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c.. 
1.0 Introduction 

G$6 is  an integrated graphicdl input-output faciJ.ity (see Fig. 1) t o  

the ARPA SDS 930 time eharing system which provides rap@ response f o r  

h igh ly  incermt ive  man-machine studies. 

RIP+ w i t h  a 12  x 1 2  inch CRT display conbto:lr? and a RAM, t ab le t .  Software 

Included is a remotely located 

is current ly  provided. t o  a id  i n  writ ing and debugging machine-lnnRuaKe 

progrems. These include ZNT (F'DP-5 Interrupt Processing Monitor), ARPAI, 

(F9P-5 Symbolic assembley and debugger) and CARP ( for  converting ARPAS 

assembled PDP-5 progrms ) . 
"he display is  updated d i r ec t ly  from the m)P-5 4 K  memory; approximately 

2000 characters (from an alphabet of 128), 2000 inchea of l inea ,  o r  8000 

short  vectors (memory l imi ta t ion)  are available at 30 frames per second. 

The RAND t a b l e t  provides xrmoothed 10-bit X, Y coordinatee, i n  a I to I. 

re la t ionship t o  t h e  display coordinate syBtem, every 5 mB. 

Information is transmitted t o  o r  from the  930 a t  a SOKC b i t  rate. 

The m)P->/93O Link converts p a r a l l e l  words from the  computer t o  serial  for 

transmission which is i n  one direct ion only at a t i m e  (half  duplex). 

The PDP-5 is standard except f o r  the addition of hardware for  rapid 

handling of I/$ through interrupts ,  I@ inst ruct ions peculiar t o  the devices 

attached, and a semi-automatic loader. A hardware Progrm Cowllter may soon 

be added t o  speed up the machine by one cycle per inst ruct ion.  
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2.0 Zinitialization -c ,: I 

, "CJ 

2.1 In i t i a l i za t ion  - Hardware 
Naturally t h e  first requirement i f l  thak Power be turned on. Thir  i s  

accomplished by aepwate switches f o r  the FQP-5 and Display console; both 

have in t e rna l  power cycling which is  60 second up and 10 second down fo r  

t h e  Tlisplay and a 10 second up and down for  the  FQP-5. 

never be cycI.ed w i t h  the PUP-> running, &a i t s  program will be disturbed, 

and the  Display Intenaity control  should be f u l l y  counterclockwiee. 

The DiaplRy should 

'R-te PDP-7 w i l l  run normally with t h e  Display off -- the inverse i s  

obviously not t rue.  

When the  Displ-ay i s  f u l l y  cycled up, the  green GO l i g h t  comes on. This - 
button should then be pressed. 

2.2 B i t i a l i z a t i o n  - Software 

2.2.1 PDP-5 B O O t S t r ~  - 
If' no program i e  i n  t h e  m>P-5, one of the two  hootatrape 

i s  loaded flrorn the  special. switch box by: 

1) 

2) 

3) T U ~  t o  posit ion 2 

4 )  H i t  DEPOSIT on PDP-5 

5 )  

6) 

7) 

8) H i t  START on HIP-> 

t u r n  switch t o  position 1 

H i t  LOAD ADDRESS on KIP-5 

Repeat s teps  3 and 4 for  eill remaining switch posi t ions 

Repent steps 1 and 2 

Set s w l t c h  to posit ion 0 

The top bootstrap switch i s  for paper tape i n  RIM or BIN 

format*; the bottom for the 930-LINK. Tf the  t i m e  sharfinK system is up, 

* These are DEC standard formata -- see Appendix A. 



the LINK bootstrap requires no user interact ion through a 930-teletype 

console#. 

@ t o  t h e  PDP-5 which w i l l  provide the user with the  current ly  

available G~!J system options through the Display console. 

2 . p . ~  C$ system Propvm 

The 930 w i l l  transmit a standard system program ca l led  

When the C$ sys tem has been f u l l y  loaded Snto the PDP-:,, 

a display will appen,r (provided the  G$ button has heen preesed aid  

the in tens i ty  tum-mi up su f f i c i en t ly )  w i t h  ncveral l ight-button 

options actuated by the RAND tablet pen. 

new software is d d e d ;  the l i g h t  button functions w i l l  be obvious 

These options w i l l  vary as 

from khe display. 

If it is ever necessmy t o  h a l t  the PDP-5 while  @ i s  i n  

control,  i t s  s t a r t i n g  address i s  2008. 

systems, pressing t h e  & button w i l l  r e i n i t i a l i z e  t h e  current 

system i n  control,  which may i n  turn provide t h e  u8er w i t h  options 

t o  b r i n g  in to  control. a higher-level program (the highest; level  

being @). 

it has been started. 

Rowever, i n  a11 anticipated 

It should never be necessary t o  HALT t h e  PDP-5, once 

Obviously it is not neccseary t o  operate under G$ software 

control;  t h i s  document should provide suf f ic ien t  information f o r  a11 

types of use of the Gfd hardware. 

-is may be t r u e  in  the future;  however, current ly  one must ENTER the time 
sharing system in  the usual manner v i a  the PDP-5 te le type connected as a 
930 te le type and then C$ T$ '@I - af'ter the Link bootstrap i s  started. 
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3.0 User Created PDP-5 Programs 

It is  hoped tha t  someday a sufficient set of “standard” systems will 

e x i s t  so that  few user6 w i l l  f i n d  it necessary t o  write PDP-5 programs. 

th8.t time, however, PDP-5 code may be created with the a id  of  e i ther  the 

930-symbolic ttaserrihler, ARPAS, or the PDP-3 DDT-I.ike pragrrm, ARPAL**. 

