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PURPOSE O F  THIS MANUAL 

The purposc of this manual is . not to replace the detailed documentation 
already available on PDP-12 programming and the various aspects of 
interfacing . It is designed to give an "overview" af the operation of the 
PDP.12. indicating the steps to go through to learn PDP-12 programming. 
and pointing out additional source s of information . 
The reader is also referred to the following sources: 

(1) DIAL and PIP Reference Manual 

(2) Introduction to Programming 
available from Digital Equipment 

(3) PDP-12 Reference Manual 

Suggestions for improvement will be appreciated . 
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d i n g  a Program from 
the Console Switches 

I n i t i a l i z e  (P 3) 

s 
Load the Program 

(P 3) 
v I 

Examine the Program 
I (P 4 )  

Run the  Program 
(P 4)  I 

Troubleshoot the 
Program (P 5 )  

Clear the Working 
3a (P 9 )  

USING TIiIS MANUAL 
--.. _ _  -_____ 

Loading a Program by 
Punched Paper Tape, Using 
D i a l  and P i p  

Punch the Program on an Off 
Line Teletype (P 21a) 

L 
I n i t i a l i z e  (P 3)  

Star t  D i a l  (P 8)  

\1 
S t a r t  Pip (P 15) 

Transfer &om Punched Paper 
Tape to Linc Tape (P 18) 

Return t o  D i a l  (P 16) 

Load the Program from Linc 

3. 
I q/ 

Tape i n t o  the Working Area 
(P 11) I \j, 

4( 
Assemble the Program (P 9 )  

Store the Binary Program 
(P 10) 

Load the Binary Program 
I (P 12) 

I n i t i a l i z e .  (P 3) 

Start D i a l  (P 8 )  

Type in the Program 
(P 9 )  

Assemble the Program 
(P 9 )  

Store the Source Program 
(P 10) 

3. 
(1 

.1 
iJ 

Stomthe  Binary Program 
(P 10) 

Load the Binary Program 

Start the Binary Program 

(P 12) 

(p 4 )  

6 

Star t  the Binary Program 
(P 4 )  
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RYERSON E L E C T R I C A L  DEPARTMENT 

B A S I C  OPERATION O F  THE PDP-12 CONSOLE 

I n i  t i a  l i z a t i  on 

1. circuit breakers  tu rned  on. 

2. Main power cord i s  p r o p e r l y  p l u g g e d  i n .  

3. Computer POWER SWITCH is turned O N  ( V E R T I C A L ) .  The p a n e t  
l i g h t s  should come on, and t h e  f a n s  should be h e a r d .  

4 .  STOP k e y  $8 no t  s e t .  

NOTE: A k e y  is s e t  - when t h e  p a r t  towards you 5s doon. 

S i n g  STEP, EXEC STOP and FETCH STOP 
K e y s  are c leared .  ( P a r t  towards gou is u p ) .  

L I N C / M O D E / 8  k e g  is s e t  ( f o r  PDP-8 programming)  

RIGHT SWITCHES are 0000 ( o c t a t )  

N O T E :  A swi tch  is 1 when the  back i s  doon. 

L e f t  s w i t c h e s  are 0000 

INST F I E L D  i s  0 

SENSE SWITCHES are  00 

The system i s  now i n i a t i s e d  and readg for uour u8e. 

L O A D I N G  A PROGRAM 

1 . I n i  t i a  Z ise  . 
2.  Press STOP and r e s e t  STOP.  Pres I / O  PRESET 

3. S e t  LEFT SWITCHES t o  t h e  programb f i r s t  address  

4 .  S e t  RIGHT SWITCHES t o  t h e  program's  f i r a t  i n s t r u c t i o n  

5. Depress F I L L .  ( S e e  Note 1) 

6 .  Depress FILL STEP ( S e e  Note 1) 
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7. Are a l l  t h e  i n s t r u c t i o n s  i n ?  No, go t o  S t e p  8 
Yea, go t o  e t e p  9 

80 S e t  RIGHT SWITCHES t o  t h e  program's n e x t  CnetructCon. 
Go back t o  s t e p  6 .  

9 .  Program is loaded. 

E X A M I N I N G  A PRO GRAM: 

I .  I n i  t i  a I i s e  

2. S e t  t h e  LEFT SWITCHES t o  t h e  program's f i r s t  addreee 

3. Depress t h e  EXAMINE key 

4 .  The address o f  t h e  i n s t r u c i t o n  Ca shorjn on t h e  MEMORY 
ADDRESS r e g i s t e r .  The c o n t e n t s  .of t h a t  addreee are 
shown on t h e  MEMORY B U F F E R  register. 

5. Is t h e  MEMORY B U F F E R  equal  t o  t h e  correot; i n e t r u c t < o n ?  
No, go t o  s t e p  60 

Yes, go t o  s t e p  8. 

60 S e t  t h e  LEFT SWITCHES t o  t h e  addrsse of t h e  wrong 
i n s t r u c t i o n .  
S e t  t h e  RIGHT SWITCHES t o  t h e  correct vatus of t he  
i n s t r u c t i o n ,  

7, Depress F I L L  

8. I8 t h i s  t h e  l a s t  i n s t r u c t i o n ?  Y e a ,  go t o  e t e p  10 ,  
NO, 00 t o  s t ep  8 .  

9 ,  Depress STEP EXAMINE 
Go back t o  s t e p  4. 

1 0 .  Program is cirecked, 

R U N N I N G  A STORED PROGRAM: 

1. S e t  t h e  LEFT SWITCHES t o  t h e  address  of t h e  f i r 8 t  
i n s t r u c t i o n .  

2, Depress and r e s e t  t h e  STOP key 
Depress I / O  PRESET 
Deprese START LEFT SWITCKES key 

3. The program is running. 
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S I N G L E  S T E P P I N G  A PROGRAM ( a )  MANUALLY 

1.  S e t  tho  LEFT SWITCHES t o  t h e  address  of t h e  f i r s t  
i n s t r u c t i o n .  

2 .  S e t  t he  S I N G L E  S T E P  key.  

3. Depress and r e s e t  STOP. 
Depress I/O PRESET 
D e p P 6 8 8  START LEFT SWITCIiES. 

1, The PROGRAM COUNTER r e g i s t e r  shows t h e  address  of t h e  
n e x t  i n s t r u c t i o n .  

The MEMORY ADDRESS shows t h e  address  of t h e  l a s t  
re ferenced  Zocation i n  memory ( t h e  address  o f  t h e  
CnstructCon or data  l a s t  r e t r i e v e d  f rom memory). 

The INSTZGCTION REGISTER shows t h e  i n s t r u c t i o n  about t o  
be executed.  
The MEMORY BUFFER shows t h e  l a s t  i n s t r u c t i o n  or da ta  t o  
be r e t r i e v e d  from memory. 
The ACCUMULATOR r e g i s t e r  shows t h e  s t a t e  of t h e  ACCUMULATOR. 

5 0  De p re  s s CONTINUE 
Go back t o  s t e p  4 .  

