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The ESL Console is  a  special ized computer  which automatical ly 

converts  three-dimensional  drawing commands into arbi trary two-

dimensional  project ions.  Real- t ime rotat ion,  t ranslat ion,  and scale 

change are possible even in t ime-sharing.  Light-pen tracking is  

ful ly automatic,  and ei ther  picture elements or  character  information 

may be displayed.  



PREFACE 

This memorandum describing the hardware functions and command" 
structure of the ESL Console supersedes ESL Memorandum 9442-M-89 
"Programming for  the ESL Display Console,  "  R.H. Stotz,  August  13,  1963.  
I t  has been prepared in photo offset  format because i t  wil l  eventually form 
a sect ion of a  joint  ESL-Project  MAC Technical  Report  on graphical  language 
techniques in t ime sharing.  Other sect ions of the report ,  based on memo
randa MAC-M-201 and MAC-M-216,  wil l  describe the A-core and B-core pro
gramming systems ass ociated with display operat ion.  An introductory sect ion 
wil l  describe the underlying philosophy of these complementary hardware and 
language developments and their  relat ion to Computer-Aided Design.  

John E.  Ward 
March 9,  1965 
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A. INTRODUCTION 

In 1963,  the Computer  Applicat ions Group of  the Electronic  Systems Lab

oratory designed and bui l t  a  Display Console  shown in  Fig.  2 .1 ,  to  be connected 

to  the Direct  Data  Connect ion of  the IBM 7094 Data  Channel .  Since January 

1964 i t  has  been in  operat ion in  the Project  MAC Time Sharing System, and is  

located in  Room 908,  Technology Square.  The purpose of  the  uni t  i s  to  pro

vide a  direct ,  fas t ,  computer-control led display plus  a  f lexible  set  of  input  

devices  including a  l ight  pen.  I t  was designed with special  a t tent ion to  the 

needs of  Computer-Aided Design under  the res t r ic t ion of  a  t ime-sharing sys

tem, but  i ts  f lexibi l i ty  makes i t  a  useful  tool  with many other  appl icat ions as  

wel l .  The Console  is  an outgrowth of  the  Manual  Intervent ion System which 

was connected to  the Co-operat ive Computing Laboratory 's  7  09 for  several  

years .  

The pr imary purpose of  this  document  is  to  give an out l ine of  the func

t ional  uni ts  in  the Display Console  and to  descr ibe in  detai l  i t s  command 

s t ructure .  A basic  knowledge of  the programming of  the IBM 7 094 and the 

Direct  Data  Channel  i s  assumed.  The reader  is  referred to  the IBM 7 094 

Reference Manual ,  and IBM Special  Features  Bullet in  for  RPQ M90976 for  a  

descr ipt ion of  the Direct  Data  Channel .  

In  the Project  MAC Time Sharing System, the Console  is  control led by 

an Input /Output  Adapter  program, ( the "A-Core System") ,  which is  par t  of  the  

Time Sharing Supervisor  Program. Thus the user  needs to  be famil iar  with 

this  port ion of  the Supervisor  and i ts  cal ls  and procedures  in  order  to  use the 

Console .  The current  vers ion of  the Console  Adapter  is  descr ibed in  a  separ

ate  document .*  In addi t ion,  a  "B-Core System" has  been wri t ten** which 

consis ts  of  a  set  of  subrout ines  to  perform standard funct ions,  that  can be 

read into B-Core along with the user 's  program. They enable  the user  to  think 

in  terms of  "pictures"  and "picture  par ts" ,  to  which arbi t rary names may be 

*  Bayles ,  R.U. ,  "New Operat ing System for  the ESL Display Console ,  "  
Memorandum MAC-M-201 (Also Memorandum ESL-9443-M-118) ,  
December 10,  1964.  

** Lang,  C.A. ,  "New B-Core System for  Programming the ESL Display 
Console ,"  Memorandum MAC-M-216 (Also ESL Memorandum 9442-M-216) ,  
January,  1965 
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assigned,  to  provide a  convenient  means of  ident i fying them during communi

cat ions between the A-core system and the user 's  programs.  They also 

remove,  in  most  cases ,  the need for  working direct ly  with both the Console  

commands and the A-core system. 

Because this  Console  is  being designed as  a  research tool ,  i t  wil l  be  

prone to  modif icat ion and change.  As these al terat ions are  made,  programming 

detai ls  wil l  change.  Potent ia l  users  of  the Console  are  advised to  ensure they 

are  up to  date  with the la tes t  revis ions of  this  manual ,  and also of  the A-core 

and B-core programming systems for  the Console .  

B.  SYSTEM DESCRIPTION 

1.  The Console  Hardware 

The Display Console  is  shown in  block diagram form in Fig.  2 .  2 .  A 

port ion of  the Console  is  a  Type 330 Incrementing Display,  made by the Digi ta l  

Equipment  Corporat ion of  Maynard,  Mass.  to  M.I .T.  specif icat ions.  This  

consis ts  of  the  magnet ic-def lect ion cathode-ray tube with housing,  table ,  power,  

and def lect ion amplif iers ;  the digi ta l - to-analog converters ;  the digi ta l  regis

ters  which contain the h  and v coordinates  of  the beam posi t ion;  and a  number 

of  special  controls .  The scope has  1,  024 unique horizontal  posi t ions and a  

s imilar  number of  ver t ical  posi t ions,  thus providing over  1  mil l ion discrete  

points  that  can be specif ied.  I t  has  an act ive surface 9 3/8 inches on a  s ide.  

A unique feature  f i rs t  used in  the Type 330 is  the abi l i ty  of  the beam 

posi t ion regis ters  (cal led the h  and v regis ters  for  horizontal  and ver t ical  

posi t ion)  to  count  up and down at  high speed.  This  permits  l ines  to  be drawn 

by introducing s t r ings of  pulses  into the h  and v  regis ters  and intensifying 

(unbtanking)  af ter  each pulse .  The current  plot t ing ra te  in  the incrementing 

mode is  1 .8  psec per  point .  
Another  unusual  feature  ordered by M.I .T.  in  the Type 330 scope is  

three extra  bi ts  on the high-order  end of  the h  and v regis ters  (for  a  total  of  

13 bi ts) .  This  a l lows h  and v to  be incremented off  the  edge of  the  screen 

without  having the l ine appear  coming on at  the opposi te  edge (wrap around) .  

The act ive (vis ible)  scope surface is  descr ibed by 2 horizontal  and a  s imilar  

number of  ver t ical  posi t ions.  This  area is  cal led the Scope Field.  The three 

extra  bi ts  a l low the console  to  process  l ines  on a  f ie ld  with s ides  8  t imes as  

large as  the Scope Field.  This  larger  f ie ld  is  referred to  as  the Total  Console  
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Field.  There are programmable interrupts  available to alert  the computer  

when the edge of the Scope Field has been crossed or  when the edge of the large 

Total  Console Field has been crossed.  These interrupts  are described in de

tai l  in  a  later  sect ion.  

The center  of the scope has the binary address 0 000 000 000 000 for  h 

and v.  The r ight  hand edge of the Scope Field has the horizontal  value 

0 000 111 111 111 (= 2^ -  1) while the lef t  hand edge is  1 111 000 000 000.  

Similarly,  the upper edge of the visible sect ion has the vert ical  value 

0 000 111 111 111 while the lower edge is  the ones complement of this .  

The port ion of the Display Console buil t  by ESL contains the driving 

logic for  the Type 330,  the interface to the 7094 Direct  Data Channel ,  a  sec

tion to interpret  commands from the 7094 and controls  to perform the function 

cal led by the command.  Also,  a  scheme for  automatic picture rotat ion in three 

dimensions has been buil t  into the Console.  Therefore,  two sets  of  coordinate 

axes are referred to.  The f i rs t  set  is  the axes of the scope i tself  which are 

identif ied as "horizontal  (h) ,  vert ical  (v) ,  and depth (d) ."  The second set  is  

the axes in which a  l ine is  specif ied by the computer ,  i .e . ,  before i t  is  ro

tated to the h,  v,  and d axes.  Distances in these axes are referred to as  

"x,  y,  and z".  
The present  l ine generator  consists  of  three Binary Rate Mult ipl iers  

(BRM), which produce three pulse t rains with rates proport ional  to the 

Ax,  Ay,  and Az values of Line Generate commands.  These pulses are processed 

through a Rotat ion Matrix.  Here the Ax rate is  the input  to a  BRM pair  which 

generates two new pulse t rains Ax • i^  and Ax • i  .  The Ay pulses produce 

a  similar  pulse t rain pair  Ay •  Jh  and Ay •  j  ,  and Az generates Az -kn  and 
Az • kv >  The i^,  j^> and k^ output  pulses are combined in the increment logic 

block to be the h register  input  pulse t rain.  Similar  logic creates the v regis

ter  input  pulses.  The values of ih >  i  ,  j^ ,  e tc .  are loaded by the computer ,  

and by sui tably choosing their  values al l  the l ines produced by x,  y,  and z  

may be transformed into a  rotated axonometric  project ion of themselves.  

Since l ines are cal led out  incremental ly,  independent  of  s tar t ing point ,  an 

entire picture buil t  up from a connected series of these l ines is  subject  to what

ever rotat ion the computer  cal ls  for .  Also moving the s tar t ing h,  v locat ion 

for  a  picture made up of connected l ines moves the entire  picture.  The ro

tat ion matrix can be used to change the s ize of displays by applying a  common 

scale factor  to the i ,  ,  i  ,  j ,  ,  e tc .  h v Jh 
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Pen tracking in  the Console  is  completely automated;  that  i s ,  except  

for  ini t ia t ing or  hal t ing t racking,  the ent i re  operat ion of  generat ing the cross ,  

computing the new center ,  and reposi t ioning the cross ,  is  done in  the hard

ware.  A pen-track cross  is  generated once every 10 mil l iseconds and requires  

about  1  mil l isecond to complete .  When i t  i s  t ime to  generate  the cross ,  the 

command logic  prevents  acceptance of  the next  word from the Data  Channel  

and swaps the contents  ( ten least  s ignif icant  bi ts)  of  the  h  and v regis ters  with 

Pen Track Regis ters .  This  saves the current  display locat ion,  and puts  

the old pen posi t ion in  the h  and v regis ters .  A block of  logic  associated with 

the l ine generator  then causes  i t  to  produce the t racking cross ,  s tore  the 

information as  to  which points  the l ight  pen has  seen (producing e i ror  \  ec  >or  

components) ,  and add these components  to  the h  and v regis ters  to  update  the 

pen posi t ion.  The regis ters  then swap back again,  and the command logic  

is  al lowed to  proceed.  The pen-track logic  is  unaffected by the rotat ion ma

tr ix .  The computer  may read the Pen Track Regis ters  a t  any t ime except  

during a  t racking cycle .  
Characters  are  generated by e i ther  of  two separate  systems.  A Straza 

Symbol  Generator ,  which is  a  separate  uni t  located under  the scope table ,  

interprets  s ix-bi t  character  codes to  select  one of  64 s tored characters  which 

match those of  the  KSR-35 Teletype.  Diodes wired on the character  cards  

specify a  sequence of  incremental  def lect ions for  up to  16 points  in  a  1 5  by 

16 matr ix .  The Straza produces analog def lect ions s ignals  for  h  and v which 

are  added in  the analog preamplif iers  just  pr ior  to  the def lect ion amplif iers .  

