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PREFACE 

Th i s  document i s  a c o l l e c t i o n  o f  proven r o u t i n e s  f o r  

t h e  PDP-8 fami ly  of computers. These r o u t i n e s  i n  themselves  

are u s e f u l  t o  many programmers and are  a l l  i l l u s t r a t i v e  of 

assembly language programming t echn iques .  The u s e r  i s  advised 

t o  f i r s t  i n v e s t i g a t e  t h e  s e c t i o n s  on assembly language pro- 
gramming i n  Programming Languages and I n t r o d u c t i o n  t o  Pro- 

qramming 1 9  70.  
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Formerly 
DEC-O 8 - L a - D  

CHAPTER 1 
R I M  LOADER 

1.1 ABSTRACT 
The Read-In Mode ( R I M )  Loader i s  a minimum-sized r o u t i n e  f o r  

reading  and s t o r i n g  i n t o  core informat ion  conta ined  i n  Read-In- 
Node coded t a p e s  v i a  t h e  33-ASR p e r f o r a t e d  t a p e  r e a d e r  or h igh  speed 

p e r f o r a t e d  t a p e  r eade r .  

1 . 2  REQUIREMENTS 

wi th  any PDP-8 @ fami ly  computer w i th  a 33-ASR Tele type  

speed p e r f o r a t e d  t a p e  r e a d e r  i s  o p t i o n a l .  

The R I M  Loader r e q u i r e s  1710 ( 2 1  ) core  l o c a t i o n s  and i s  used 
8 8 . A high 

1.3 USAGE 

1 .3 .1  Loading 

To 
proceed 

a .  

b. 

C .  

d .  

e. 

f .  

g *  

p l a c e  t h e  RIM Loader i n t o  memory v i a  t h e  console  swi t ches ,  
as fo l lows:  

Set 7756 i n  t h e  swi tch  r e g i s t e r  ( S R ) .  

Press LOAD A D D r e s s .  

S e t  t h e  f i r s t  i n s t r u c t i o n  (6032 f o r  33-ASR). 

Press D E P o s i t .  

S e t  t h e  n e x t  i n s t r u c t i o n  ( 6 0 3 1  f o r  33-ASR). 

Press D E P o s i t .  

Repeat s t e p s  e. and f .  u n t i l  all i n s t r u c t i o n s  have been 
depos i t ed .  

1.3.2 S tar t -up/Ent ry  

a .  Place t h e  p e r f o r a t e d  t a p e  which must be i n  R I M  format  i n  t h e  
pe r fo ra t ed - t ape  r e a d e r .  

@PDP, Programmed Data Processor ,  i s  a r e g i s t e r e d  trademark of 
t h e  D i g i t a l  Equipment Corporat ion.  

a e l e t y p e  i s  a trademark of t h e  Tele type  Corpora t ion .  
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b. Make s u r e  t h e  reader i s  set t o  L I N E .  

c. Place t h e  s t a r t i n g  address (7756)  i n  t h e  s w i t c h  r e g i s t e r .  
d .  Press t h e  LOAD A D D r e s s  key. 

e. Press t h e  START key. 

f. I f  t h e  33-ASR v e r s i o n  i s  used,  move t h e  r e a d e r  c o n t r o l  
t o  START. 

There are no error stops i n  t h i s  r o u t i n e .  

1 . 4  DESCRIPTION 

T h i s  i s  a basic r o u t i n e  t h a t  a l t e r n a t e l y  assembles an  address 

from two s u c c e s s i v e  c h a r a c t e r s  on t a p e ,  t h e n  assembles data conta ined  

i n  t h e  n e x t  t w o  c h a r a c t e r s  and stores t h i s  d a t a  a t  t h e  a s s o c i a t e d  

addres s .  

Because a t a p e  i n  R I M  format i s  t w i c e  as long  as a comparable 

t a p e  i n  b i n a r y  format ,  it i s  sugges t ed  t h a t  t h e  RIM Loader on ly  be 

used t o  load t h e  Binary Loader. A f t e r  t h i s ,  t h e  Binary Loader should  

be used. 

Any t a p e s  t o  be read by t h i s  program must be i n  Read-In-Mode 

coded format. 

Leader t a p e  f o r  RIM format  t a p e s  shou ld  be about  t w o  fee t  of 

leader-trailer codes; i . e . ,  any code w i t h  channel  8 punched, 

p r e f e r a b l y  code 200 .  (Depress ALT MODE, CTRL, and (3 keys s imul t aneous lp  

t o  punch 200 leader t ra i le r . )  

Characters r e p r e s e n t i n g  t h e  a b s o l u t e ,  machine language program 

are arranged i n  an a l t e r n a t i n g  p a t t e r n  of a d d r e s s ,  c o n t e n t s ,  address, 
c o n t e n t s ,  etc.  Addresses have channel  7 punched, channel  8 n o t  
punched. Contents  have no punch i n  channel  7 o r  8. 

Tra i le r  t a p e  shou ld  be t h e  same as l e a d e r  t a p e .  
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1 .5  EXAMPLE OF READ-IN-MODE CODED FORMAT 

Tape Channel 
87 654 S 321 

Channels 8 and 7 I n d i c a t e  

10 0 0 0  . 0 0 0  Leader code i s  always found f i r s t .  

0 1  A1 . A2 Absolute  o c t a l  Address of d a t a  i n  n e x t  
00 A3 . A4 t w o  c h a r a c t e r s .  

0 0  D l  . D 2  
0 0  D 3  . D 4  

O c t a l  Data t o  be s t o r e d  a t  preceding  
addres s .  

T h i s  p a t t e r n  r e p e a t s  i n  s i m i l a r  f o u r  c h a r a c t e r  groups u n t i l  

1 0  000  . 0 0 0  encountered.  
t h e  concluding Tra i le r  Code i s  

Note t h a t  a 3 - b i t  group (a  s i n g l e  oc ta l  c h a r a c t e r )  i s  des igna ted  

by t h e  n o t a t i o n  A 1  above. The 1 i n  t h i s  n o t a t i o n  i n d i c a t e s  t h a t  t h i s  

p a r t i c u l a r  oc ta l  character i s  used as t h e  most s i g n i f i c a n t  t h r e e  b i t s  

i n  s p e c i f y i n g  t h e  a b s o l u t e  addres s  i n t o  which fo l lowing  d a t a  i s  
depos i t ed .  Correspondingly,  A 2 ,  A3, and A 4  d e s i g n a t e  s u c c e s s i v e l y  

less s i g n i f i c a n t  o c t a l  c h a r a c t e r s  i n  t h e  a b s o l u t e  addres s .  

The remarks above apply e q u a l l y  t o  d a t a  as s p e c i f i e d  by t h e  

n o t a t i o n  D 1 ,  D 2 ,  D3, and D 4 .  
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1.6 PROGRAM LISTING 

1.6.1 

AbS 
Addr . 
7756 , 
7757. 
7760 , 
7761, 
7762 , 
7763, 
7764, 
7765 , 
7766 , 
7767, 
7770, 
7771, 
7772 , 
7773, 
7774 , 
7775 , 
7776 , 
7777, 

1.6.2 

AbS 
Addr . 
7756 
7757 
7760 
7761 
7762 
7763 
7764 
7765 
7766 
7767 
7770 
7771 

7772 

7773 

7774 
77 75 
7776 
7777 

33-ASR Vers ion  

Octal  
Con ten t s  I n s t r u c t i o n  

6032 BEG , KCC 
6031 KSF 
5357 JMP .-1 
6036 KRB 
7106 CLL RTL 
7006 RTL 
7510 SPA 
5357 JMP BEG+l  
7006 RTL 
6031 KSF 
5367 J M P  .-1 
6034 KRS 
7420 SNL 
3776 DCA I TEMP 
3376 DCA TEMP 
5356 JMP BEG 
0 TEMP, 0 
JMP s t a r t  of  0 

B I N  l o a d e r  

High-speed Version 

O c t a l  
Con t e n t s  I n s t r u c t i o n  

6014 
6011 
5357 
6016 
7106 
7006 
7510 
5374 
7006 
6011 
5367 
6016 

BEG , RCF 
RSF 
J M P  .-1 
RCC 
CLL RTL 
RT L 
SPA 
JMP TEMP-2 
RTL 
RSF 
JMP .-1 
RCC 

7420 SNL 

3776 DCA I TEMP 

3376 DCA TEMP 
5357 JMP BEG+l  

(a TEMP , (a 

Comments 

/clear AC and f l a g  
/ s k i p  i f  f l a g  = 1 
/ looking  f o r  c h a r  
/ read  b u f f e r  
/ch8 i n  AC0 
/checking f o r  l e a d e r  
/found l e a d e r  
/OK,ch7 i n  l i n k  

/ r ead ,  do n o t  clear 
/checking f o r  a d d r e s s  
/store contents  
/store a d d r e s s  
/next  word 
/temp storage 

Comments 

/clear f l a g  and f e t c h  cha r .  
/ s k i p  i f  f l a g  = 1 
/ w a i t  f o r  f e t c h i n g  t o  be  done 
/pu t  c h a r . i n  AC; f e t c h  a n o t h e r  
/ rotate  channel  8 t o  
/ b i t  of AC 
/ w a s  i t  set ( l e a d e r - t r a i l e r ) ?  
/yes  - l e a d e r  t r a i l e r  
/no - ro t a t e  channel  7 t o  l i n k  
/ c h a r a c t e r  f e t c h e d  y e t ?  
/no - w a i t  f o r  it 
/yes  - add i t  t o  AC; f e t c h  
/another 
/is 1 2 - b i t  w o r d  i n  AC an 
/address?  
/no - store i n  l a s t  s t o r e d  
/ addres s  
/yes  - store n e w  a d d r e s s  
/get next word 
/temporary s t o r a g e  
/ s t a r t  of b i n a r y  l o a d e r  

1-4 



1 . 7  OTHER POSSIBLE R I M  LOADERS 

V a r i a t i o n s  of t h e  R I M  Loader may prove u s e f u l  i n  s p e c i a l  cases 
where, due t o  c i rcumstances ,  R I M  must be l o c a t e d  i n  a d i f f e r e n t  

s e c t i o n  of core .  

On t h e  o t h e r  hand, t h e  equipment involved  may make i t  necessary  

t o  use a v a r i a t i o n  of R I M  t a i l o r e d  s p e c i f i c a l l y  t o  a p a r t i c u l a r  s i t u a -  

t i o n .  A s  an example of t h i s ,  cons ide r  a spec ia l -purpose  PDP-8 system 

used f o r  t e x t  e d i t i n g .  I n  t h i s  system, no 33-ASR's are used. In-  

s t e a d ,  s e v e r a l  t y p e w r i t e r s  which use a d i f f e r e n t  cdde ( i n c l u d i n g  

p r o v i s i o n  f o r  upper and lower case )  a r e  t ime-shared w i t h  r e s p e c t  t o  
i n p u t  and o u t p u t  w i th  a c e n t r a l  PDP-8. 

Please c o n s u l t  t h e  Applied Programming Department a t  D i g i t a l  

Equipment Corporat ion f o r  d e t a i l s  of other  R I M  Loaders c u r r e n t l y  

a v a i l a b l e  o r  f o r  a s s i s t a n c e  i n  s p e c i a l  c a s e s .  

1 . 8  USE OF PDP-8 SYSTEM PROGRAMS 

C e r t a i n  system programs, such as t h e  DECtape L ib ra ry  System 

(DEC-08-SUCO), r e q u i r e  t h a t  t h e  RIM Loader be used p r e c i s e l y  as 
l i s t e d  i n  s e c t i o n  1 . 6 .  

1 . 9  U S I N G  THE R I M  LOADER W I T H  EXTENDED MEMORY 

The RIM Loader as desc r ibed  i n  s e c t i o n  1 . 6  can run i n  any 

memory f i e l d  provided t h a t  it i s  loaded i n t o  memory fo l lowing  a 
s l i g h t l y  d i f f e r e n t  procedure than  t h a t  desc r ibed  i n  1.3.1. The 

I n s t r u c t i o n  F i e l d  r e g i s t e r  and t h e  Data F i e l d  r e g i s t e r  must both be 

set  t o  N (a  number from 0 t o  7 )  where N i n d i c a t e s  t h e  memory f i e l d  
i n  which the  RIM Loader i s  t o  be p l aced ,  This  i s  e a s i l y  done. 

a. S e t  t h e  DATA FIELD ex tens ion  of t h e  s w i t c h  register t o  N .  

b. S e t  t h e  INSTRUCTION FIELD ex tens ion  of t h e  s w i t c h  r e g i s t e r  
t o  N .  

c. Follow procedure i n  s t e p s  a through g i n  s e c t i o n  1.3.1.  
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rarrner iy 
DEC-O 8-LBAA-D 

CHAPTER 2 

BINARY LOADER 

2 . 1  ABSTRACT 

The Binary Loader i s  a s h o r t  r o u t i n e  f o r  r ead ing  and s t o r i n g  informa- 

t i o n  conta ined  i n  binary-coded t a p e s ,  u s i n g  t h e  33-ASR r e a d e r  or  t h e  

High-speed Reader. 

The Binary Loader accep t s  t a p e s  prepared  w i t h  t h e  PAL 111, PAL-D, 

PAL8, or  MACRO-8 assemblers .  Diagnos t ic  messages may be inc luded  on 
t a p e s  produced when us ing  e i t h e r  PAL o r  MACRO. 

a l l  d i a g n o s t i c  messages. 

The Binary Loader i g n o r e s  

2 . 2  REQUIREMENTS 

Th i s  program occupies  9410 (1368) core loca t ions .  

The Binary  Loader can be used wi th  a system c o n s i s t i n g  of t h e  

PDP-8 and a 33-ASR Tele type  only .  O n  t h e  o t h e r  hand, t h e  same program 

o p e r a t e s  w i th  sys tems i n c l u d i n g  t h e  High-speed Tape Reader and/or t h e  

Memory Extension Control .  This  l o a d e r  i s  compatible  wi th  t h e  552 

DECtape L ib ra ry  System and t h e  TCOl  DECtape L ib ra ry  System. 

2.3 LOADING PROCEDURES 
The Binary Loader i s  brought  i n t o  memory by t h e  R I M  or Read-In- 

Mode Loader. This  requi res  t h a t  t h e  Binary Loader t a p e  i t s e l f  be  i n  
R I M  format .  See I n t r o d u c t i o n  t o  Programming and Chapter 1 f o r  d i s -  

c u s s i o n s  of t h e  R I M  Loader and RIM format .  

NOTE: Memory Extension users; r e f e r  t o  S p e c i a l  Requirements 
s ec t ion .  

Proceed as fo l lows:  

a.  

b .  
C .  

a. 

e. 
f .  

g -  

Load t h e  R I M  Loader f o r  t h e  type  of r e a d e r  which is t o  load  
t h e  B ina ry  Loader. 

Place t h e  Binary Loader t a p e  i n  t h e  r e a d e r .  
Make s u r e  t h a t  t h e  r eade r  i s  on- l ine .  
Place t h e  s t a r t i n g  addres s  of t h e  R I M  Loader (7756)  i n  
t h e  SWITCH REGISTER. 

Press t h e  LOAD ADDRESS key. 
Press t h e  START key. 
I f  t h e  33-ASR i s  t h e  chosen r e a d e r ,  move t h e  READER CONTROL 
swi tch  t o  t h e  START p o s i t i o n .  
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2 . 3 . 1  Switch S e t t i n g  
NOTE: Memory Extens ion  u s e r s  see " S p e c i a l  Requirements" 

section. 

2 . 4  USING THE PROGRAM 

a. 

b .  

C. 

d. 

Place t h e  t a p e  t o  be loaded (which must be i n  b i n a r y  format )  
i n  e i t h e r  the 33-ASR Tape Reader o r  t h e  High-speed Reader, 
w i t h  l e a d e r - t r a i l e r  under t h e  r e a d  head. When us ing  t h e  
33-ASR, make s u r e  t h e  r e a d e r  i s  on- l ine .  When us ing  t h e  
High-speed r e a d e r ,  make s u r e  t h e  r e a d e r  i s  on. 

Place t h e  s t a r t i n g  addres s  of  t h e  Binary Loader (7777) i n  t h e  
SWITCH REGISTER. 

P r e s s  LOAD ADDRESS key. 
When us ing  t h e  High-speed Reader,  change t h e  SWITCH REGISTER 
t o  3777 ( b i t  0 = 0 ) .  O m i t  t h i s  s t e p  i f  u s i n g  t h e  33-ASR. 

Press console  START key. 

When us ing  t h e  33-ASR, move t h e  READER CONTROL swi t ch  t o  
START. 

2 . 5  ERRORS 

When any of t h e  PDP-8 assemblers  i s  used t o  produce a b i n a r y  t a p e ,  

a checksum i s  a u t o m a t i c a l l y  punched a t  t h e  end of t h e  b i n a r y  t a p e .  The 

checksum i s  t h e  sum of  a l l  d a t a  on t h e  t a p e  i n c l u d i n g  t h e  o r i g i n  word. 

To be  more s p e c i f i c ,  it i s  t h e  sum of a l l  d a t a  con ta ined  on t a p e  

t h a t  w i l l  enter  t h e  accumulator  (AC) i n  b i t  p o s i t i o n s  4 through 11 from, 

for example, t h e  33-ASR Reader b u f f e r .  The sum i s  accumulated charac-  

ter by c h a r a c t e r  and - n o t  word by word. Overflow (a  c a r r y  o u t  of t h e  

m o s t - s i g n i f i c a n t  b i t  p o s i t i o n  of  t h e  AC) i s  ignored  bo th  when c a l c u l a t -  

i n g  a checksum (which i s  done by t h e  assembler used)  and when t h e  
Binary Loader accumulates  a checksum whi l e  l oad ing  a t a p e .  

If t h e  checksum accumulated w h i l e  u s ing  t h e  Binary Loader does 

n o t  ag ree  w i t h  t h e  l a s t  two c h a r a c t e r s  on t h e  t a p e  ( i . e . ,  t h e  checksum 
on t h e  t a p e  c a l c u l a t e d  and p l aced  there by the assembler), an error 

has  occurred .  

When t h e  computer h a l t s ,  t h e  d i s p l a y  l i g h t s  w i l l  be  s t a t i c ,  t h e  

memory b u f f e r  (MB) w i l l  c o n t a i n  7 4 0 2 ,  and t h e  c o n t e n t s  of t h e  AC w i l l  
be unequal  t o  zero i f  a checksum error h a s  occurred .  

2-2 



Restar t  t h e  computer a f t e r  t h e  t a p e  has  been r e p o s i t i o n e d  by 
p r e s s i n g  t h e  CONTINUE key. 

2 . 6  DETAILS O F  OPERATION AND STORAGE 

Th i s  program f u r n i s h e s  t h e  b a s i c  means by which t h e  c o n t e n t s  of 
binary-coded t a c e s  are loaded i n t o  core. 

The hea r t  of t h e  program i s  a s h o r t  s u b r o u t i n e  ( tagged  BEGG) which 
o p e r a t e s  i n  o u t l i n e  as fo l lows:  

The incoming character i s  t e s t e d  t o  see i f  i t  i s  a " rubout"  ( a l l  
e i g h t  t a p e  channels  punched) .  

I f  t h i s  i s  t h e  case, a l l  subsequent  i n fo rma t ion  coming from t h e  
r e a d e r  i s  ignored  u n t i l  ano the r  rubout  i s  d e t e c t e d .  

T h i s  i s  t h e  mechanism by which assembler d i a g n o s t i c  messages are 
de tec t ed .  

acter .  
t h e  ba lance  of t h e  b i n a r y  t a p e ,  any c h a r a c t e r  i s  v a l i d  e x c e p t ,  o f  cour se ,  
a s i n g l e  rubout  character which would prematurely conclude t h e  

d i a g n o s t i c  message. 
message would, i n  e f fec t ,  be ignored.  

They are preceded and fol lowed by a s i n g l e  rubout  char- 

Within a d i a g n o s t i c  message, i n  c o n t r a s t  t o  t h e  r u l e s  concerning 

Note t h a t  two consecu t ive  rubouts  w i t h i n  a d i a g n o s t i c  

Next t h e  character i s  tested t o  see i f  i t  i s  leader or  f i e l d  s e t t i n g .  

These tests are l i s t e d  i n  t h e  o r d e r  i n  which they  are performed. 

I f  none of t h e  a c t i o n s  i n d i c a t e d  have occur red  upon e x i t  f rom t h e  BEGG 

s u b r o u t i n e ,  t h e  character i s  p a r t  of t h e  o r i g i n  addres s ,  c o n t a i n s  p a r t  
of a d a t a  word, o r  i s  a p a r t  of t h e  checksum, and t h e  a p p r o p r i a t e  
course  i s  fol lowed by t h e  main r o u t i n e .  

2 . 7  SPECIAL REQUIREMENTS OR FORMATS 

2 . 7 . 1  E x t e r n a l  Format 

and have about  1 f o o t  of leader- t ra i ler  code (any code w i t h  channel  8 

punched; p r e f e r a b l y  code 2 0 0 ) .  

Tapes t o  be read by t h i s  program m u s t  be in binary-coded format  
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T h e  f i r s t  two c h a r a c t e r s  r e p r e s e n t  t h e  a d d r e s s  ( o r i g i n )  i n t o  which 

t h e  f i r s t  command on t h e  n e x t  p o r t i o n  of t h e  t a p e  w i l l  be  p laced .  
Success ive  commands are p laced  i n  memory a t  addres ses :  

o r i g i n + l , o r i g i n + 2 ,  ..., o r i g i n + n .  

The i n i t i a l  c h a r a c t e r  of t h e  o r i g i n  has  no punch i n  channel  8 ,  

wh i l e  channel  7 i s  punched. The second c h a r a c t e r  d e s i g n a t i n g  t h e  o r i g i n  

has  no punches i n  e i t h e r  channel  8 o r  7 .  

A concluding 2 -cha rac t e r  group r e p r e s e n t i n g  t h e  checksum has  no 
punches p r e s e n t  i n  channels  8 o r  7. 

T ra i l e r  t a p e  i s  s i m i l a r  t o  l e a d e r .  

Reference t o  Program L i s t i n g  i n d i c a t e s  t h a t  a f t e r  t h e  BEGG sub- 

r o u t i n e  tests t o  see i f  t h e  c h a r a c t e r  j u s t  r e a d  was l e a d e r / t r a i l e r ,  

a t e s t  i s  made t o  de te rmine  whether khe c h a r a c t e r  i s  a " f i e l d  s e t t i n g . "  
This  i s  a r e f e r e n c e  t o  t h e  f a c t  t h a t  t h e  assemblers produce t a p e s  on 

which c h a r a c t e r s  of t h e  form 

11 xxx 000 

i n d i c a t e  t h e  memory f i e l d  i n t o  which t h e  fo l lowing  d a t a  i s  t o  be 

loaded.  I f ,  f o r  example XXX w e r e  1 0 1 ,  a l l  d a t a  fo l lowing  t h e  f i e l d  
d e s i g n a t o r  should  be loaded i n t o  memory f i e l d  f i v e .  
o t h e r  d a t a ,  f i e l d  s e t t i n g s  are n o t  i nc luded  i n  t h e  checksum. 

Unlike o r i g i n s  and 

2.7.2 Example of Binary Loader Format 

Tape Channel Channels 8 and 
87 654 S 3 2 1  7 I n d i c a t e  

Program 
Proper  

N o t e s  

Leader No 10 0 0 0  . 000  

0 1  000  . 0 1 0  Or ig in  
0 0  0 0 0  . 000  

00 111 . 010 
00  000  0 0 0 0  

Contents  of  2 0 0  

I n  o c t a l  t h e  o r i g i n  0 2 0 0 .  
Loading w i l l  s t a r t  a t  0 2 0 0 .  

No 

Y e s  The command 7200 o r  CLA. 

Contents  of 2 0 1  Y e s  The command 3276 or  00  011 . 010  
00  111 . 110 DCA 2 076.  
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Example of Binary Loader Format (Cont.) 

Tape Channel Channels 8 and Program Notes 
87  654 S 321 7 I n d i c a t e  Proper  . .  

0 0  111 . 1 0 0  Contents  of 2 0 2  Y e s  The command 7402  o r  HLT. 
00  0 0 0  . 010 
00 0 0 0  . 1 0 0  Checksum 
00  0 1 0  . 010 No The program de termines  

t h a t  t h e s e  t w o  c h a r a c t e r s  
a r e  t h e  checksum s i n c e  
t r a i l e r  fo l lows .  

10 0 0 0  . 000  T r a i l e r  N o  

The o c t a l  checksum i n  t h i s  example i s  0422 .  Note t h a t  
t h i s  i s  t h e  fo l lowing  sum: 

1 0 2  Or ig in  
0 0 0  
0 7 2  F i r s t  word 
000  
032 Second word 
076 
074  Thi rd  word 
0 0 2  
4 2 2  
- 

2.7.3 Memory Extension Usage 

ensu res  a permanent program l i n i n g  around l o c a t i o n  7754 and 7755 which 

are used f o r  TCOL DECtape. The l o a d e r  can e x i s t  i n  any f i e l d ,  though 

c a u t i o n  must  be taken  n o t  t o  use  l o c a t i o n  7754 and 7755 i n  f i e l d  0 (this 
a p p l i e s  on ly  t o  DECtape u s e r s ) .  
it should  be noted  t h a t  t h e  R I M  Loader must a l r e a d y  be i n  t h a t  f i e l d .  

I t  i s  recommended t h a t  t h e  Binary Loader e x i s t  i n  f i e l d  0 .  This  

A l s o ,  when t h e  proper  f i e l d  i s  chosen 

Binary Loader Loading Procedure f o r  Extended Memory U s e r s  

a .  
b. 

C.  

d.  
e. 

Place t h e  Binary Loader t a p e  i n  t h e  r e a d e r .  

P l a c e  t h e  proper  FIELD i n  t h e  INSTRUCTION FIELD REGISTER 
when p u t t i n g  t h e  s t a r t i n g  addres s  of t h e  R I M  Loader (7756) 
i n  t h e  SWITCH REGISTER. 

Press t h e  LOAD ADDRESS key. 
Press t h e  START key. 
Start the reader. 33-ASR: press READER CONTROL to start.  
High-speed Reader: should a l r e a d y  be ready t o  s t a r t .  
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ODerat ion and Usaae f o r  Extended Memorv U s e r s  

a .  

b. 

C. 

d. 

Place t h e  t a p e  t o  be loaded ( t a p e  must be i n  b i n a r y  
format) i n  t h e  r e a d e r .  When us ing  t h e  33-ASR, make 
s u r e  r e a d e r  i s  on- l ine .  When us ing  t h e  High-speed Reader, 
make s u r e  r e a d e r  i s  on and t a p e  i s  p o s i t i o n e d  w i t h  
l e a d e r / t r a i l e r  over r e a d  head. 

I n  t h e  DATA FIELD r e g i s t e r  p l a c e  t h e  f i e l d  i n  which t h e  
program i s  t o  be loaded. I n  t h e  INSTRUCTION FIELD 
r e g i s t e r  p l a c e  t h e  f i e l d  t h a t  t h e  Binary Loader i s  i n .  
Press LOAD ADDRESS key. 
When us ing  t h e  High-speed Reader, change t h e  SWITCH 
REGISTER TO 3777 ( b i t  0 = 0 ) .  O m i t  t h i s  s t e p  i f  u s i n g  
t h e  33-ASR. 

Press conso le  START key. 

S t a r t i n g  Program 

A f t e r  program has  been s u c c e s s f u l l y  loaded ,  place s t a r t i n g  
addres s  of  program i n  SWITCH REGISTER. P l a c e  t h e  f i e l d  
where program e x i s t s  i n  t h e  FIELD INSTRUCTION REGISTER. 

Press LOAD ADDRESS key. 

Press START key. 
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2.8 PROGRAM L I S T I N G  

76 12 
7613 
7614 
76 15 
7616 

7626 
7627 
76 30 
7631 
76 32 
7633 
7634 
7635 
76 36 
7637 
7640 
7641 
7642 
7643 
7644 
7645 
7646 
7647 
7650 

7651 
7652 
7653 
7654 
7655 
7656 
7657 
7660 
7661 
7662 
7663 
7664 
7665 
7666 
7667 
7670 
7671 
7672 

0000 
0000  
0000 
0000 
0000  

0000 
3212 
4260 
1300 
7750 
5237 
2212 
7040 
5227 
1212 
76 40 
5230 
1214 
0274 
1341 
7510 
2226 
7750 
5626 

1214 
0256 
1257 
3213 
5230 
0070 
6201 
0000 
0000 
6031 
5262 
6036 
32 14 
1214 
5660 
6011 
5270 
6016 

"7612 
SWITCH,  
MEMTEM, 
CHAR 
CHKSUM, 
O R I G I N  

*7626 
/EXTRACT ERRORS,  F I E L D ,  L / T  
BEGG , 0 

DCA SWITCH 
JMS READ 
TAD M376 
S P A  SNA CLA 
JMP .+4 
ISZ SWITCH 
CMA 
JMP BEGG+1 
TAD SWITCH 
S Z A  CLA 
JMP BEGG+2 
TAD CHAR 
AND MASK 
TAD M200 
S P A  
ISZ BEGG 
S P A  SNA CLA 
JMP I BEGG 

FMASK , 
CHANGE I 
READ 

LOR , 

H I R ,  

TAD CHAR 
AND FMASK 
TAD CHANGE 
DCA MEMTEM 
JMP BEGG+2 
70 
CDF 
0 
0 
KSF 
JMP .-I 
KRB 
DCA CHAR 
TAD CHAR 
JMP I READ 
RS F 
JMP .-1 
RRB RFC 

/ S E T  SWITCH 
/GET A CHARACTER 
/ T E S T  FOR 377 

/NO 
/YES:  COMPLEMENT SWITCH 

/NOT 377 
/ IS  SWITCH S E T ?  
/YES: IGNORE 
/NO; T E S T  FOR CODE 
/TYPES 

/DATA OR O R I G I N  

/DATA, O R I G I N ,  o r  L/T 

/ F I E L D  S E T T I N G  

/CONTINUE I N P U T  

/WAIT FOR FLAG 
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7 6 7 3  5 2 6 5  
7 6 7 4  0 3 0 0  MASK , 

JMP LOR+3 
3 0 0  

7 6 7 5  
7676  
7 6 7 7  
7 7 0 0  
7 7 0 1  
7 7 0 2  
7 7 0 3  
7 7 0 4  
7705  
7706 
7 7 0 7  
7 7 1 0  
7 7 1 1  
7712  
7713  
7 7 1 4  

7 7 1 5  
7716  
7 7 1 7  
7720  
7 7 2 1  
7 7 2 2  
7 7 2 3  
7 7 2 4  
7 7 2 5  
7 7 2 6  
7 7 2 7  
7 7 3 0  

7 7 3 1  
7 7 3 2  
7 7 3 3  
7 7 3 4  
7735  

7736  
7 7 3 7  
7740  
7 7 4 1  
7742  

7 7 4 3  
7 7 4 4  
7 7 4 5  
7746  
7 7 4 7  
7750  
7 7 5 1  
7 7 5 2  

4 3 4 3  
7 0 4 1  
1 2 1 5  
7 4 0 2  
6 0 3 2  
6 0 1 4  
6 2 1 4  
1 2 5 7  
3213  
7 6 0 4  
7700  
1 3 5 3  
1 3 5 2  
3 2 6 1  
4226 
5 3 1 3  

3215  
1 2 1 3  
3336  
1 2 1 4  
3376  
4260  
3355  
4226  
5 2 7 5  
4 3 4 3  
7420  
5 3 3 6  

3216 
1 3 7 6  
1 3 5 5  
1 2 1 5  
5 3 1 5  

0000  
36 1 6  
2216  
7600  
5 3 3 2  

0 0 0 0  
1 3 7 6  
7106  
7006  
7 0 0 6  
1 3 5 5  
5 7 4 3  
5 2 6 2  

/ T R A I L E R  CODE SEEN 
BEND , J M S  ASSEMB 

C I A  
TAD CHKSUM 

M376 , HLT 
B E G I N  I KCC 

RFC 
RDF 
TAD CHANGE 

CLA OSR 
SMA CLA 
TAD H I R I  
TAD L O R I  
DCA m A D + 1  
J M S  BEGG 
JMP .-I 

- D C A  MEMTEM /SAVE F I E L D  I N S T R U C T I O N  

/IGNORE LEADER 

CHEX 

MEMFLD , 

M 2  0 0, 

ASSEMB , 

L O R I  , 

DCA CHKSUM 
TAD MEMTEM 
DCA MEMFLD 
TAD CHAR 
DCA WORDl 
J M S  READ 
DCA WORD2 
JMS BEGG /LOOK AHEAD 
JMP BEND / T R A I L E R ,  END 
JMS ASSEMB 
SNL 
JMP MEMFLD 

DCA O R I G I N  
TAD WORD1. 
TAD WORD2 
TAD CHKSUM 
JMP GO 

0 
DCA I O R I G I N  
ISZ O R I G I N  
7 6 0 0  
JMP CHEX 

0 
TAD WORDl 
CLL RTL 
RTL 
RTL 
TAD WORD2 
JMP I ASSEMB 
JMP LOR 
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7753 
7754 

7755 

7777  

ASSEMB 
BEGG 
BEGIN 
BEND 
CHANGE 
CHAR 
CHEX 
CHKSUM 
FMASK 
GO 
H I R  
H I R I  
LOR 
LORI 
MASK 
MEMFLD 
MEMTEM 
M200 
M 3  76 
O R I G I N  
READ 
SWITCH 
WORD1 
WORD2 

0006 H I R I ,  
0000  

0000  WORD2 I 
WORD1=7776 

*7777 
5 3 0 1  

7 7 4 3  
7626 
7 7 0 1  
7675  
7657  
76 14 
7732 
76 15 
7656 
7715 
76 70 
7753  
7662 
7752 
7674 
7736 
7613 
7 7 4 1  
7700 
7616 
7660 
7612 
7776 
7755  

HIR-LOR 

0 

JMP BEGIN 
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Formerly 
DEC-08-PMPO-D 

CHAPTER 3 

R I M  PUNCH 

3 .1  ABSTRACT 

The R I M  Punch program p rov ides  a means of punching in fo rma t ion  
con ta ined  i n  selected b locks  of core memory as RIM-coded t a p e  v i a  t h e  

33-ASR P e r f o r a t e d  Tape Punch o r  75E High Speed Punch. The punch pro- 
gram may occupy e i t h e r  l o w  O r  h igh  memory depending on t h e  v e r s i o n  used. 

3.2 REQUIREMENTS 

The R I M  Punch program w i l l  run  on any PDP-8 f ami ly  computer 
w i t h  a 33-ASR (Te le type )  or 753 (high-speed) punch. 

T h i s  program r e q u i r e s  6 l l O  (758) memory l o c a t i o n s ,  

Program t a p e s  are as fo l lows:  

33-ASR Version High-speed Punch Version 

Law Memory Binary DEC-08-PMP1-PB Low Memory Binary DEC-08-PMPQ-PB 
Low Source DEC-08-PMPL-PA Low Source DEC-0 8-PMP4-PA 
High Memory Binary DEC-0 8-PMP2-PB High Memory Binary DEC-08-PMP3-PB 
High Source DEC-0 8-PMP2-PA High Source DEC-0 8-PMP3-PA 

3.. 3 LOADING PROCEDURES 

T h i s  r o u t i n e  i s  loaded us ing  t h e  Binary Loader. See I n t r o d u c t i o n  

t o  Programming or  Programming Languages f o r  a complete d e s c r i p t i o n  of 
t h e  Binary Loader. (This  r o u t i n e  cannot  be called as a subrou t ine . )  

3.4 USING THE PROGRAM 

The SWITCH REGISTER i s  used t o  e n t e r  t h e  i n i t i a l  and f i n a l  addres s  

of each b lock  of co re  memory t o  be punched. 

a. Make s u r e  33-ASR o r  75E punch i s  on. 
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b. 

C. 

d. 

e. 

f .  

g *  

S e t  t h e  s t a r t i n g  addres s  0 0 4 1  (or 7 4 4 1  i f  u s ing  t h e  high-  
memory v e r s i o n )  i n t o  t h e  SWITCH REGISTER and p r e s s  t h e  
LOAD ADDRESS key. Next p r e s s  t h e  START key. 

The computer h a l t s .  S e t  t h e  i n i t i a l  address of t h e  block 
t o  be punched i n t o  t h e  SWITCH REGISTER and press t h e  
CONTINUE key. 