SINGLE S T E P P I N G  A PROGRAM: ( b )  U S I N G  AUTO RESTART 

3. S e t  t h e  LEFT SWITCIIES t o  t h e  address  of t h e  f i r s t  
i n s t r u c t i o n .  

2. S e t  t he  S I N G L E  STEP key. 

3. Depress and r e s e t  STOP 
Depress I / O  PRESET 
Depress START LEFT SWITCHES 

4 ,  Depress AUTO and C O N T I N U E  s imultaneous l y e  

5, Adjus t  t h e  AUTO RESTART DELAY COARSE and F I N E  knobs t o  
s e t  t h e  d s s i ~ e d  operat ing  speed o f  t h e  processor .  
(These c o n t r o l s  are found above the  O N / O F P  k e y ) .  

The AUTO F l i p  Flop l i g h t  w i l l  be Z i t  when AUTO 
RESTART i s  being used.  

AUTO RESTART can onZy be d i sab led  by depress ing  I/O PRESET. 
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NOTE 1 

F I L L  and F I L L  STEP opera te  a8 f o l t o w s :  

F I L L  causes  (1) t h e  c o n t e n t s  of t h e  RIGHT SWITCHES t o  be 
pu t  i n t o  t h e  t o c a t i o n  s p a c i f i e d  by t h e  LEFT SWITCHES. 

(21 The memory address  r e g i s t e r  t o  be s e t  t o  t h e  con ten t8  
of t h e  LEFT SWITCHES. 

F I L L  STEP cau8e8 ( 1 )  t h e  con ten t8  of t h e  RIGHT SWITCHES t o  
be p u t  i n t o  t h e  t o c a t i o n  s p e c i f i e d  by t h e  MEMORY ADDRESS 
r e g i s  t e  r. 

( 2 1  The MEMORY ADDRESS r e g i s t e r  t o  be Cncremsnted ( e t e p p e d l .  

OPERATION OF THE RIM LOADER 

The RIM (Read In Mode) toader toad8 t h e  BIN ( B i n a r g l  loader  
which Zoads any paper tape  i n  b inary  mods. The RIM l oader  is 
t h e  t o g i c a t  s t a r t i n g  pZace t o  operate  a machine o i t h  o n l y  paper 
tape readers  

The foZZowing i n s t r u c t i o n s  were t aken  from I n t r o d u u t i o n  t o  
Programming, Page E l - 1 ,  mod i f i ed  f o r  the  PDP-12. 

----- 

1. I n i  t ia t i a  e 

2. Load t h e  RIM loader (shown on t h e  f o t t o w i n g  page)  
according t o  t h e  prev ious  i n s t r u c t i o n e  f o r  toading a 
program. 

3. Examine t h e  RIM t o a d e r  according t o  t he  p r e v i o u s  
i n s t r u c t i o n s  f o r  examining a program, 

4.  Put tow speed reader  ( L S R )  t o  FREE 



RIM LOADER 

LOCATION 

7756 
7757 
7760 
7 7 6 1  
7762 
7763  
7764 
7765 
7766 
7767 
7770 
7771  
7772 
7773 
7774 
7775  

LOV SPEE'D 
READER 

6032 
6031  
5357  
6036  
71  06  
7006  
751 0 
5357  
7006 
6 0 3 1  
5367 
6034  
74  20 
3776 
3376 
5 3 5 6  

HIGB SPEED 
READER 

6014  
601 1 
5357  
6016  
7 1  06  
7 0 0 6  
7510 
5 3 7 4  
7006 
6 0 1  I 
5 3 6 7  
6 0 1 6  
7420  
3776  
3376 
5357  

Bilrury Laa4w 
5. Place t h e  paper tape i n  t h s  L.S.R. 

4 
6. Turn t h e  LSR t o  START 

7. S t a r t  t he  computer a t  7756  

8. I f  t h e  Binary Loader tape does n o t  r e a d  in, ohsok t h e  
RIM t o a d e r .  

OPERATION O F  THE BINARY LOADER ( T o  toad any b i n a r y  aoded t a p e )  

1. Load t h e  RIM Loader and t h e  BINARY LOADER 

2. Turn LSR t o  FREE 

3. Place the  binary coded tape i n  t h e  L . S . R .  

4. Turn t he  L S R  t o  START 

5. S t a r t  t he  BINARY LOADER a t  7777.  

6. The tape should read in u n t i l  i t  reachee t h e  t r a i l e r  
t a p s .  I t  should then s top .  The program should h a l t  
w i t h  the  accumutator equai! t o  z e r o .  

7.  I f  AC = 0 ,  you may s t a r t  your b inary  program a t  i t 8  

8 .  I f  AC # 0 ,  reload the  BINARY LOADER. 

s t a r t i n g  address .  



OPERATION O F  TtiE D I A L  PROGRAM 

I N T R O D U C T I O N  

Ws have previously o u t l i n e d  two methods of loading a 
program i n t o  t h e  PDP-12.  The f i r s t  i n v o t v s d  " t o g g l i n g  i n n  
a machine language program by means of t h e  consoZs 8WitChe8. 
(SEE Basic  o p e r a t i o n  of t h e  PDP-12 c o n s o l e ) .  The 8sdond, 
w m h  assumed t h a t  a b inary  tape  ( a  machine language t a p e )  
of t h e  program oas a v a i l a b l e ,  i nvo lved  t h e  use  of t h e  RIM 
toador and t h o  BIN Zoader, Tke RIM Zoador tlaa ueed t o  toad 
t h e  B I N  Loader, t h e  BIN loader  was used t o  toad t h e  b inary  
tape .  

Both t h e s e  processes are very  t e d i o u s  when a long program 
i s  being developed,  
programs t h s  V I A L  ( D i g i t a l  I n t e r a c t i v e  Assembly Language) Yo8 
developed.  DIAL C8 r e f e r r e d  t o  as  a MONITOR program becuuee 
i t  s u p e r v i s e s  a l l  t h e  o t h e r  programs. An overview of t h e  
var ious  DIAL opera t ione  $8 8hoon on t h e  uDIAL PROGRAMu, at 
t h e  end of t h i e  s s o t i o n .  

Tu a i d  i n  t h e  process  of dsveZoping 

STARTING DIAL 

To s t a r t  up diaZ,  i t  i s  neoessary t o  go through t h e  
f o lZowing ,dr iZZ .  (DiaZ r e s i d e 8  on t a p s ,  and must be p u l l e d  
i n t o  cor0 memory t o  operate .  The fottooing d r i l l  o a u 8 0 ~  
D I A t  t o  be loaded and s t a r t e d ) .  

1. I n i t i a Z i a e  t h e  sys tom (As p r e v i o u c r ~ ~  ddecueeed)  

2. Mount t h e  DIAL tupe on u n i t  @ and a seoond tape on 
u n i t  1 

3. S e t  t h e  tape  u n i t s  t o  WRITE and REMOTE 

4 .  S e t  t h e  Z e f t  sw i t ches  t o  0701 
S e t  t h e  r i g h k  s w i t c h e s  t o  7300  

5 .  S e t  t h e  processor  mode switch t o  LINC 

6 .  Pre86 STOP, I / O  PRESET and DO in t h a t  order# one 
a f t e r  t h e  o t h e r  

7. W a i t  f o r  the  tape  t o  s top  

8 .  P r a m  I/O PRESET 
Preee START 2 0  
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FUNCTIONS O F  D I A L  

DIAL w i l l  perform t h e  fo l lowing  f u n c t i o n s :  

1. LOAD A SOURCE PROGRAM 

D I A L  enables  a program i n  SOURCE mode t o  be typed i n  and 
e d i t e d  by means of t h e  teZe type  ( T T Y )  and cathode ray tube 
( C R T )  . 