The Special  Character  Generator ,  constructed by ESL,  al lows pro-

grammed symbols .  Special  logic  causes  i t  to  s tep the scope beam through a  

5 by 7 ras ter ,  and the intensif icat ion of  each of  the 35 points  of  the ras ter  is  

control led by a  corresponding bi t  in  a  word from the computer .  Thus,  a  

s ingle  Special  Character  requires  a  ful l  word to  specify i t .  In  e i ther  char

acter  generator ,  four  character  s izes  are  avai lable ,  and space between char

acters  (which is  control led by the l ine generator) ,  i s  ent i re ly  programmable 

in  s ize  and direct ion.  Also,  both character  generators  by-pass  the rotat ion 

matr ix ,  i .e . ,  characters  always remain upright .  

The IBM Selectr ic  Input /Output  Wri ter  has  been incorporated into the 

Console  for  both input  and output  through the Direct  Data  Channel .  I t  i s  wired 

so that  the user  types in  black and the computer  in  red.  The keyboard layout  

and character  set  are  those worked out  by MITRE Corporat ion,  and known as  
the MITRE #2.  
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Two alarm clocks are provided for  display t iming.  These are set  by 

program to r ing ( i .e . ,  cause direct  data interrupt)  at  any desired interval  

from 50 microseconds to 128 mil l iseconds.  Other sources of interrupt  are:  

a  typewriter  key being s truck;  a  push button press;  the l ight  pen seeing an 

act ive l ine,  point ,  or  character;  and from an "edge detect"  (a l ine crossing 

the edge of the display f ield or  the console f ield) .  The "pen see" or  "edge 

detect"  interrupts  can be individually inhibi ted by program. 

Input  faci l i t ies  provided at  each console s tat ion are a  typewriter ,  a  

CTSS Teletype,  a  l ight  pen,  a  bank of 9 decimal switches (Digiswitches) ,  two 

banks of 36 toggle switches,  36 push buttons,  three 7-bit  shaft  encoders and 

a  3-dimensional  rate-control  joy s t ick (crystal  bal l) .  The computer  can read 

the set t ings of these switches and controls  whenever i t  pleases.  There is  no 

hardware relat ion between any of these controls  and any Console output  func

t ion.  They are entirely interpreted by the computer  program. For example,  

al though i t  is  anticipated the crystal  bal l  (3-D joy st ick)  wil l  be most  effec

t ive for  control l ing rotat ion,  the computer  can interpret  i t  any way the pro

grammer desires.  

2.  Mode of Operat ion from the Computer  

The Display Console interprets  36-bit  output  words from the Direct  

Data Channel  as  commands to i t .  The Prefix Field of the word (sign bi t  and 

bi ts  1 and 2) categorizes the type of command.  The Tag Field (bi ts  18,  19,  

and 20) further  specif ies  certain commands.  The Address and Decrement 

Fields,  and for  certain commands the Tag Field,  contain the part icular  

parameters  for  the command.  

S 2 3 17 18 20 21 35 

Prefix Decrement Tag Address 

Section D contains a  detai led descript ion of the act ion taken upon eacn 

command; Tables I  and II  in the Appendix summarize the command format.  

Commands to be t ransmitted to the Console are arranged in the com

puter  memory in groups of consecutive locat ions cal led display l is ts .  Since 

the data channel  can direct ly access words stored in this  manner,  the only 

t ime the computer 's  at tention is  required is  when a  new l is t  must  be s tar ted 
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(or  an old l is t  s tar ted over) .  Each command "steals" one memory cycle from 

the computer .  
When the Display Console receives an output  word from the Direct  Data 

Channel  i t  responds with a  Direct  Data Demand (DDD) pulse,  interprets  the 

command and commences performing the operat ion cal led loi  (e .g.  drawing 

a specif ied straight  l ine) .  The DDD pulse releases the Direct  Data Channel  

to fetch the next  output  word,  i .e . ,  the next  command.  The Display Console 

wil l  ignore this  new command unti l  i t  has completed the previous one and the 

Data Channel  wil l  hang up wait ing for  the DDD pulse.  When one command is  

completed,  the Console immediately processes the next  await ing command,  

etc .  Each output  word from the Data Channel  is  looked upon as a  new command 

by the Console except  that  the Character  Generate command puts  the Console 

in a  special  mode whereby i t  processes successive output  words as charac

ters .  This  mode of operat ion,  which requires an escape provision,  is  discussed 

in detai l  in the sect ion of Character  Generat ion.  
The Console also can input  to the Direct  Data Channel  36-bit  words which 

can be the set t ing of an internal  register ,  toggle switches,  or  other  s imilar  

source.  The ten Output  Sense Lines provided by the Direct  Data Channel  are 

used for  select ion of these inputs ,  and also control  other  Console functions.  

The Direct  Data Interrupt  and the ten Input  Sense Lines al low the Console to 

s ignal  special  condit ions to the computer .  In general  the Input  Sense Lines 

identify the source of the Interrupt .  Table III  in the Appendix depicts  the Sense 

Line bi t  assignments.  Their  use is  amplif ied in Section E.  

3.  Second Operator 's  Stat ion 

A second operator 's  s tat ion has recently been added to the system. This 

unit  (cal led the "Slave" unit)  contains a  duplicate set  of  manual  inputs  and a 

scope which is  driven in paral lel  with the "Master" cathode-ray tube,  but  which 

has a  separate intensif icat ion control .  Depending on the s tate of a  pair  of  

control  f l ip/f lops which are set  by a  control  command,  a  picture being gener

ated appears on ei ther  the Master ,  the Slave,  both or  nei ther .  Although cal led 

Master  and Slave,  the s tat ions are in fact  equivalent  in capabil i ty,  and two 

operators  can work with different  displays by t ime-sharing the console display 
generat ing system. 
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4.  Remote Storage Displays 

One of the goals  of  Project  MAC is  to provide display capabil i t ies  at  every 

terminal .  The ESL Display Console is  admirably sui ted to serve as a  research 

tool  for  experiments aimed at  achieving a  solut ion to the remote display prob

lem. A current  experiment involves using the Console as  a  display generator  

to drive a  number of direct-view storage tubes located remotely.  Within 

Technology Square,  remote displays can be driven in paral lel  with the master  

and slave scopes by sending x and y deflect ion signals  and the intensif icat ion 

signals  over coaxial  cable.  Another experiment involves sending these same 

signals  over three telephone l ines equipped with analog data sets .  

Two direct-view storage displays wil l  short ly be instal led in the public 

console area at  Technology Square for  general  use.  A "snap shot" mode of 

operat ion wil l  be used,  in which a  single copy of a  picture wil l  be t ransmitted 

and stored on the CRT. Since the wri t ing speed of present  s torage tubes is  not  

as  fast  as  that  of  the master  and slave scopes,  i t  is  necessary to s low the basic 

operat ing clock frequency of the Console by a factor  of  10 when writ ing on the 

s torage tubes.  A "slow clock" command (bi t  10 of the Set  C Control  Word) has 

been added to the Console for  this  purpose.  The same control  also selects  

the remote display for  intensif icat ion.  Bits  for  addressing a  part icular  remote 

display and for  control l ing erasure wil l  a lso be assigned in the Set  C Control  

Word.  Special  software is  also being wri t ten to handle the different  format 

required for  the remote displays (maximum of 30 characters  per  l ine,  only 

special  characters  can be used,  addressing,  etc .) .  

C.  SPECIFICATIONS AND PERFORMANCE 

1.  Computer  Interface 

Matches IBM Direct  Data Channel  

36 data bi ts  In 

36 data bi ts  Out 

10 sense l ines In (direct  to CPU) 

10 sense l ines Out (direct  from CPU) 

1 Channel  Interrupt  

DEC logic levels  (0 and -3 volts)  out  and in.  Requires DEC/7 090 level  
conversion unit  (see ESL Memo 9474-M-l) .  
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2.  Internal  Specif icat ions 

Input  Power 

Active Scope Size 

Memory-

Clock Rate 

Line Plot t ing 

Line Plot t ing Rate 

Line Length 

Random Point  Plot t ing 

Point  Plot t ing Rate 

Point  Plot t ing Range 

Straza Symbol Generator  

Symbol Code 

Symbol Size 

Symbol Plot t ing Rate 

1 1 5  ±  1 0  volts ,  6 0  cycles,  s ingle phase 
at  18 amps.  

9 3/8 inches by 9 3/8 inches containing 
1024 points  by 1024 points  

None (operates from display l is ts  s tored in 
the computer  memory,  and accessed through 
the Direct  Data Connection) 

Normal 555.55 KC (1.8psec between clocks)  
Slow 69.44 KC (14.4psec between clocks)  

a  point  each clock (1.8 ps) .  This  point  can 
be a  step of 0,  1 ,2,4,  or  8 scope increments 
in ±h and in ±v (0,  1 ,2 for  l ines to be rotated) 

0 to 1023 increments in ±x and in ±y with
out  magnificat ion.  0 -  2046 increments 
by steps of 2 in ±x and ±y with magnifi
cat ion.  Thus,  Ax and Ay require 10 bi ts  
plus s ign each.  

a  point  every 40 microseconds 
13 2 = 8192 horizontal  gnd vert ical  posi

t ions.  Of this  only 2 = 1024 wil l  appear 
on the scope,  h = 0,  v = 0 is  center  of 
screen.  

6 bi ts  to produce one of 64 symbols 
matching KSR-35 Teletype 

0.1,  0.15,  0.23,  or  0.  35 inches high 

a  character  every 60 p. sec* 

The Straza Symbol Generator  Model  11-64 is  capable of producing a  charac
ter  every 10 psec,  but  the present  magnetic deflect ion system wil l  not  
work at  this  speed.  When dual  deflect ion systems (magnetic for  posi t ion 
electrostat ic  for  characters)  are instal led in both the Master  and Slave,  
scopes,  the ful l  Straza speed can be used.  
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Special  Character  Generator  

Symbol  Code 

Symbol  Size 

Symbol  Plot t ing Rate  

Alarm Clocks 

35-bi t  code to  produce any symbol  on 
a  5 x  7 dot  matr ix  

0 .  14,  0 .28,  or  0 .56 inches high 

a  character  every 72 j isec 

Programmable real  t ime interrupt  between 
50 microseconds and 6.4 mil l iseconds by 
50 microsecond increments  ( las t  c lock) ,  
or  between 1 mil l isecond and 128 mil l i 
seconds by 1  mil l isecond increments  
(s low clock) .  

