 4 2 4  words of symbol code storage arc partitioned into ~ groups of l2 s  words each .
The grOU~)s are specified by diata start instruction words. \\ ‘ithin each group the six
bits from the position word or alphanumeric word specifies 64 symbol start addresses.
When processed data symbols  are used , two groups are combined to form a single
g r o u p  of 256 words with 64 start addresses.

In — Line Alp h a n u m e r i c  Address  Reg ister — The In— Li ne Alphanumeric  Addlrcss Regi ster
is a s hi f t  r egiste r that stores tile al p hanumer ic  word. Tile register shi fts afte t -  display
il each A — N  tO provide tile Symbol Address Counter with the d LSB’ s of start address.

4 — 2
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DATA S T A R 1  

~~~~~~~~~~~~~~~~~~~~~~
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ADDRESS 1
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Sectio n :1 M\I S( ’ I9-oc r : t t i i m i t i g
Suhsect ion — \ ie  mi i o rv  Al i t i  1( 5 5 !  rig

M E M O R Y  A l ) l ) R E S S I \  BY \I 1’ l.TI I > l . I : X I N G  ‘l ’ i IE  M EM ( ) l ( Y  A I ) I ) 1 4  ESS REGISTER (Continued)

S Y M B O L  Al ) I ) I1ESS C ) t ’ N  TER LU A I ) I N G  
— - - - - - - - - ~-~~~~~ - _ _ _ _ _ _ _

En— Line Single sytn bol mod e Line  type  ii Si -tn 1) 1) 1
A l Ihan u Iil e r i c  fo r  processedi data m ode and Add t-e ss
Mod e svm bol si og le sym 1)01 C ounter

fllode Ioi ’
othei than i~ro
c e S sL( i  data
sVt) l i) 0 l5

_ __ _ _  

Data Stz t rt Bit 23 Data Start Bit 2 :4 Data Start Bit 2 :4 9

Data Start Bit 22 Data SLai -t Bit 22 Data Start Bit 22

Data Start Bit 2 1 Position \ \ D  Bit :12 
- 

I)ata Start  Bit 21 7

AN \VD Bits :15 , 2 4 4 , 1:1 , 6 Position \VD 13it :~i Position WD lIit :42 I;

AN WD Bi ts 34 , 19, L2 . S Po sition \VD Bit 10 Position \VD Bit 31 1 ~~

AN \VD Bits :13 , 15 , 11, 4 Position \VI) Bit 29 Position \VD Bit 30 -1

AN \VD Bi ts :42 , 17 . 14) , 3 Position WI) Bit 2 N Position WD Bit 29 -

AN \\ ‘D Bi ts :11 , 16 , 9, 2 Position WD Bit 27  
1 

Position \VD Bit 2s 2

AN WD Bi t s 30 , 15 , ~~ , 1 ( 6’ Position \V D Bit 27 
—

“0” j “0” “ ( 4 ” J 44
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Set, t i ot i  3 — \1 \IS ( ’ P t ’ I lg r : I t t t t n i t l g
Sn i l s e et i o n  — i \ 1e t iun ’~ .\ k l r e s s  t r ig

S ’F \ ’l - l -  I ) I \ G R . -~\IS i- ’ )U ‘l ’i i i :  I 1 I ~( X  I t - \ \ I  ( ‘ ( ) N’I’U ( ) 1,  (‘ ( 1 ’ N l I - R

I n s t r u c t io n  \ \o rds :11-c r c t t - i e ~ ( ‘Ii  f r o n  the  l l t e l i l I b t \ ’  h~ t i m i n g  s ig na l s  genera ted  ll\ - th I~t - ogra tn
Con t 1 t ) l  (‘(11111 t I.’ I -

The Pr  g ram Cont ro l  ( ‘ou nte r is a sequ en ce eI )u n  tet tha t  gene t a t e ~ the t i m i n g  s i gna l s
for  thL re t i~ie~ al I ) f  in s t r u c t i o n  ~vo i-tis  . -\ sta te  (h ag ram ol tile c - I ) L t t l t ( r is shown below.
The ‘

~ a r ious  co lt I) tel ’  slates a t e  i ) t ’ R t I v  ex~ Ii ai fle ( i  in  the t~lI ) i  0 . CI IU rite r state s 1 - 2 . 3
and 6 are 2 ps~~e il l  l i l t  r a t ion .  St e -t I’S I ) . 00( 1 7 a t’e I l l  \ O I i a i ) l C  letlgth.

C ha t -a ct e r i s t i c s  of the r I l l in t e r oI i n t e re st  to 01k’ j t I ’ O~ r : t tn m i n g  the MM SC at-c: N o n — \ ’ ai oh
ins t ruet i ot l S  a rL’ :lnv \\‘or(is in the f i t - s t  256 MMSC it em ory  locations with an~’ of the f I l l  —

lowing configurations for bits 33 35 , 000 , 010 , 110 , or 111. If there are a number of
non—val id instruction words in consecutive locations the Program Control Counter sequ—
euces between states 2 and 3. ThLIs 4 p5cc at-c ns~~ 1 t - n o n — v a l i d  i n s t ruc t ion  whi le  the
Program Control Counter is searching for a valid instruction. I/O unit requests for
n’temor’,’ input or output are Iockeil out. I/o requests are serviced in state 0 under con-
trol of the Disp lay Control Counter. As indicated on the state diagram , a data stop instru c-
tion terminates the readout of instruction words by sequencing the Program Control
Counter to state ‘‘0 ’’ . The log ic assumes a data s t o f )  in s truct ion  preceded by the data
Sta r t  i n s t r u c t ion .  It l i l Ie s  not check that data s tar t  and diat a stop ins t ruc t ions  are i-cad
0111 as a pa. i r .

82492 - 2  8

M A S T E R  CLEAR

~~~~~ I
L

D A T A  STOP
I N S T R U Ct I O N

State I ) iagram of tile Program Control Sedluence Countci
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HUGHES- F U L L E R T ON
Hughes Ai rc ra f t  Company

Fullerton , Ca l i fo rn i a

TABLE . PR( )G R~-\M (‘ ( (N T R O L  ( ‘ ( 1 1  N TEB

Sta 1., ’ Ad -t i  Oil Exit Exi t  Cotidi t ions

1 Reset Men u cv 1)ata Registe r to i— ~~ 4 Aut omat ic
( 00 1)  a l l  ‘‘ ( l ’ s . ‘l’ t ans fe r ~ LSB 1s of

M ct i io  t -v Data Beg . ( \I DR)  to
P cog i-a nt Counter .  Ini t i ate
Il let l lOi’V re0-d cy c l e .

:4 Load MDR W ith memo t-v word . :4 — P Data s top wo i’d
( 0 1 1 )  3—~~1 Fi- arne stai-t

De te rmine  f rom BITS 33— 35 3—~--2 Always except I ,i- fr ame
ii \VO id i  is a va l id  ins t ruc t ion ,  start.  data stop \VOr d . ot-

Program Counter = 255

If ins t ruc t ion , gencl-ate appI-o- 3~~~~7 Program Counte r = 255
i) t iate regis te r  load signal.
Dete i-mine if Program Counter
= 255

2 Inc rement  program counte i- 2~~~~3 Automat ic
010) unless wo i-cl in MDR is a for—

th at control word .

Initiate menh ol-v 1-eadi cycle.

0 Disp lay the data defined by () — ~~I Frame stai- t
( ( ( 00)  the data start and diata stop

instruct ionS.  0~~~~2 A lw ay s  except if fi -amt ,- - 
-

start  occiti-s .
Transfe r memo ry control to
tile Disp lay Control Counter.

7 Best state after display of all  7~~~~ I Frame s tar t
( 1 1 1 )  d ata pr ior  to end of f r ame .  7~~~~G I/O input  or output
___________ 

redju est .

6 Generate a memory i-cad os- 6—~~7 Automatic
( l i t ) ) w rite cy cle for I/o uni t  if

I/O request present.

L~
iI
~._, ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~ 1~~1~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 4
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Sect i on 1 — \1:\IS(’ Pi - og t - amm i n g
SI ll I5i , ’~ ’ 111 111  — \I ei i io  l’V .\& kl I t S S  i tig

S TATE l)l \ GR •V\ lS  l- ’I lB ‘ I ’ll !- : I ) I S P I , \Y ( ‘ ( ) NT i ~~) I ,  ( ‘ ( ) t ’ N ’ I ’ E R

T h e  eonti’td ol Inel t I l t y  l l lk- i ’ : I t io n s 011(1 d t S II : Iy  il Il etl)ot’y la t :i is :L( c I 1 i l i t h  i shed by th e  Disp lay
Control Counter when a hs 1)lav tflo (le is i oh ti :itcd ,

The l ) i sj  tI av Con t ro l  (‘ou n t e  r t S  ~L 4 l~ t 5t (hIR t(’(’ ( 1  I I I  Ot t  r \V h l ( ii ( 1  t n t i - o l s  tUe  I I I  t ’\  11 4 .1 t a -
t to os  and h sp lav I I I  t i i em ot ’v  t i : t t : t  I l t e l ’  t 11:11:1 5111(1  i t l s t i ’ l t c t i n t i  is - l U l l  and I t ’ O ( ’ ( S S ( ’ I i

5tatc d i ag rams  for eac h of the disp lay mlxlcs ~t e  g iven in l-’igures A , B, and C ,
S tat e s  1 , 2 , 4 , 5 , 6 . and 7 of the D i s p l a y  (‘otl t t - I l l  C O l i t i l l ’  t h i \  e a (ill r a t Io ( ii  2 p s e( ’  -

The (loca t ion  of state 3 is va r i ab l e  for sv t i ib o l s  and al p tl : tnu I e t i c S  in inci-enlents of
2 p5cc.

\Vh en the Disp lay Addi-ess Counte r i c : R -  h t s  the 11:11:1 stop : idd t - -ss atRi the last SVnlI ) o l
or l i t -ic is disp layed, conti-ol of tile \1 M S C  me lt I t - v  i s  t t ’ a I l S I e r t i , - I l  to the P i-ogi-am Con—
tro l  Counter .

DISPLAY CON TROL C( )CN I’E11 S I N G L E  SYM BOI. DISPLAY

State .-~ct iot l  Exit Exi t  Condi t ions

Rest  s ta t e  h r  d i s p l ay  l og i c .  l l ~~~~~1 I)ata stop word i-cad
In s t r u c t i o n  ~vords being p I ’ l l —  out .
ces sect -

Trans fe r  disp lay adidress to l~~~ 2 Autot l la t ic
Memory  . \dd t e s s  Reg i s t e r .
In i t i a t e  t l e m o r v  r ( ’a I i  cy cle _-~~~~

2 F i n i s h  disp l~~ ( I f last SVt 11I)O 1 - 2— ~~ ((  En d  of display inst i- .
(Data stop addi-ess or
fr ail-ic stai-t) .

Increment  D i splay -\ kl  t e S S  2 —~~~~ I \Vord other than p os—
Counter .  i t ion word i-cad out

of memory .
Load 1) O Sit i ( ) f l  \V0 t ’( l data it l t ( )

apI) r opri  ate -eg i s t e t s .  Stait
CR T beam to Sy 1111)01 X. Y co—
O1 (Iifl ate s . Sttti •t set t l e  ti til l’ 2 — ~~~3 No t -ma l  ex i t
counter. Transfe r sy mbol ad-
dress to Memory Address

_________ 

Register. Initiate nhemorv read,
:4 Inc rement Symbol Address 3-~~~l Automatic when bit

Counter. Load symbol gen- 35 of symbol  codie
erator with symbol Codl e word 1 .
word . Repeat state 3 opera-
tions above until  symbol code
wo rd bit :45 1. Service
I- - I) unit memory requests.



puur’ - 
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~~ H U G H E S - F t ’L L E H T U N
Hughes A i rcr aft Comp any

Fullerton , Cal i forn ia

I) 1SI~ L~~V ( ‘ l I N l I t I l I ,  (. ( ) ( r N T I . :H L I N E  DISPLAY

Sl ate .\ e t i o n  Ex it l- :xit Cll t llli t j on-i

( I  Rest s t a t e  lw l I i S 1 I i a V  l og i c .  ( (— ~ — 1  I)ate stop wo r l i  teal1 ou t .
Instruction W I )  - ( is l~~j i g  pro—
ceSSed .

i ‘I’ranslet ’ disp lay address to l— ~ -2 Automat ic
Menioi- v Address Register.
Init iate menhoI -v reach cycle.

2 ~. Fin ish - i  disp lay of l a s t  l i n e .  2 — ~~~( ) E t td of d isp lay inStt-uct.

or frame start,

I t e i em e t h t Disp la y  A( kl ross 2~~~~l \\‘t o I l g  word order .
Cout lter.
Load position ‘NO ccl data 2 ~~~ 3 NI I t -m al
into ap i) cop n ate registe i-s -

— Sta i-t CB T beam to lit le s tar t
X, Y coordinates, Transfer
display address to Memory
Address Register for li -ic type I
I or transfer symbol address
for line type II. In itiate
memory read. 

___________ -_________ __________________________

-
~~~ 3 Load s~- mbol gcnet ’ : I t o i ’  w i t h  —‘—- -4 Au tomat ic

l ine  ~voi ’d,
Se cvi cc I ( I  m e m o  i-v i t ip ut cc—

________ 

quest,

4 S e r v ic e  I ( I  t~ien o i’y out put  cc— 4 1 Au toma t i c
( 1lleSt .
St ai’ t  h u e  disp lay .

82492 -29 E~ .) i2 - ~L’

I N S T R U C TIO N  WORD PROCESSING

DISPLAY A DRE S S DATA STOP

~~~~~c R  ~~~~~~~~~ l0N 

BREAD SYMBOL

1-igure A. State Diagram for Single Symbol I”i gu i - e B. State Diagram lot- Line Type I o l d
Mode 1)1 splay II Disp lay

I

“ 1
~ aIMS
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Scction 3 — M MSC P rug rani flu ing
Subsectio n — Memory Add i cssiilg

STA T E DLAG HAMS 1’OR T i lE  Dis PLAY ( ‘ ( )N l ’ROl .  C( P N I ’ h - : l 4  (Continued )

82492  31

Figure C. State Diagram for In- Line
Alphanumeric  Display

(•1
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H t ’GhiE ~ — F t  I .LEIU taN
Hughes .-\ i r c ra ft  Com pa u~v

Fu l l e r ton , C a l i f o r n i a

l ) l H 1l . . \ Y  ( ‘ I ) N I I 4 I  I I .  ( ‘ ( ( l N I 1 1 1  l N — 1 , !N l - ;  . \ l . l ’ i l . \ N l Ml - :RI C S

St ate  ~~i 1 era I I I l I l ~ h - :~~t E x i t  (‘t,tId t 1I)Yl ~

P Best state lot ’ ( l l S h I l a \  l I I e . t ( ’ . ( I 1  DaLi S t I ) i I  \~~
‘ O ld  I’ ( Il l out .

Ti-atu s fe r disp lay addre s s L I )  1 ~~~2 - \ I I L I , I : I t j I -
\ Ietnui ’y :\ddu ’css I 4 eg t s t e i ’ ,
Ii iitiate n e t l i l  t v  t e a i h e~ c Ic ,

2 F i n i s h - i  t l i sp l : t v  1) 1 1:ust 2 1  \Vron g word ord er . (Al p ha-
alp h a num e r i c . n u m e r i c  \\ dji- (i reach O u t ) .

Inc rem ent I) isp l:iy Add l’cs ~
C on t i l e .
Load posi t ion w ord do Li into
aPp r o p r i a t e  reg i s t er S . 2 Position word i-each out . ( I I

n-i enior .

SW i t  C WI ’ l I L a  iii to posit ion oh
f i r s t  :ulp li:t . St a r t  settle t i m e
counter .

( ; It’ st a t e  2 WOS pr ior  s ta te:
trans fe r Disp lay Address Coun— — S If f i rs t  al pha hias tiot icc- n
ter to Memory Address Reg is— displayed .
ter . Initiate nleInl t -\ -  read .
If state 3 was prior state;  ( i — 7  During disp lay of 1st , 2t xi .
service  I (. ) ci ni t  output and 3 i-cl alpha mum er ic .
request.
Shi ft Alphanumeric Address

______ 

Register . 
__________ __________________________________

Transfe r symb ol address to 7 —3 Automat ic
Me rn~ try Address Regis te r .
Initiate memory read cycle .

3 Increment  Symbol Addi-ess 3 — 1; Autot i iat ic after  symbol  code
Counter. I~~ad sv mb II l  get - i— word bit 35 = 1
erator with svmlj ol code word .
Repeat state 3 operations
above until sv mbol code word
bit 35 = 1. Service I/O uni t
input  r edhu CSt .

Increment  Disp lay ,- \ dd i ’~-ss s t (  1-;nd of d isp lay , data stop
Counter . addi-ess reached . or f r a m e

s tar t .

