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FLOTSAM - A TWO-PARAMETER ON-LINE DATA 

ACQUISITION PROGRAM FOR THE PDP-7 

A. L .  Marusak 

ABSTRACT 

FLOTSAM i s  a program f o r  t h e  PDP-7, designed t o  accept  
one- and/or two-parameter d a t a  from experiments.  
r epor t  desc r ibes  t h e  p a r t i c u l a r  two-parameter program used 
f o r  measuring neutron c r o s s  sec t ions  by t h e  t ime-o f - f l i gh t  
technique from (d,n),  (n ,n ' ) ,  and (p ,n )  r e a c t i o n s .  
S u f f i c i e n t  v e r s a t i l i t y  i s  included so  t h a t  conversion t o  
one-parameter 4096-channel d a t a  a c q u i s i t i o n  o r  o t h e r  
conf igura t ions  is, wi th  some s tudy of t h e  program, easy and 
has been done. The d a t a  from A D C ' s  a r e  f e d  d i r e c t l y  i n t o  
the  computer i n t o  one of two 64-word temporary b u f f e r s .  
While one b u f f e r  i s  being f i l l e d  wi th  da ta ,  events  i n  t h e  
o t h e r  a r e  being analyzed and s t o r e d .  A bank of s i x  s c a l e r s  
can be read i n t o  t h e  computer and s t o r e d .  A continuous 
osc i l loscope  d i sp lay  of a l l  o r  some of t h e  d a t a  i s  provided, 
wi th  t h r e e  modes ( l i n e a r ,  log,  square r o o t )  a v a i l a b l e  f o r  
t h e  y-coordinate  (number of counts i n  a channel ) .  Light pen 
rou t ines  a r e  provided t o  enable one t o  e x t r a c t  peak informa- 
t i o n  from e i t h e r  o ld  d a t a  s to red  on magnetic t ape  o r  from 
d a t a  as they  a r e  taken .  Permanent s to rage  of d a t a  i s  on 
IBM-compatible magnetic tape ;  t h e  d a t a  can also be typed out  
o r  p l o t t e d  on a CALCOMP p l o t t e r .  This r e p o r t  inc ludes  a 
g e n e r a l  d e s c r i p t i o n  of t h e  program, ope ra t ing  i n s t r u c t i o n s ,  
some flow cha r t s ,  and t h e  complete annotated l i s t i n g  of t h e  
program i t s e l f .  

This 
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I. INTRODUCTION 

The purpose of t h i s  r e p o r t  i s  th ree fo ld .  F i r s t  of a l l ,  a gene ra l  

d e s c r i p t i o n  i s  provided t o  g ive  one some idea  of what t h e  system can do. 

Intermixed i n  t h i s  d e s c r i p t i o n  a r e  some t e c h n i c a l  d e t a i l s  which may be 

of i n t e r e s t .  Secondly, a complete set of ope ra t ing  i n s t r u c t i o n s  i s  pro- 

vided f o r  those  who merely wish t o  use t h e  program. F i n a l l y ,  a complete 

anota ted  l i s t i n g  of t h e  program i t s e l f  i s  given a long  wi th  some flow 

c h a r t s  f o r  those  who wish t o  examine i t  i n  d e t a i l .  

I n  i t s  s imples t  form, a computer used f o r  on - l ine  d a t a  a c q u i s i t i o n  

r ep laces  a mult ichannel  ana lyzer .  I n  a d d i t i o n ,  FLOTSAM enables  one t o  

do ex tens ive  monitor ing of an experiment, t o  e x t r a c t  peak information 

[ a r e a ,  c e n t r o i d ,  and FWHM ( f u l l  width a t  half-maximum)] a s  a f i r s t  s t e p  

i n  obta in ing  c r o s s  s e c t i o n s ,  and t o  s t o r e  and r e t r i e v e  d a t a  on magnetic 

t ape  quick ly  and e a s i l y .  For monitor ing purposes,  a one-parameter 

256-channel spectrum can be taken,  Regions of i n t e r e s t  of a p a r t i c u l a r  

spectrum can be typed out  and summed i f  d e s i r e d ,  o r  peak information can 

be ex t r ac t ed  by means of a l i g h t  pen. Spec t ra  can a l s o  be p l o t t e d  on a 

CALCOMP p l o t t e r .  The ADC'S  ( ana log - to -d ig i t a l  conver te r )  a r e  checked 

r e g u l a r l y  a g a i n s t  each o the r  t o  make s u r e  they are a l l  count ing.  A bank 

of 6 s c a l e r s  i s  read i n t o  t h e  machine a t  i n t e r v a l s ,  and c e r t a i n  r e l a t i o n s  

which should e x i s t  between d i f f e r e n t  s c a l e r s  a r e  checked. An o s c i l l o -  

scope d i s p l a y  e x i s t s  which can d i sp lay  cont inuously reg ions  of i n t e r e s t  

in t h e  d a t a  i n  any of t h r e e  y-coordinate  (number of counts  i n  a channel) 

modes ( l i n e a r ,  log,  o r  square r o o t ) .  For d a t a  s t o r a g e  and r e t r i e v a l ,  

r o u t i n e s  are included t o  w r i t e  on magnetic t ape  t h e  d a t a  taken dur ing  

a run along with p e r t i n e n t  monitor ing information such as t h e  monitor 

1 

California Computer Products, Inc . , Downey, California. 
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spectrum, t h e  t i m e  of t h e  run  ( a l l  runs a re  t imed),  t h e  s ix  scalers ,  e t c .  