D.  COMMANDS 

1.  Point  Plot t ing 

Set Point and Plot 

S 2 3 17 18 20 21 35 

011 h 000 V 

Set Point and No Plot 
2 3 17 18 20 21 35 

011 h  100  V 

Individual  points  can be specif ied and plot ted in  a  manner  ident ical  to  the 

DEC PDP Type 30 Scope.  This  is  done by set t ing h and v ( the regis ters  

which direct ly  dr ive the posi t ion coi ls  on the cr t )  and cal l ing for  plot t ing 

(IBM bi t  18 = 0) .  The electron beam can be posi t ioned without  plot t ing by 

giving the "Set  h,  v"  command with IBM bi t  18 = 1 .  

The beam can be posi t ioned to  any spot  in  the Total  Console  Field.  As 

seen in  Table  II  (Appendix) ,  h  is  specif ied by the least  s ignif icant  bi ts  of  

the  decrement  port ion and v by the least  s ignif icant  bi ts  of  the  address  por

t ion of  the 36-bi t  command.  
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2.  Line Generat ion 

Set 2 

S 2 3 4 7 8 17 18 20 21 35 

001 M XXX 

S 2 

L 

3 

-sign Az 

4 7 8 

Plot Line 

17 18 20 21 22 25 26 35 

000 1 A* |  Oxx |Ay| 

L -sign Ax Lsign Ay 

Blank Line 

S 2 3 4 7 8 17 18 20 21 22 25 26 35 

000 1 A*) lxx H 
1—sign Ax Ljign Ay 

The Line Generator  is  made of three Binary Rate Mult ipl iers  sharing a 

common counter  register .  I t  generates Ax, Ay, and Az pulse rates based on 

values set  into i t  by the computer .  The l ine wil l  be begun at  whatever point  

the beam was lef t  f rom the previous command.  Lines are actual ly drawn 

by the Plot  Line (or  Blank Line) command.  I t  the l ine has only x and y com

ponents,  no Set  z  command is  required.  If  the l ine to be drawn contains a  

z  component ,  a  Set  z  command must  precede the Plot  Line (or  Blank Line).  

The second command is  necessary even if  the l ine has only a  z component  

(Ax = Ay = 0) .  Complet ion of the Plot  Line (or  Blank Line) command zeros 
the z register .  

The number of x  increments desired is  placed in the decrement f ield and 

the number of y  increments in the address port ion of the Plot  Line command.  

Z is  put  into the decrement of the Set  z  command.  All  three are sign-

magnitude numbers with the s ign in the most  s ignif icant  bi t  of  the 15-bit  f ield 

and the magnitude in the least  s ignif icant  10 bi ts .  If  the l ine is  to be visible,  

bi t  18 of the Plot  Line command should be a  zero.  A blank l ine is  drawn 

by making bi t  18 a  one.  Blank l ines are useful  in reposi t ioning the beam 

without  breaking the continuity of  a  drawing.  This  point  wil l  be clarif ied in 

the discussion of the Rotat ion Matrix.  Since the l ine generators  contain 10 

bi ts  (plus sign),  the longest  possible l ine that  can be drawn with normal dot  

spacing (1/100 inch steps)  is  1023 increments (9 3/8 inches)  in both x and y,  



-15-

the diagonal  of  the Scope Field.  Dot spacing can be increased by a  C Control  

command as discussed in a  later  sect ion.  

Lines are not  restr icted to the Scope Field,  but  can be drawn on any por

t ion of the Total  Console Field.  A special  programmable interrupt  is  avail

able to alert  the computer  when a  l ine is  drawn which crosses the edge of the 

Scope Field ( the port ion of the Total  Console Field which is  visible)  or  when i t  

leaves the Total  Console Field entirely.  An Edge Detect ion (ED) f l ip f lop is  

provided which is  set  by bi t  22 of the C Control  command.  When ED is  ON 

(bit  22 of the last  C Control  command was a  ONE),  l ines crossing the Scope 

Field edge in ei ther  direct ion wil l  cause the interrupt .  When ED is  off  (bi t  22 

of the last  C Control  command was a  ZERO) the interrupt  wil l  occur only if  the 

l ine leaves the Total  Console Field.  

3.  Rotat ion Matrix 

S 2 3 4 13 14 15 24 25 26 35 

101 I 'hl  l ihl  M 
1— sign i^ Lsignjh  1— s ign k^ 

S 2 3 4 13 14 
Set  

15 
i ,  j ,  k for  v 

24 25 26 35 

110 M livl  IM 

I—sign iv  I—sign jv  

A three-dimensional  rotat ion matrix has been included in the ESL Dis

play Console,  which works with the three-dimensional  l ine generator .  The 

rotat ion matrix units  consist  of  three sets  of 10-bit  BRM pairs  which have 

as inputs ,  the x,  y,  and z pulse-train outputs  of  the l ine generator  respectively.  

Thus,  the three-l ine generator  outputs  are each mult ipl ied by a  corresponding 

pair  of  numbers placed in the Rotat ion Matrix registers .  If  these numbers are 

the components of the unit  vector  relat ing the x,  y,  and z co-ordinate system 

to the h,  v system, rotat ion wil l  occur.  For example,  the BRM pair  driven by 

the x output  effect ively mult ipl ies  Ax by the vector  cosines of the horizontal  

and vert ical  axes.  I ts  outputs  are Ax(i^)  and Ax(i^)  which are the horizontal  

and vert ical  components of  Ax.  In a  s imilar  manner the BRM pair  driven by 

the y output  of  the l ine generator  provides output  Ay(j^)  and Ay(jv)  the hori

zontal  and vert ical  components of  Ay.  The third BRM pair ,  driven by the z  

output  of  the generator ,  produces Az(k^) and Az(kv) ,  the horizontal  and ver

t i c a l  c o m p o n e n t s  o f  A z .  

L sign 
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The hardware automatical ly performs the summing of Ax(i^)  ,  Ay(j^)  and 

Az(k^) into the horizontal  incremental  input ,  and the summing of Ax(i^) ,  Ay(jv)  

and Az(k ) into the vert ical  incremental  input .  Thus,  i t  the proper values 
v 

are stored into i ts  s ix data registers  ( i^,  iy i  jy» k^,  k^),  the Rotat ion Ma

tr ix wil l  automatical ly rotate whatever l ines are specif ied in the x,  y,  and z 

axes into the horizontal  (h)  and vert ical  (v)  axes of the scope.  

I t  should be recognized that  there is  no inherent  equipment l imitat ion that  

says the values placed in the Rotat ion Matrix data registers  must  be the 

proper vector  cosines.  The only l imitat ion is  that  the numbers must  al l  be 

less  than ONE. The closest  to ONE that  can be set  into these registers  is  1777.  
8 

which represents  the number 1023/1024.  The nature of the BRM is  such that  

i t  is  the 1024th pulse that  wil l  be lost .  Since the longest  l ine that  can be 

drawn is  1023 increments,  al l  s teps wil l  be plot ted and no error  wil l  occur.  

I t  should be noted,  however,  that  round off  errors  from the BRM's do exist  

and picture distort ions are visible as  a  picture is  rotated.  

There is  no equipment in the console to determine the correct  values for  

the Rotat ion Matrix set t ings.  These are set  solely by the computer  with the 

two commands l is ted in Tables I  and II  as  "Set  i ,  j ,  k for  h" and "Set  i ,  j ,  k  

for  v.  "  In addit ion a  command "Set  i ,  j ,k  for  d" has been reserved for  possible 

inclusion of equipment to compute the depth component  of  l ines.  The data 

registers  each accept  10 bi ts  of  magnitude plus a  s ign bi t .  The binary point  

is  just  to the lef t  of  the most  signif icant  digi t  (e .g. ,  i^ ,  see Table II ,  
Appendix).  

4 .  Alarm Clocks 

s 2 3 
Slow 

17 18 19 20 21 28 29 35 
100 

0 Tima 

S 2 3 
Fcm 

17 18 19 20 

— Clock Salactad 

21 28 29 35 
100 

1 Tima 

Clock Salactad 
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Two programmable Alarm Clocks are provided to give the computer  a  real

t ime interrupt  source.  There is  provision in the order code for  inclusion of 

two more Alarm Clocks as specif ied by bi ts  19 and 20 of the command.  At 

present  only 00 and 01 are act ive.  The clocks are 7-bit  counters  which are 

preset  by the last  seven bits  of  the address f ield of the "Set  Alarm Clock" 

command and are driven by ei ther  a  50-microsecond or  a  1-mil l isecond clock 

osci l lator .  Bit  18 determines which clock source is  to be used.  

The 50-microsecond clock provides delays of up to 6.4 mil l iseconds.  The 

1-mil l isecond clock provides delays up to 0.  128 seconds.  Longer delays 

must  be programmed by a succession of shorter  ones.  Because the clock 

osci l lators  are asynchronous,  i t  is  impossible to predict  the accuracy of the 

clock closer  than one osci l lator  cycle.  Thus,  i f  a  clock is  set  to 67 and the 

1-mil l isecond clock is  specif ied,  an interrupt  wil l  occur somewhere between 

67 and 68 mil l iseconds after  the command is  accepted.  A clock set  to 0 mil l i 

seconds wil l  r ing in less  than 1 mil l isecond.  

When an alarm clock counter  completes i ts  cycle a  Direct  Data Interrupt  

wil l  occur.  To identify the source of the interrupt ,  Input  Sense Line 8 is  

turned on for  Alarm Clock 00 and Input  Sense Line 9 is  turned on for  Alarm 

Clock 01.  (See Table III ,  Appendix) 

A SENSE LINE OUTPUT Reset  of  an Alarm Clock wil l  turn i t  off  so that  no 

further  Interrupts  wil l  occur due to the clock.  If  such a  Reset  is  given while 

the Alarm is  t icking,  an interrupt  wil l  occur,  but  no Alarm Clock f lag wil l  be 

set .  If  the Reset  is  given when the f lag is  already up,  no interrupt  wil l  occur.  

If  an Alarm Clock command is  given to an already t icking Alarm, i t  wil l  reset  

to the new t ime.  An Interrupt  wil l  occur at  this  t ime,  but  no f lag wil l  be set .  