Load Alp h a n u mer i c  Address
i 4 e g i s t c n  wi th  -\N ~vot-d . S l l i f t
f i r s t  A— N address it-ito Sv mbl l l  S —2 Posi t ion ~vo rd read o t i t .
Adclress C lut lt er ,

Transfe r sy nibol addiess to 5 —3 -\l pil~Lnut l lc r ic  WI rd

~Ie trw ry Address Reg ister. i ead out .
Initiate m emory i-cad cycle ,  

______ __________________—_______

3— 11
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Si-c t ion :4 — ~l M St ’ P rug L U  Ut iii tUg

S i l  IS ( ‘( t ion — M MS( ’ i nst rue thom-c

t 

I) ISPI .AY PA R A M E t E R S  51 1h - ( ’ 11- 11:1 ) BY l- ’ORMA ’h’ ( (  N l ’1 4 ( ) l ,  \\ I > 1 1 1)

- 

- The fo rmat  e ut l t  rol ~v o i d  Spec ii ic’s the I ias ic d isp l:ty i L l  r:i t i le R -I S, ih ia t :m pp lv to all display data .

‘l’hei- e arc’ t our  typ es  of insti-uctions used in an ~lMS C progra m , The l- ’ormat Control
\V u i’d . is discussed in this topic . The T ime  Compress ion  B ri gh tn ess G roup Wo rd , the
D~ t~ Sta i’t \VOr(i . and th ’te Data Stop \Vord :ti -e d iscussed in ti -ic following topic .

~~ Format  Control Word — The format  control (see f i gu re  on opposite page) word specifies
111am of the display pal -a meters that apply to all data - ‘ s p layed each-i f r a m e. The format
( - on t ) ,-ul ~vorcl may also bc used as a transfei- instruction . See table on opposite page .

One fo i-mat control  word in memory is requii-ecl to d e f ine  certain display operations .
The display control bits 11 through 31, are stored in a register which contains the
cl:ita of the last f o r m a t  control word read out . Thu s, placement of the word in the meni —
ory is not critical . Tile register is not reset at tile end of a display frame .

The f o r m a t  control word may be us ed as a t iansfer  since tuie Program Counter is forced
to the address contained in bits 0—7 . Display of diata in a fran-ic may be terminated by
COd ing 377 in the next instruction field .

Format  control w-ordis tha t t ransfer  t i e  program count to a lower numbered instruction
add ress may create und esirable display effects , If a cloSedi loop exists for the program
Counter th at dioes not include address  377 (last pi-ogram count) the data wi th in  the 1001)
will  be d isp layed at a rate hig her than the f r ame  ra te  which  may cause degradation of
the CRT phosphor .

T ime  Shared Formats — T h e  MMSC memol-y can store more display data than can be
processed in a disp lay f rame . This f ea tu re  n -iay be utilized to reduce computer—to —
console data rates .

The MMSC memory may be loadledi wi th  two or more blocks of dlisplay data representing
di f fe ren t  opec-ational formats  o1 d iagnostic test patterns . Ti-ic computer would keep all
formats  updated as sensor d ata is processed . Cha nging a format  would require trans —
mission of only one ot - two foi-mat control in~ t ruct ion words to be used as t rans—
fer instructions .

(.4

3 — 1 2

___  -
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H t G I I E S —  Fl LI I- , H I  c N
Hug hes Al rd raft  ( o n  IJ ,

Fu l i e r t ~,c , Califl,r r:  a

39 33 1 , ’ ii 4I1 29 ~‘8 ‘ 7  - - ,. ‘l, 1. 4 ,, I I

p 1] I L  1 101AM 1,1101, ‘1,110(1 II - ‘ ‘II - T  I ’ I ,  ‘ 0 7,11)111

11 0 1 1 1  I I I I - I I I ±±T~~~~~~~~~~~~~~~~~

I

~~~~~~~~~~~~~~~~ ‘ 1
I - I , t ’ tli t (  (‘ l i l t  I I I  \ \ I

d l  )DING OF (,‘ ( )N ’r l ( (  >1 , \V ta III )

Bits 1—7 — Nex t instruct ion :mddi- c-s s .
I b cy i r - codi- . b it I ) — LSB

bit 7-~ NB
The P ro gram ( ‘ ount c-i-  is t l u ’avs load ed
with bi ts 0 — 7 ,

Bit ‘~— 10 — Spare

Bit 11— 17 — T im e  compression di sp la~ in te rv a l  in
incre ments of t ic -  n i n~ pi-og i- es s tan
per iod .
B ina ry  colic , bit 11— t~-~l~

hit  1S—MS B
t here is no zero disp lay in te rv a l  —

cod e t ) 0000 = oldest pi nc~ on ly display ed
00001 = two oldest p ing s dli spla ved l
(‘11 ’ ,

Bits 1I;— 19 — Time compr ession ping progress ion
perio d .
Binary c-ode, h i t  li~— L s B

h i t  19— \ L ’-~B

C y l e  t ) OU t )  = 1 ~eamc
( I t Oh  — 2 f u - :umc s , etc .

Bit 7 1 —74 ‘lillic conip i-ess tot - i I ‘ cli i i l t e t ’ v : I l  ill
increments of the fc ’ :i 111(1 )

~ t- iOd .
B inary co t he , h it 2 I _ I .~~B

hi t  2-1 — ~ tSB
(‘ olIn ’  ( h O t ) ) )  _— 1 f r an ic -

1) 11 ( 1 1 = 2 I r , i  l i e s , c-Ic .

:1-13

-7-- - -
- - - ‘

~~~~ :_ ~~~~~~ - -



S~-c . t i on  3 — \ l MSC I k’og in lii tli tng
Sul sn -ct  ion — ~\ 1 \1S(’ I t i s t i -uc t io t i s

1) IS 15L-\ ’V h~ \I tA ~iS1-1 ’l’ u -: h I S S 1~i ’( ’  Ii- ’h I-:D II\ I-~ )l L\Ij \ l’ ( ‘ I )N ’I ’I {(  )L \V OJ II )  (( .‘ ont i t - iu ed )

(‘ I l I ) I N ; ( I I -’ ( 1  I N ’ l ’ I I t  ) I , \\ ’( ) h t I )  (d ’ on t inu c- d )

i l i t  77 — l i t t l e  comiu p l - eS s io t l  BIT
‘IC = ‘l’hue SO t L I I ’  i- vents  :~ic t !is—pI:tyed i n o m - i i i : I lly

I C  1, TIle sonai- event i-  are  cbs—
playe( l in a t ime  con~pu - e s—
sed sequence . Displa y cl : i t a
not identified as sonar
events u -ill  not he t i m e
compressed ,

Refer  to t i n h e  compressedi pit ig
i l iSt Oi V topic for discussion of
t ime  compressed disp lay s.

Bit 2d — Passi~ e disp lay hit

P = 0 Do not d i sp l ay  input data
fr om PDMC

P = 1 Display data fro 4a  PDMt

\\ licn p a s s i v e  (PDMU) d a t a  ir dis-
played the display of s t-itholic data
stored in the MMSC memory is re—
stricted to ti’ie t ime  avai lable  it
each f i a m e  following tile chsplay of
all ti-ic passive data.

Bits 27—2 — Expandeci sector quadrant  cli’s ignator.

2s 27

0 0 sector lsO °— 2 7 0 °
(1 1 sector 270 0_ 360 0
1 0 sector ~p O _ l , O O
1 1 scctoi- ~~~ 90°

Expand ed sector data is ciisplavecl in
the specified! quad rant . Non—ex panded
sectol- dat-a in the quadrant  is blanked .
Refer to page 3—36
for d i s cu s s i o n  of expanded sec tor displays .

Bit 29 — Expanded sector i)j t
When set , the M~ 1SC disp lay s any block lI f
data designateci as expanded sec tor data
Iii the ES dlua (hra nt . Ihe  data St ar t  ~fl-
s truction ident i f ies  the expand ed sector
d ata .

:;-i4
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l i t  GHES- F U L L E R T O N
Hughes .- \ i r c r a ft  Company

Fullerton , Califo rn ia

( ‘ I i i )  lN ( ( .) 1” ( ‘( )~~‘l’ l I d )  I W ORI )  (C on t inu n-d)

Bit 39 — F’ i a  f l ue  rate hit

The display ref r es hi 1 : 1  Ii - is set f rom
the comput e- i -  u ’ith ’i this bit  for non—
p ass ive  chsplavs .

1-’ = 0 = 37 fi-ames/ seconcl
F = 1 = 51) 1 m a  i t ics/  second

At the lower f rame rate more svnnbo ls
can be displayed . The hi g her rate
allows a bri g l iter d isp lav

Bit 31 — Spare (stored iii a reg istc ’i -)

Bit 32 — Test hit

U sed in sot-i-ic- au to—tes t s .
Bits J3—35 — Word Cod e

This cod e ident i f ies  the instruction type.

:t — L5
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‘
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Section 3 — MMS C Programming
Subsection — MMS C It is truct ions

FORMAT 01-’ 13I1IG1ITNESS GR O U P  \\ ‘O1Il)

The br ig htness grou t ) ~voi ’c I is used oul ’~ i n tit e ( li Splay of tin -ic coml)F d-Sse ’( i sonar even ts .

Time Compression BriI1ht~~’htt ess Group \Vord — The brightness grout) word is used on ly  in
the display of sonar events in a t ime compressed sequence. By appropriate coding of
the B fields of the word , various visual effects tnay he created . This results from the
intensity level of the events varying with time. See figure below . Refe r to a later topic
for a discussion of ti me compressed displays .

82492 .33

35 33 32 31 21 20 18 17 15 14 12 11 9 8 6 5 3 2 0

t
~~~~

D
R

E
D SPARE 96 85 B4 83 i92 81 BO

0 1 1 1 1  1 1 1 1 1  h I l l  I I  I I  I I  I I  1 1 1 1 1  I I

Time Compression Brit~atness Group \Vord Format

3— 16
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HUGHES-FULLERTON
Hughes Ai rc ra f t  Company

Fullerton , Cal i fornia

COl)ING OF TIME COMPI {l- SSION BIUGI LTNESS GROUP \VORL)

Bits U — 2 Bri ghtness group BO
Brightness group code

2 1 U Octal Intensity L~tvel
9 0 t ) 0 0 — Blank Disp lay
9 I )  1 1 1
( 1 1 ( 1 2 2
)i 1 1 :3 3
1 0 0 4 4
1 0 1  5 5
1 1 ( 1 6
1 1 1 7 7 — Brig htest Disp lay

Bits 3 — 5 Brightness gm’ oup Bi

Bits 6 — S Brightness gr’oup 132

Bits 9 — 11 Brightness group 133

Bits 12 — 14 Bri ghtness group B-i

Bits 15 — 17 Brightness grout) 135

Bits 18 — 20 Brightness group B6

Bits 21 — 31 Spare

Bits  33 — 35 Word code

The word code of u l l  identifies the instruc—
tid)fl as a brightness group word

3- 17

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Section 3 — M ’\LS C Programming
Subsection — MMSC Instructions

FORMAT 01” DAT,\ START/STO P \VORI)

The I)ata Star t  “Stop words re t r ieve  a block of data Iromn memory am] control the disp lay of
t h is dat a

Dat a Star t ~\-ord — The data stai- t word is used with a data stop word to retrieve from
memory and control the disp lay of a block of data words , as shown below .

82492-  34

35 33 32 31 30 29 28 27 26 2S 24 23  21 20 17 16 13 t 2  0

I >
ODE 

i- ~~~~~~ 
V I-I E S SYMBOL 

PING NO, C A T E G O R Y  DATA S T A R T  ADDRESS

I t  I I I  i l l  I l l  l l l l l l l l l l l l

Data Start \Vord Format

CODING DATA START WORD

Bits 0 — 1 2  Data Start Address
Binary Code , Bit 0 — LSB

Bit 12 — MSB

Bits 13 — 16 Category Code

16 15 14 13
- - 0 0 Category 1
— — 0 1 2
— — 1 0 3
— — 1 1 1
0 0 — — 1
0 1 - — 2
1 0 — - 3
1 1 — — 4

Bits 17 — 20 Ping number

20 19 18 17
0 0 0 0 Oldest Ping
0 0 0 1 Next Oldest Ping

1 1 1 1
C,
C

3— IA
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H U G H E S - F U L L E R T O N
Hughes A i r c r a f t  Company

Fu llerto n, California

CO DING DATA START \\‘Ol 11) (Cou it  i imu e d)

Bits 2 1 — 23 Symbol address ~d ISi i ’  S________— 
Met n orv  Address

23 22 21 I)ecitnal  Octal
0 1) 0 716~ — 729 5 16000 — 16177
0 I) 1 7296 — 7423 16200 — 16377
o 1 ii  7- 1 2 4  — 7551 16400 — 16577
0 1 1 7552 — 7 6 7 9  16600 — 16777
1 I i  I) 76’~() — 7807 17000 — 17177
1 1) 1 7~ 0s — 7935 17200 — 17377
1 1 0 7936 — ~3U 63 17400 — 17577
1 1 1 ~064 — 819 1 17600 — 17777

Bit :7-1 Sparc

Bit 25 Expanded sector bit

ES = 0 Data is Uot expanded sector diata
— ES = 1 Data is to be dlisplayed in the

expanded sector

Bit 26 Horizontal disp lacement bit

II I ) Ignore horizontal displacement code
11 = 1 Use horizontal disp lacement code

Bit 27 Velocity vector bit

VV = 1) Not velocity vector
VV = I Velocity vector

Bits 28 — 29 Data type code

29 2 5
1) 0 Forbidden
0 1 Events
1 0 Alphanumerics
1 1 Processed data symbcls

Bits 30 — 31 Disp lay mode

31 31)
U 0 Sing le symb ol display
o 1 Line ty i)e I display
1 0 Line type II display
1 1 In—line A—N disp lay

Bit 32 Test i) it

T = 0 Not test W ( I r ( i
T = 1 Test word

Bits 33 — 35 Word code

35 3- 1 33
1 0 ) )  Data start word

3-19
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Section 3 — \IMS C Programming
Subsection — MMS C Instructions

FORMAT OF DATA START/STOI’ WORD (Cont inued)

Data Stop ~Vor d — The data stop word is used to define the end of a block of (JiSplay data
words in the MMSC tnemor - Data stop words are always used in conjunction with a
data start word . The horizontal disp lacement code for sonar events is specified in the
word and the coding shown below .

82492-35

35 33 32 31 19 18 13 t2 0

WORD
CODE T SPARE H O R I Z , DISPL , DATA STOP ADDRESS

1 0 1

1 1  i i I l I I I l h I i I  1 1 1 1 1  I l l I l h h i l h l i

Data Stop Word Format

3— 20
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HUGHES-FULLERTON
Hughes Ai rc ra f t  Company

Fullerton , California

COi ) IN G TiLE i)ATA STOP WORD

Bits I.) — 12 Data stop address (exclusive)
Binary code, Bit 0 — LSB

Bit 1 2— M S B

Bits 13 — 18 Horizontal disolacement code — sonar  e v e n t s

Binary code, Bit 13 —

Bit 1 8— M S B

Bit 13 = 1 LSB of deli . = 0.015’
Bit 14 = 2 LSB of defl . 0 . 030”
Bit 15 = 4 [SB of deli , 0 . 060”
Bit 16 s [SB of deli . = 0. 120”
Bit 17 = 16 [SB of deli . = 0 24(1”
Bit 18 32 [SB of defi . = 0 .4 ~ 0”

Bits 19 — 31 Spare

Bit 32 Test bit

Bits 33 — 35 \Vord code

35 34 33 Data stop word
1 0 1

3-21
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Section 3 — \ I i \ LSC Programming
Subsection — MMSC l)ata \Vords

FORMAT 01’ POSITIO N \VORI)

The location i f  all Svt f l I )ul S at-id li mie data is controlled by the position word.

There are four types of data words which provide detaile’J disp lay information in an
\IMS C . The position word is described below . The Line Word , Alphanumeric ~Vord and
the svmnbo l code words are described in the following topics.

Position words are used singly or with Line or alphanumeric words for disp lay of all
symbols and line data . See figure on the opposite page .

The X and Y coordinate fields are transferred fcom the Memory Data Register to the X
and V Deflection Registers. The only manipulation of the coordinate data is for expanded
sector (liSp lay .

1”or In- Line alphanumerics the first A-N disp layed will he located at the X and V coor-
thnates of the pos ition word .

Each stroke in the symbol code word has its leng th specified as 1X , 2X , 3X, or 4X of
the resolution given by bit 20. Thus if bit 20 is 0 the stroke lengths are: 0 . 020” , 0. 040” ,
))~ 06 )) ” , or 0 .0 8) ) ” , if bit 20 is a 1 the corresponding stroke lengths are: 0.040” , 0 . 080” ,
(I . 120 ’’ or 0. 160’’ .

The suhcategory code is used with the category code of the data start word b~’ the con-
sole logic for comparison with the operator category select switches. There must he
at least one 1 in bits 21—26 for the word to be recognized as a position word. Bits 21-
23 specify the sub— category associated with category bits 13 and 14 of the data start
word . Bits 24-26 are related to category bits 15 and 16 of the data start word .

The address [SB’s of th€ [irst symbol code word of the symbol to he displayed is con-
tained in hits 27 — 32 . For non—processed data symbols and lines — Type II , hits l through
6 of the 13 required memory address hits are contained in the symbol address code ,
Fd)r processed data symbols bits 2 through 7 are contained in the symbol address code.

The intensity code field is used to intensify the symbol or line at a selected level . At
the 50 F. P.S. frame rate and the operator intensity controls fully CW , intensity
code 7 results in a symbol brightness of 25 ft-lamherts. The ratio in CRT brightness
for any level to the next lower level is 1. 65:1 .

The coding is shown on the Table .

3—2 2 :
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~~ 35 i i  32 2/ .‘t, 2 t  20 I )  to ‘i 0

NT SYM.  SUB CA l  5 V l O o k.  / (
~UOk .

l~~~) I ) E  ADD,

i i i i i i i i  1 1 1 1 1  l i l l i l l I l  l I l I l l I l l

Position \\‘ord Format

CODING TIlE POSITION \VORD

Bits 0 — 1) N coordinat e
Binary code , Bit 0 — [SB

Bit 9 - ME B
All “ 0 ’ s = Left edge
All “ l ’ s = Right edge

Bits 10 — 19 V coordinate
Binary code , Bit 1(1 — [SB

— Bit 19 — MSB
All “ U ’s = Bottom edge
All ‘ l’ s = Top edge

Bit 20 Symbol size
S = 0 = 0. 020” stroke resolution
S = 1 = 0. 040” stroke resolution

Bits 21 — 26 Sub—category code
26 25 24 Octal

• 23 22 21
— 0 0 0 0 Forbidden code

0 0 1 1 Sub-category 1
0 1 0 2  2
0 1 1 3  3
1 0 0 4  4
1 0 1 5  5
1 1 0 6 Disp lay
1 1 1 7 Inhibit disp lay

Bits 27 — 32 Symbol Address Code Bit 27 [SB

Bits 33 — 33 Intensity code

35 34 33 Octal
o 0 0 0 Blank

0 1 1 Level 1
0 1 ( 1 2 2
0 1 1 3 3
1 0 1) 4 4
1 ) )  1 5 5
1 1 0 6 6
1 1 1 7 7 (brightest)

3-23
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Section 3 — MMS C Prog ramtn it tg
Subsection — MMS C I)ata \\ ‘ords

FORMAT 01” uxi-: \VORI)

A line word is used to define t u e  direction and length of a line.

The direct ion of  the line is definedi by the sin 0 and cos 0 bits .  The length of the line is
defined by the leng th code and the starting point is defined by the position word .

124’C~ 21.

35 29 28 27 26 21 20 19 10 9 0

LINE LENGTH SP 0 0 0 0 0 0 SP COS I) SIN (I

1 1 1 1 1 1  I 1 1 1 1 1  1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1 1 1

Line Word Format

Th e  values of sin 0 (Bits 0—9) and cos 0 (Bits 10—19) must be chosen such that sin U —

cos2 0 = 1, 0 ± 0, 004 to insure accurate line scaling. r - CRT beam velocit y is c-on-
trolled by the sine and cosine values and if by error the - alue of sin 2 0 + Co5 (i < ( I , 01) 1
the beam will be essentially motionless at some spot w’it ’- .1  possibility of phosphor
datnage.

Bits 21 through 26 (the word code) must all be 0 in order that the thspla logic m a y  dif-
ferentiate between a position and a line word.

The length code (bits 29-35 determines line length by controlling the line intensity an-
blank time. Line disp lay time is limited to 4 I-~sec which corresponds to 2 inches in
line length .

The coding is shown in the table.
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1-it ;GHEs- F U L L E R T O N
Hug hes A i r c r a f t  Company

Fullerton , Ca l i fo rn ia

C U l ) I N G  OF’ LINE \\ ‘t ) RI )

Bits Sit-i 0 Code

Bit Value \\eight.

0 0 —0~ 00 1
1

1 1 )  — j

1 ‘l) 102

2 0 — ) )  . 1 ) 04

1 ‘
~~~) . 10 - 1