( A  program-is  w r i t t e n  i n  SOURCE mode has machine language 
i n s t r u c t i o n s  replaced by mxeumonics .  For i n s t a n c e ,  t he  
i n s t r u c t i o n  t o  c l e a r  t h e  accumulator and Zinc is w r i t t e n  a8 
7'300 i n  machine language; a s  CLA CLL i n  source language. See 
I n t r o d u c t i o n  t o  Programming, chapter  3 f o r  f u r t h e r  d e t a i l )  . 

An area o f  the  tape known as t h e  Source Working Area on 
u n i t  i s  used t o  s t o r e  the  program as i t  is developed. 
Programs en te red  i n  t h i s  f a sh ion  are t h e  same as  d i scussed  
i n  I n t r o d u c t i o n  t o  Programming w i t h  t h e  fo  l lowing add i t ion .  
Before e n t e r i n g  t h e  program, t ype  

+ CLJ 

t o  c l e a r  t h e  Ittrorking area" where your program w i l t  bs s tored .  
The f i r s t  i n s t h c t i o n  i n  a PDP-8 mode program must be t h e  
pseudo -operator  

T h e  f i r s t  i n s t r u c t i o n  i n a  L I N C  mode program must be t h e  
pseudo operator  

De ta i l s  on manipulat ing and e d i t i n g  a program are diecuesed 
i n  t h e  DIAL re f e rence  manual, chapter  2 ,  k ep t  b y  t h e  oomguter. 

P MODE 

L M O D E  

2. ASSEMBLE A PROGRAM 

When the  program has been  e d i t e d  i n t o  i t s  f i n a l  form 
i n  source mode language, i t  m a y  be conver ted  i n t o  a bCnaru 
program b y  execu t ing  t h e  command 

where i n d i c a t e s  Line Feed 
- A S L  

d i n d i c a t e s  Carriage Return 
k t t e r n a t i v e t y ,  t h e  p r o g r a m  m a y  be l i s t e d ,  on t h e  t e t e t y p e ,  
i n  i t s  Source form and i t s  B i n a r y  f o r m  by e x e c u t i n g  t h e  
i n e t u r c t i o n  

In both cases ,  a l i s t  of errors i n  t h e  program $6 generated.  
Error  message6 are e x p Z a i n e d  i n  t h e  DIAL manual. 

- & L d  e 



3. STORING A SOURCE PROGRAM 

A source program may be s t o r e d  on a t  any t ime by 
execu t ing  the  i n s t r u c t i o n  

+ SP u NAME, 

where LJ r e p r e s e n t s  space 
NAME i s  t h e  name b y  which t h e  f i t e  w i l l  be tagged 

V C B  t h e  number of t ape  traneport ( j f  or 1 1 whtah 
is t o  be used t o  s t o r e  t h e  program 

Examp l e  

-> SP - MEAT, @ 

C ~ U B B B  t he  source program in t h e  working area t o  be l a b e l l e d  
"MEAT" and  s t o r e d  on u n i t  8. 

Tho name o f  t h e  f i l e  and t h e  tape b l o c k s  t h a t  C t  oaoupiee, 
are added t;o t h e  tape d i r e c t o r y  ( s e e  betow) .  

4 .  STO,SING A B I N A R Y  PROGRAM 

After u program has been assembted, i t 8  bGnar8 v e r s i o n  
Z s  on tape  u n i t  1 i n  t h e  Binary Working Area. I t  mag be 
moved fiaom t h e  Binary Working Area and s tored  on t a p s  b y  
exeouti.ng t h e  i n s t r u c t i o n  

-.+ SB I NAME, U 11 
I t  is convenient  t o  name tho  binartf v e r e i o n  t h e  8ame ae 

tht3 s o u m e  vergion .  

5. U S I I ! S  . : . :!I '  T A P E  DIRECTORY 

X t z l  ~ = ~ 2 i ~ i t d . r ! 3  G d i r e c t o r 3  o f  a l l  t h e  programo e t o r e d  
(731 t A c .  tric;'. .  Zucii progiaam is l i s t e d  by name, t o g e t h e r  w i t h  
it:; h 2 o ~ : .  rLuc:hc?r (3N) ( t i t o  f i r s t  b t o c k  of t a p s  where  t h e  

( i71;KS 
: . : c g r a r n  7 .  ' I  - 7.8 sAoreii; and the t o t a l  number of b tocke  i t  oocupies.  

:?'tic .I) iiast btoci: number and t h e  t o t a t  number of block8 
f o r  ~i ; l i * c 1 ; 7 m m  .;re uc;~?cZ when t r a n s f e r r i n g  programe from t ape  
f;c; 7 lip B . .,, 
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The d i s p l a y  may be manipulated by t y p i n g  

( forward one f r a m e ) ,  o r  

(back one frame).  

" A L P  MODE" and l r Q t t  s imul taneous ly  

"ALT MODE and rtW" simultaneousZy 

A permanent record o f  t h e  tape  d i r e c o t r u  may be o b t a i n e d  bu 

The ?ape Directory w i Z 1  be p r i n t e d  ou t  on t h e  t e l e t y p e .  

6 .  L O A D I I J G  A SOURCE PROGRAM FROM TAPE INTO THE SOURCE WORKING AREA 

(for modi f i ca t ion ,  f o r  i n s t a n c e ) .  

If t h e  source  program is s tored  on tape ,  it mat/ be caZZed 
into t h e  Source  ir 'orking Area  by t yp ing  

U L  -> A P -  NAtvi'E, 

w h e r e  ''NAt.IE" is t h e  name of t h e  program 
U is t he  tape unit on which i t  $8 s t o r e d  

I f  ?he CRT d i s p l a y s  

t i i en  y o u  probabZy  a s k e d  f o r  a non e x i s t e n t  program - m i s - e p s t t e d  
name o r  wrong unit. Check t h e  tape d i r e c t o r y .  

NO 

Tne ~ O U Z * C G  p r o g r a m  having been loaded i n t o  t h e  source 
working a r e a ,  it may be modif ied.  The modCfied ver s ion  ( i n  
t h e  fi or king nrea)  may be  mode t o  repZace t h e  o l d  v e r s i o n  
(stored on -ta?el b y  t y p i n g  

-*EX k 
( f ' ; < x f t  :;tands f o p  "EX1.TjI)  

:'<!!..- ii j i t - g p e d )  

L G ?  1 2 :  ( o h e d i ' 2 n t l y  repZaces t h e  oZd v e r s i o n  on tape  Q 
L 

with  ;he new v e r s i o n  i n  t h e  source working a r e a )  
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7. L O A D I N G  A BINARY PROGRAM INTO CORE MEMORY FOR EXECUTION 

If t h e  p r o g r a m  is i n  the  b inary  working area-  t h a t  i 8 ~  
if it was p r e v i o u s l y  assembZed - i t  may be loaded from t h e  
b inary  w o r k i n g  a r e a  by t y p i n g  

- L O A  

Thd program may be e x s c u t e d  b y  s t a r t i n g  t h s  program a8 
d e e o r i b s d  p r e v i o u s l y .  