The computer h a l t s .  S e t  t h e  f i n a l  addres s  of t h e  b lock  
t o  be punched i n t o  SWITCH REGISTER and press t h e  CONTINUE 
key. 
N o t e  t h a t  t h e  f i n a l  address must be l a r g e r  than  t h e  i n i t i a l  
address .  
A block of leader (code 200)  t a p e  i s  punched fol lowed 
by t h e  s e l e c t e d  block of d a t a  i n  R I M  format .  

The computer h a l t s .  S t e p s  (c )  and (d)  can now be r e p e a t e d  
t o  punch as many blocks of  d a t a  as  d e s i r e d .  T o  t e r m i n a t e  
t h e  t a p e ,  proceed as d e s c r i b e d  i n  (9) below. 

S e t  t h e  t e r m i n a t i n g  addres s  0074  (7474) i n t o  t h e  SWITCH 
REGISTER and press t h e  LOAD ADDRESS key.  Next p r e s s  the 
START key and a block of  t r a i l e r  t a p e  i s  punched. 

- 

3.5 DETAILS O F  OPERATION AND STORAGE 

Reference t o  s e c t i o n  1 .7 ,  Flow C h a r t ,  w i l l  i l l u s t r a t e  t h e  follow- 
i n g  d i s c u s s i o n .  

A f t e r  e n t r y ,  a sho r t  s u b r o u t i n e  i s  e n t e r e d  t o  punch a block of  
leader. Next the i n i t i a l  add res s  i s  p icked  up and t h e  s i x  most 
s i g n i f i c a n t  b i t s  are rotated r i g h t ,  masked o u t ,  added t o  0100  ( i n  

order t o  punch channel  71, and punched. The l e a s t - s i g n i f i c a n t  s i x  
b i t s  of the address are n e x t  masked o u t  and punched. 

A s i m i l a r  p r o c e s s  i s  fol lowed t o  punch the data a s s o c i a t e d  w i t h  

t h e  cor responding  address excep t  0100  i s  n o t  added b e f o r e  t h e  f i r s t  
character i s  punched. 

T h i s  p rocess  i s  r e p e a t e d  u n t i l  t h e  f i n a l  addres s  i s  reached;  t h e n  

t h e  computer h a l t s  a t  t h e  s t a r t i n g  address .  I f  more b locks  of data 
are t o  be punched, t h i s  i s  done as exp la ined  i n  s t e p  ( f )  above. 

The r o u t i n e  i s  e n t e r e d  a t  a d i f f e r e n t  address t o  punch t h e  f i n a l  
t r a i l e r .  
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3.6 EXTERNAL DATA 
See Chapter 4 of I n t r o d u c t i o n  t o  Programming f o r  a d e s c r i p t i o n  

of RIM paper  t a p e  format .  

3.7 FLOW CHART 

LEADER DATA BLOCK ENTRY 

BEG 

INITIAL ADDRESS 

lp+ FINAL ADDRESS 

PUNCH LEADER 

SHIFT RIGHT 6 

ADD CHANNEL 7 

PUNCH 

LOAD RIGHT HALF 

I SHIFT RIGHT 6 I 
PUNCH 

LOAD RIGHT HALF 
CONTENTS 

PUNCH L--r' 
INCREMENT 

ADDRESS 

1 

TRAILER ENTRY 

I 
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3 . 8  PROGRAM 

744  1 
7442 
7 4 4 3  
7 4 4 4  
7 4 4 5  
7 4 4 6  
7447 
745Q 
7 4 5 1  
7452  
7 4 5 3  
7454 
7 4 5 5  
7 4 5 s  
7457 
7460  
746 1 
7462  
7463  

7464  
7 4 5 5  
7456 
7457 
7 4 7 6  
7 4 7  1 
7472  
7473 
7 4 7 4  
7 4 7 5  
7 4 7 6  
7 4 7 7  
7583 
75n 1 
7 sa2 
7 5 0 3  
7534 
7 5 0 5  
7 596 
7587 
7510  
751  1 
7512  
7513 

7 4 0 2  
7 6 8 4  
3322 
7 4 0 2  
7 6 0 4  
3323 
4 2 7 6  
1322 
43636 
1326  
4 3 1 4  
1 3 2 2  
8 3 2 5  
4 3 1 4  
1722 
4305  
4 3 1 4  
1 7 2 2  
4332s 

4314  
1 3 2 2  
7 3 4 1  
1323  
7 6 5 0  
527 5 
2322 
5253 
4276  
524 1 
#@PI@ 
1327 
3324 
1330 
4 3 1 4  
2324 
53a  1 
5676  
0 0 0 0  
7 0 1 2  
7 0 1 2  
7 8 1 2  
0 3 2 5  
5785 

LISTING 

H L T  /Ei\lTRY FOR L E A D E R  DATA BLOCK 
L A S  / S E T  I N I  T I  A t  ADDiiESS 
D C A  I A  
H L T  
L A S  / S E T  F I N A L  A D D R E S S  
D C A  F A  
JYS L T S  / G O  TO L I T  S ' J B R O I I T I N E  
T A D  I A  /PUNCH A D D R E S S  
JYS SHF? 
TAD CH7 
m s  PdN 
TAD I A  
A N D  S L 6  
JPIS PUN 
TAD I I A  
JMS S H F T  
JMS P U N  
TAD I I A  
A N D  S L 6  

/ P UN C H C 0 \1 T E N T S 

Jlvt S 
TAD 
C I A  
TAD 
S N A  
JMP 
I sz  
J H P  
Ji'l S 
JMP 
0 
T A D  
D C A  
TAD 
JYS 
I sz  
JMP 
JIY P 
0 
R T R  
RTA 
R T R  
AND 
JMP 

/ T E S T  F O R  EIVD 

/ENTRY F O R  L I T  

/ L / T  YLlRHOLlTI NE 

PUN 
I A  

FA 
C L A  
*+4 
I A  
PADD 
L T S  
BEG 

I y I P ) l  
CTR 
c2630 
PUN 
C T R  
IYORE / M O R E  L - T  CODES 
I L T S  

/ S H I F T  K I G H T  

SLF; 
I SHFT 
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7514 
7 5 1 5  
7516 
7517 
7 520 
7521  
7 522 
7 523 
7524  
7525 
7526 
7527 
7538 

004 1 
0042 
004 3 
0044 
004 5 
0046 
004 7 
0050 
005 1 
0052 
0053 
0054 
0055 
0056 
0057 
006 0 
006 1 
006 2 
006 3 
006 4 
006 5 
006 6 
006 7 
007 0 
007 1 
007 2 
007 3 
0074 
007 5 

0000 
6'646 
6 0 4 1  
5316 
721311 
5 7 1 4  
0Q00 
0000 
0000 
0 0 7 7  
0100 
7677  
fa200 

P U N *  

I A I  
F A ,  
C T R J  
SL6 J 

C!d? J 

M I 0 l J  
C2fa0J 

liJ 
TLS 
TSF 
JMP * - 1  
C L A  
JMP I PU\\I 
0 
0 
0 
77 
1 0pl 
-101 
20FJ 

/PUNCH S U B R O U T I N E  

/c!3?'/;;21tiH 1" 19 7 1  D I G I T 9 L  5 2  JI?YIEt\lT C W P d d 4 T I O N  

/ D I G I TAL- 8 - 4- U- R I  M 
/ R I M  PUNCH 33 LOW MEMORY 

/,*49 Y NA A D J ,vl4 S S 4 C4 LJ S C r TS 

*4 1 
7402 BEGS 
7604 
3122 
7402 
7604 
3123 
4076 
1122 PADDr 
4 106 
1126 
4 1  14 
1122 
0125 
41 14 
1522 PCONS 
4106 
4114 
1522 
0125 
41 14 
1122 
7041 
1123 
7650 
507 5 
2122 
5050 
4076 
504 1 

HLT /ENTRY FOR LEADER DATA BLOCK 
L A S  / S E T  I N I T I A L  ADDRESS 
DCA I A  
HLT 
L A S  / S E T  F I N A L  ADDRESS 
DCA F A  
JMS L T S  /GO TO L I T  SUBROUTINE 
TAD I A  /PUNCH ADDRESS 
JMS SHFT 
TAD CH7 
JMS PUN 
TAD I A  
AND SL6 
JMS PUN 
TAD I I A  
JMS SHFT 
JMS P U N  
TAD I IA 
AND SL6 
JMS PUN 
TAD I A  
C I A  
TAD F A  
SNA CLA 
JMP *+4 
I S Z  I A  
JMP PADD 
JMS L T S  
JMP BEG 

/PUNCH CONTENTS 

/ T E S T  FOR END 

/ENTRY FOR L I T  
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007 6 
0077 
0100 
010 1 
0102 
0103 
01 04 
0105 
0106 
0107 
01 10 
0111 
01 12 
01 13 
01 14 
0115 
01 16 
01 17 
0120 
012 1 
0122 
0123 
01 24 
0125 
0126 
0127 
01 30 

7 4 4 1  
7442 

7 4 4 3  
7 4 4 4  
7 4 4 5  
7 4 4 6  
7447 
745m 
7 4 5 1  
7 4 5 2  
7 4  53 
7 4 5 4  
7 4 5 5  
7456  
7657  
746R 
7 4 6 1  
7 4 6 2  
7 4 5 3  
7064  

0000 
1127 
3124 
1130 
4114 
2124 
5101 
5476 
0000 
7012 
7012 
7012 
0125 
5506 
0000 
6 046 
6041 
51 16 
7200 
55 14 
0000 
00a0 
0000 
0077 
0100 
7677 
0200 

7 4 8 2  
7 6 8 4  
3322 
7 482 
7 6 0 4  
3323 
4 2 7 6  
1322 
43Bh 
1 3 2 6  
4314  
1 3 2 2  
8325 
4 3 1 4  
1 7 2 2  
4 3 0 5  
4 3 1 4  
1 7 2 2  
0325 
4 3 1 4  

MORES 

I AI 
F AI 
CTRI 
SL6 a 

CH7, 
~ 1 0 1 ~  
~ 2 0 0 ~  

0 / L I T  SUBROUTINE 
TAD Ml0l 
DCA CTR 
TAD C200 
JMS PUN 
I S Z  CTR 
JMP MORE /MORE L - T  CODES 
JMP I L T S  
0 / S H I F T  RIGHT 
RTR 
RTR 
RTR 
AND SL6 
JMP I SHFT 
0 
T L S  
TSF 
JMP 0-1  
CLA 
JMP I PUN 
0 
0 
0 
77 
100 
-101 
200 

/PUNCH SUBROUTINE 

101 GITAL-8-4-U-KIM 

* 7 4 4 1  
R E G 9  HLT 

LAS 
DCA I A  
HLT 
L A S  
DCA FA 
J X S  L T S  

PADD, TAD I A  
J M S  SHFT 
TAD CH7 
J M S  PUN 
TAD I A  
AND SL6 
JMS PUN 

PCONI T A D  I I A  
JMS SHFT 
J M S  PUiV 
TAD I I P  
AND SL6  
J M S  PUN 

/ H I M  PUNCH 7 5  HIGH HENOSY 

/ENTRY FOR LEADER DATA RLOCK 
/SET I NE TI AL ADDRESS 

/ S E I  F I N A L  ADDRESS 

/ G O  TO L I T  SUBROUTINE 
/PU.VCH ADDRESS 

/PUNCH CONTENTS 



7 4 6 5  
7466 
7467 
7470 
747 1 
7472 
7 4 7 3  
7474  
7 4 7 5  
7476  
7477  
7508 
750 1 
7 5912 
7503  
7504  
7 5 0 5  
7506  
7 5 8 7  
7510 
751 1 
7512 
7 5 1 3  
7514 
7 5 1 5  
7516 
7517 
752# 
752 1 
7522 
7 5 2 3  
7524 
7525  
7526  
7527 
7530 

804 I 
13042 
t1843 
0 0 4 4  
0 0 4 5  
0046 
13047 
0058 
005 1 
0B 52 

1 3 2 2  
7041  
1323 
7 6 5 0  
5 2 7 5  
2322 
52 50 
4276  
5 2 4  1 
#@00 
1 3 2 7  
3 3 2 4  
1330 
4 3 1 4  
2324 
53@ 1 
5 6 7 6  
0000 
7 8 1 2  
7012  
7 8 1 2  
c3325 
57116 
0000 
6 0 2 6  
6 0 2  1 
5 3 1 6  
720# 
5 7 1 4  
B O 0 0  
0000 
43000 
PI077 
01Q0 
7677 
8298 

74912 
7 6 @ 4  
3122 
7 402 
7 6 0 4  
3123 
4 8 7 6  
1 1 2 2  
4106 
1126  

LTSD 

H O K E D  

P U N #  

T A D  I A  
C I A  
TAD FA 
SNA C L A  
JMP * + 4  
ISZ I A  
JMP P A D D  
J M S  L T S  
JMP R E G  
8 
T A D  Ml# l  
OCA CTR 
TAD C200 
JMS P U N  
I S Z  CTK 
JMP MORE 
JMP I L T S  
0 
H T K  
R T K  
RTF( 
AND SL6 

/ T E S T  F O R  E I I D  

/ENlkY'  FOR L / T  

/L/T SUBKOUTI NE 

/MORE L - T  C O D E S  

/ S H I F T  R I G H T  

JMP I SHFT 
0 /PUNCH S U B R O U T I N E  
PL5 
PSF 
JMP * - I  
C L A  
JMP I PUN 
0 
0 
0 
7 7  
1 0 0  
-101  
209 

/ C W Y I I I G Y T  1971 O I G I  r.qL E A d i r ' : m u  c w , = m m - I o , i  
1.4 4 Y!V4 ? O D  i?l4 5 5 4 G d d 3 E r T J 
/DI 31 TAL-8-  4-U-KI:VI  

* 4 l  
BEGD H L T  / E N T R Y  FOR L E A D E R  DATA BLOCK 

L A S  /SET I NI T I  A L  A D D R E S S  
DCA I A  
H L T  
L A S  / S E T  F I N A L  A D D R E S S  
D C A  F A  
J M S  L T S  /GO TO L I T  S U B R O U T I N E  

JMS SHFT 
TAD CH7 

/RIY PUiVCH 7 5  LOW ~'EIMOKY 

P A D D D  T A D  I A  / P U N C H  A D D R E S S  
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0853 
0854 
0055 
0 8 5 6  
0057 
@ 8 6 @  
0@6 1 
0662 
0863 
0064 
0065 
8066 
0867 
0078 
0L37 1 
0072 
0073 
0074 
0075 
0B76 
0B77 
010a 
0101 
0102 
0103 
0104 
el05 
0106 
€3107 
01 1p1 
a111 
01 12 
01 13 
0114 
01 1s 
8116 
pJ117 
0120 
0121 
0122 
@I23 
0124 
p1125 
0126 
8127 

41 14 
1122 
g125 
41 14 
1522 
4106 
4114 
1522 
63125 
4114 
1122 
7@41 
1123 
7650 
5075 
2122 
5050 
4076 
504 1 
0@00 
1127 
3124 
1130 
41 14 
2124 
5101 
5476 
BB88 
7012 
7012 
7012 
0125 
5506 
m0630 
6c1526 
602 1 
5116 
7200 
5514 
0000 
8000 
00c710 
0877 
0108 
7677 

8130 8280 

PCONI 

L T S r  

MORE3 

SFIFTI 

PUN * 

I A* 
F A *  
C T K I  
S L 6 *  
CH7r  
M l Q l r  
C 2 0 0 r  

JMS PUN 
TAD I A  
RND S L S  
JMS PUN 
T A D  I I A  
J M S  SHFT 
JMS PUN 
T A D  I I A  
AND SL6 
JMS PUN 
TAD I A  
CIA 
T A D  F A  
S N A  C L A  
JMP *+4 
ISZ I A  
JMP PA00 
JMS L T S  
JMP R E G  
P) 
T A D  Ml0l 
DCA C T R  
T A D  C200 
JMS P U N  
ISZ CTJ? 
JMP MORE /PIORE L / T  COOES 
JMP I L T S  
8 / S H I F T  R I G H T  
R T R  
R T R  
XTR 
AND SL6 
JMP I SHFT 
0 /PUNCH SUBROUTINE 
PL s 
PSF 
JMP * - 1  
C L A  
J N P  I PUN 
0 
0 
0 
77 
1 B 0  
-101 
200 

/PUNCH C O N T E N T S  

/TEST FOR END 

/ENTRY FOR L I T  

/ L I T  SUBROUTINE 
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Formerly 
DEC-0 8-YXYA-D 

CHAPTER 4 

BINARY PUNCH 

(Binary Core Dump t o  High-speed or 

Te le type  Punch) 

4.1 ABSTRACT 

T h i s  program p rov ides  a means of punching in fo rma t ion  con- 

t a i n e d  i n  selected blocks of core memory as binary-coded paper  t a p e  

us ing  t h e  high-speed o r  Te le type  punch. 

4 2 REQUIREMENTS 
T h i s  program occupies  7S10 (1138) core memory l o c a t i o n s .  

The Binary Punch program runs  on t h e  basic PDP-8, 8/S, 8 / I ,  8/L, 

or 8/E w i t h  s t a n d a r d  33-ASR Tele type  o r  s t a n d a r d  high-speed punch. 

Program t a p e s  are as fo l lows:  

33-ASR Binary DEC-0 8-YXlA-PB 

33-ASR Source DEC-0 8-YXlA-PA 

High-speed Binary DEC-08-YX2A-PB 

High-speed Source DEC-08-YX2A-PA 

4.3 LOADING PROCEDURES 

T h i s  program i s  loaded by means of t h e  Binary Loader. See 
I n t r o d u c t i o n  t o  Prosramminu or Programming Languages f o r  a complete 

d i scuss son  of t h e  Binary Loader and i t s  use.  
cannot  be called as a s u b r o u t i n e . )  

( T h i s  program 

T h e  SWITCH REGISTER i s  used t o  e n t e r  i n i t i a l  and f i n a l  addresses 
of b locks  t o  b e  punched as w e l l  as t h e  number of b locks  t o  be  punched. 

Th i s  program i s  used i n  t h e  fo l lowing  manner: 
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a. 

b. 

C. 

d. 

e. 

f .  

Assuming t h e  program i s  i n  memory as l i s t e d  i n  4 . 7 ,  p l a c e  
t h e  s t a r t i n g  addres s  7465 i n  t h e  SWITCH REGISTER and p r e s s  
t h e  LOAD ADDRESS key. 

Press t h e  START key. Leader t a p e  i s  punched and t h e  computer 
h a l t s .  S e t  t h e  number of  b locks  t o  be  punched i n t o  t h e  
SWITCH REGISTER and p r e s s  t h e  CONTINUE key. 
The computer h a l t s .  S e t  t h e  i n i t i a l  add res s  of  t h e  b lock  
t o  be punched i n t o  t h e  SWITCH REGISTER and p r e s s  t h e  CONTINUE 
key. 

The computer h a l t s .  S e t  t h e  f i n a l  addres s  of t h e  b lock  t o  
be punched i n t o  t h e  SWITCH REGISTER and p r e s s  t h e  CONTINUE 
key. 

N o t e  t h a t  t h e  f i n a l  addres s  mus t  be g r e a t e r  t h a n  t h e  i n i t i a l  
add res s .  

The i n d i c a t e d  b lock  of d a t a  i s  punched. I f  on ly  one b lock  
has  been called f o r ,  t h e  t r a i l e r  t a p e  i s  punched and t h e  
computer h a l t s .  If more t h a n  one b lock  has  been c a l l e d  f o r ,  
t h e  computer h a l t s  a t  s t e p  ( a )  w a i t i n g  f o r  a new i n i t i a l  
add res s .  The second b lock  i s  punched fo l lowing  complet ion 
of s t e p s  (c) and ( d ) ,  etc.  

4.4 Ml3THOD 

Th i s  i s  a basic  program used t o  produce t a p e s  a c c e p t a b l e  by t h e  
Binary  Loader. 

With each  punched b lock  of d a t a ,  an i n i t i a l  add res s  ( i n t o  which 

t h a t  d a t a  i s  t o  be  loaded)  i s  punched as t h e  f i r s t  t w o  c h a r a c t e r s .  

Fol lowing t h e  i n i t i a l  a d d r e s s ,  each 2 -cha rac t e r  group r e p r e s e n t s  t h e  

b i n a r y  c o n t e n t s  of  a computer word. A t  t h e  end of  each  b lock ,  a 2- 

c h a r a c t e r  checksum i s  punched. 

Reference t o  S e c t i o n  4.6,Flow Char t ,  w i l l  i l l u s t r a t e  t h e  com- 
p u t a t i o n a l  approach. B a s i c a l l y  d a t a  i s  p icked  up from memory, t h e  

most s i g n i f i c a n t  h a l f  s h i f t e d  r i g h t  and punched, and t h e  l ea s t  
s i g n i f i c a n t  h a l f  masked o u t  and punched. 

A s i m i l a r  p rocess  is  fol lowed w i t h  r e s p e c t  t o  t h e  i n i t i a l  address 

and t h e  checksum,which i s  accumulated c h a r a c t e r  by c h a r a c t e r  as a 
b lock  i s  punched. > 
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4 . 5  EXTERNAL DATA 

See Chapter 4 of I n t r o d u c t i o n  t o  Programming f o r  a complete 
d i s c u s s i o n  of t a p e  format. 

4.6 FLOW CHART 

Note t h a t  i n  t h i s  diagram circles r e p r e s e n t  s u b r o u t i n e  utiliza- 
t i o n ,  n o t  connec t ives .  

START 

cLn  CLL 
INITIALIZE 

JMS PLOT 
EPUN 

@ PUNCH LEADER 

' j l  ENTER OF BLOCKS NUMBER 

ENTER BLOCK 
NXBL I 1:: I I A  AND FA 

PUNL 

JMP NXBL 

1 
I 

TAD CKSM 

JNS ElNP 

JMS PLOT e 
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4 . 7  PROGRAM LISTING 
A listing 

follows : 

7465  
7466 
7467 
747 m 
747 1 

7472 
7473 
747 4 

747 5 

747 6 
747 7 
7500 

750 1 
7502 
7503 
750 4 
750 5 
750 6 

7507 
7510 
751 1 
7512  
751 3 
751 4 
751 5 
751 6 
751 7 
7520 
752 1 
7522 
752 3 
752 4 
752 5 
752 6 
752 7 
7530 
753 1 
7532 

7 3 0 0  
6 0 2 6  
3 3 6 6  
4338  
7402  

7 6D4 
7 0 4 1  
3 3 6 7  

7482  

7 6 0 4  
3 3 7 0  
7402  

7 6 0 4  
7 0 0 1  
3 3 7 1  
1370  
7 1 2 0  
4341  

1370  
7 0 4 1  
1371 
7 650 
5320 
1770 
7 1 8 0  
2 3 7 0  
5 3 0 6  
2 3 6 7  
5 2 7 5  
1 3 6 6  
7 1 0 0  
4341  
4330 
7402 
5265  
8Qi30 
7308  
1372  

of this program with BPUN located a t  7465  is as 

* 7 4 6 5  
BPUNr  CLA C L L  

P L S  
D C A  CKSM 
JMS P L O T  
HLT 

L A S  
C I A  
DCA NB 

N X R L t  H L T  

L A S  
DCA I A  
H L T  

L A S  
I AC 
DCA F A  
TAD I A  
S T L  

P U N L ,  JKS B I N P  

TAD I A  
C I A  
TAD FA 
SNA C L A  
JMP .+5 
TAD I I A  
c L L  
I S Z  I A  
JWP P U N L  
ISZ Nf3 
JPP, NXBL 
TAD CKSM 
c L L  
JMS B I N P  
JMS P L O T  
HLT 
JMP B P U N  

C L A  C L L  
TAD W212 

P L O T ,  0 

/ I N I T I A L  P U N C H  
/ C L E A R  C H E C K - S U I " :  
/ G O  PUNCH L E A D E k  C O D E S  
/SET S W I T C H E S = N U M B E H  OF 

B L O C K S  

/ S T O k E  M I N U S  NUMBER OF 

/ S E T  S W I T C H E S = I N I T I A L  A D D R E S S  
B L O C K S  

OF B L O C k  

/ S E T  S W I T C H E S = F I N A L  A D D R E S S  
OF BLOCK 

/ T O  P U N C H  I A  A S  O R I G I N  
/ G O  P U N C H  WORD A S  TWO L I N E S  

OF T A P E  

/AC =FA - I A  
/WAS I T  L A S T  WORD O F  B L O C K ?  
/ I T  WAS T H E  L A S T  WORD 
/ G E T  WORD T O  P U N C H  
/ N O T  A N  O k I G I N  
/JL!ST I N D E X  I A  

/IS T H E k E  ANOTHER B L O C K ?  
/ H A N D L E  NEXT BLOCK 

/ G O  P U N C H  CHECK SUM 
/ G O  P U N C H  T R A I L E R  C O D E S  
/ D O N E  

/ T O  P U N C H  2 1 2  O C T A L  LEADER 
Tf iA I LER C O D E S  
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7533 
7534 
753 5 
753 6 
753 7 
7540 
754 1 
7542 
7543 
7544  
7545 
754 6 
7547 

7550 
755 1 
7552 
7553 
7554 

7555 
7556 
7557 
7568 
756 1 
75 62 
7563 
7564 
7565 
7566 
7567 
7570 
757 1 
7572 
7573 
7574 
757 5 
757 6 
7577 

3 3 7 3  
1374  
4361  
2 3 7 3  
5335  
5730  
0 0 0 0  
3 3 7 5  
1375  
7012  
7012  
71312 
0 3 7 6  

4361  
1366 
3 3 6 6  
1375  
0 3 7 7  

4361 
1366  
3 3 6 6  
5741 
@CI)GIO 
602 1 
53 62 
6026  
5761 
F)F)ov) 
00B0 
0 0 0 0  
@@@GI 
7 5 6 6  
@@@0 
m200 
GI080 
8 1 7 7  
PG177 

B I N P J  

P 1J N J 

C K S M r  
NB J 

I A >  
F A  J 

C T R l ,  
C 2 0 @ J  
T E M l  J 

S L 7 r  
S L ~ J  

r42 1 2 

DCA C T R l  
T A D  C200 
JMS P U N  
I S Z  C T H l  
JMP 0 - 2  
JMP i P L O T  
0 
DCA TEMl 
T A D  T E N 1  
R T R  
R T R  
.I? T R  
AND S L  7 

JMS P U N  
T A D  CKSM 
DCA C K S M  
T A D  T E M l  
AND SL6  

JMS P U N  
T A D  C K S M  
DCA C K S N  
JPiP I B I N P  
B 
PSF 
JMP 0 - 1  
P LS 
J W  I Pub! 
(il 

0 
0 
0 
-212  
0 
2 8 0  
0 
177  
7 7  

4.8 33-ASR TELETYPE PUNCH PROGRAM 

To use t h i s  program wi th  t h e  33-ASR 

changes : 

7466 6046  
7562 604 1 
,7564 6E46  

/ L E A D E R  T R A I L E R  C O D E  
/ P U N C H  C ( A C )  
/ANOTHER L-T C O D E  OR N O T ?  
/ G O  P U N C H  A N O T H E R  
/ E X I T  

/ F I R S T  TWO O C T A L  D I G I T S  I N  
A C  5 - 1 1  
/ P U N C H  C ( A C )  

/ L A S T  TWO O C T A L  D I G I T S  I N  
A C  6-11  
/ P U N C H  C ( A C )  

/ E X I T  
/ R O U T I N E  T O  P U N C H  C ( A C )  
/AND E X I T  W I T H  C ( A C )  
/UNA LT EK E D 
/ P U N C H  I T  
/ E X I T  

Te le type ,  make t h e  fo l lowing  

T L S  / I N I T I A L  P U N C H  
TSF /AND E X I T  GJITH C < A C >  
T L S  / P U N C H  I T  
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Formerly 
DEC-0 8-YPPA-D 

CHAPTER 5 

OCTAL MEMORY DUMP 

( O c t a l  Core Dump t o  Paper  Tape) 

5 .1  ABSTRACT 

This  program enab le s  t h e  u s e r  t o  dump, i n  o c t a l ,  any o r  a l l  
d a t a  i n  any memory f i e l d  t o  e i t h e r  t h e  Tele type  or high-speed paper  

t a p e  punch. During dumping t h e  a b s o l u t e  a d d r e s s  o f  each  l o c a t i o n  

be ing  dumped i s  h e l d  i n  t h e  accumulator .  When dumping i s  completed 

o u t p u t  dev ices  and memory f i e l d s  can be changed t o  dump a n o t h e r  

s e c t i o n  of memory. 

5 .2  REQUIREMENTS 

This  program r e q u i r e s  one co re  page; i n i t i a l l y  7400-7577. 

T h e  Octal Memory Dump program runs  on any PDP-8 fami ly  computer 

w i t h  a t  l eas t  4K words of c o r e ,  a 33-ASR Te le type  and/or high-speed 

paper  t a p e  punch. 

N o  a d d i t i o n a l  so f tware  i s  r e q u i r e d .  The program l e a v e s  t h e  

B I N  and RIM Loaders untouched. The program t a p e s  are as fo l lows:  

Binary DEC-0 8-YPPA-PB 

Source DEC-08-YPPA-PA 

5.3 USAGE 

The program i s  s u p p l i e d  i n  A S C I I  format  on punched paper  t a p e ,  
and can be assembled by any 4 K  PDP-8 assembler ( i . e . ,  PAL 111, 

MACRO-8, o r  PAL-D). The o r i g i n  of t h i s  program ( 7 4 0 0 )  can be changed 

w i t h  t h e  PDP-8 Symbolic E d i t o r  i n  o r d e r  t o  dump l o c a t i o n s  7400-7577. 

(See t h e  a p p r o p r i a t e  assembler  s e c t i o n  of  Programming Languaqes f o r  

assembly i n s t r u c t i o n s .  ) 

5.3.1 Loading 
The program i s  loaded i n t o  c o r e  w i t h  t h e  Binary Loader (see 

I n t r o d u c t i o n  t o  Programming o r  Programming Languages f o r  l oad ing  

procedures)  and can be loaded i n t o  any a v a i l a b l e  memory f i e l d .  
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5 . 3 . 2  Opera t ing  Procedures  
The SWITCH REGISTER on t h e  PDP-8 console i s  used t o  c o n t r o l  t h e  

program; a l l  o p t i o n s  a r e  determined by t h e  p o s i t i o n  of b i t  0 .  The 

program can be  i n t e r r u p t e d  by depres s ing  t h e  STOP swi t ch .  

With Octal  Memory Dump program i n  core: 

a .  

b.  

C .  

d.  

e .  
f .  

g *  

S e t  t h e  SWITCH REGISTER t o  t h e  s t a r t i n g  addres s  ( 7 4 0 0 )  and 
t h e  INSTRUCTION FIELD t o  t h e  f i e l d  c o n t a i n i n g  t h e  O c t a l  
Dump. S e t  DATA FIELD t o  t h e  f i e l d  c o n t a i n i n g  t h e  code t o  
be dumped. Press t h e  LOAD ADDRESS key. 

S e t  SWITCH REGISTER b i t  t o  1 f o r  a core dump t o  t h e  
Tele type  punch, o r  t o  J3 when dumping v i a  t h e  high-speed 
paper  t a p e  punch. 

Press t h e  START swi tch .  The computer h a l t s .  

S e t  t h e  SWITCH REGISTER t o  t h e  s t a r t i n g  addres s  of t h e  
s e c t i o n  of core t o , b e  dumped. 
Press t h e  CONTINUE swi t ch .  The computer hal ts .  

Set t h e  SWITCH REGISTER t o  t h e  f i n a l  c o r e  addres s  of t h e  
s e c t i o n  of  co re  t o  be dumped. 

Press t h e  CONTINUE swi t ch ;  dumping commences and s t o p s  
a f t e r  dumping t h e  c o n t e n t s  of t h e  f i n a l  core addres s  
s p e c i f i e d  i n  s t e p  ( f )  above. 

Another dump can be performed a t  t h i s  t i m e  by con t inu ing  a t  
s t e p  (a )  when t h e  o u t p u t  dev ice  o r  d a t a  f i e l d  i s  t o  change. Other- 

w i s e ,  con t inue  a t  s t e p  ( a ) .  

The program h a l t s  a f t e r  each  dump. 

The preceding  o p e r a t i o n s  are i l l u s t r a t e d  i n  F igu re  5-1.  

5 .4  INPUT/OUTPUT 

The program c o n t a i n s  i t s  own Tele type  and high-speed punch 

o u t p u t ,  and t h e r e  are no e x t e r n a l  I/O h a n d l e r s  used. SWITCH REGISTER 

b i t  0 de te rmines  t h e  o u t p u t  device .  

5.5 FUNCTIONAL DESCRIPTION 

The program i s  w r i t t e n  i n  t h e  PAL I11 language. Four r o u t i n e s  
a r e  used i n  t h e  program: 
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Data Field of I------ 

Set S t a r t  

High-speed Teletype 

I 

& 
Set S t a r t  Address 

1 of IXUIID In SR 

Figure 5 - 1  Operating Procedures 
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a. The TOCT r o u t i n e  causes  a number t o  be formatted for  a 

b. The TCR r o u t i n e  o u t p u t s  a carriage r e t u r n - l i n e  feed. 

c. The TSP r o u t i n e  o u t p u t s  a space.  

d. The TCHAR r o u t i n e  i s  t h e  o u t p u t  r o u t i n e  f o r  bo th  t h e  

typeout  o r  punchout. 

Te le type  and t h e  high-speed punch. 

T h e  main r o u t i n e  beg ins  wi th  t h e  i n i t i a l i z a t i o n  of v a r i a b l e s ,  and 

the t w o  address arguments are picked up from t h e  swi t ch  r e g i s t e r .  Two 
carriage r e t u r n - l i n e  feeds are performed, fol lowed by t h e  s t a r t i n g  
address and s e v e r a l  spaces. A loop  i s  then  e n t e r e d  t o  type  t h e  c o n t e n t s  

of e i g h t  memory l o c a t i o n s  ( i f  e i g h t  remain) .  
t o  be o u t p u t ,  a JMP t o  LPg2 r e p e a t s  t h e  p rocess .  I f  du r ing  t h i s  loop 

t h e  r o u t i n e  f i n d s  t h a t  it has  processed  t h e  l a s t  memory l o c a t i o n ,  t h e  

loop e x i t s ,  a c a r r i a g e  r e t u r n  l i n e  f e e d  i s  performed, a JMP t o  LPga i s  
executed ,  and t h e  program h a l t s .  

If more d a t a  remains 

See the  program l i s t i n g  t h a t  follows f o r  m o r e  p r e c i s e  in fo rma t ion .  

5 . 6  PROGRAM LISTING 

/ O C T A L  MEYORY DUMP PROGRAM 

O N  T I NU E 

TI  iV UE. 

7400 761214 
7 4 @ 1  7700 
74@2 1265  
7403 1270  
7404 3325 
NCH O U T P U T  
7 4 @ 5  7 4 @ 2  

1 C O P Y R I G H T  1969 
1 D I G  I TAL E Q U I  FME!.VT C O R P .  
1 MAYNARD, M A S S .  
/ T O  0PE.F .ATE:  
/ L O A D  ADDRESS 7400 1 . V  S R  
/ TO C H O S E  O U T P U T  D E V I C E :  
/ S E T  BIT 0x12: F O R  H* S.  PU!VCH O U T P U T  O R  
/ SET B I T  0 = 1  FOR TTY O U T P U T  THE:?] P F E ' S S  STAR? '  
/ SET S T A R T I i V G  A D P R E ' S S  A:VD DATA F I E L D  I:V S R  - P R F S S  C 

/ SEI' E:VDI!VG A D C R E S S  ALVD DATA F I E L D  11.V S R  - P R E S S  CON 

*74@0 

SMA CLA 
T A D  C 1 O  
TAD C 7 4 @ 0  

DUKP, C L A  O S R  /EXAMI:VE SE F O R  O U I ' P U T  D E . V I C E  

DCA S K P Z  I S T O R E  A " S K P "  I'V S K P Z  I F  H* S -  PU 

L P B 0 J  HL T / S T O P *  ELVTTER D U N F  S T A R T I N G  ADDFrE'SS 
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7406 7 6 0 4  
7407 3261 
7410 7 4 0 2  
7411 76G4 
7412 70k0 
7413 1261  
7414 3262 
PF, D 
7415 4 3 1 2  
7416 4 3 1 2  
7417 1261  
7420 4 2 7 2  
7421 4320 
7422 4328 
7 4 2 3  432@ 
7424 1661 
7425 4 2 7 2  
7426 2262 
7427 7410 
7430 5247 
7431 2261 
7432 1261  
7 4 3 3  0 2 6 3  
7434 764@ 
7435 5 2 2 3  
7436 1261  
7437 0 2 6 4  
744E 7640 
7441 5 2 2 %  
7442 1261  
7 4 4 3  0 2 6 6  
7444 7640 
7445 5216 
7446 5 2 1 5  
7447 4 3 1 2  
745@ 1267 
7451 4324 
7452 1271 
7453 3262 
7454 4324 
7 4 5 5  2262 
7456 5 2 5 4  
7457 1261  
746@ 5 2 0 5  

7461 0000 
PE z, 
7462 0000 
DUMP ED 

LAS 
DCA A D G E  
HL 1' /STOP. EYTEH DUMF ENDIlVG ADCFE'SS 
LAS 
CMA 
T A D  A D D R  
DCA 1.VDEX / C C U N T E H  FOR ! V W  CF LOCS TO BE DUM 

JMS T C R  
LPP 1 J JMS TCF; 

T A D  ADI3R 
JMS T O C T  
JMS TSF 
JMS TSF 

LF029 JMS TSP 
T A D  I AIjDFi 
JMS TOCT 
ISZ INDEX 
SKP 
JMP O U T  
ISZ A D D R  
T A D  A D D R  
AVD C 3  
SZA CLA 
J F F  LPE2 
T A D  ADCF 
A V D  C7 
SZA CLA 
JITP LP02- 1 
T A D  A D D R  
A.VD C177 
SZA CLA 
JMF LPE1 
JMP LPO1-1 

T A D  C214 
JMS T C H A E  
T A D  M20 
DCA IVEEX 
JMS T C H A R  
ISZ INDEX 

T A D  A D C R  
JMP LPOO 

O U T 9  JMS TCE 

JMP 0 - 2  

/TYPE CR-LFS 

/ O U T F U T  STARI'I'VG ADDRESS IN OCTAL 
/OUTPUT 3 SPACES 

/GET CO!VTE'VTS O F  LOC 
/TYFE O U T  CONTENTS 
/ D O N E  DUMP1 VG? 