Until  

To riaaernble with ARPAS, one appertds, on the begjnninl$ o f  his fqmbolic 

f i l e ,  H. set of special  op-code def jn i t lonsw md wmembles in the usual manner. 

The b inary  is  then read by CAB-, which converts the % b i t  AIWAS gs.oduced 

code t o  l p - b i t  PnP-5 words which can then be punched onto paper tape or  sent 

d i rec t ly  over the PDP-’j/930 Link. 

Of special  interest  are the display data macros contained i n  ASP: 

coom for  l ine  mode coordinate6 

C) 
SYMBOL f o r  symbol mode 

VECTOR for vector mode 

POSYM far  position symbol mode 

These macros, fu l ly  described i n  the ASP manual, grerttly simp1Sfy the data 

generation. 

ARPAL assembles d i rec t ly  from the PDP-5 teletype, creating a symbol 

table  and binary which can be saved on ppaper tape or (someday) be added %o 

the user’s 930 f i l e .  CARP and ARPAS punched paper tapes are compatible. 

The symbolic op-codes mentioned i n  this document are ‘chose uaed with 

ARPAS and ARPAL. 

*Document No. 30.40.20 
JCK See ASP Manual, Document No. 30.60.51 
+w+ Document NO. 30.60.50 

cj 
~ 

~ - 1 
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4,O Gfh Display Programs 

The display program, or l i s t ,  is a connected, but not neceesariky 

consecutive, l i e t  of display commands mixed w i t h  d isplay data such ae l i n e  

end-points o'r charwters .  The liert reside8 i n  the PDP-'j memory and command8 

and da ta  in  the l i s t  are executed by the display control.  

than the memory sharing, is  the display l i s t  e x p l i c i t l y  connected w i t h  mp-5 

Proiyrms- 

display only by start and restart pulses following GO and Match in te r rupts  

respectively . 

In no way, other 

I n  addition t o  changing the display l is t ,  t h e  PDP-5 influences t h e  

- - - 

4.1  StartinK Disp lg  (GO Button) 

When the GP) button is depressed, c e l l  7 i s  aiitomatfcal~ly taken t o  

contain the location of t h e  first display l i a t  c m a n d .  Cel l  7 is not 

read, however, u n t i l  R display start instruct ion i s  executed, I@ 212. 

Once started, t h e  display w i l l  continue Lo read tmd in t e rp re t  l i s t  

elements until hal ted by a Match in te r rupt  o r  another Gfl but;l;on; c e l l  'I 

need not remain a l i s t  element. 

4 .2  Display Commands 

- 1  c 

Dlsplay cammands are distingulahed from display data by having the i r  

high-order b i t  t rue .  

mode o r  change address, 

l is ts  and provide the necessary loop control  for refreething the display. 

The addressing scheme i s  ident ica l  t o  the  PDP-5'e. 

display change address commands : 

The four basic commands are of t w o  types, change 

The change address commands allow non-sequential 

The following me 

Spibolic B i t  Pattern* 

JMS - Jump Store, similar t o  m)P-5 JMS . 4 m  

JMP - m e d i a t e  Unconditional Transfer 5xxx 

-. 

*Bi t  pat terns  are given i n  o c t a l  o r  binary i n  parentheses. Bite indicated 
by X are arbi-tmxry. 

' I  
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The effective address of JMP is  the location of the next l i s t  

element, which is read Immediately. 

i t s e l f ,  o r  imp. 

the mal-time necessary fo r  the display t o  execute the loop. 

times come i n  17ms quanta since a variable delay i s  introduced at each 

Occurrence of LFaAM command (descrfbed below). 

The display l is t  murjt cloae on 

A Frame is  defined a8 the loop, the Frame time as 

Wtune 

The display command JMS is ident ical  t o  the 29P-g JMB. The location 

of the 3MS.t-1, i n  the display l i s t ,  is  stored In the PDP-5 memory at the 

effect ive address of' the JMS, and the L i s t  continues from there. 

4.3 Display Modes 

Of the above comBndc, none affect  the mode, of which there  are 

four .  

i s  left only by entering a new mode. 

commands 3.8 for enabling (If t rue)  or disabling (if false) t h e  match 

A mode change command i s  indicated by b i t  pattern 7xKx. A mode 

B i t  5 o f  d.1 four enter mode 

interrupt for selected portions of the display 1:int. 

4.3.1 Line Mode 

The enter-line-mode command. i s  implied by m y  o f  the following: 

Symbolic 

LINE -- Solid lint? 

B i t  Pattern 

7(10x) (x11)x 
DOT -- 
DASH -- dashed l i ne  

single dot a t  end-point 7 (lox) (xo1)x 
7 (lox) (x1o)x 

JUMP -- blanked l ine  7(10x)(x00)x 

The l i s t  elements following the enter-line-mode word are taken sequentialQr 

as LO-b i t  X, Y coordinates for the end-point of a l ine,  o f  the indicated 

type, where the start-point is  the end-point of the previous l ine .  

The binary-coded coordinates are in b i t s  1-10; the coordinate 0,O i s  lower- 

l e f t  corner and 1777,1777 i s  upper r igh t  comer of the display. Coordinate 

1 
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1777 is  3776 i n  d i sp la~r  data word. 

The frame delay is  caused by FRAM 

F'RAM -- frame delay ---- 7 (lox) (3xx)X 

There should be at l e a s t  one FRAM per display buffer. The usual case 

is  that; the first cammand of a l i s t  w i l l  be JUMP EaAM followed by 

coordinates. 