If t h e  program ha8 been f i t s d  on tap&# i t  ma# be toaded 
i n t o  core by t y p i n g  

If t h e  CRT d i s p l a y s  

You asked  f o r  a non sx-istant program. Chech t h e  tape d i rec toru .  

--4 L O - N A M E ,  U L  

NO 
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ERASING A PROGRAM ON T A P E  

Look up  t h e  t a p e  d i r e c t o r y  by t y p i n g  

->DX,  U )  t 
where U i s  t h e  t a p e  u n i t  (@ o r  1) 

Manipulate  t h e  d i s p l a y  by t y p i n g  r r Q n  or "W", u n t i l  t h e  
program t o  be  removed i a  t h e  l a s t  program d i s p l a y e d .  

( i . e . 1  a t  t h e  b o t t o m  of t h e  Z i a t .  

Depress  t h e  "RUBOUTN key  of t h e  t e l e t y p e ,  f o l l o w e d  bu : ". 
The program w i l l  be  removed.  
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M O V I N G  PROGRAMS AR0UI"JD 

I t  is f r e q u e n t l y  necesaary t o  move a program from a 
magnetic tape t o  another  magnetic tape from a magnetic taps 
t o  punched papear tape;** from puneched paper tape t o  magnetso 
tape; and 8 0  f o r t h .  

The  program tlhioh accomptishee t h i s  for you i s  known 
PIP $8 p a r t  of .as P I P  f o r  Per i f e ra2  Interchange Program. 

the  DIAL system.  DetaiLa on P I P  are conta ined  in t h e  manuat 
by t h e  computer,  

STA RTIN I: P I P  

I n i t i a l i z e  the  computer 
( s e e  prev ious  i n s t r u c t i o n s )  

S t a r t  DIAL 
( s e e  prev ious  ins t r u c t i o n a )  

npp e 3 P I j  

;?e d i s p  l o y  f l a s h e s  

and then P I P  is ready t o  be used. 
!'I could run f a s t e r  if I had 4K i na tead  of 8Kn 

P I P  cGrries  on an i n i t i a l  dialogue w i t h  t h e  operator,  
which is a s  foZZows: 

PIP OPTIONS 

u- ----auxi l a r y  mode 
b-----binary mode 
H - - -  --source mode 

4 4  A loti? p r o g r a m  ia aZuuys s a f e r  on punched paper  tape 
. t h~r :  on mugnetic. tape.  Atwatjs s t o r e  gour preoCoue 
progrCTv9  o n  punched p a p u r  t a p s .  
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A U X I L A  RY MODE (See  f i g u r e  1 and f i g u r e  2 )  ( P f i G i - ’ S  13 2 0 ) ,  

A u x i l a r y  mode i s  used t o  t r a n s f e r  i n format ion  f r o m  one 
Zinc tape t o  another:  

To copy a program from one tape t o  another  ohen t h e  
b l o c k  numbers are known ( t h e  f i r s t  b tock  and t h e  number of 
blocks). (When t h e  progrum Cn knoon by name, i t  i a  more 
convenien t  t o  use b inary  o r  source  mods - see be tow) .  

OR 
To d u p l i c a t e  tqpe j9 t o  tape 1 

To c o p y  t h e  D I A L  sy s t em from one t a p e  t o  ano ther  
OR 

OR 
To copy one complete tape on to  

another 

T o  choose aux; l a r y  mode, t y p e  

COPYING D I A L  

T o  cop3 D I A L ,  t y p e  

s z  
Then t ype  

L B  L 
t o  i n d i c a t e  t h a t  t h e  D I A L  p r o g r a m  ie t o  bs o o p i s d  

fpom L I N C  tape f l ,  t y p e  

t o  i n d i c a t e  t h a t  t h e  D I A L  program 5s t o  be c o p i e d  o n t o  
Zinc  tape I. 

RETURNING TO D I A L  o r  PIP 

TY Pe CTRL and D 
s imu l taneous ly  t o  r e t u r n  t o  DIAL: 
t ype  CTRL and P 
s imu l taneous ty  t o  P I P  

r\ 
W - t U f k  4-0 
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BINARY o r  SOURCE M O D E  

t ape ,  known by name and t o  be. t r a n s f e r r e d  t o  another  Zinc 
tape or punched ou t  on paper tape 

(See f i g u r e  11, p f i c , ~  14) 

Binary and Source  mode are used when a program i s  on l i n a  

o r  

TRANSFERRING A PROGRAM FROM LINC TAPE TO LINC TAPE 

1. S t a r t  P I P  

2. Choose binary mode ( t y p e  B J  I if t h e  program $8 i n  
Choose source mode ( t y p e  S i  I Sf machine language. 

the  program is i n  source language. 

3. T o  s p e c i f y  t h e  INPUT D E V I C E :  
t ype  

L 3~ ; NAME 

where tq is t h e  number of t h e  L I N C  tape t o  be 
copied ( f l  or 1 )  

NAME i s  t h e  name of the  program t o  be copied 

I f  t h e  CRT d i s p l a y s  NO 
you probably asked for a non e x i s t e n t  program. 

Check the  tape d i r e c t o r y .  

4 .  To s p e c i f y  t h e  OUTPUT DEVICE:  
t y p e  L q ;  NEW N A M E  

where /ul i s  t h e  number o f  t h e  L I N C  taps  where t h e  
program is t o  be s t o r e d  

NEWNAME i s  the  name t o  be g i w n  t o  t h e  program 
when i t  is s t o r e d ,  for f u t u r e  r e f e r e n c e ,  

5, You. may check t h e  tape d i r e c t o r y  t o  make c e r t a i n  t h e  
program was properZy t r a n s f e r r e d .  
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TRANSFERRING A PROGRAM FROM L I N C  TAPE TO PUNCHED PAPER T A P E  

1. Repeat s t e p s  1 t o  3 above 

4.  Turn on t h e  paper tape punch 

5 .  To s e p c i f y  t h e  oubput dev ice  t ype  
The p a p e r  tape should now be punched 

6 e  Label y o u r  paper tape d t h  i t s  name, uour name, 
and i t s  t y p e  (b inary  or source). A l l  paper tapes  
look  the  same;. 

TRANSFERRING A PROGRAM FROM PUNCHED PAPER T A P E  TO LINC TAPE 

l e  Repeat s t e p e  3 and 2 above 

3. To s p e c s f y  t h e  i n p u t  dev ice  t u p s  

4. S p e c i f y  t h e  ou tpu t  dev ice  by t y p i n g  L q :  NAME 
where r)  i s  t h e  number o f  t h e  L I N C  tape  t o  be ueed 

NAME is t h e  name whioh you w38h gour program 
t o  be oa l l ed .  

The paper tape  should now be read in. 

5. Turn t h e  low speed  reader  t o  FREE 
Put your paper tape  i n  t h e  t e t e t y p e  Low speed reader 
Turn t h e  reader  t o  START 

6. When f i n i s h e d ,  P I P  r e s t a r t s :  Type: CTRL D 
t o  r e t u r n  t o  DIAL 

I f  P I P  does n o t  r e s t a r t ,  T y p e :  CTRL 8 
PIP comes back w i t h  ??MORE INPUT??' 