/YES.  EXIT 
/*\TO. KICK ADCRESS UP 
/ H A V E  WE O U I P b T  8 LOCS 0% A LI!VF? 

/MO. SPACE O V E R  OIVE AFJC GET NFXT 

/OUTPUT C R / L F '  THE.:V NEL ADDRESS 

/OU?PUT C R / L F  

/OU'IPL'T A FORM FEED 
1 T H E . V  OUTPUT 20 BLANKS OF TRPILER 

/LEAVE WITH FI.VAL ADDRESS I(v AC 
/ G O  TO H A L T  FOR POSSIBLE' RESTAET 

/ VAR1ABLE:S A N D  CO!\TSTANTS 

ADDR9 0 / L C C  O F  STARTING ACDRESS TO BE DUM 

INDEX9 0 / C O U N T E F i  FOR !\)UMBER OF LOCS TO BE 
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7 4 0 3  0 0 0 3  C39 3 
7464 0 @ @ 7  C7J 7 
7465 0 E l 0  Cl0z 10 
7466 0177 C 1 7 7 ~  177 
7467 0 2 1 4  C2149 214 
7470 7400 C 7 4 0 0 ~  74!2@ 
7471 776@ M 2 0 ~  - 20 
UT 

7472 
747 3 
747 4 
747 5 
747 6 
7477 
7500 
750 1 
7502  
7503  
7504 
750 5 
7506 
7507 
7510 
751 1 

0 a 0 0  
7 1 0 4  
3344  
1 3 5 2  
3 3 4 5  
1344  
7006  
7 0 @ 4  
3344 
1344  
0 2 6 4  
1351 
4324  
2 3 4 5  
5277  
567 2 

/ O C T A L  T Y P E O U T  R O U T I N E  

/MASK V A L U E S  

/FORM FEEL; 
/USED TO FORM S K P  COMMAiVD 
/ C O U , V T E R  F O R  :VUM OF B L A N K S  TO O U T P  

T O C T J  0 
CLL RAL / R O T A T E  A D D R E . S S  1 L E F T  
DCA WCRD 
T A D  M4 / S E T  .VUMBER OF D I G I T S  PEE WOED 
DCA *VEX 

R T L  
R A L  
DCA WORD 
T A E  WORD 
A Y E  C7 /MASK B I T S  9 - 1 1  
T A G  C260 /&ED 260 F O R  O U T P U T  
JMS T C H P R  / O U T P U T  D I G I T  

LP03J  T A D  WORD / R O T A T E  WORD 3 LFIF?' 

I SZ !VDX m o m  F O U R ?  
JMF L P 0 3  / N O .  P I C K  U P  A Y O T H E E  D I G I T  
JMP I T O C T  /YES* R E T U E 9  

/ ROUTI! \ rE  TO O U T P U T  A C A E R I A G E  R E T U R . g / L I N E  F E E C  

7512 0 @ @ @  T C E J  0 
7513  1347  T A D  C215 / O U T P U T  A C *  R e  
7514 4324 JMS T C H A R  

7516 4324 JMS TCHAR 
7517 5 7 1 2  JMP I T C R  

7515 1346  T A D  C212 / O U T P U T  A L *  F. 

/ ROUT1:VE T O  O U T P U T  A S P A C E  

7520 0 0 0 0  T S P J  0 
7521 1350 T A G  C240 I O U T P C ' T  A S P A C E  
7522 4324 JMS T C H A R  
7523  5720 JMP I TSP 
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1 ROU'II-VE TO O c l l f - b l  A C H A H A C T F F  OV TTY O R  H. S. PU!\ICH 

'7524 
7525 
T 
7526 
7527 
7530 
7531 

7532 
7533  
7534 
7535 
75 36 
7537 
7540 
7541 
7542 
754 3 

7544 

7545 
7546 
7547 
7550 
755 1 

0000 
7000 

5335  
6026 
7200 
1261 

6021 
5332  
5342 
60k6 
7200 
1261 
6041 
5340 
7200 
5724 

0000 

0000 
021 2 
021 5 
0240  
8260  

T C H A F J  0 
S K P Z  J VOP /CHA:\JGED TO A ' * S K P "  I F  H* S* OLiTFU 

JMP T C H l  / O T H E R W I S E  GO TO T T Y  O U T P U T  
PL s 
CL A 
T A C  A E D R  /MEEF A D D R E S S  I N  A C  W H I L E  P U N C H I N G  

PSF 

JMP T C H 2  
TCH 1 J T L  S 

CLA 
T A D  AEDR 
T S F  

T C H ~ J  CLA 

JMP 0 - 1  

JMP 0 - 1  

JMP I TCHAR 

/ T T Y  O U T P U T  R O U T I N E  

/ V A R I A B L E S  AND C O i Q S T A N T S  

WORDJ 0 / S T O R A G E  F O R  D I G I T  TO BE F O R M A T T E D  

/ C O U N T E R  F O R  ,VUM OF D I G I T S  O U T F U T  
/ C O D E  F O R  L I V E  F E E D  
/ C A R R I A G E  RETULN 

S P A C E ,  / 11 1 1  

/ F O R M A T T I N G  D I G I T S  
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CHAPTER 6 
TELETYPE I/O SUBROUTINES 

6.1 ABSTRACT 
The routines described in this chapter are illustrdtive of the 

procedures to be followed in creating I/O routines to be used with 
the ASR-33 Teletype. The user is advised to peruse these routines 
prior to writing I/O routines tailored for his particular needs. 
Subroutines are provided which perform input and output of character 
strings and single alphanumeric characters. These routines are 
illustrative and by no means exhaustive of routines to handle the 
ASR-33 Teletype. 

6.2 REQUIREMENTS 
The routines as supplied require 124 (1748) core locations. 10 

The Teletype I/O Subroutines run on any PDP-8 family computer 
with an ASR-33 Teletype console. The program is distributed as an 
ASCII tape as follows: 

DEC-0 8-FIKA-PA 

6.3 USAGE 

6.3.1 Assembly 
The routines as supplied will be automatically assembled onto 

the first available core page. There is no $ character at the end 
of the tape; although a PAUSE statement is present to allow for the 
later loading of additional programs, if any. 

This collection of subroutines can be assembled with PAL 111, 
PAL-D, PAL8, or MACRO-8. (If using the tape with TSS/8, remove the 
PAUSE statement from the end of the tape.) 

If the routines are to be assembled separately (without a user 
program), they will assemble at location 200. In this case, the 
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u s e r  should  append a s e p a r a t e  t a p e  w i t h  a $ c h a r a c t e r  t o  t h e  end 

of t h e  Te le type  I / O  Subrou t ines  t a p e  b e f o r e  assembly. 

I f  t h e  r o u t i n e s  are t o  be assembled w i t h  a u s e r  program (such  
as t h e  example program i n  s e c t i o n  6 . 6 ) ,  t h e  Te le type  I / O  Subrou t ines  

t a p e  should  be  loaded a f t e r  t h e  u s e r  program and t h e  whole 

fol lowed by a t a p e  w i t h  a $ c h a r a c t e r .  I n  t h i s  case, t h e  I / O  sub- 
r o u t i n e s  w i l l  f i t  on t h e  f i r s t  a v a i l a b l e  f r e e  c o r e  page and w i l l  
n o t  o v e r l a y  t h e  u s e r  program. (Tapes can be loaded a f t e r  t h e  I / O  

r o u t i n e s  i f  a l lowance i s  made fo r  t h e  l e n g t h  of t h e  r o u t i n e s  or by 

a s s i g n i n g  a s p e c i f i c  addres s  t o  t h e  beginning  of  t h e  I / O  r o u t i n e s . )  

6.3.2 C a l l i n g  Sequence 

The c a l l i n g  sequence f o r  t h e  Subrou t ines  i s  des igned  so t h a t  

t h e  u s e r  can e a s i l y  i n c o r p o r a t e  messages i n t o  h i s  program. The 

u s e r  i n s e r t s  a series of JMS i n s t r u c t i o n s  t o  t h e  I / O  r o u t i n e s  

fol lowed by t h e  a d d r e s s  of t h e  message t o  be t r a n s m i t t e d .  

The s u b r o u t i n e s  t h e  u s e r  i s  l i k e l y  t o  c a l l  are as fo l lows :  

Subrout ine  Purpose C a l l i n g  Sequence 

TYPX P r i n t s  a message. Message i s  ENTRY, 
coded by programmer i f  u s i n g  
PAL 111, o r  set i n  a l a b e l e d  
TEXT pseudo-op s t a t e m e n t  i f  
u s ing  PAL-D, PAL8, o r  MACRO-8. 

TLSX 

KREAD 

P r i n t s  a s i n g l e  character,  used 
by T Y P X  t o  p r i n t  message, charac-  
t e r  by c h a r a c t e r .  Subrout ine  i s  
e n t e r e d  w i t h  c h a r a c t e r  t o  be 
p r i n t e d  i n  AC b i t s  6 t o  11. 

I n p u t s  a message. KREAD a c c e p t s  ENTRY, 
8-bit A S C I I  and does n o t  convert 
t o  6 - b i t  A S C I I ,  t h e r e f o r e  TYPX 
cannot  d i r e c t l y  cause  a message 
r ead  by KREAD t o  be p r i n t e d ,  
a l though  a s imple  r o u t i n e  t o  do 
so  can be w r i t t e n  by t h e  u s e r .  
Remember, t h e  s i z e  of t h e  i n p u t  
b u f f e r  must i n c l u d e  t h e  c a r r i a g e  
r e t u r n  c h a r a c t e r .  

JMS TYPX 
POINTER /ADDR OF 

/EXIT I S  TO 
/ENTRY+2 W I T H  
/AC CLEAR 

JMS TLSX 
/CHAR I N  AC 
/BITS 6 TO 11 

/MESSAGE 

JMS KREAD 
POINTER /ADDR O F  

-LENGTH / -S IZE O F  

/EXIT  I S  TO ENTRY+3 
/WITH AC CLEAR 
/ZERO PLACED AT 
/BUFFER END 

/ I N P U T  BUFFER 

/ I N P U T  BUFFER 
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Subrout ine  

KRBX 

Purpose C a l l i n g  Sequence 

I n p u t s  s i n g l e  c h a r a c t e r  from ENTRY, JMS KRBX 
Te le type ,  e x i t s  w i t h  charac-  /EXIT I S  TO 
t e r  r e a d  i n  t h e  AC. /ENTRY+1 WITH 

/CHAR READ I N  AC 

Other  r o u t i n e s  provided i n c l u d e  KRUB, which d e l e t e s  t h e  l a s t  
c h a r a c t e r  i n  t h e  i n p u t  b u f f e r  when t h e  RUBOUT key i s  typed.  Th i s  

r o u t i n e  i s  n o t  necessary  t o  Tele type  I / O  b u t  a l lows  f o r  e r a s i n g  

of t yp ing  mis takes  and a l s o  performs echoing.  I f  t h e  u s e r  rubs  
o u t  c h a r a c t e r s  p a s t  t h e  beginning of t h e  i n p u t  b u f f e r ,  a 
c a r r i a g e  r e t u r n / l i n e  f e e d  i s  performed as a warning. 

6.4 RESTRICTIONS 

The u s e r  program must i n i t i a l i z e  t h e  t e l e p r i n t e r  f l a g  b e f o r e  

c a l l i n g  t h e s e  sub rou t ines .  I n i t i a l i z a t i o n  i s  performed as fo l lows :  

CLA /SET AC TO ZERO, GOOD PRACTICE 
TLS / I N I T I A L I Z E  TELETYPE 

The r o u t i n e s  can on ly  be c a l l e d  from t h e  memory f i e l d  i n  which 

they  r e s i d e .  

The fo l lowing  characters have s p e c i a l  meaning t o  t h e  o u t p u t  
s u b r o u t i n e s :  

6 - b i t  va lue  Charac te r  Purpose 

00 @ Marks t h e  end of  a message; s u p p l i e d  v i a  
t h e  TEXT pseudo-op when us ing  PAL-D, 
PAL8, o r  MACRO-8. Must be s u p p l i e d  by 
u s e r  i f  u s ing  PAL 111. 

37 f Causes a c a r r i a g e  r e t u r n - l i n e  f e e d  t o  be 
o u t p u t  t o  t h e  Tele type .  

The fo l lowing  c h a r a c t e r s  have s p e c i a l  meaning t o  t h e  i n p u t  

sub rou t ine :  
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8 - b i t  v a l u e  Charac t e r  Purpose. 

212 
000 

3 7 7  

215 

LINE FEED Ignored  on i n p u t .  
n u l l  Ignored on i n p u t .  

RUBOUT 

RUBOUT Deletes t h e  p rev ious  c h a r a c t e r  typed ,  
echoes a backs l a sh  a f t e r  t h e  f i r s t  
RUBOUT typed and a c l o s i n g  back- 
s l a s h  a f t e r  t h e  f i r s t  non-RUBOUT 
c h a r a c t e r  typed .  

Echoes a c a r r i a g e  r e t u r n / l i n e  f e e d  
and e x i t s  from t h e  i n p u t  s u b r o u t i n e  
t o  t h e  u s e r  program ( c a l l i n g  
program).  

On i n p u t  b u f f e r  over f low w h i l e  r e a d i n g  c h a r a c t e r s  i n t o  t h e  

Te le type  b u f f e r ,  c h a r a c t e r s  echo as " b e l l "  ( t h e  b e l l  w i t h i n  t h e  

Te le type  r i n g s ) .  A l l  c h a r a c t e r s  o t h e r  t h a n  RETURN and RUBOUT 

are  l o s t  i f  typed wh i l e  " b e l l "  i s  be ing  rung as a warning. 

6 . 5  D E S C R I P T I O N  

Table 6 . 1  shows t h e  A S C I I  v a l u e s  of  t h e  c h a r a c t e r s  which can 

be used w i t h  t h e  s u p p l i e d  Te le type  I / O  Subrou t ines .  

PAL 111, t h e  u s e r  m u s t  code theseASCII  v a l u e s  a t  t h e  l o c a t i o n  

r e f e r e n c e d  by t h e  o u t p u t  r o u t i n e .  The PAL I11 assembler reads 
t h e  A S C I I  codes d i r e c t l y  as oc t a l  numbers. 

When us ing  

PAL-D, PAL8, and MACRO-8 can use  t h e  TEXT pseudo-op t o  
d i r e c t l y  format  a lphanumeric  characters i n t o  A S C I I  code. The TEXT 

pseudo-op p u t s  t h e  desired message i n t o  6 - b i t  A S C I I  format:  t h e  
r o u t i n e s  c o n v e r t  t h e  6 - b i t  A S C I I  t o  t h e  p r i n t a b l e  8 -b i t  A S C I I  and 

then  o u t p u t  t h e  message. 

If t h e  u s e r  w e r e  o u t p u t t i n g  t h e  message HELLO, i t  would b e  
done as f o l l o w s ,  where MESG i s  t h e  l o c a t i o n  g iven  f o r  t h e  message: 

PAL I11 

MESG , 1885 /HE 
1 4 1 4  /LL 

PAL-D, MACRO-8, or PAL8 

MESG, TEXT/HELLO/ 

17gg / O  END O F  
/MESSAGE CODE 
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TABLE 6.1 

6-BIT ASCII CHARACTER SET FOR INPUT WHEN USING THE 
PAL I11 ASSEMBLER, 8-BIT ASCII FORMAT IS ALSO SHOWN FOR 
COMPLETENESS. 

C h a r a c t e r  

A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 
0 
P 
Q 
R 
S 
T -  
U 
V 
W 
X 
Y 
Z 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

6-BIT 
V a l u e  

01 
02 
03 
04 
05 
06 
07 
10 
11 
12 
13 
14 
15 
16 
17 
20 
21 
22 
23 
24 
25 
25 
27 
30 
31 
32 
60 
61 
62 
63 
64 
65 
66 
67 
70 
71 

8-BIT 
V a l u e  

301 
302 
303 
304 
305 
306 
307 
310 
311 
312 
313 
314 
315 
316 
317 
320 
321 
322 
323 
324 
325 
326 
327 
330 
331 
332 
260 
261 
262 
263 
264 
265 
266 
267 
270 
271 

C h a r a c t e r  

1 

II 

i 

1 
1. 

leader tape  
LINE FEED 
RETURN 
SPACE 
RUBOUT 
b lank  
BELL 
TAB 
FORM 

f 

6-BIT 
V a l u e  

41 
42 
43 
44 
45 
46 
47 
50 
51 
52 
53 
54 
55 
56 
57 
72 
73 
74 
75 
76 
77 
00 
33 
34 
35 
36 
37 

40 

8-b1t 
V a l u e  

241 
242 
243 
244 
245 
246 
247 
250 
251 
252 
253 
254 
255 
256 
257 
272 
273 
274 
275 
276 
277 
300 
333 
334 
335 
3 36 
337 
200 
212 
215 
240 
377 
000 
207 
211 
214 
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The same r e s u l t s  are achieved  i n  bo th  cases. The TEXT pseudo- 

op performs a l l  of  t h e  necessa ry  o p e r a t i o n s  i n  t h e  case of  PAL-D, 

PAL8, and MACRO-8 which t h e  programmer must perform if u s i n g  

PAL 111. 

The i n p u t  r o u t i n e s  echo c h a r a c t e r s  typed a t  t h e  keyboard, 
a c c e p t  8 - b i t  ASCII c h a r a c t e r s  (as  t h e y  come from t h e  Te le type  

keyboard) f o r  i n t e r n a l  s t o r a g e ,  and allow c h a r a c t e r  e d i t i n g  v i a  

t h e  RUBOUT key. Once t h e  RETURN key i s  typed ,  no f u r t h e r  i n p u t  

i s  accep ted  from t h e  keyboard u n t i l  t h e  n e x t  t i m e  such i n p u t  i s  
r e q u e s t e d  by t h e  c a l l i n g  program. 

A d d i t i o n a l  i n fo rma t ion  on t h e s e  r o u t i n e s  and t h e i r  usage can 
be found by r e a d i n g  through t h e  l i s t i n g  ( s e c t i o n  6 . 7 )  and by 

r ead ing  Chapter 5 i n  I n t r o d u c t i o n  t o  Programming, 1970. 

6 . 6  EXAMPLE PROGRAM 

The fo l lowing  example program w a s  assembled w i t h  t h e  T e l e -  

t ype  I / O  Subrou t ines  as shown i n  s e c t i o n  6 . 7  (PROGRAM LISTING). 

The demonst ra t ion  program w a s  loaded  p r i o r  t o  t h e  I / O  r o u t i n e s .  

I f  no program had preceded t h e  I / O  r o u t i n e s  they  would, of 
cour se ,  have s t a r t e d  a t  l o c a t i o n  200  ( i n s t e a d  of l o c a t i o n  4 0 0 ) .  

The o u t p u t  o f  t h e  demonst ra t ion  program i s  shown below: 

PLEASE TYPE YOUR NAME 
HERMAN 

I T  I S  A PLEASURE TO MEET YOUS HERMAN 

The computer causes  

PLEASE TYPE YOUR NAME 

and a c a r r i a g e  r e t u r n / l i n e  f e e d  t o  be  o u t p u t .  
h i s  name on t h e  keyboard, e n t e r s  it w i t h  t h e  RETURN key, and 
t h e  computer t hen  p r i n t s  a carriage r e t u r n / l i n e  feed fo l lowed by 

The u s e r  t y p e s  

I T  IS  A PLEASURE TO MEET Y O U ,  HERMAN 
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The program as input to the Assembler (PAL-D in this case), 

looks as follows: 

/DEMONSTRATION O F  TTY 
/ 
*200 
START, T L S  

JMS TYPX 
MESG 1 
JMS KREAD 
INAREA 
-20 
JPlS TYPX 
MESG2 
TAD ( INAREA- 1 
DCA 10 

TAD I 10 
SNA 
JMP DONE 
JMS TLSX 
JMP LOOP 

JMP START 

LOOP0 CLA CLL 

DONE, HLT 

I / O  SUBROUTINES 

/ADDRESS OF START O F  PROGRAM 
/ I  N I T I  AL I 2 E T E L E P R I  NTER FLAG 
/ P R I N T  A MESSAGE 
/"PLEASE TYPE YOUR NAME'* 
/READ I N  REPLY 
/UP TO 16 CHARS 1 P E R  WORD 
/BEGINNING I N  INAREA 
/ P R I N T  SECOND MESSAGE 
/ " I T  I S  A PLEASURE TO MEET YOU, '* 
/ S E T  AUTOINDEX R E G I S T E R  10 TO 
/ADDRESS WHERE NAME I S  STORED<-  1) 
/BEGIN P R I N T I N G  THE NAME 
/GET A CHARACTER 
/ T E S T  FOR ZERO 
/ I F  ZERO, ALL DONE--QUIT 
/ E L S E  P R I N T  A CHARACTER 

/ I T  I S  A GOOD P R A C T I C E  TO PUT 
/A JMP TO SOMEWHERE AFTER THE 
/HLT AT THE END OF A PROGRAM 
/ I N  CASE SOMEONE INADVERTANTLY 
/ H I  T S "CONT I NUE" 

MESGlr TEXT / + P L E A S E  TYPE YOUR NAME*/ 
MESG2r TEXT / * I T  I S  A PLEASURE TO MEET YOU, / 
INAREA, 0 / I N P U T  AREA FOR NAME 

The demonstration program assembled with PAL-D looks as 
follows: 

/DEMONSTRATION OF TTY I / O  SUBROUTINES 

0200 
020 1 
0202 
0203 
0204 
0205 
02 06 
0207 
0210 

/ 
*200 

6046 START, 
4777 
0222 
4776 
0256 
7760 
4777 
0236 
1375 

T L S  
JMS TYPX 
MESG 1 
JMS KREAD 
INAREA 
-20 
JMS TYPX 
MESG2 
TAD ( INAREA- 1 

/ADDRESS OF START OF PROGRAM 
/ I N I T I A L I Z E  T E L E P R I N T E R  FLAG 
/ P R I N T  A MESSAGE 
/ '*PLEASE T Y P E  YOUR NAME" 
/READ I N  REPLY 
/ U P  TO 16 CHAR, 1 P E R  WORD 
/BEG I NN I NG I N  I NAREA 
/ P R I N T  SECOND MESSAGE 
/ * ' I T  I S  A PLEASURE TO MEET YOU, '* 
/ S E T  AUTOINDEX R E G I S T E R  10 TO 
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021 1 
0212 
0213 
0214 
0215 
02 16 
0217 
0220 
022 1 

0222 
022 3 
0224 
022 5 
0226 
0227 
0230 
023 1 
0232 
0233 
02 34 
0235 

0236 
0237 
024 0 
024 1 
0242 
024 3 
024 4 
024 5 
024 6 
0247 
0250 
025 1 
B252 
0253 
02 54 
0255 
02 56 

3010 
7300 
14 10 
7450 
5220 
4774 
5212 
7402 
5200 

37 20 
1405 
0123 
0 540 
243 1 
2005 
403 1 
1725 
2240 
160 1 
1505 
3700 

3711 
2440 
1123 
400 1 
4020 
1405 
0123 
2522 
0540 
24 17 
4B15 
0505 
2440 
31 17 
2 554 
4000 
0000 

DCA 10 

TAD I 10 
SNA 
JMP DONE 
JMS TLSX 
JMP LOOP 

dMP START 

LOOP, CLA CLL 

DONE, HLT 

MESGlr TEXT /CP 
LE 
A S  
E 
TY 
P E  

Y 
O U  
R 
NA 
ME 
-/ 

MESG2r TEXT 1-1 
T 
I S  

A 
P 

L E  
AS 
UR 
E 
TO 

M 
E E  
T 
YO 
U, 
/ 

INAREA, 0 

/ADDRESS WHERE NAME I S  STORED<-  1) 
/ B E G I N  P R I N T I N G  THE NAME 
/GET A CHARACTER 
/ T E S T  FOR ZERO 
/ I F  ZERO, ALL DONE--QUIT 
/ELSE P R I N T  A CHARACTER 

/ I T  IS A GOOD P R A C T I C E  TO PUT 
/ A  JMP TO SOMEWHERE AFTER THE 
/HLT AT THE END OF A PROGRAM 
/ I N  CASE SOMEONE INADVERTANTLY 
/ H I T S  "CONTINUE". 

/ I N P U T  AREA FOR NAME 
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6 . 7  PROGRAM L I S T I N G  

As explained in section 6.6, this listing of the I / O  routines 
was made following the example program shown in that section. 
These routines can start at any address if the user changes the 
starting address or will start at the beginning of the first free 
page after any programs loaded previously. 

/ B A S I C  TELETYPE I / O  SUBROUTINES 
/REV1 S I O N :  18- JAN-7 1 /GWB 

/COPYRIGHT 1 9 7 1  D I G I T A L  EQUIPMENT CORPORATION 
/ MAYNARD9 MASSACHUSETTS 01754 

/ T H E S E  SUBROUTINES ILLUSTRATE T Y P I C A L  METHODS OF U S I N G  THE 

/STANDARD TELETYPE TO INPUT AND OUTPUT ALPHANUMERIC DATA 
/ON A PDP-8 FAMILY COMPUTER. 

/ --NOTES-- 
/ ( 1 )  THE USER PROGRAM MUST I N I T I A L I Z E  THE TELE-  
/ P R I N T E R  FLAG BEFORE CALLING THESE SUBROUTINES.  

/ (2) THESE ROUTINES MAY ONLY BE CALLED FROM 
/ TXE F I E L D  IN WHICH THEY R E S I D E .  

/ O R I G I N  TO NEW PAGE 

/SUBROUTINE TO TYPE MESSAGES. 
/ T H I S  SUBROUTINE P R I N T S  A MESSAGE TO B E  STORED I N  S T R I P P E D  

/ S I X - B I T  A S C I I 9  TWO CHARACTERS PER WORD. THIS FORMAT 

/CAN BE E A S I L Y  GENERATED BY U S I N G  THE "TEXT" PSEUDO-OP IN 
/PROGRAMS ASSEMBLED BY PALDD PAL89 OR MACRO-8. 

/ENTRY> JMS TYPX 
/ P O I N T E R  (ADDRESS OF MESSAGE) 
/ E X I T  I S  TO ENTRY+2 WITH THE AC CLEAR- 
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0400 
040 1 
0402 
0403 
04 04 

0405 
0406 
0407 
0410 
041 1 
0412 
0413 

04 14 
0415 

04 16 

04 17 
0420 
042 1 
0422 
0423 
0424 
042 5 
0426 
0427 
0430 

0000 
7300 
1600 
32 16 
2200 

1616 
7012 
7012 
7012 
4217 
1616 
22 16 

42 17 
5205 

0000 

/ --NOT E-- 
/ T H E  FOLLOWING CHARACTERS HAVE S P E C I A L  MEANINGS: 
/VALUE 
/ 00 

/ 
1 37 

/ 

TYPX, 

TYPX 18 

T Y P N T t  

CHARACTER 
0 

c 

0 
CLA CLL 
TAD I TYPX 
DCA TY PNT 
I sz TYPX 

TAD I TYPNT 
RTR 
RTR 
RTR 
JMS TYPY 
TAD I TYPNT ' 
I sz TYPNT 

JMS TYPY 
JMP T Y P X l  

0 

COMMENTS 
MARKS THE END OF MESSAGE# THE TEXT 

PSEUDO-OP I N S E R T S  T H I S  CHARACTER. 
CAUSES A CARRIAGE RETURN/LINE F E E D  

TO BE OUTPUT. 

/GET P O I N T E R  
/AND SAVE I T  LOCALLY 

/GET L E F T  HAND CHARACTER 
/ T H I S  CAN BE CHANGED TO A 
/BYTE SWAP ON THE P D P - g E !  

/CONVERT AND TYPE 
/GET RIGHT HAND CHARACTER 
/MOVE P O I N T E R  TO NEXT WORD 

/CONVERT AND TYPE 
/CONTINUE U N T I L  DONE. 

/ P O I N T E R  TO STRING 

/ T H I S  SUBROUTINE I S  CALLED BY "TYPX" (AND "KRBX"! I - -  
/ENTER 
/ 
/ 
/ 

0000 T Y P Y t  
0236 
7450 
5600 
1237 
7440 
523 1 
1240 
4244 
1241 

0431 7510 TYPY1,  
0432 1242 
0433 1243 
0434 4244 
0435 5617 

WITH T H E  CHARACTER TO TYPE I N  AC6- 1 1: 
( 1 )  T E S T S  FOR TEKMINATOR (00) 
( 2 )  T E S T S  F O R  CR-LF (37) CHARACTER 
( 3 )  CONVERTS CHARACTER TO 8 - B I T  A S C I I  AND T Y P E S  I T  

0 
AND 
SNA 
JMP I 
TAD 
S Z A  
JMP 
TAD 
JMS 
TAD 

SPA 
TAD 
TAD 
JMS 
JMP I 

T K 7 7  

TYPX 
TKM37 

TYPY 1 
T K 2 1 5  
TL SX 
TKM 125 

T K 1 0 0  
T K 2 3 7  
TL SX 
TYPY 

6-10 

/MASK OFF CHARACTER 
/ T E S T  FOR TERMINATOR 
/ E X I T  I F  TERMINATOR 

/ T E S T  FOR CR-LF 
/NOT A 37 
/ T Y P E  A -CR- 

/CONVERTS TO A -LF- (212)  

/ T E S T  RANGE 
/RANGE IS 301-336 
/RANGE I S  240-277 
/ T Y P E  CHARACTER 



0436 
0437 
044 0 
044 1 
Iw42 
044 3 

0077 
7741 
0215 
7653 
0100 
0237 

T K 7 7 r  77 
TKM37s -37 
T K 2 1 5 r  215 
TKM125r  - 1 2 5  
T K l 0 0 r  100 
T K 2 4 7 r  237 

/MASK FOR A C 6 - 1 1  
/ T E S T  FOR CR-LF CHARACTER 
/ A S C I I  VALUE OF -CR- 
/ T H I S  P L U S  337 = 212 - L F -  
/CONVERT TO RANGE 301-336 
/CONVERT TO RANGE 240-277 

/TELETYPE OUTPUT SUBROUTINE. 
/ENTER WITH CHARACTER I N  THE AC. 
/ --NOT E- .. 
/ T H E  TELETYPE FLAG MUST BE I N I T I A L I Z E D  
PBEFORE CALLING T H I S  SUBROUTINE! 

0444 0000 T L S X r  0 
0445 6041 T SF 
0446 5245 JMP 0 - 1  
0447 6046 T L S  
0450 7200 CLA 
0451 5644 JMP I TLSX 

/WAIT FOR TELETYPE READY 

/TELETYPE I N P U T  SUBROUTINE. 
/ E X I T  WITH CHARACTER READ I N  THE AC. 

0452 0000 KRBXr 0 
0453 6031 KSF 
0454 5253 JMP 0 -  1 
0455 6036 KRB 
0456 5652 JMP I KRBX 

/WAIT FOR CHARACTER 

/TELETYPE I N P U T  SUBROUTINE. 
/ T H I S  SUBROUTINE DEMONSTRATES HOW TO INPUT 
/ A L P H A N b i E R I C  CHARACTERS FROM THE TELETYPE.  I T  READS 
/THE CHARACTERS INTO A BUFFER> ECHOES CHARACTERS TYPED# 
/AND PERFORMS MINOR E D I T I N G :  
/ ( 1 )  CHARACTERS N U L L ( 2 0 0  AND 000) AND L I N E  FEED 
/ ARE DELETED ON INPUT.  
/ (2) CHARACTER RUBOUT (377)  DELETES THE PREVIOUS 
/ CHARACTER TYPED. I T  ECHOES AS A BACKSLASH FOLLOWED 

/ BY THE CHARACTER DELETED ( M U L T I P L E  RUBOUTS DO NOT 
/ ECHO BACKSLASH AFTER THE F I R S T :  A NON-RUBOUT CHAR- 

/ ACTER CAUSES A "CLOSING" BACKSLASH TO BE P R I N T E D ) .  

/THE CHARACTER CARRIAGE RETURN TERMINATES INPUT.  I T  

/ECHOES AS A CARRIAGE RETURN FOLLOWED BY A LINE FEED. 

6-11 



/ENTRY, JMS KRFAD 
/ P O I N T E R  (ADDRESS O F  I N P U T  BUFFER)  
/ -LENGTH (MINUS S I Z E  O F  I N P U T  BUFFER)  
/ E X I T  IS TO ENTRY+2: ON E X I T :  
/ ( 1 )  AC I S  CLEAR. 
/ (2) A TERMINATING WORD O F  ZERO I S  PLACED I N  T H E  
/ I N P U T  BUFFER ( T H E  CARRIAGE RETURN I S  NOT ENTERRED 
/ I N  T H E  BUFFER) .  

/ --NOTE-- 
/ON BUFFER OVERFLOW, CHARACTERS WILL B E  ECHOED A S  "BELL" 
/TO INFORM USER THAT BUFFER IS FULL. ALL CHARACTERS, 
/OTHER THAN CARRIAGE RETURN AND RUBOUT, ARE LOST. 

/ T H I S  SUBROUTINE I S  WRITTEN TO CO-RESIDE WITH THE T E L E T Y P E  

/OUTPUT SUBROUTINES "TYPY" AND "TLSX" 

0457 0000 KREADs 0 
0460 7300 CLA CLL 
0461 1657 TAD I KREAD /GET ADDRESS O F  BUFFER 
0462 2257 I sz KREAD 
0463 3216 DCA KHPNT /SET U P  P O I N T E R  
0464 1657 TAD I KREAD /GET S I Z E  O F  BUFFER 
0465 3200 DCA KRCNT /SET U P  COUNTER 

0466 4252 K R B l r  JMS KRBX /GET CHARACTER 
0467 3616 DCA I KRPNT /SAVE CHARACTER 
0470 1360 TAD KRTAB /LOAD P O I N T E R  TO TABLE 
0471 3345 DCA KRBKS / I N T O  TEMP. STORAGE 

/ENTER SCANNING LOOP. 

0472 1616 K R B 3 r  TAD I KRPNT /ADD I N  CURRENT CHARACTER 
0473 2345 I sz KRBKS /ADVANCE INDEX TO JMP WORD 

0474 7650 
0475 5745 
0476 2345 
0477 1745 
0500 7440 
0501 5272 

0502 
050 3 
0504 

0505 
0506 
0507 
0510 
051 1 

4345 
2200 
5312 

1356 
4244 
7240 
1200 
5265 

SNA CLA 
JMP I KRBKS 
I sz KRBKS 
TAD I KRBKS 
S Z A  
JMP K R B 3  

/CALL S P E C I A L  ROUTINE 
/GO ON TO NEXT ENTRY 
/GET TABLE ENTRY 
/ZERO MARKS END O F  TABLE 
/CONTINUE SCAN 

/NORMAL CHARACTER ROUTINE-- 
/CHECK F O R  BUFFER OVERFLOWS ECHO CHARACTER, AND 
/RETURN TO FETCH NEXT CHARACTER. 