Other r o u t i n e s  ex is t  t o  search  on magnetic t a p e  f o r  a previous run and 

r e t r i e v e  a l l  o r  some of t h e  d a t a  f o r  t h a t  run. 

11. STORAGE I N  THE COMPUTER 

Events a re  s t o r e d  as two-parameter d a t a ,  s o r t e d  according t o  p u l s e  

h e i g h t  and t i m e ,  i n  up t o  e i g h t  groups (according t o  pulse  he ight )  of 

512 channels (time) each. I n  a d d i t i o n  a s i n g l e  parameter ( t ime,  energy, 

e t c . )  256-channel spectrum f o r  monitor purposes i s  s to red .  The two- 

parameter da ta  a r e  fur thermore walk-corrected 

s i n g l e  group of 512 channels (henceforth c a l l e d  t h e  Collapsed Spectrum). 

One a d d i t i o n a l  reg ion  of 512 channels ,  c a l l e d  t h e  Background, i s  pro- 

vided.  This  reg ion  i s  used as temporary s t o r a g e  by some r o u t i n e s ,  and 

a l s o  i s  used i n  t h e  peak s t r i p p i n g  r o u t i n e s  t o  extract  t h e  c e n t r o i d ,  

area,  and FWHM of i n d i v i d u a l  peaks. 

memory (-5400 words) i s  used t o  s t o r e  t h e  a c t u a l  program. 

2 and co l lapsed  i n t o  a 

The r e s t  of t h e  20,0008 word 
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111. TWO- PARAMETER STORAGE 

The d a t a  a r e  s t o r e d  i n  two parameters pr imar i ly  t o  t r ea t  t h e  problem 

of ''walk''.2 The two-parameter s t o r a g e  a l s o  al lows one t o  s e t  a r b i t r a r y  

b i a s e s  on t h e  d e t e c t o r .  Since most background c o n s i s t s  of low energy 

neutrons and gamma r a y s ,  most of i t  f a l l s  i n t o  t h e  lower groups cor res -  

ponding t o  l o w  p u l s e  h e i g h t s .  One can a r b i t r a r i l y  d i s c r i m i n a t e  a g a i n s t  

t h i s  background by n o t  us ing  low pulse-height  groups f o r  high energy 

neutron peaks, l o s i n g  a s m a l l  percentage of t h e  peak area,  while  

r e s t o r i n g  t h e  group i f  necessary f o r  low energy peaks. 

"Neutron E l a s t i c  and I n e l a s t i c  S c a t t e r i n g  from 56Fe 
from 4.60 t o  7.55 MeV," Ph.D. d i s s e r t a t i o n ,  ORNL-TM-2052, January 1968. 

"Wrap-around" 

"W. E. Kinney, 
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(because t iming f o r  t h e  experiments i s  from a pulsed beam, neut rons  with 

f l i g h t  t i m e s  d i f f e r i n g  by a t i m e  equal  t o  t h e  frequency-'of the pulsed 

beam w i l l  f a l l  i n  t h e  same channel ,  t h e  lower energy neut rons  being 

"wrapped around"), low energy peaks can be  e l imina ted  i n  t h e  same manner. 

S ince  t h e  program al lows one t o  c o l l a p s e  v a r i o u s  sequences of groups 

"on-the-fly",  one can quickly deduce background running c o n d i t i o n s ,  peak 

shapes,  e tc .  

I V .  DATA MANIPUUTION AND MONITORING 

The program has  b u i l t  i n t o  i t  t h e  c a p a b i l i t y  of manipulat ing d a t a  

s t o r e d  i n  one p a r t i c u l a r  reg ion ,  t h e  Background. By means of t h e  l i g h t  

pen, t h e  Background can be s e t  equal  t o  a Foreground ( e .g . ,  Monitor, one 

of t h e  e i g h t  groups,  o r  t h e  Collapsed Spectrum. Any of t h e s e  may l a t e r  

be r e f e r r e d  t o  as Foreground.). Then t h e  Background can  be a l t e r e d  with 

t h e  l i g h t  pen i n  such a way t h a t  t h e  d i f f e r e n c e  between Foreground and 

Background i s  a peak of i n t e r e s t .  A r o u t i n e  i s  provided t o  c a l c u l a t e  

t h e  area, c e n t r o i d ,  and FWHM of t h i s  peak. 

Simple checks on some of t h e  e l e c t r o n i c s  i s  done by t h e  computer. 

I n  our case ,  p e r t i n e n t  d a t a  i s  f ed  i n t o  a bank of s ix  scalers  as d a t a  

are being taken. Normally d e f i n i t e  r e l a t i o n s  hold  between t h e  v a l u e s  

of c e r t a i n  s c a l e r s  ( i n  our case, under proper running c o n d i t i o n s ,  

scaler 3 > scaler 4 ,  scaler 6 > scaler 5,  and scaler  4 > scaler 6 ) .  

A t  t h e  o p t i o n  of t h e  u s e r ,  t h e s e  scalers can be read i n t o  t h e  computer 

p e r i o d i c a l l y  and checked. I f  t h e  proper r e l a t i o n s  do no t  hold,  t h e  run 

i s  stopped and t h e  t e l e t y p e  b e l l  i s  rung t o  warn t h e  opera tor .  

a t  t h e  d i s c r e t i o n  of t h e  u s e r ,  t h e  two sets  of ADCIS (TOF and Monitor) 

S i m i l a r l y ,  
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can be checked a g a i n s t  each o t h e r  t o  make s u r e  both are  count ing.  I f ,  

f o r  i n s t a n c e ,  576 consecut ive  events  a re  TOF events ,  t h e  computer w i l l  

assume t h e  Monitor ADC i s  no t  working, and t h e  opera tor  i s  warned a s  

above. 