N J, (no  more) 
R J  ( read  more) 

T y p e :  CTRL D t o  r e t u r n  t o  D I A L  

7. You may check t h e  tape d i r e c t o r y  t o  make o e r t a i n  
t h e  program wa8 proper l y  read Cn. 
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(j) MARKING A B L A N K  T A P E  

A bZank tape o r  one which i s  t o  be  cleaned off  f o r  
re-uee mu8t be re-marked by t h e  MARK 1 2  program. T h i a  p r o g r a m  
t a y a  down t iming  t rancks  and d i v i d e s  t h e  tpae i n t o  b l o c k s .  

To mark ( o r  re mark) a tape 

I, Mount t h e  DIAL  tape on u n i t  jf and s e t  t o  WRITE A N D  
REMOTE . 

2. Mounk &he tape t o  be marked on t h e  r i g h t  reet  of 
Wind a few t u r n s  from t h e  r i g h t  r e e t  on t o  u n i t  1 .  

t h e  Z e f t  r ee .  

3. S t a r t  DIAL  (descr ibed  p r e v i o u s l y )  

4 ,  Load MARK 1 2  by t y p i n g  

LO,MARK12, f i  ,). 

5. Put unit 1 on WRITE and 

6. Press  t h e  MARK swi t ch  on 

The tape  w i l l  then  be marked and 
or any o t h e r  program. 

REMOTE 

t h e  t z o n ~ o t e  

may be used t o  s t o r e  D I A L  



The paper tape may then be loaded onto  magnetic tape 
using the procedure given 

Aremd" 
t o  Line t a p e N e  

under "Moving Pro grams 
''Tr;ane ferxing € m m  punched papax tape 

o& -ID pu... c--LA p a y q  4 - p  * 
Typing, a program,on an "OFF LINE" Teletype 

I \  

1, Turn t h e  r o t a r y  switch on the f r o n t  panel of the teletype 
t o  "L0CAL"m 

2, Press the "ON" bu t ton  on t h e  t e l e t y p e  punch, 

3, Generate paper t ape  leader by p r e s s i n g  the "HERE IS" key 
on the te le type .  

4, Type i n  your program as p e r  normal, 

If you m a k e  a mistake, leave  it. It can be corrected 
after be ing  loaded i n t o  the computer. 

5, Generate paper t a p e  trailer by p r e s s i n g  "HERE IS". 

6 ,  Turn the  t e l e t y p e  r o t a r y  switch t o  "OFF", 
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PROGRAMMING THE PDP-12 L I N C  TAPE 

D i g i t a l  Equipment manufacture two small  tape t r a n s p o r t s  for 
u8e on t h e i r  computers; t he  DEC t a p e  unit and the  L I N C  tape  
u n i t .  The LINC tape u n i t  ( i n  c o n t r a s t  t o  t e h  DEC t a p e  u n i t )  
conta ins  a small  Itsub p r o c e s s o r N  tj l i5ch czr l* ien  ou t  t r m s f e r s  
between t h e  L I N C  tape  and t h e  PDP-12 corc mrnory. (The DEC 
tape un5t is o o n t r o l t e d  b y  program i t r  t h e  main core memory). 

Storage Capacita: 

oonta ins  4 0 0 8  l oca t ions .  
In decimal n o t a t i o n ,  we have 

Eaoh LINC tape is d iv ided  i n t o  7 7 7 8  l th locks tp .  One btock 

One tape = 51210 block8 (777y) 

One btook = 2 5 6 1 0  locatiolzs 
One oora = 409610 l o c a t i o * ~ s  (7777Fj 

= 1610 btooks 

80 

One tape = 3210 core iml-lsea 

Each bZock l e n g t h  i s  appl*oximatsZy 2". 
Each word t r a n s f e r  t a k e s  approxCmuts7.y ; 3 j y c .  t 

I ? C , ? j  

HC'C' .  

Tape Format: 

The tape has a t o t a l  of tc' i: ;racks, Fa~cr' GPO ueed f o r  
fh4e mark and t iming;  t h e  remainit;? R ? : X  n r ~  d . ~ t : ~ ;  t.r.c.cke. 

$8 shown beZow: 
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The t i m i n g  t r a c k  i s  recorded a t  c o x s t a n t  f r e q u e n c y ,  
i r r e g a r d t e s s  of tape  speed. T h i s  makes i t  unneceaaur8 to 
controi!  t h e  t ape  speed and simplifies t h e  mcchanical 
c o n s t r u c t i o n  of t h e  tape t r a n s p o r t .  AG a r e s u l t ,  thr? 
spacing  between t i m i n g  p u t s e o  w i l l  v a r y .  

The mark t r a c k  t e Z l s  t h e  tape  controi! hold tc? i i b t e i ~ p ~ e t  
t h e  t i m i n g  track. The tape i s  d i v i d e d  into end zone& 
( a t  t h e  ends o f  t h e  t a p e ,  where no d a t a  is m c o r d a d )  i n t e r  
b t o d  zonea (between btocks o f  d a t a ) ,  and data  blocks .  Ths 
mark traok CndCcatee t h o  nono t o  the  tape aantrot .  

Tape I n s t r u c z z o n s :  

L i n c  t a p e  i n e t r u o t i o n a  are i n  a two word format: 

Word I: What t o  d o  wCth tile da ta  
Word 2 :  Where t o  t a k e  d a t a  f rom o r  where; t o  ::;he data 

Word 2 Format 

RecalZ t h a t  2 LINC programs o p e r a t e  (no2.:;nt7,yl : : r  
segments 2 and 3 o f  core memory. 

For t h e  purpose of LINC tape  ;>rogramming, t h e s e  L : , c  ct i*c 
segments  are broken  up i n t o  b l o c k s ,  ecrch < I O F ,  Zocc:!-io:iu, 
corresponding  t o  t h e  Length of one t a p e  bllozX. Thi.ii *.'LJ alrown 
be. Zow: 

CSEE PaqE 24) 
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N o t i c e  t h a t  the a d d r e s s e s  g i v e n  i n s i d e  each b lock  correepond 
t o  the  r e l a t i v e  address  i n  t h e  f i e l d .  

For i n s t a n c e ,  a program running i n  { n s t r u c t i o n  f i e l d  2 w i t 1  
t r e a t  a b s o z u t e  address  4000  at3 r e l a t i v e  a d d r e s e  0 .  

The format  of word 2 of a t a p e  i n s t r u c t i o n  i s  shown b e t o o :  

READ T A P E  RDE I R  

Read t a p e  as s p e c i f i e d  i n  word 2 from u n i t  

I f  I = 1, remain i n  motion Cn same d i r e c t i o n  
I = Q ,  r e v e r s e  d i r e c t i o n  

oe C d D F  

EXAMPLE 

RDE I p’ 
6055 

Read from u n i t  
Read i n t o  core  

(What r e  Zative 
What abso Zute 

(9, remain i n  mot ion  in same direction 
bZock 6, f r o m  t a p e  b l o c k  5 5  

core Zocations a r e  i n v o l v e d ?  
core Zocat ions  are  i n v o l v e d ? )  
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2 E A D  TAPE A N D  CHECK TRANSFER 4 RDC I .h  

(If reading i s  no good, r e p e a t  t r a n s f e r ;  
if reading i s  OK, con t inue  program). 