5.  Light  Pen Track 

S 2 3 4 

Start Pen Track 

17 18 20 21 22 35 

011 h 110 V 

S 2 

'—Master 

3 4 

Stop Pen Track 
17 18 20 

1—Slave 

21 22 35 

011 h 010 V 

1— Master 1—Slave 
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In i ts  application in Computer-Aided Design Studies,  the ESL Console is  

used a great  deal for tracking the movements of the l ight pen.  To lessen the 
pen tracking burden on the computer,  an automatic tracking feature has been 
added to the Console,  making use of the l ine generator for generating the 
tracking cross.  There are separate pen-track registers for tracking on the 

Master and Slave independently.  
A Pen Track command to start  tracking on the Master (bit  3 = ONE) causes 

the Master Pen Track Register to be loaded with the horizontal  and vertical  
posit ion specified by the decrement and address fields respectively.  The 

hardware will  generate a tracking cross and maintain i ts  up-to-date posit ion 
automatically every 10 mill iseconds.  Each Pen Track cross requires about 
1 mill isecond, thus pen tracking uses 10 percent of display t ime for one pen. 

The computer may read the contents of the Pen Track Registers,  whenever 
i t  desires,  in the same manner that  i t  reads the other input information avail
able,  as explained in a later paragraph. An important restrict ion exists how
ever.  Reading the Pen Track Register for the Master causes loss of the current 
h,  v register contents,  so i t  is  best  read after completion of a  display l ist .  

Pen Tracking on the slave is  init iated by a Pen Track command with bit  21 
-  ONE. It  operates in an identical  manner to Master Pen Tracking, except 
that  reading of the Slave Pen Track Register does not cause loss of the h,v 
registers.  If  both Master and Slave Pen Tracking generation are taking 

place,  each takes 1 mill isecond out of 10,  so only 8 mill iseconds out of 10 is  
left  for display t ime. 

Since pen tracking cannot occur outside the Scope Field,  the Pen Track 
Registers contain only 10 bits  each. Thus,  the highest-order three bits  of 
the h and v posit ion read in from Pen Track Registers are extraneous,  and 
are l iable to contain false information.  In order to interpret  the pen posit ion 
correctly as being on the Scope Field,  these bits  should be masked by the 

program and set  to match the fourth-most significant bit .  Also,  since the 
present Pen Tracking circuits  have a maximum resolution of two scope incre
ments,  the least  significant bits  of the h and v posit ions read in are mean
ingless and should be ignored.  

To halt  pen tracking, a Pen Track command with a ZERO in bit  18 should 
be given. The tracking cross will  disappear and the Pen Track Registers will  
contain the address and decrement of the Stop Tracking command. 
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6.  End of  Fi le  

S 2 3 17 18 20 21 35 

011 011 

This  command merely sets  up a  pulse  on the End of  Fi le  Interrupt  l ine 

into the Direct  Data  Channel .  This  is  a  separate  interrupt  l ine f rom the 

Direct  Data  Interrupt ,  as  discussed in  IBM Special  Features  Bullet in  for  the 

Direct  Data  Channel  (RPQ M90976).  The End of  Fi le  s ignal  a lso completes  

a l l  Data  Channel  commands.  The value of  the End of  Fi le  command is  that  

i t  provides  a  way to  terminate  the Display Lis t  processing by the Data  

Channel  without  requir ing that  the number of  output  words in  the l is t  be 

counted ahead of  t ime.  The Address  and Decrement  f ie lds  are  ignored by the 

Console ,  but  can be read by the A-core system fol lowing an End-of-Fi le  

interrupt .  The current  A-core system* uses  this  feature  to  provide several  

types  of  t ransfers  useful  in  subrout ining picture  data .  

7 .  Set  C Control  Word 

2 3 4 5 6 9 10 11 17 18 20 21 22 23 26 27 28 29 30 31 32 35 

Oil  001 Intensity 

Magnify 

- Master 

-Clock Speed - Edge Detect 

-Slave 

-Focus 
LP01 

LP02 

Within the Display Console  there  are  a  number of  special  control  f l ip-

f lops which affect  var ious aspects  of  the  display.  This  command wil l  se t  

these f l ip-f lops i f  the  appropriate  bi ts  (as  shown in  Table  II)  are  ONE's .  

The meaning of  each of  these special  controls  is  discussed below: 

1)  Master .  Bi t  3 .  When this  f l ip-f lop is  ONE, normal  plot t ing 
"orTthe Master  Scope wil l  occur .  When i t  i s  ZERO, the Master  
Scope wil l  be  blank.  

2 )  M ^ ,  M q  ( M a g n i f y ) .  B i t  4 ,  5 .  T h e s e  b i t s  c o n t r o l  t h e  s i z e  o f  t h e  

increment  taken in  the h  and v regis ters  for  a l l  l ines  ( including 
spacing l ines  af ter  characters) .  

*  Memorandum MAC-M-201 
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0 

0 

1 
1 

0 

1 

0 

1 

Scope Increments/step 
(= n/1024 scope width) 

1 
2 

4 

8 

The A x ,  Ay ,  Az  of a  l ine designate how many steps to make 
for  that  l ine in each direct ion.  The M bits  determine the s ize of 
each step.  Thus,  the length of a  displayed l ine is  dependent  both 
on Ax,  Ay ,  Az  and the set t ing of M~. The advantages of 
using larger  increments are that  they al low ei ther  longer l ines 
to be drawn with a  single command,  or  the same length l ines to be 
drawn faster  (a  l ine with Ax,  A y ,  Az  all  halved and MQ =  ONE plots  
the same l ine in half  as  much t ime).  

Restr ict ion.  Mj should be ZERO for al l  l ines which are to be 
rotated.  This  is  because the rotat ion matrix accumulates s teps 
from A x,  Ay  and Az  at  the same clock t ime,  and with M. on, i t  
would thus be possible for  the rotat ion matrix to demana a  step 
of 12 or  24 scope increments which the h and v registers  cannot  
do.  is  most  useful  for  plot t i rg grid l ines for  graphs,  which 
can be drawn 4 or  8 t imes faster  but  are not  expected to rotate.  

3)  Slow Clock.  Bit  10.  This  bi t  controls  the set t ing of a  f l ip-f lop 
(SLOW) which controls  whether the basic console clock operates 
at  i ts  normal rate (a pulse every 1.8 psec) ,  or  at  a  s lower rate 
(a pulse every 14.4 p sec)  for  driving the remote Direct  View 
Storage Tubes.  I t  is  also used as the select  bi t  for  intensifying 
the DVST. Both Master  and Slave can be selected as well  if  
desired at  this  s low writ ing rate.  

Since the Straza Symbol Generator  operates under i ts  own 
clock,  this  bi t  wil l  net  s low the display of  packed or  unpacked 
Straza Characters  (see Section D-9) and these characters  wil l  
plot  poorly on remote display.  Special  characters ,however,  
are sat isfactory since their  generat ion rate is  control led by the 
console clock.  

4)  Slave.  Bit  2 1.  This  f l ip-f lop controls  the second scope in the same 
manner as  the Master  f l ip-f lop.  Both can be ON simultaneously 
xf identical  displays are desired.  

5)  ED. Bit  22.  This  bi t  sets  the Edge Detect ion f l ip-f lop which de
termines whether to create a  Direct  Data Interrupt  upon crossing 
the Scope Field edge (ED = ONE) or  upon crossing the Total  Con
sole Field edge (ED = ZERO).  

6)  I^ through IQ.  Bi ts  23 -  26.  These are the Intensi ty Control  

l i ip-t iops.  Considering Bit  26 as  the least  s ignif icant  bi t ,  larger  
numbers cause brighter  displays.  
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7)  LP02 .  Bit  27 .  When set  to  a  ONE this  f l ip-f lop enables  Light  
Pen No.  2  (Slave Pen)  to  respond to  points  and l ines  drawn on the 
scope.  I t  has  no effect  on Pen Tracking with Light  Pen No.  2 .  
If  se t  to  a  ZERO this  control  can be used to  exclude desired par ts  
of  the display f rom being seen by the Light  Pen.  

8)  LP01.  Bi t  28.  Similar  to  LP02,  except  i t  i s  for  Light  Pen No.  1  
(Master  Pen) .  

9)  F^.F^.  Bits  30,31.  These f l ip-f lops eventual ly  wil l  affect  the 

focusing of  the  beam, but  are  not  present ly  connected.  

8 .  Set  F  Control  Word 

S 2 3 11 12 13 14 15 16 17 18 20 21 28 29 30 31 32 35 

101 

t- Bright or Dim ' No Flash 

Move - I 
Up or Down 

Move - v 

Right or Left 

— Move - h 

The F control  word al lows the computer  access  to  the increment  inputs  

to  the h  and v regis ters  direct ly .  In  this  way the computer  can s imulate  any 

sor t  of  display generator .  This  may prove useful  in  producing non-straight  

l ines  and in  tes t ing new ideas  for  the proposed curve generator .  The controls  

avai lable  are:  
1)  Move-h.  Bi t  12.  A ONE causes  an increment  to  occur  in  the 

horizontal  direct ion of  whatever  magnitude has  been cal led for  
in  the Scale  h^ hQ  f l ip-f lops (bi ts  32,  33 of  th is  command).  

2)  Right  or  Left .  Bi t  13.  This  control  determines the direct ion of  
any horizontal  s tep cal led for  by move-h.  If  a  ONE, the s tep wil l  
be taken to  the lef t .  A ZERO cal ls  for  the s tep to  be to  the r ight  .  

3)  Moye v .  Bi t  14.  Similar  to  Move-h,  but  in  the ver t ical  direc
t ion.  I ts  magni tude is  control led by the Scale  f l ip-f lops 
(bi ts  34,  35 of  this  command).  

4)  U P  or  Down.  Bi t  15.  This  determines the direct ion of  any ver-
t ical  s tep cal led lor  by Move-v.  A ONE causes  s teps  to  be taken 
downward.  

5)  Move-I  Bi t  16.  Similar  to  Move-h,  but  i t  increments  or  
decrements  the Intensi ty  Regis ter .  The s tep is  a lways just  one 
uni t .  
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6) Bright  or  Dim. Bit  17.  This  determines whether Move-I  
commands intensify or  dim the beam. A ONE in bi t  17 causes 
the beam to get  dimmer.  

7)  No Flash.  Bit  29.  This  controls  whether the point  cal led for  by 
this  command is  to be plot ted or  not .  A ONE inhibi ts  plot t ing.  

8)  Scale hj ,  hQ ,  Vj ,  vQ .  Bits  32-35.  These f l ip-f lops determine the 

s ize of the increments that  are to be taken in h and v.  The 
fol lowing table applies;  

Horizontal  Bit  32 Bit  33 Vertical  Bit  34 Bit  35 
Step Size h l  ho Step Size V1 vo 

1 0 0 1 0 0 
2 0 1 2 0 1 
4 1 0 4 1 0 
8 1 1 8 1 1 

Note that  the present  beam posit ion can be intensif ied by an F Word 

command with no s tep taken (Move h = Move v = Move 1=0) and plot t ing (bi t  
29 = 0) .  