3 0
1

4 0 — ) ) . 0 16
1 - 0 1) 16

3 0 —0 , 031
1 “1) 031

6 1) —0 . ) 0 i2
1 -‘11.062

7 0
1 —I) 123

0 — u ,2 5
1 “11 . 23

9 1) —I )  -3

1

Bits 10 — 19 Cos 0 Code
Same bit  weighting as the SIN 1’ COD E .

\Vord Code
Bits 2 1 — 2 6  26 23 24 23 22 21

0 )) 1) 1) 0 0

Bi t 27 Sparc

Bit 28 Spa re

Bi ts 29 — 35 Length Code
Binary Code
Bi t 29 = 0 . 1)2 1”
Bit 30 = 1 . 0- 12”
Bit 31 =
Bit 32 = 0 . 168 ”
Bi t 33 = m l . 336
Bit 3-4 = I) - 672
Bi t. 35 = 1. 344
(MAXIMUM iJ - NUTI1  IS 2 . 0”)

3—2 5
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SeL-t il l — \IMS C Programtn itig
Subsect ion — \l\1SC 1)ata \Vords

- 
- FORMAT OF ALPI EANI J MEIII C \\‘OllI)

A!pha t t umnel ’Le wvr d~~ az’e used w1th a I)vs 1tion ~~~rd to  form an in—l ine  alphanumeric displ:tv -

‘rhe al phanumeric  word  contains the s\ -tnhol code word  start addt-esses for lour al pha-
numer ic  characters.  See figure on the opposite page.

For a .~
- i yen aiphanu me t i c , each s-I coke in the symbol code word has its length spec ii ied

a~ lx, 2X , 3X or -IX of the resolution g iven by bit 0, 7 , 1-1 or 29 depending on the AN
number.

r u e  al phanumeric (AN) address code becomes bits 1 — m u  of the complete 13 bit symbol

c- ode ~y or ( i  address . The AN address code is the start address of the symbol code words
that define the AN ciiaracter .

Bits 21 — 26 must all be 0 in order that the disp lay log ic cat-i differentiate position words
fr o ni al phanumeric \Vo rds .

There are t\yo options for the center—to—center horizontal spacing ( If  in—line alphanu—
inerics , 0 . 120 inch and 0 . 240 inch as specified by bit 28.

The coding is sh ,wn in the table .

3-2 6
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Ilt ’ GlU-I--~— F t I.I.I-.HTON
h ug hes -\i r-r ;if t Corlip I ’,

F u l l e r to r m , C a l i f o t ’ m ~i

L 

I AODR 

~°

0 0 ~ ~ 3 /  I / / I  H J N ~ ~~~ :

Al phanumei -i c  \\ Or(I F O r t T l : i t

CODING TUE A L p I1ANL T ~ I I-:1tIc \ \ (  6 U I

Bit O Charac ter size AN -I
S = 0 = ( 1 . 02 11 ’’ Resolut ion
S = 1 = 0~ m O m ’ ’  ReS( lu t i n

Bfts~~~— U  AN — i .\ddress Code

Bit 7 Chai- acter Si/.c -\A— I : Bc-fee to Bit 1)

Bits S — 13 A N—I Addi-ess CI de

Bit 14 Character Size A N — I :  ReLy to Bits 2 —

Bits 13 — 2 mm AN — I Address Code

Bits 21 — 2 6  \\ oi- d ( ode

26 25 2- 1 23 22 I i
0 1) (I m m  0 0

Bit 27 Spare

Bit 28 ( ‘ h a m - u - m e t -  Sj I a ( - c - . 0 = mm . 1 2 m m ’’
1 = 0 , 2 - I l l ’ ’