WRITE BLOCK MRI I n 
WRITE AND CIIECK BLOCK WRC.I 

The n e x t  t w o  i n s t r u c t i o n s  r e f e r  t o  t r a n s f e r s  of groups  of 
blocks .  Word 2 format  i s  d i f f e r e n t  i n  t h e s e  case8 ( s e e  b e l o o ) .  

READ AND CHECK GROUP RCG f l  

WRITE AND CHECK CROUP WCG 31 

Word 2 Format 

Examp l e  

The i n s t r u c t i o n  used t o  s t a r t  t h e  D I A L  program is 
n070f 7300" 

o h i c h  decodes as  shown below: 

0701 RCG f 
(Bead and check group,  from tape  u n i t  8) 

7 3 0 0  Load f i r s t  b lock  i n t o  core b lock  B 

Load f i m t  bZock from t a p e ' b t o c  38g 
Load 7 a d d i t i o n a l  b l o c k s  

4 Cheoking is performed b y  a checksum a d d i t i o n  a t  t h e  end of 
the t r a n s f e r  of t h e  b lock .  
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U t i l i t y  Tape I n s t r u c t i o n s  

No da ta  t r a n s f e r  i s  inoo tved  w i t h  t h e s e  i n s t r u c t i o n s .  

MTB Move towards b tock  ( s p e c i f i e d  i n  word 2) 

CHK Check tape b t o c k  ( s p e c i f i e d  i n  work 2) 
(The tape runs through t h e  s p e c i f i e d  b toak ,  genera t ing  
a checksum i n  i t 6  own checksum r e g i s t e r ,  A t  t h e  end 
of t h e  block ,  thC8 chzcksum is compared w i t h  t h e  
oheakeurn reaorded on t h e  t a p e ) ,  

TAC Read t h e  tape accumutator 

LINC T A P E  A S S I G N M E N T  

3 .  a )  Wr i t e  a program t o  f l a s h  t h e  L I N K  b i t  of t h e  accumulator 
on and o f f  a t  about a one second r a t e .  

b )  W r i t e  a second program t o  s t o r e  t h i s  f i r e t  program on 
L I N C  tape and c l e a r  t h e  core t o c a t i o n s  ueed bu & h i e  
f i r s t  program. 

0 )  U r i t e  a t h i r d  program t o  toad t h e  f i r e t  program back 
i n t o  cors  from L I N C  tape .  

2. Wr i t e  a program which w i Z Z  per form t h e  f o t t o w i n g  f u n o t i o n e r  

a) Sampte t h e  ou tpu t  of a p o t e n t i o m e t e r  or anatogue 
i n p u t  and s t o r e  t h e  d i g i t i z e d  va lues  on taps .  

b )  D i 8 p h ~  t h e  d i g i t i z e d  v a l u e s  on t h e  CRT screen. 

A t o t a l  of 17778 va lues  are t o  be  sampled. 
The d i a p Z a y  is t o  c o n s i s t  of h a l f  t heee  va tuee  - t h e  tower h a l f  if sense  s w i t c h  I = I ;  

t l i d  u p p ~ r  h a l t  if ar3nnc a w i t o h  1 c. 8. 

REFERENCES 

A p i c t u r e  of the TU30 ( L i n c t a p e )  t r a n s p o r t  and a b r i e f  
d e s c r i p t i o n  of t h e  t r a n s p o r t  c o n t r o h  and i n d i c a t o r s  i s  g i v e n  
on pages 2-11 and 2-12 of t h e  PDP-12 User’s handbook. 

2 r e s e n t s d  on pages 3-36 t o  3-46 of t h e  PDP-12 Uesr’s  Eiandbook. 
D e t a i l s  of t h e  o p e r a t i o n  of t h e  L inc tape  u n i t  qre 
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PROGRAMMING THE PDP-12 DISPLAY 

p,,\ j \ 1 I 

DISPLAYING A S I N G L E  POIfJT 

The i n s t r u c t i o n  f o r  d i sp lay ing  a s i n g l e  p o i n t  $ 8 :  

DIS I d DISPLAY A POINT 

The Enary coding o f  t h i s  i n s t r u c t i o n  i s :  

A v e r t i c a 2  p o s i t i o n  o f  t h i s  p o i n t  $8 e p e c i f i e d  by bite 
3 t o  11 o f  t h e  accumulator. 

The hor i zon ta l  p o s i t i o n  of t h i s  p o i n t  is s p e o i f i e d  by 
b i t s  3 t o  1 1  o f  t h e  designated OC, r e g i s t e r .  (See Fig. 2). 

Bit $ o f  the designated r e g i s t e r  determines t h e  
ohannel on which t h e  p o i n t  is disp layed .  

The DEC V8-12 osci tZoscope has a knob on the  f r o n t  pane2 
which s e l e c t s  channel 6, channel 1 ,  or both.  Both channel6 
are dispzaed on an e x t e n s i o n  o s c i l l o s c o p e .  

The ItI B I T "  i n  d i sp lay  i n s t r u c t i o n  c o n t r o h  whether or  
n o t  t h e  con ten t s  of t he  o( r e g i s t e r  ars t o  be incremented 
be fore  they  are used. 

For I = 0 ,  no incrementing 

I = 1 ,  increment be fore  us ing .  

When I i s  s e t  t o  I, and t h e  V( r e g i s t e r  i s  incremented 
each t ime t h e  d i sp lay  i n s t r u c i t o n  is used,  t h i s  w i l l  have t h e  
e f f e c t  o f  moving the  d i sp layed  p o i n t  h o r i a o n t a l l y  t o  t h e  r i g h t ,  
producing a h o r i z o n t a l  s t r a i g h t  l i n e .  
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THE CATHODE RAY TUBE: 

The CET is d i v i d e d  i n t o  5 1 2 1 0  x S 1 2 1 0  p o i n t s .  This is 
7778 x 7778 p o i n t s .  The p o i n t s  a r e  numbered from 000 t o  7 7 7  

h o r i z o n t a l l y  

from-377 t o  +377 

ve  r tiaa 2 t y  . 
Nega t i ve  numbera in t h e  v e r t i c a l  d i r e c t i o n  UPS r e p r s e e n t s d  

in complementary n o t a t i o n ,  s o  t h a t  -1. i s  777, - 2  c8 7 7 6  and 
-377 is 4 0 0 .  This is shown i n  F i g u r e  1 .  

FigUP8 1 

CRT COORDINATES 
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0 

- NOTE: IPhs VertCaaZ and BoriaontaZ B u f f s r e  R e t a i n  t h e  Lae t  - 
S p e o i f i e d  VertGoa2 and XorCrrontaZ C o o r d i n a t e e .  

F igure  2 
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PROBLEMS 

1. Writs a programme t o  d i s p l a y  a square on t h e  CBT. 

2. Wri te  a programme t o  d i s p l a g  a diamond on t h e  CRT. 
( a  square turned through 45 1 

3. Wr i t e  a programme t o  d i s p l a y  a graph o h i c h  ie t o  
r e p r e s e n t  t h e  o c t a l  v a l u e s  o f  a tabEe o f  d a t a  oorde i n  
memo rn . 
- Note:  I t  w i l l  be necessary  t o  s c a l e  t h e  vatuee of t h e  

d a t a  uords so t h a t  t h e y  o i l 1  f i t  on t h 8  CRT, Whu? 