The b i t  p a t t e r n  of d a t a  f ed  i n  i s  se t  by patch-panels .  By changing 

boards,  one i s  a b l e  t o  feed i n  one parameter gamma-ray s p e c t r a  t o  study 

pulse-height  a m p l i f i e r  c a l i b r a t i o n .  With another  patch panel ,  one can 

feed i n  d a t a  from t h e  y-n pulse-shape d i s c r i m i n a t i o n  c i r c u i t  t o  s e t  

windows f o r  y-n d iscr imina t ion .  

V. INTERRUPT HANDLING 

FLOTSAM i s  a program which opera tes  completely on t h e  PIC (Program 

I n t e r r u p t  Cont ro l ) .  There a r e  no wai t ing  loops f o r  job-done o r  equipment- 

ready f l a g s  from input /output  equipment. There i s  one and only one main 

program, t h e  d i s p l a y  r o u t i n e .  

s e r v i c e  p e r i p h e r a l  equipment, and then c o n t r o l  i s  re turned  t o  i t .  Since 

c o n t r o l  i s  re turned  wi th  t h e  PIC enabled between a l l  i n t e r r u p t s  ( e . g . ,  

when t h e  t e l e t y p e  i s  se rv i ced ,  c o n t r o l  i s  re turned  between t h e  typing of 

i n d i v i d u a l  c h a r a c t e r s ) ,  o t h e r  input /output  devices  can be i n i t i a l i z e d  

while  one i s  being serviced.  

This  r o u t i n e  i s  i n t e r r u p t e d  as needed t o  

The magnetic t a p e  input /output  c o n t r o l  and t h e  ADC i n t e r f a c e  t r a n s -  

f e r  blocks of d a t a  by means of a h i g h - p r i o r i t y  i n t e r r u p t ,  t h e  d a t a  break. 

To i n i t i a l i z e  one of t h e s e  dev ices ,  one f i r s t  s e t s  up through t h e  program 

two r e g i s t e r s ,  a memory address  counter  (MAC) and a word counter  (WC). 

(The magnetic t a p e  u n i t s  and t h e  ADC i n t e r f a c e  have d i f f e r e n t  p a i r s  of 

MAC'S and W C ' s . )  The MAC c o n t a i n s  t h e  s t a r t i n g  address  of t h e  block of 
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d a t a  t o  be  t r a n s f e r r e d ,  and t h e  WC c o n t a i n s  t h e  nega t ive  of t h e  number of 

words t o  be t r a n s f e r r e d .  When one of t h e s e  devices  h a s  been enabled and 

i s  ready t o  t r a n s f e r  a word of d a t a ,  t h e  computer "pauses" ( t h a t  i s ,  t h e  

f low of t h e  program i s  stopped, o r  broken, t o  enable  a t r a n s f e r  of 1 datum 

of information)  f o r  one machine c y c l e ,  1.75 psec, dur ing  which t i m e  t h e  

datum i s  t r a n s f e r r e d  t o  t h e  address  i n  t h e  MAC, and t h e  MAC and t h e  WC 

are  both incremented by one. Then t h e  flow of t h e  program cont inues  

normally. Data breaks can occur whether o r  no t  t h e  PIC i s  enabled. 

When t h e  WC of e i t h e r  device  overflows ( reaches  a v a l u e  of 0 ) ,  a r e g u l a r  

i n t e r r u p t  f l a g  i s  se t .  These f l a g s ,  along w i t h  t h o s e  from t h e  c lock ,  

keyboard, t e l e t y p e ,  paper t a p e  r e a d e r ,  paper t a p e  punch, l i g h t  pen, 

CALCOMP p l o t t e r ,  o r  console ,  cause  a break i n  t h e  sequence of t h e  pro- 

gram. When one of t h e s e  occurs  and t h e  PIC i s  enabled, t h e  program 

s t o r e s  t h e  address  of t h e  next  i n s t r u c t i o n  i n  t h e  d i s p l a y  loop t o  be 

executed, s t o r e s  a l l  p e r t i n e n t  r e g i s t e r s ,  d i s a b l e s  t h e  PIC, and jumps t o  

a r o u t i n e  t o  dec ide  which i n t e r r u p t  occurred. That i n t e r r u p t  i s  s e r v i c e d ,  

p e r t i n e n t  r e g i s t e r s  are r e s t o r e d ,  t h e  PIC i s  enabled, and t h e  d i s p l a y  loop 

i s  cont inued a t  t h e  proper address .  It i s  n o t  unusual t o  have a s i t u a t i o n  

i n  which new d a t a  a re  coming i n  from t h e  A D C I S ,  t h e  c lock  i s  enabled and 

count ing,  o l d  d a t a  are  being read i n  from magnetic t ape ,  t h e  t e l e t y p e  i s  

typing ou t  information,  and t h e  d i s p l a y  i s  being a l t e r e d  by means of t h e  

l i g h t  pen a l l  a t  once, t h e  d i s p l a y  cont inuing  without  n o t i c e a b l e  f l i c k e r .  

If  s e v e r a l  i n t e r r u p t s  occur a t  once, they are  serv iced  s e q u e n t i a l l y  i n  

t h e  o rde r :  

p l o t t e r ,  keyboard, t e l e t y p e ,  l i g h t  pen, magnetic t a p e ,  and paper t a p e  

r eade r .  The paper t a p e  punch i s  n o t  used. 