B i t  1 of the Y-coordinate, if true,  i s  an overriding blank, causing 

a JUMP without changing the mode. B i t  1 of the X-coordinate, i f  t rue,  

cause8 the l i n e  t o  blink. 

The in tens i ty  of l ines  is controllable t o  three leve ls  by 

"normaL" -- normal - ~ ( ~ o x ) x ( O O X )  

DIM -- dim - ?(lOX)X(OlX) 

BRI -- bright  - 7 ( l O X ) X ( l O X )  

OFF -- O f f  - 7(lOX)X(lUc) 

Examples 

The display l ist :  

causeB the following where the dashed l ine8 are bright,  others m e  

normal intensi ty:  

4.3.2 Symbol Mode 

The enter-symbol-mode command i s  implied by 

SYMB -- symbol mode 7(OW)OX 

SM -- s e t  primary margin 7(0U)U 
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J?M -- return primary margin 

RMl -- return primmy margin and 
Pine Peed 16 uni t s  

RSM -- re turn slecondarymargin 7(0U)4X 

SSM -- B e t  secondal-;y margin 7(03x)!m 

RM2 -- return prLmnry margin and 7(0u)6x l i n e  Peed 33 u n i t a  

RM3 -- return primary margin and 7(0=)rX l i n e  feed 64 u n i t s  

In addl.tion t o  t l ~ e  mctrgSn cummmdst, the  enter-symbol-mode command 

w i l l  cause the 3-bit s ta t ic -of fse t  r eg i s t e r  t o  be net. 

is d d e d  t o  %he &bit t rans len t  offset  given iri the symbol data. word. 

The s ta t ic  offset 

nomal"-- no-op 7( 0u)xo 11 

I UP1 -- "klh unlts up 7(0lx)Xl 

UP2 -- 4-32 uni t s  up 7(0u)X2 

up3 -- 4c8 u n i t s  up 7(OlX)X3 

1-1 no-ap 7(clu)x1+ 

DWN3 -- -118 Units d m  7 ( 0 l X ) X l j  

DWNI. -- 4.6 units down 7 ( O E f ) x 7  

DWN2 -- -32 uni t s  down 'I (ou)x6 

The sequentlal  words following any of the above contain the 6-bit 
.%. 

character code i n  b i t s  1-6 

followi.ng modifiers are for in tens i ty  and offset ( subscripting, 

superscripting),  and blink. 

with 7th b i t ,  case sh i f t ,  i n  b i t  LO. The 

)3RT -- br ight  symbol 

BLZ -- blink symbol 

SUP -- 8 uni t s  -+ offset, smm size OX(X0l)X 

W e e  Appendix I3 f o r  Display S,ymbol Codes 
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SMAL -- no offset ,  emall size om (x1o)x 
SUB -- 8 units - offset ,  small aize oxX(xl1)x 

"normal" - no offec-t, normal s ize  ow: (xo0)x 

The offset  is  in  the Y direction; the small end normal sizes  allow 128 or 

85 symbols per l ine,  respectively. 

about which it is  drawn; most origins are near the lower-left corner. 

Each character has a unique "origin" 

Each s y ~ + ~ ~ b O l  is drawn a t  a position determined by the line-drawing 

X, Y regis ters .  

according t o  the size.  

drawing a l ine  t o  the desired coordinate. 

one of two par t icular  previously saved values called the primary and 

secondary margin8 as given above, 

are possible with RMl, RM2 and RM3. 

The X regis ter  is  incremented following each symbol 

!Che first symbol in  a s t r ing  i s  positioned by 

The X-register can be s e t  t o  

Three different Y-register decrement8 

As a special  case, the hardware 

automatically executes an RM2 whenever the X-register overflows. 

Symbols can be drawn a t  32 U B ~ C  intervals, but current, hopefully 

temporary, conditions limit the Bpeed t o  about 15 usec. 

Example : 

sa, 0- - I 1  

RSM UPl, SUP"d X" 

RSM UP1,SMAL"- - I 1  

RSM UPl, SvS"b t " 

RSM DWNl, SUP"b y" 

RSM DWNl, SMAL"- -I' 

RSM DWNI., SUB"bt I' 

S W p t  (1  

ll+X'v 

sup" 2q" 
(In mPAL the quoted symbols are entered v ia  > or < ). 

' a x  

Total = 3OlO l ist  elements 
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4.3.3 Symbol Positionin& Mode 

Symbols may be positioned at arbitrary coordinates by a 

combination line and symbol mode. 

Line-Mod.e (4.3.1) are dram between symbol positions; aymbols i n  the 

format described in  4.3.2 are drawn a t  the enas o f  t he  l ines .  

Lines of the types described in  

The enter-mode command is specified by the Enter-Line-mode 

commands plus SYME3. 

Enter Symbol Positioning mode . . , '/(llX)XX 

Line type and brightnem is specified exactly as i n  the l ine  mode. 

data following the enter-mode command is i n  tripletrJ t X-coordinate, 

Y-coordinate, Symbol, i n  tha t  order. The symbols mil coordinates are 

specified exactly as i n  the Symbol and Line Modes, including the forced 

jump, b i t  1 of the  Y-coordinate. 

The 

Example : 

The following l i s t  w i l l  draw l b e s  connecting coordinates 

(400,600), (420,630), (400,@0) and mmked by snal.1 Itr ight e i r c l e s  a% 

the three coordinates: 

. , LINE SYMB, 1000,1400,4,1040,1~60,4,1000, v20,4, . . . 
4.3.4 Vector Mode 

Script-like information is  most effectively reproduced with 

the vector mode, i n  which one, variable length short l i ne  segment can be 

drawn with each l i s t  element. 