DISPLAYiriVG A CIIARACTER 

Characters  couZd be dispZayed on t h e  CRT by d i s p l a y i n g  a 
s e r i e s  o f  d o $ . ,  us ing  t h e  DIS i n s t r u o t i o n .  How6t)8r, t h < s  
w o u l d  i n v o t v e  a grecr* d e a l  of programming e f f o r t  and t h e  
ccnpu ter .wou td  be occupied a g r e a t  d e a l  o f  t h e  t i m e .  What 
has Bsetr done is t he  processor  has been quipped u i t h  a I'hatf 
c h a r a c t e r  genera tor ,  I t  which au tomat i ca l  Zy wri t e r  o u t  one 
h a l f  a charac te r .  The h a l f  c h a r a c t e r  genera tor  a u t o m a t i c a l l y  
movc3s t h e  eZec tron  beam of t h e  scope t o  a s e r i s e  of twelve 
p o i n t s ,  i n  a 6 x 2 m a t r i x  ( s e e  page8 ? I .  The p o i n t a  o f  t h i s  
mcz3Pix uh ich  are t o  be i n t e n s i f i e d  are  s p e c i f i e d  by a twelve  
b i t  computer word wh ich  a h s  been moved i n t o  t h e  n i n t e r a i f i o a t i o n  
b u f f e r " .  Glhere t h e r e  i s  a 1 i n  t h e  computer word, t h e  
corresponding d o t  i n  t h e  m a t r i x  is b r i g h t e n e d .  

A t  t l i t ?  end o f  ?he d i s p l a y  o f  cne h a l f  c h u r u c i e r ,  t.hc 
m a t r i x  i8 moved h o r i z o n t a l l y  t o  t h e  r i g h t .  ( T h i e  $8 done 
automuticaZ l y ,  b y  t h e  c o n t e n t s  of i n c r e a e i n g  memory l o c a t i o n  
0 0 0 1 ,  rdhicli hold6 t h e  h o r i z o n t a l  p o s i t i o n  i n f o r m a t i o n  for t h e  
h a l f  c h a r a c t e r  m a t r i x )  . 

T h i s  i s  d i s c u s s e d  i n  d e t a i l  below. 
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THE DSC INSTRUCTION 

DSC I f 

The ope'rat ion o f  t h i s  i n s t r u c t i o n  is a8 folZows:  

B i t s  0 through 6 i n d i c a t e  t h a t  a "d i sp lay  charac ter"  is t o  
t ake  p lace .  

B i t s  8 through 11 d i r e c t  t h e  computer t o  a (3 
The con ten t  o f  t h e  (3 r e g i c t e r  i n d i c a t e s  where t h e  i n t e n s -  
i f i c a t i o n  word is t o  be found. I n  o t h e r  words, an i n d i r e c t  
address ing  opera t ion  take  p lace ,  w i t h  t h e  s p e c i f i e d  
r e g i s t e r  con ta in ing  the  p o i n t e r  address .  

register. 

B i t  7 ,  t h e  "Itt  b i t ,  i n d i c a t e s  whether  t h e  con'tent,of t h e  
s p e c i f i e d  P r e g i s t e r  is t o  be incremented b e f o r e  it $8 
used. 

For I = 0 ,  do n o t  increment  be fore  us ing .  

For I = 1, inoremsnt  be fore  using. 

EXAMPLE:  

0 0 1 5  0 3 0 0  

0200 DIS I 1 5  ( c o d e d  0 0 1 ,  111, 111, 101) 

0300 

0 3 0 1  7741 

0302 1477 
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When t h e  computer e x e c u t e s  t h e  DSC i n s t r u c t i o n  in 0200, 
it r e f e r s  t o  4 r e g i s t e r  0015.  Because t h e  I bCt i s  1 ,  
t h e  c o n t e n t  of 0 0 1 5  i s  incremented from 0300 t o  0301 .  

The i n t e n s i f i c a t i o n  word 7 7 4 1  i s  t hen  moved t o  t h e  
i n k e n e i f i c a t i o n  b u f f e r  and used t o  b r i g h t e n  up t h e  appro- 
p r i a t e  p o i n t 8  i n  the  h a l f  charac te r  ma t r i x .  

THE HALF CHARACTER MATRIX 

The d o t s  of a h a l f  charac te r  a r e  shown be loo .  The 
numbers repreeen t  t h e  correeponding bCts of t h e  i n t s n e i  f i c a t i o n  
word. 

For i n 8  tance : 

100001111111 woutd r e p r e s e n t  t h e  t e f t  hatf of an "0" 

111111100001 woutd r e p r e s e n t  t h e  rCght ha t f  of an 

CHARACTER SIZE: 

Two charac te r  s i z e s  are a v a i l a b l e :  f u t l  s i z e  and h a l f  s i a e .  
HaZf size charac te r s  are s p e c i f i e d  b y  e x e c u t i n g  t h e  LINC made 
i n e  t r u c t i o n  : 

ESF(0004) EXECUTE S P E C f I A L  F U N C T I O N  - w i t h  t h e  accumulator 
c o n t a i n i n g  0900, FUZZ s i z e  charactere  are  exeouted  a f t e r  
I/O PRESET ie generated .  

CHARACTER L O C A T I O N :  

The horizontaZ p o s i t i o n  of a character i s  s p e c i f i e d  in 
memory l o c u t i o n  0001.  

The v e r t i o a t  p o s i t i o n  i s  s p e c i f i e d  i n  t h e  accumutator 
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0 

0 

0 

6 

0 

e 
x -  4, 

0 Y t24g- 

0 Y t 20, 

0 Y + \ e ,  

0 Y 4. l o g  

0 Y + 4 0  

CHARACTER SPACING: 

a )  Hor izonta t :  

Each t ime t h e  DSC i n s t r u c t i o n  i s  execu ted ,  t h s  hor iaon ta l  
coordinate  Zocation r e g i s t e r  0001 i s  incremented by 1O8*to 
automat ica t ty  space the  charac ters  h o r i z o n t a t  Zy. I t  i6 thu8 
n o t  necessary  for t h e  programmer t o  modify  t h e  c o n t e n t s  of 
0001  exaept  a t  t he  end of a t i n e  of t e x t  when t h e  next 
aharaotsr  is t o  s t a r t  a t  t h e  Zef t  s i d e  of t h e  CRT. 

b )  Vort icaZ:  

When the  ESC i n s t r u c t i o n  i s  execu ted ,  t h e  f o t t o o i n g  operat ione  
take  p t a c e :  

1.  b i t s  7 t o  11 of t h e  accumulator are  cZeared 

2. b i t o  3 t o  11 of t h e  accumulator are t r a n s f e r r e d  into t h e  
v e r t i c a l  b u f f e r  

3. t he  charac ter  is disp layed  w i t h  i t s  bo t tom rot3 a t  t h e  l e v s t  
s p e c i f i e d  by t h e  accumulator 

f o r  full s$ae o h a r a c t e r s ,  For h a t f  85ae  t h e  apaaing <a 4, 
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EXAMPLE 

If the  accumulator conta.lns 0273,8 ohen t h e  DSC dnstructCon 
$8 executed ,  then  0 2 4 0 8  w i l t  be t r a n s f e r r e d  t o  t h e  v e r t i c a t  
d i s p l a y  b u f f e r  and t h e  charac te r  w i l l  have i t s  bcres-at 
Y = 02408 .  