Bit. 29 Ch aractei-  S i t c -  . \N— 4 : Refe r to Bit  0

Bits 30 — 33 AN—I Address Code

~~~~~ ~~~~~~
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Sec ti on 3 — \l:\ Ls~’ Pr ogramnri i i t tg
Sub sect  ii fl -- M \ ISC Data \Vot -ds

FOR M.-V~ 01” -~‘c ~i l x )  L CODE \\ ( l i i i )

~ ~‘)IS (’ sv nthol s Fl ,’ comp  sed I I ’ short  l in e  segments with  va t - :  ahlc length and di c c - i - i  in and a t e
(IC f i t t ed by I he S~’ mI~o l C/ dc’ \\ i t - i -

S\ F i l l i / i t  C c d c  words det ine symbol shal)es h i ’ the symbol generator . The ~i t - \L ’-C symbols
a l-c cotnposed i f  short line segments (strokes). The strokes at-c placed ct-id to end to

tur in  a comp lete symbol.  Strokes nay be chosen to have any of 10 directo ins with ( ‘ U

being ve r t i c a l  and 9( 0 1 t i  the right.

The s t r i k e  length is variab le and t h e resolution mult ip lier i t t  the position or alphanu—
meric w rds defines the absolute s t roke lengt h values

The blank bit  is ascii t ( I  create dashe(I or (IiScufltitlUoUS svtnbols . I less that ) S stt’okcs
~ t a sv mnb ol cc’de word are necessary f( r a s\-mnhol the imused stroke c-i/Ic -s- must have

a 0 in the blank b i t .

‘ru e strokes are disp layed in the seq uence , s t roke 1, stroke 2 . strok e 3, stroke -1 ,
and stroke 3

The last sy m bol C ‘do W ( I r d  of a particular s tnbol must contain a 1 in bit 35 or the Se in —
bol Address Counte m w ill continue to increment and add i t i na l  synthol code words will  bc
read and disp la~ ~t I

The symbol  WI rd coding is shown in the table .
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}l t ’G II ES— Ft LLER T ON
h u g hes -\ r or a f t  C o n p : m v

Ful ler ton , Cali fo rn ia

~~_ ‘4 ’ ,_ ’ i~~

/ 

I HOKE 4 s~ IOKL ~ 

14 I 

I I ~ 

0

1 1 1 1 1 1  i l l i l l  1 1 1 1 1 1

Symbol Code \\ ord 1-’oi’mat

CODING TI lE SVMB() L \VOR D

Bits — Stroke 1 Code

S S S S S S S(; -3 -1 1 2 1 m l -

— — 0 0 0 0 Strok e l) i rect i on  i~ m m °
— — 0 0 0 1 900

— — 0 ( 1 1 m 27 11 0
— — 0 0 1 1 mm °
— — 0 1 (I I )

— — 0 i I )  1 133 0
— — 0 1 1 im 113 0

— — 0 1 1 1 43°
— — 1 1) 0 ml
— — 1 1 117°
— — 1 ( 1 1 0 2 97 0
— — 1 cm 1 1 27 °
— — 1 1 0 0 243°
— — 1 1 0 1
— — 1 1 1 0
— — 1 1 1 1 630

— 1 1 — Stroke Length 1
— m )  1 — 2
— q  0 — 3
— 1  0 — —1
0 - - Blank
1 — — IJnblank

Bi ts 7 — 13 Stroke 2 code
h i t s  I I  — 20 Stroke 3 code
Bits 21 — 27 Stroke -I code

Bits 2S — 3-I Stroke .3 code

H i t  33 LW U = N ot las t symbol code word
LW 1 = Las t ss- n ibol c dc’ word

q. 
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Sec-to in 3 — \l \ISC Pr ug ra t u t n i  ng
i- ’uhs ect it i i  \ l ?ilS(’ Sy tt lI ) o1s

I ) l I l l - t [‘ION . \ N I )  li- NG LII  CODIN G l”O R S\’~ hI;o l.S

The length  ol’ s - i r iLes at id the n t t t n h c r  of st roLes h r  an~ SV nmii o l that is disp layed is it  t i l ted  be
— the ft n at n i c  ramq , e ol the Se n ibo l I I t ( ’  r :ttor and the cu! tmul a t i ve  pos t )  ton c l - l o t ’

Se tnbol Shape Coding — Llie t i c s i gn of a sy mnbol shape and the generation of its required
svnthol code words w i l l  be lacilitatcd be adhering to the guidelines and restrictions pre-
sented in thus section,

Sy nibol I)esign Limitations — The tnaxitnutn length per axis for any sytnbol using one
poSition word is 3/8’’ (0. 375). This requirement is imposed iv the dynamic range

i f  the s mbol integrator .

Due Ri cumulative position error, use of m ore than 30 strokes for any symbol is not
recommended , Sy t th o l s  with larger numiiers of strokes will tend not to “close”, i.e.
the las t stroke ’s position will  be in error by an atnount proportional to the number of
strokes and becomes noticaiile for large numbers of strokes ,

Stroke threc~~ons are the 16 given in the Table,

For symbols with the U , U 4 1 )  in resolution multiplier the following length count restric-
tion applies : The sum of the stroke length coutits for a symbol must not exceed the
quanti 12x no, of symbol code words read from memory .

Length Coding — Stroke lengths are specified on an axial hasis. For stroke directions ,
450 , 135°, 22 5°, and 31.30, the X and V components of direction are equal. For stroke
direc tions 00 , 9 mm i 181) 0 , and 2700, either X or V component of direction is zero. For
the above eight d irect ions , one length count is required for each desired increment
of K and V movement, The increment of movement will be either 0. 021)” or 0.040” de-
pending on the resolution multip lier . For the remaining eight stroke directions there is
a two — to — one  ax ial rela ti onsh ip as dep icted in the f igure . The length count specifies
the longer component for these 27 0 and 630 strokes . The length counts are sutumarized
in the Table.
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UI GI IES — F’ULLE H T ON
Hug hes -\ i r c ra f t  Comp any

Fuller ton , Cal i f o r n i a

Ll- N G T I I  C’. B N U t ’  A l t  l _ L- (m l . m l m m  Itl- S0 LUTION)
- - - - - - -— - - - -

Direction 1 2 -1

( &
, 9(~

(
~ X 0 or 0. I ( 2 ’ ( ’ ’ 0 ij r ( )  

- 0—10 ’’ 0 or mm ( ( 60 ’’ (( 01’ 0 . I)

150 °, 27 0 ° ‘1’ 1 . 02mm ’ ’  or 0 0.040 ’’ or 0 ( L O O m ) ’ ’  or 0 m ( . mm ~ ( m ’’ or 0
-15 °, 135°, K 0, 020” m ( . m (Im ( ” 0. O Om O ’ 0.050 ”

2230, 313°, V 0.020 ’’ 0 . 040’’ 0 . 060’’ (m , mm ~ (m ’’

27°, 03 , X 010” 020” 020 ” - 010 ’ 030” - mm cm m (” - m i - I mO’  - mi ~ o ”
117° , 1530 . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~

207 0, 243°, V - 020 ” - 01: ” - 1 ) 4 mm ” - o2m 0’  - o m ; m o’  - 130 ” . O s o ’ 0 - 1 m m ”
2 9 7 0 , 3330

8 2 4 9 2 - 39

00
0110 1110 0011 1011 0111

1 1 1 1

I /i I/
\ 1 2  2 1 /  Y

1010 N 1111

1 1

2 \ 2

0010 0001
p

270° 90°

1100 

2 

1 

2 2 

1 

1001

0100 1000 0000 1101 0101
180°

Stroke Direction Codes

3—3 1
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Sec t ion 3 — :\l \IS(’ Pi-o gramnt ing
Subs - c -ct  ion — \l ~\l St Se nil ol S

I ) I -SIGN GI ’lDi - : t , l N l - :S  I- ’OR N I~\ I i - :R I ( ’  S Y M I I O L S

Guid e l ine s and c - \ a m p lc ’s a m - c g iven  to  shoi~ the  pt -ocr-s - s  ot p r o g r a m m i n g  hi ghly  ~‘gi 60’ n u m e r i c
SI mhol s ~ ith f l h l I t i n u l I m  stt ’okes : t r t - a n g e t t  in o p t i m u m  s( - quc-nce .  

______________ ____________

Symbol l)esign Guidelines — ‘I’\vo e x a m p le s oi n u m e r i c -  symbol shapes- :ii’c- g iven as aPI s
in d e s t g n i n g ’ othe i’ symbols. ‘[‘h o’ p r i t n a r y  a t t i - ih u te  of a ‘veil designed svnibo l is  leg ibi l i t \ ’
under l a m - icc !  opera! ing con ( l i t i ons .  SI mI) ol aes the t i cs  and c-( ’onomy of sti-okes arc t n —
por t ant  considerat ions in symbol  di s- ( l av  . Symbols should lie desi gned on a grtd of either

- 02 inches om - 0 . mm4 inches sc-ak- to ac- i l Pair- coding’. These m- ema r k s app le equa lI~ to
a ipha t iumer i c  01’ geomct i-ic symbols  described in the suc-cer-d ing top ic .

Example I — The numei-al 2 shown in l- ’i gure :\ is a s-tm -n ight loi’~-ard do-stgn requ iring
S strokes. The use of 0. mm 2 (m in.  st roke segments indicates the resolution h it of position
words and al phanumei - i c  words would be requi red  to he a ‘‘ mm ’’ loi ’ th i s  0. ((sO in by 0 . 12 mm
i t . size. The symbol  can be doubled in size b setting the resolution bit equal to ‘‘1

The repn-esentation given  lviii differ  f rom ti - ic - disp layed symbol in several way s. Line
width is often overlooked when a sketch is prepared . St r ok e s is sc-alec) to 0 .010 i n . in
width . The effects of line width a i-e most pronounced for small closed svtithols. The
lunctions between strokes of different orientation is a smooth curve. The CRT beam
must be considered as having ine rtia. TI-ic wide bandwidth c i rcu i t r y  ol the I\IMS C ~ ill
limit o~-ei’shoot for abi’upt direct ion changes to less than 1 / 2 lit-ic width . TI-ic sun-i of ti-ic
l et gth c-out-its foi’ all s- strokes is 1 7 which is less than 24 (12 x 2  symbol cod e words)
allowable for 40 m ii rcsolutiot ’i display .

The detailed coding ( I f  the two symbol code words for the nutneral 2 is given in Figure C.
Note that  the d i rection codes for s t rok es  ‘3 and 10 are not all zero. Ti-ic cod e for stroke
9 i-el i- aec- s the path of St t’oke ‘~~. The sI i’oke f o l lowing  tiie last d isplayed s-I roko- shoul d
c - t Ool ’  i - etm - ac ’ e or cont inue  it ti-ic samc - d i rec t ion  as ti’ie last stroke . This ~vil1 preclude
the poss ibi l i ty  of a ‘ ‘ tai l’’  at the symbol t e rmina t ion  clue to misa l ignment  ol the in ten s i ty
o- i rcuits. The code of stroke 10 re turns  ti’ie beam to ti-ic symbol origin. Ti-ic important
concept is that  all l ive direct ion codes of a symbol ~-oi’ci move the CRT beam it  sonic-
manner ,  l a i l u r e  to account fo r sti-okes max- cause the beam to exceed t i - ic ± ( 1 , 3 75 in ch
dy n a m i c  m a n g e  of t i - ic integratol ’s.

E x a m p le 2 -— Tile n u m e r a l  5 as shown il-i i” igure B , requ i res 10 stroke s or 2 symbol
(-i / id -  \VO r i s .  A total  of 19 lengt h counts  are used ~‘hich mean s tl’ie character  may has-c
c - i t h e r  mm . 020 inch resolution (shown) or 0. (m4 0 inch r e so lu t ion .  Strokes 6. 7. and ~ a i c ’
curved t o  ai d in ~h is - l  i n g u i s h i n g  the 5 from an s. The detailed coding for t i t e  symbol code

~vom-d is g i vet-i it Fi gure D .
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H U G H E S - F U L L E R T O N
Hughes Ai rc ra f t  Company

Fullerton , Cal i fornia
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0.020” 0.020”

Figure A. Layout of the Sym bol 2 Fi gure 13. Layout of the Symbol S

8 2 4 9 2  .l c-

0 1 1 1 0  0 0 0 1  1 1 0 1 0 1 1 0 1 0 0 0 1 1 1 1 0 1  1 1 0 0  1 0 1 1 0
1 1 1 1 1 1  1 1 1 1 1 !  1 1 1 1 1 1  1 1 1 1 1 1  1 1 1 1 1

35 34 28 27 21 20 10 13 7 t- 0

5 4 3 2 i

1 0 0 0 0 0 11 0 0 1 0 0 1 0 11 0 0 0 0 11 0 1 0 0 0 0 1  1 0 1  1 0 0

1 1 1 1 1 !  1 1 1 1 1 1  1 1 1 1 1 1  1 1 1 1 1 1
35 34 28 27  21 20 14 13 7 ,, 0

8 7

Figtt re C. Coding lot- ti -ic Symbol 2

82 4 9 2 - 4

0 1 0 1 0 0 1 1 1 1 1 0 1 1 1 1 0 1 0 0 0 1 1 1 1 0 1 0 1 0  0 t 0 1 0 0
1 1 1 1 1  1 1 1 1 1 1  1 1 1 1 1 1

35 34 28 27 21 20 14 13 7 ‘ 0

5 4 3 2 -

1 1 1 0 0 0 0 1 1  0 0 0 0 1  1 1  1 1 0 1 0 0 1 0 1 0 0 1  0 1 1  1 0  1 1 ) )
1 1 1 1 1 1  1 1 1 1 1 1  1 1 1 1 1 1  1 1 1 1 1 1  i l ~~~~~l l l

5 34 28 27 21 20 14 13 7 - 0
10 9 8 7

I- ’igu i ’ e D. Coding for the Symbol S
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Sect ion :t MMS( ’ P r o g r a m m i n g
SnI isec-t ion — \ IMSC Svnihol s

Dl - :SIGN G t ’ l D l :  L IX [S FOU G l-:o1vT i-:’i ’uic SYMII()L S

[‘110 e x a m p l e s  ol geon ictr i c s~ m hoIs~ u- r- gi~~~n and the metho d ol r o gr a mmh g i s ex~~ a t m - d .

l-x amp le 1 — The processed data symbol of the Fi gure .-\ below iS t in approx in at ion of
a qua rtc 1’ inc -i t ci i’cle. The s ml)ol is desi g n ed wi th  2 ( 1 m i t  resolut ion to achie vc -  smooth
curved segments.  ,-\s 19 SI rokes are required , 4 symbol code words mus t  be c-oded .
Since l eng th  code crite i ’ ia  is met , ti ie same symbol code wo rds max - he used w ith  th e
40 mil resolution bit equal to “1” to disp lay a 1/2 inch circle. See Figure D on the op-
pos i te page for coding.

l-:x aml) le 2 — Two approaches to the d iesign of’ processed data symbol No . 2 are g iven  in
Figures B and C on the opposite page. The symbol was designed using 40 ml!  resolu-
t io n . Seqttend’e B is p re fe  i-reel ove r sequence A to in i n i m i z e  CRT beam ‘‘inertia ” e l t e - t  s .
The sum of lengt h counts of the first eight strokes is 24 which i ndic ates th at f or two
symbol code ~vorcis read from memory no tin -ic is avai lable  for stroke s 9 and 10 . -~ thirc l
symbol cod e word is required to allow display of strokes 9 and 10 . This third word would
have all unbl ank BITS set to “0” and the direct ion and length codes could be any a rb i t ra ry
patte rn. Strokes 9 and 10 ~-oulc1 be coded in the sec-one! symbol code word.

824 92-44

7 

5

4 10

‘ 3

1 11 

19

18 12

17 13

14

I” igIu -c A. Processed Data Symbol No . 1
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I I !  GB ES— F’ I LLE H1’ON
Hughes A i r c r a f t  CompanY

Fuller ton , C a l i f o r n i a

( ( . 4 / . - ~- - -1 i ?  4

H 
N

0.020” (6 1 ( 7 )
Figure C. Processed Data Symbol  No. 2,
Sequence B. N u m b e r s  in pa i c l l t ( i e ’ s i  s (

1-’igure B. Processed Data Symbol No . 2 , imlicat e stroke blanked
Sequence A. Numbers  in parenthesis
indicate stroke blanked

0 1 1 1 0 1 1 1 1 0 1 1 0 1 i l o  0 1 0 0  1 2 0 0 0 0 0 1 0 0  0 0 0 0 1 0

h u l l  I L I I I I I I I I I I !  1 f f _I l l  1 1 1 1 1 1
30 20 10

5 4 3 2 1

0 1 0 1 1 1 0 1  1 1 1 0 1 0 1 1 0 1  1 0 0 1 1 1 0 0 0 0 1  1 0 1 1  i i i

1 1 1 1 1 1  1 1 1 1 1 1  1 1 1 1 1 1  1 1 1 1 1 !  1 1 1 1 1
30 20 10 0

10 9 8 7 6

~ ~ ~ ~ ~ ~ ~ ~ ~ 1 1 0 O[ i  1 1 0 1 0 0 1 0 1 1 0 0 0 1 1 0 0 0 0 0

I i i i i i l  i I I h L i ~~~~I I ! i ! l  1 1 1 1 1 1  I l i i i !
30 20 10 0

15 14 i i  12 11

t O  /3 1 1 0 1  1 1 1 0 0 0  1 1  1 0  1 1  1 1 0  1 1 t o  I t O  1 0  1 1 0 1 0

l i i i ! !  1 1 1 1 1 1  h u h  1 1 1 1 1 1  1 1 1 1 1 1
30 20 10 0

P1 18 1 /  i / i

Figure D. Coding for Processed Data Symbo l No . I
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~iI  ~lSC Pt a  g I n  l i t  t i l l  h g
Sit i s t- ( t IOU — 

~I ( ‘ ( ‘ In  I I caIn m s-s

1)15 P l . \ Y  t i -  L I X  i - 5  , I X —  1.1 N I - .\ I I ’I  IA N t ’M  EI l I ( ’  -\ N I )  PASS! \ ‘i - I ),\ l’A

.\i l h i t t ~~n a i  I c a m t u r c - s  t h c -  ~i lMS ( ’ i n c l u d e  t i m e  d i sp l ay  of l in e s , i n — l i n e  al p h an u m e m ’ u - s -  m d  paSS1~~e

501-ia d a t a .  ____________________________________ __________________________________________________

L i n t - P m ‘~p la~ Gene t - a t  P t t  — ‘[‘hi-  \L’\ l S(  ‘ c a n  (h i s l ) l a v  lit - i c segments U I ) to two inchc ’s in
lc ’ mig t h i  . [he n U l h l h f ’  t of I i tk’ ~~ ( ) t ’ ( s( T ( t ( ( I ( ‘a lit f r ame  is l imi ted  un l  by the a m o u n t  ol
symb o l s  t h a t  m u s t  I ~ - h isp lay ed in a f t ’ n t i ’  c 1)( t’iod. For l ine disp lay only , 250(J l i nes
ma~ mi’ ch i s t m l  c -P at the  5 m m  l I t  f r a m e  rate or 35 ( 1) 1 at the 35 lIz I rame rate .

111 1) da t a  \ c - n r ( l s  s l ot - ed in the  \ I M SC  memory  def ine  a line . .-\ posit ion word p rov ides
t O t ’  ~ 1 t1’t p o i l i t .  c - a l e g OI’\ - ilt tenSit\’, a n ( i  fo r Type II l ines . t i e  memory  location of the
I n c  ~ o i’d . ‘liii- ac companying l i ne  \\-o m ’(l d e f ines  ti -ic l i t - ic  direction and length . The ) 0 S i —

11071 11 o t t 1  t i l t t s t  al\\ 1\ ~ l) rcr ’e(le the  l ine ~voisl ,  Position—line word pairs cannot be in te r—
r a i x e t h  w i th  the position words that define symbols. Separate data start—data stop tn
St ruetiot is W01’di pairs are required .

Lane m h s p lav t ime ~ii ~ - microseconds for army length line up to2 in. Lines associatedwtth
tr ack symbols may be ~esignated as velocity vectors by setti ng b it 27 of the data start word.
This  action t ransfe rs  control of the l ine bri ghtness from the Lines brig htness control
to the  Symbols  br ig htness control . Sufficient length and angular resolution exists to
pel’n it connection of l ine segments to forn-i grids , maps , graphs and long lines.

In— Line Alphanumerics — The in—line alphanumeric mode is particularly suited for
display of alphanum erics to accompany track symbols or to present lines of text .
A position word must precede any group of alphanumeric words . The position word
estab lishes ti-ic coordinates of the first  alpha character , and the intensity and sub—
category of all in—line alphanumerics that follow until the next position word . In a i)lock
of ’ (h i sp lav diata diefine dl by a data start—data stop instruction word pair there may be as
many position words with following alphanumeric word(s) groups as desired ,

Generation of a blank character such as occurs at ti-ic end of a sentence is accomplished
by address ing a symbol cod e location that has the unb iank hit for each stroke a “0” .

Use of ti-ic keyboard on the MM SC to enter text on the display screen requires a pro-
gram w i t h i n  ti- ic system computer as the keyboard doe s not di rect l y  enter data into
~r~~rsc memory . The computer program must take the keyboard interrupts it receives
as key s are depressed and format them into position and al phanumeric  words. Genera-
t i o n  of a small marker  lot ’ a cursor to ind icate to the operator where the next character
m ii i c - r e d  ~vil 1 be disp lay ed is perform ed by the comput (- r.

Passive Data Disp lay — Disp lay of passive sonar data from the PDMIJ is initiated by
setting the P bit (bit 20) of the format control word . Dispiay of the passive data takes
precedence over memory data. The symbols, lines , and alphanumerics that are to ac-
company the  passive data are displaye d in each f rame following ti-ic last line of passive
(h isp la\ . In t he  passive mode all symbols are display ed at the 44 lIz PDM U f rame rate.
\s di splay of the PD ML data. t o ny  tak e nearly the entire dlisplav frame , the number of
symbols displayed is l imited. 1{efe r to Appendix B for detailed timing limitations . Con—
t r m l i’ passive data tormats , CRT p lacement , and number of bands and lines disp layed
is done with external function and instruction words to the I’D MI] from the computer .
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HUGHES- FULLERTON
Hughes .-\ircrafl Company

- . F’u l l e r t on , C a l i f o r n i aSubsec tion — Special 1-’tnt tu i c s

iIORI/ )NTA L_ DISPL.ACI-OJEN’T - \N i )  E X P A N I ) E l ) — SEC’I’Ol( I ) I S I ’ i . -\ \’S

T h e  hot’i i.ontal—disp lacement is  a ~‘a i l a h l c -  to scm ma m a t e  c l o s e l y  spaced Sonar  ( 1  t n t  s , ‘[( p

expand ed — -sector it et ’ c a s es  v i s i b i l i t y  in areas nP cm’o\\’ded display by enla m - gi t ig  I l a  I sect at ’ . 

hIoi ’izontal D isp lae c tncm t — TI-il- MM SC horizontal displacement  feature is used \\ i t h

sonar I - v e n ts  only and p e r m i t s  t i l l -  operator to separate closely spaced ey ents .

\Vhen the II b it (bit 20) of a data start instructiom -i is “1” at-id the data type field spec—
tIi ~’s sonar I -v ents , the horizd )t-ital disp lacement field ui the following data stop i n s t m ’ L i c —
t iou is used to offset all t h e  events specified by the instruction word pai r , by a small
amount  in the —N ( l e ft)  d i rec t ion . No d i s p l a c e m e n t  occurs in t i l e  ver t ica l  d i rec t ion .
The at - i - i  01) 1-it ol displaec - m m i e m t t  f ro m t h e  X coorcii nate in each position word i is the same
Ioi’ al l  even t s  of an i n s t ruc t i on  pair . The scaling gi yen in the data stop ins t ruct i on
d escri ption is fo i - the operators panel Displacement control f u l l y  CW . .-\s the Di sp lac e—
m ent  control is rotated CC\V the scaling is propo i’tiunatel reduced . At lu ll CC\\’ t he
eve nts ~vil1 be disp layed at the position word coordinates. The m) r in - ia ry  use oh hori-
zontal chispl acemet it  is expected to he- the displai of ping history . The newest Ping
would have no horizontal  displ a cemrment , the next oldest would have a small incren let t.
the next oldest ping a greater increment , etc. By use of the O l ( e 1 a t U r  cO I l t l ’ t ‘ I a l l
may be displayed on the bean l irt e or cli splaced. lion zontal cli splacen cnt  hna\’ he U~~ ’ I
with expanded sector and tim - i - ic compressed son ar c-vent  d isp lays .

Expanded Sector — The expanded sector logic within  the eon~.olc pe r m i t s  m’e~l ) s i t i t m n i ! l g
d ata on the clisj5lit by chang ing  instruction words.

When the ES bit  (bi t  2~))  of the format c o n t r ol  word is “1’’ the following occurs: each
data start word read is examined for t h e  state of its ES bit (bit 25),  if “ m l ’ the N and
\‘ coordina te ru sh ’ s of each 1)osltion \vord read are compared with  ti ll - stored quadran t
designator m o m  t Ite fo r m a t  control word . If the diSi) ln’c ’ data iS in the ES quadran t  it  is
blanked and not v i s ib le  on the console CRT. If the display d ata is not in the ES q u a d r a n t
the data is Ih isp la\ ed , If the data start ES bit  is “1” the N at-md Y MSB’ s in each positiom-i
~y or -d are not l lsed , -rhe Quad bits of the for m at control word become the N (bit 2 s)  at -id
V (bit 27)  iTlection MS B’s and the daLa is displayed. The disp lay logic eliminates
all non—expanded sector s y m bols , eve: -as , line , etc from the designated quadrant
and locates the expandedi sector disp L~ data in the ES quadrant. Codi ng by the corn—
puter of the 9 L~ B’s ( m l  the N and V cd)l r - dj n a t e s  in each-i position word determ ine the
degree ot expan s ion  on the d iN  I a ~’ . By ca i -e lu l  use of two or more format  control words
titoi’e than on e  exp ande d sector dj ua drant m ay  be designated . I- or expanded sector
purposes , the quadrant for in—line ai phar ,  nerics is that of the line start position word .

-‘ Expanded sectot - I n i me ~’a t ion it no way ef fc~ passi yc da ta  d i sp lay .
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Section P ~l \ l S C  i ’ - o g i - a l l l n l i i n l g

Sul msi’e’ tj mj l t  l’i i t t e  - ( ‘o m i t i  ) 1 d S s d t I Pi lug l i i  stol’\’

i)PEI(ATIOXS SI-: _m[ I- ]-~~’I - IN l)lSI’I.A\’ING i’L\IE—CO\IItRESSEI ) Ph\G lI1S’I’OI~\

A It i t i que lt ,,’a tu t ’ e  of the ~I \ lS ( ’  di s l m lay is Ti mit e C o m n l n i ’essi on ol Pittg hi -st n .y ~y h i e h  a l l ows  d - \  I - m a l
m i n u t e s  01 p in g Iii story t m  he dis~ Paved in  a lew h t mm ’idi ’ ed mi 1 hi  - iec- ol l l  is .

Ti me— Con’mp t ’essecl  Ping i li s tory — The \l ~t lSC t i l t -me coin pi’ essi oil  c a p a b i l i t y  p e r m i t s  eofl —

t ro l  os-er ci i  sp lay  t i m i n g  sequences w i th  only a m i n i m u m  of i n t e r : m c t i o n  w i t h  the sy stc-m
corn put el’ , This  c a p a b i l i t y  allows eorit i ’ol o~ c-i the t i m e  cli t l ’ t enS iomt , a capabi l i ty  u su al l~’
tot  p rovidled dlii oth ci’ disp lay s .

Time compres s ion  i m p l i e s  th at ciata is cli sp lay ed at a I -a t e  gt c - a t e m -  t han  the sonar ping
ra te .  The \L\ ISC wi l l  d i s p l a y  se v er al minutes at I m ing  hi sto i -v in old est to newest p ing
sd.-quel tee  in a 1 U \ \  bl ind! red i t t i  lb second! s.

Ping Disp lay  Sequence- — For t i m e  eomt l! ’ essed ping history disp lay  up  to 11 ping ’s m a y
be uti l ized!. The M \ I S C  can dh isp lay n o m i n a l i ~- ’2O a m sonam’ c-vents at t h e  5 m m  li z , f r ame
t’a te  or P5 (0 el- el-its at  the  P5 1hz f r a m e- i-ate , thu s ti-me n lmmbe r  of pings m u s t  he weig hed
against  the number  of e\ er t t s  pet’ ping’. A data s tar t—data stop ins t ruc t ion  word pair
d i e f in e s  ti -me events  of ’ each ping. The ping number  f ie l d  of the data start word is used
to control ping’ d i sp lay  sequ em-mce over a ti ti -me compress)  on e y m - l e .  P1 ng n u m ber code
‘‘ ( 10 ’ wil l  he t~ -e fi rst disp layed , ‘ mm 1’’ ti-ic next , etc. N o i ’ m a l h \ -  ti -ic o ldest  p ing  w i l l  have

ii ng rum ben 1 ) 11 . A f t e  1’ a mm~ ping ’s events  have been loaded in \ l ~lSC me-rn o t v  al l data
sta it vord ping numbers  must  he dipdated . For oldes t—t a t — new est ping di splay sequence
each update would red lu ire  the ping nut -m i bers to  be reduced by 1

Within a g iven  fr a m e  the ~Mmig’ sequ ence-  is determined b -  the order of instruct ion words ,
The f r a m e  ping sequence’ mmiv he vi sUallv im portant for short t ime com pre ssion c-vu h es .
As both ti -me longer term am -m ci individual  display f rame pit -m g sedlucflce are c o n t r o l l e d  mv
the compute r , considerable f l ex ib i l i t y  exists to  c- i- c-ate varie d visual  effects.

Data in memoi -~’ not i de n t i f i e dh  as Sonal -  even ts such as alph anun -ien ic s  or pr ocessed
data s~’i n b~~I L s w i l l  not l)e ti m-i-ic cOml) i ’esSed bttt will be displayed j rt  a normal  way each
~ 1’ a me.

Time Compress ion Parameters  - - - 
~-\ sing le t i m e  compression cycle is d i a g r a n i ’imed in

ti-ic t i g’ ui ’c. It cort si sts of a disp lay pei’i od and the dwell  peri od. Ti-ic d i sp lay  period
ti -ma y be several  seconds in durat ion . TI-ic dwell  per iod is variable f rom I to :32 d i sp i av
l i-ames and d u r i n g  t h i s  intci’val  th e i e  is no dlisp lav 1)1’ any sonar ey c-nts .

The c l i s i t iny  im e i ’i o di is composed of lii) to P2 ping progression pei’iods which  it-i tu rn  am’ e
1. t&i I m d isp lay fr an - m es  in l enm gti - i . Ti-ic f r a m e  per iod (or r a t e ) ,  ping progress ion period ,
cli splay period , at-id dwel l  i t en  t~ I ~i t c  sp e c i f iem l  by ti -ic f o rma t  cont ro l  woi’ci .

Ti-me con sole contains  a n cm n - i be r  of cou iltc -  m’s an d cot -i-i t ma r a t o s  that  act upon the  t i n - m e  c o r n —
pression p a r a m e t e r s  in ti -ic f o l l o w i n g  manne r .  1)uring ti -ic f i r s t  pi m - m g progm ’essi om’i peri~xi
of a t i t u c -  m a m t t l p m ’ e S s i o n  ey e-Ic , c m n l y  t h a t  pit g -i~ i th  ping numbe m - 0 m m  i s  d i sp lay ed . It
alone is di spla\- c-d for as tim a nt~’ l i - a t - i - i c - s  as make  U I )  ti - ic p in g I I ’  I C nt ’s si on I c t ~i P - In
t h e  h g - t I r e t h i s  would b m m :  six l r a mc s . E a e i l  c ’t ’ c-ii h I I I  the p ing is ( h i S 1 I h l \ d l h  l i s t  (noel ’ em’
display f r a m e ’. D u r i n g  ti - me seeortci p ing ~t -ug rc -s s ia m ni  period both -i h mi  ng N t m . ‘‘ m m m l ’  - and ‘ m ( l
arc display ed . Si tnt i l a n ly  u t - i  t tg  the thi i’d ng p rogress ion  period i n i n g s  0 m m , 01, and 02
ace di -~m P aved for  the rt u mn hc i’ oh 1 m a  in -s tha t  ii ak c- U I ) t he  ph ng pi ’ogressi 00 ~C t i  cxl . When

:~- o-~ 

—~~-- - - - — ‘---



—. — —  - — — - - — 
-

———-- 
~~~~~~~~~~~~~~~~~~~~~~~~~ - - .