VEC enter mode 7(c@x)xx 

The enter-mode command specifies the bkens i ty  and blink fo r  all following 

-- I -  , 
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BRI bright 

OFF off 

BIZ blink 

7 (oox)x( lox) 
7(00X)X(llX) 

7 (0OX)X (XXJ.) 

B i t s  7, 8 i n  the enter vector mode command are for t r a m i e n t  offset a~ 

described i n  4.3.2 for symbols 

normal" no of fse t  7 (ow ( X W  
I f  

SUP +8 unit8 up 7 (OOX) ( X o l )  

s w  no offset 7(00X)(X10) 

SUB -8 wits down ~(WX) (X> .~ . )  

Data for the  vector mode consists of one Iftm 8egmm.t; specif icat ion 

B i t s  1-3 specify bX and 4-6, d Y. (A X, A $  gives the 

The repeat ficxd, b i t s  '/-.LO, ici.ves the segnent 

per 12-bit word. 

direction and unit-aize. 

s ize  (unit-size times repeat +l). B i t  11 on cau;3t,Lu i~lal ied segment (BLZ). 

A X / A Y  

OOO " no-op 

001 - +1 increment integrator. 

010 - 3.2 incremwt  integr&or 

011 - no-op 

100 - rese t  integrator 

101 

ll0 - -2 decrement integrator 

ll1 - -1 decrement integrator 

- rese t  and increment (X)/decrement (y) r eg i s t e r  by 2 units 

The vectors me generated by c i r cu i t ry  different  fram the line-mode; the 

line-mode registers generally serve t o  s e t  up the posit ion for  the vectors 

which are accumulated head-on-tall u n t i l  the  integrators are rese t .  Since 

the vector integrators are in  e f fec t  a t  all times, one could use the 

vector mode t o  posit ion the Une-mode, i.e., a kind of re la t ive  line-mode. 
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The integrators are automatically reset only at the end of each 

frame; changing modes does not cause a reset. - 
Example : 

The following lilats w i l l  generate a l ine from coordinates (1000,1200) 

to  (L012,1206) and reeet both integrators. 

... JUMP,lOOO,12OO,vEC,l@~, ... 
or 



3-1 
30.00.10 

> . O  RAND Tablet 

The t a b l e t  is R high resolution (100 l ines/inch) input device 

capable o f  generating d i g i t a l  ;?-dimension posi t ional  information as 

d i rec t  compter  input. 

By brinGinE the "pen" t i p  near  the t a b l e t  surface and pressing 

l i g h t l y  u n t i l  the micro-switch (bu i l t  i n to  the t i p )  closes and w r i t i n g  

i n  a na tura l  manner, the user causes 10-bit X raid 10-bit Y coordinates 

t o  be input t o  the PnP-3 a t  a 5 m s  r a t e  t,hrouy:h iij*OgP."Lm in te r rupts .  

Finally,  when the pen is  l i f t e d ,  R second t a b l e t  lriterrupt, cnllerl 

Pen-up, ac t s  as an "end-of-stroke" s ignal  t o  the pro,q.*~m. 

of X, Y-coordinates read while the pen waa down i s  cal-led a "stroke". 

The geometry of the stroke may cause activnt3.m of so-caLled "light- 

The sequence 

buttons" or may provide more complex graphical input. 

5 . 1  Tablet Local Displax 

The X, Y-coordinates. are fed t o  the  display deflection c i r c u i t s  

d i r ec t ly  as well  as t o  the PDP-5. A t  the  end o f  . . L ~ . ~ l ~  f'r;une L11c 

coordinates are displayed as a dot. This dot provides t h e  necessary 

feedback f o r  posit ioning the pen since the t a b l e t  is  on R horizontal  

surface d i s t i n c t  from the v e r t i c a l  surface of the CRT output. 

l oca l  display requires no software intervention other than the  W 

The 

instruct ion which defines the end-of-frame. 

5 . 2  Tablet "Match" 

The t a b l e t  may be used i n  B second d i s t i n c t  manner fo r  pointing 

at displayed objects .  This feature ,  cal led Match, uses the pen- 

coordinates and displayed coordinates as inputs t o  a campmator 

t o  detect  and cause in te r rupts  whenever both the X and Y inputs 

I -- 
I 
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match within approximately 21 millimeter on the display. 

reading the Dlsplay Address Register (DAR) which w i l l  contain the 

location of the  next display l i s t  element, one can determine what 

was being displayed at the time of t h e  interrupt  (as opposed t o  the 

u s u a l  posi t ional  input).  

the Light-pen simulation capabi l i ty  of the t a b l e t .  

By 

- 
- 

This feature  i s  sometimes rerepred t o  QS 

Si.nce the display da ta  f i e lds  are variable word-length t h e  

following i s  useful: 

Mode (DAR-1) a t  Match Com$Fi.red On 
_I 

Points To 

7 - 2  
30.80.10 

S.ymbol . . . . . . . symbol . . . . . . , . s,ymbol. 

Vector. . - . , . . vector word . . . . . . Left or right uyte 
( c  umo t d i s  t i r q p i  sh ) 

Line . . . , . , . . y-coordinate . . . . - . l i n e  o r  dot dependin[? 
on 7.1 ne type 

3?oS i t iOn  Symbol . . . (&  l i n e  y-coordinate . . . . same as l ine  mode 
: :me  RE! syrrilml. mode 

Moreover, the match in te r rupts  w i l l .  only occur i f  

( a )  Interrupts  are enabled 

(b) Makch in te r rupts  w e  armed 

(c )  The most recent display change-mode command had b i t  11. t rue  

(d) No previous matches have occurred i n  the  current frame 

( e )  Both X and Y coordinates match and the display i s  unblenked. 