4. When t h e  DSC CnetructCon Ce f i n h h s d ,  the accumulator ha8 
308 added t o  i t .  

I n  the  exampZe above, t h e  accumutator woutd con ta in  0270 
a t  t h e  f i n i e h  of the DSC i n s t r u c t i o n .  

Thus t o  move the  charac te r  l i n e  up one, a t  Zeaet l o 8  muet 
be added t o  t h e  accumutator. 
muet be sub t rac ted  from t h e  accumutator. 

To move down one l i ne ,  PO8 
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OPERATION O F  THE PDP-12 A / D  CONVERTER 

There are two methods o f  i n p u t t i n g  anatogue vo l tages  i n t o  
the  PDP-12 i n  order  t o  have them conzlerted t o  d i g i t a l  form. 
The f i r s t  i s  v i a  analogue channels O8 through 7 
knobs loca ted  on the  power sw i t ch  panet  t o  t h e  ! e f t  of t h e  
main c o n t r o l  panel .  These are t e n - t u r n  po ten t iome ter s  which 
produce between p l u s  one v o l t  and minus one v o l t ,  corresponding 
t o  +7778 and - 7 7 7 8  i n  d i g i t a l  form. 

- t h e  c o n t r o t  

The second method of connect ing i n p u t s  i n t o  the' PDP-12 
it, v i a  t h e  p k i i c  j a c k s  loca ted  below t h e  power s w i t c h  panet .  
These j a c k s  correspond t o  i n p u t  channels 10 through 1 7 8  and 
have a p e r m i s s i b t e  vo t tage  i n p u t  range o f  p f u s  one V o l t  t o  
minue one v o l t ,  

The PDP-12 has only  one A-D conver t e r ,  so it is necessarg 
t h a t  only one i n p u t  a t  a t ime be connected t o  t h e  c o n v e r t e r ,  
The s e t e o t i o n  o f  t he  p a r t i c u l a r  i n p u t  ( f r o m  t h e  s i x t e e n  knob 
and j a c k  i n p u t s )  i s  doen by a t tmut t ip lexer , t t  t h e  m u l t i p t e x e r  
behag c o n t r o l l e d  by t h e  computer programme i n s t r u c t i o n .  

I n  a d d i t i o n ,  a p a r t i c u l a r  analogue i n p u t  may be changing 
a t  t h e  t ime i t  is t o  be converted t o  d i g i t a l  form. For t h i s  
reason, a ttsampZe and hold" c i r c u i t  is used t o  sample  t h e  
vo l tage  i n p u t  and hold t h i s  sample wh i t e  t h e  analogue t o  
d ig i taZ  conversion i s  t ak ing  p l a c e .  

The "Samplett I n s t r u c t i o n :  SAM N 

Th i s  i s  a L I N C  mode i n s t r u c t i o n ,  so  t h e  processor  must be 
in LINC mode when the  i n s t r u c t i o n  is executed .  

OPERATION CODE SELECTED CHANNEL 
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The sequenoe of opera t ions  for a SAM i n s t r u c t i o n  i s  as 
f 0  2 ZOW8 : 

1. The i n p u t  c a t t e d  for by t h e  i n s t r u c t i o n  i s  s e t e c t e d  

2. The anatogue i n p u t  is sampted by t h e  sample-and-hoZd 
c i r c u i t  and conver ted  t o  a d i g i t a Z  number by t h e  
A-D c o n v e r t e r .  

by t h e  m u t t i p t e z e r .  

4. The d i g i t a l  o u t p u t  from t h e  A - D  c o n v e r t e r  58 b r a n s f e r r e d  
Cnto &)a0 aecumutator.  

Ths t o t a t  t e n g t h  of t i m s  for one comptete  sampting o p e r a t i o n  
i t 3  18 .2  microseconds.  

The Sampled Output:  

The samphd  o u t p u t  from t h e  A - D  c o n v e r t e r  range8 be toeen  
+ 7 7 7 8 ( 0 7 7 7 1  and - 7 7 7 8 ( 1 0 0 0 )  

i n  oomp t imen tary  n o t a t i o n .  
Negat ive  numbere are r e p r e e e n t s d  

Disp tay ing  t h e  Sampled Output 

accep t s  8 b i t s  p l u s  s$gn. I t  is t h u s  necessary  t o  s c a l e  t h e  
ou tpu t  from t h e  A - D  c o n v e r t e r ,  one b i t  p o s i t i o n  t o  t h e i g h t ,  
b s f o r s  d i s p l a y i n g .  

s i n c e  bo th  t h e  A - D  o o n v e r t e r  and x-y d i s p t a y  uee oompZCmentarM 
n o t a t i o n .  

The sampled o u t p u t  is 9 b i t s  p l u s  s i g n .  The CRT d i s p t a y  

No s p e c i a l  p r o v i s i o n  f o r  n e g a t i v e  numbers need be  mads, 

Fast Sample Mode 

I n  6ome s i t u a t i o n s ,  18.2 microseconds i s  u n e a t i s  f a c t o r i z u  
tong f o r  s a m p t i n g  t i m e ,  i n  whCch case one may use " f a s t  
t~ampte" mode. Faot sample is enabted b y  e x e c u t i n g  t h e  
i n s t r u c t i o n :  

ESF ( 0 0 0 4 )  

w i t h  0100 i n  t h e  accumulator.  

Normal sampting can be r e s t o r e d  b y  p r e s s i n g  
I/O PRESET 
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When SAM N i s  executed  w i t h  f a e t  sample enabted, t h e  order  
of even t s  i s  a s  f o l l o w s :  

1. The accumulator i s  c leared  

2, The d i g i t a t  number i n  t h e  A / D  conver t e r  ia t rana fered  
i n t o  t h e  accumulator. 

3. A new sample is taken  and converted t o  b inary  form. 

S teps  1 and 2 take  only  2.8 mgec so no t ime i s  \ t o s t  
wa i t ing  f o r  the  convers ion  t o  take  p tace .  S t e p  3, t h e  t ime 
consuming process ,  can take  p laae  w h i t e  o t h e r  programming 
i n e t r u a t i o n s  ar0 tak ing  p lace .  However, a t o t a t  of 18.2 micro- 
seconds must e lapse  be fore  a new sample i s  c a t t e d  f o r ,  I f  
t h e  D / A  conver t e r  i e  n o t  ready,  t h e  proceseor w d t l  a u t o m a t b a t t #  
t j a i t  un t i t  it i s .  

Probteme 

1. Writs a programme t o  d i ep tay  a square on t h e  CRT screen ,  
t h e  s i z e  of which i s  t o  be c o n t r o l l e d  bu p o t e n t i o m e t e r  
number 3. 

2. Wri te  a programme t o  d i s p l a y  a graph o f  t h e  ou tpu t  of 
po ten t iome ter ,  versus  t ime .  

3. Wri te  a programme t o  r e t r i e v e  a data word from memory and 
d i sp lay  i t s  value on the  CRT. The address  of t h e  data  
word i s  t o  be s e l e c t e d  by po ten t iome ter  number 2. 
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