Console, c lock ,  ADC b u f f e r  overflow ( s e e  s e c t i o n  I X ) ,  CALCOMP 



V I .  CONSOLE INTERRUPT 

3 A t  t h e  reques t  of t h e  buyer, our PDP-7 w a s  equipped wi th  one addi- 

t i o n a l  i n t e r r u p t ,  a push but ton  on t h e  computer c o n t r o l  panel which 

opera tes  on t h e  PIC, c a l l e d  t h e  Console I n t e r r u p t .  This bu t ton  i s  used 

s o l e l y  t o  cause a break i n  t h e  program. It i s  programmed i n  FLOTSAM t o  

be used as a quick and easy way t o  s t o p  d a t a  t ak ing ,  t o  shu t  o f f  t h e  

t e l e t y p e  b e l l  i n  case of a normal h a l t  (timed run) o r  an e r r o r  h a l t  (ADC, 

Sca le r )  o r  t o  cont inue  a run  a f t e r  i t  has  been stopped by one method o r  

another .  Note t h a t  t o  s ta r t  a run;  t h a t  i s ,  t o  r e i n i t i a l i z e  a l l  p e r t i n -  

e n t  counters ,  b u f f e r s ,  e t c . ,  i t  i s  necessary t o  type i n  a n  e x p l i c i t  

i n s t r u c t i o n ,  STR. 

V I I .  DISPLAY ROUTINE 

The main program, t h e  d i s p l a y  program, i s  executed cont inuously i f  

no i n t e r r u p t  occurs.  Data can be  sca led  i n  t h e  y-coordinate  by manipula- 

t i o n  of several of t h e  AC switches (see s e c t i o n  X I V ) .  Other AC switches 

are  used t o  i n d i c a t e  which block of d a t a  i s  t o  be displayed.  P a r t i c u l a r  

reg ions  of t h e s e  blocks can b e  expanded t o  f i l l  t h e  e n t i r e  scope by means 

of t h e  l i g h t  pen (F ig .  l), and i f  p r e c i s e  s t a r t i n g  and s topping channels  

are d e s i r e d ,  they can be set  from t h e  keyboard, marker l i n e s  being d i s -  

played a t  t h e  low and h i g h  channels .  Conversely, t h e  channel and con- 

t e n t s  of t h e  low and high-marker l i n e s  can be typed ou t .  Teletype com- 

mands are  a l s o  included t o  change t h e  form of t h e  y-coordinate  d i s p l a y .  

Normal mode i s  l i n e a r ;  LOG and square-root  modes a re  a v a i l a b l e .  The 

y-coordinate  scale  can be  wrapped around o r  n o t  on t e l e t y p e  command. 

( I f  t h e  y-coordinate  scale i s  such t h a t  t h e  conten t  of a channel would 

3 D i g i t a l  Equipment Corporation, Maynard, Massachusetts.  
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a.  Full spectrum; l i n e s  de f ine  
region of  i n t e r e s t .  

b .  Expanded reg ion  of i n t e r e s t .  

Channel-+ (e Time) Channel-+ (e Time) 

5 8 N i ( d , n ) 5 9 ~  spectrum a t  20' and 34.22 m f l i g h t  p a t h .  Figure 1. 
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run o f f  scale ,  i t  i s  wrapped around from zero.  For no wrap-around t h i s  

count t akes  t h e  maximum y-coordinate  v a l u e  on t h e  osc i l loscope . )  F i n a l l y ,  

a t e l e t y p e  command e x i s t s  t o  enable  d a t a  s t r i p p i n g .  This  sets  up t h e  flow 

of t h e  d i s p l a y  loop s o  t h a t  one can a l s o  d i s p l a y  t h e  d i f f e r e n c e  between a 

Foreground and t h e  Background, and enables  one t o  a l t e r  t h e  spectrum i n  

t h e  Background t o  e x t r a c t  peak information.  

The opt ion  of being o r  n o t  being i n  S t r i p  Mode e x i s t s  because t h e r e  

are  c e r t a i n  o t h e r  opera t ions  which cannot be  exerc ised  whi le  i n  S t r i p  Mode. 

Log and Square-Root d i s p l a y s  are  d i s a b l e d ,  and t h e  BCD magnetic t a p e  dump 

and t h e  CALCOMP p l o t t e r  r o u t i n e s  a re  d isab led .  LOG and Square Root d i s -  

p lays  cannot be used i n  S t r i p  Mode because t h e  coord ina tes  of o s c i l l o s c o p e  

p o i n t s  have t o  be descaled,  and no exponent ia l  o r  square r o u t i n e s  e x i s t  i n  

t h i s  program. BCD dump and t h e  p l o t t e r  r o u t i n e s  are  s t o r e d  i n  t h e  Back- 

ground spectrum. 

V I I I .  STRIPPING ROUTINE 

I f  t h e  S t r i p p i n g  Mode i s  enabled, i t  now becomes p o s s i b l e  t o  s t r i p  

away background events  from bona f i d e  peaks and t o  extract  t h e  area,  

c e n t r o i d ,  and FWHM of i n d i v i d u a l  peaks. This  i s  done by s e t t i n g  t h e  Back- 

ground equal  t o  a given Foreground, then a l t e r i n g  t h e  Background c o n t e n t s  

so t h a t  t h e  peak of i n t e r e s t  i s  el iminated.  The program then  c a l c u l a t e s  

t h e  d i f f e r e n c e  between t h e  Foreground and t h e  Background reg ions  and 

types ou t  t h e  peak information and which Foreground i s  being displayed.  