Also, matches are obviously disabled during the loca l  display of the 

pen coordinates. 

pen switch. 

Matches may occur regardless of the s t a t e  of the 

A t  the  t h e  of the interrupt  the display is temporarily halted 

PDP-5 AC allows the  display t o  continue. 
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10 '1 . 3  PDP-5 /Tablet  In s t ruc t ions  

c:. 

0 

When the  pen-switch i a  closed, at 'j-mrJ i n t e r v s l s  o. f l r t f !  is  net 

which ca118en a J?DP-5 i n t e r r u p t  i f  "Pen-Down" is m e d  tmd enabled. 

Following each i n t e r r u p t  t h e  coordinates  or Display Address Reg i s t e r  

may be r e d  by: 

". ACl07 reset Pen Down flag 1 
I@! 111 . . . . "OR" X-coordinate with AC 

I@ 112 .... "OR" Y-coordinate with AC 1 - ACU, reset Pen Down f l ag  

IgT 114 . . . "OR" ones complement of Display Addresa RegZster 

I@ 202 8 * ' Reset J?en Up f l a g  
w i t h  AC and r e s t a r t  d i sp lay .  

One may execute t h e  IgT's a t  my time; however, n t  3 m s  i n t e r v a l s  t h e  

t a b l e t  r e g i s t e r s  holding the  coordinates  are clewed and iJpdnted dur i rq  

which time (approximately 20 ,us) the  coordin8,tes arc i n v o . l i d  (a similar 

s i t u a t i o n  ex is t s  with t h e  Display Address Rc.j> ~ Y L C I .  > There i s  c i i r ren t ly  

no way f o r  t he  PDP-7 t o  d e t e c t  t h i s  " inva l id"  timo a t h e r  thm implIcit1.y 

s ince  t h e  r e g i s t e r s  are updated j u s t  p r i o r  t c ,  t h e  interrupt. O n e  

reason one may want t o  read the  coordinates  d t r c r t l y  i s  that t h e y  a r c  

"random" 10-bi t  numbers when the  pen t i p  is not; ne:w t h e  t;nblet.+ surfiice 

( the  d i s t r i b u t i o n  of t h e  coordinates  or individi ia l  b i t s  could eusl1.y 

be determined).  

L i f t i n g  the  Pen (opening the micro-switch) cr~uses the Pen-irp 

i n t e r r u p t ;  no o the r  m)P-3 in s t ruc t ions  a re  ava i l ab le  (or  necessary) 

for  de t ec t ing  t h i s  condi t ion.  

The i n t e r r u p t  system t ransfer -vec tor  l oca t ions  and arm/d i s m  

b i t s  fo r  the  pen i n t e r r u p t s  are: 

Pen-dOW . .. . C e l l  748 . . . bit=Acg 

7 

9 

Pen-up .... c e l l  7j8 . . . . bit=AC 

M a t  c h . . . , cell 7r78 . . . b i t e + A C  
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interrupt  proceaalnl; system IrSr may be used  or buff'ererl 

input of t ab le t  informatjon by callinlr, BI@ (Block T/O) with: 

Interrupt  F i le  Number (Octal) 

Pen-down . . . . . . .  if+ 

Pen-lip . . . . . . .  ?O 

Match . . . . . . .  10 

The buffer for  Pen-down interrupts  is for the coordlnnLe datfl. 

XL, Y1, X2, Y?, .. * ,  Xn) Yn where t h e  buffer  s t a r t i n g  address is 

the location of XI and the ending address the  locnb3on of Yn. Thc 

Pen-up buffer w i l l  contain t h e  Fen-down buffer pointxr at 1,tre time 

of the Pen-up interrupt  ( i . e . ,  the  location of the 1 %  r i IL Y-coordii~nte 

of the  s t roke) .  This i s  necessary since the  Pen-down buffer m y  be 

only p a r t i a l l y  f i l l e d  at the t i m e  of the  Pen-up i ? i h  m a p t .  Also, 

by having separate f i l es  f o r  Pen-down and Pen-uy i t ,  is easy t o  write 

user programs t o  ignore one or the other t y y e  in te r rupt ,  e t c .  

The buffer  fo r  Match interrupts  w i l l  contain the location of the 

c e l l  causing the match as given i n  pa r t  5.2,  i . e . ,  DAR-1 a t  the  t i m e  

of the match. It is anticipated t h a t  random matches may occur (on 

enabled da ta )  when the pen t i p  is  not close t o  the t a b l e t  surface.  

Therefore, the  program should i n s i s t  upon several  ident ica l  matches 

(say one buffer f u l l )  on t h e  same da ta  before accepting the  match as 

val id .  Further experimentation is necessary before t h e  exact 

properties of the  match feature  are known. 

I -.- 
-. I 
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6.0 Display Keyboard 

"he ")key display keyboard is  designed t o  operate w i t h  the left-hnnd 

leaving the rir{ht-hand f ree  t o  use the RAND Tablet pen. When any key i s  

depressed o r  released, the interrupt  f lag  i s  se t ,  a t  which t lme the f ive  

key-ponitions may 'he read in to  5 b5ts  of the PnP-3 accumulator. 

prory':3xnmin&: u.lf!orithm of OR' i n g  a11 characters r e d  between reruls w i t h  a l l  

b i t s  off  w i l l  al-low character jnput; without t h e  user bein64 concerned about 

r e l a t ive  timing in  depressing o r  releasing t h e  Eeparate switches i n  input t ing 

a 5-bi t  code. 