JMS KRBKS /ECHO BACKSLASH I F  NEEDED I 

1 sz KRCNT / T E S T  F O R  BUFFER OVERFLOW 
JMP KRB6 /NORMAL ROUTE 

TAD TK207 /ECHO "BELL" 

CLA CMA /DECREMENT CHAR COUNTER 
TAD KRCNT 
JMP KRBl- 1 IRETURN TO GET NEXT CHAR 

/BUFFER OVERFLOW! 

KRB5s JMS T L S X  
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0512 1616 KRB6r TAD I KRPNT 
0513 2216 I sz KRPNT 
0514 4244 JMS TLSX 
0515 5266 JMP KHB 1 

/GET CHARACTER 
/ADVANCE BUFFER P O I N T E R  
/ECHO CHARACTER 
/RETURN TO GET NEXT CHAR 

/RUBOUT ROUTINE-- 
/ T W I S  ROUTINE I S  CALLED WHEN A RUBOUT IS TYPED; I T  D E L E T E S  

05 16 
05 17 
0520 
052 1 
0522 
052 3 
0524 
0525 
0526 
0527. 
0530 
6353 1 
0532 

7240 
4345 
2355 
1657 
7041 
1200 
7650 
5333 
7240 
1216 
32 16 
16 16 
5306 

/ T H E  L A S T  CHARACTER I N  T H E  BUFFER> R E S E T  T H E  P O I N T E R S *  
/AND DOES SOME FANCY ECHOING. 
KRUBr CLA CMA I R E V E R S E  RUBOUT FLAG T E S T  

JMS KRBKS /EHCO BACKSLASH I F  NEEDED 
I sz KRFLAG / S E T  RUBOUT FLAG 
TAD I KREAD /CHECK FOR '*EMPTY" BUFFER 
C I A  
TAD KRCNT /BY COMPARING COUNTERS 
SNA CLA 
JMP KRUBl /NO RUBOUT P A S T  BEGINNING 
CLA CMA 
TAD KRPNT /DECREMENT BUFFER P O I N T E R  
DCA K RPNT 
TAD I KRPNT /GET CHARACTER TO ECHO 
JMP KRB5 

/ECHO CR-LF-BACKSLASH O N  ATTEMPT TO RUBOUT P A S T  T H E  START 
/OF T H E  I N P U T  BUFFER. 

0533 1243 K R U B l r  TAD TK237 /LOOKS L I K E  A *'*''! 
0534 4217 JMS TYPY / F O R C E S  A CR-LF 
0535 4345 JMS KRBKS /ALWAYS FORCES A BACKSLASH 

0536 5266 JMP KRB 1 

/CARRIAGE RETURN ROUTINE--  
/ T H I S  ROUTINE I S  CALLED WHEN A CARRIAGE RETURN I S  TYPED; 
/ECHOES CR-LF, D E P O S I T S  0 I N  I N P U T  BUFFERD AND E X I T S .  

0537 4345 KRCRr JMS K RBK S /ECHO BACKSLASH I F  NEEDED. 

0540 1243 
a541 4217 
0542 3616 
0543 2257 
0544 5657 

TAD TK237 
JMS TYPY 
DCA I KRPNT 
I sz KHEAD 
JMP I KREAD 

/LOOKS L I K E  A '*e'* ! 
/ F O R C E S  A CR-LF 
/ S T O R E  ZERO I N  B U F F E R  
/SET TO EXIT ADDRESS 
/AND EXIT.  
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054 5 
0546 
0547 
0550 
0551 
0552 
0553 
05 54 

055 5 

0556 
0557 

056 0 

056 1 
056 2 
056 3 
056 4 
056 5 
0566 
056 7 
057 0 
057 1 

0000 
1355 
7640 
1357 
7440 
4844 
3355 
5745 

0000 

0207 
0334 

0560 

5266 
7600 
5266 
7 566 
5266 
7563 
5337 
7401 
53 16 

/ T H I S  SUBROUTINE ECHOES BACKSLASH WHEN KRFLAG IS NON-ZERO 
/NOTE-- LOCATION "KHBKS" I S  ALSO USED A S  A TEMPORARY 

KRBKSI 0 
TAD KRFLAG /GET FLAG 
S Z A  CLA 
TAD T K 3 3 4  /BACK SLASH CHARACTER 
S Z A  
JMS T L S X  / T Y P E  A BACKSLASH 
DCA KRFLAG /CLEAR FLAG 
JMP I KRBKS / E X I T  

KFPLAGI 0 /SET TO + 1  I F  A RUBOUT WAS 

/LAST CHAR> OTHERWISE 0. 

/SAVE A COUPLE LOCATIONS BY U S I N G  TYPX AND TYPNT. 
KRPNT=TYPNT / P O I N T E R  TO I N P U T  B U F F E R  
KRCNT= TY P X  /MINUS NO. O F  WORDS L E F T  
TK207r 207 /BELL IS A S C I I  207 
TK334r 334 /BACKSLASH I S  A S C I I  334 

/ S P E C I A L  CHARACTER TABLE-- 
/ E N T R I E S  I N  THIS TABLE ARE TWO WORDS LONG: 
/ <WORD 1 )  -VALUE O F  CHARACTER 
/ (WORD 2) JMP TO PROPER ROUTINE 
/ T H E  TABLE IS TERMINATED BY AN ENTRY O F  0. 

KRTPBI 

JMP KRBl /NULL -- IGNORE 
-200: 
JMP K R B l  /NULL -- IGNORE 
-212; 
JMP K R B l  / L I N E  FEED -- IGNORE 
-8151 
JMP KRCR /CARRIAGE RETURN -- E X I T  
-377: 
JMP KRUB /RUBOUT -- DELETE CHARACTER 

0572 0000 0 /DENOTES END OF TABLE. 

PAUSE 
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Formerly 
Dig i  tal-8-16-S 

CHAPTER 7 

MASTER TAPE DUPLI CATOR/VE R I  F I  E R 

7.1 ABSTRACT 

This  program d u p l i c a t e s  and v e r i f i e s  8-channel p a p e r ' t a p e s  us ing  

a PDP-8 f ami ly  computer w i t h  high-speed r e a d e r  and high-speed punch. 

The program uses  t h e  program i n t e r r u p t  and allows bo th  t h e  reader and 

t h e  punch t o  o p e r a t e  a t  m a x i m u m  speed. 

The program accumulates two t y p e s  of checksums w h i l e  r e a d i n g  and 

punching: 1) t h e  number of nonzero c h a r a c t e r s  on t h e  t a p e ,  and 2 )  t h e  

sum o f  c h a r a c t e r s  on t h e  t a p e  (both are t aken  modulo 4 0 9 6 ) .  

When d u p l i c a t i n g j  t h e  program compares t h e  checksums a t  t h e  end 
/ 

of  t h e  t a p e  w i t h  t h e  checksums accumulated by t h e  r e a d  r o u t i n e .  I f  

t h e s e  d i f f e r ,  a r e a d e r  error has  occur red  and a message i s  p r i n t e d .  

Tapes are v e r i f i e d  by r e a d i n g  them and comparing accumulated checksums 

w i t h  t h o s e  a t  t h e  end of t h e  t ape .  Only master t a p e s  produced by t h e  

program can be d u p l i c a t e d .  

punched a t  t h e  end. 

The master t a p e  has  t h e  t w o  checksums 

7 .2  REQUIREMENTS 

The program uses  a l l  of memory, excep t  f o r  t h e  l a s t  page,  as a 
b u f f e r .  

The Master Tape Dup l i ca to r  program r u n s  on any PDP-8 f ami ly  

The program computer w i t h  high-speed r e a d e r  and high-speed punch. 

t a p e s  are as fo l lows:  

Binary D I G I T A L -  8-16-S-BIN 

Source D I G I T A L  -8-16-S-ASC 

7 . 3  USAGE 

7.3.1 Loading 
The program i s  loaded w i t h  t h e  Binary Loader (see I n t r o d u c t i o n  
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t o  Programming o r  Programming Languages f o r  d e t a i l s ) .  

7.3.2 To Produce a Master Tape 

A t a p e  i s  read and d u p l i c a t e d  by t h e  punch. W-hen t h e  t a p e  has  

run  o u t  o f  t h e  r e a d e r ,  t h e  accumulated checksums are punched. The 

t a p e  t h a t  has  been punched i s  t h e  master t a p e  used f o r  d u p l i c a t i o n .  
I t  shou ld  be compared a g a i n s t  t h e  o r i g i n a l  t o  e n s u r e  t h a t  t h e  t a p e  w a s  
r e a d  c o r r e c t l y .  

7 .3 .3  To Dup l i ca t e  t h e  Master Tape 

by t h e  punch. Checksums are accumulated by t h e  r e a d  r o u t i n e  and are 
compared w i t h  t h e  checksums a t  t h e  end of t h e  t a p e .  Checksums are 
punched and are used f o r  v e r i f i c a t i o n  (see 7 .3 .4) .  I f  t h e  master t a p e  

i s  s h o r t  enough t o  f i t  i n t o  t h e  b u f f e r ,  t h e  program w i l l  n o t i f y  t h e  

o p e r a t o r  t h a t  more c o p i e s  can be  made w i t h o u t  r e r e a d i n g  t h e  master.  
Blank t a p e  i s  punched between cop ie s .  

The master t a p e  t h a t  h a s  been produced (see 7.3.2) i s  reproduced 

7 .3 .4  V e r i f y  Dup l i ca t ion  

S i m i l a r  t o  d u p l i c a t i o n ,  b u t  no punching t a k e s  p l a c e .  Tapes are 
r e a d  and t h e  accumulated checksums are compared a g a i n s t  t h e  checksums 

punched a t  t h e  end. 

7 .4  OPERATION PROCEDURES 

a. 
b. 

C.  

d. 

e. 

f .  

g -  

S e t  t h e  SWITCH REGISTER t o  200. 

Press t h e  LOAD ADDRESS key; p r e s s  t h e  START key; t h e  
program h a l t s .  

S e t  SWITCH REGISTER f o r  t h e  mode of  o p e r a t i o n  as fo l lows :  

B i t  0 = 1 Make master t a p e  

B i t  1 = 1 Dupl i ca t e  master t a p e  
B i t  2 = 1 V e r i f y  d u p l i c a t i o n  

Place t a p e  i n  r e a d e r  s t a r t i n g  on b lank  t a p e  ( a l l  modes of 
o p e r a t i o n  must be s t a r t e d  w i t h  b lank  leader tape i n  t h e  
reader).  

Turn reader on. Turn punch on. 

Press t h e  CONTINUE key. 
The program p r i n t s  a message when t h e  o p e r a t i o n  has  been 
completed and t h e n  h a l t s .  
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h. Proceed from s t e p  (c) u n l e s s  m u l t i p l e  cop ie s  are be ing  
made. 

7.5 DESCRIPTION 

This  program uses  t h e  program i n t e r r u p t  t o  keep t h e  r e a d e r  and 

The r e a d e r  f i l l s  a b u f f e r  and t h e  t h e  punch running a t  f u l l  speed.  
punch punches f r o m  it. 
and t h e  punch r o u t i n e s .  

Checksums are accumulated by b? th  t h e  r e a d e r  

7.6 NOTE ON EXTRA BLANK FRAMES I N  DUPLICATED TAPES 

T h e  Master Tape Dupl ica tor  does n o t  check fo r  e x t r a  b lank  frames 

A futur.e v e r s i o n  of  t h i s  program w i l l  perform i n  t h e  d u p l i c a t e  t a p e .  

such a check. U n t i l  t h i s  v e r s i o n  i s  r e l e a s e d ,  u s e r s  w i t h  t a p e  

v e r i f y  p rope r ly  b u t  do n o t  run p rope r ly  should  o r d e r  t a p e  and document 

number 5-10 from t h e  DECUS Program L ib ra ry .  T h e  document i s  called 

Paper  Tape Reader Tester. I t  i s  a program f o r  t h e  PDP-5, b u t  w i l l  run 

on t h e  PDP-8 and should be used as a second v e r i f y i n g  o p e r a t i o n .  
Programs which are too long fo r  t h e  space  l e f t  i n  core should  be 

broken i n t o  t w o  or more s h o r t e r  t a p e s  fo r  t h i s  o p e r a t i o n .  

Digital-8-16-S having d i f f i c u l t y  w i t h  b i n a r y  t a p e s  which load and 
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7.7 PROGRAM L I S T I N G  

0081 S B 2 0  
@002 g632 
00183 8600 
Q Q g 4  G161S 

0016 c10kJVI 
0 0 1 7  0c10V) 
0020  6 9 1 1  
0021 7 4 1 0  
8022 5431 
0023 6921 
0024 7 4 1 0  
U025 5434  
B 0 2 h  4567 
~ ~ 2 7  00a0 
ow30 5 . ~ ~ 3  
8 Z 3 1  p1130r3 
8832 6M14 
8033 5@27 
nu34 fll3iijn 
an35 6026 
0336 7 2 3 B  
8037 5027 

/ c ~ ? Y ~ I ( ~ H T  1371 G I G I  i - 4 ~  51 mvau C M P M A I I W  
/ i ~ q Y W d i I t  y14S j q C 4 l J S S  rS 
/ T A P E  D U P L I C A T O R  FOR PDP- 5/8 
/ - D E C -  1 1  15/65 
/ S I N G L E  B U F F E R I N G - H E A D  A N D  P U N C H  U T I L I Z I N G  
/ P R O G R A M  I NTERHUPT 

/ F O R  E A C H  T A P E - C O M P A K E  W I T H  CHECI.<S AI -  
/END OF T A P E  
/CHECr<S A R E  A L S O  COMPUTED DURING PUNCHING 
/ A N D  C O N P A R E D  
/THKEE M O D E S  O F  O P E R A T I O N :  
/ A *  S W I T C H  0 ON-MAKE M A S T E R  T A P E  
/ R *  S W I T C H  1 O N - D U P L I C A T E  +lASTEit T A P E  
/ C *  SWITCH 2 O N - V E R I F Y  D U P L I C A T I O N  
/ D U R I N G  D U P L I C A T I O N t  T H E  PROGRAM WILL N O T I F Y  
/ T H E  O P E R A T O R  WHETHER O K  NOT M O R E  C O P I E S  
/CAN BE MADE W I T H O U T  RE-REAOI iUG THE 
/ M A S T E R  
/ D E F I N I T I O N S  O F  I N T E I I K U P T  L O C A T I O N S :  
/FOR T H E  PDP-8; I N T E R = 0  
I F O H  T H E  P D P - S i  I N T E R = I  
/ P A G E  1 
I N l E K = 0  

/COMPUTE A C H A R A C T E K  C O U N T  AND CHECKSUM 

* I N T E R +  1 

N P N T t  
E l #  
E2, 
* I h  
NDXK,  
N D X P ,  
H N D L t  

DSHSI 

H E A D t  

PNC t 

JMP H N D L  
D P R T  
T E S  1 
T E S 2  

c1 
0 
HSF 
SKP 
JNP I H E A D  
PSF 
SKP 
JMP I P N C  
JMS I C H L F  
I O N  
JMP I I N T E R  
m 
H F C  
JMP D S M S  
0 
P L S  
C L A  
JMP D S M S  

/ H A N D L E  I N T E H R U P T  

/ A U T O - I N D E X  R E G 1  STEK 
/ A U T O - I  NDEX REG1 S T E R  

1 7 5 8  C A U S E D  I NTEKKUPT 

/ 7 5 A  PUNCH C A U S E D  I N T E R R U P T  
/ EX T'F? A N  EO L1 S -  CLEAR FL A G S 
/ E N A B L E  I N T E H H U P T  
/ R E T U H N  
/ C A L L E D  AS A 
/ S U B K O U T I  NE TO P R O V I D E  
/RETURN A D D R E S S  
/ C A L L E D  AS SLlSROUTI N E  
I P R O V I  D E S  R E T U R N  
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88413 
884 1 
13042 
0 0 4 3  
0044 
0045  
@a46 
pl047 
805@ 
0051 
Eli4 52 
0053  
OQ54 
8855 
e15756 
8857 
0060  
Oi?16 1 
OB62 
0V163 
OB64 
0 Q 6 S  
61e166 
O B 6 7  
08 7 0 
8517 1 
ag72 
irlur73 
51 [,$ 7 4 
t1f37s 
0#7h  
El377 
8 1 a 3 
0101 
01a2  
0103  
01 a 4  
0 1 0 5  
0 1 a 5  
01 G17 
0110 
d l  1 1  
01 12 
0113 
01 1 4  
#I15 
01 16 
01 1 7  
0123  
0121 
0122 

1417 
7510 
5570 
3143 
1143  
7440 
2 1 4 5  
708p1 
1 1 4 7  
3147 
1 1 4 3  
4p134 
504B 
6812  
3142 
5105  
1142 
7 448 
? 1 4 4  
7@$# 
1 1 4 5  
3146 
116iil 
3157 
7 4 1 Q  
5155 
1 1 4 2  
3416 
2 1 6 3  
741Eil 
557 1 
433 1 
'2 164 
5675s 
724@ 
3175  
5'6411 
1142 
1161 
7 6 4 8  
5050 
1153  
38 57 
5068 
1142  
1162 
7640 
5123 
1154 
3857 
5050 

PNCHs T A D  I N O X P  
S P A  
JivlP I P D U N  
D C A  H L D 2  
T A D  H L D 2  
SZA 
ISZ Z R O P  
NOP 
TAD CHgP 
DCA CYKP 
T A D  HLD2 
JMS P N C  
JMP P N C H  

K D  1 8  3 H B  
DCA HLDl 

R S T l r  JMP F K S T  
T A D  H L D l  
SZA 
I S Z  L K O K  
NOP 
TAD C H K R  
DCA C H K R  
T A D  TIME 
D C A  TIivlfi 

H S I - 2 8  S K P  
Jt4P V Y  
T A D  H L D l  
DCA I NDXK 
ISZ RCaqT 
SKP 
J;YP I Fi lL  
JWS 3 E A D  
I S Z  STKT 

C L A  CMA 
DCA S C O N  
JMP PIVCH 

FHSTI T A D  H L D l  
T A D  T S T 1  
S Z A  C L A  
JivlP RSTl+ 1 
T A D  THY2 
DCA K S T l  
JlyP R S T l +  1 

SclvD8 T A D  HLDl 
T A D  TST2 
S Z A  C L A  
JMP *+4 
TAC TRY3 
D C A  KSTl 

JiYP R D  1 

JNP R S T l + l  

/GET N E X T  C H A R A C T E R  
/ I F  IT I S  7 7 7 7 s  IT 
/IS END OF T E X T  

/ C O U N T  NON-ZEHg C H A R A C T E R S  
/MODULO 4 8 9 6  
/ACCUMULATE SUM MODULO 4896 

/GO GET NEXT 
/ R E A D  750 R U F F E H  
/ S A V E  I T  
/OF "SCND" O K  "THRD" 

/COUNT iYODUL0 4096 

/ R E S E T  E.VO-OR-TAPE T I X E R  

/GET C H A R A C T E R  
/ P U T  IN BUFFER 
/ I S  Bf jFFEE FLJLL? 
/ N O  
/YES 
/FETCH +JFXT CHAirPCTER 
/DELAY START OF P U N C H 1  NG 

/ S T A R T  P U N C H I N G  
/TEST TO SEE I F  
/ C H A R A C T E H  I S  F I R S T  
/ I N  CHECK-SUM IDE+JTIFIF,H 
/ I F  I T  I S - S E T  S ' r j I T C Y  

[CHARACTEK NEXT 
/ T O  TEST F O R  SECOiVD 

/ C H E C <  FOi3 S E C O N D  C H A R A C T E R  
/ I D E N T I F I E K  - I F  FOUND 
/ T E S T  FOR THIRD N E X T  
/ I F  N O T 8  R E S E T  FOR F I R S T  
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(4123 
Q124 
8 1 2 5  
8126 
8127 
m13@ 
0131 
a 1 3 2  
0 1 3 3  
0134 
0 1 3 5  
0135 
0137 
@ I 4 8  
n l 4 l  
e 1 4 2  
@ 1 4 3  
0144 
0145  
8 1 4 6  
@ 1 4 7  
01 50 
0 1 5 1  
01 52 
01 5 3  
8154 
f i l s 5  
0 1 5 6  
0157 
816g 
0161 

0162 

c1163 
d1164 
0165  
0166 
3167 
0170 
91171 
31 7 2  
0173  
0174 
p1175 
0176 
c1177 

1152 
5121 
1142 T H H O r  
1151 

5123  
7240 
3416 
4541 
3151 
4541 
3158  
55403 
0303  
8 5 6 5  G E T 1 9  
43800 HLDlr 
0000 HL02r 
nc'IG18 Z R O R t  
0008  r ' ,ROPr  
0@U@ C H K R r  
0@fl@ C H K P r  
@@ma iY2ROr 
OB@@ iYCHKr 
5105 T H Y l r  
5114 T R Y 2 r  
5125  TRY3t 
4831 V Y r  
5055 
5300i3 T I M R r  
cil0P)P) T I M E #  
7526 T S T 1 8  

7 64Q 

7653  T S T 2 9  

T A D  T H Y 1  

TAD H L D l  
T A D  TST1 
S Z A  C L A  
J(4r * - 5  
C L A  CMA 
D C A  I NDXR 
JMS I GETl 
D C A  MCHK 
JMS I GETl 
DCA M Z K O  
JMP I * + I  
SWT 1 
GET 
0 
0 
0 
0 
13 
Q 
0 
0 
JMP F R S T  
JMP S C N D  
JNP THRD 
JMS HEAD 
JMP K D 1  
0 
0 
7526 

JMP *-3 

7653  

0 
0 
AOP 
sx P 
C F L G  
91 
RFUL 
0077 
a 
0 
0 
8377 
0002  

/TEST FOH T H I R D  C H A R A C T E R  

/READ C H E W S  FROM T A P E  
/IF NOT - R E S E T  F O R  F I R S T  

/ I IV J . D E N T I F I E f ?  - I F  WUND 

/SET E N D - O F  PUNCH FLAG 

/MEASUREO C H E W -  SUM 

/MEASUREO Z E R O - C O U M T  

/ G E T  1 2 - B I T  WORD 

/ # O F  NON-ZERO READ 
/ # O F  N O N - Z E R O  P U N C H E D  
/ C H E C K  SUM - R E A D  
/ C H E W  SUN - PUNCH 
/#OF N O N - Z E R O  M E A S U R E D  
/ C H E C K  SUM - MEASURED 

/WHEN V E R I  FYI N G - D O N  * S T A R T  
/PUNCHING 

1 2 ' s  C O M P L E M E N T  1ST AND 
/TYI K O  I D F 8 \ i T I  FIEF? 
/ T W O ' S  COMPLEMENT OF 2 N D  
/ I  D F A T  I FI Et4 

/ S T A R T  O F  P U N C H I N G  F L A G  
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8200 
Ij120 1 
a2a2 
p1203 
028 4 
02135 
020 6 
020 7 
QI21Ei) 
8 2 1  1 
0 2 1 2  
0 2 1 3  
@I4 
8 2 1  5 
a 2 1 6  
0 2 1 7  
13228 
a22 1 
w 2 2  
8223 
0224 
022 5 
0226 
0 2 2 7  
023B 
023 1 
0232 
cii233 
0234 
823 5 
0236 
a 2 3 7  
0240 
024 1 
63242 
@ 2 4 3  
0244 
I?Z4S 
0245 
0 2 4 7  
B25B 
i4251 
82 52 
B% 5 3  
0254 
m255 
M256 
p1257 
0260 

7200 
3 1 7 4  
7 2 8 0  
3 1 4 4  
314s 
3 1 4 6  
3 1 4 7  
3 1 7 3  
6 9 1 2  
6022 
7280 
3 1 7 5  
1 1 5 2  
3 8 5 7  
I 1 6 6  
3 B 7 0  
1 1 6 6  
3303 
1 3 4 1  
3 1 6 4  
7 4 9 5 2  
7 5 0 4  
7!3[114 
7 4 3 1 1  
52 50 
78@4 
7 4 3 i i l  
7 482 
7084  
7 6 3 0  
524 1 
70.140 
5224 
1 1 6 5  
3303 
1 1 6 5  
3 B 7 t l  
1 3 4 2  
3336 
526 1 
72BO 
1 3 4 3  
3336 
3 1 7 4  
526 1 
7295Q 
1 3 4 4  
3336 
3 1 7 4  

*200 
C L A  
D C A  Z VCNT 

L O O P I  C L A  
D C A  Z K O R  
D C A  Z H O P  
D C A  Z C H K R  
DCA 2 C H g P  
D C A  D C O N  
H H B  
PCF 
C L A  
O C A  S C O N  
TAD Z T H Y 1  
DCA 2 K S T 1  
TAD Z S A I P  
D C A  Z R S T 2  
TAD 2 SKIP  
D C A  SMTl 
T A D  OLAY 
D C A  Z STKT 

L O P 1 8  HLT 
C L A  OSR 
HAL 
S L L  
JMP C k T E  
KAL 
S Z L  
JMP DUP 
R A L  
SZL C L A  
J M ?  * + 3  
CMA 
JNP LOP1 
T A D  iVOPT 
DCA S W T l  
TAD Z MOPT 
D C A  k S T 2  
T A D  VHPT 
D C A  COtVH 
JMP GiD 

TAD C R P T  
DCA C O N R  
DCA Z VCiVT 
JMP GO 

TAD D U P T  
DCA CONR 
DCA Z VCNT 

C K T E I  C L A  

D U P a  C L A  

/ H E S E T  V E R I F Y  COUtVT 

/RESET PUNCH* R E A D E R  
/ C O M P U T E D  C H E C K S  

/RESET B U F F E R  OVER F L A G  
/ C L E A R  HARDWARE F L A G S  

/ R E S E T  S T A R T  PUNCH F L A Z  
/ S E T  PROGRAM SbJI T C H E S  

/SET S T A R T  OF P U N C H I N G  DELAY 

/ B I T  0 = 1 1  C R E A T E  V A S T E K  

/ B I T  I = l r  D U P L I C A T E  

/BIT 2 = i I  V E R I F Y  
/ E R R O R  S E T  C C A C ) = 7 7 7 7  

/NO PUNCHING - D O N ' T  
/ W A I T  F O R  P!J<VCH 

/ D O N  ' T  S T A F T  PUiVCHI N G  

/SET-UP R E T U R N  FOR END 

/ S E T - C J P  KETLTRN F O R  END . 

/ S E T - U P  RETURN F O R  END 
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c326 1 
13252 
0 2 6 3  
0 2 6 4  
8 2 6 5  
0 2 6 6  
0267  
8 2 7 8  
G327 1 
0272 
0273  
0 2 7 4  
8 2 7 5  
@ 2 7 5  
0277 
B3#8 
0 3 @ 1  
13382 
8 3 0 3  
0304 
0305  
8 3 0 6  
G33917 
li)31B 
6131 1 
8312  
Ei13 1 3 
0314  
8 3 1 5  
0 3 1 6  
0317 
0320  
E 3 2 1  
8322  
0 3 2 3  
11324 
1332 5 
0326  
@32 7 
U338 
6133 1 
GI332 
Q333 
GI334 
8 3 3 5  
8336 
8337  
@34@ 
11134 1 
8342  

4345  
1337 
3 0 1 6  
1337 
3817  
13d11 
3163  
1333  
3Qt30 
116U 
3 1 5 7  
403  1 
5 8 5 5  
2157  
5 2 7 6  
38G30 
7243  
3416  
741B 
5736  
1336  
3 1 7 9  
1175  
7 7 0 0  
5315  
B080  

5313 
1 3 3 4  
3'nBW 
5162 
72463 
3 4 1 6  
2 1 7 3  
1335  
3 1 7 0  
5307  
1341  
3 1 6 4  
3 1 7 5  
6022 
5262  
827 6 
G1312 
6326 
G70108 
11363 
1274  
7750  

7288  

0 4 0 Q  VRPTB 

J M S  CFLG 
TAD BUF 
DCA NDXK 
TAD RUF 

TAD O V K  
D C A  kCNT 
T A D  SA 
DCA I N T E H  
T A D  2 TI iqE 
D C A  TIMk 
J M S  READ 
JMP Z SD1 
ISZ  2 T I M R  
JlyP * - 1  
I OF 
C L A  CMA 
OCA I Z NDXK 
SKP 
JMP I C O N K  
TAD CONR 
DCA POUN 
TAD Z SCON 
SMA C L A  
JiYP + 4  
I ON 
C L A  
JMP 0 - 1  
T A D  SA1 
DCA INTEK 
JMP Z FKST-3 
C L A  CMA 
DCA I 2 I'JDXR 
I S Z  Z DCON 
T A D  RET 
DCA 2 PDUN 
JMP BFUL-11 
TAD DLAY 
DCA STRT 
D C A  Z SCON 
PCF 

SAT 
BFUL-6 
F I L L  
0 
x- 1 
x + 2 1 0  
776B 
V K F Y  

DCA N C X P  

JzllP GO+ 1 

/CLEAR FLAGS 

/SET-UP BUFFER 
/POI NTEKS F O R  
/HEAD AND PUNCH 

/SET BUFFER-FULL C O U N T  

/ I  N I  TI PLE ZF I NTERKUPT 

/ S E T  END-OF-TAPE TIMER 
/ S T A R T  R E A D 1  NG 

/END- OF- T A P E  

/SET END-OF-PUNCHING FLAG 
/ O K  N O P  FOR VETiIFY 

/ S E T  KETUHN F O R  PUNCH D O N E  

/ D I D  % E  S T A R T  PUNCHING? 
/NO - 
/YES - W A I T  FOR PUNCHING 

/START PUrVCHI NG 

/BUFFER-FULL 
/SET-UP END-OF-PUNCH1 NG FLAG 

/ ' F I L L '  

/ENTER WHEN BUFFER 
/OVERFLOWFD AND H A S  

/REEN PUNCHED 

/ S I A k T  OF BUFFER 
/BUFFER-FULL COUNT 
/ D E L A Y  S T A R T  O F  PIJNCHING 
/DONE POINTERS 
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0343 
8344 
8345 
@346 
0347 
8 3 S B  
13351 
B352 
3353 
0354 
a355 
8356 
0357 
C33hl;l 
036 1 
8362 
6363 

.?I4057 
51140 1 
34@2 
13403 
GI434 
0405 
@406 
34537 
0413 
041 1 
n413 
84 13 
3414 
0415 
E5416 
0417 
#428 
D421 
042% 
8423 
0424 
842 5 
GI42 L, 

8427 
0438 
143 1 
i343? 
$1 (3 3 3 
343.4 
L143 5 
t71.334 

84B4 
0445 
0G350 
6042 
6fi72 
6772 
6502 
6732 
732@ 
7812 
6722 
7384 
6702 
h652 
6534 
hQ32 
57 45 

21 74 
4403 
536 1 
535 1 
4404 
5345 
4314 
1327 
3 k> g il 
1325 
4a34 
1326 
4u34 
13:?5 
40.34 
1146 
1176 
423 1 
1144 
1177 
423 1 
4314 
1335 
4 7 3 4  
5733 
1g :!3 
3143 
1143 
75312 
7 .?I I 2. 
7c1312 

CRPT J 

DUPTJ 
C F L G r  

P A d S E  
*4@@ 
VRFY 3 

CKETJ 

SIX, 

CRFT 
D U P L  
c?l 
T C F  
5072 
6772 
6532 
6732 
C L A  C L L  CML 
X T R  
6722 
R A t  
6702 
6652 
6534 
<CC 
JMP I CFLG 

I S Z  Z VCNT 
JPIS I E l  
JlyP V E R  
JMP VOK 
JPlS I E2 
JMP M E R  
m s  8LiwK 
'TAD HERE 
DCA IiVTEK 
T A D  I 1  
.JMS 2 PNC 
T A D  T2 

TAD Tl 
JMS; PIVC 
' I A 0  CHKR 
T A D  C377 
JMS SIX 

J N  S P!VC 

T A D  L Z;.:UFi 
TAD 2 TWO 
JNS S I X  
JMS RL<VX 
T A D  AD1 
LJAS 1 Pr\i'-iT 
JMP I L O P  
a 
D C A  Z HLn2 
TAD HLD2 

ri-r K 

zrri 

iirR 

/ C L E A R  F L A G S  
I T E L E P K I  N T E R  
/ L I G H T  PEN 
/MICRO T A P E  
/ PLO T T  E R I 
/ D I S A B L E  EWF F L A G  ( 5 7 A )  

/SET C ( A C ) = 2 @ L 3 @  
/ D I S A B L E  WC0 F L A G  (57A) 
/SET C ( A C ) = 4 @ 0 @  
/ D I S A B L E  l C F i  F L A G  ( 5 7 A )  

/ I 3 8  ADC F L A G  
/ Y E r ' - B O A K D  ( A N D  A C )  

/ L I N E - P R I N T E R  F L A G  

/COMPUTED VS M E A S U R E D  C H E C K S  
/ V E R I F Y  E R R O R  
/ V E R I  FY OK 
/COPJPUTED VS P U N C H E D  
/MENCJOF\'Y E R R O R  

/SET I NTEKKUPT POI NTEK 
/PUNCH C H E C K S U M  
1 1  D E N T I  F I  EH C O D E S  
/ B I T  P A T T E R N  IS:  

1 Q I f l 1 0 1 B  
/ 0 1 8 1 9 1 0 1  
/1~101818 
/ P U N C H  C H E C K S  
/ A L T E R  C H E C K S  

/ P U N C H  BLANK TAPE 
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0437  
0 4 4 8  
0 4 4  1 
0442  
11443 
‘6444 
8 4 4 5  

0 1 7 2  
4 0 3 4  
1 1 4 3  
0 1 7 2  
4M34 
5 6 3  1 
441‘13 

AND I B I T 6  

T A D  2 HLD2 

JMS Z P N C  
JlytP I S I X  

JPIS Z PIVC 

AiID Z BIT6 

D U P L r  JMS I ‘2 E l  /COYPARE COMPUTED VS 
/MEASiJKED C Y C C ; < s  
/ K E A D E R  E H H O R  
/COiYPARF CC)M?t.JfEO VS 
/P U.V C Y E.D C ti FC r( S 

/MEIVIORY ERHOR 

0 4 4 6  
B 4 4 7  

5 3 4 7  
4 4 n 4  

J!MP H E R  
G O l r  JivlS I 2 E 2  

8 4 5 8  
0 4 5 1  
0 4 5 2  
@453  
8454  

5345 
1327 
3 d Q 8  
1 3 2 5  
4334 

JMP lYER 
T A D  H E R E  
D C A  I N T E R  
T A D  T 1  

, J%S Z P N C  
/PUNCH T H I  KO I D E N T 1  FI EH 
/ H E A D E R  STOPPED WHEN T Y I  K D  
/I@ENTIFIFA 
/ H A S  BEEN FO~JIVDI I E  IT IS 

’ / N 0 1  I , \  T H F  t3,JFFEk 
0455 1 1 4 5  T A D  2 CHKK 

0 4 5 6  
0 4 5 7  
Q 4 h B  
045  1 
0462 
0 4 6 3  
0 4 6 4  
G1465 
8466  

4 2 3  1 
1 1 4 4  
423 1 
4 3 1 4  
1173  
7 6 4 8  
5356  
1 3 2 4  
7 6 4 3  

JMS SIX 
T A D  Z ZKOR 
J?1S SIX 

T A D  Z DCON 
S Z A  C L A  
JMP DOK 
T A D  D C N T  
S L A  C L A  

JivlS BLN4 /PUNCH B L A W  T A P E  

/BUFFER O V E R L A P - N O  MORE D U  P* 

/ S T A R T E D  MUI-TI PLE 
/U cl PL I C 4 T I 0 1 \ 1 ?  ? 
/NvfJI,Tf P L E  O I J P L I  C A T 1  ON H A S  
/ S  I A : i T  ED 

JMP TST4 0 4 6 7  3 3 0 5  

a 4 7 0  
P~47 1 
0 4 7 2  
0 4 7 3  
3 4 7 4  
8 4 7 5  
E3476 
n 4 7 7  

1 3 3 6  
4 7 3 4  
7 4 8 2  
7 6 6 4  
7 0 4 1  
3 3 2 4  
1332 
3 1 7 0  

T A D  A D 2  

H L T  
C L A  O S R  
CMA I A C  

TAD HER1 
D C A  Z PDUlV 

JPIS I P R N T  

D C A  DCi’JT 

/ H E A D  I V U N B E K  FROM S R  

/ S E T  X E T U K l V  FOR PIJNCdIi’JG 
/DONE 
/ R E S E T  9rJFFER POI N T E K  
/ R E S E T  P U N G Y - C O M P U T E D  CHECKS 

05Bn 
0 5 0  I 
p1582 
0 5 0 3  
05714 
9535 
050 6 
3 5 8 7  
0518 
0 5 1  1 
6512 
63513 

13hB 
3 M 1 7  
3 1 4 5  
3 1 4 7  
5043 
2324 
7 4 1 0  
5356  
1 3 3 7  
4 7 3 4  
7 65772. 
538@ 

T A D  R F  
D C A  Z Y D X P  
D C A  L L K O P  
D C A  Z C H K P  
JrlP Z PNCH 

TST48 I sz DCNT 
SK P 
JY)P DOK 
T A D  A D 3  
JlyS I P R N T  
HLT C L A  
JMP T S T 4 - 5  

/ S T A R T  PUNCHI 1\16 
/ARE WE DONE Y E T ?  