9 .  Character  Generat ion 

The Display Console contains two symbol generat ion systems:  a  Straza 

Symbol Generator  for  producing 64 standard symbols,  and an M.I .T.  con

structed Special  Character  Generator  for  creat ing any pat tern on a  5 x 7 

matrix for  display of non-standard symbols.  In addit ion,  a  f lexible auto

matic format control  (spacing between characters)  is  provided by making use 

of the l ine generator .  Table VI in the Appendix l is ts  the character  code for  
the Straza Symbol Generator .  

There are three modes of operat ion of the Display Console in generat ing 
characters .  In the f i rs t  mode (Unpacked Straza Mode),  a  single 6-bi t  charac

ter  is  given with each command.  In the Packed Straza Mode,  s ix characters  

are packed into a  single output  word.  The third mode is  the one in which 

non-standard symbols are produced using a  ful l  36-bit  word to specify each 
character .  
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a.  Unpacked Mode 

S 2 3 4 5 6 11 12 17 18 19 20 21 22 35 

010 Character | Ax | 1 M 
L sign Ax '—sign Ay 

size 

In  the unpacked mode,  the 6-bi t  code of  the  character  is  held in  bi ts  6  

through 11 (see Table  II  in  the Appendix) .  The Ax spacing af ter  the character  

is  contained in  bi ts  12 through 17,  with the s ign of  Ax in  bi t  3 .  The Ay spacing 

is  held in  the address  port ion of  the word and is  10 bi ts  in  magnitude with s ign 

in  bi t  21.  The character  is  drawn by the Straza Character  Generator  s tar t ing 

at  the locat ion specif ied by the h  and v regis ters ,  and wil l  appear  below and to  

the lef t  of  the  s tar t ing point .  

After  the character  has  been plot ted,  the l ine generator  is  automati

cal ly  turned on and a  blank l ine is  drawn of  whatever  length specif ied in  the 

command.  This  permits  spacing to  the correct  posi t ion for  the next  character .  

Note that  the dot  spacing for  the blank l ines  af ter  characters  is  automatical ly  

set  to  twice that  for  normal  l ines ,  and is  fur ther  affected by the set t ing of  the 

Magnify (Mj,  MQ )  f l ip-f lops.  Thus,  the largest  Ax character  spacing is  63 

increments  of  2  each (1.26 inches)  with Mj and M Q  set  to  ZERO, 63 incre

ments  of  4  each (2.  52 inches)  i f  M Q  is  ONE and M^ is  ZERO, or  63 incre

ments  of  8  each (5.  04 inches)  i f  M^ is  ONE and M Q  is  ZERO. 

I t  i s  a lso important  to  note  that  both the character  generator  and l ine 

generator  outputs  bypass  the rotat ion matr ix ,  and thus are  unaffected by i t .  By 

making the character  spacing not  rotate  i t  is  possible  to  associate  wri t ten text  

with the end point  of  a  l ine and have the text  fol low the end point  as  the l ine is  ro

tated around on the scope.  Note that  i f  a  block of  several  l ines  of  text  is  

a t tached in  this  manner ,  the spacing f rom the end of  one l ine of  text  to  the 

s tar t  of  the next  should be done by generat ing a  blank character  with appropriate  

-Ax,  ~Ay to  produce a  carr iage return which wil l  not  be affected by rotat ion.  If  

a  l ine generate  command was used instead,  this  l ine would be affected by the 

rotat ion matr ix  and text  l ine 2 would rotate  about  the end of  text  l ine 1 .  
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b.  Packed Mode 

S 2 3 4 5 17 18 19 20 21 22 35 

010 0 |AX| 0 IM 

L s'9 n Ax 1—sign Ay 

size 

This mode for  character  generat ion was included to al low more dense 

packing of characters  for  s tandard textual  output .  I t  is  made to conform to 

the Long Word Routines of the AED Compiler .  
The Packed Character  Generator  command sets  the Line Generator  to the 

character  spacing desired and puts  the Console into a  special  mode in which 

i t  processes succeeding words as blocks of s ix characters  in the format 

shown below. The f irs t  character  (bi ts  S through 5) of  the f i rs t  word fol low

ing the command specif ies  the number of characters  to fol low i t  ( i .e .  ,  how 

many characters  are contained in the Long Word),  and whether or  not  this  is  

the terminating Long Word.  Bits  1 through 5 give the number of characters  

(up to 30) and bi t  S designates whether to terminate this  special  character  

processing mode (bi t  S = ZERO) after  this  Long Word,  or  to t reat  the suc

ceeding word as a  new Long Word (bi t  S = ONE).  
First Word 

Sl 5 6 11 12 17 18 23 24 29 30 35 

Character 
1 

Character 
2 

Character 
3 

Charocter 
4 

Charocter 
5 

1 Number of Characters 
Terminate Condition 

Succeeding Words 
S 5 6 11 12 17 18 23 24 29 30 35 

Character Character Character Charocter Character Charocter 
n n-rl n*2 n«3 n*4 n»5 

Figure 2.3 i l lustrates a  sample display l is t  for  the packed character  

generate mode.  The Console wil l  display the 17 characters  of the First  Long 

Word,  the one character  of the second Long Word and the s ix characters  of 

the third Long Word in a  str ing,  each succeeding character  spaced by the 
amount Ax, Ay as cal led for  in the command.  

If  the Scope Field Edge is  crossed by the l ine generator  during charac

ter  spacing and the Edge Detect  f l ip-f lop (ED) is  ON, an Interrupt  is  generated 

identical  to that  described under Line Generat ion.  No such interrupt  wil l  occur 
if  the character  i tself  spi l ls  over the edge.  
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1 s t  
Long < 
W ord 

2nd (  
Long 
Word 

3rd 
Long * 
Word 

PACKED CHARACTER GENERATE COMMAND 

110001 Character  
1 

Character  
2 

Char acter  
3 

Character  
4 

Char acter  
5 

Character  
6 

Character  
7 

Character  
8 

Character  
9 

Character  
10 

Character  
11 

Character  
12 

Char acter  
13 

Character  
14 

Character  
15 

Character  
16 

Character  
17 

100001 Character  
1 

000110 Character  
1 

Character  
2 

Character  
3 

Char acter  
4 

Character  
5 

Character  
6 

NEXT COMMAND 

Fig. 2.3 Sample Packed-Character Display List 

c.  Special  Character  Mode 

s 2 3 4 5 17 18 19 20 21 22 35 

010 1 |Ax| 0 |Ay| 

'  -sign Ax 1 sign Ay 

size 

This mode of character  generat ion permits  the creat ion of any 

symbol desired on a  matrix array of dots .  A Special  Character  Generator  

command loads the Line Generator  with Ax,  A y information for  spacing 

after  the array i9  displayed,  then puts  the Display Console into a  mode in 

which i t  processes each succeeding word as 35 bi ts  to be converted into a  

5x7 array of dots .  The 36th bi t  (bi t  S)  is  used to determine whether to 

terminate the mode (bi t  S = ZERO) or  to process the next  word as another 

array (bi t  S = ONE).  The format of the array is  shown in Fig.  2.4.  

To intensify any of the points  of  the array the appropriate bi t  

of  the data word is  set  to a  ONE. Dot spacing is  normally 2 in this  mode,  

but  by set t ing the SIZ 1 f l ip-f lop ON (Bit  19 = 1) ,  this  can be expanded to 4.  

These can be expanded again by a  factor  of two by set t ing the Magnify f l ip-

flop (M Q )  ON. M Q  also effects  the l ine drawn after  the character ,  but  the 
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6 12 18 24 30 

25 19 13 7 1  

31 2 8  14 20 

15 9 3  32 26 

21 27 33 4 10 

5  34 28 22 16 

11 17 23 29 35 

End—• X 

Fig. 2.4 Assignment of Bits in Special Character 

SIZ 1 f l ip-f lop does not .  Although 5  x  7 is  the s tandard s ize  in  this  mode,  i t  

i s  easy to  bui ld  up larger ,  more complicated symbols  by blocking groups of  

these arrays together .  

These symbols  by-pass  the rotat ion matr ix ,  but  not  the h,  v  regis ter .  

Note that  s ince h  and v  are  al tered,  the beam is  not  reposi t ioned to  i ts  s tar t ing 

point  a t  the end of  a  character .  As shown in  Fig.  2 .4 ,  the s tar t ing point  i s  one 

posi t ion to  the lef t  of  the  upper  lef t -hand corner  of  the character ,  and the 

beam wil l  end one posi t ion below the lower r ight-hand corner .  In  spacing the 

beam for  the next  character ,  this  reposi t ioning must  be accounted for .  Char

acter  spacing is  s t i l l  twice normal  s ize  in  this  mode.  The rather  s t range bi t  

pat tern comes about  because of  the way the matr ix  is  generated,  and,  because 

the data  regis ter  and shif t ing logic  used for  the special  characters  are  the 

same as  those used for  the packed Straza Characters .  To form the matr ix ,  

the l ine generator  increments  across  the top row from lef t  to  r ight ,  drops 

down one row and increments  f rom r ight  to  lef t ,  e tc .  For  each increment ,  

bi ts  1  through 35 of  the data  word are  rotated lef t  s ix  places  and bi t  posi t ion 

1  is  tes ted to  decide whether  to  intensify.  In  making up bi t  pat terns  for  

special  characters ,  i t  i s  suggested that  a  char t  such as  Fig.  2 .4  wil l  be  

helpful .  
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10.  Typewriters  

A pair  of  Selectr ic  Typewriters  using the Mitre No.  2 character  set  are 

connected to the console,  one for  the Master  s tat ion,  the second for  the Slave.  