(but very improbable) t o  get two successive in te r rupts  w i t h  code =O*, 

although t h i s  need not cause any problems w i t h  the  h o v e  algorithm. 

?Ihe slmple 

However, because of the simple lo[<ic used i t  is  possible 

The instruct ion which reads the 5-bits i n t o  the AC I s :  

I@T 222 . . . @R Display Keyboard with ACo throuKh AC4 

(thumb posit ion i s  AC4), ;and c lear  flag. 

The PDP-5 Interrupt  monitor, IN", has provision for block jriput of 

8 .  t h e  Display Keyboard characters.  The file nuniber iG 3'1 

mis occiirs because codes0 may be gated in to  t h e  AC, which also resets the 
flag, just at the instant  t h e  last key is l i f t i n g  which w i l l  cause the flaf! 
t o  set .  
a l te rna t ive  of  having too few. 

The choice o f  having too mony interrupts  was chosen over t h e  
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APPENDIX A: RIM and BIN Paper Tape Formats 

Digital  Equipment Corporation (DEC) standard RIM and BIN f'omek 
paper tape i a  oa follows: 

0 0 
0 0 

0 0 ( . . . . . . . , . . . 
\ 0 0 

\ 0 0 0 0  
0 0  

0 0 

i} Binary data  
3 

Guide sprocket holes 

> Binary data  

' f  New address 
'+I 6 

kader /Tra i le r  

The dis t inct ion between R I M  and BIN is th?,t any number of Data words 
may follow an Address word, each f i l l i n g  successive locations w i t h  BIN tape 

while wi th  R I M  )ape each Data word must be preceded by an Address word. 
BIN tape often has a check-sum word at the end of the tape. 
loader switch w i l l  read e i ther  format, b u t  w i l l  ignore any check-blumrs. 

Also, 

The Bootstrap- 
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APPENDIX B: DISPLAY SYMBOL CODE8 

Octal Code 1 Symbol 

100 

101 
102 

103 
104 

locj  

106 
107 
110 

LIJ. 
ll2 

113 
114 
3.3-5 
s26 
JJ.7 
120 

121 

122 

123 
124 

15 
126 
127 
130 
131 
132 
133 
134 
133 
136 
1.37 

(lower case the ta )  
(lower case lambda) 
(lower case mu) 

(lower case x i )  

(lower case p i )  
(lower case rho) 

(lower case sigma) 

(lower c a m  tau)  
(lower case ps i )  

Octal Code 

000 
001 
002 

003 
004 
003 
006 

007 
010 

(par t ia l  d i f f e ren t i a l )  ou 
(increment) 

( logical  AND) 
( l e f t  implication) 
( r ight  implication ) 
( logical  O R )  

(not equal) 
( less  or  equal) 

(greater or equal) 
(similar ) 
( radical  sign) 
( summat ion ) 
( integr a ~ -  ) 
(product ) 

(horizontal) 
(multiply dot ) 

( r ight  arrow) 

(centered t r iangle)  
(centered trimtngle) 
(centered t r iangle)  
(centered t r iangle)  
(centered cross) 

(down arrow) 

Symbol 

(blank) 

! (exclmation point)  
' 1  ( r ight  rloubl quo- 

tation mwk7 
T'/ (pourrd siKn) 
$ ( r l o ~ l a r  sifr;n) 

% (percent) 
R: (ampersand) 
' (prime) 

( ( l e f t  pn;renthcsts) 
) (riMht parenthesis) 
* (aster isk)  

+ (Plus) 
7 (CQmm) 
- ( m i n u a  ) 

. (peri.cjd) 

/ 
o (zero) 

1 (one) 
7 (two) 

3 ( three)  
4 (four) 

3 ( f ive)  
6 ( s i x )  

'7 (seven) 
8 (eight) 

3 (nine) 
: (colon) 
; (semicolon) 
< ( l e s s  than) 
= (equal) 
> (greater than) 
? (question mark) 

( d3. a.i.',on a1 ) 



Octal Code 

3-40 

141 
142 

143 
144 
145 

’ 146 
147 
15 0 
J.51 
252 
15 3 
154 
155 
15 6 
15 7 
160 
161 
1-62 

163 
164 
s.6 
166 
167 
170 
171 
172 

173 
174 
1.75 
176 
177 

(upper C!1J,SC? I J )  I 

(upper cnse Vse) 
(upper case Double-u) 

(upper case EX)  

(upper cane w+ye) 

(upper c ase :<ee ) 
( l e f t  bracket) 
( v e r t  i c  a1 ) 
(riKht bracket) 
(up arrow) 

( l e f t  arrow) 

APPENDIX B: DISPLAY SYMROL CODES 

Symbol 

0 (centered c i r c l e )  

a (lower case a)  
b (lower case bee) 
c (lower cme cee) 

d (lower co.se dee) 
e (lower case e )  
f (lower case e f )  

6: (lower case 6’;ee) 

h (lower ca8e ai tch)  
i (lower case i) 
,j (lower case ,jay) 

k (lower ca8e kny) 
1 (Lower case e l )  
m (lower case em) 
n (lower case en) 
0 (lower case pi) 
p (lower case pee) 
q (lower case cue) 
r (lower cme <a) 
s (lower case ess)  

t (lower case t e e )  
1 1  (lower c a m  11) 

v (lower case vee) 

w (lower case double-u) 
x (lower case ex) 

y (lower case wye) 
z (lower case zee) 
oc (lower case alpha) 
4 (lower case beta) 
6 (lower ca8e delta.) 