H I  G }hi -C-~— F ’ i ’ L I . E H
h ug hes ,-\ i rc- r alt Corn

— F u l l e r t o n , C : t l m f

t h i ’ m m i m l m m l ; c ’l t i I 0~~ l m m ’ I I C I - t ’ ,_ ,si t m m hn L -1’i M! -s cqti:i ls t i l l ’  ( ! i s i n h a v  j ei ’i xi , (Ion t h i n -  h i g u i ’ t -  h i s
tmi ~f I It,’ tt ’l I) t I t  l~t _ I I I ’ ~~ - ‘~i 15 s I t  ti- c ! an t i  to  I II  - m m t  s u i - c- h - s 1  d m i c - m ! .

h O c  C l ii : el t i  ais h u m s  t l i c -  c a t  I i  l i t  t o  a i~ t i l e  i m i t e i t s i t y  h c - y e l  s oh the c - I  e m i t s  II iP i  flint

to  l w t  n -I ’ ctl!t a ii d ’e I l i t  t i t t l e  c’ i t i p i ’ d ’s sio it  c - : m p a h i h i t \  . The time cO t fl l Im -eSS I )il I i - i g h i t u c - —
gi ’)1~~l ~i i t i ’ ni  is  l l s c m h t n t  Sh e c i h I  thi c ’ t h sp h a~’ b i ’ i g h t t t c s  ~i n ’ l 3 1 l d i l d m ’  of c-a c - l i  p111g. ‘I’h ie ii-

t c l l s i t \  C l k i t ,’ I ’l l - i c !  l i t  n ’ l d ’ i l  d ’\ e r t t  m l n s i t i o l t  ~t’ ot’ d is  not 115cc1 . nc - l c ’ i ’  t n n  h i t - m e  U oh t h e  l i g t j m ’ c - .
l ’ imc ’ ~n i t l g  l h i ’ 11C t ’ &~

.5tcmn (‘ii I n k .  te, a t e fllln bel’dld! l i - on  m m  t o  :31 m ’m i ax i m u m  and! t l i .  -~ the
ta coutut. The l i L t  I l l  Id -i’ ( I f  13 coctttts is specilied in  bits 11—1.5 of the format control tioi ’d .
i- t i c  at t v  p i ng t ite - l i i  h t i i t ’ s s  g i - ou ~I B: sc-I cc -t e d is : i — U — P
where  i is a selected brightness grott p 13()  , B

~
, B2 , B~ , B1 . . 13 is the current I

cc Ltnt an(i P is the pit-ig nu inbe n ’. For B— i~~~m there is t o  d i sp l ay  of the p ings events . 1’or
B-- P > the brig ht i t  55 g l ’ al I j i  seleetedi is Bh. ‘I I a- I t~ it-item -i sits- e ode ma\’  he- an\- one oh

s l c ’ve i s . A l l  c t c l l t s  n i f  a -g iv en  ping are d isp la i c-cl at time same intensit~ lev el

8 L’ 4 LtL
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T ,C CYCLE DISPLAY PERIOD tb - 14,6 SECONDS MAX
PING PROGRESSION PERiOD IC - 459 m s .  MAX
DWELL PERIOD td - 916 ms. MAX
F R A M E  PERIOD t f  ‘ 20 ms. 5 50 HZ

28 ,6 ms. 35 HZ,

Operations Sc-quc- n e’c- in One Timc—Com-iiprcssion Ping h istory
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toy  St - c t  ion 3 — - 
~i1MSC Program m i m t g

n t : m  Sul n s c ’c’ t  ion ‘l’ ime— (’umpresseci Ping- lii s to ry

i- ’.\C l’ORS I N  Ac! l l l - : \ ’ lx( ; - 1 ’ llI- ; 1)l-:S1u1- :1) UIUGIIINI - 5S IN PIN ( l l1S ’E ’OItY

The control of br ig htness of the p ing disp lay allows variahle cwr phosphor simulation in Time
- 

, 
(_‘oiflpi’eSSe(l ~~~~ h i s tory .  A i m  examp le s l i tn wi t ig  p l u g s  is glvem and (IiSCUSSe( 1.

Art examp le is g i~~elt h o t ’  s ix p i n g s  in the f i gure . l im e - b r ig htn ess  group sc- I c -c - t i - l i  fom i -ac - l i
ping ’s ent s is giv em t as a ht m t e ’t ion of the  p ing  p n - g m ’c-Ss io i-m pc- m -io cI . Part B of the cx—
amp le illtm st rates 2 f r a m e s  of p i t - ig  p m - o g m ’ ession mc -i ’i oml 5. ,-\ssume hrig!trtess group Bo

-
~~~~ is coded 7 (it’ x i t l u m  i t i t e l - i s i l l  , RI  6 , P2 5 , —

‘ 
— , UG - - I and there are f ou r l i-ames

p~-r p 0m g I m n o t 4 i ession p c-nod (pa r amc te  r C)

P i n g ’ N u m b e r  2 . : m S  an ex a m p lc- , is  not I h i s p l a l  i-P (luring ti-me 4 f r a m e s  c-ach of ping pro—
g’t’es s i m m n  p e m - t o t h s  ‘ ‘ ( I ’ ’  am i i ’ ’ . I )u n ing  the fou r I cann es of pe riod 2 the c-vents  of ping 2
ai’e ci i sp lay e d  it t i ’mc - Bo i n t c - n s i l v  level . 7. Ti-ic next period p ing- 2 events are ciisp laved
at l eve l  h as th e  RI codc - is s c - I c - c - t ed .  Du r ing  pi t -mg p r o g r c - s s i O f l  per iods ~ through 15
U ;  is selected fur  p ing 2 . Each ping has the same sequence except they are staggered
in ti me . V i s l i a l l \  the events of each p ingwould be fully intensified then dimmed smoothly.

:~~ Visual  E t h i c - I s  — l~ n nth I h m i -  CU T phosp hor am id the oh se n v e n s  eve w i l l  ten d to integrate
re l l e a t e m  I i - x t ’  n at  1 n:~ t h u s  c - : l u s i  ng t i t e  n u m b e r  of I r a inc-  s ping progression period (pa—
I’ame-ld- I’ C) to  I c -  :ts im i mo l ’t an l , as the br ig htness  gi’oup in (iete l’fl’t inin g peak brig htness .
By appr op i’iatc I n i g h l l r i t -  ss g roup coding, br ig ht to dim , cimrn to bri ght . d i m — b r i gh t — d i m
or un i fo rm ping brig htness profiles may be utilized for ti me compressed displays.
The CRT phosp h o r  Usc-P in the cor sole ck-cay s to 1~~ of c-xc - ita t i on  bri ghtness in 300
microseconds tlierefoi ’c- one ft - am - i -me of dill - c -I l t ime is su f f i c i en t  to achieve a dark display .
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PDM U PROGI :\i ,\ I I N ( ;

~D M U  Functional Description
C eneral Principles of Operation of Passive Data Memory U n i t  4 — m i
Program—Access ib le  PDMU Units Involved in Genera t ing  13TH

Di splays 4 — 2
Sequence of PD M L Operations During BTH Display Frame 4—i

PDMU Word Formats and Usages

Format  of I DM U  Instruction Worci 4—i
Format  of nDML ’ Intenstty \Voncl 4—7
Using I~DMC Word s to Generate Static BTH Disp lays 
Using PDMU Wo rds to Generate Hastens for Dynamic  Disp lays 4 — 1 2  
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~eetion 4 — P1 )M U Pi- og can’t ni ng
Subsectiot-i — 15D MU F’uit etional Deset ’i i iti on

G EN I - : R A L  P E I N C I P I J - 5 (i i-’ O P I - : l l A ’r R i N  Ol- PASSIVE l)AT -\  M E M O R Y  t JNI T

The’ Pl )MU cu d- iC es ( H r  I ) e atn — tl ef lec t i n g pulse ti ’ains in synchi’onismn with  i t i t ens i t y  modulation
signals t c n  control the formation I f  13TH disp lay s of passive scnn ar data on the MMSCs Seven
basic 13TH formats are available.

The P1)MU receives passive sonar data from -i-i the computer to use ii generat i ng BTR
disp lays ott the ~sE\ LSCs, TI-ic passive st oat - data is h ot -mat ted  by the computer into
words composed of 3—bit intensity codes , with each 3—bi t code representing the transient
or ti me—averaged signal streng th (I f  one acoustic beam at some instant of time, The
BTH disp lay s are realized in the MMSC’ s by using the 3—bit codes to intensity—modulate
a raster display , The PDMU transmits the intensity codes to the console along with the
deflection pulse trains redluired to generate the raster ,

TIe cii mnension s  t n t  the rastei- presented on the console’s CHT are shown in the figure
below . The disp lay may be l)artitid)ned into a number of horizontal disp lay bands
separated be dark spaces (blank lines) to permit a number of time intervals to he dis—
pla~ ed , The PDMU program words are used to control this function,

The PDMU can gene rate the BT1( display in seven basic format s , with the computer
controlling the format to be disp layed . This is accom plished by the compute r sending
a passive format external function word to the PDMU with the desired format to I)e
displayed , The display para m eters for the seven formats are listed in the table on the
facing page. The timing diagram of Figure B illustrates the ti ming of one line for each
format . The “P ’ times of Figure B represents 2—microsecond memor’ - cycle times ,
During the disp lay portion of a line the memory is continuously accessed for display
data, at-id only during the 8 t iE -c retrace interval is the Inemnory available for I/O
operations . The PDM t,Ps Franie—Rate Generator causes the BTII display to he re-
freshed at the rate of -11 frames per second , At the time the fra m e start  signal is set ,
the electron beam of an MMS C is at the lower left corner of the rectangular I-massive
disp lay area . The electron beam mnotio ti for disp lay of passive data is from left to
right and bottom to top.

8 2 4 9 2 - 53

CIRCUMFERENCE
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~cl:exitiiutn f
N unnbc i’ Number f Nu t n ib et’  of I Raster \\‘im i th Di sp laec ’d Disp lay

For m at of Lines Beams Cci- Inten . Code on \T~nlSt Beam I l’osit~on
No . Generated Line \Vord S/Li nctDistilav (In . ) Wi dth  (In , ) l IFt

—
~~~~~~~~~~~~~~~