These provide direct  access to the 7 094 with keyboard input  and al low hard

copy output .  The color  shif t  is  arranged so that  the operator  types in black 

and the computer  in red.  The 7 bi t  (odd pari ty)  character  appears in the 7 

least  s ignif icant  bi ts  of  the address f ield (master  typewriter)  or  decrement 

f ield (slave typewriter)  along with a  f lag in the most  s ignif icant  bi t .  Table 

VII  in the Appendix l is ts  the typewriter  code.  

a .  Output  

S 2 3 4 10 11 17 18 20 21 22 28 29 35 

on Master 
Character 

111 
Slave 

Character 

L — Output to Maiter L Output to Slave 

The Central  Processor causes a  character  to be typed by t rans

mit t ing the above command to the console.  This  command loads the appro

priate typewriter  output  buffer  selected (Master ,  Slave or  both) ,  sets  the 

typewriter  output  f lag ( i .e . ,  typewriter  busy) for  the machine addressed 

(Sense Input  Line 4 for  Master ,  Sense Input  Line 5 for  Slave) and locks 

the Keyboard for  500 mil l iseconds.  The keyboard lock prevents  the operator  

from typing in while output  is  occurring.  The typewriter  f lag remains ON 

unti l  the machine concerned is  ready to accept  a  new character .  This  is  
general ly before the mechanical  cycle is  complete and can therefore range 
from 30 to 130 mil l iseconds.  The maximum output  typing rate,  however,  is  

15 characters  per  second,  

b.  Input  

When an operator  s tr ike,  a  key on ei ther  typewriter ,  the charac

ter  is  loaded into an input  buffer ,  the appropriate f lag (Input  Sense Line 4 for  

Master .  5  for  Slave) is  set ,  the keyboard is  locked,  and an interrupt  sent  to 

the Central  Processor.  The CPU reads the character  in the same manner 

as  other  inputs ,  i .e . ,  the Sense Line Output  code to select  the typewriters  

(see Table IV) is  presented and the word read in.  The character  and flag 

appear in the same posi t ion in the word on input  as  on output  (Table V).  
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Reading the character  into the computer  unlocks the keyboard.  At computer  

speeds,  this  short  lock t ime is  unnoticeable.  Note that  there is  a  single type

writer  f lag for  each machine,  and that  i t  is  used both for  input  and output .  

Thus the Central  Processor must  remember if  i t  has ini t iated typewriter  

output  when interpret ing the f lag.  

c .  Echo Checking 

Echo checking can be done for  each character  output  by performing 

the read sequence before outputt ing the succeeding character .  The character  

that  the typewriter  actual ly types is  automatical ly set  into the read buffer  at  

the t ime the typewriter  output  f lag is  reset .  

E.  INPUT TO THE COMPUTER 

The computer  is  able to read into i ts  memory the h and v registers  of the 

Display Console,  the Pen Track registers ,  the Typewriter  Input  register ,  and 

the data from the various devices on the control  panel ,  which are described in 

the next  sect ion.  To accomplish this ,  the computer  f i rs t  selects  the input  

source by a  Present  Sense Lines Instruct ion (PSL) with the last  4 Sense Lines 

coded to the desired unit .  Table IV indicates the exist ing input  sources and 

their  codes for  select ion.  Table V indicates the bi t  posi t ions of the input  words 

from h,  v registers ,  the shaft  encoders and crystal  bal l ,  the Pen Track registers  

and the typewriters .  The push buttons and switches are labeled as to their  

bi t  assignments.  Select ing an input  source causes the Console to put  the data 

on the input  l ines to the Direct  Data Channel .  The computer  must  then Read 
Select  the Direct  Data Channel  to input  a  single word.  

Due to some special  hardware considerat ions on the pushbuttons the 

programmer should be sure that  he does not  leave the Data Channel  Read 

Selected for  a  long period of t ime (1 mil l isecond or  more) .  Doing so causes 

any push buttons held down to be read several  t imes ( i .  e .  ,  interpreted as a  
sequence of several  pushes of the same button).  

Read Control  of  the Console has been made independent  of  Write Control .  

I t  is  thus possible to read information from the console into the computer  while 

the console is  hung in some output  condit ion,  such as an Edge Crossing.  This  

permits  the CPU to read h,  v to determine the exact  locat ion of the crossing 

and then release the Console by means of a  Reset  Flags to f inish the display 
l is t .  
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Identical  faci l i t ies  are provided at  the master  and slave stat ions,  with 

separate select ion codes for  read in to the computer;  thus the fol lowing dis

cussions apply ei ther  to the master  or  the s lave stat ions.  

1.  Control  Panel  

Figure 2.5 i l lustrates the control  panel  provided for  input  to the com

puter .  At the bottom of the panel  are the three 7-bit  binary Shaft  Encoders.  

There is  no internal  relat ion between the posi t ion of these knobs and anything 

else in the Display Console,  and their  interpretat ion is  handled purely by 

program. There is  no interrupt  caused when these are moved,  and if  the 

program is  concerned with the posi t ion of these knobs,  i t  must  sample their  

contents  often enough to make sense out  of  the data.  There is  no indicat ion 

of the direct ion that  the knob is  turning,  other  than whether the number pre

sented is  get t ing larger  or  smaller .  Note that  s ince the code is  continuous 

(modulo Z'  ) ,  the sampling must  be sufficiently rapid to insure the shaft  does 

not  rotate more than 180° between samples.  Normally 30 t imes per  second is  

a  sat isfactory sampling rate.  
To the r ight  of  the knobs are located two switches marked BEAM OFF and 

POWER and a button marked RESET. The BEAM OFF switch original ly 

blanked the beam so the operator  could protect  the screen from being burned 

by an improper program (one that  continuously intensif ies  the same spot) .  

I t  was found that  by keeping the intensi ty level  adjusted properly this  switch 

function was not  necessary so i t  was disconnected.  Since then,  the switch 

has been wired to override the no-plot  control ,  to al low display of a l l  l ines,  

blank or  plot ted,  on screen or  off .  This  has proved useful  for  debugging pur

poses.  The RESET button resets  the act ive control  f l ip-f lops of the Console.  

In this  s tate the Console is  ready to process a  new command.  The computer  

is  not  alerted in any way when this  button has been act ivated.  The POWER 

switch is  disconnected on the Master  but  is  act ive on the Slave Control  Panel .  

Behind the panel  on the Master ,  a  Sonalert  buzzer has been wired to the 

WHOA fl ip-f lop to give the computer  an act ive alarm. The WHOA fl ip f lop 

was chosen because in the t ime sharing system i t  usually indicates a  com

puter  hang-up condit ion.  The function of this  f l ip f lop is  described later .  
Above the knobs are two banks of 36 toggle switches,  each of which con

st i tutes one input  word.  These switches provide arbi trary control  functions.  

There is  no internal  relat ion between the posi t ion of these switches and anything 
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else  in  the Display Console ,  and their  interpretat ion is  handled purely by 

program. Like the knobs,  these switches are  sampled by the computer  a t  

whatever  ra te  is  set  by the program. 

Above the toggle  switches is  a  bank of  9  binary coded decimal  switches.  

These are  mechanical ly  mounted on horizontal  s l ides  in  such a  way that  they 

can be spaced into any grouping.  Thus,  they can be interpreted as  nine 

individual  10-posi t ion switches or  three 1000-posi t ion inputs  or  whatever  

arrangement  the user  desires .  The bi t  ass ignment  of  the  switches is  shown 

in  T able  V.  

2 .  Crystal  Bal l  

The Crystal  Bal l  or  "Globe,"  i l lustrated in  Fig.  2 .6 ,  has  spr ing-loaded 

Z ax i s  

X ax i s  

FOR EACH AXIS  

CODE MEANING* 

g 3  g 2  9 1  9 0  

10  0  0  Highes t  nega t ive  r a t e  

1 1 0  0  Midd le  nega t ive  r a t e  

0  10  0 Lowes t  nega t ive  r a t e  

0  0  0  0  Rese t  Pos i t ion .  Ze ro  ra t e  

0  0  10  Lowes t  pos i t ive  r a t e  

0  0  11  Middle  pos i t ive  r a t e  

0  0  0  1  Highes t  pos i t ive  r a t e  

*  Cons ide r ing  c lockwise  
ro ta t ion  a s  pos i t ive  

F ig .  2 .6  Crys ta l  Ba l l  

l imited rotat ion about  three axes of  rotat ion,  and provides  input  codes to  the 

computer  for  3  posi t ions in  each direct ion about  each axis .  The device is  

Intended to  be used as  a  three-s tep rate  control  to  provide a  natural  easy 

control  over  the rotat ion of  a  three-dimensional  object  viewed on the screen.  

The input  codes are  merely processed through the Console ,  however ,  and do 

not  d i rect ly  effect  any console  regis ters .  Thus the Crystal  Bal l  can be used 

In any way that  the programmer desires .  Fig.  2 .6  shows the re la t ion between 
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baH Posi t ion and binary input  for  each axis  (assuming posi t ive ra tes  are  for  
c lockwise rotat ion) .  

3. Push Buttons 

The Push Button Box (Fig. 2.7) is a unit containing 36 push buttons for 

© o © 
© © © 

© © © 
© © © 

(f 

© © © 
® © © 
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© © © 

\ 

© © © 
© © © 

© © © 
© © © 

\ 
HANDREST 

Fig. 2.7 Push-Button Box 

control of the computer program. Pushing of any button will cause a Direct 
Data Interrupt to occur. The computer should then read in the push buttons 
to determine which one was pushed. Because there is „o buffering of the 
push button data, it is possible (though not likely) for the computer not to 

get around to sample the buttons before a button i, released. It is, therefore 
advisable to give some visible indication on the display that a push button has 
been recognised. Dike the switches and shaft encoders, no wired control has 
been assigned to any buttons. Their interpretation is controlled strictly by 
the program. 

The Push Button box has been designed for easy use without looking at 
it, so that the operator's attention is not diverted from the CRT Display 

The buttons are arranged like a keyboard and they are designed for very'light 
pressure. A special hand rest is provided with spacing bars separating 
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groups of  but tons to  a id  in  locat ing oneself  without  looking a t  the box.  A plas

t ic  holder  is  a lso provided above the box to  s l ip  an ident i f icat ion card into,  

so  each user  can associate  the but tons with the par t icular  uses  in  his  program. 

4 .  Interrupts  

The Direct  Data  Interrupt  is  used to  cal l  the Central  Processor  into play 

when special  condi t ions occur  in  the Console .  The sources  of  in terrupt  are  

as  fol lows:  

1)  Alarm Clocks.  One of  the  a larm clocks has  rung.  Input  Sense 
Lines  1 and 2 ident i fy  these interrupts .  

2)  Typewri ters .  A typewri ter  key has  been s t ruck.  Input  Sense Lines  
4  and 5 ident i fy  these interrupts .  

3)  Light  Pen.  If  the  l ight  pen is  enabled and i t  sees  a  point ,  l ine  or  
character  on the scope,  an interrupt  is  generated and Input  Sense 
Line 13 is  set  to  ONE. In addi t ion,  the Display Console  is  "hui^g up" 
in  a  manner  depending on what  i t  was doing.  If  i t  i s  in  the process  
of  generat ing a  l ine,  i t  wil l  hal t  as  soon as  the pen responds,  leaving 
par t  of  the l ine unfinished.  If  the  pen responds to  a  Set  Point ,  the 
Console  wil l  hal t  before  accept ing the next  command.  If  the  pen sees  
a  character ,  the Console  wil l  hal t  just  before  plot t ing the blank 
spacing l ine to  the next  character .  