E (lower case epsilon) 
y (lower case zeta) 

Octal Code 

040 

d+l 
04 2 

043 
044 
(945 
046 
047 
mo 
(01 
04j2 

m3 
(34 
(35  
(36 
o=i ‘I 
060 

063. 

062 

063 
064 
O@ 
066 
067 
070 

071 
072 

073 
074 
075 
076 
077 

B-2 
30.80.10 

3ymbol I 

(9 (4 
A (upper case A )  

R (upper case Bee) 

c (upper case ~ e e )  

D (upper case Dee) 
E (upper case E )  
F (upper cam Ef) 

G (upper cam Gee) 
Ir  (upper case Aitch) 
I (upper case I) 
J (upper case JUY) 
K (upper case KrL*y) 

L (upper c a ~ e  FA.) 

M (upper ense Em) 
N (upper case En) 
@ (upper case $) 
P (upper case Pee) 
Q, (uppr.r case Cue) 
H (upper C R . ~  AT) 

S (upper cam? ESS) 
T (upper case Tee) 

IJ 

V 
w 
X 
Y 
z 
[ 

I 
1 
t 

c 
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APPENDIX C: F'DP-5 INSTRUCTIONS c- c> 
See Footnote Mnemonic Code Operat ion 

AND 

TAD 

ISZ 

DCA 

JMS 

JMP 

I#T 

fipw 
CLA 

CLL 

CLL CLA 

STL 

CMA 

CMA CLA 
,c 

IAC CIA 

c 2 1  

RAR 

RAR CLL 

RTR 

RTR CLL 

RAL 

RAL CLL 

RTL 

RTL CLL 

GLK 

SMA 

SMA SZA 

SZA 

SNA 

SPA 

SPA SNA 

_.- 

C8 
SNL 

0000 

1000 

2000 

3000 

4000 

> 000 

6000 

7 000 

7200 
7 100 
7300 
"1.20 
7040 

7 24 0 

7020' 

'7001 

7 201 

7041 
7010 

7110 
7012 

7112 

7004 

7104 
7006 
7106 
7 204 

75 00 

7540 
,7440 
745 0 

75 10 

7550 
74 20 

l o g i c a l  A,ND 

2' 6 complement add 

€ridex Rnd s k i p  i f  zero 

depo6f.t and c l e a r  AC 

Jump t o  subroirt'i.ne 

, j limp 
in-out t r a n s f e r  

operate 

c l e a r  AC 

c l e a r  Link 

c l e a r  AC and Link 

s e t  Link = 1 

1's complement AC 

s e t  AC = -1 

complement Link 

index AC 

set AC = +1 

2 ' s  complement AC 

r i n g  s h i f t  AC and Link one Fight 

l o g i c a l  s h i f t  r i g h t  one 

r i n g s h i f t  AC and Link two r i g h t  

c l e a r  Link then RTR 

r i n g  s h i f t  AC and Link one l e f t  
l o g i c a l  s h i f t  l e f t  one 

r i n g  s h i f t  AC and Link two l e f t  

c l e a r  Link then RTL 
p;et Link (Link t o  A C - 1 1 )  

sk ip  on AC CO 

s k i p  on AC 40 

s k i p  on AC =O 

sk ip  on AC #O 
s k i p  on AC 20 
s k i p  on AC 70 

sk ip  on Link #O 

1 

1 
1 

1 
1 
1 

1 

I. 

1 

I 

2 

2,3 
2 
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SNL S7A 

SNL SMA 

SNL SMA SZA 

SZL 
SZL SPA 

SZL SNA 

SZL SNA SPA 

SKP 

OSR 
LAS 

HLT 

L/ 

IPSN 

IJdF 
AHM 

DAFM 
- IRC 

TXR 
TYR 0 
-- 
DAR 
LEIS 

TFU 

LTE 
-- 
LTS 

ccla 
LTR 
-” 

-- 
DKR 

KSF 

KCC 

” ~ .  KRS 
KRB 

TSF 

lCCF 
TFC 
TZS 

7460 
20 

7t;j 60 
71r 30 

‘0 30 
‘14’70 
75 70 

74 10 
’7404 
7604 

6001 

6002 

6101 

6102 
6104 
6111 
611? 

7402 

6113 
6114 
6201 

6202 
6204 

62aj 
6211 

6212 

6215 
6216 
6222 

6031. 
6032 
6034 
6036 
6041 
6042 
6044 
6046 

6214 

r‘\ Mnemonic Code Operat ion See Footnote 

Skip on 

Skip on 

Skip on 

Skip on Link =O 
Skip on 

Skip on 

Skip on 

Unconditional- sk ip  

AC u switch r e g i s t e r  -+AC 

switch r e g i s t e r  -+ AC 

h a l t  

enable a l l  i n t e r r u p t s  

d i sab le  a11 i n t e r r u p t s  

arm i n t e r r u p t s  

disarm i n t e r r u p t s  

ICW-AC 

TX CI AC AC, r e s e t  Pen Down flag 

TY u AC-+AC, r e s e t  Pen Down f lag 

TX u TY u AC +AC, reset Pen Down f l a g  

DAR LI AC-+AC, r e s t a r t  display 

930-Link receive,  nkip (LBuAC-t AC) 