The d i f f e r e n c e  has  nonzero counts ,  of course,  only i n  t h e  peak (Fig.  2 ) .  

The d i f f e r e n c e  i t s e l f  can be d isp layed .  



10 I 

a. Region of interest in b. Background set equal to 
I 

Foreground shown in Figure 1. Foreground; peak of interest 
eliminated with a light pen. 

u1 

2 0 
V 

Channel+ (+- Time) 

e. Foreground plus Background. 

m 

-5 0 
u 

Channel-+ (+- Time) 

d. Difference. 

Channel+ (e Time) Channel-. (+ Time ) 

Figure 2. Oscilloscope displays illustrating the sequence of 
steps in stripping peaks of a spectrum. 
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A l t e r a t i o n  of t h e  Background i s  accomplished by means of a l i g h t  

pen following r o u t i n e .  

grammed i n  such a way t h a t  t h e  c e n t e r  p o i n t  o f  t h e  g r i d  i s  pos i t ioned  as 

n e a r l y  as p o s s i b l e  d i r e c t l y  beneath t h e  l i g h t  pen if t h e  l i g h t  pen d e t e c t s  

any of t h e  5 p o i n t s .  A s  t h e  l i g h t  pen moves, t h e  s t rawberry fol lows i t .  

A s  t h e  s t rawberry moves through t h e  Background, i t  a l t e r s  t h e  counts  i n  

t h e  channel n e a r e s t  t h e  c e n t e r  of t h e  s t rawberry i n  such a way t h a t  t h e  

o s c i l l o s c o p e  y-coordinate  o f  t h e  channel c o n t e n t s  equals  t h e  y-coordinate  

of t h e  c e n t e r  of t h e  s t rawberry.  

A s m a l l  g r i d  o r  "strawberry" of 5 d o t s  i s  pro- 

It i s  p o s s i b l e  t o  s t r i p  a peak whi le  counts  a r e  being added t o  t h e  

peak. This  i s  f o r  most purposes meaningless,  al though a person might,  

f o r  i n s t a n c e ,  wish t o  s t r i p  a given peak and study i t s  c h a r a c t e r i s t i c s  

as a func t ion  of t i m e .  For most purposes,  however, t h e  fol lowing pro- 

cedure i s  used. The inpu t  from t h e  ADCIS ( s e e  s e c t i o n  IX) i s  so 

arranged t h a t  nothing goes i n t o  Group 7 ,  t h e  h i g h e s t  group. A f t e r  a 

given run i s  completed and s t o r e d  on magnetic t a p e  and a new run  i s  

s t a r t e d ,  t h e  Collapsed Spectrum o r  Monitor Spectrum from previous 

runs i s  read i n t o  group 7 on t e l e t y p e  command. 

s t r i p p e d .  

These d a t a  a r e  then  

IX. DATA TAKING AND PROCESSING 

The TOF (Time-of-Flight) d a t a  a re  s o r t e d  i n t o  groups according t o  

p u l s e  h e i g h t s  i n  t h e  following manner: 

an ADC t o  a number between 0 and 128 .  Input ted  through t h e  keyboard 

are  8 "bin l i m i t s "  i n  ascending o rde r .  Pulse  h e i g h t s  < t h e  f i r s t  b i n  

l i m i t  w i l l  f a l l  i n  group 0 .  

t h e  p u l s e  h e i g h t  i s  converted by 

Pulse  h e i g h t s  2 f i r s t  b i n  l i m i t  but  < second 
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b i n  l i m i t  w i l l  f a l l  i n  group 1, and so f o r t h .  There i s  one l i m i t a t i o n .  

The f i r s t  group whose b i n  l i m i t  x 2  63 w i l l  receive a l l  counts  whose 

pulse  h e i g h t  1 x ;  t h a t  i s ,  p u l s e  h e i g h t s  of v a l u e  y ,  where 63 5 y 5 128, 

w i l l  f a l l  i n t o  one group. It w a s  decided through experience t h a t  only 

events  w i th  low p u l s e  h e i g h t s  needed t o  b e  separa ted  i n t o  groups.  

Data a re  fed d i r e c t l y  from t h e  A D C I S  i n t o  t h e  computer by means of 

t h e  d a t a  break "cyc le-s tea l ing"  f e a t u r e  i n t o  one of two b u f f e r s  through 

an i n t e r f a c e  suppl ied by D E 3  i n  t h e  format of Table I. When one b u f f e r  

i s  f i l l e d  (WC overflow),  t h e  ADC i n t e r f a c e  i s  d i s a b l e d  and a f l a g  t o  t h e  

PIC i s  se t .  The data-processing r o u t i n e  immediately switches b u f f e r s ,  

re -enables  t h e  ADC i n t e r f a c e ,  and s tar ts  t o  process  t h e  d a t a  i n  t h e  f u l l  

b u f f e r  event-by-event. The processor  s e p a r a t e s  monitor events  from 

t i m e - o f - f l i g h t  (TOF) even t s ,  storing monitor events  i n  t h e  Monitor Spec- 

trum and s e p a r a t i n g  t h e  TOF events  according t o  p u l s e  h e i g h t s  and time, 

s t o r i n g  events  i n  t h e  c o r r e c t  channels  of t h e  c o r r e c t  group. Then, i t  

adds each TOF event t o  t h e  Collapsed Spectrum, s h i f t i n g  channels  f o r  

walk c o r r e c t i o n  ( t h e  s h i f t s  are typed i n  beforehand),  if t h e  group i n t o  

which t h e  count f a l l s  i s  t o  be included i n  t h e  Collapsed Spectrum. I f  

a channel i n  any spectrum overflows, t h e  channel ,  t h e  number of t i m e s  

t h e  channel  overflowed and t h e  spectrum i n  which t h e  channel i s  loca ted  

are  s o r t e d  i n  an overflow b u f f e r ,  which i s  s t o r e d  permanently on magnetic 

t a p e  and/or i s  typed o u t .  

being f i l l e d  with d a t a  through t h e  data-break f e a t u r e .  