/HALT 
/ H A Y E  N E X T  C O P Y  
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0 5 1 4  
851 5 
8 5 1 6  
c1517 
0520 
652 1 
0522 
052 3 
8 5 2 4  
6525 
a52 6 
!3 527 
0530  
6 5 3  1 
8532 
3533 
63534 
a 5 3 5  
0 5 3 6  
Q 5 3 7  
0 5 4 0  

m542 
0 5 4 3  
0 5 4 4  
8 5 4 5  
OS46 
8547  
1355w 
0551 
US52 
0553 
9 5 5 4  
0 5 5 5  
0 5 5 6  
0557 
0 5 6 8  
Pi56 1 
0562 
0563 
el564 
0 5 6 5  

a s 4 1  

Q 5 6 h  
0567  
0 5 7 8  
857  1 
11572 
8573 
0574 
@IS75  
'ds7 h 
0577 

OB00 
1323 
3 1 5 7  
4634  
2 1 5 7  
5317 
5714  
7 6 8 8  

8252 
0125 
p1530 
72@@ 
5330 
8 4 4 7  
511202 
v1673 
0 7 4 1  
@751  
1807 
l a 1 7  
1826 
1036  
1 3 4 5  
1 # 5 4  
1342  
5354  
1 3 4 3  
5354  
1174  
44t12 
1 3 4 9  
4 7 3 4  
5 7 3 3  
1341 
5 3 5 4  
1 8 6 3  
1174  
4402  
1 3 4 4  
5 3 5 4  
fl08fl 

~;laa11 

4c.13 1 
h # 1 2  
71W6 
7086  
70&16 
3 1 4 2  
4 0 3  1 
5612 
1 1 4 2  
5 7 6 5  

BLNd 8 

M C N T B  
D C N T r  
T l r  
T 2 r  
HEi iEr  

HEtllr 
LOP* 
PHNTr 
AD1 r 
A D 2  8 

A D 3 9  
AD48 
A D 5 8  
ADbr 
A D 7 r  
A D 8  r 
MEHI  

R E R r  

VOK r 

DOK r 

GET* 

0 
T A D  ?lCiVT 
D C A  2 T I N R  
JMS Z PiVC 
ISZ  Z TIM2 
JMP * - 2  
JMP I B L N K  
7 6 0 0  
8 
02 52 
0 1 2 5  
H E H E +  1 
CLA 
JMP 0 - 1  
GO 1 
LOOP 
PHI 1v 
T A B  1 
T A B 2  
T A B 3  
TAB4 
T A B 5  
TAR6 
T A R 7  
T A B 8  
TAD A D 6  
JNP V O Y + 3  
T A D  AD7 
JMP V O K + 3  
T A D  Z VCST 
JMS I NPNT 
T A D  AD4 
J M S  I PRiVT 
JMP I LOP 
T A D  AD5 
JMP V O K + 3  
x- 1 
T A D  Z VCi'JT 
JMS I Z tVPNT 
T A D  A D 8  
JMP l r O K + 3  
a 

J M S  2 R E A D  
R i i R  
CLL RTL 
kTL 
RTL 
D C A  Z HLOl 
JXS 2 KEAD 
i < K H  
T A D  Z HLOI 
JMP I GET 

/SUBROUTINE TO PUNCH 
/BLAN.( TAPE 

/CODES FOR CHECK-SUM 
/ I  DENTI  FI E H S  

/MASTER CHEATED 
/PRINT TABLE 
/PKI NT TABLE 
/VERIFY OK 
/DUP OK 
/MEMORY ERROR 
/ H E A D E R  E R R O R  
/VERIFY E R R O R  

/ V E R I F Y  OK 

/DUPLI C A T 1  ON OK 

/VERIFY OK 
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06QB 13080 

0601 7 2 0 8  
Oh02 1 1 4 4  
P)6@3 7041  
8 5 0 4  1150 
0 6 8 5  7640  
9696  5 6 0 3  
ah07 1146 
0518 7841 
0 6 1 1  1 1 5 1  
0 6 1 2  7650  
B613 22md 
8 6 1 4  5630 
0615  gq00 

0 6 1 6  7280  
8 6 1 7  1 1 4 5  
8620 7841 
51621 1 1 4 4  
0 6 2 2  7 6 4 8  
0623 5 6 1 5  
0 6 2 4  1144 
0 6 2 5  7841  
Oh26 1147 
E3627 7658  
8630 2215 
Q h 3 1  5615 
E1632 @ B O @  

a633 3143 
(3634 3 1 4 2  
G1635 1264  
0636 3 2 7 2  

m637 1203  
a 6 4 0  3 2 4 5  
0641  74163 
8 6 4 2  3 1 4 3  
0 6 4 3  713@ 
0 6 4 4  1 1 4 3  
0 6 4 5  7 4 2 2  
0 6 4 6  7438  
3 6 4 7  2 1 4 2  
86513 7 4 3 8  
8651  5 2 4 2  
0 6 5 2  723@ 
€3653 1142 
63654 1‘271 
51655 4325 
0656 3 1 4 2  
8657 2 2 4 5  
0 6 6 8  2 2 7 2  
~ 3 6 6 1  524s 

*hUQ 
TESl B 0 

C L A  
T A D  
CMA 
T A D  
S Z A  
JlY P 
TAD 
CMA 
T A D  
SiVA 
I s z  
JIvfP 

T E S ~ B  0 

Z Z R O R  
I AC 
2 P l Z H O  
C L A  
I TESl 
z CHAR 
I A C  
Z MCHY 
C L A  
T E Z  1 
I T E S l  

C L A  
T A D  Z Z H O P  
CMA I A C .  
T A D  Z Z K O K  
S Z A  CLA 
JMP I T E S P  
TAI? Z CHYR 
C N A  I A C  
T A D  Z C H K P  
S N A  C L A  
ISZ  TES2 
JMP I T E S 2  

Dt’fiT, 0 . 

D C A  2 HLD2 
DCA 2 H L G l  
T A D  GiVTR 
D C A  CIVT 

T A D  ADGR 
DCA XYL+3 
S K P  

X Y Z B  DCA Z H L D 2  
CLL 
T A D  2 H L D 2  
T A D  C O N  
S Z L  
ISZ- 2 H L D l  
S Z L  
JMP X Y Z  
C L A  
T A D  2 H L D  
TAD C 2 6 0  
JMS T Y P E  
DCA Z H L D  
ISZ X Y Z + 3  
ISZ  C N T  
JMP X Y Z + 2  

/ C O M P A R E  R E A D E R  COIYPUTED 
/SLJ.VlS 

/ T O  M E A S U R E D  SUMS 
/IF E Q U A L B  HETUKiV T O  CALL+ 2 
/OTI-IERWI SE RETUH.V TO C A L L +  1 

/ C O M P A R E  P U N C H  COIVIPUTTED 
/SUM 5 

/TO k E A D E K  COMPUII’ED SLIMS 

/IF E Q U A L *  R E T U R N  TO C A L L +  2 
/OTHERWI SE R E T U R N  T O  C A L L +  1 

/CONVEF!T B I N A R Y  WORD I N  A C  

/ T 0 ‘ 4  DIGIT UNSIGNED D E C I M A L  
/NUMBER AND TYF’F I T  

/ I  DENTI  C A L  T O  R O U T 1  NE I N  
/L 1 H k AiIY 
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0 6 6 2  5 6 3 2  
0 6 6 3  7 4 2 2  
0 6 6 4  7 7 7 4  
8 6 6 5  6@35 
8 6 6 6  7 6 3 4  
0 6 6 7  7766  
067@ 7777  
8 5 7 1  (3260 
n 6 7 2  B @ @ @  
G1673 8800 
0 6 7 4  3 1 4 3  
0 6 7 5  1543  
8 6 7 6  745@ 
8 6 7 7  53263 
S T 8 1  Ni; 
370‘R 
0 7 0 1  
0782 
63783 
11704 
0705  
@7@6 
@707 
ia7 10 
0 7 1 1  
0 7 1 2  
0 7 1 3  
87 1 4  
437 1 5  
63716 
0717 
0 7 2 0  
8 7 2 1  
@722 
El723 
0 7 2 4  
a725 
c3726 
8 7 2 7  
0 7 3 0  
0 7 3  1 
3 7 3 2  
6 7 3 3  
0 7 3 4  
8 7 3 5  
8 7 3 6  
0 7 3 7  
0 7  4@ 
0741  
a 7 4 2  

7012  
7012 
7 0 1 2  
4 3 1 0  
1543 
43163 
2 1 4 3  
5 2 7 5  
OC3OO 
63172 
1 3 3 4  
75111 
1 3 3 5  
1336  
4 3 2 5  
5 7 1 0  
1337 
4 3 2 5  
1 3 4 0  
4 3 2 5  
5 6 7 3  
Of3BB 
Sg46 
6 8 4  1 
5327  
6 0 4 2  
720@ 
5 7 2 5  
7 7 4 n  
0 1 @ 0  
a240 
0215 
0212 
1 5 v J 1  
2 3 2 4  

0 7 4 3  8522 

ADDHr 
C N T H ,  
C O N ,  

C 2 6 f l r  
C N T ,  
PRI  N, 

G P H T  s 

C K ,  

TYPE,  

M4BI  
C 1 2 ? # I  
C 2 @ 0  t 
C A H ,  
LF# 
T A R  1 * 

JMP I DPHT 
T A D  CON 
7 7 7 4  
6030 
7 6 3 4  
7 7 6 6  
7 7 7 7  
@ 2 6 0  
8 
0 
DCA L HLO2 
TAD I HLD2 

JMP C H  
StV A 

/ d O U T I N E  T O  PRIiVT A S T & I N G  
/OF P A C K E D  A S C I  I C H A R A C T E R S  
/ENTER W I T H  S * A *  OF S T R I N G  

S T H  
R T R  
2.T R 
J N S  G P R T  
TAD I Z H L D 2  
J Y S  GPRT 
ISZ Z H L D 2  
JiYP P R I N + 2  
0 
A N D  Z B I T 6  
T A D  M4B 
S P A  
T A D  C 1 0 5  
T A D  C200 
JMS TYPE 
JMP I G P R T  
T A D  C A R  
J i Y S  TYPE 
T A D  L F  
JMS T Y P E  
J N P  I PHIN 
B / T Y P E  C H A R A C T E R  I N  AC 
T L S  
TSF 
JMP 0 - 1  
TCF 
C L A  
JHP I TYPE 
7 7 4 8  
@ l B @  
0240 
0 2 1 5  
k32 12 
15a1  
2 3 2 4  
QS22 

/ T H I  Y ZOUTINE CONVERTS 
/ 6 B I T  TO A S C I I  

/ T Y P E  C H - L F  

/ P H I  AJT T A B L E S  
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B 7 4 4  
8 7 4 5  
0746 
8747 
0750 
(3751 
0752 
u753  
0754  
a 7 5 5  
0756 
PI757 
GI760 
076 1 
8742  
8 7 6 3  
63764 
Q 7 6 5  
3765  
6757 
g773  
0771 
i37 72 
8 7 7 3  
0774  
0 7 7 5  
0776 
8 7 7 7  
108B 
18e)l  
1Q82  
18@3 
1 g?)d4 
l l T B 5  
1006 
1 !3 CI 7 
1010 
1911 1 
1012 
3013 
It114 
l a 1 5  
1316 
1 8 1 7  
lG32FJ 
1 m 2 1  
1@2% 
1323 
1 kj24 
IC425 

4863  
2 2 3 5  

,L3 124 
a 5 0 4  
62l300 
2 3 8 5  
24413 
2327 
1124 
a31pI 
0 5 2 3  
4824 
1740 
1 6 2 5  
15012 
8 5 2 2  
4 @ 1 7  
3640  
0317 
231 1 
8 5 2 3  
4024 
1740  
a 2 0 5  
4815  
0 1 3 4  
054@ 
2822  
0 5 2 3  
234B 
8 3 1 7  
1 fi24 
1116 
2595 
fl@,)r?rn 
2822 
c1523 
234f  
8 3 1 7  
1624  
1 1 1 6  
2 5 0 5  
000i?l 
4n4CI 
2 6 8 5  
221 1 
VI63 1 
4017 
1340 
0@@0 

4 0 0 3  
22g5 
0 1 2 4  
8 5 0 4  
C100u 

TAH2r 2 3 6 5  
2 4 4 3  
2327 
1124 
B310 
F) 523 
4024  
1740 
1625  
1 5M2 
0 5 2 2  
4 8 1 7  
Q 5 4 0 
0317  
281 1 
GI523 
4624  
1740 
0 2 0 5  
4 3 1 5  
@ I 3 4  
@ 5 4 @  
2822 
B523 
2 3 4 3  
0317  
1624 
1116 
2 5 8 5  
0000  

T A R 3 r  2 8 2 2  
:?523 
2 3 4 8  
3 3 1 7  
1624 
1116 
?!if15 
(?tpIvl@ 

TAR4r 4040  
2 6 8 5  
221 I 
a63  1 
4817 
13kVI 
0800 
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1026 
1027 
16333 
In31 
103% 
1 ,.433 
1834 
19135 
1m35 
1837 
104a 
la41 
1 M 4 2  
1843 
1044 
1845 
15346 
1841 
lL35g 
I 3 5  1 
1052 
1353 
1354 
1d55 
1856 
la57 
la60 
11361 
3B62 
1463 
1264 

Ll42 5 
2W14 
1 lf13 
0124 
1 1 1 7  
1640 
1 7 1 3  
00813 
15i34 
1517 
223 1 
40B5 
2222 
17?P 
C?ilOB 
2205 
Cf 184 
-1 s22 
4BB5 
?222 
1/33 
0300 
4a4QI 
2685  
2211 
m63 1 
4805 
2222 
1722 
0Qaa 

TAf35r 

'IAB 6 r 

T A H ~ J  

TAR8 J 

0@d0 X I  

8425 
2814 
1183 
G1124 
1 1 1 7  
1640 
1 7 1 3  
MB#@ 
1505 
1517 
223 1 
4M!l5 
2222 
1722 
m@nQ 
2 2 8 5  
a 1 B 4 
a522 
4525s 
2222  
1722 
Glai3r?l 
4g4a 
2605 
2 2 1  1 
1663 1 
40c?5 
2222 
1722 
06303 
€3 / S T A R T  O F  BUFFER 

7-15 





Formerly 
DIGITAL-  8- 1 2 - U  

CHAPTER 8 

INCREMENTAL PLOTTER SUB ROUT1 NE 

8.1 ABSTRACT 

The Incrementa l  P l o t t e r  Subrou t ine  moves t h e  pen of a type  

350 p l o t t e r  t o  a new p o s i t i o n  a long  t h e  b e s t  s t r a i g h t  l i n e .  The 

pen can be r a i s e d  o r  lowered d u r i n g  t h e  motion. 

8 . 2  REQUIREMENTS 

The s u b r o u t i n e  r e q u i r e s  one memory page of  s t o r a g e  (12810 
o r  2008 words) .  

equipped w i t h  a t y p e  350 P l o t t e r  Con t ro l  and P l o t t e r .  

The r o u t i n e  works on any PDP-8 fami ly  computer 

The r o u t i n e  i s  d i s t r i b u t e d  as an ASCII sou rce  t a p e  as f o l -  

lows : 

D i q i t a l -  8-12-U-ASCII  

8.3 USAGE 

8.3.1 Loading and Assembly  

The source  t a p e  as s u p p l i e d  has  no o r i g i n  s e t t i n g  and ends 
w i t h  a PAUSE s t a t emen t .  This  t a p e  can  be assembled w i t h  a u s e r  

program (which s u p p l i e s  an o r i g i n  s e t t i n g )  o r  assembled by i t s e l f  

( i f  a d o l l a r  s i g n  [ $ ]  i s  s u p p l i e d  a t  t h e  end of t h e  t a p e ) .  

The t a p e  can be  assembled w i t h  any of t h e  PDP-8 fami ly  as- 
semblers. 
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8 . 3 . 2  C a l l i n g  Sequence 

The p l o t t e r  r o u t i n e  i s  c a l l e d  by execu t ing  a JMS PLOTX. 

The c o n t e n t s  of t h e  accumulator  s p e c i f y  t h e  o p e r a t i o n  of t h e  
s u b r o u t i n e  as fo l lows :  

C(AC)  = -1 The l o c a t i o n  r e g i s t e r s  i n t e r n a l  t o  t h e  
s u b r o u t i n e  are reset t o  ze ro  and t h e  
pen is  r a i s e d .  Cont ro l  r e t u r n s  t o  t h e  
i n s t r u c t i o n  fo l lowing  t h e  c a l l i n g  JMS 

-- 
i n s t r u c t i o n .  

C(AC) = 0 
\ 

C(AC)  = 1 

The pen i s  lowered ( i f  it was up) and 
i s  moved t o  t h e  new l o c a t e d  as d e s c r i b e d  
below. 

-- 

The pen i s  r a i s e d  ( i f  i t  w a s  down) and 
i s  moved t o  t h e  new l o c a t i o n  as desc r ibed  
below. 

--- 

The t w o  l o c a t i o n s  fo l lowing  t h e  c a l l i n g  JMS i n s t r u c t i o n  
c o n t a i n ,  r e s p e c t i v e l y ,  t h e  new X c o o r d i n a t e  and t h e  new Y co- 
o r d i n a t e  i n  s t e p s  ( t h e s e  va lues  must be less than  4 0 9 6 ) .  The 
pen i s  moved from t h e  p rev ious  l o c a t i o n  t o  t h e  new l o c a t i o n  
a long  t h e  b e s t  s t r a i g n t  l i n e  w i t h  t h e  pen up o r  down depending 
upon t h e  c o n t e n t s  of t h e  accumulator when t h e  s u b r o u t i n e  i s  
called.  Cont ro l  r e t u r n s  t o  t h e  i n s t r u c t i o n  fo l lowing  t h e  Y co- 
o r d i n a t e .  

8 . 3 . 3  Examples 

I n i t i a l i z a t i o n  of P l o t t e r :  

CLA CMA /AC = -1, I N I T I A L I Z E  ROUTINE AND PEN UP 
J M S  I PLOT / J U M P  TO PLOTX ROUTINE, PAGE INDEPENDENT 
r e t u r n  /CONTROL RETURNS TO THIS  ADDRESS 

PLOT, PLOTX /CONTAINS ADDRESS O F  PLOTX ROUTINE 
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P l o t  w i th  Pen Down: 

CLA /AC = 0 ,  PEN DOWN 
JMS I PLOT 
X coord ina te  /MUST BE I N  RANGE -4096<X<4096  
Y c o o r d i n a t e  / -4096<Y<4096  

r ecu rn  

PLOT, PLOTX 

P l o t  w i th  Pen Up: 

CLA I A C  
JMS I PLOT 
X coord ina te  
Y coord ina te  
r e t u r n  

PLOT, PLOTX 

/AC = 1, PEN U P  

/ -4096<X<4096 
/- 409 6 < Y < 4  09 6 

8 .4  DESCRIPTION 

The r o u t i n e  has  two r e g i s t e r s  which c o n t a i n  t h e  l o c a t i o n  of 

t h e  l a s t  p o s i t i o n  p l o t t e d .  When t h e  s u b r o u t i n e  is e n t e r e d ,  t h e  
accumulator i s  t e s t e d  t o  determine i f  i n i t i a l i z a t i o n  i s  be ing  

performed: i f  so t h e  l o c a t i o n  r e g i s t e r s  a r e  se t  t o  ze ro ,  t h e  pen 

r a i s e d ,  and t h e  s u b r o u t i n e  e x i t s .  I f  t h e  r o u t i n e  i s  n o t  be ing  

i n i t i a l i z e d ,  t h e  sub rou t ine  compares t h e  c u r r e n t  pen p o s i t i o n  (up 

o r  down) w i t h  t h e  reques ted  one and r a i s e s  o r  lowers t h e  pen i f  

a p p r o p r i a t e .  The new X and Y c o o r d i n a t e s  a r e  r e t r i e v e d  from t h e  
two l o c a t i o n s  fo l lowing  t h e  c a l l i n g  JMS and placed i n  t h e  l o c a t i o n  

r e g i s t e r s .  The X and Y d i f f e r e n c e  between t h e  c u r r e n t  l o c a t i o n  

and t h e  d e s i r e d  l o c a t i o n  a r e  computed and compared. The s u b r o u t i n e  

selects  motion commands depending upon t h e  quadrant  of t h e  new 

l o c a t i o n  compared t o  t h e  o l d .  The p o s s i b l e  motions are now p a r a l l e l  
t o  e i t h e r  t h e  X-axis (drum motion) o r  t h e  Y-axis (pen motion) o r  

a combined motion. The s u b r o u t i n e  de te rmines  which of  t h e s e  motions 
t o  use ,  and when t h e  new l o c a t i o n  i s  reached ,  it e x i t s .  
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The X and Y c o o r d i n a t e s  a r e  spec i f i ed  i n  numbers o f  s t e p s .  
I n c r e a s i n g  X cor responds  t o  lowering t h e  drum. I n c r e a s i n g  Y cor- 
responds t o  moving t h e  pen l e f t .  

T h e  s u b r o u t i n e  is  l i m i t e d  by t h e  speed of t h e  p l o t t e r .  T h e  

minor s u b r o u t i n e ,  PLOTWT can b e  r e p l a c e d ,  i f  necessa ry ,  by a 
r o u t i n e  making u s e  of t h e  program i n t e r r u p t .  

8.5 PROGRAM L I S T I N G  

/ C ( A C ) = - l ;  I N I T I A L I Z E  
C ( A C ) =  0; PLOT W I T H  PEN DOWN 
C ( A C ) =  11 PLOT W I T H  PEN UP 

/ JMS PLOTX 
/ X CO-ORDINATE ( I N  S T E P S )  (RETURN I F  A C = - 4 )  
/ Y CO-ORDINATE ( I N  S T E P S )  

0200 
0201 
0202 
0203 
0204 
0205 
0206 
0207 
0210 
0211 
0212 
0213 
0214 
0215 
0216 
0217 
0220 
0221 
0222 
0223 
0224 
0225 
0226 

0000 
7510 
5220 
1361 
7112 
7710 
5227 
7620 
5214 
3361 
6504 
5216 
2361 
6524 
4370 
5227 
7200 
6504 
3361 
3362 
3363 
4370 
5600 

PLOTX D 0 
SPA 
JMP PLOTA 
TAD PLOTPN 
C L L  RTR 
SPA C L A  
JMP P L O T 1  
SNL C L A  
JMP .+4 
DCA PLOTPN 
P L P U  
JMP .+3 
ISZ PLOTPN 
P L P D  
JMS PLOTWT 
JMP P L O T 1  

PLOTA D CLA 
P L P U  
D C A  PLOTPN 
DCA PLOTNX 
D C A  PLOTNY 

JMP I PLOTX 
JMS PLOTWT 

/ M O V E  THE PEN? 
/NO: CONTINUE 
/ A D D  PEN STATUS 

/ANY CHANCE? 
/NO: CONTINUE 

/LOWER THE PEN 
/ R A I S E  THE PEN 

/LOWER THE PEN 

/ W A I T  FOR F L A G  
/ C O N T  I NUE 

/ R A I S E  THE PEN 

/0 T O  X CO-ORDINATE 
10 T O  Y CO-ORDINATE 
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/ D I G I T A L  8-12-U 
/PAGE 2 
/ P I C K  UP ARGUMENTS 

0227 1362 
0230 7141 
0231 1600 
0232 7420 
0233 7041 
0234 3364 
0235 7004 
0236 3367 
0237 1600 
0240 3362 
0241 2200 
0242 1363 
0243 7141 
0244 1600 
0245 7420 
0246 7041 
0247 3365 
0250 1367 
0251 7004 
0252 3367 
0253 1600 
0254 3363 
0255 2200 
0256 1364 
0257 7141 
0260 1365 
0261 7620 
0262 5275 
0263 1364 
0264 3366 
0265 1365 
0266 3364 
0267 1366 
0270 3365 
0271 7001 
0272 0367 
0273 1342 
0274 5300 

0275 1367 
0276 7110 
0277 1345 
0300 3366 
0301 1766 
0302 3340 
0303 1367 
0304 1350 
0305 3367 

P L O T 1  8 TAD PLOTNX /FETCH P R E V I O U S  X CO-ORDINATE 
C I A  CLL 
TAD I PLOTX 
SNL 
C I A  
DCA PLOTDX 
RAL 
DCA PLOTMV 
TAD I PLOTX 
DCA PLOTNX 
ISZ PLOTX 
TAD PLOTNY 
C I A  CLL 
TAD I PLOTX 
SNL 
C I A  
DCA PLOTDY 
TAD PLOTMV 
RAL 
DCA PLOTMV 
TAD I PLOTX 
DCA PLOTNY 
I S 2  PLOTX 
TAD PLOTOX 
C I A  C L L  
TAD PLOTDY 
SNL CLA 
JMP P L O T 2  
TAD PLOTDX 

TAD PLOTDY 
DCA PLOTDX 
TAD PLOTNA 
DCA PLOTOY 
I AC 
AND PLOTMV 
TAD P L O T T l  
JMP .+4 

D C A  PLOTNA 

/ D I G I T A L  8-12-U 
/PAGE 3 

/FORM NX-NPX 
/L=0: NX<NPX 

/ABSOLUTE VALUE OF D I F F E R E N C E  

/SAVE S I G N  B I T  
/SET NEW 
/ P R E V I O U S  X 
/ INCREMENT P O I N T E R  
/FETCH P R E V I O U S  Y CO-ORDINATE 

/FORM NY-NPY 
/ < = 8 !  NPY<NY 

/ABSOLUTE VALUE OF D I F F E R E N C E  
/SAVE S I G N  B I T  
/ B I T  1 0 ( 1 ) =  DRUM-OOWN(P0SIT IVE)  
/ B I T  l l ( l ) = P E N - L E F T  ( P O S I T I V E )  
/SET NEW 
/ P R E V I O U S  Y 
/ INCREMENT P O I N T E R  

/L=0:  DELTA Y < DELTA x 

/REVERSE NUMBERS 

/SET M A J O R  MOTION 
/ I N S T R U C T I O N  

PLOTZ,  TAD PLOTMV 
CLL RAR 
TAD P L O T T 2  
DCA PLOTNA 
TAD I PLOTNA 
DCA P L O T 4  
TAD PLOTMV /SET COMBINED MOTION 
TAD P L O T T 3  
DCA PLOTMV 

0306 1767 TAD I PLOTMV 
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0307 
0310 
0311 
0312 
0313 
0314 
0315 
0316 
0317 
0320 
0321 
0322 
0323 
e 3 2 4  
0325 
0326 
0327 
0330 
0331 
0332 
0333 
(11334 
0335 
0336 
0337 

0340 
0341 

0342 
(11343 
0344 
0345 
0346 
0347 
0350 
0351 
0.352 
0353 
0354 
0355 
0356 
0357 
0360 

0361 
0362 
0363 
0364 
0365 
0366 
0367 

3331 
1364 
7110 
3366 
1364 
7040 
3367 
2367 
7410 
5600 
1366 
1365 
3366 
1366 
7140 
1 3 6 4  
7630 
5340 
0000 
1364 
7041 
1366 
3366 
4370 
5316 

0000 
5336 

0343 
6511 
6521 
0346 
6512 
6514 
0351 
6513 
6523 
6515 
4355 
0000 
6514 
6521 
5 755 

BlzlBpl 
BB00 
0UB0 
0000 
OB00 
OB00 
0008 

O C A  PLOTDB 
TAD PLOTDX 
CLL R A R  
DCA P L O T N A  
T A D  PLOTDX 

D C A  PLOTMV 

SKP 
JMP I PLOTX /ALL DONE 
TAD PLOTNA 
TAD PLOTDY 
DCA PLOTNA 
T A D  PLOTNA 
C M A  C L L  
TAD PLOTOX 
S Z L  C L A  
JMP P L O T 4  

PLOTDB t 0 
T A D  PLOTDX 
C I A  
T A D  P L O T N A  
DCA PLOTNA 
JMS PLOTWT 
JMP P L O T 3  

. C M A  

PLOTS,  ISZ PLOTMV 

/ S I N G L E  MOTION 
/COMBINED MOTION 

P L O T 4 8  0 
JMP . - 3  

P L O T T l t  . +1 
PLPR 
P L P L  

P L D U  
PLOD 

P L D U  PLPR 
PLUD P L P L  
PLDU PLPR 
JMS .+1 
0 
PLDO 
PLPL 
JMP I .-3 

P L O T T 2 t  8 *I 

P L O T T 3 t  . +1 

/ D I G I T A L  8-12-U 
/PAGE 4 

PLOTPN.  0 
PLOTNX * 0 
PLOTNY t 0 
PLOTDX t 0 
PLOTDY t 0 
PLOTNA, 0 
PLOTHV t 0 

/ P E N - R I G H T  
/ P E N - L E F T  

/DRUM-UP 
/DRUM-DOWN 

/UP-R I GHT 
/ U P - L E  FT 
/DOWN-RIGHT 
/DOWN-LEFT 
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0 0370 00g0 PLOTWT, 
8371 6501 PLSF 
0372 5371 JMP .-I 
0373 6502 PLCF 
0374 5770 JMP I PLOTWT 

PAUSE 

PLOTA 0220 
PLOTOB 0331 
PLOTOX 0364 
PLOTOY 0365 
PLOTMV 0367 
PLOTNA 0366 
PLOTNX 0362 
PLOTNY 0363 
PLOTPN 0361 
PLOTTl 0342 
PLOTT2 0345 
PLOTT3 0350 
PLOTWT 0370 
PLOTX 0200 
PLOT1 0227 
PLOT2 0275 
PLOT3 0316 
PLOT4 0340 

/ W A I T  FOR DONE FLAG 
/ N O T  Y E T  
/CLEAR FLAG 
/EX i T 
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Formerly 
Digital-8-28-U-Sym 

CHAPTER 9 

DECIMAL TO BINARY CONVERSION AND INPUT 
(Single 'Precision, Signed or Unsigned, 33-ASR) 

9.1 ABSTRACT 
This routine accepts a string of up to four decimal digits (single 

precision for the PDP-8) from the Teletype keyboard and converts it to 
the corresponding 2's complement binary number. 

The string can contain as legal characters a sign (+,-, or space) 
and t,he digits from 0 - 9. If the first legal character is not a 
sign, the conversion is unsigned. A back arrow ( + 1 at any point in 
the string erases the current string and allows the operator to reenter 
the correct value. Any character after the first, other than another 
digit or back arrow, causes the conversion to terminate and is found in 
location SISAVE within the subroutine. 

9.2 REQUIREMENTS 
This subroutine requires 7 4  (1128) core locations and runs on 10 

any standard PDP-8 family computer with a 33-ASR Teletype console. 
Program tape is labelled Single Precision Decimal Input, 

Digital-8-28-U-ASCII 

9.3 USAGE 

9.3.1 Loading 
The symbolic tape provided can be assembled with the user's main 

program by PAL 111, MACRO-8, or PAL-D. The symbolic tape has neither an 
origin setting nor a terminating " $ " ,  but does have a PAUSE pseudo- 
instruction at the end. 

9.3.2 Calling Sequence 
The subroutine is called by an effective J M S  to location SICONV. 

Return Fs to the location immediately following the calling J M S  with 
the binary number in the accumulator. 
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9 . 4  ERRORS I N  USAGE 

I f  a s i g n  (+, -, or  space)  p recedes  t h e  s t r i n g  of decimal  

d i g i t s ,  t h e  maximum decimal number c o r r e c t l y  accep ted  i s  
2 0 4 7  (211 - 1). 

does n o t  precede  t h e  s t r i n g  of  decimal  d i g i t s ,  t h e  maximum decimal  

number c o r r e c t l y  accepted i s  4095 ( 2  l2 - 1). 

maxima i s  exceeded,  t h e  r e s u l t s  are u n s p e c i f i e d .  

The s i g n ,  i f  any,  must appear  f i r s t .  I f  a s i g n  

I f  e i t h e r  of t h e s e  

9 .5  RESTRICTIONS 

The s t a t u s  of  t h e  AC and l i n k  i s  n o t  p re se rved .  

Th i s  s u b r o u t i n e  should  n o t  be used when t h e  i n t e r r u p t  i s  on. 

The magnitude r e s t r i c t i o n s  on numbers are d e s c r i b e d  i n  

S e c t i o n  9.4. 

9.6 DESCRIPTION 

T h i s  s u b r o u t i n e  c o n v e r t s  t o  t h e  b i n a r y  e q u i v a l e n t  a s igned  or 
unsigned s t r i n g  o f  decimal numbers r e a d  from t h e  conso le  keyboard 

of  t h e  PDP-8. I f  a minus s i g n  i s  s p e c i f i e d ,  t h e  r e s u l t s  are i n  

2 ' s  complement n e g a t i v e  form. 

i f  i t  i s  a s i g n  (+, -, or  s p a c e ) ,  a swi t ch  i s  set  t o  p rov ide  t h e  

correct s i g n  f o r  t h e  convers ion .  
t h e  f i rs t  c h a r a c t e r  t o  t e r m i n a t e  convers ion  i f  a c h a r a c t e r  o t h e r  t h a n  
a decimal d i g i t  or rubout  appears .  I f  a back arrow appears  a t  any 

t i m e ,  t h e  convers ion  i s  r e i n i t i a l i z e d  and t h e  s u b r o u t i n e  w a i t s  f o r  

t h e  correct e n t r y .  

The f i k t  c h a r a c t e r  i s  examined and, 

Regard less ,  a s w i t c h  i s  set  a f t e r  

The l a s t  f o u r  b i t s  of t h e  ASCII code f o r  each  of t h e  decimal 
d i g i t s  are i d e n t i c a l  t o  t h e  s t a n d a r d  8-4-2-1 BCD code. Thus, t h e  
BCD d i g i t  i s  e x t r a c t e d  from the  8 - b i t  code by t h e  AND i n s t r u c t i o n  
w i t h  a "mask" of  17*. 
added t o  a cleared l o c a t i o n  ( S J H O L D )  i n  memory and stored back i n  

t h a t  l o c a t i o n .  When t h e  n e x t  l e g a l  c h a r a c t e r  comes i n ,  l o c a t i o n  

SJHOLD i s  m u l t i p l i e d  by 1 0 ,  - t hen  added t o  t h e  BCD code of t h e  
c h a r a c t e r  and r e t u r n e d  t o  l o c a t i o n  STORE. Th i s  sequence h o l d s  

When t h e  f i r s t  BCD d i g i t  comes i n ,  it i s  
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t r u e  f o r  a decimal  number of  any a r b i t r a r y  l e n g t h .  

9.7 EXAMPLE 

S ince  t h e  PDP-8 can add and s h i f t  e a s i l y ,  t h e  m u l t i p l i c a t i o n  

by 1 0  can be accomplished i n  t h r e e  i n s t r u c t i o n s .  S ince  a s h i f t  l e f t  
i s  e q u i v a l e n t  t o  a m u l t i p l i c a t i o n  by 2 ,  a double  s h i f t  l e f t  i s  
e q u i v a l e n t  t o  a m u l t i p l i c a t i o n  by 4. Assume t h a t  t h e  number c u r r e n t l y  
i n  STORE i s  5,  and t h e  new code j u s t  coming i n  i s  t h e  number 1 s t o r e d  
i n  HOLD. The program sequence t o  perform t h e  m u l t i p l i c a t i o n  and 
s t o r a g e  i s  as fo l lows :  

I n s t r u c t i o n  
Sequence 

CLA 

TAD STORE 
CLL RTL 

TAD STORE 

CLL RAL 

TAD HOLD 

DCA STORE 

Comments Contents  of AC 

/Load C ( S T 0 R E )  i n t o  AC 000 0 0 0  0 0 0  1 0 1  

/Mul t ip ly  C (STORE) by 4 0 0 0  000  0 1 0  1 0 0  

/Add STORE g i v i n g  C(ST0RE)  by 5 0 0 0  000 011 0 0 1  

/Add i n  t h e  n e x t  number 000  000  1 1 0  011 
/Mult iply by 2 g i v i n g  C(ST0RE) by 1 0  0 0 0  000 110 010 

/Store back i n t o  STORE and r e t u r n  
t o  w a i t  f o r  n e x t  c h a r a c t e r  0 0 0  0 0 0  000  000 

The number r e s i d i n g  i n  l o c a t i o n  STORE i s  00638 or 005llO. 