Reset Pen-up flag 

End 930 transmission 

930-Link Receive, skip, end transmission 

Link #O OR AC=O 

Link #O OR AC <O 
Link f 0  OR AC.gO 

Link PO and AC 
LSnk =O and AC #O 
Link =O and AC ,O 

- 

930-Link, Transmit, sk ip  (AC+LB, clear AC) 7 

and start Display 
Reset 930-Link, Pen-up, Pen Down f l a g s  7 

Trans request,  T r a n s m i t  skip, c l e a r  AC ‘I 
Reset Link, e n t e r  T r a n s m i t  requeet 7 

7 9 30- Link transmit rcques t 

Display keyboard Y AC-+ AC, reset; f1a.g 

sk ip  i f  keyboard/rcader flap1 
c l e a r  AC and keyboard/reader f l a g  

keyboard bu f fe r  UAC+ AC 

KCC and KRS 
s k i p  if  teleprinter/punch flag =1 

c l e a r  teleprinter/punch flag 

AC-keleprinter/punch buffer,  s e l e c t  and p r i n t  

TCF and TPC 4 
- j  

-. I I 
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c: 
B i t  

B i t  

GROUP - 1 Micro Irmtruct ion Bit Decoding 

I 1 I I I 1 1 1 

7 /  ---.-’ 

I I 

0 1 2  3 4 5 6 7 0 9 1 0  11 
c-- 

1110 f o r  
group 1 

GROUP - 2 Micro Ins t ruc t ion  Bit Decoding 
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Footnotes 

1. 

2. 

Link command5 can be combined with AC commands. 

CLA can be used w i t h  my of these. 

conditionrs axe tes ted.  

AC is  cleared after sk ip  - 

3. Also known as SSP. 

4.  P:;trticulrzr in te r rupts  are med/disanned depending upon p a r t i c u l a r  

AC b i t s .  

5 .  

6. 

See Document 30.60.15 par t  6.0 PDP-5 Interrupt  System, ProgrRmmer's Guide. 

TX and TY are RAND Tablet r eg i s t e r s .  

DAR is Display Address Register 

ICW is  Interrupt  Counter Word. 

7. See Document 20.50.20, PDP-5/930 Communications Link, Programmer's Guide. 

8. AND, TAD, ISZ, DCA are 18 msec inst ruct ions.  JMS i 8  24 iisec. ADD 6 usec 

for each ind i rec t  reference. A l l  other  instruct ions we 1 2  usec. 
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h e  umon i c 

General Commands 
JMS 
JMP 

HA LT 

Change Mode Commmdn 

mc 
SYMB 

SM 
RM 

RM1 

RSM 

SSM 
RM2 

RM3 
JUMP 

DOT 
DASH 

LINE 

FRAM 

SCH 

In tens i ty  Control 
BLZ 

DIM 

BR I 
O F F  

Octal Code 

4000 

5000 
6000 

'(000 

7200 

7210 

7220 

7230 

7 240 

7 5 0  
7260 

7270 
7400 

7410 
71t 20 

7430 
71~40 
7400 

0001 
0002 

0004 

0006 

Function 

subroutine jump* 

jump 
halt,* 

vector (increment) mocle 

symbol mode 
save mar&in 
return margin 
RM, l i n e  feed 16 units 

return secondary margin* 
save secondary margin* 
RM, l i n e  feed 32 uni%s* 
FN, l i n e  feed 64 units* 

pos it ion 
posi t ion and dot 
dashed l i n e  

so l id  l i n e  
frame delay 

strung symbol mode (DZ) 
posit ion symbol mode (GO) 

enable bl ink or  s e t  7, .b i t  
dim (or case shift; for GO d i s p l a e )  

br ight  
off  

Transient Offset Control 

SUP 0010 

SMAL 0020 

SUB 00 30 

s m a l l ,  superscript  
6mR11,  no ofl'sct 

s m a l l ,  subscript  
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Mrztch Enable 

MAT 
S ta t i c  Of f se tw  

UP3 
UP2 

I1WNl 

DWN2 

DWJ3 

'l1OOB enable tablet or  l i g h t  pen match 

* - c u r r e n t l y  doesn't exist i n  ID1 display. 

+(+ - doesn ' t  e x i s t  i n  ARPAL symbol table ,  b u t  does i n  CARP. 
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Veckor Mode 

S,ymbol Mode 

Line Mode 

1 - 0 - 
M - dl.sable/enable t ab le t  match (MA r )  
I3 - ili.sa.bl.e/enable blink ( W Z )  

INT = 00 - normal 
01 - dim (DIM) 
1.0 - bright  (BRI) 
11 - off'  (OFF) 

Position Symbol Mode 

Type = 00 - blank .  (JUMP) 
01 - dot (DOT) 

11 - Solid (LINE) 
10 - dash (DASH) 

$S = 00 - normal, no offae.1; 
01 - 5I11a11, siiperncript (SUP) 
10 - smaI.1, subscript [SUB) 
11 - s m a l l ,  no offset SMAL) 

A X ,  A Y = 000 - no-op 
001 - +1 increment 
010 - +2 increment 
011 - no-op 
100 - rese t  itntegrators 

MAR = 000 - no-o-p 
001 - save margin (SM) 
010 - re turn margin (RM) 
011 - re turn margin, l i n e  feed 

16 uni t s  (RMJ.) 
i 101 - reset and inc(dec)X(y) reg 's .  

111 - -1 increment 

LOO - return secondary margin 

101 - save secondary margin (SSM) 
110 - RM, l i n e  feed 32 units(R112) 
111 - RM, l i ne  feed 64 units(flff3) 

110 - -2  increment ( R W  