Meanwhile, of course,  t h e  o t h e r  b u f f e r  i s  

For moderate count ing rates ( 51000 events/second) t h e  computer 

Recycling i n  t h e  A D C I S  causes  e s s e n t i a l l y  no a d d i t i o n  t o  dead t i m e .  

t a k e s  an average of  45 psec for TOF A D C ' s  and 33 vsec for t h e  Monitor ADC. 



Table I 

B i t s  0 1 2  3 . 4  5 6 7 8 9 10 11 1 2  13 14 15 16 1 7  
] 1 ( o / o ~ ~ ( o ~ o ( o ~ o ~ o ~ o ~ x  I" (x I" 1 "  I" I" 1" 

L ~ (one-parameter) 
Output from ADC 

The d i s t i n g u i s h i n g  f e a t u r e  of t h e  two i s  ACO = 1 Monitor 
= o  TOF 
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Once every 64 events ,  when a bu f fe r  i s  f i l l e d ,  t h e  ADC i n t e r f a c e  i s  d i s -  

abled f o r  about 45 psecs ,  t h e  time r equ i r ed  t o  switch b u f f e r s .  This  t i m e  

i s  s m a l l  compared t o  t h e  t o t a l  time r equ i r ed  t o  r e c y c l e  t h e  A D C ' s  64 t imes,  

and f o r  an average of e i t h e r  33 psecs (Monitor) o r  45 psecs  (TOF) of t h e  

45 usec used t o  switch b u f f e r s ,  t h e  A D C ' s  a r e  r ecyc l ing  and cannot accept  

a new event.  The processing t i m e  f o r  a TOF event  i s  about 58 psecs and 

f o r  a monitor event  about 28 psecs.  We have found t h a t  t h e  dead t i m e  i n  

t h e  TOF A D C ' S  i s  about 50% when a s u f f i c i e n t l y  high count ing r a t e  has  been 

reached f o r  t h e  computer t o  c o n t r i b u t e  t o  t h e  dead t ime. Maximum count ing 

ra tes ,  dur ing  which t h e  dead t ime of t h e  A D C ' s  i s  -100% and the  d i s p l a y  

i s  blank ( a l l  t h e  t i m e  i s  spent  switching b u f f e r s  and processing even t s ) ,  

are ~ 1 7 , 0 0 0  TOF events/second o r  35,000 monitor events/second. One 

would n o t ,  of course,  normally run an experiment under t h e s e  cond i t ions .  

Data-taking i s  i n i t i a l i z e d  from t h e  keyboard and then  can be h a l t e d  

and cont inued by t h e  Console I n t e r r u p t .  

X. MAGNETIC TAPE HANDLING 

Provis ions  a r e  made t o  s t o r e  d a t a  i n  e i t h e r  of two format:  odd- 

p a r i t y  b inary  code and even-pari ty  BCD code. I n  normal usage s t o r a g e  

i s  i n  b inary  s i n c e  i t  i s  much more compact than BCD. Binary odd-par i ty  

s t o r a g e  c o n s i s t s  o f ,  per  run: 

Record 1: Run number (one 18 -b i t  word) 

Record 2: Collapsed Spectrum (512 words) 

Record 3:  Monitor Spectrum of 256 words p l u s  6 s c a l e r s  s t o r e d  as 

s t r i p p e d  ASCII ( s c a l e r s  are  read i n  as decimal d i g i t s  

i n  BCD, t h e  d i g i t s  a r e  converted t o  ASCII code, t h e  



6 least  s i g n i f i c a n t  b i t s  of each A S C I I  d i g i t  are  k e p t ,  

and t h e  s t r i p p e d  A S C I I  d i g i t s  are  s t o r e d  t h r e e  per  1 8 - b i t  

word), 3 words per  scaler ,  t h e  t i m e  o f  t h e  run  i n  seconds, 

t h e  b i n  o r  p u l s e  h e i g h t  l i m i t s  on each group (8 words),  

t h e  s h i f t s  corresponding t o  t h e  groups (8 words),  t h e  

f i r s t  group t o  be c o l l a p s e d ,  t h e  l a s t  group t o  be c o l l a p s e d ,  

and t h e  l i s t  of channel overflows ( s e e  s e c t i o n  X I V )  which 

may have occurred (319 words t o t a l ) .  

Records 4-19: The 8 groups of uncollapsed d a t a ,  256 channels  per 

record.  

The runs  are  separa ted  by an EOF (End of F i l e ) ,  and t h e  l a s t  run  on t h e  

t a p e  i s  terminated by two EOF'S. 

Runs s t o r e d  i n  b inary  can be read back i n t o  t h e  machine e n t i r e l y  

o r  i n  p a r t  a t  t h e  d e s i r e  of t h e  use r .  

BCD even-par i ty  s t o r a g e  c o n s i s t s  o f ,  per  run, i n  120-character  

records  : 

Record 1: 1 (one),  blank, 5 - d i g i t  run  number, 113 blanks 

Records 2-257: 8 groups of 512 channels ,  each record  i n  t h e  f o r -  

m a t :  ( l x ,  14 ,  1617 ,  3X) where t h e  f i r s t  number i s  t h e  

number of t h e  f i r s t  channel of t h a t  record ,  followed 

by 16 channels  of information. 