I f  t h e  n e x t  number t o  come i n  w e r e  " 9 " ,  u s ing  t h e  same sequence 
and c o n d i t i o n s ,  t h e  r e s u l t  would be 0 0 1  000  0 0 0  111, t h e  b i n a r y  
e q u i v a l e n t  of 519. 

9.8 SCALING 
Th i s  s u b r o u t i n e  assumes an i n t e g r a l  decimal  number ( s igned  or 

unsigned)  and y i e l d s  an  i n t e g r a l  b i n a r y  e q u i v a l e n t  ( s igned  or  unsigned 

r e s p e c t i v e l y )  . 
9.9 FORMAT 

9 . 9 . 1  I n p u t  
The i n p u t  s t r i n g  may o r  may n o t  c o n t a i n  a s i g n  (+, -, o r  s p a c e ) .  
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Any c h a r a c t e r  o t h e r  t h a n  a s i g n ,  0 - 9 ,  o r  back arrow causes  t h e  
s u b r o u t i n e  t o  t e r m i n a t e ,  as does a s i g n  i n  any b u t  t h e  f i r s t  p o s i t i o n .  

9 . 9 . 2  C o r e  Data 

The t e r m i n a t i n g  c h a r a c t e r  i s  found i n  l o c a t i o n  SISAVE. 

9.9.3 o u t p u t  

Spacing,  t a b u l a t i o n ,  c a r r i a g e  r e t u r n ,  e tc . ,  are n o t  provided  
f o r  i n  t h i s  s u b r o u t i n e .  See Chapter  6 which c o n t a i n s  s h o r t  s u b r o u t i n e s  
f o r  t h o s e  purposes .  
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9.10 FLCW CHART 

ENTRY CJ 
FIRST 

YES ASSEMBLY 
LOCAT I 0 NS * * 

NO 

&- 
ERASE NUMBER 

INPUT FROM 

126 BACKARROW 

* 1 No * THAN 260 

I INDICATOR 
TO NEGATIVE 

N EG AT I V E 

YES 

MULTIPLY PA RT I A L LY 
A SSEM RL E D 

NUMBER BY 10 

DECIMAL DIGIT 

NUMBER I N  AC + 
(-) 
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9.11 

0200 
020 1 
0202 

0203 
0284 
0205 
0206 
0 2 0 7  
0 2 1 0  
021 1 
0 2 1 2  

0 2 1 3  
0 2 1 4  

0 2 1 5  
02 1 6 
0 2 1 7  

0220 

022 1 
0222 

0223 

0224 

022 5 
0226 
0 2 2 7  

0230 
023 1 
0232 
0233 
0234 
0235 
0236  

0 2 3 7  
0240 
0 2 4 1  

0242 
0243 
0244 

0000 
7 3 0 0  
1 2 7 3  

3232 
1 2 7 3  
3 2 2 4  
3 3 1 0  
3 3 1  1 
5 2 5 7  
3 3 0 7  
1 3 0 7  

1 3 0 1  
7 4 5 0  

520 1 
1 3 0 2  
7 5 1 0  

5232 

1 3 0 3  
7 7 4 0  

5232 

7 3 0 0  

1 2 3 1  
3224  
1 7 7 7  

3232 
5 2 4 6  
7 3 0 0  
1 3 0 7  
1 3 0 4  
7 4 5 0  
5 2 7 3  

1 3 0 5  
7 4 5 0  
5 2 7 3  

1 3 0 6  
7 6 5 0  
5 2 7 3  

/ S I N G L E  P R E C I S I O N  D E C I M A L  I N P U T  FROM K E Y B O A R D  
/ C A L L I N G  S E Q U E N C E :  JMS S I C O N V  
/ A C C  I G N O R E D ,  R E T U R N  W I T H  B I N A R Y  WORD I N  ACC 

S I C O N V r  0 
C L A  C L L  
TAD S I S E T 1  + 1  

DCA 
TAD 
DCA 
DCA 
DCA 
JMP 

S I P R O C s  DCA 
TAD 

SI  C T R L  
S I S E T l  + 1  
SIXSWl 
S I H O L D  
SI NEG 1 
S I N P U T  
SI  S A V E  
SI  S A V E  

TAD S I R B U T  
S N A  

JMP S I C O N V  + 1 
TAD SIM260 
S P A  

JMP S I C T R L  

TAD S I M 2 7 1  
SMA S Z A  C L A  

JMP S I C T R L  

S IXSWlr  C L A  C L L  

T A D  - + 4  
DCA 0-2 
TAD S I N M B R  - 1  

DCA S I C T R L  
JMP S I N M B R  

TAD S I S A V E  
TAD S I M S P C  
S N A  
JMP S I S E T 1  + 1  

S I C T R L s  C L A  C L L  

TAD S I M P L S  
SNA 
JMP S I S E T 1  + 1  

TAD SIMMNS 
S N A  C L A  
JMP S I S E T l  

/ I N I T I A L I Z E  P R O G R A M  S W I T C H E S  

/ C L E A R  N E G A T I V E  SWI TCH 

/ S T O R E  AND T H E  P R O C E S S  
/ C H A R A C T E R  

/ I  S I T  A "BACK-ARROW" 
/ ( I E *  E R A S E )  K E Y  
/ Y E S >  R E I N I T I A L I Z E  

/ I S  I T  L E S S  THAN 260 
/ ( I E .  "0") 
/ Y E S *  T R A N S F E R  TO S E E  WHAT 
/ C H A R -  I T  I S  

/ I S  I T  G R E A T E R  THAN 2 7 1  

/ Y E S >  T R A N S F E R  TO S E E  WHAT 
/ C H A R *  I T  I S  
/ N o r  F I R S T  C H A R A C T E R  WAS A 
/ D E C I M A L  D I G I T  
/ C L O S E  S W I T C H  TO GO TO 
/ " S I N M B R "  N E X T  
/ S E T  S W I T C H  TO S E N S E  

/( I E .  " 9 " )  ? 

/ T E R M I N A T I N G  CHAR.  

/ C O N T I N U E  C H E C K I N G  

/ I S  I T  A S P A C E ?  
/ Y E S =  S E T  S W I T C H  TO S E N S E  
/ T E R M I N A T I N G  C H A R -  

/ I S  I T  A " P L U S " ?  
/ Y E S >  S E T  SW TO S E N S E  
/ T E R M 1  N A T  I NG CHAR.  

/ I S  I T  A M I N U S ?  
/ Y E S >  S E T  N E G A T I V E  X S W I T C H  
/AND TERM.  S W I T C H  
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0245  5264 JMP S I E N D  / N O >  I T  WAS A T E R M I N A T I N G  
/CHARACTER 
/ M U L T I P L Y  C U R R E N T  ASSEM- 
/ B L E D  NUMBER BY 10 

0246 1310 S I N M B R I  T A D  S I H O L D  

0247 
02 50 
0251 
0252 
0253  
02 54 

7106 
1310 
7004 
3310 
1307 
0300  

C L L  
T A D  
R A L  
D C A  
T A D  
AND 

R T L  
SI H O L D  

SI H O L D  
SI S A V E  / P I C K  UP C U R R E N T  D I G I T  
SI MASK /MASK O F F  T H E  H I G H  O R D E R  

/ B I T  
SI H O L D  / A D D  T O  A S S E M B L E D  NUMBER 
S I H O L D  / S T O R E  BACK I N  S I H O L D  

0 - 1  
/ I N P U T  R O U T I N E  

SI P R O C  

0255  
0256  
0257 
0260  
026 1 
0262 
0263  

1310 
3310  
603  1 
5257 
6036 
6046 
521 1 

T A D  
D C A  

S I i V P U T s  K S F  
JMP 
K R B  
T L S  
JMP 

/ T E R M 1  N A T I  NG R O U T 1  N E  
S I  E N D >  C L A  C L L  

T A D  S I N E G 1  
R A R  

0264 
0265 
0266 

7300 
1 3 1  1 
7010 / P U T  N E G A T I  V E  SWI T C H  I N T O  

/L I NK 
026 7 
0270 
027 1 

1310 
7430 
7041 

T A D  S I H O L D  
SZL 
CMA I A C  

/ I S  T H E  L I N K  " l " ?  

/COMPLEMENT 
/ Y E S >  NUMBER N E G A T I  V E  

/ R E T U R N  
/ S E T  N E G A T I V E  SWI T C H  

0272 
0 2 7 3  
0 2 7 4  
027 5 

560g 
2311 
7300 
1 7 7 7  

JMP I S I C O N V  

C L A  C L L  
T A D  S I N M B R  - 1 

S I S E T l t  ISZ SI iVEG1 

/ C L O S E  SW T O  T R A N S F E R  T O  
/TERM 

0276 
027 7 

3232 
5257 

D C A  S I C T R L  
JMP S I N P U T  

/ C O N S T A N T S  AND V A R I A B L E S  
S I M A S K ,  1 7  
S I R B U T t  - 3 3 7  
SIM260,  57 

0300 
030 1 
0 302 

0017 
7441 
00 57 

/ C O D E  F O R  E R A S E  
/NUMBER U S E D  T O  G E N E R A T E  
/ C n  D E  "2 6 0" 
/NUMBER U S E D  T O  G E N E R A T E  

/ C O D E  F O R  S P A C E  
/NUMBER U S E D  T O  G E N E R A T E  
/CODE "253" ( + I  
/NUMBER U S E D  T O  G E N E R A T E  
/ C O D E  "255" ( - 
/ S T O R A G E  L O C A T I O N S  

D E  "2 7 1 
0303 7 7 6 7  SIM27 1 > - 1 1  

0304  
0 3 0 5  

7540 
7765  

S I M S P C 9  - 2 4 0  
SIMPLSI - 13 

S I M M N S J  - 2  0306 7 7 7 6  

0307 
0 3 1 0  
031 1 

0000 
0000 
0000  

S I  S A V E 9  0 
S I H O L D I  0 
S I N E G l r  0 
PAUSE 
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Formerly 

Digital-8-29-U-Sym 

CHAPTER 1 0  

DECIMAL TO BINARY CONVERSION 
AND INPUT 

(Double P r e c i s i o n ,  Signed o r  Unsigned, 33-ASR) 

1 0 . 1  ABSTRACT 

This  r o u t i n e  accep t s  add echoes a s t r i n g  of up t o  e i g h t  decimal 

d i g i t s  (double-prec is ion  for \ ,  t h e  PDP-8) from t h e  Tele type  keyboard 

and conve r t s  it t o  t h e  corresponding two 's  complement b i n a r y  number. 

The s t r i n g  may con ta in  as l e g a l  c h a r a c t e r s  a s i g n  (+, -, or  space)  

and t h e  d i g i t s  0 - 9 .  I f  t h e  f i r s t  l e g a l  c h a r a c t e r  i s  n o t  a s i g n ,  t h e  

conversion i s  unsigned. A "back-arrow" ( +  ) a t  any p o i n t  i n  t h e  

s t r i n g  e r a s e s  t h e  c u r r e n t  s t r i n g  and al lows t h e  o p e r a t o r  t o  r e - e n t e r  

t h e  va lue .  Termination of i n p u t  i s  accomplished by typ ing  one i l l e g a l  

c h a r a c t e r  which w i l l  then be found i n  l o c a t i o n  DIDSAV w i t h i n  t h e  sub-  

r o u t i n e .  

1 0 . 2  REQUIREMENTS 

This  sub rou t ine  r e q u i r e s  1 1 0  (1568) co re  l o c a t i o n s  and runs  on LO 
any s t anda rd  PDP-8 family computer w i th  a 33-ASR Tele type  console .  The 

paper  tape i s  l a b e l l e d  Double P r e c i s i o n  D e c i m a l  t o  Binary Conversion, 

Digital-8-29-U-ASCII 

10.3 USAGE 

10.3.1 Loading 

The symbolic t a p e  provided can be assembled wi th  t h e  u s e r ' s  

main program wi th  PAL 111, MACRO-8, o r  PAL-D. There i s  n e i t h e r  
o r i g i n  s e t t i n g  nor t e rmina t ing  " $ "  on t h e  symbolic t a p e ,  b u t  a 
PAUSE pseudo- ins t ruc t ion  i s  t h e  l a s t  l i n e  on t h e  t ape .  
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10.3.2 C a l l i n g  Sequence 
The s u b r o u t i n e  i s  c a l l e d  by an  e f f e c t i v e  J M S  t o  l o c a t i o n  DICONV. 

The l o c a t i o n  immediately fo l lowing  t h e  JMS i n s t r u c t i o n  c o n t a i n s  t h e  
addres s  of  t h e  l o c a t i o n  where t h e  high-order  p o r t i o n  of t h e  number i s  
t o  be stored. (It i s  assumed t h a t  t h e  low-order p o r t i o n  of  t h e  number 
i s  i n  t h e  l o c a t i o n  immediately fo l lowing  t h e  high-order  p o r t i o n . )  
Return i s  t o  t h e  second l o c a t i o n  fo l lowing  t h e  c a l l i n g  JMS wi th  t h e  AC 

clear.  For example: 

J M S  DICONV 
ADDR 
HLT 

ADDR, # 
% 

1 0 . 4  ERRORS I N  USAGE 

I f  t h e  s t r i n g  of decimal  d i g i t s  i s  preceded by a s i g n  (+, -, or 
s p a c e ) ,  t h e  m a x i m u m  decimal number t h a t  i s  c o r r e c t l y  accepted  i s  
16777215 ( 2 2 4  -1). 

I f  n e i t h e r  of t h e s e  maxima i s  exceeded, t h e  r e s u l t s  are 
u n s p e c i f i e d .  

1 0 . 5  RESTRICTIONS 
The s t a t u s  of AC and l i n k  i s  n o t  preserved .  

Th i s  s u b r o u t i n e  should n o t  be used w i t h  t h e  i n t e r r u p t  on. 

The magnitude r e s t r i c t i o n s  on numbers i s  d e s c r i b e d  i n  sec t ion  1 0 . 4  

1 0 . 6  DESCRIPTION 

The d i s c u s s i o n ,  example, and s c a l i n g  in fo rma t ion  about  t h e  
conversion are given in Chapter 9. The on ly  difference is that the 
m u l t i p l i c a t i o n s  by "4" and " 2 "  are performed by t h e  a r i t h m e t i c  s h i f t s  
as d e s c r i b e d  i n  t h e  s e c t i o n  on Ar i thme t i c  S h i f t  Subrout ines  i n  t h e  
PDP-8 Math Routines  wr i t eup ,  DEC-08-FFAD-D. 

Informat ion  on techniques  used i n  t h i s  program can a l so  be 
found i n  Chapter 9 o f  t h i s  document. 
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1 0 . 7  FORMAT 

1 0 . 7 . 1  I n p u t  Data 

T h e  i n p u t  s t r i n g  may or may n o t  c o n t a i n  a s i g n  (+, -, or  s p a c e ) .  
Any character o t h e r  t h a n  a s i g n ,  0 - 9 ,  or  rubout  causes  t h e  s u b r o u t i n e  
t o  t e r m i n a t e  as does a s i g n  i n  any b u t  t h e  f i r s t  p o s i t i o n .  

1 0 . 7 . 2  Core Data 

T h e  high-order  p o r t i o n  of t h e  b i n a r y  e q u i v a l e n t  of t h e  number 
i s  found i n  t he  l o c a t i o n  s p e c i f i e d  by t h e  addres s  fo l lowing  t h e  JMS. 

The low-order p o r t i o n  i s  found i n  t h e  n e x t  s u c c e s s i v e  l o c a t i o n .  
i s  t h e  format compatible  w i t h  t h e  doub le -p rec i s ion ,  f i x e d  p o i n t  
a r i t hme t i c  s u b r o u t i n e s .  The t e r m i n a t i n g  character i s  found i n  l o c a t i o n  

T h i s  

DIDSAV. 

1 0 . 7 . 3  Output Data 
Spacing, t a b u l a t i o n ,  c a r r i a g e  r e t u r n ,  e tc . ,  are n o t  provided 

fo r  i n  t h i s  s u b r o u t i n e .  See Chapter 6 which c o n t a i n s  shor t  sub- 
r o u t i n e s  f o r  such purposes .  

T h i s  s u b r o u t i n e  i s  i n p u t  l i m i t e d  a t  a maximum of 1 0  cps .  
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10.8 FLOW CHART 

ENTRY 0 . 
SWITCHES AND ZERO 

LOCATIONS FOR HOLD1 
PARTIALLY -ASSEMBLED. 

CALLING SEPUENCE FO 
STORING DOUBLE - 
PRECISION NUMBER 

I S  A TERMINATING 
CHARACTER 

EGATIVE SWITCH ? I 
\--- I h 

COMPLEMENT THE 
DOUBLE-PRECISION 

NUMBER 
I WAIT FOR CHARACTER 

FROM KEYBOARD 

SAVE INCOMING 
CHARACTER !N 

I' D I  DSAU 

. 
I STORE RESULT IN 

ADDRESS SPECIFIED BY 
THE CALLING SEOUENCE 

TERMINATING 
CHARACTER 

CONTROL 
SWITCH BACK- 

ARROW 

I I + PICK UP PARTIALLY- I I I ASSEMBLED, DOUBLE- ' I PRECISION NUMBER I I I 

I 
! 

( I E  DOUBLE SHIFT 

I No I 
h 1 YES 

I PICK UP INCOMING 
CHARACTER I ADD THE PARTIALLY- 

ASSEMBLED. DOUBLE- 

YES 

YES - 
1 

1 

MULTIPLY BY TWO I (IE DOUBLE SHIFT I 
LEFT ONCE) 1 I ADDTHE INCOMING I I DECIMAL DIGIT 

TO THE RESULT I 
T 

SET NEGATIVE SWITCH 6 Y E S 7  

STORE SUM AS THF NFW 
PARTIALLY -ASSEMBLED, 
DOUBLE-PRECISlOk NO 

CONTROL 
SWITCH 

+ 
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10.9 PROGRAM LISTING 

0200  0000 
0201  7300 
0202  1324 
0203 3235 
0204 1324 
0205 3227 
0206  1600 

0207 3351 
0210 3352 

0211  3353 
0212 3347 
0213 5275 
0214 3350 
0 2 1 5  1350 
0 2 1 6  1341 
0 2 1 7  7450 
0 2 2 0  5201 
0221 1342 
0222  7510 
0 2 2 3  5235 

0224 1343 
0225 7740 

0 2 2 6  5235 

0 2 2 7  7300 
0230 1234 
0231 3227 
0232 1250 

0233 3235 
0234 5251 
0235 7200  
0236 1350 
0237 1344 
0240 7450 
0241 5324 

0242 1345 
0243  7450 
0244 5324 

/ C P Y  ? I G q F  1971 9 l G I  ~ L I L  ZJJIiJ.vlt:VI' C O 4 ? 3 r i ? C 1 J s ~  
/ l w i ~ m ~ r  V I Q S S ~ C L (  JSU rs 
/ D O U B L E  P R E C I S I O N  D E C I M A L - T O - B I N A R Y  C O N V E R S I O N  AND I N P U T  
/CA!. I I N  G S E Q U E N C E  : / A C  I G N O R E D  
/ JMS D I C O N V  / S U B R O U T I N E  C A L L E D  
/ A D D R E S  / A D R E S S  TO S T O R E  H I G H - O R D E R  lvORD 
/ /LOW - O R D E R  WORD I N  A D D R E S S + l  
D I C O N V ,  0 

C L A  C L L  / I N I T I A L I Z E  PROGRAM S W I T C H E S  
T A D  D I S E T 1 + 1  
DCA D I C T R L  
T A D  D I S E T 1 + 1  
DCA D I X S W l  
T A D  I D I C O N V  / P I C K  U P  A D D R E S S  TO S T O R E  

DCA D I G E T  
DCA D I H I H D  / C L E A R  L O C A T I O N S  U S E D  TO H O L D  

DCA D I L O H D  /NUMBER 
DCA D I N E G l  / C L E A R  N E G A T I V E  S W I T C H  
JMP D I I N  

T A D  D I D S A V  
T A D  D I R B U T  

/ H I G H - O R D E R  WORD 

/ I N C O M I N G  

D I P R O C ,  DCA D I D S A V  / S T O R E  C H A R A C T E R  

S N A  / I S  I T  A ' ' B A C K - A R R O W " ( I E *  E R A S E )  K E Y ?  
JMP D I C O N V + l  / Y E S >  R E I N I T I A L I Z E  
TAD D I M 2 6 0  
S P A  / I S  I T  LESS THAN 260  ( I E .  "0")?  
JMP D I C T R L  / Y E S >  T R A N S F E R  TO SEE WHAT 

/ C H A R A C T E R  I T  I S  
T A D  D I M 2 7 1  
SMA S Z A  C L A  / I S  I T  G R E A T E R  THAN 2 7 1  ( I E *  ' '9 ' ' )? 

JMP D I C T R L  /YES> T R A N S F E R  TO SEE WHAT 
/ C H A R A C T E R  I T  I S  

D I X S W 1 ,  C L A  C L L  / N O >  F I R S T  C H A R A C T E R  WAS A D E C I M A L  D I G I T  
T A D  . + 4  / C L O S E  S W I T C H  TO G O  TO "DINMBR"  N E X T  
DCA . - 2  
T A D  D I N M B R - 1  / S E T  S W I T C H  TO S E N S E  T E R M I N A T I N G  

DCA D I C T R L  
JMP D I N M B R  

T A D  D I D S A V  
T A D  D I M S P C  
S N A  / I S  I T  A " S P A C E " ?  

/ C H A R A C T E R  

D I C T R L ,  C L A  / C O N T I N U E  C H E C K I N G  TO D E T E R M I N E  CHAR.  

JMP D I S E T 1 + 1  / Y E S >  S E T  S W I T C H  T O  S E N S E  TERM. 
/ C H A R A C T E R  

TAD DIMPLS 
S N A  / I S  I T  A "PLUS"? 
JMP D I S E T l + l  / Y E S >  SET S W I T C H  T O  S E N S E  T E R M -  

/CHARACTER 
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0245 
0246 
0247 

0250 
0251 

0252 
0253 
0254 
0255 
0256 
0257 
0260 
0261 
0262 
0263 
0264 
0265 
0266 
0267 
0270 
027 1 
0272 
0273 
0274 

0275 
0276 
0277 
0300 
030 1 

0302 
0303 
0304 
0305 
0306 
0307 
0310 
031 1 
0312 
0313 

0314 
0315 
0316 
0317 

0320 
0321 
03.22 
0323 

1346 
7650 
5323 

5302 
1353 

3354 
1352 
3355 
4330 
4330 
1353 
1354 
3353 
7004 
1352 
1355 
3352 
4330 
1350 
0340 
1353 
3353 
7430 
2352 

603 1 
5275 
6036 
6046 
5214 

7200 
1347 
7110 
1352 
7430 
7040 
375 1 
1353 
7430 
7141 

7430 
275 1 
7000 
235 1 

375 1 
2200 
5600 
2341 

T A D  D I M M N S  
S N A  C L A  / I S  I T  A " M I N U S " ?  
JMP D I S E T l  I Y E S J S E T  N E G A T I V E  S W I T C H  AND TERM. 

JMP D I E N D  /NO,  I T  WAS A T E R M I N A T I N G  C H A R A C T E R  
I S W I T C H  

D I N M B R ,  T A D  D I L O H D  / S T O R E  A S S E M B L E D  NUMBER 
/ T E M P O R A R I L Y  

D C A  D I X T M l  
T A D  D I H I H D  
D C A  D I X T M 2  
JMS D I D S P L  / M U L T I P L Y  C U R R E N T  B Y  "10" 
JMS D I D S P L  
T A D  D I L O H D  
T A D  D I X T M l  
DCA D I L O H D  
R A L  
T A D  D I H I H D  
T A D  D I X T M 2  
D C A  D I H I H D  
JMS D I D S P L  
T A D  D I D S A V  / P I C K  U P  C U R R E N T  D I G I T  
AND D I X M S K  /MASK OFF H I G H - O R D E R  B I T S  
T A D  D I L O H D  / A D D  R E M A I N D E R  TO C U R R E N T  NUMBER 
D C A  D I L O H D  
S Z L  / D I D  I T  O V E R F L O W ?  
I S Z  D I H I H D  / Y E S ,  C O R R E C T  H I  G H - O R D E R  WORD 

/ I N P U T  R O U T I N E  
D I I N ,  K S F  

JMP 0 - 1  
K R B  
T L S  
JMP D I P R O C  

/ T E R M  I N  A T  I NG ROUT I N E  
D I E N D ,  C L A  

T A D  D I N E G l  / P I C K  U P  N E G A T I V E  NUMBER 

T A D  D I H I H D  / P I C K  U P  H I G H  O R D E R  P O R T I O N  
S Z L  / I S  L I N K  "l"? 

DCA I D I G E T  / S T O R E  I T  
T A D  D I L O H D  / P I C K  UP LOW-ORDER P O R T I O N  
S Z L  / I S  L I N K  " l"?  

C L L  R A R  / P U T  I T  I N T O  L I N K -  ("1" I F  N E G A T I V E )  

CMA / Y E S >  NUMBER N E G A T I V E -  C O M P L E M E N T  I T  

C L L  CMA I A C  / Y E S ,  TWO'S  C O M P * I T *  I F  OVERFLOW, 
/ L I N K = l  

S Z L  / I S  L I N K  "l"? 
I S Z  I D I G E T  / I N D E X  H I G H - O R D E R  P R T I O N  
N O P  / T A K E S  C A R E  WHEN H I  G H - O R D E R  P O R T 1  ON =0 
I S Z  D I G E T  / I N D E X  P O I N T E R  F O R  L O W - O R D E R  

D C A  I D I G E T  / S T O R E  LOW-ORDER P O T I O N  OF NUMBER 
I S Z  D I C O N V  / I N D E X  F O R  C O R R E C T  R E T U R N  
JMP I D I C O N V  / R E T U R N  

/ P O R T 1  ON 

D I S E T 1 ,  ISZ D I N E G l  / S E T  N E G A T I V E  S W I T C H  
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0 3 2 4  
0 3 2 5  
0 3 2 6  
0 3 2 7  

0 3 3 0  
0 3 3 1  
0 3 3 2  
0 3 3 3  
0 3 3 4  
0 3 3 5  
0 3 3 6  
0337  

0 3 4 0  
0 3 4 1  
0 3 4 2  
0 3 4 3  
0 3 4 4  
0 3 4 5  
0 3 4 6  
0 347 
0350  
0 3 5 1  
0 3 5 2  
0 3 5 3  
0 3 5 4  
0355  

7300 
1250 
3235  
5275 

/ D O U B L E  
0 0 0 0  D I D S P L ,  
1353 
7 1 0 4  
3353  
1352  
7004  
3 3 5 2  
5 7 3 0  

C L A  C L L  / C L O S E  S W I T C H  TO T R A N S F E R  TO T E R M I N A T I O N  
T A D  D I N M B R - 1  
DCA D I C T R L  
JMP D I I N  / J U M P  TO W A I T  F O R  N E X T  C H A R A C T E R  
P R E C I S I O N  L E F T  S H I F T  ( X 2 )  
0 
T A D  D I L O H D  
C L L  R A L  
D C A  D I L O H D  
T A D  D I H I H D  
R A L  
DCA D I H I H D  
JMP I D I D S P L  

0 0 1 7  
744  1 
0057  
7767 
7540  
7765  
7776 
0 0 0 0  
0 0 0 0  
0 0 0 0  
0 0 0 0  
0 0 0 0  
0 0 0 0  
0000  

I C O N S T A N T S  AND 
D I X M S K ,  17 
D I R B U T ,  - 3 3 7  
D I M 2 6 0 ,  5 7  
D I M 2 7 1 1  - 1 1  
D I M S P C ,  - 2 4 0  
D I M P L S ,  - 1 3  
DIMMNS,  - 2  
D I N E G l ,  0 
D I D S A V t  0 
D I G E T ,  0 
D I H I H D ,  0 
D I L O H D ,  0 
D I X T M l r  0 
D I X T M 2 ,  0 

V A R I A B L E S  
/MASK FOR L A S T  FOUR B I T S  
/ C O D E  F O R  E R A S E  
/NUMBER U S E D  TO G E N E R A T E  C O D E  "260"  
I N U M B E R  U S E D  TO G E N E R A T E  C O D E  "271"  
/ C O D E  F O R  S P A C E  
I N U M B E R  U S E D  TO G E N E R A T E  C O D E  "253"  ( + >  
I N U M B E R  U S E D  TO G E N E R A T E  C O D E  "255" ( - 1  
I S T O R A G E  L O C A T I O N S  

10-7 





Formerly 
Digital-8-10-U-Sym 

BCD TO BI AF 
CHAPTER 11 

CONVERSION, SINGLE PRECISION 
(Binary Coded Decimal to Binary Conversion Subroutine) 

11.1 ABSTRACT 
This chapter presents a basic subroutine for converting binary- 

coded-decimal numbers to their equivalent binary value. 
is accomplished by "radix deflation". 

Conversion 

11.2 REQUIREMENTS 
This subroutine requires 2310 (278) memory locations and runs 

on any standard PDP-8 family computer with a 33-ASR Teletype console. 
The source paper tape is labeled BCD to Binary Conversion, 

Digital-8-lo-U-ASCII. 

11.3 USAGE 

11.3.1 Loading 
Load the subroutine with the Binary or RIM Loader, as described 

in either Introduction to Programming or Programming Languages. 

11.3.2 Calling Sequence 
Call with the number to be converted in the AC. Return will be 

to the location following the calling J M S  with the result in the AC. 

11.4 DESCRIPTION 
The method used is that of "radix deflation". Upon entry, the 

BCD number may be considered to be in the following form: 

(a) D2 16' + D1 16 + Do 

What is desired is the number in the form: 

2 (b 1 D2 1 0  + D1 1 0  + Do 
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The PDP-8 can s h i f t  ( r o t a t e )  and add. A r i g h t  s h i f t  i s  e q u i v a l e n t  t o  
a d i v i s i o n  by a power of t w o .  An a p p r o p r i a t e  series of s h i f t s ,  

a d d i t i o n s ,  and s u b t r a c t i o n s  i s  used t o  conve r t  t h e  number from t h e  

form of (a)  t o  t h a t  of ( b ) .  

11.5 EXAMPLE 

Consider t h e  BCD number 

0101 0 0 0 1  1001 

r e p r e s e n t i n g  t h e  decimal  number 519 .  

F i r s t  t h e  whole number i s  s t o r e d  and then  brought  back i n t o  t h e  

AC. Next, t h e  f o u r  most s i g n i f i c a n t  b i t s  are masked o u t .  A t  t h i s  

p o i n t ,  t h e  accumulator c o n t a i n s  16xl6xA o r  

0101 0000 0000  

A s h i f t  t o  the  r i g h t  of one b i t  y i e l d s  

0010 1000 0000  

T h i s  number i s  stored and then  brought  back t o  t h e  AC, s h i f t e d  r i g h t  
t w o  b i t s ,  and t h e  s t o r e d  v a l u e  added a s  fo l lows:  

0000 1010 0000 
0010 1 0 0 0  0000  

0011 0 0 1 0  0000  

Now t h e  o r i g i n a l  number i s  added t o  t h i s  r e s u l t  

0011 0010  0000 
0101 0 0 0 1  1001 
1 0 0 0  0011 1001 

and t h e  most s i g n i f i c a n t  e i g h t  b i t s  masked o u t  as 

1000  0011 - 0000 
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This  i s  s t o r e d ,  brought  back and s h i f t e d  r i g h t  once,  and t h e  s t o r e d  

va lue  added. 

0100 0 0 0 1  1 0 0 0  
0011 0000 1000  

1100 0100  1 0 0 0  
- 

Next t h e  r e s u l t  of t h i s  a d d i t i o n  i s  s h i f t e d  r i g h t  two p l a c e s  d i v i d i n g  

t h e  number by f o u r  as fo l lows:  

0011 0 0 0 1  0010 

negated and t h e  o r i g i n a l  number added 

1100 1110 1110 
1001 0101 0 0 0 1  

0010 0000  0111 
- 

T h i s  r e s u l t  r e p r e s e n t s  i n  b ina ry  5 1 2  p l u s  4 p l u s  2 p l u s  1 o r  519 ,  

t h e  o r i g i n a l  number. 

1 1 . 6  SCALING 

This  sub rou t ine  assumes an i n t e g r a l  BCD number and y i e l d s  an 

i n t e g r a l  b ina ry  equ iva len t .  

11 .7  PROGRAM LISTING 

A l i s t i n g  of t h e  subrou t ine  wi th  BCDBIN l o c a t e d  a t  0200  i s  
and DO have been r ep laced  2 '  DL given  below. To s i m p l i f y  mnem0nics.D 

r e s p e c t i v e l y  w i t h  A, B ,  and C. 
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0263 
0264 
026 5 
0266  

* 0267 
02 70 
027 1 
02 72 
02 73 
02 74 
02 75 
0276 
0277 
03 1,'. 

030 1 
0302 
0 3 65 3 
0304 
03E5 
8206 
0307 
a3 1 I,? 
031 1 
0312 
0313 
rd314 

0 0 0 0  
3 3 1 4  
1314  
0 3 1  1 
7 1 1 2  
3 3 1 3  
1313  
7 0 1 0  
1315  
7 0 4 1  
1314  
3 3 1 4  
1314  

1,: > 3 

7 1 1 2  
3 3 1 3  
1 :i 1 
7 0 1 0  
1 : i 1  
704  1 
1314  
3 6 6 3  
7 4 0 0  
7 7 6 0  
0 0 0 0  
0 0 u 0  

/BINARY-CODED-DECIMAL TO BINARY C.3i\lL;EF? ON SUBROUTINE 
* 2 6 3  

BCDBIN, 0 
DCA TEMPH 
TAD TEMPH 
AND LDIGIT 
CLL RTR 
DCA COUNT 
TAD COUNT 
RAR 
TAD COUNT 
CMA IAC 
TAD TEMPH 
DCA TEMPH 
TAD TEMPH 
AND MDIGIT 
CLL RTR 
DCA COUNT 
TAD COUNT 
RAR 
TAD COUNT 
CMA IAC 
TAD TENPH 
JMP I BCDBIN /EXIT 

LDIGIT, 7400  
MDIGIT, 7760  
COUNT, 0 
TEMPH, 0 

/STORE INPUT 

1 1 6 0  H + 16 M + L 

11.8 F3FERENCES 

11 .8 .1  DECUS Programs 
See DECUSOPE January  1965 ,  a r t i c l e  e n t i t l e d  "Acce le ra t ed  Radix 

D e f l a t i o n  on t h e  PDP-7 and PDP-8". 

1 1 . 8 . 2  ACKNOWLEDGMENTS 
M r .  Donald V. Weaver, Consu l t an t ,  of N e w  York C i t y ,  who f i r s t  

d e s c r i b e d  t h e  a l g o r i t h m  used by t h i s  s u b r o u t i n e  i n  r e f e r e n c e  11.8.1 
has  g r a n t e d  h i s  k ind  permiss ion  t o  i n c l u d e  t h i s  s u b r o u t i n e  i n  t h e  
PDP-8 l i b r a r y  so t h a t  a d e t a i l e d  d e s c r i p t i o n  may be a v a i l a b l e .  
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Formerly 
Dig i t a 1 - 8 - 1 1 -U 

CHAPTER 12 

BCD TO BINARY CONVERSION, DOUBLE PRECISION 

(Binary Coded D e c i m a l  t o  Binary Conversion Subrou t ine )  

1 2 . 1  ABSTRACT 
This  sub rou t ine  conve r t s  a 6 - d i g i t  BCD number t o  i t s  e q u i v a l e n t  

b i n a r y  va lue  i n  two computer words. 

1 2 . 2  REQUIREMENTS 
This  sub rou t ine  r e q u i r e s  8g10 (1318) memory l o c a t i o n s  and runs  

on any s t anda rd  PDP-8 w i th  a 33-ASR Tele type  console .  The source  t a p e  

i s  l a b e l e d  Double P r e c i s i o n  BCD t o  Binary Conversion, 

Digital-8-11-U-ASCII 
12.3 USAGE 

1 2 . 3 . 1  Loading 

The subrou t ine  i s  loaded wi th  t h e  Binary Loader. The symbolic 

code i s  e i t h e r  assembled w i t h  t h e  u s e r  program o r  s e p a r a t e l y  wi th  t h e  
proper  o r i g i n  s e t t i n g .  