- I
0 No Disp lay - 

I

I m H m  1,44 12 5 9  9 . m m 5 - ~ Fu l l  \\ ‘ idth
2 3-4( 1 25~ C I ~, 2 0 . 11 29 I F u l l  Width
3 m ;s i m 144 12 4 ,  1 1) 129 ‘ L~~fj Hal f
4 68( 1 72 I ~~, 2 

- 
mm . 111; F u l l  Wid th

m ; ’ ~O 72 m -‘1 , 2 I ’  111; Ful l  \Vi dth
6 ;-~m m 72 m l 1,  1 ) 1 m ; 5 s  I I c h ’t I La l U
7 ( 181 ) 72 
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R E T U R N

G ENENATE 12MHz ~ X P U L S E S  
h B E A M  TO I
( LEFT IFORMAT NO , 1 H— SHIFT INTENSITY  CODES A l  6 MHz—S~ MAI IGIN I

I D ISPLAY 144 I NT E N S I T Y  CODES S E R V I C E  1/0 1
REQUESTS I

(,I NE R A T E  6 MHZ ,SX PULSES
F O R M A T  N O . 2  ~~~~~~~~~~~~~~~~~~~~~~ S H I F T  INTENSITY CODES AT 6 MHZ .1

DI SP L A Y  2 88 I N T E N S I T Y  C O D ES

FORMAT NO, 3 l — S H I F T  INTENSITY COT ES AT 6 MI-I
GENERATE 6 MHz ,’t >< PULSES

I DISPLAY 144 INTENSITY CODES

- - FORMAT NO. 4 l -SHI F- - INTENSITY CODES AT 3M HZ DATA ADDRESS C O U N T E R
I GENERATE 12 MHZ ~ X PULSES ,~~~~~~~~~~~ INCREME NT THE INTENSITY

INCREMENT THE INTENSITY DISPLAY /2 INTENSITY CODES AT 12 MHz
D A T A  A D D R E S S  C O U N T E R  ___________________________________________________________________

AT 12 MHz I GENERATE 12 M Hz  .SX PULSES
k—SHIFT INTENSITY CODES AT 3FORMAT 

~~~~~~~ 
DISPLAY 72 INTENSITY CODES

- I  NI F I d  12MHZ HLANK SHIFTI ,~ I I I  ‘ ,I ‘~ , SHIFT I INTENSITY
FORMAT NO,6 ( 0 T  I . I I ,’ . DISPLAY 6 MHZ . BLANK

I N T I N , I I Y C O D E 5 t C D D E S AT  .4
I 7 2  IN i i  II ’ IT ’ Y DISPLAYI CODES

GENERATES 12MHZ
B L A N K . SHIFT I ~~ PU L S E S . SHIFT I

I INTENSITY COOES ,J  INTENSITY CODES IFORMAT NO, 7 I A T  6 MHZ . BLANK AT 6 Mo, , D I SP L AY
DISPLAY 72 INTENSITY

CODES

Fi gure  13. Line T iming  for One L ine  of Each 13TH Dis 1 111I\  F n i n t ; t t
C’.

4- 1



3—31

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~

- -~~
-
~~~ -~~~~~~~~~ -

Sect iou 1 — I3DM U I 1r ogranm m m i h g
Scth see - t ba it — P l) \ l  I’ F t I l I e ’ t i t ) f l i t l  I ) es t -  ri p t in m

ImOGHAM — AC CE ss II3I . l ’ :  I~I)M t ’ IN t ’l ’s  I N V (  (Lvi- ; !) IN  GF~~i-; I 3 A ’ I I N t ;  13TH DISI 1L .\ VS

The PDM I t’ e~ i s te i s , d - nn um mtl ’l ’s , anel l n n g i c  that  are cli i’ect lv ut i  Ii  zed in generating t ime  13 1 11 di s—
p lay and a t e  pr I l gl ’amu ace -s s ih l  e- a i-c dc-sc n bC -I I .

Format  i1egister — The- Format R e g i s t e r  of the P DME ’  (see fac ing  h i gure) is loaded upon
receipt of a passive I n l r m a t  external funct ion word. The lorun a t  ciefines the di splay para—
en et ct’s for  t i -ic BTH presenta t ion .

When power is f i r s t  applied to the PDMU t h d -  l- ’oi’m n a t  Heg ister is reset to fo rma t  zero .
li - i this for m at , three conditions are- t rue:  ti ’ie’ PDM U is p laced u t  t u e  i npu t / ou tpu t  mode ,
rio 13TH cii sp ia data is g’ene-rate’cl, am-md es’e-rv n - ien - iory  ey e - Ic  is avai lable  for input /output
opt,-i ’ations w i t h  ti-ic computer . In ti -mis format  the maximet m d ata transfer  rate betwee n
t i e  corn pc mtcr  and the PDMI ’ can I)e a C e I )r n p lisI-me(I . The c om p u t e r  cam -i place the PDMU
in t i me - i npu t /ou tpu t  mod e at an~- t im e -  be s imp le sen chn g a passive l’oi’mi-iat external func t ion
wi th  a for m a t  code of 0. When any of the other seven formats are sent to it , the PDMIJ
will  begimi genera t iomi of the specified passive format at the comp letion of its current i/o
opera tion ,

I~ro gr amn Ins tru c t ion  Register — When a i -mew ’ pro gram -i-i word is accessed fron -m memory
i t  is  lo aded into the Program Instruction Regi ster . The new program word is stored
in th i s  r eg is te r  whi le  the instruct ion type is being decoded and during the perform Tm ance
of the specif ied in s t ruc t ion .

Intensi ty Data Addlress Counter — The Intens ity Data Address  Counter specifies the
memory  l ocation from which the current intensity code \VII rd is being eXtractedl. This
coun te r  is initiall y load ed from ti-ic Program Instruction Register.

Program Address Counter — The Program -il Address Counter specifies the memory loca-
t ion of the current program instruction word.

Memory Address Reg ister — The Memory Address Register receives inputs from four
address counters: ti ’ie Input Data Address Counter , tI’te Out pu t Data Add ress Counter ,
ti-ic Intensity D~~a Address Counter and the Program A d dr e s s  Counter . Ti-ic coum -mter
inputs  are mul t i plexed into the M e m o r y  Addr ess Register at the proper t ime , and the
M enlII r\ Address  Register hold s the d ata for one memory cycle (2 tisec) while memory
is being addressed.

In tens i t y  Code Shift Register — The Intensity Code Shift Register performs a parallel—
t o — s e r ial convers ion of the in tens i ty  cod e words. During the display cy c l e , the inten-
sity words are successively loaded int o the shi ft register from mem ory and shifted out
as twelve :1-bit codes in synchronism with the X deflection pulse train.

1, in t ,  Com’aro l Logic — The L ine  Control Logic controls ti-ic positiom ’ming of information on
the MM SC’s disp lay screen . From ’n ti -me Format Register , blank space information , am-id
the- l ine  counter a sequence of X and V d e f l e c t i o n  pulses are generated in synchronism
with the shi ft rate l I t the intensit y codes to create the passive displ ay raster.

C.
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S e c t i  t)fl -1 PI)\1 I ’ Pi’og r an t  mit  i 1mg
Subsection — P I )\ l  I ’ 1”u nc ’t i otmal  I )c-se’t ’i pt i l ) n

SE QI ’  ENC H 01-’ l’D M t ’ OP EHA ’l’ l (  )\‘S 1) 1 ‘ l~ I\ ’ ( : 1 3 I H  1)I SI’L ;\  V l” ft \M I ’

The Pl)).1 I., ’ set l u e ’ m me- e - s i t s  ~n~ m m ,- i’~t t i u f l s  i t l  a m m  t u t i m ~ -t’ t I i a t  ic’l i i  e ec ’s  t I i ~’ t ’ cdjUi l ’cdl s~’ ri c h r o n i st i m  lie -

t\\’ eefl d i e l I cc t ofl ~tne 1 i h I t e i i S h t \ ’  sigt~ t 1 s t I n  e i c - a t e ’  l a s s i ~’e’ son’, L l’  13’l’ R di Sl i l a Y s  on the M MSC - s .

— Ti-ic seeuu ene e of P D ME’ operations el tmr ing  the 13TH disp lay i r an - i c  is shown in t l te  h i g u m ’ e
on time facing ’ im age .  At the s tar t  II I  c v e -m ’v  h a u t e the Program Address Counter is m ’ e set
to a l l  tem ’os: tha t  niein oi’\’ locat i on is :tce’esscel an d the contents oh n i euno i ’~’ location
00000 arc loaded it - i to t i-ic Pr ogram instructi on Register .

Three typt~s of instruction ~vords are I’ c-CI)g ’m l iZ C d by the PDM I ’ logic: b lank  spaces only
(bit 26 t rue),  not a valid i n s t ruc t i on  word (bit 27 true) , mn r  a val id  instructi on w ord (bits
2t3 a nd 27 false) .  if bit 27 is true t h e  PDMU is ordered into  ti le i m m p u t  output  mode until
another  start f r a m e  oecu m’s . at wh i c h  ti m-i-i c ti -ic ~) r ugm’:hmll  counter  is m ’eset as described
:I l J1 I \ ’ c- . If ’ b l ank— sp a c es —om lI \ -  (hit 26) is true ti-ic Prol)el’ n u m b e r  of A V c ieh ie ct ion pulses
is transmitted , t i - ic Program :\eleire -ss Countei’ is incremented at-id that  instruction word
is accessed . This ins t ruct ion  word is loaded into  ti -ic Program Ins t ruc t ion  Regi ster
where it is examined as indicat ed above. If bits 26 and 27 are both false the instruc —
ti on word is a ssum eel to be a yalidl in structi On wor di .

\\‘hen a valid ins t ruct ion word is tietected , b i ts  (( - 12 are loaded into the Intensity Data
Add ress Counter and ti-ic P I )Mt ’  is ordei’ecl into ti -ic display mode. The memory location
specified by the Intens i t r  Data Adcii’ess Counter is accessed , au-id the data located in
th at  memory location is loaded it - ito the Intensity Codle Shift Regi sters. The Intensity
C ode Shift Registers per form parallel-to- serial conversions of the intensity cod e words.
Each intensi ty  word contains twelve 3-bit codes am-id c-a cii 3—bit code represents one
beam -i -i of intensity information (~ 

shades of gl’av) .  Bits 0—2 contain the three—bit  inten—
sits’ cod e for a beam , bits 3—3 contain the int e ,- mm s itv code for the following’ beam , etc ,
and bits 33— 34 contain the code for the last beam in that word . During ti-ic display
cycle the intensity words are successively loaded into the shift  registers and shifted
out as twelve 3—bit  codes in synchronis m-i-i with ti -ic A N pulse train. As ti-ic PI )MU
causes the MMSC electron beam to move in a fixeci raster pattern (for a given format) ,
the computer mti st  load the intensit  words in a PDMU’ s memor  in a prescribed man-
ner in order to achieve ti-ic desired disp lay (see page 4-s for eietail s). Twelve con-
secutive intensity words (2 - 1 for form - i - mat 2) are required to define a horizontal raster
line. A nn tmher  of 12— ~vorcl lines become a bat -id with ti’ie f i r s t  displayed band always

‘ 
d efined by ti-ic f i rs t  va lic i instruction w ord , the second band defined by ti-ic second ‘alid
instruction \yoreI , etc.

After each intensity word is accessed froni memory, the Intensity Data Address Counter
— is incremented. This loading and incrementing continues until the intensity Data -\d-

dress Counter compares with that I~If I )j tS  13—2 4 of the Program Instruction Register .
\Vhen exact comparison occurs the lit - m e counter is incremented the number of counts
specified by bits 2~~— 4.5 of ti-ic Program Instruction Regi ster . After increment ing  is
completed a new instruction word is accessed and loaded in to  the Program Ins t ruct ion
Register. Thi s i rocedure is contim -mu ed until  ti-ic program counter reaches a n o t — v a l i d —
instruction word , c - a t ms i l i g  the l~1) \l I’ to go in to the i n l ) u t  output mode unt i l  another
start f r ame  occurs .

The Program Address Counter is sometimes used in auto —test ing.  \Vhen the P I ) M U  i c -
ceives certain auto-test commands , p l’ dJ g l - a m- i - m address 00037 must  have  been prev iousl y
ln ) ad e - d with an au to—te s t  word . This requires that program address ~(6J36 u - i -must contain
the no t—val id—ins t ruc t ion—word  bit set.

I —  I
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I N C R E M E N T  SEND
______________ PROGRAM S P E C I F I E D  _______ ________________

ADDRESS NUMB[ R ( IF
C O U N T E R  AY PULSES

:i
YES

NOT

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ NO

(T ENSITV B L A N K  I N T
DDRESS 00 INPUT! 