The use of  the l ight  pen interrupt  to  ident i fy  to  the CPU a par t ic
ular  i tem of  displayed information is  an important  mean3 of  man-
machine communicat ion.  Set  points  can be used as  " l ight  but tons,  
i .e .  ,  programmable switches.  Displayed l ines  or  characters  can 
be a l tered,  moved,or  erased.  The Central  Processor  can ident i fy  
l ines  in  two ways.  The exact  point  on a  l ine seen by the pen can be 
obtained by reading in  the h,  v  regis ter  when this  interrupt  occurs .  
If  jus t  ident i f icat ion of  which l ine has  been seen is  enough,  the CPU 
can execute  a  Store  Channel  (SCH) instruct ion which wil l  g ive the 
memory address  of  the next  output  command.  Note that  the only way 
to ident i fy  which of  s ix  packed characters  was seen is  to  es tabl ish 
each character  locat ion and compare i t  to  the h,  v  regis ter .  

Present ing Sense Lines  (PSL) with the Reset  Flag bi t  ON (bi t  13)  
wil l  re lease the l ine generator  and al low an interrupted l ine to  be 
completed.  If  the  h ,  v  regis ter  word is  read in  by the computer ,  
bi ts  3  and 21 contain f lags  which idenfi ty  which l ight  pen (Master  or  
Slave)  saw the l ine.  Bi t  3  f lag is  set  by the Master  Pen.  Bi t  21 f lag 
is  se t  by the Slave Pen.  Both are  reset  by Reset  Flags Sense Line 
Output  (bi t  13) .  

4)  Edge of  Scope.  This  interrupt ,  which is  ident i f ied by bi t  14 °^the 
Sense Input  Word,  occurs  i f  the  Edge Detect  f l ip-f lop (ED) is  ON and 
the Scope Field edge is  crossed by a  l ine during Line Generat ion or  
spacing for  Character  Generat ion.  If  ED is  OFF,  i t  occurs  when a  
l ine is  drawn completely off  the  Total  Console  Field When this  
interrupt  occurs ,  the Line Generator  is  hung up m the same way as  
descr ibed in  the previous paragraph.  



-34-

availawVi^ °P t l o n s  described for  the Light  Pen interrupt  are 
thr  CVU v* P r°§ r a m m e r  ^er the Edge of Scope interrupt .  Thus,  

U  f . fn  1 ,n d 'h 1 e  e x a c t  e d§ e  co-ordinates of the l ine crossing,  or  
just  identify which l ine is  the culpri t .  

5 )  Buttons.  When any of the 36 push buttons available for  input  to 
the computer  are pushed,  an interrupt  is  caused and bi t  15 of the Sense 

the T1 ;6" ?N \  T h e  C P U  C a n  t h 6 n  ^ t h 6 S e  buttons to "  
vi  P a r t l c u T l a r  button pushed.  The sense l ine f lag is  reset  by 

a  Reset  Flags Sense Line Output  (bi t  13).  7  

F. INTERRUPT PROCESSING 

The programmer should be aware that  the processing of Direct  Data 

Interrupts  is  fraught  with hazards.  Some are imposed by the nature of the 

7 094 Direct  Data Channel ,  others by the characteris t ics  of  the Display Con
sole 

One such diff iculty ar ises with the automatic disabling of interrupts  when 
an Interrupt  Trap is  taken.  If the CPU performs a  WRS or RDS to the Direct  

Data,  the interrupt  is  automatical ly reenabled.  Disaster  then str ikes if  a  

second interrupt  occurs while the CPU is  s t i l l  in the interrupt  subroutine 

s ince the main program return address (core locat ion 00003) wil l  be wiped 
out .  y  

The most  successful  procedure has been to Enable with ZERO upon 

entering an interrupt  subroutine,  process the interrupt ,  and then test  the 

ense Lines to see if  any other  interrupts  have occurred before returning.  
This  can be done because each interrupt  source has i ts  own f lag.  

Halt ing the Data Channel  in the midst  of  a  display l is t  to process an 
interrupt  can also cause diff icult ies .  For example,  i ,  is  necessary for  the 

CPU to know rel iably where to restart  the l is t .  I f  the computer  merely does 

fRCHW ^  < S C H >  ' °  P r" e r V e  ^ H S t  a d d l e S S '  a"d  t h 6 n  a  

'  S t a r t  t h e  "9 t  a g a 'n '  "  C a m o t  b a  that  the Display Console did r :zpt 
on ^  outP U t  a™ just  

U  t l U S  °C C U r S '  a" a d d r e s s  i s  3dipped which produces annoying 
jumps in the display.  To avoid this  problem the WHOA fl ip-f lop was added 

o the Console which causes the Console to hang up before accepting the next  

command.  The CPU sets  the WHOA fl ip-f lop with a  Present  Sense Lines 

'""ruct ion with bi t  11 of the Sense Output  word = ONE. By givi„„ 
such an instruct ion several  cycle t imes before an SCH, the CPU can be^sure 

a  the Data Channel  address wil l  not  be s tored just  as  i t  i ,  about  to change 
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If  the Data Channel  is  stopped on a  data word for  packed or  special  char

acters ,  the Console is  in a  condit ion where i t  expects  the next  output  word to 

be a  data word,  not  a  command.  If  the CPU were to at tempt to output  any 

command at  this  t ime,  i t  would be improperly interpreted.  For a  command to 

be processed correct ly in this  s i tuat ion,  the Console must  be reset  with a  

Panic Reset  before the command is  put  out .  This ,  however,  c lears  the Con

sole 's  memory that  i t  is  await ing a  character  word.  Restart ing on the 

character  word would foul  up the rest  of that  one pass through the display.  

The computer  must  ei ther  restart  the display back at  the beginning or  i t  must  

be able to identify the s tored channel  address as being that  of  a  Character  

Word and restart  at  the last  Set  Point  Command.  Note that  s ince reading the 

Console does not  effect  i ts  s tate,  the above restr ict ion does not  apply if  the 

CPU only wants to read condit ions of the Console upon interrupt .  

There do exist  quite  innocent  ways to hang-up the computer  with the Con

sole if  the programmer is  not  careful .  For example,  i f  the CPU attempts a  

Write or  Read Select  when the Data Channel  is  s t i l l  processing,  the CPU wil l  

hal t  on the Select  instruct ion wait ing for  the Data Channel  disconnect .  If  

the console hal ts  on an Edge Detect  or  Light  Pen See during this  t ime,  the 

Interrupt  wil l  not  get  to the CPU. This can be avoided by performing a  TCOD* 

instruct ion before the Select  instruct ion.  
A s imilar  hang-up can occur if  the Direct  Data Interrupts  are disabled 

(as they are in an Interrupt  subroutine)  and the CPU is  in a  TCOD* loop.  If  

the Console stops on a  Light  Pen Seen during this  t ime,  the Data Channel  is  

hal ted and the T COD* loop is  never broken because the interrupt  is  not  en

abled.  To avoid this ,  i t  is  best  to Reset  the Channel  (RCH) on any interrupt  

and TCOD in a  loop through a  program that  examines the Sense Lines for  any 

added interrupt  f lags,  s tores them, and Resets  Flags.  
Another diff iculty has been encountered when a  display l is t  is  broken up 

into blocks in the data channel  and the programmer tr ies  to identify Light  

Pen See Interrupts  with specif ic  words of the display l is t .  For example,  i f  

the last  i tem on a  display l is t  block transmitted by an IOCP is  a  l ine,  the 

data channel  wil l  have moved on to the next  data block (next  IOCP),  which 

can be anywhere in memory,  before the l ine is  even well  s tar ted.  If  a  Light  

Pen See Interrupt  occurs on this  l ine,  i ts  correct  channel  locat ion wil l  not_ be 

one less  than the Channel  Location Address as  expected.  The easiest  way to 
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msure that  this  does not  happen is  to  add some NO-OP command to the Console  

(ZERO length l ine,  ZERO Z wd or  ZERO F word with No Plot  ON) a t  the end 
of  each block.  



APPENDIX 

COMMAND FORMAT, BIT ASSIGNMENTS 
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Table I 

COMMAND FORMAT FOR ESL DISPLAY CONSOLE 

7094 Bits Function Option 

Prefix Tag 

s  1 2 18 19 20 4 

0 0  1  X X X Line Generation Set Z 

0 0  0  0  X X II n Plot 

1 X X u n Blank 

0 1  0 0  S 1 s o 0 Character Generation Packed Mode 

0 X s o 1  n I I  Special Symbol 

1 S 1 s o 
I I  I I  Unpacked Mode 

0 1  1  0 0  0  Set Point h , v  P l o t  

1 0 0  I I  N  h , v  B l a n k  

0 0  1  Load Control Word C 

1 0 1  I I  Control Word F 

Y 1 0 Light Pen Track Master or Slave 

0 1  1  End of File 

1 1  1  Typewriter Output Master or Slave 

1 0 0 0  A 1 A o 
Set Alarm Clock Slow 

1 A 1 A o 
ti n n Fast 

1 0  1 Set k, j, k, for h 

1 1  0 Set i, j, k, for v 

1 1  1  Set i, j, k, for d 
(Depth coordinate. 
Not installed yet)* 

Notes: and SQ specify character size. 
and AQ specify which of four Alarm Clocks, (only two installed). 

X indicates "don't care". 

Y specifies START (1) or STOP (0) 

* This command is presently used to address the Calcomp Plotter System. 
See "Graphical Output Device, " A. Rutchka, Memorandum MAC-M-210, 
December 21, 1964. 



C O M M A N D  B I T  A S S I G N M E N T S  

Set 
h, v 

Set Generate 
Line 

Unpacked 
Character 
Generator 

0 

Packed 
Character 
Generator 

Special 
Character 
Generator 

Set 
i, j, k for h 

Sign z Sign x Sign x Sign x Sign x Sign i^ 

1 
*h9 

12 

11 

*10 

^8 

*h6 

-Char Si5 

Si4 

^13 

*h2 

Sil 

SiO 

Sign jh 

jh9 

jh8 

Plot (0) or 
Blank (1) 

h7 
Plot (0) or 
Blank (1) Jh6 

Size Size 
Jh5 

S Q (Size) h4 

' 1 2  

' 1 1  

' 1 0  

Sign y Sign y Sign y Sign y Jh3 

Jh2 

jhl 

JhO 

Sign k^ 

y9 y9 *h9 
y8 y8 y8 y8 ^8 

y7 ^7 
y6 y6 y6 y6 ^6 

y5 y5 y5 y5 ^5 
y4 y4 kh4 

y3 y3 y3 ^3 
y2 y2 y2 y2 ^2 
yl yl yl yl ^1 

y0 y0 y0 y0 ^0 

Note: X in bits S-2 and 18-20 indicates "don't care". 



F O R  E S L  D I S P L A Y  C O N S O L E  

V  
Set 

C Control 
Set 

F Control 
Light Pen 

Track 
Typewriter 

Output 
Alarm 
Clock EOF 

7094 
Bits 

0  0  0  0  1 0  S 

1 1 1 1 0  1 1 

1 1 1 1 0  1 2 

Master (1) Master (1) Master 3 

M l l  „ Increment 
Size 

4 

M o J  
„ Increment 

Size 
5 

6 

7 

h9 8 

h8 9 

Clock Normal (0) 
Slow (1) h7 10 

— 

h6 Parity 

„ Master 
Char. 