Record 258: 1 (one) ,  1 (one) ,  5 - d i g i t  run  number, 113 blanks 

Records 259-291: Collapsed Spectrum i n  t h e  ( l X ,  14 ,  1617, 3X) 

format . 
Record 292: 1 (one),  2 ( two),  5 - d i g i t  run  number, 113 blanks 
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Records 293-309: Monitor Spectrum i n  t h e  ( l X ,  14,  1617 ,  3 X )  format.  

Runs are separa ted  by an EOF; l a s t  run  i s  terminated by 2 EOF's. 

Data s t o r e d  i n  BCD cannot be  read back i n t o  t h e  machine. It can, 

however, be read by s tandard FORTRAN programs on a v a r i e t y  of o t h e r  

computers. BCD dump uses  so many autoindexers  and so much temporary 

s t o r a g e  t h a t  no o the r  t e l e t y p e  commands are recognized wh i l e  t h e  dump i s  

i n  progress .  Furthermore, t h e  BCD dump r o u t i n e s  are  s t o r e d  i n  Background; 

S t r i p  Mode and - I N T  both modify Background and d i s a b l e  - BCD. 

happens, t h e  BCD r o u t i n e s  must be  reloaded from paper t a p e  on t e l e t y p e  

command. This  can be done whi le  d a t a  a re  being taken. 

I f  t h i s  

X I .  TELETYPE INPUT/OUTPUT 

The keyboard i s  used ex tens ive ly  t o  c o n t r o l  t h e  program. With t h e  

except ion of  t h e  l i g h t  pen and t h e  AC switches,  used f o r  manipulat ing 

t h e  d i s p l a y ,  and t h e  Console I n t e r r u p t ,  used t o  s t o p  and cont inue  d a t a -  

t ak ing ,  a l l  commands are  i n p u t t e d  through t h e  keyboard. 

l e g i t i m a t e  commands t o  t h e  keyboard, a l l  of which a re  descr ibed  i n  

s e c t i o n  X I V .  Checks are  made t o  ignore  i l l e g i t i m a t e  commands. A l l  

d a t a  s t o r e d  permanently on magnetic t a p e  can,  w i t h  a ser ies  of i n s t r u c -  

t i o n s ,  be typed out  on t h e  t e l e t y p e .  Any p a r t  o r  a l l  of t h e  d a t a  can 

be typed o u t  and a running sum given i f  d e s i r e d .  I n  a d d i t i o n ,  t h e r e  

a re  several i n s t a n c e s  i n  which t h e  program w i l l  type o u t  information 

on i t s  own. For i n s t a n c e ,  i f  one se t s  a timed run,  t h e  program auto- 

m a t i c a l l y  types  ou t  EOT (End of T i m e )  and r i n g s  t h e  b e l l  a t  t h e  proper 

t i m e .  I f  t h e  program encounters an e r r o r  occur r ing  i n  t h e  A D C ' s  o r  i n  

t h e  scalers  ( s e e  Data Manipulation and Monitoring) i t  w i l l  a u t o m a t i c a l l y  

There are  48 



s t o p  da ta- tak ing ,  type out  t h e  type of e r r o r  encountered, and proceed t o  

r i n g  t h e  b e l l .  F i n a l l y ,  i f  t h e  channel overflow l i s t  i s  f i l l e d ,  data-  

tak ing  i s  stopped, t h e  l i s t  i s  typed o u t  and r e - i n i t i a l i z e d ,  and t h e  run  

i s  continued. 

X I I .  CALCOMP PLOTTEX 

Provis ions  have been made t o  a l low plotting of data on a CALCOMP 

p l o t t e r .  Because of space l i m i t a t i o n s ,  p l o t t i n g  cannot t a k e  p l a c e  whi le  

s t r i p p i n g  peaks i n  S t r i p  Mode. The p l o t t i n g  package i s  s t o r e d  i n  t h e  

Background Spectrum, and both S t r i p  Mode and t h e  i n s t r u c t i o n  - I N T  a l t e r  

Background. I f  Background h a s  been a l t e r e d ,  one must re load  t h e  

p l o t t i n g  package. 

which loads t h e  p a p e r  type conta in ing  t h e  p l o t t i n g  package and enables  

t h e  p l o t t e r .  This  can be  done whi le  d a t a  are  being taken. Furthermore, 

one can do a c t u a l  p l o t t i n g  whi le  d a t a  are being taken. The r o u t i n e  

w i l l  p l o t  any Foreground, inc luding  group 7 .  Thus, o l d  d a t a  can be 

read i n  from magnetic t a p e  and p l o t t e d  whi le  a new run i s  i n  progress .  

This  i s  done wi th  a t e l e t y p e  i n s t r u c t i o n ,  LPT, - 

X I I I .  HARDWARE CHANGES TO THE PDP-7 

Several  changes and a d d i t i o n s  i n  e l e c t r o n i c s  and i n t e r f a c e s  have 

been made. An i n t e r f a c e  has  been added which enables  a read- in  of a 

bank of s i x  7 - d i g i t  scalers i n t o  memory. Another i n t e r f a c e  h a s  been 

added t o  enable  a CALCOMP p l o t t e r .  The input /output  (IOT) s k i p  f l a g s  

have been modified so t h a t  a s k i p  i n d i r e c t  ( i . e . ,  KSF I) w i l l  cause a 

s k i p  i f  t h e  f l a g  i s  not set .  

expected manner, i . e . ,  s k i p  i f  t h e  f l a g  i s  se t .  The magnetic t a p e  

A normal I O T  s k i p  w i l l  work i n  t h e  
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d r i v e s  have been rewired t o  work proper ly  under  a l l  circumstances under 

PIC c o n t r o l .  

only the  l e a s t - s i g n i f i c a n t  6 - b i t s  of a word a r e  dumped on t a p e .  The 

t e l e type  has been rewired t o  t u r n  i t s e l f  on i f  output  i s  d e s i r e d  and 

t h e  t e l e t y p e  i s  turned o f f .  