~~J O U TP U T ~~~E N D

BAND O P E R A T I O N  ] STOP A X P U L S E S

Y E S

P 14
TRUE FOR SHIFT

FORMATS 1,3-7 NO LOAD I N T E N S I T Y
NO OR INTENSITY  CODE SHIFT

PlO TRUE FOR CODE SHIFT REGISTERS
F O R M A T  R E G I S T E R S  RIGHT

2 _______________________________

ANK , I N C R E M E N T  ACCESS W O R D

ES /I ’ L I N T E N S I T Y  SPECIFIED BY

IF II r BY A D D R E S S  INTENSITY ADDRESS

~A r  ‘ I  - - 
COUNTER COUNTER

P1) \1t ’ ’s ~~e ’( l Ue’u ’t C’ i- of ( )p e- ra t ions  fot’ 13TH Di sp 1a~ Fra n - ic ’

~~~~~~~~~~~
‘ 
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SC’ettou -l  PlJ )11 U Pro gi’ammu i mig
Seibseet ion —‘ PDM 1’ \~‘ oi’d i- ’oi’ rn ats  a ti e l 1,’ sage s

FOR ~lAT 01” PDM U IN 5T11 [C ‘-rIoN \\ ‘ORI )

I’he 1~1)~ 1 U i n s t r u c t i o n  w orels , storcei i l - i  mernoi’\’  luea t ior l s  00( 11)0 t l i r ough  I ( I u : ; 7 ,  a l l -  u sed to
control  ban d ei~~iati uig . hand height , hand s~I :te ’i i g Ut’ lUS i t i o n i r u g ,  and t ( op t iun i  xc the I ia t : i  m ate
iJ~j~ W~~~~fl the Corn i) U t Cl ’  au l d l  PDM 1’ . 

__________________ ___________

35 28 27 26 25 13  12 (1

BL 
1 C 1 0 1  

L A  BA

BL NUMBER OF BLACK LINES EA END BAND A D D R E S S  BA BEG IN BAND ADDRESS

C -‘ NOT V A L I D  I N S T R U C T I O N  0 = B L A N K  LINES ONLY

Format  of I D M U  Ins t ruc t ion  Word

Bits 0—12 ,  hle gin Band Address (BA) — BA is given in b inai- v cod e wi th  bi t 0 being the
LSB. T u e  begin band address is the memory locat ion of t i m e  f i r s t  i n t e n s i ty  code word
of the display band . The Intensity Address Counter is preset with  bits ( — 1 2 .

Addresses 00000 through 00037 are reserved for instruct ion worci s and should nu t  be
coded in this field unless bits 26 or 27 are set to 1.

Bits 13—25, End Band Address (EA) — EA is in b inary  code , with bit 13 being the LSB.
Ti-ic Intensity Cotmnter increments from the i)egin band address through the eu-id address
to define a display band . The end band address must  a lway s  be n u m e r i c a l l y greater
than the begin hand address unless hit 26 or 27 is set to 1.

Bit 26 Blank Lines Only (D) — Bit 26= 1 causes ti-ic BA and EA fields to be ignored. Ti-ic
raster wil l  be m oved up along’ the left margi n by ti-ic am - i -mount specified in ti-ic blank l i t - i c
h eld (BL).

Bit 27, Not Valid Instruction (C) — For norma l  Display , b it 27 is 0 and ti -ic BA , EA and

~L fields arc used in ti -ic passive d i s p l a y  generation.  In ti-ic memory  location following
the last valid instruction , bi t 27 must  be set, This inhib i t s  the In tens i ty  and Program
Counters from -mi increment ing for ti-ic remainder  of the display frame . Both bits 26 at-id
27 are to he set to 1) in an instruction word.

Bits 2 s — 3 5 ,  Number  of Blank Lines (B ,)~~ 
— BL is in h i t i a r v  code wi th  bit 2~ being t i te

LSB. Each-i binary count has a weight of 0. 114 in. The blank lines are generated for
a valid instruction word (hits 26 and 27 - - 0) at’tei’ the end band address is reached , i. e . ,
the blank lines are above the displayed band .

If the BL field is set to zero for a valid instruction word , tIe first line of the next band
w i l l  be sup eriu’t -mposed over the last lit-ic of ti-ic previoUs band.

I”I,r blank lines only. the raster is iner eme m -i tedi  v e r t i c a l ly  wi th  no d isp lay  along the
— lef t  passive display marg in . The i) lank—1i ne ’s— only instruction is primaril y uscl’ui

in establishing a 1 owem ’ margin a boyC’ the n o i’ m vm al i’aster start l)0i nt.

Instruction Execution Ti n-m e — Val id—instruct ion execution ti nes ai’c v: i r iable ’  in t ime
duration as a function of ti-ic number ot’ l ines of intensity data in a bane! . Each line of
a Format 2 line takes 64 ps. , and all other display formats  take : 2  1t5 . pci’ l ir t e .  A
blank-l ines-onl y instruct ion requires one l ine  tin -m e to execute regardless  01’ the B L
field code.

1— 6
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I ’he ’  P i )~ 1U i n t e n s i ty  ~\ o t ’ I I s . d ’ :Ie1 t c u n t a i m u n g  t ’ , ’- L ’ l V ( ’  ~ -i)It eOdH5 oh P a s si s e  s on at ’  - m t c m i s i t y
da ta .  are  steu’cei i u  m u c m u t ’ v  ad el i - d ’ssc’s ( 0 ) 1) 1 ) )  til1’ IIuI g II 1777 . l ’lme \VW’I i , s a m ’ I ’  I’ C ’ t J ’ I I I V H I I h u l L
mllc ’n lo l ’ y  c t n u i e i ’  c I I I m t i ’ ol ol t i l e  P l )~u It ’ in s t i ’ i ,tc t i oii \ \ O i ’ I i s , t h en  ti l e codes ai’c ( - x t i ’ a c ’ t ( - I l l i - I / n i  t i l l
intensity words amid t r a n s m I t  i t t e ’ )  I to t i l e ’ ~\ I  ~\ lSC ‘ s ( I i ’  11Th d u sp i ay  gc’I lC’ l ’ a t i  on.

_________________ ____________________ _______ 
82 4 9 ?  58

39 33 32 30 ‘II 2! 2C 2 4 2 3  21 20 i8  17 15 14 12 11 9 8  C S  3 2  0

u1 2 11 110 I’ll [ 18 17 [ 16 u s 14 13 ( 12

IN EACH I N T E N S I t Y  FIELD . ( IC IGI CODING IS USED W I T H  I- I L  LSE I FIND THE LOWEST
BIT NUMBER~ THE OCTAL COOING IS AS FOLLOWS

OCTAL I N T E N S I T Y
CODE MEANING

0 BLAN K DISPLAY
I INTENSITY LEVEL 1
2 IN T EN S I T Y L EVEL 2
3 INTENSITY  LEVEL 3
4 I N T E N S I T Y  L E V E L  4
5 INTENSITY LEVEL 5
6 INTENSITY LEVEL 6
7 INTENSITY LEVEL 7

Foru’nat of PDMU Im t ensity  \Vord l

Each I fiel d controls t i le  ?uL\I SC’s URT display intem sitv O)ri ghtness) for a short  lert g’th
of ’ a horizou tal raster line. Code U resul ts  in a b l a t ik  (dark)  d i sp lay  am d! the level  7
code results in the bri ghtest ehsp iav of a p p r o x i m a t e l y  22 I’oot—lamberts. The I f i e l d
codes are  used in at-i MMSC to pt ’eseflt ei g h t  shades of g ray .  Tile eight  Iii ’ ig htnc ’ss
levels are uniform o-i’ci- the lace of the CIfT to Present a hi g h — q u a l i t y  disp lay . Ti-ic I
fielci s are transmitted to an M\ I SC in seciuence begiu -ining with I I ari d eliding wi th  1 12.
The resulting CRT intensity sequence is from - i - i left to i’ig ht .

Twelve ii-itensit word s (24 f I l l  format 21 d e f i n e  the display of a siu gle i’astei’ lu -ic.
Ti-ic ordering of iu-mten sitv ~vord s within a band de te rmines  the beam display location
relative to the left m ar g in and the lower ed ge 1) 1 t h C- hand . The line display s~’qu cnc-~-is f rom CR r bottom L I )  to 1) ,

The instruction word adidreSsirt g- Permits the block of ’ i n t e n s i t y  words that d le f iu ’te a bam ’td
to be located anywhere  u i  the in tens i ty  word store of memory.
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Sec tion -1 — I 11)MIJ Pr ogr a tnun ing
Sit lms c c ’ t iO n  — 13 1) \ l lT  Words l”ormats  aumd I sagets

USING PD MIJ WORI )S To G E N E I i , -V1’E STATIC UTII LIL~ l~ LA\’S

1”orrnat exam ples are gi ~‘en LI  i l l u s t r a te hI 1w PIY’uI LI i t i stx’uct i  ons and i n t e ns i  tv words au - c created
t o g enet ’atc a static 13TH display ot l the M \Isc . 

—— ______________________

The PDML—get ’terated disp lay s m a y  he categorized as either static 1) 1’ dynamic:  A static
disp lay (Idles mt ot change in real time , awl a dynamic (lisp iav is periodically updated 1iv
the c’ ( tnpdttel’ ( typ ical BTR disp lay ) .  Programnming is somewhat different for  the two
eases , So the cases are separately described in this topic and ti-ic succeeding topic.

Operations using the static display involve changing the data base only in f requen t ly  and
then at-i eu ’t t ire band at a t ime , Assum e the PDMIJ contains instructions and intens ity
\VIII’eis that are to lie super ceded wi th  a new disp lay pattern. The computer transmits
~ passive format  external function with format 0 specified (refe r to examp le EXT— i
of ’ F igure A). Format 0 stops the disp lay and allows maxim um computer—to—PDMU
data transfer rate, once a m’nem - i-iorv load start has been sent.  This operation is optional ,
If a lower data rate is tolerable , the computes may only set-id a memory load start
external funct ion (refer  to example EXT— 2 of Fi gure A) ,

The assembled inten sity code words are transmitted to the PDMU via output acknow—
led ge (OA) word—pairs . The first UA word specifies the PDMIJ memor\- address of the
first intensity word of the disp lay b and , (Refer to examp les INT- i , INT-2 , IN T-3 ,
INT-4 of Figure B. )  The intensity code words should be arranged in mnemorv for either
format 1 or format 2; i, e. for either 12 or 24 intensity words to fo rm one lit-ic . The
computer sends an instruction word via an output acknowledge word pai r to specify
beg in band address , end hand address and blank lines (refe r to examples INST R- 1,
INSTH-2 of Figure C.) The computer now sends an external function specify ing the
disp lay format. Refer to examp le EXT—3 of Figure A) , This initiates the desired
disp lay

The use ( I f  format  I) is indicated as optionai because it has both advantages and disadvan-
tages , If a new hat-id is tc lie added to the disp lay of existing bands am-id unomentarv
blanking of the passive disp lay is undesired , ti-ic format U exterm al function would not
be used ,

The instruction words illustrated in Fi gure C define a display of 100 lines of 144 beams
full widt h across the MMS C disp la\ - screen , The instructionword is specified (IN STR— 1)
to lie stored in address 00000 which wil l  cause this band to he the first to be disp layed
each f rame , thus , p lacing it at the bottom of the disp lay , The blank lit -me code hi INS T—i
establishes a separation of 18 tim n es 0 . 01 -I inch (approximately 0 ,2 5  in ch)  between the
top edge (last line) of this band and the lower edge (first line) of the next ban d , The in—
structi l ln word defining the next display i)am d (no examples givet-i) would lie stored in
address 1)0001 .

Ti-ic intensity words given as examples are located arbi t rar i ly  iu - i locations 00040 thro c m gh
1)2317 , the lower 1200 cells of intensity word store. Ti-ic f irst  12 intensity words define
line 1, words 1:3—24 d efine line 2, which is displayed ahovc lirte I , etc . TI-ic location of
a ham ’i d (~t intensity words in mne um rv im flU way influences ti-ic vertical band h l e a t i l l n  of
the disp lay . The order of’ readout of instruction words establishes band display se-
quence , The I field of the intensity word examples (INT- 1, INT— 2 , INT—3 , IN T-4) con-
tains an arbitraril” increasing—decreas i ng code pattern for beams 1—2-h of the first  line ,
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lie tg hes A i r c r a f t Compan :

Fullerton , Cal iforni ;

rhe lorni at  many be t ’Il:lll geli 1 any othe r except  l l I r ’ m n a t  2 J \  sending olIe  passive l u r umia t
extet’nal function . In fo rmats  - 1 through 7 the P I ) \ I L J  logic assumes that  the i n ten s i t ’ ,
code \~ lIds were  or i g i n a l l y  entered I’or f l l r m n a t  I disp la\- and it autotnatical I r skips
Lifl ens Ii. . code w’ l i d S  eiiel i  l ine  -

If ti-ic f o r m a t  and valid in St l ’ t t c t i Oul  ~voi’eis ar e  sent liefore t i l e  in l t e n s i l \ -  data is  loaded ,
the en te r ing  of this  d ata wi l l  be ohsci’veei oct the  eh i sp ia .

5 . 4 1 2 - 2 ’

29 28 2’! 26 25 24 23 22 21 20 1,9 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 7 1 0

X T - 1 [~~~ 
—a i 0 1 0 a 0 0 - i

I E F ) I I I I I I I I  1 i i

_ _ _ _ _ _ _ _ _ _ _ _ _- -

E X T- 2  0 0 0 0 1 0 -
~~~~~

‘-—--- — 
~~~~~

— 
-

lE E )  
1 1 1 1 1 1 1  i i

E X T- 3  0 0 1 0 1 0 0 1 0 0
(S F)  I I  i i

Figure A , External Fem nction \\‘ords to v r ( ’ : I l e  l1~~~t & ’ms  for Passive Display. Example- EXT— I
indlicates passive form at 0, blamiking ’ t h e  disp la and pern-mittin g maximum c o m l ) u t e r — t o — P D \ I U
data t ransfer ,  Example E N T — 2  is a I n e l u l  , :‘y load start c omu rnam i d . Exa m~~ple EN T — 3  s p eL - i h i e s
passive f o r m a t  1 for )3~ t) liu es , 144 I c ams  f u ll width .
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5( 11  1 1 1 1  ,i — ~i~~ i t . p rog r a tmi  m m m i  m i g
Stu i n-u’d ’ t i O f l  — PL)\1 U Word l- ’o r u i t a t s  and l ’ sages

1 51 NC i’D\I U \V 1111 )5 1’ ( ) GENE1IA’ I ’ E S’l ’A’l’ J ( ’ UI ’  U 1) 151 > 1 .AY S ( Co m n inu ed)

82457 1, 11

35 .14 33 37 3t 30 29 28 27 26 25 24 23 77 71 20 t O  18 17 16 15 14 13 12 11 ~~ 9 8 7 6 5 4 3 2 1 0

INT l 0 0 1 1 1 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0
(O~\ V V d ) R D t )  I t I I

INT -2 1 0 0 1 1 0 1 1 1 1 1 0 1 0 1 0 0 0 1 1 0 1 0 0 0 1 0 0 0
posi u t ‘‘~ I I I I I I t t  I
M E M O R Y
F O R M A T
FOR INT’ l  AND ‘2

0 1 1 1 0 0 1 0 1 1 1 0 1 1 l i i  1 0 1 0 1 1 0 0 0 1 1 0 1 0 0 0 1 0 0 0
— i t  i i  i i  i t  I t I  I t  i i  i t m l  i i

30 20 10 0

35 34 33 32 31 30 29 28 2 7 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

( O A W O R D  l)~ I t  t
1 

1
0 

I t  I t
0 

~ 
o t o t 0 1 0 1 0 0 

t t  
0

1
0 0 0 

t ° t 
0 0 0

(OA W O R O 2 ) 1 1 1 0  o I l  1 0 1 0 1 1 0 0 0 1 1 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0~
rosl u t i l t  I l l  t u t u  l u l l  I t  I I I
M E M O R Y
F O R M At
FOR INT .3  AND -4

1 0 1  1 1 0 1  1 , 1 1  1 0 1 0 1  1 0 0 0 1  1 0 1 0 0 0 1  0 0 0 0 0 1 0  1 0- I I  t m l  I I  I i i  i i  i i  i i  t i  m l
30 20 

OA OUTPUT ACKNOWLEDGE

I igure B. Formation of PDMIJ Intensity W ords . Bits 20 through 2~ of L\T— 1 become bits 2~
through 35 of the PD \IU word , and bits 0 through 26 of INT—2 becotne bits 0 through 26 of the
PDMIJ word, The new 36—bit word is stored in PDMTJ memory location 00040 (octal) as specified

I~v hits 0 through 12 of INT— 1.
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35 34 3 3 32 32 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

INSTR-1 
1)F1 

0 
1
0 0 1 0 

1
0 0~ 0 0 0 

1
0 0 

1
0 0 1 0 

1
0 

1
0 ~ 

~ 
0

1 
0 

1
0 ~ ~ 1

0 
~

0 0 0 ]

INSTR-2
(OA WORD 2) 0 0 0 0 

1
0 1 0 0 

i 
1 1 0 

1
0 

I 
1 1 1 1 10 0 0 0 0 0 0 1 0 0 0 oj

PDMU
MEMORY
FORMAT

10 1 0 , 0 , 1 , 0 1 1 0 1 0  t o t o  1
0

1
1

1
0

1
0 ~~~~ 1 1

0 
1
0

1
1

1
1 1 i l I o l o 

1
0

1
0

1
0
,
0

1
0

1
1

1
0 ~0 1

0
1 
0~~~~

AO OUTPUT ACKNOWLEDGE

Figure C. Formation of PDMU Instruction Word from Two Computer Output Acknowledge Words .
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Section 4 — PDM LI Programming
Subsection — 1~D1\I [1 Word Formats and Usages

USING I~D~ 1U WORDS TO G E N E R A T E  DYNAMIC BTR DISPLAYS

The generation of a passive sonar display to give a dynamic BTR representatie~ of the sonar
surveillance volume is the p r i m a r y  function of the PDMU . The CompUte r controls the time di-
mension (Y or vertical axis) of the disp lay.

Proper entry of PDM IJ Instruction and intensity words creates a dynamic BTR Disp lay
on an MMSC that smoothly moves (down or up) without blanking the entire disp lay at any
time. The memorv-addr ’~ssing technique used allows intensity words to be entered and
remain at one PDMU memory address. The procedure for initial loading of a complete
band of display data is the same as that described for static display s in the preceding
topic.

The procedure f o r  updat ing a display band a line at a time with the newest data replac-
ing the oldest line in memory is given below. The display band will have the newest
line displayed at the top edge and the oldest line displayed at the lowe r edge. The visual
effect for this display sequence will be a downward movement of data at a rate propor-
tional to the rate of entry of new lines . The effect will simulate the Bearing Time Re-
corder display seen in many sonar systems.

PDMU Band Updating — The procedure for band updating involves three main steps:

(1) The computer must have previously set the memory load FF by sending the memory
load start external function command.

(2)  The computer transmits one line of intensity words via output acknowledge. The
intensity words are addressed to replace the oldest line of data of the band being
up dated .

(3) The computer then transmits two new instruction words via output acknowledge. The
instruction words shall be addressed to replace the existing instructions for that band .

The rationale for requiring two instruction per passive disp lay band is best explained
through the example given below .

Example of PDMU Band Updating — Consider a passive display band of 6 ras ter lines .
ivi th 25 blank lines between this band and the band j ust  above it. Each raster line is to
contain 12 words of intensity data. The intensity data for the band is stored in mem ory
location 101-172. The newest line is to be displayed at the top of the band , and the
oldest line on the bottom. The passive band is essentially divided into two separate
bands , although no gap appears between the two bands. This will allow updati ng a band
by changing only one line of intensity data and the two instruction words. This is ill-
ustrated in the instruction up date sequence shown in Figure A . The sequence of dis-
play is line 6, ~~~. 4 , 3, 2 , and 1 where I is the newest line of sonar data and 6 the old-
est; this sequence is illustrated in Figure B. The requirement of two instruction words
per disp lay and a last instruction wi th bit 27 set to 1 establishes a l imit  of 15 display
hands .

The passive disp lay geometry on the MMSC will allow 864 lines (total) of both display
and blank lines. If the PDMU instructions are such that this numbe r is exceeded , the
display will he driven off the upper edge of the MMSC ’s CRT.

4- 12
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HUGHES-FULLERTON
Hughes A i rcraft Company

Fullerton, California

82492-62

35 28 27 26 25 13 12 0

BL Id ol EA BA

ORIG I NAL 1f 0 0 172 101
INSTRUCTIONS 2 L 25 0 1 — —

UPDATE 1 1 0 0 172 113
2[_ 25 0 0 112 101

2 i 1 1 0 0  172 125
25 0 0 124 101

i1 1 0 0  172 137
2~~~~ 25 0 0  136 101

1 0 0  172 149
2 1 25 0 0 148 101-

i f l  1 0 0  172 161
2L  25 0 0 160 101

ii 1 0 0  172 101
6 2L 25 0 1 160 101

mE 1 0 0 172 113
2~~~~ 25 0 0 112 101

NOTE~ ALL NUMBERS ARE DECIMAL

Figure A . Example Showing How Two Instruction Words are Updated to Update an Enti re Band
of BTR Data

82492-63

INTENSITY UPDATE
WORD
ADDRESSES 0 1 2 3 4 5 6 7

CONTROLLED BY SECOND INSTRU.