12.3.2 C a l l i n g  Sequence 
Th i s  sub rou t ine  i s  c a l l e d  wi th  an e f f e c t i v e  JMS DOUBLE followed 

by t h e  addres s  of t h e  high-order  word of t h e  double-prec is ion  BCD 

number. Cont ro l  i s  r e t u r n e d  t o  t h e  fo l lowing  l o c a t i o n  wi th  t h e  high- 
o r d e r  p a r t  of t h e  r e s u l t  i n  C ( A C )  and wi th  t h e  low-order p a r t  of t h e  
r e s u l t  i n  C(L0W) .  

1 2 . 4  DESCRIPTION 

Upon e n t r y ,  t h e  BCD number i s  i n  t h e  form: 

2 2 (16  D1 + 1 6 D 2  + D 3 ) ;  (16  D4 + 1 6 D 5  + D 6 )  

4 (each d i g i t  i s  4 b i t s ,  2 = 1 6 )  
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Using t h e  s i n g l e  p r e c i s i o n  B C D  t o  b i n a r y  s u b r o u t i n e ,  t h i s  i s  

reduced t o :  

( l O L D 1  + 1 0 D 2  + D 3 ) ;  (10LD4 + 1 0 D 5  + D 6 )  

The h igh  o r d e r  p a r t  of t h e  BCD word i s  e f f e c t i v e l y  m u l t i p l i e d  
by 1 0 0 0  ( = 8 ( 1 2 8  - 3 ) )  and t h e  low-order p a r t  i s  added, g i v i n g  

1 0  5 D + 10 4 D 2  + 10 3 D 3  + 1 0  2 D 4  + 1 0 D 5  + D 6 .  
1 

See Chapter 11. 

1 2 . 5  E X A M P L E S  

GO J M S  I X 
H I G H  
H L T  

x,  DOUBLE 
H I G H ,  1 0 0 1  1 0 0 1  1 0 0 1  1 999 , 999 
LOW, 1001 1001 1001 

If t h i s  program w e r e  s t a r t e d  a t  GO, t h e  C ( A C )  a t  t h e  h a l t  would 
be 03648 and C ( L 0 W )  would be 10778,  i . e . ,  036410778  = 999,99910. 

1 2 . 6  PROGRAM L I S T I N G  

/ D O U B L E  P R E C I  SI  ON B C D  T O  B I N A R Y  C O N V E R S I O N  
/ C A L L I N G  5ZGUEiVCE:  
/ JMS D O U B L E  
/ A D D R E S S  OF H I G H  O R D E R  ARGUMENT 
/ R E T U R N :  C C A C ) = H I G H  O R D E R  P A R T  
/ CCLOW) = LOW O R D E R  P A R T  

/ A L S O  COiVTAI (VS S I I V G L E  P R E C I  SI  O N  B C D  TO B I N A R Y  
/ C A L L I i V G  S E Q U E N C E :  
/ C C A C )  = 3 B C D  C H A R A C T E R S  
/ JMS BCDBIiV 
/ RETURN : AiVSWER I N  C ( A C )  
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0200  0 0 0 0  
0201 7300 
0202 1600 
0 2 0 3  3271  
0 2 0 4  2200  
0 2 0 5  1671 
0 2 0 6  4275  
0207 3272  
0 2 1 0  2271 
0211  1671 
0 2 1 2  4275  
0 2 1 3  3271 
0 2 1 4  1272  
0215  7112 
0216 7012  
0217 7010 
0 2 2 0  3275  
0221  1 2 7 5  
0222 0327 
0223  3274 
0224 1275 
0225  7010 
0226 0 3 2 5  
0227 3 2 7 3  
0230 1272 
0231 7104  
0232 1272 
0233 7141 
0234 1273  
0235 3 2 7 3  
0236  7420 
0237 7040 
0240 1274 
0241 3274  
0 2 4 2  1274 
0 2 4 3  7106 
0244 7004 
0 2 4 5  0326  
0 2 4 6  3274  
0247 1273  
0250  7106 
0251 7004  
0252  3 2 7 3  
0253  1 2 7 3  
0254 7004 
0 2 5 5  0324  
0256 12’14 
0257 3274  
0260 1273  
0261 0326  
0 2 6 2  7100 
0263  1271 
0264 3273  
0265 1274 
0 2 6 5  7 4 3 0  
0267 7001 
0270 5600 

D O U B L E >  0 
C L A  CLL 
T A D  I D O U B L E  
D C A  LOWl 
ISZ DOUBLE 
T A D  I LOWl 
JMS BCDBIN 
D C A  HIGHl 
ISZ LOW1 
T A D  I LOWl 
JMS BCDBIN 
D C A  LOWl 
T A D  HIGHl 
CLL R T R  
R T R  
R A R  
D C A  BCDBIN 
T A D  BCDBIN 
A N D  K 1 7 7  
D C A  H I G H  
T A D  BCDBIN 
R A R  
A N D  K7600 
D C A  LOW 
T A D  HIGHl 
CLL R A L  
T A D  HIGHl 
CIA CLL 
T A D  LOW 
D C A  LOW 
SNL 
CMA 
T A D  H I G H  
D C A  H I G H  
T A D  HIGH 
CLL RTL 
R A L  
AiVD K7770 
D C A  HIGH 
T A D  LOW 
CLL RTL 
RAL 
D C A  LOW 
T A D  LOW 
R A L  
A N D  K 7  
TAD HIGH 
D C A  HIGH 
T A D  LOW 
A N D  K7770 
CLL 
T A D  LOWl 
D C A  LOW 
T A D  HI GH 
SZL 
I A C  
JMP I D O U B L E  

/FETCH ADDRESS 
/STORE 
/INCREMENT R E T U R N  

/FETCH HIGH O R D E R  
/ C O N V E R T  I T  

/STORE 
/INCREMENT POI NTER 

/FETCH LOW O R D E R  
/ C O N V E R T  I T  

/STORE I T  

/MULTI PLY HI GH O R D E R  
/PART BY 128 

/MULTI PLY HI GH O R D E R  

/ F O R M  128*HI G H - 3 * H I  GH 
/BY THREE 

/ 125*HI GH 
/ N O W  MULTIPLY BY 8 

/MASK 9 BITS 

/ 3  BITS 

/ 9  BITS 

/ A D D  LOW O R D E R  P A R T  
/STORE LOW O R D E R  PART 

/ C A R R Y  
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027 1 
0272 
0 2 7 3  
0274  

027 5 
0276 
0277 
0300 
03Ul 
0302  
0303  
0304  
0 3 0 5  
0306 
0307 
0310 
0311 
0312 
0313 
0314 
0 3 1 5  
0316 
0317 
0320 
032 1 
0322  
0323  
0324  
0325  
0326  
0327 

0000  
0 0 0 0  
0000 
0000  

0000  
3274  
1274 
0330  
7112 
3 2 7 3  
1273  
7010 
1273  
7041 
1274 
3274  
1274 
0 3 2 3  
7112 
3 2 7 3  
1273  
7010 
1273 
7041 
1274 
5675 
7760 
0007 
7600 
7770 
0177  

0330 7400 

LOWlr 0 
H I G H I Y  0 
LOW, 0 
H I G H ,  0 

/ S I N G L E  
B C D B I  N ,  

K77609 
K 7 ,  
K 7 6 0 0 ~  
K7770, 
K 1 7 7 r  
K 7 4 0 0 ~  

P R E C I  SI  OiV C O N V E R S I O N  
0 
D C A  H I G H  
T A D  H I G H  
AND K7400 
C L L  R T R  
D C A  LOW 
T A D  LOW 
R A R  
T A D  LOW 
C I A  
T A D  H I G H  
D C A  H I G H  
T A D  H I G H  
AiVD K7760 
C L L  R T R  
D C A  LOW 
T A D  LOW 
R A R  
T A D  LOW 
C I A  
T A D  H I G H  
JMP I BCDBI iV 
7760 
7 
7600 
7770 
1 7 7  
7400 

/ L E F T  D I G I T  
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Formerly 
Digital-8-22-U-Sym 

CHAPTER 1 3  

UNSIGNED DECIMAL INTEGER P R I N T  

SUBROUTINE, SINGLE P R E C I S I O N  

13 .1  ABSTRACT 

Th i s  s u b r o u t i n e  pe rmi t s  t h e  p r i n t i n g  of t h e  c o n t e n t s  of  a computer 
word as a 4 - d i g i t ,  p o s i t i v e ,  decimal  intecrer. 

13.2 REQUIREMENTS 

Th i s  s u b r o u t i n e  r e q u i r e s  3810 (46*)  core l o c a t i o n s  and runs  on 
any s t a n d a r d  PDP-8 fami ly  computer w i t h  a 33-ASR Te le type  console .  The 

paper  t a p e  provided i s  l a b e l e d  Unsigned D e c i m a l  P r i n t  Subrou t ine ,  

Digital-8-22-ASCII 

13.3 USAGE 

13 .3 .1  Loading 
The s u b r o u t i n e  can be  p l aced  i n  core by use  of  t h e  Binary  Loader. 

See I n t r o d u c t i o n  t o  Programming o r  Proqramming Languages f o r  f u l l  

d e t a i l s .  The symbolic t a p e  provided i s  e i t h e r  assembled w i t h  t h e  
u s e r  program o r  s e p a r a t e l y  w i t h  t h e  p rope r  o r i g i n  s e t t i n g .  

13.3.2 C a l l i n g  Sequence 
The s u b r o u t i n e  i s  c a l l e d  by t h e  u s u a l  JMS i n s t r u c t i o n  w i t h  t h e  

number t o  be p r i n t e d  i n  t h e  AC. Return t o  t h e  l o c a t i o n  fo l lowing  t h a t  
of t h e  c a l l i n g  JMS. 

13.4 DESCRIPTION 

T h i s  i s  a basic s u b r o u t i n e  used t o  o b t a i n  decimal  o u t p u t  c o r r e s -  
ponding t o  b i n a r y  words i n  memory. The program o p e r a t e s  i n  a s t r a i g h t -  
forward manner. F i r s t  t h e  b i n a r y  e q u i v a l e n t  of 1 0 0 0  i s  s u b t r a c t e d  
from t h e  o r i g i n a l  number u n t i l  a n e g a t i v e  r e s u l t  i s  ob ta ined .  A count  
i s  k e p t  of  t h e  number of s u b t r a c t i o n s  necessa ry  t o  accomplish t h i s ,  
t h u s  y i e l d i n g  t h e  most s i g n i f i c a n t  decimal  d i g i t .  Th i s  p rocess  i s  
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repeated, using the proper power of ten, to give the three remaining 
decimal digits. 

13.5 METHOD 
This method of binary to binary-coded-decimal conversion is 

compact and easily understood, if not sophisticated. The latter con- 
sideration is of little consequence, since the subrouthe is output 
limited . 
13.6 OUTPUT DATA FORMAT 

Output is in the form of fou r  consecutive decimal digits. No 

sign is printed. Spacing, tabulation, carriage return, etc. are not 
provided in this subroutine. 

13.7 PROGRAM LISTING 

0200  
020 1 
0 2 0 2  
0 2 0 3  
0204  
0 2 0 5  
0206 
0 2 0 7  
la210 
0 2 1  1 
0212 
0213 
0 2 1 4  
0215  
0216  
la217 
0220 
0 2 2  1 
0 2 2 2  
0 2 2 3  
0 2 2 4  
63225 
0226  

0000  
3 2 4 3  
3244  
1235 pi 
y:: 
7100 

$2 
7.430 
2244  
7430 
5210 
7200  
1244 
1242 
6041 
5223 
6046 
7200 

/ G i l ? f < I G + ? I  1 9 7 1  DIG1 rAL EIJIr '45iVT C O t 3 P O & A T I d ~ V  
/Y4Y"4i?D# PI4S;SQCI-r 1Sr:TrS 

/ D I G I T A L  8-22-U 
/UiUSIGiVED D E C I N A L  P R I N T  
/ C A L L  W I T H  NUMBER T O  B E  T Y P E D  IN C ( A C )  
/ k E T U R N  T O  L O C A T I O N  FOLLOWItVG T H E  JMS 
D E C P K T ,  0 

DCA V A L U E  / S A V E  I N P U T  
D C A  D I G I T  / C L E A R  

D C A  C N T R Z B  / S E T  C O U N T E R  T O  F O U R 1  
T A D  A D D R Z A  
D C A  ARROW / S E T  T A B L E  P O I N T E R  
SKP 
D C A  V A L U E  / S A V E  
CLL 
T A D  V A L U E  

S Z L  
I S Z  D I G I T  I D E V E L O P  BCD D I G I T  
S Z L  
JMP A R R O W - 3  / L O O P  
C L A  / H A V E  B C D  D I  G I T  
T A D  D I G I T  / G E T  D I  G I T  
T A D  g 2 6 0  /MAKE I T  A S C I I  
T S F  /OH T A D  D I G I T  
JMP 0 -  1 1 JMS T D I  G I T C  S E E  8- 1 9 - U )  
T L S  / T Y P E  D I G T T  
C L A  

T A D  CaVTRZA 

ARROW, T A D  TEiVPWH / S U B T R A C T  POWER O F  T E N  
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0227 
0230 
0 2 3 1  
0 2 3 2  
0 2 3 3  
0 2 3 4  
023 5 
8236  
0237  
0 2 4 0  
0 2 4  1 
El242 
0243  
0244 
0245 

3244  
2 2 1 3  
2 2 4 5  
5212 
5600 
1236 
7774  
6030 
7634 
7766 
7 7 7 7  
0260  
0000  
0000  
0000  

D C A  D I G I T  
I S Z  ARROW 
ISZ C N T R Z B  
JMP ARROW-1 
JMP I D E C P R T  

A D D R Z A t  T A D  TEtVPkdH 
CiVTHZAt  - 4 
T EIV P W K t - 1 7 5 0  

- 0 1 4 4  
- 0 0 1 2  
- 0 0 @  1 

K260r 260  
V A L U E  t 0 
D I  GI T t  0 
C * V T H Z B t  0 

/ C L E A R  
/ U P D A T E  P O I N T E R  
/ D O N E  A L L  F O U R ?  
/NO: COiVTI (VUE 
/ Y E S :  E X I T  

/ONE T H O U S A N D  
/ONE HUiVDHED 
/ T E N  
/ O A E  
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Formerly 
Digital-8-23-U-Sym 

CHAPTER 1 4  

SIGNED DECIMAL INTEGER PRINT 

SUBROUTINE, SINGLE P R E C I S I O N  

1 4 . 1  ABSTRACT 

This  sub rou t ine  pe rmi t s  p r i n t i n g  t h e  c o n t e n t s  of a computer word 

as a s igned  two's complement number. I f  b i t  0 of t h e  computer word 

i s  a I l l " ,  t h e  remaining b i t s  r e p r e s e n t  a n e g a t i v e  i n t e g e r  i n  two's  
complement form; i f  b i t  0 equa l s  ' I O " ,  t h e  remaining b i t s  r e p r e s e n t  
a p o s i t i v e  i n t e g e r .  I f  t h e  number i s  n e g a t i v e ,  a minus s i g n  i s  
p r i n t e d ;  i f  p o s i t i v e ,  a space.  

1 4 . 2  REQUIREMENTS 

Th i s  sub rou t ine  r e q u i r e s  5110 (63 ) core l o c a t i o n s  and runs  on 8 
any s t anda rd  PDP-8 fami ly  computer w i t h  a 33-ASR Te le type  console .  
The program i s  provided on a source  t a p e  l a b e l e d  Signed D e c i m a l  P r i n t ,  
S i n g l e  P r e c i s i o n ,  

Digital-8-23-U-ASCII 

14.3 USAGE 

14.3.1 Loading 

o r  PAL-D assemblers .  I t  can be assembled wi th  t h e  u s e r ' s  program or 
s e p a r a t e l y  wi th  t h e  proper  o r i g i n  s e t t i n g .  
nor  " $ "  t e rmina t ing  c h a r a c t e r  e x i s t s  on t h e  symbolic t a p e  provided.  

The symbolic t a p e  provided i s  compatible  wi th  t h e  PAL 111, MACRO-8, 

Ne i the r  o r i g i n  s e t t i n g  

1 4 . 2 . 1  C a l l i n g  Sequence 
The subrou t ine  i s  c a l l e d  by an e f f e c t i v e  "JMS SSPRNT" wi th  t h e  

number t o  be p r i n t e d  i n  t h e  AC. 

i n g  t h a t  of t h e  c a l l i n g  JMS. The c o n t e n t s  of n e i t h e r  t h e  AC n o r  t h e  
l i n k  are preserved ,  and r e t u r n  i s  wi th  bo th  a c t i v e  r e g i s t e r s  c l e a r .  

The r e t u r n  i s  t o  t h e  l o c a t i o n  follow- 

1 4 . 4  DESCRIPTION 

Th i s  i s  a b a s i c  sub rou t ine  t o  o b t a i n  s igned  decimal  o u t p u t  
( i n t e g e r  format)  corresponding t o  b i n a r y  words i n  memory s t o r e d  i n  
t w o ' s  complement form. F i r s t ,  t h e  number i s  sensed  t o  de te rmine  i f  

it i s  p o s i t i v e  o r  nega t ive .  I f  p o s i t i v e ,  a space  i s  p r i n t e d .  I f  
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n e g a t i v e ,  a minus s i g n  i s  p r i n t e d  and t h e  number complemented t o  f o r m  
the a b s o l u t e  v a l u e  i n  two ' s  complement. Then, t h e  s a m e  a lgo r i thm i s  
fo l lowed as i n  t h e  unsigned p r i n t o u t  d e s c r i b e d  i n  Chapter  13. 

14.5 OUTPUT DATA 

Output i s  i n  t h e  form of f o u r  consecu t ive  decimal  d i g i t s  preceded 

by e i ther  a space  or  minus s i g n .  Spacing,  t a b u l a t i o n ,  c a r r i a g e  

r e t u r n ,  etc. are n o t  provided i n  t h i s  s u b r o u t i n e .  See Chapter 6 ,  

which c o n t a i n s  d e t a i l s  on s u b r o u t i n e s  f o r  such purposes .  T h i s  sub- 

r o u t i n e  i s  o u t p u t  l i m i t e d  a t  1 0  cps  by t h e  33-ASR.  

1 4 . 6  FLOW CHART 

ENTRY 

CLEAR LINK 

THE NUMBER YES 

I 

SET LINK TO "1." 

ABSOLUTEVALUE - STORE NUMBER AWAY 

1 
INITIALIZE COUNTERS, 
POINTERS AND DIGIT 
STORAGE REGISTER 

FOR "SPACE" 
INTO AC + t 

MODIFY CODE TO"-"  

1 

TYPE OUT CHARACTER e= 
I PICK UP I 

SUBTRACT CURRENT 
POWER OF TEN 
FROM NUMBER 

INDEX DIGIT 

.) 1 
DID I T  

UNDERFLOW 

DIGIT INTO AC 
TYPE IT OUT 

INDEX INSTRUCTION 
TO GET NEXT 

POWER OF TEN 

4 

SUBROUTINE 
F I N  I SHED 
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14.7 PROGRAM LISTING 

0200  
020  1 
0202  
0 2 0 3  
0204  
0205  
0 2 0 6  
0 2 0 7  
a 2 1 0  

€321 1 
0212  
0 2 1 3  
0214  

0 2 1 5  
0 2 1 6  
0 2 1 7  
0 2 2 0  
0221  
0222  
0 2 2 3  
0224  
0 2 2 5  
0 2 2 6  
0227  
0230  
0 2 3  1 

0 2 3 2  
0 2 3 3  
0 2 3 4  

0 2 3 5  
0 2 3 6  
0 2 3 7  
0240  
024 1 
0242  
0243  
0244  

0000  
7100 
7510 
7061 
3 2 5 3  
325  1 
1250  
3252  
1244  

3217 
1246  
7430 
1247  

4235  
1253 
1254 
7510 
5225 
225 1 
3 2 5 3  
5216 
7200 
1251 
4235  
325 1 
2217 

2252 
5216  
5600 

0000  
1245 
6046  
604 1 
5240 
7300 
5 6 3 5  
1254 

/C3PYL311GHT 1971 DIG1 I'4L E J . J I 3 Y Z N T  CadP3d4AIJN 
/ Y ~ Y N ~ , ~ D ,  wws4cwsEr rs 
/ B I N A R Y  'ro DECIMAL C O N V E R S I O N  AND T Y P E O U T  
/ S I N G L E  P R E C  I S I  ON 
/ C A L L I N G  S E Q U E N C E  : / A C  C O N T A I N S  B I N A R Y  WORD 
/ JMS S S P R N T  / S U B R O U T I N E  C A L L  

S S P R N T t  0 
I R E T U R N .  AC AND L C L E A R  

C L L  
S P A  / I S  I S  P O S I T I V E ?  
CML CMA I A C  /NO, S E T  L I N K J F O R M  A B S O L U T E  VALUE 
D C A  S S V A L  / S T O R E  N U Y B E R  AWAY 
D C A  S S B O X  / S E T  D I G I T  L O C A T I O N  T O  Z E R O  
T A D  S S C N T R  / I N I T I A L I Z E  O U T P U T  C O U N T E R  T O  "4" 
DCA S S C N T  
T A D  S S A D D R  I I N I T A L I Z E  I N S T R U C T I O N  TO G E T  

D C A  S S X Y Z + l  
T A D  S S P L U S  / G E T  C O D E  T O  T Y P E  A " P L U S "  
S Z L  / I S  T H E  NUMBER N E G A T I V E ?  

/ F I R S T  I 0  

T A D  S S M N S  / Y E S >  CHANGE C O D E  TF T Y P E  A 
/ "MI  NUS 

JMS S S O U T  / T Y P E  I T  O U T  

T A D  S S C O N  / S U B T R A C T  C U R R E N T  POWER OF 10 
S P A  / I S  T H E  R E S U L T  N E G A T I V E ?  

S S X Y Z + >  T A D  S S V A L  / P I C K  U P  NUMBER 

JMP . + 4  / Y E S ,  I N D E X I N G  I S  F I N I S H E D  
I S Z  S S B O X  / N O ,  I N D E X  T H E  D I G I T  L O C A T I O N  
D C A  S S V A L  / S T O R E  R E M A I N D E R  I N  S S V A L  
JMP S S X Y Z  / C O N T  I N U E  S U B T R A C T  I N  G 
C L A  
T A D  S S B O X  / P I C K  U P  T H E  D I G I T  N U Y B E R  
JMS S S O U T  / T Y P E  I T  O U T  
DCA S S B O X  / S E T  D I G I T  C O U N T E R  TO "0" 
I S Z  S S X Y Z + l  / I N D E X  I N S T R U C T I O N  T O  G E T  

I S Z  S S C N T  / H A V E  WE T Y P E D  "4" D I G I T S  
/POWER O F  10 

JMP S S X Y Z  / N O >  C O N T I N U E  
JMP I S S P R N T  / Y E S >  R E T U R N  

/ T Y P E O U T  R O U T I N E  
S S O U T J  0 

T A D  SSTWO 
T L S  
T S F  

C L A  C L L  
JMP I S S O U T  

JMP . - 1  

S S A D D R ,  T A D  S S C O N  / I N S T R U C T I O N  TO P I C K  U P  F I R S T  . 

/POWER O F  
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0 2 4 5  
0 2 4 6  
0 2 4 7  
0 2 5 0  
0 2 5 1  
0 2 5 2  
0 2 5 3  

0 2 5 4  
0 2 5 5  
0 2 5 6  
0 2 5 7  

0 2 6 0  
7 7 6 0  
0015  
7774 
0 0 0 0  
0 0 0 0  
0 0 0 0  

6030  
7634  
7 7 6 6  
7777 

S S T W O J  2 6 0  / B A S I C  C O D E  F O R  D I G I T A L  O U T P U T  
S S P L U S J  - 2 0  /NUMBER U S E D  T O  G E N E R A T E  " S P A C E "  
S S M N S J  15 /NUMBER 'JSED T O  G E N E R A T E  "MINUS"  
S S C N T R J  - 4  / C O U N T  O F  "4" D I G I T S  
S S B O X J  0 / S T O R A G E  R E G I S T E R S  
S S C N T J  0 
S S V A L J  0 
/ T A B L E  OF P O W E R S  OF 10 
S S C O N t  6 0 3 0  1- 1000  

7 6 3 4  1 - 1 0 0  
7 7 6 6  1-  10 
7777  1- 1 
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Formerly 

Digital-8-24-U-Sym 

CHAPTER 15 

UNSIGNED DECIMAL INTEGER P R I N T  

SUBROUTINE, DOUBLE P R E C I S I O N  

15.1 ABSTRACT 

T h i s  sub rou t ine  pe rmi t s  p r i n t i n g  a doub le -p rec i s ion  i n t e g e r  s t o r e d  

i n  t h e  usua l  convent ion f o r  double-prec is ion  numbers*. The one excep- 

t i o n  i s  t h a t  a l l  2 4  b i t s  are i n t e r p r e t e d  as  magnitude b i t s  ( i . e . ,  
t h e  b i t  "0" of t h e  high-order  word i s  n o t  a s i g n  b i t ) .  The p r i n t o u t  

i s  i n  t h e  form of an e i g h t - d i g i t ,  p o s i t i v e ,  decimal  i n t e g e r .  

15.2 REQUIREMENTS 

Th i s  s u b r o u t i n e  r e q u i r e s  7310 (I l l8) l o c a t i o n s  and runs  on any 

s t a n d a r d  PDP-8 fami ly  computer w i t h  a 33-ASR Te le type  console .  

The source  t a p e  is l a b e l e d  Unsigned Decimal P r i n t ,  Double 

Digital-8-24-U-ASCII 
P r e c i s i o n ,  

15.3 USAGE 

15 .3 .1  Loading 

The symbolic t a p e  provided can be assembled w i t h  PAL 111, MACRO-8, 

or  PAL-D. It can be assembled w i t h  t h e  u s e r  program o r  s e p a r a t e l y  

wi th  t h e  proper  o r i g i n  s e t t i n g .  N e i t h e r  o r i g i n  s e t t i n g  n o r  "$I' 

t e rmina t ing  character ex is t s  on t h e  t a p e ;  t h e  t a p e  does have a PAUSE 

statement; on t h e  end. 

15.3.2 C a l l i n g  Sequence 

T h i s  s u b r o u t i n e  i s  c a l l e d  by an e f f e c t i v e  J M S  UDPRNT. The, 

l o c a t i o n  immediately fo l lowing  t h e  c a l l i n g  J M S  c o n t a i n s  t h e  addres s  

*For d e t a i l s  on s t o r a g e  of 
Rout ines  wr i t eup  a v a i l a b l e  
on Double P r e c i s i o n  Signed 
-___- 

double-prec is ion  numbers, see t h e  Math 
f r o m  t h e  PDP-8 Program L i b r a r y ,  s e c t i o n  
Mul t ip ly  Routine.  
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of  t h e  high-order  p o r t i o n  of t h e  doub le -p rec i s ion  i n t e g e r  stored i n  
t h e  u s u a l  doub le -p rec i s ion  format .  

15.4 DESCRIPTION 

T h i s  i s  basic doub le -p rec i s ion  s u b r o u t i n e  used t o  o b t a i n  
decimal o u t p u t  cor responding  t o  doub le -p rec i s ion  b i n a r y  words.  
F i r s t ,  t h e  b i n a r y  e q u i v a l e n t  of 1 0 , 0 0 0 , 0 0 0  i s  s u b t r a c t e d  from t h e  
o r i g i n a l  number u n t i l  under-flow occur s .  
number of  s u b t r a c t i o n s  necessa ry  t o  accoinplish t h i s ,  t h u s  y i e l d i n g  
t h e  most s i g n i f i c a n t  dec imal  d i g i t .  
and p r i n t e d  on t h e  33-ASR through t h e  AC. Thi's p r o c e s s  i s  repeated 
us ing  t h e  p rope r  power of t e n  t o  g i v e  t h e  seven remaining d i g i t s .  

A coun t  i s  k e p t  of t h e  

Then t h i s  d i g i t  i s  added t o  2608 

The numbers are i n t e r p r e t e d  and p r i n t e d  as i n t e g e r s .  

See Chapter  13  f o r  a d i s c u s s i o n  of t h e  t echn iques  used. 

15.5 FORMAT 

15.5 .1  C o r e  Data 

The doub le -p rec i s ion  i n t e g e r s  are s t o r e d  i n  t h e  u s u a l  double- 
p r e c i s i o n  format, w i t h  t h e  e x c e p t i o n  t h a t  b i t  " 0 "  of t h e  h igh-order  

word i s  i n t e r p r e t e d  as p a r t  of t h e  number n o t  a s i g n  b i t .  

15.5.2 Output  Data 

s i g n  i s  p r i n t e d .  Spacing,  t a b u l a t i o -  , carriage r e t u r n ,  e tc .  , are 
n o t  provided  f o r  i n  t h i s  s u b r o u t i n e .  See Chapter  6 which c o n t a i n s  
d e t a i l s  on s h o r t  s u b r o u t i n e s  f o r  such  purposes .  

Output i s  i n  t h e  f o r m  of  e i g h t  consecu t ive  dec imal  d i g i t s .  N o  

T h i s  s u b r o u t i n e  is o u t p u t  l i m i t e d  a t  1 0  cps by t h e  33-ASR. 
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15.6 FLOW CHART 

INDEX DIGIT 

ENTRY 0 

PERFORM DOUBLE 
PRECISION SUBTRACT 

FROM NUMBER 

PICK UP ADDRESS OF 
HIGH ORDER WORD FROM 

CALLING SEQUENCE 

PICK UP DOUBLE 
PRECISION NUMBER FOR 

USE IN SUBROUTINE 

INITIALIZE COUNTERS, 
POINTERS AND STORAGE r-l REGISTERS 

POWER OF TEN FOR 

PORTION OF DOUBLE 
PRECISION NUMBER 

PICK UP 
GENERATED DIGIT 

TYPE IT OUT 

NEXT POI 
PUT DI 

SUBROUTINE 
FINISHED 

PICK UP 
R OF TEN. 

ERO 
r COUNT 
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15.7 PROGRAM L I S T I N G  

R F T URN 1 R E T U R . V  W I T H  A C  A:\JD L 
/ cL  EAR 

0203  3267 
0204 1667 

020 5 
02g 6 
0207 
(32 10 
021 1 
0212  
0213  
0214 
0215  

326  1 
2247 
1 6 6 7  
3262 
1255  
326B 
1256 
3270 
2208  

D C A  U D G E T  
T A D  I U D G E T  

D C A  U D H I G H  
I S Z  U D G E r  
T A D  I U D G E T  
D C A  U D i O W  
T A D  U D L O O P  
D C A  U D C N T  
T A D  UDADDR 

I S Z  UDP2i'd'T 
D C A  u w m  

0216 1 6 7 a  UDARND,  T A D  I U D P T H  

0217 2278  I S Z  U D P T R  
0220 3 2 6 3  D C A  UDHSi lH  

0222 2270  I S Z  U D P T R  

0224 71021 U D D O >  C L L  

0221 1670 T A D  I L i D r - r K  

0223  3244  D C A  u m s m  

0 2 2 5  
0226 
0227 
0230 
0231 
0232 
0233  
0234 
023 5 

1264 
1262 
3 2 6 5  
7 9 0 4  
1263  
1261 
742a  
5242  
2'265 

T A D  U3LSU!3  
T A D  UDLOW 
D C A  UDTEML 

T A D  UDHSlJB 
T A D  U D H I G H  
SYL 
JMP UDOUT 
I S Z  U D B O X  

RAL 

0234  3261 D C A  U D H I G H  

/ P I C K  U P  A D D R Z S S  OF 
/ H I  GK-ORDET: IJORD 

/ P I C K  UP B O T H  WORDS F O R  
/USE I N  S U B R O U T I N E  

/ I N I T I A L I Z E  D I G I T  C O U N T E R  
/Fr) R " E ; "  
/ I N I T I A L I Z E  T O  T A B L E  OF 
/PnWERS n F  T E N  
/ I N D E X  L I N K A G E  F O R  C O 3 R E C T  
I R E T U R N  
/ P I C K  UP C U R R E N T  
/POWER O F  TEN FnR 
/ U S E  I N S U B T R A C T 1  O N  

I D O ' J B L E  P R E C i  S I O N  
/SUBTRACT I O N  

15-4' 



0237 
0240 
024 1 

0242  
0243  
0244 
024 5 
0245  
0247 
02 5i3 
0251 
025% 
0253 
0254 

0 2 5 5  
0256 

0257 
@6!2 
026 1 
0262 
0263  
0264 
0265  
0265 
0267 
0276  
027 1 
0272 
0 2 7 3  
0 2 7 4  
0275  
0 2 7 6  
0 2 7 '7 
0300  
030 1 
0 3 0 2  
g303  
0 3 $ 4  
0 3 0 5  
0 3 0 6  
0307 
0310  

1266 
3262  
5224 

720a  
1265  
1257 
6846 
6041 
5246 
7 300  
3265  
2260 
5216 
5680 

7770 
027  1 

0260  
c1900 
ani30 
0iZlaa 
0 a a u  
0 a a a  
000El 
0086  
0000  
0ac30 
3166 
4600 
7413  
6 7 8 8  
7747 
4540 
7775  
4350 
7 7 7 7  
6030 
7 7 7 7  
7634 
7 7 7 7  
7766 
7 7 7 7  
7 7 7 7  

u D o u ' r r  

U 3 L O O P I  
UDADDRI 

UDTWOI 
UDCiVTI 
U D H I G H I  
UDLOWI 
UDH S U B  
UDL S U 3  9 

U D B O X I  
U3TEML 9 

U D G E T ,  

UDCON 1 9 

uu P.r K 

T A D  UDTEML 
D C A  UDLOW 
JMP UDDO 

C L A  
T A D  UDBOX 
T A D  UDTWO 
T L S  
T S F  

C L A  C L L  
D C A  UDBOX 
I S Z  UDCNT 
JMP U U A W D  
J Y P  I U D P R N T  

JiYP 0 -  1 

- 10 
UDCO!\I 3 

2 6 8  
0 
0 
0 
0 
0 
0 
0 
0 
0 
3166 
4600 
7 4 1 3  
6780  
7747 
4540 
7775  
4360 
7 7 7 7  
6030  
7 7 7 7  
7634  
7 7 7 7  
7765 
7 7 7 7  
7 7 7 7  

/ G O  BACK AND SUBTRACT 
I A G A I  N 

/ P i  C K  UP R F S I J L T I  N G  01 G I  T 
/ A D D  "260" TO I T  
/ T Y P E  I T  O U T  

/ I N I T I A L I Z E  D I G I T  T O  "!2J'' 
/HAVE WE T Y P E D  "8" D I  G I  T S  . 
/NO, D E T E R N I N E  NEXT D I G I T  
/ Y E S >  swmrJrIw D O N E .  
/RE TURN 
/ C O U N T  OF " 8 ' '  D I  G i  T S  
/ I  NI T I  AL A D D R 5 S . S  OF 
/POWERS O F  TEN 
/ I C O D E  F O X  D I G I T S  
I S T O R A S E  L O C A T I O N S  

/ P O W E R S  O F  TEiV 
/ -  1 0 > 0 0 0 > 0 0 0  
/ -  1 9 0 0 0 > 0 a 0  

/ -  1009 0 a a  

1- 109000 

/ -  1 t 0 a a  

/ -  100 

1- 10 

/ -  1 

P A i J S E  
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Formerly 
Digital-8-25-U-Sym 

CHAPTER 16 

SIGNED DECIMAL INTEGER PRINT 

SUBROUTINE, DOUBLE PRECISION 

16.1 ABSTRACT 
This subroutine permits printing the contents of two consecu- 

tive computer words as one signed double-precision two's complement 
number. If bit 0 of the high order word is a "l", the remaining 
23 bits represent a negative integer in two's complement form; if 
bit 0 equals " O " ,  the remaining bits represent a positive integer. 
If the number is negative, a minus sign is printed; if positive, a 
space. 

16.2 REQUIREMENTS 
This subroutine requires 8610 (1268) core locations and runs on 

any standard PDP-8 family computer with a 33-ASR Teletype console. 

The source tape supplied is labeled Signed Decimal Print Double 

Digital-8-25-U-ASCII 
Precision, 

16.3 USAGE 

16.3.1 Loading 

and PAL-D assemblers. It can be assembled with the user's program 
or separately with the proper origin setting. Neither origin setting 
nor " $ "  terminating character exists on the symbolic tape provided, 
but a PAUSE pseudo-instruction is the last line on tape. 