11 

— 

Move h h5 c5 

„ Master 
Char. 

12 

— 

Right (0) Left (1) h4 c4 

„ Master 
Char. 

13 
— 

Move v h3 c3 „ Master 
Char. 

14 
— 

Up (0) Down (1) h2 c2 

„ Master 
Char. 

15 

— 

Move I h l  C1 

„ Master 
Char. 

16 

— 

Bright (0) Dim (1) * c o  -

„ Master 
Char. 

17 

0  1 On (1) 
Off (0) 1 

Fast (1) 
Slow (0) 0  18 

0  0  1 1 V  ̂
 Clock 

1 19 

1 1 0  1 A o -
^ Clock 

1 20 

Slave (1) Slave (1) Slave (1 21 

ED (Edge Detect) 22 

I 3 

• Intensity 

23 

h • Intensity 24 

I 1 

3 -

• Intensity 

25 

1 

1 

3 -

• Intensity 

V9 26 
LP02 (Slave) 

v8 27 

LP01 (Master) v7 28 

No Flash v6 Parity" 

Slave 
Char 

V  

' Time 

29 

F l ]  . Focus 
v5 C5 

Slave 
Char 

l5 

' Time 

30 

F z J  
. Focus 

v4 C4 

Slave 
Char 

l4 

' Time 

31 

-

v3 C3 Slave 
Char 

l3 ' Time 
32 

-

Sh0 v2 c2 

Slave 
Char 

h 
' Time 

33 
-

Svl V1 C1 

Slave 
Char 

t l  

' Time 

34 
-

^v0 
* 

C0 J 

Slave 
Char 

tQ. 

' Time 

35 

* 
See note on Table V. 
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Table ]H 

SENSE INPUT AND OUTPUT WORDS 

Sens  e  
Input  Number  IBM Bi t  Meaning  

1  8  Alarm Clock  No.  1  Rung 

2  9  Alarm Clock  No.  2  Rung 

3  10  Push  But ton  2  (S lave)  

4  11  Mas te r  Typewri te r  F lag  

5  12  S lave  Typewri te r  F lag  

6  13  Light  Pen  Seen  

7  14  Edge  of  Scope  

8  15  Pu3h But ton  1  (Mas te r )  

9  16  Used  by  Calcomp Plo t te r  Sys tem* 

10  17  Used  by  Calcomp Plo t te r  Sys tem* 

Sense  
Output  Number  IBM Bi t  Meaning  

1  8  Rese t  Alarm Clock  No.  1  

2  9  Rese t  Alarm Clock  No.  2  

3  10  Used  by  Calcomp Plo t te r  Sys tem* 

4  11  WHOA 

5  12  Panic  Rese t  

6  13  Rese t  F lags  

7  14  Se lec t  Regis te r  Bi t  0  

See  
•  Table  IV 

8  15  Se lec t  Regis te r  Bi t  1  See  
•  Table  IV 

9  16  Se lec t  Regis te r  Bi t  2  

See  
•  Table  IV 

10  17  Se lec t  Regis te r  Bi t  3^  

See  
•  Table  IV 

* "Graphical Output Device, " A. Rutchka, Memorandum 
MAC-M -210 ,  December  21,  1964 .  
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Table E 

SENSE LINE OUTPUT BITS FOR INPUT SELECTION 

14 

IBM 

15 

Bit 

16 17 
Device Selected 

0 0 0 0 h , v  R e g i s t e r  

0 0 0 1 Unassigned 

0 0 1 0 Push Buttons 1 

0 0 1 1 Push Buttons 2 

0 1 0 0 Auto Pen Track Register 1 

0 1 0 1 Auto Pen Track Register 2 

0 1 1 0 Switch Bank 1 B (lower bank) 

0 1 1 1 Switch Bank 2 B (lower bank) 

1 0 0 0 Shaft Encoders and Crystal Ball 1 

1 0 0 1 Shaft Encoders and Crystal Ball 2 

1 0 1 0 Switch Bank 1A (upper bank) 

1 0 1 1 Switch Bank 2 A (upper bank) 

1 1 0 0 Typewriter 1 

1 1 0 1 Typewriter 2 

1 1 1 0 Decimal Switches 1 

1 1 1 1 Decimal Switches 2 

* 
Note: Master = 1, Slave = 2 
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T a b l e  Y  

D A T A  I N P U T  B I T  A S S I G N M E N T S  

7094 
Bits 

h, v 
Registers Shaft Encoders 

Decimal 
Digiswitches 

Light Pen 1 
Register 

Light Pen 2 
Register Typewriter 

S d93 
"" 

1 
d92 9th 

. (leftmost) 
Digiswitch 2 d9i 

9th 
. (leftmost) 

Digiswitch 

3 LP1S «x3 
-

d90 RD(M)Read Flag Master 

4 «x2 Crystal 
. Ball 

x axis 

d83 
5 h12 gxl 

Crystal 
. Ball 

x axis 
d82 

. 8th 
6 hll gx0 d8j 

. 8th 

7 h10 gy3 d80 

8 h9 gy2 Crystal 
, Ball 

y axis 

d73 PT1 hg PT2 hg 

9 h8 gyl 

Crystal 
, Ball 

y axis d72 
7th 

PTlhg PT2 h8 

10 h7 8y0 d7l 

7th 
PT1 h? PT2 h? 

11 h6 gz3 d7o. PTlh6 PT2 h6 Parity 

12 h5 gz2 Crystal 
. Ball 

z axis 

dV PT1 h5 PT2 hc D  C5 
13 h4 gzl 

Crystal 
. Ball 

z axis d62 . 6th 
PT1 h4 PT2 h4 C4 

14 h3 gz0 d6^ 
. 6th 

PT1 h3 PT2 h3 C3 • Master 

15 
h2 ef6 d60. PTlh2 PT2 h2 C2 

Char. 

16 hl ef 5 
dV PT1 hj PT2 hx C1 

17 h0 ef 4 d52 . 5th 
* * 

c0 

18 
ef 3 • left 

encoder 

. 5th 

19 e/2 

• left 
encoder 

d5o 

20 efl d43] 
21 LP2S e J 0  d42 4th 

RD(S) Read Flag Slave 

22 
ec6 d4l 

4th 

23 
V12 ec5 d4o. 

24 
V11 ec4 d33l 

25 
V10 ec3 

center 
encoder d32 3rd 

26 V$ 6 -> c2 d3l 
• 

PT1 v? PT2 vg 

27 
v8 e c 1 d30. 

PT1 vg PT2 v8 

28 
v7 ec0 d33] 

PT1 v? PT2 v? 

29 
v6 er6~j 

<*2 
2nd 

FT! v6 PT2 v6 Parity ~ 

30 
v5 er5 d2 j 

2nd 
PT1 v5 PT2 v5 C5 

31 
v4 er4 d20. 

PT1 v4 PT2 v4 C4 

32 
v3 er3 right 

encoder 
dl3] 

PT1 v3 PT2 v3 C3 Slave 

33 
v2 er2 

right 
encoder 

dl2 
1st 

(rightmost) 
PTi v2 PT2 v2 C2 

Char. 

34 
V1 erl dll 

Digiswitch PT1 Vj PT2 vx C1 

35 
v0 er0 

dV * * 
c0 

* The present Pen-tracking circuits are such that the smallest step is equal to two scope increments. These bits are 
reserved for PThQ and PTv0 if the smallest tracking step is changed to one scope increment. 
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TABLE VI STRAZA SYMB0L GENERAT0R C0DE ASSIGNMENT 

0CTAL C0DE SYMB0L 

00 0 

01 1 

02 2 

03 3 

04 4 

05 5 

06 6 

07 7 

10 8 

11 9 

12 

13 r 

14 r 

15 

16 @ 
17 & 
20 + 

21 A 

22 B 

23 C 

24 D 

25 E 

26 F 

27 G 

0CTAL C0DE SYMB0L 

30 H 

31 I 

32 • 
9 

33 • 

34 ) 

35 • • 

36 t 

37 OT 

40 -

41 J 

42 K 

43 L 

44 M 

45 N 

46 0 

47 P 

50 Q 

51 R 

52 % 

53 $ 

54 * 

55 «-

56 ? 

57 ! 

0CTAL C0DE SY®0L 

60 (SPACE) 

61 / 

62 S 

63 T 

64 U 

65 V 

66 W 

67 X 

70 Y 

71 Z 

72 > 

73 9 

74 ( 

75 1 

76 I 

77 < 
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T a b l e  V I I  

I B M  S E L E C T R I C  T Y P E W R I T E R  C O D E  

Octal Code Lower Case Upper Case Octal Code Lower Case Upper Case 

0 0  0  \ 4 0  - — 

0 1  1  1 4 1  j J 

0 2  2  $ 4 2  k K 

0 3  3  4 3  t L 

0 4  4  * 4 4  m M 

0 5  5 < 4 5  n N 

0 6  6  > 4 6  0 0 

0 1  7  t 4 7  p P 

1 0  Carriage Return Carriage Return 5 0  [^Carriage Return j [Carriage Return 

1 1  Index Index 5 1  [jndexj [index] 

1 2  Tab Tab 5 2  [Tab] [Tab] 

1 3  Space Space 5 3  [Space] [Space] 

1 4  9 / 5 4  r R 

I S  8 * 5 5  q Q 

1 6  8 ? 5 6  ( [ 

1 7  [ 0 ]  [ \ ]  5 7  [ - ]  [_]  

2 0  ) ]  6 0  + -* 

2 1  * *- 6 1  a A 

2 2  s S 6 2  b B 

2 3  t T 6 3  c C 

2 4  u U 6 4  d D 

2 5  V V 6 5  e E 

2 6  w w 6 6  f F 

2 7  X X 6 7  S G 

3 0  Back Space Back Space 7 0  [Back Space] [Back Space] 

3 1  Upper Case Upper Case 7 1  [Upper Case] [Upper Case] 
r "1 Upper Case 

Lower Case 7 0  | Lower Case [Lower Case] 
3 2  Lower Case Lower Case / L  L J 

[Lower Case] 

3 3  Keyboard Lock Keyboard Lock 7 3  [Keyboard Lock] [Keyboard Lock] 

3 4  z Z 7 4  i I 

3 5  
v 7 5  h H 

3 5  y I 7 5  

7 6  , : 
3 6  / / 

7 6  

3 7  [ ) ]  [ 3 ]  7 7  [  + ]  [ - ]  

• Brock.,.d .^bol. «HI «* =>««"•' WRITE "EAD 