~~~~~
N
N~ : : : ~~~

125 - 136 4 5 6”N,,~~ 2 3 4 5

137-148 3 4 5 6~
”N~~1 2 3 4

149 - 160 2 3 4 5 ~
“N~~i 2 3

1 6 1 - 1 7 2  1 2 3 4 ~ 6~N 1 2

CONTROLLED BY FIRST INSTRU.

NUMB ERS 1 - 6  INDICATE LINE NUMBER WITH 1 INDICATING
NEWEST LINE AN D 6 INDICATING OLDEST LINE

Figure B. Example Showing Sequenc e of
Updating Lines of BTR Data

BLANK PAG E FOLLOWS 4- 13 ’4- 14
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APPENDIC ES

A. USE OF THE MAINTENANCE PANEL IN PROGRAM DEBUGGING

B. PASSIV E DISPLAY LINES/SYMBOL TIMING

C. SINGLE SYM BOL MODE TIMING

D. TABLE OF MMSC AND PDMU FORMATS
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USE OF THE ~1AINTE N ANC E P A N E L  IN PHO GRAN1 DEBUGGING

By ut i l iz ing the maintenance panel , data may be entered or extracted one wo rd at a t ime
from an MMSC ’s or PDMU’s memor . This feature can be effectively used in program
debugg i ng and fau l t  isolation. Procedures for entering and extracting data are given
below.

There are three procedures for entering data into an MMSC or PDMU. Two of the pro-
cedures simulate the compute r output words. These are the ex ternal funct ion and output
acknowledge words . The third procedure allows a simplified direct memory  input .  The
procedures are the same for both the MMSC and PDMU. The maintenance panel controls
referred to are illustrated in Figure A-i .

EXTERNAL FUNCTION SIMULATE PROCEDURE

1. Set the ON LINE/OFF LINE switc h to OFF LINE.

2. Place the MAINT CONTROL selecto r on the 30 BIT position (on-line s imulate) .

3. Depress MASTER CLEAR.

4. Place the C LOCK SELECT switch at the FREE RUN position.

3. Select IN REG for display on the 36 bit registe r readout.

6. Set hit switches 0—2 9 to the desired external function word .

7. Depress EXT FNC . The bit pattern on bits 0-26 of the 36 bit registe r readout should
agree with bit switches 0—26. The external function word has now been ente red.

OUTPUT ACKNOWLEDG E SIMULATE PROCEDURE

1. Observe the MEM LD indicator on the maintenance panel. If the Memory Load F/F
is not set ( indicator  dark) send the memory load external funct ion  word by us ing  the
External Function Simulate P rocedure.

2 . Perform steps 1. 2 , 4 , and 5 listed for External  Funct ion Simulate  Procedure .

3. Set bit switches 0-29 to the desired output acknowledge word 1.
C
-,
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Appendix A — Use of the Maintenance Panel in
Program Debugging
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4 . Depress OUT ACK. The bit  pattern on bits 0— 2 6 of the 36 bit registe r readout should
agree with bit switches 0 through 26. Bits 27 through 35 should agree with b i t  switches
20 through 28 .

5 . Set bit  switches 0—29 to the desired output acknowledge word 2.

6. Depress OUT ACK. The l)it l)att erfl on bits 0-26 of the 36 bit registe r readout should
agree with bit  switches 0-26. Bits 27-35 should remain unchanged . The word has
now been entered into the desired memory  location.

DIRECT MEMORY LOAD PROCEDUR E

I. Set the ON UNE/OFF LINE switch to OFF LENE.

2. Place the MAINT CONTROL selector on the 36 BIT position (memory load).

3. Place the C LOCK SELECT switch at the FREE RUN position.

4. Select IN BEG for display on the 36 bit registe r readout.

5. Select IN CNTR for display on the 13 bit register readout.

6. Depress MASTER CLEAR.

7. Set bit switches 0-12 to the desired memory address.

8 . Depress ADDRESS LOAD. The bit pattern of the 13 bit registe r readout should
agree with bit switches 0— 12.

9. Set bit switches 0—35 to the desired memory word .

10. Depress EXECUTE. The memory word has now been entered . The bit pattern of the
36 bit register readout should agree with the bit switches. The 13 bit registe r read-
out will be incremented by one .

11. From this step, each successive depression of EXECUTE will load the bit switches
into successive memory addresses. The Input Address Counter increments with
each EXECUTE operation.

MEMORY READOUT PROC EDURE

1. Perform steps 1 through 4 of the External Function Simulate Procedure .

2. Select OUT REG for display on the 36 bit register readout.

3. Select OUT CNTR lor display on the 13 bit registe r readout.

4. Send a memory unload external function word with the desired memor output ad-
dress. The memory word will now appear on the 36 bit register readout. The 13 bit
register readout disp lays the memory output address.

5. If consecutive memory addresses are to be read out , depress the IN ACK twice for
each word to be read out.

BLANK PAGE FOLLOWS A~~/A--i

- - -~~ — ------
‘ 

~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ —.--.--~~~~ ~~~~~~~~~~~~ — — -- - .4



Fm - - ,
~~~~~~~~~~~

-
~~~~
- —

~~~~ 
-- -

~~~~~~~~

-

~~~

-

Appendix B

PASSIVE DISPLAY LINES/SYMBO L TIMING

Symbolic dat a such as track symbols , alphanumerics , and reference marks may he
displayed with passive data on the MMSC . Such symbols are defined by words within
the MMSC memory as are any other symbols . The display of such symbols and lines
is restricted to the time at the end of the passive disp lay frame. For a full passive
display of 680 lines (340 for format 2) there is only time to display a few symbols . The
equations that follow allow computation of symbol display time in the passive mode.
If a large number of symbols and lines must be displayed in a passive mode , the num-
ber of lines of passive sonar data must be reduced sufficient ly to remain within the
system ’s capability -

Passive disp lay frame time: 22 , 400 ± 0 .01~ jA s.
Minimum symbol display time: 64 I-is.

Passive disp lay time , formats: 1,3,4,5,6 and 7.

T = 3 2 !.ts ( A + B + C ) +96 11s.

where: A = No. of “blank lines” instruction words
B = No. of valid instruction words
C = Total display lines of all bands

Passive display time , format 2

T = 6 4 Ms ( A + B + C ) ~~ 9G~~s.

where: A , B, C are as given above.

Symbol display time:

MMSC instruction readout time: 4 Ps.
Symbol display time : 4 I.Ls + 2 1.Ls/symbol code word
Line display time : S P S .

A passive display of 4 bands of 660 lines total in format 1 would allow 928 Ps . For dis-
play of symbols.

T = 32 Ps (0 + 8 + 660) + 96 lAs 21,472 lAs.
Symbol time = 22 , 400 — 21472 928 ~A s~
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Appendix B — Passive Display Lines/Symbol Timing

Thus 92 15 — stroke (10 Psec) symbols may be displayed with the passive format on the
MMSC.

Once symbol display is started it is not stopped until all the programmed symbols and
lines are disp layed. If an operator requests more symbols than there is frame time
available , part of the first band will not be displayed , giving a feedback indicator that
the display is overloaded.

CM
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Appendix C

SINGLE SYMBOL MODE T IM iNG

To fully understand the operations performed in an MMSC during symbol/ l ine disp l i y
the basic disp lay t iming must be understood. To give some insight into the t im ing,  the
single symbol mode display is presented here as a typical example.

A simplified timing diagram for display in the single symbol mod e is given in Figure
C— i . The timing shown is primarily memory address associated. The abbreviations
on the line labeled ‘Memory Enable ” indicate the word type being read out — P b r  1)OSI-

tion word , SC for symbol code word.

Illustrated is a memory input operation with each displayed symbol. Choice ot memory
input was arbitrary as the one memory cycle per symbol for I/o unit use may be either
a memory input (write) or memory output (read) operation. When the console has been
instructed to simultaneously block unload and load , the memory control logic may re-
ce ive both a memory input and a memory output request. In the single sym bol mod e,
input requests have priority over output requests. In the line modes and the in-line
alphanumeric modes there is no priority as both an I/O input and output may occur for

each displayed line or AN character. The timing for lines and in-line alphanumerics
is not given as these modes are variations of the basic timing.
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Appendix C — Single Symbol Mode Timing
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A ppendix D

TABLE OF MMSC A NI )  PDMU FORMATS

External Function \Vor ls
824 92-5

29 28 22 21 19 18 0

U MMSC ADDRESS 0 0 1 SPARE

1 1 1 1 1 1  I I  l l ~~~~~l I l l l l l I l l l I I l l

Memory Load Start
8 24 92- 6

29 28 22 21 19 18 0

U MMSC A D D R E S S  0 1 0 S P A R E

1 1 1 1 1 !  I I  1 1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1 1

Memory Load Stop
8 2 4 9 2 - 7

29 28 22 21 19 18 13 12 0

U MMSC ADDRESS 0 1 1 SPARE START ADDRLSS

1 1 1 1 ( 1  I I  1 1 1 1 1

Memory Unload Start
82492 -8

29 28 22 21 19 18 0

U MMSC ADDRESS 1 0 0 SPARE

1 1 1 1 1 1  I I  1 1 1 1 1 1 1 1 1 1  i l l i l l i L

Memory Unload Stop
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Appendix D —  Table of MMSC and PDMU Forma ts

8 4 V ~

~I’ARE 0 1~~ 
FU~~M A T  

15 

SPARE

~~~l l l l l  I I  l 1 l ! l l l l l l l l ! I I

Passive-Format Word
84492-9

29 2 8 22 21 19 18 17 16 13 12 10 9 0

U MMSC ADDRESS 1 0 1 A L LAMP CODE CELL NO. L A M P  D R I V E R  N O .

1 1 1 1 1 1  I I  l i i  I I  1 1 1 1 1 1 1 1 1

MMSC Indicator Word
82492-11

29 28 22 21 19 18 6 5 0

U MMSC ADDRESS 1 1 0 SPARE TEST NO.

I ll  l~~~~ I I I  I I l i i i  1 1 1 1 1 1  I I t  I t

Test Stimulus Word

Output Acknowledge Words
8 2 4 9 2 -12

29 28 20 19 14 13 12 0 r

0 D A T A  U A A D D RE S S

I l i l l i l l  1 1 1 1 1  l l I I l I I I I l l I

Word 1 of the Output Acknowledge Word Pair
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HUGHES-FULLERTON
Hughes Aircraft Company

Fullerton, Californ i a
~~~~4 V ~~ V 13

~

8

U

71 2b 

UA T A  I

I I I I I l l l I I I l I I I l l I j I I I I ! l I I I

\Vord 2 of the Output Acknowledge Word Pair
Interrupt Words

8 2492-65

29 28 22 21 16 15 0

0 MMSC ADDRESS FUNCTION CODE AMPLIFYING DATA

1 1 1 1 1 1  1 1 1 1 1  I I I l I I I l I I I l l I I

MMSC
82492-6  7

29 28 22 21 16 15 0

0 SPARE FUNCTION CODE AMPLIFY ING D A IA

I I I I I I ~~~~~~~~~~~~~ I I I I I I I ~ I I I I 1 1 1

PDMU

Input Data Request Words
82492-68

29 28 2 0 1 9 1 3 1 2  0

0 DA TA MMSC ADDRESS ADDRESS

1 1 1 1 1 1 1 1  h u h  h l I l I I h h I l l l

Word 1

D-3
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Appendix D — Table of MM SC and PD M L ’  Formats

~ _ ,4 ~- ,

H H 1  I I I I I I I I I I I I I I I I I I I I I I I I I

Word 2

MMSC Instruct ions
82492 .32

39 .13 31 .31 30 29 28 27 It, 25 ‘4 20 I ’ J  16 15 11 10 8 7 0

W I
T F ~ I(~ UAD P IL 1~ . PA R A M  1’ IL PA RAM L IL  P A RA M  ~ 

- 

SP N E X T  I N S T R .  ADO P

0 1 0 1 1  1 i I h i h I I I I I h h h h h I h I I I I I I I

Format Control Word
82492-  33

39 33 32 3 1  21 20 18 17 15 14 12 11 9 8 6 5 3 2 0

T SPARE 86 85 B4 B3 B2 B! BO

0 1 1 1 1  i 1 1 1 1 1 1 1 1 1 1  I I  I I  I I ~~~~~I I  I !  I I  I I

Time Compress ion Brightness Group Word
82492-34

3 ’ 33 .~2 3 1  ~3 29 28 2 1  26 25 24  23 21 20 17  16 13 12 0

~~~~ 
~~~~~

V
V~ ~ ~~~~~~~~~~ PING NO. ~ CA T E G O RV  DATA S T A R T  ADDRESS

I I  I I i  1 1 1  h I  h ! I I ! h h I I l I I

Data Start Word

C’,

0
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HUGHES- FULLERTON
Hughes Aircraft  Company

Fullerton , California
824 92  35

35 33 32 31 19 18 13  12 0

W ,) RD

LODE T SPARE HORIZ.DISPL. DATA S TO P  A DO R I  -
~~~

1 0 1

I I  I I I I I I I I I h I L  1 1 1 1 1  I I ! I I I I I ! I I !

Data Stop Word

MMSC Data Words
8249 2-36

35 33 32 27 26 21 20 19 10 9 0

NT SUB-CA T S Y COOR . x C O O R .

I I  1 1 1 1 1  1 1 1 1 1  I I h h I h h I I  1 1 1 1 1 1 1 1 1

Position Word
~2492 26

35 29 28 2 7  26 21 20 19 10 9 0

L INE LENGTH SP 0 0 0 0 0 0 SP~ COS I) SIN 0

1 1 1 1 1 1  I 1 1 1 1 !  h I I I h h I h I  h I I I I I I I I

Line Word
82 4 9 2 - 3’

35 30 29 28 21 26 21 20 15 14 13 8 7 6 1 0

AN -4  ADOR S 0 0 0 0 0 0 AN -3  ADDR S A N-2 ADOR S AN-i  ADDR S

1 1 1 1 1  I 1 1 1 1 1  1 1 1 1 1  1 1 t h  1 1 1 1 1

Al phanumer ic Word

-~~
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Appendix D — Table of MMSC and PDMU Formats

82492-38

35 34 28 2/ 71 70 [4 13 / 6 0

STROKE 5 S T R O K E  4 S T R O K E  3 STROKE 2 ST ROKE 1

1 1 1 1 1 1  1 1 1 1 1 1  1 1 1 1 1 1  1 1 1 1 1 1  1 1 1 1 1 1

Symbol Code Word

PDMU Instruction Word
82492-5 7

35 28 2 7 26 25 13 12 0

BL t b !  EA I BA

8L NUMBER OF BLACK LINES EA = END RAND ADDRESS BA BEGIN BAND ADDR ESS

C = NOT V A L I D  INSTRUCTION D BLANK LINES ONLY

PDMU Instruction Word

PDMU Intensity Word
82492~58

35 33 32 30 29 2 7 26 24 2 3 21 20 18 17 15 14 12 11 9 8  6 5  3 2  0

112 Uj  110 ~~ 18 17 J 16 J 15 J 14 13 J 12 11 1
IN EACH INTEN SITY  FIELD , OCTAL CODING IS USED WITH THE LSB BEING THE LOWEST
BIT NUMBER: THE OCTAL CODING IS AS FOLLOWS:

OCTAL INTENSITY
CODE MEANING

0 B L A N K  D I SP L A Y
1 INTENSITY LEVEL 1
2 I N T EN S I T Y  L E V E L  2
3 INT ENSITY LEVEL 3
4 I N T EN S I T Y  L EVEL 4
5 INTENSITY LEVEL 5
6 INTENSITY LEVEL 6
7 I N T EN S I T Y  L E V EL 7

PDMU Intensity Word