The symbolic tape provided is compatible with PAL 111, MACRO-8, 

16.3.2 Calling Sequence 
The subroutine is called by an effective JMS SDPRNT. The 

location immediately following the calling JMS contains the address 
of the high-order portion of the signed, double-precision integer 
which is stored in the usual double-precision format. For example: 
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JMS SDPRNT 
ADDR 
HLT 

ADDR, la123 
4567 

1 6 . 4  DESCRIPTION 

T h i s  i s  a b a s i c  s u b r o u t i n e  t o  o b t a i n  s igned  decimal  o u t p u t  corres- 
ponding t o  a double-prec is ion  b i n a r y  word s t o r a g e  i n  t w o  consecu t ive  

l o c a t i o n s  i n  memory. F i r s t ,  t h e  b i n a r y  number i s  sensed t o  de te rmine  

i f  it i s  p o s i t i v e  o r  nega t ive .  I f  p o s i t i v e ,  a space  i s  p r i n t e d .  I f  
n e g a t i v e ,  a minus s i g n  i s  p r i n t e d ,  and t h e  number complemented t o  form 
t h e  a b s o l u t e  va lue .  Then t h e  same a lgo r i thm i s  fol lowed as i n  t h e  

unsigned double-prec is ion  p r i n t o u t  d e s c r i b e d  i n  Chapter 15. 

The numbers are i n t e r p r e t e d  and p r i n t e d  as i n t e g e r s .  

16.5 FORMAT 

16.5.1 C o r e  Data 
The  double p r e c i s i o n  i n t e g e r s  are s t o r e d  i n  t h e  u s u a l  s i g n e d ,  double- 

p r e c i s i o n  format (see t h e  Double P r e c i s i o n  Signed Mul t ip ly  s e c t i o n  of t h e  
Math Routines  wr i t eup ,  a v a i l a b l e  from t h e  PDP-8 Program L i b r a r y .  ____- 

1 6 . 5 . 2  Output Data 
Output i s  i n  t h e  form of seven consecu t ive  decimal  d i g i t s  preceded 

by e i ther  a space  or  a minus s i g n .  Spacing,  t a b u l a t i o n ,  c a r r i a g e  
r e t u r n ,  e t c . ,  are n o t  provided i n  t h i s  s u b r o u t i n e .  See Chapter 6 which 
c o n t a i n s  d e t a i l s  on s u b r o u t i n e s  f o r  such purposes .  I f  t h e  u s e r  wishes 
t o  p r i n t  a "+" s i g n  i n s t e a d  of a space ,  he can change t h e  c o n t e n t s  of 
l o c a t i o n  SDPLUS from "-15" t o  " -2" .  

T h i s  s u b r o u t i n e  i s  o u t p u t  l i m i t e d  a t  1 0  cps  by t h e  33-ASR. 

16-2 



16.6 FLOW CHART 

INDEX DIGIT 

PICK UP ADDRESS OF 
HIGH -ORDER WORD 

INDEX TO PICK UP 
NEXT POWER OF TEN. 

PUT DIGIT COUNT 
TO ZERO 

PERFORM DOUBLE 
PRECISION SUBTRACT 

FROM NUMBER 

. 

YES 

PICK UP DOUBLE 

INITIALIZE COUNTERS 
AND POINTERS 

PICK UP CURRENT 
POWER OF TEN 

1 PICK UP 
GENERATED DIGIT 

TYPE I T  OUT 

SUBROUTINE 
FINISHED 
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16.7 

0 2 0 0  
0 2 0  1 
0 2 0 2  

0 2 0 3  
0 2 0 4  
0 2 0 5  
0 2 0 6  
0 2 0 7  
0 2 1 0  
0 2 1  1 
0 2 1 2  
0 2 1 3  
0 2 1 4  

0 2 1 5  
0 2 1 6  
0 2 1 7  
0 2 2 0  
0 2 2 1  
0 2 2 2  
0 2 2 3  
0 2 2 4  
0 2 2 5  
0 2 2 6  

0 2 2 7  
0 2 3 0  
0 2 3 1  

0 2 3 2  
0 2 3 3  
0 2 3 4  
0 2 3 5  
0 2 3 6  
0 2 3 7  
0 2 4 0  
0 2 4 1  
0 2 4 2  
0 2 4 3  
0 2 4 4  
0 2 4 5  
0 2 4 6  
0 2 4 7  
0 2 5 0  

PROGRAM L I S T I N G  

0 0 0 0  
7300  
1600 

3 3 0 7  
1707 
7700  
1276  
1277 
4 2  64 
1707  
7510  
70 60 
3 3 0  1 

2 3 0 7  
1707  
7 4 3 0  
7 1 4 1  
7 4 3 0  
2 3 0 1  
3 3 0 2  
1273 
3 3 0 0  
1274 

3 3 1 0  
2200  
1710 

2 3 1 0  
3 3 0 3  
1710 
2 3 1 0  
3 3 0 4  
7 1 0 0  
1 3 0 4  
1 3 0 2  
3 3 0 6  
7 0 0 4  
1303 
1 3 0 1  
7510  
5 2 5 5  
2 3 0 5  

/cxYiiTwr i w i  D r G I r u  CJJI+ICIJT C ~ ~ P J ~ ~ I - I ~ N  
/Y4YN43D, 144SS4Cd J i 5 : r T j  

/ S I G N E D  D E C I M A L  P R I N T ,  D O U B L E  P R E C I S I O N  
/ C A L L I N G  S E Q U E N C E :  JMS S D P R N T  / S U B R O U T I N E  C A L L E D  
/ H I A D D R  / A D D R E S S  O F  H I G H  O R D E R  WORD 
/ R E T U R N  / R E T U R N  W I T H  AC AND L C L E A R  
S D P R N T ,  0 

C L A  C L L  
T A D  I S D P R N T  / P I C K  U P  A D D R E S S  OF 

D C A  S D G E T  
T A D  I S D G E T  / P I C K  U P  H I  GH-ORER WORD 
SMA C L A  / I S  I T  N E G A T I V E ?  

/ H I  GH-ORDER WORD 

T A D  S D P L U S  /NO,  G E N E R A T E  C O D E  F O R  S P A C E  
T A D  SDMNS /YES, G E N E R A T E  C O D E  F O R  " M I N U S "  
JMS S D T Y P E  / T Y P E  I T  O U T  
T A D  I S D G E T  / P I C K  U P  H I G H - O R D E R  WORD A G A I N  
S P A  / I S  I T  P O S I T I V E ?  

D C A  S D H I G H  / S T O R E  P O S I T I V E  WORD F O R  U S E  I N  

I S Z  S D G E T  
T A D  I S D G E T  / P I C K  U P  LOW-ORDER WORD 
S Z L  / I S  L I N K  S E T ?  

S Z L  / D I D  AC O V E R F L O W  FROM " I A C " ?  
I S Z  S D H I G H  / Y E S ,  C O R R E C T  H I  GH-ORDER WORD 
DCA SDLOW / S T O R E  P O S I T I V E  L O W - O R D E R  WORD 
T A D  S D L O O P  / I N I T I A L I Z E  D I G I T  C O U N T E R  TO "7" 
DCA S D C N T  
T A D  S D A D D R  / I N I T I A L I Z E  P O I N T E R  TO T A B L E  OF 

DCA S D P T R  
I S Z  S D P R N T  / I N D E X  L I N K A G E  F O R  C O R R E C T  R E T U R N  

CMA CML / N O ,  COMPLEMENT I T *  S E T  L I N K  

'SUBROUTINE 

CMA C L L  I A C  / Y E S ,  FORM T W O ' S  COMPLEMENT 

/POWERS O F  T E N  

SDARND,  T A D  I S D P T R  / P I C K  U P  POWER OF T E N  F O R  U S E  I N  
/ S U B T R A C T  

I S Z  S D P T R  
D C A  S D H S U B  
T A D  I S D P T R  
I S Z  S D P T R  
D C A  S D L S U B  

T A D  S D L S U B  
T A D  SDLOW 
D C A  S D T E M L  
R A L  
TAD S D H S U B  
T A D  S D H I G H  
S P A  / D I D  I T  UNDERFLOW? 

S D D O J  C L L  / D O U B L E  P R E C I S I O N  S U B T R A C T I O N  

JMP S D O U T  / N O ,  COUNT I S  DONE 
I S Z  S D B O X  / Y E S ,  C O U N T  N O T  DONE.  I N D E X  D I G I T  
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0 2 5 1  

0 2 5 2  

0 2 5 3  
0 2 5 4  
0 2 5 5  
0 2 5 6  
0 2 5 7  
0 2 6 0  
0 2 6 1  
0 2 6 2  
0 2 6 3  
0 2 6 4  
0 2 6 5  
0 2 6 6  
0 2 6 7  
0 2 7 0  
0 2 7  1 
0 2 7 2  
0 2 7 3  
0 2 7 4  
0 2 7 5  
0 2 7 6  
0 2 7 7  
0 3 0 0  
0 3 0 1  
0 3 0 2  
0 3 0 3  
0 3 0 4  
0 3 0 5  
0 3 0 6  
0 3 0 7  
0 3 1 0  
0 3 1 1  
0 3 1 2  
0 3 1 3  
0 3 1 4  
0 3 1 5  
0 3 1 6  
0 3 1 7  
0 3 2 0  
0 3 2 1  
0 3 2 2  
0 3 2 3  
0 3 2 4  
0 3 2 5  
0 3 2 6  

3 3 0  1 

1 3 0 6  

3 3 0 2  
5 2 3 7  
7 2 0 0  
1305  
4264  
3 3 0 5  
2 3 0 0  
5 2 3  1 
5 600 
0000 
1275 
6 0 4 6  
604  I 
5267 
7300 
5 664 
7771 
0 3 1 1  
0260  
7763 
7775 
0 0 0 0  
0 0 0 0  
0 0 0 0  
0 0 0 0  
0 0 0 0  
0 0 0 0  
0 0 0 0  
0000  
0 0 0 0  
7 4 1 3  
6700  
774 7 
4 5 4 0  
7775 
4 3 6 0  
7 7 7 7  
6 0 3 0  
7777 
7 6 3 4  
7 7 7 7  
7 7 6 6  
7 7 7 7  
7777 

S D O U T ,  

S D T Y P E ,  

S D L O O P J  
SDADDR,  
SDTWOJ 
S D P L U S t  
S D M N S J  
S D C N T J  
S D H I G H t  
SDLOWJ 
S D H S U B J  
S D L S U B ,  
SDBOX,  
S D T E M L J  
S D G E T J  
S D P T R J  
S D C O N L J  

D C A  S D H I G H  / D E P O S I T  R E M A I N I N G  H I G H - O R D E R  

T A D  S D T E M L  / R E S T O R E  R E M A I N I N G  LOW-ORDER 

D C A  SDLOW 
JMP SDDO / G O  BACK AND S U B T R A C T  A G A I N  
C L A  
T A D  S D B O X  / P I C K  U P  R E S U L T I N G  D I G I T  
JMS S D T Y P E  / T Y P E  I T  O U T  
DCA S D B O X  / I N I T I A L I Z E  D I G I T  T O  "0" 
I S Z  S D C N T  / H A V E  WE T Y P E D  "7" D I G I T S  

/ P O R T 1  ON 

/PORT1 ON 

JMP S D A R N D  / N O ,  D E T E R M I N E  N E X T  D I G I T  
JMP I S D P R N T  / Y E S ,  S U B R O U T I N E  D O N E *  R E T U R N  
0 / T Y P E O U T  R O U T I N E  
T A D  SDTWO 
T L S  
TSF 

C L A  C L L  
JMP I S D T Y P E  
- 7  / C O U N T  OF S E V E N  D I G I T S  
S D C O N L  / I N I T A L  A D D R E S S  OF P O W E R S  OF T E N  
2 60 / B A S I C  C O D E  F O R  D I G I T S  

- 3  / " M I N U S "  
0 I S T O R A G E  LO C A T 1  O N S  
0 
0 
0 
0 
0 
0 
0 
0 
7 4 1 3  / T A B L E  OF P O W E R S  OF T E N  
6700  1- 1 J 000,000 
7 7 4 7  / - 1 0 0 > 0 0 0  
4 5 4 0  
7775  1- 10,000 
4 3 6 0  
7777  1 -  19 0 0 0  
6030  
7 7 7 7  1 - 1 0 0  
7 6 3 4  
7 7 7 7  1-  10 
7 7 6 6  
7 7 7 7  1 -  1 
7 7 7 7  

JMP * - 1  

- 1 5  / "SPACE" .  TO TYPE r r + ' r ~  R E P L A C E  BY ' ' -2' '  
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Formerly 

D i g i t a l -  8- 1 4  -U-S ym 

CHAPTER 1 7  

BINARY TO BCD CONVERSION 

(Binary t o  Binary Coded D e c i m a l  Conversion) 

1 7 . 1  ABSTRACT 

T h i s  s u b r o u t i n e  p rov ides  t h e  basic means of c o n v e r t i n g  b i n a r y  
d a t a  t o  binary-coded-decimal (BCD) d a t a  f o r  p r i n t i n g ,  magnetic t a p e  
r eco rd ing ,  e tc .  

1 7 . 2  REQUIREMENTS 

T h i s  s u b r o u t i n e  uses  33 ( 4 1 8 )  s t o r a g e  l o c a t i o n s  and runs  on 
any s t a n d a r d  PDP-8 fami ly  computer w i t h  a 33-ASR Te le type  console .  
The source  t a p e  provided i s  l a b e l e d  Binary t o  Binary coded D e c i m a l  

Conversion, 

10 

Digital-8-14-U-ASCII 

17 .3  CALLING SEQUENCE 

The subrou t ine  i s  c a l l e d  by t h e  JMS i n s t r u c t i o n .  When c a l l e d ,  t h e  
b i n a r y  number t o  be conver ted  must be i n  t h e  accumulator  ( A C ) .  

The subrou t ine  r e t u r n s  t o  t h e  i n s t r u c t i o n  immediately fo l lowing  
t h e  c a l l i n g  JMS w i t h  t h e  BCD r e s u l t  i n  t h e  AC. 

1 7 . 4  DESCRIPTION 

Reference t o  t h e  Flow Char t  (F igure  1 7 . 1 )  i l l u s t r a t e s  t h i s  d i s -  
cuss  ion .  

On i n p u t  t h e  b i n a r y  number i s  s t o r e d ,  a p o i n t e r  i s  i n i t i a l i z e d ,  
the l i n k  i s  c l e a r e d ,  and a coun te r  t o  c o n t r o l  t h e  number of p a s s e s  
through t h e  computation loop proper  i s  p r o p e r l y  se t .  

The loop i s  now e n t e r e d ,  and i s  r e p e a t e d  e i g h t  times. 

The b i n a r y  e q u i v a l e n t s  o f  8 0 0 ,  4 0 0 ,  2 0 0 ,  100, 80, 4 0 ,  2 0 ,  and 1 0  

are s u b t r a c t e d  s u c c e s s i v e l y  from t h e  o r i g i n a l  b i n a r y  number. 
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A f t e r  each s u b t r a c t i o n ,  a t e s t  on t h e  l i n k  i s  made. I f  t h e  r e s u l t  
of t h e  tes t  shows t h e  l i n k  t o  be 0 ,  t h e  n e x t  l o w e r  e q u i v a l e n t  i s  
s u b t r a c t e d  from t h e  same q u a n t i t y  a f t e r  t h e  c o n t e n t s  of t h e  l i n k s  

are s h i f t e d  i n t o  t h e  deve loping  BCD number (Locat ion NUMBER). 
( 0 )  

I f  t h e  s u b t r a c t i o n  l e a v e s  a n e g a t i v e  l i n k ,  t h e  c o n t e n t s  of t h e  
accumulator r e p l a c e  t h e  b i n a r y  r e p r e s e n t a t i o n  c u r r e n t l y  be ing  processed  

a f t e r  t h e  c o n t e n t s  of t h e  l i n k  (1) have been s h i f t e d  i n t o  t h e  growing, 
BCD number. 

A f t e r  e i g h t  p a s s e s  through t h e  b a s i c  loop, t h e  developed BCD 
r e p r e s e n t a t i o n  i s  s h i f t e d  l e f t  f o u r  b i t s  and t h e  ' ' r e s i d u a l "  l ea s t  
s i g n i f i c a n t  d i g i t  i s  added b e f o r e  e x i t .  

17 .5  EXAMPLE 

As an example cons ide r  t h e  convers ion  of t h e  b i n a r y  e q u i v a l e n t  
of 512 decimal:  

Link 

0 

1 

0 

1 

Addi t ion  
001 000  0 0 0  000  
110 011 100 000  
111 011 100 000 

001 000  000  000 
111 001 110 000  
000 001 110 0 0 0  

000  001 110 000 
111 110 001 000  
111 111 111 000  

000  001 110 000  
111 110 011 100 
000  000  001 100 

-800 

-400 

-200 

-100 

Notice t h a t  t h e  remainder i s  t h e  b i n a r y  r e p r e s e n t a t i o n  of 1 2  
decimal .  Writing t h e  l i n k  b i t s  in t h e  o r d e r  t hey  are developed g i v e s  
0 1 0 1  t h e  BCD c h a r a c t e r  denot ing  5. 

1 7 . 6  SCALING 

The o r i g i n a l  b i n a r y  number must be no l a r g e r  t h a n  999  (decimal)  
which i s  e q u i v a l e n t  t o  1 7 4 7  ( o c t a l ) .  The b i n a r y  p o i n t  i s  assumed t o  
be a t  the extreme r i g h t  end of t h e  word ( t o  t h e  r i g h t  of b i t  p o s i t i o n  
11) and t h e  decimal p o i n t  i s  a l s o  so p o s i t i o n e d .  
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I n  o t h e r  words, t h i s  s u b r o u t i n e  c o n v e r t s  b i n a r y  i n t e g e r s  t o  BCD 

i n t e g e r s .  

Note t h a t  t he  s u b r o u t i n e  i s  des igned  f o r  p o s i t i v e  i n p u t  on ly !  

ENTER 

A DATA + INPUT 

(COUNT)+AC 

TAD INPUT 

POINTER TAD TABLE 

(AC)+INPUT 

I 

JMP POINTER.-2 clj 
RETURN 

Figure  1 7 . 1  FLOW CHART 
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17.7 PROGRAM LISTING 
A listing of the program with BCD located in 0200 appears as follows: 

0 2 0 0  
028 1 
0 2 0 2  
0 2 0 3  
0 2 0 4  
028 5 
020 5 
0207  
02 10 

021 1 
02 1 2 
0213  
0214 
0215  
0216  
02 1 7 
022d 
022 1 
0 2 2 2  
0 2 2 3  
0224 
0 2 2 5  
0226 
0227 
02 3 'b 
0 2 3  1 
0 2 3 2  
0 2 3 3  
0 2 3 4  
0 2 3 5  
0236  
0237  
0240  

0aea  
3226  
1225  
3210 
7100 
1230  
3227 
1226 
1231 

7 4 3 8  
3226 
7200 
1227 
7004 
2210 
742d 
5266 
7 106 
7005 
1226 
56B0 
1231 
0000  
0000  
05328 
6340 
7160 
7470 
7634 
7666  
7730 
7754 
7 7 6 6  

/ c ~ ~ ' Y ; ~ I G H ~  1 , 9 7 1  ~ I G I  r ~ .  m q . J w + x r  C M N ~ ~ ~ I W  
/M~Y\JWI, v4.wic~Jxi - i - s  
/ B I N A R Y  TO BCD C O ~ J V E R S I O I U  3 / 6 / 6 5 - H B - D E C  
/ E N T E R  W I T H  B I N A R Y  NUMBER ( < 9 9 9 (  1 0 ) )  
/ I N  ACCUMYLATOK; EX1 1' W I  TH T H R E E  C H A R A C T E R  
/ B C D  NIJMBER IN ACCUMULATOR 
/ A C  0-3 ;  AC 4-7; AC 8-11  W I L L  C O N T A I N  
/ T H E  BCD CHAFIACTER ON E X I T  
/WE1 G H T I  N G :  AC 0 - 3  100 
/ AC 4-7  10 
/ AC 8 - 1 1  1 
I S T O R A G E  33( 1 0 )  R E G 1  S T E R S  
/ T I M E = 2  16 - 0 - 2 3 5  * 2  MI C R O - S E C O N D S  PDP-8 

B C D I  0 
/ I F  1,vPrJ.i- >993 ( IEI )  PTSULT I S  U N S P E C I F I E D  

D C A  I N P U T  /STORE B I N A R Y  
T A D  cowrm / S E T  UP T A B L E  
DCA P C I I N T R  / P O I N T E R S  
C L L  
TAD COUiVT / S E T  B I T  7 = l ;  8 R A L ' S  

TAD I i V F U T  
DCA NLI!YBER  ILL P u r  I T  I N  L I N K  

P O I N T R ,  TAD T A B L E  / O R  T A B L E + l r  T A B L E + 2 ,  E T C -  

SZL / I F  C ( L ) = l >  I N P U T > - T A B L E  
D C A  I w u r  / I F  SO: I N P U T = I N P U T + T A B L E  
C L A  
TAD NUiYQER 
R AL / P U T  T H I S  B I T  I N  ANSWER 
ISZ P O I N T R  / U P D A T E  T A B L E  P O I N T E R  
SNL / I F  L I N K = 1 *  A L L  DONE 
J M P  P O I N T R - 2  
CLL R T L  / C O N V E R T E D  2 BCD 
R T L  / C H A R A C T E R S  
TAU I N P U T  / S q I F ' T  L E F T  A N D  A D D  
JMP I BCD / T H E  T H I R D  

C O N T R L  9 TAD T A B L E  
I NPil'r, (d 

N Uiyl B ER I 0 
CorJN'r I 0020  
T A B L E I  - 1440 / - 8 0 0 (  10)  

- 0 6 2 6  1- 400 
- 0 3 1 0  1 - 2 0 0  
- 0 1 4 4  1- 100 
- 0 1 2 0  / -E0  
- 0 0 5 a  1 - 4 0  
- 0 0 2 4  1 - 2 0  
- 0 0 1 2  1- 10 

/ E X A M P L E :  I l U P i l T  0726 ( 8 )  
/ O U T P U T  0 1 0 0 / 0 1 1 1 / 0 0 0 0  = 470 ( 1 0 )  
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Formerly 

Digital-8-15-U-Sym 

0 0 0 0 1 0 0 0 0 0 0 0  

CHAPTER 18 

0 0 0 1 0 0 0 0 1 0 0 0  

BINARY TO BCD CONVERSION ( 4 - D I G I T )  

(Binary t o  Binary Coded D e c i m a l  Conversion, $-Digi t )  

1 8 . 1  ABSTRACT 
This  sub rou t ine  ex tends  t h e  method used i n  Chapter  1 7  so t h a t  

b i n a r y  i n t e g e r s  from 0 t o  4095 con ta ined  i n  a s i n g l e  computer word 

may be conver ted  t o  f o u r  binary-coded-decimal c h a r a c t e r s  packed i n  

t w o  computer words. 

18 .2  REQUIREmNTS 

T h i s  s u b r o u t i n e  uses  53 (658) s t o r a g e  l o c a t i o n s  and runs  on any LO 
s t anda rd  PDP-8 fami ly  computer w i t h  33-ASR Te le type  Console. The 

source  t a p e  provided i s  l a b e l e d  Binary t o  Binary-Coded-Decimal Conver- 

s i o n  (Four D i g i t ) ,  
Digital-8-15-U-ASCII 

18.3 CALLING SEQUENCE 

This  sub rou t ine  i s  c a l l e d  by t h e  JMS i n s t r u c t i o n  w i t h  t h e  b ina ry  

number t o  be  conver ted  i n  t h e  accumulator ( A C ) .  

This  s u b r o u t i n e  r e t u r n s  t o  t h e  loca t ion  immediately fo l lowing  

t h a t  con ta in ing  t h e  c a l l i n g  JMS.  The format  of t h e  r e s u l t  i s  d i scussed  

below. 

18.4 DESCRIPTION 
This  program i s  e s s e n t i a l l y  Digital-8-14-U-ASCII ( d e s c r i b e d  i n  

Chapter 17)  extended t o  a l l o w  f o r  i n t e g e r s  i n  t h e  range of  1 0 0 0  t o  
4095. 

18 .5  CORE DATA 

R e s u l t s  appear  i n  core as :  

Word ONE Word TWO 

0 1 2 .  . 5 6 7 8 .  . 11 0 1 2 . . 5 6 7 8 . . 1 1  
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The decimal  coding f o r  2048  i s  i l l u s t r a t e d .  

18 .6  IBM COMPATIBILITY 

Note t h a t  b i t s  0 ,  1 and 6 ,  7 are set  so t h a t  they  can be regarded  
as zone B and zone A b i t s  r e q u i r e d  fo r  IBM BCD mode compat ib le  6 - b i t  

numer ica l  c h a r a c t e r s .  

I n  t h i s  mode of  r e c o r d i n g ,  t h e  c h a r a c t e r  1 0 1 0  i s  used f o r  z e r o  

i n s t e a d  of  code 000’0 which t h i s  s u b r o u t i n e  produces.  The re fo re ,  t o  
use  t h i s  r o u t i n e  i n  con junc t ion  w i t h  IBM-compatible m a g  t a p e  r e c o r d i n g ,  
it i s  necessa ry  t o  w r i t e  a short  a u x i l i a r y  r o u t i n e  t o  make t h i s  sub- 
s t i t u t i o n .  

I t  m a y - a l s o  be necessa ry  t o  g e n e r a t e  t h e  even p a r i t y  r e q u i r e d  by 

such r e c o r d i n g  i f  t h i s  i s  n o t  accomplished i n  t h e  t a p e  c o n t r o l  hardware. 

18.7 PROGRAM LISTING 

IC d+= Y i I ij+i i 1 3 I 
/v IY~M-~!I : , ,  ~ 4 5 5 4 ~ ~  ~ S E r r s  

i3 I G I r 4~ c .I J I +I z v r I: 3 . w ~  4 r I O+J 

/ B I N A R Y  T O  B C D  C O N V E R S I O N  3 / 7 / 6 5 - H B - D E C  
/ E N T E R  W I T H  B I N A R Y  NUMBER I N  ACCUYULATOR 
/ E X I T  W I T H  4 S I X - B I T  B C D  C H A R A C T E R S  
/ P A C K E D  TWO T O  A WORD I N  R E G I S T E R S  
/ O N E  AND TWO O R  I N  A B U F F E R .  
/ U S E D  F O R  W R I T I N G  M A G - T A P E  I N  B C D  FORMAT 
/ I I V  A D D I T I O N  T O  B C D  P A R I T Y  

/ O N E  0-1 A I B  B I T S  
/ O N E  2 - 5  l0@0 D E C A D E  
/ O N E  6 - 7  A I B  B I T S  
/ O N E  8-11 l0g D E C A D E  
/ TWO 0-1 A I S  B I T S  
/ TWO 2 - 5  10 D E C A D E  
/ TWO 6 - 7  A I B  B I T S  
/ TWO 8-11 1 D E C A D E  
/ S T O R 4 G E  - 53 ( 10) R E G 1  S T E R S  

/ o u r P d T  F O R M A T :  

/ T I M E  3 2 4 . 8 - 3 5 0 - 4  M I C R O - S E C O N D S  P D P - 8  
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0200  
020  1 
0282 
0 2 0 3  
02ia4 
0 2 0 5  
0 2 0 6  
0207 
0 2 1 0  
0 2 1 1  
0212 
0 2 1 3  
0 2 1 4  
02 15 
02 1 6  
0217 
0220 
E 2  1 
0222  
0 2 2 3  
0 2 2 4  
0 2 2 5  
0226 
0227  

I 0 2 3 0  
023  1 
0232  
0233 
023 4 

0235  
0236  
0237 
0240  

0241  
0 2 4 2  
0243 
0 2 4 4  
0245 
E 4 6  
0247 
0250  
0 2 5 1  

0 0 8 0  
322.3 
1225 
3240  
1226 
4234  
7106 
4234  
1232 
3 2 3 2  
1227 
4234  
7106 
7006 
7006 
1223 
1233 
323  1 
5600 
0 0 0 8  
0000  
1252  
1010 
0400  
0000  
0030  
0080  
0000  
0000  

B C D r  

I INPUT 1 

NUMBER1 
CONTRL r 

COUNT 1 r  
C 0 U N  T 2 r 

ONE,  
T W a r  
B I T S l r  
B I T S 2 1  
S T E P J  

7100  
3224  
1223  
1252 P O I N T R r  

7 430 
3223  
720rd 
1224 
7004 
2 2 4 0  
7430  
5634  
5236  

0 
D C A  I N P U T  
TAD C O Y T R L  
D C A  POI iVTR 
TAD C 0 ; I N T l  
JMS S T E P  
C L L  R T L  
JMS S T E P  
TAD B I T S 1  
D C A  ONE 
TAD C O U N T 2  
JMS S T E P  
C L L  R T L  
R T L  
R T L  

TAD B I T S 2  
DCA TWO 
JMP I BCD 
0 
0 
TAD T A B L E  
1010 
040a  
0 
0 
0 
0 
0 

T A D  I I V P ~ T  

C L L  
D C A  NUMBER 

TAD T A B L E  
T A D  I N P U T  

S Z L  
D C A  I N P U T  
C L A  
TAD NUMBER 
RAL 
I S Z  P O I N T R  
S Z L  
JMP I S T E P  
JMP P O I N T R - 2  

/ S T O R E  B I N A R Y  
/ S E T  U P  T A B L E  
/ P O I N T E R  
/ S E T  C O U N I  
/ C O  N V  E RT 

/ C O N V E R T  NEXT 
/ A r B  B I T  P A T T E R N S  
/OF! D C A  I AUTO ( 10- 1 7 )  
/ S E T - U P  COUNT 

/ L E A S T  SI G N I  F I  CAiVT B I  T S  
/ A r B  B I T  P A T T E R N S  
/ O R  D C A  I AUTO ( 1 0 - 1 7 )  
/ E X 1  T 

1 0 2  A N Y  B I T  PATTERiV 
/ O R  A N Y  B I T  P A T T E R N  
/ A C T U A L  C O N V E R S I  ON 
/SUBROUTINE 

/ O R  T A B L E +  1 1  T A B L E + 2 r  E T C *  

/ I F  C ( L ) = l ;  I N P U T > - T A B L E  
/ I F  S O :  I N P U T = I N P U T + T A B L E  

/ R O T A T E S  W I L L  B R I  N G  
/ C O U N T  B I T  I N T O  LIiNX 

/ S T E P  D O N E  
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02 52 
0 2 5 3  
0254  
0 2 5 5  
0256  
0257  
0260  
026  1 
0262  
0263  
0 2 6 4  

0 1 4 0  
4060  
6 0 3 0  
6340 
7 1 6 0  
7470 
7 6 3 4  
7660 
7 7 3 0  
7 7 5 4  
7766 

/ - 4 0 0 0  (10 )  T A B L E Y  - 7 6 4 0  
- 3 7 2 0  
- 1 7 5 0  
- 1440  
- 0 6 2 0  
- 0 3 1 0  
- 0 1 4 4  
- 0 1 2 0  
- 0 0 5 0  
- 0 0 2 4  
- 0 0 1 2  

/EXAMPLE: I N P U T  7 7 7 7  ( 8 )  
/ OUTPUT: ONE 0 0  0 1 0 0 /  0 0  0 0 0 0  = 4 0 9 5  ( 1 0 )  
/ TWO 0 0  1 0 0 1 1  0 0  0 1 0 1  
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HOW TO OBTAIN SOFTWARE INFORMATION 

SOFTWARE NEWSLETTERS. MAILING LIST 
The Software Communications Group, located at corporate headquarters in 
Maynard, publishes software newsletters for the various DIGITAL products. 
Newsletters are published monthly, and keep the user informed about cus- 
tomer scftware problems and solutions, new software products, documenta- 
tion corrections, as well as programming notes and techniques. 
There are two similar levels of service: 

. The Software Dispatch . The Digital Software News 
The Software Dispatch is part of the Software Maintenance Service. This 
service applies to the following software products: 

PDP- 9/15 
RSX- 1 1 D 

RSTS-E 
DECsystem-10 

DOS/BATCH 

A Digital Software News for the PDP-11 and a Digital Software News for 
the PDP-8/12 are available to any customer who has purchased PDP-11 or 
PDP-8/12 software. 
A collection of existing problems and solutions for a given software 
system is pub1.i-shed periodically. A customer receives this publication 
with his initial software kit with the delivery of his system. This 
collection would be either a Software Dispatch Review or Software Per- 
formance Summary depending on the system ordered. 
A mailing list of users who receive software newsletters is also main- 
tained by Software Communications. Users must sign-up for the news- 
letter they desire. This can be done by either completing the form sup- 
plied with the Review or Summary or by writing to: 

Software Communications 
P.O. Box F 
Maynard, Massachusetts 01754 

SOFTWARE PROBLEMS 
Questions or problems relating to DIGITAL'S software should be reported 
as follows: 
North and South American Submitters: 
Upon completion of Software Performance Report (SPR) form remove last 
copy and send remainder to: 

Software Communications 
P.O. Box F 
Maynard, Massachusetts 01754 

The acknowledgement copy will be returned along with a blank SPR form 
upon receipt. 
number. The SPR number or the preprinted nuiiber should be referenced in 
any future correspondence. Additional SPR forms may be obtained from 
the above address. 
All International Submitters: 
Upon completion of the SPR form, reserve the last copy and send the re- 
mainder to the SPR Center in the nearest DIGITAL office. SPR forms are 
also available from our SPR Centers. 
PROGRAMS AND MANUALS 
Software and manuals should be ordered by title and order number. In the 
United States, send orders to the nearest distribution center. 

The acknowledgement will contain a DIGITAL assigned SPR 



Digital Equipment Corporation 
Software Distribution Center Software Distribution Center 
146 Main Street 1400 Terra Bella 
Maynard, Massachusetts 01754 Mountain View, California 94043 
Outside of the United States, orders should be directed to the nearest 
Digital Field Sales Office or representative. 
USERS SOCIETY 
DECUS, Digital Equipment Computers Users Society, maintains a user ex- 
change center for user-written programs and technical application infor- 
mation. The Library contains approximately 1,900 programs for all 
DIGITAL computer lines. Executive routines, editors, debuggers, special 
functions, games, maintenance and various other classes of programs are 
available. 
DECUS Program Library Catalogs are routinely updated and contain lists 
and abstracts of all programs according to computer line: 

Digital Equipment Corporation 

PDP-8, FOCAL-8, BASIC-8, PDP-12 
PDP-7/9, 9, 15 
PDP-11, RSTS-11 
PDP-6/10 , 10 

Forms and information on acquiring and submitting programs to the DECUS 
Library may be obtained from the DECUS office. 
In addition to the catalogs, DECUS also publishes the following: 
DECUSCOPE -The Society's technical newsletter, published bi-monthly, 

aimed at facilitating the interchange of technical in- 
formation among users of DIGITAL computers and at dis- 
seminating news items concerning the Society. Circula- 
tion reached 19,000 in May, 1974. 

PROCEEDINGS OF -Contains technical papers presented at DECUS Symposia 
THE DIGITAL held twice a year in the United States, once a year 
EQUIPMENT USERS in Europe, Australia, and Canada. 
SOCIETY 
MINUTES OF THE -A report of the DECsystem-10 sessions held at the two 
DECsystem-10 United States DECUS Symposia. 
S ES S IONS 
COPY-N-Mail -A monthly mailed communique among DECsystem-10 users. 
LUG/SIG -Mailing of Local User Group (LUG) and Special Interest 

Group (SIG) communique, aimed at providing closer 
communication among users of a specific product or 
application. 

Further information on the DECUS Library, publications, and other DECUS 
activities is available from the DECUS offices listed below: 

DECUS DECUS EUROPE 
Digital Equipment Corporation Digital Equipment Corp. International 
146 Main Street (Europe ) 
Maynard, Massachusetts 01754 P.O. Box 340 

1211 Geneva 26 
Switzerland 



PDP-8 Family 
Commonly Used Utility Routines 
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READER'S COMMENTS 

NOTE: This form is fo r  document comments only. Problems 
with software should be reported on a Software 
Problem Repcrt (SPR) form (see the HOW TO OBTAIN 
SOFTWARE INFORMATION page). 

Did you find errors in this manual? If so, specify by page. 

Did you find this manual understandable, usable, and well-organized? 
Please make suggestions for improvement. 

Is there sufficient documentation on associated system programs 
required for use of the software described in this manual? 
what material is missing and where should it be placed? 

If not, 

Please indicate the type of user/reader that you most nearly represent. 

0 Assembly language programmer 
0 Higher-level language programer 
0 Occasional programmer (experienced) 
0 User with little programming experience 
0 Student programmer 
0 Non-programmer interested in computer concepts and capabilities 

Name Date 

Organization 

Street 

City State Zip Code 
or 

Country 

If you do not require a written reply, please check here. 0 
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