Magnetic t ape  c o n t r o l  has been a l t e r e d  so t h a t ,  i f  des i red ,  



X I V .  OPEFVlTING INSTRUCTIONS 

To load  program: f o r  an HRI (Hardware Read-In) mode paper tape,  s e t  

address  switches t o  208, load paper tape,  and push REXD-IN. 

assembled-version tape,  s e t  address  switches t o  17~63~' load  RIM mylar 

tape ,  push READ-IN. 

tape,  push START. A f t e r  t ape  i s  read in ,  push CONTINUE. To load  from 

t h e  Systems Tape (magnetic t ape ) ,  load  Systems Tape on Tape Drive 0, s e t  

address  switches t o  177638, load UGGYCHUG mylar tape,  push READ-IN. 

Type i n  FLOTSAM! 

For an 

Se t  address  switches t o  177708, load program paper 

Normal s t a r t i n g  address  i s  22 The HRI paper tape  can be reloaded 8' 
without  a f f e c t i n g  any s p e c t r a  which may be i n  t h e  computer. The o t h e r s  

des t roy  p a r t s  of d a t a  s to rage .  

All output  numbers a r e  i n  decimal.  Input  numbers are decimal or  

o c t a l .  

changes t o  o c t a l  mode, and t h e  mode s t a y s  i n  o c t a l  u n t i l  DEC - i s  typed.  

S imi la r ly ,  once i n  decimal mode, it s t a y s  t h e r e  u n t i l  OCT - i s  typed.  

The program starts ou t  i n  decimal mode. The i n s t r u c t i o n  OCT - 

For typ ing  i n  numbers : 

than  262143~~ a r e  i n  e r r o r .  

type any a lphabe t i c  c h a r a c t e r .  

such i l l e g a l  c h a r a c t e r .  

A c o m a  ends t h e  number. Numbers l a r g e r  

To r e s t a r t  a number i n  case  of a mistake, 

The t e l e t y p e  types  a ? i n  case  of any 

When typing  i n  commands, only t h e  las t  t h r e e  cha rac t e r s  a r e  used.  

All commands a r e  th ree -cha rac t e r  mnemonics. ESnd a l l  commands with a 

c a r r i a g e  r e t u r n  o r  a space.  

If an i l l e g a l  command i s  given, computer types  "?? ! ". 
The c a r r i a g e  r e t u r n  g ives  a l i n e  feed a l s o .  

COMMAND MFANTNG 

IBS I n i t i a l i z e .  Types out  "BINLIMS." Type i n  e i g h t  dynode group 

l i m i t s .  Types out "SHFTS,LO,HI." Type in e i g h t  channel 

s h i f t s ,  lowest group number and h ighes t  group number f o r  

walk c o r r e c t i o n .  Groups a r e  numbered 0 through 7. New 

va lues  t ake  e f f e c t  only on - STR. 

BTN Types out  "BINLIMS." Type i n  b i n  l i m i t s  on ly .  
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C O W D  ( c o n ' t )  W I N G  ( c o n ' t )  

STS Types out  "Shfts, LO, H I . "  Type i n  s h i f t s ,  low and high groups.  

BSL Types out  b i n  l i m i t s ,  s h i f t s ,  and low and h igh  groups, i n  t h a t  

o rde r .  

t a k i n g  command a f t e r  loading  program. Also, any time a com- 

p l e t e  (GT2, GT7) run i s  read i n  from magnetic tape,  t h e  BSL 

i s  done a t  t h e  f i rs t  da ta- tak ing  i n s t r u c t i o n ,  s ince  t h e  BSL 

contents  a r e  s to red  on t ape  and a r e  read back i n  by GT2 or 

GT7. 

This w i l l  be typed au tomat i ca l ly  a t  t h e  f irst  da ta -  

- - -  
- 

- 
- 

STR S t a r t .  Zeros spec t ra ,  r e s e t s  s c a l e r s  and overflow b u f f e r ,  and 

accumulates da t a  u n t i l  stopped by a console i n t e r r u p t  or u n t i l  

t ime equals  t h a t  s e t  by SET. 

during t h e  run.  One can continue a run a f t e r  a timed h a l t ,  

and type i n  a new time a t  which t o  s top .  A s e t  t ime of zero  

minutes w i l l  run fo reve r .  A t  end of time, t e l e t y p e  types  

out  "EOT" and r ings  t h e  b e l l  for 15 seconds, a f t e r  which it 

a c t s  as a Console I n t e r r u p t .  One can shut  o f f  t h e  b e l l  w i th  

an a c t u a l  Console I n t e r r u p t .  

Time can be s e t  a t  any t ime - 

ZSG Types "GE". Type i n  a group t o  be zeroed.  

SET S e t s  time f o r  a timed run. Types out  "Ti%". Type i n  t h e  

number of minutes f o r  which run i s  t o  be taken.  

TS= Types out running time t o  the  nea res t  second. 

i s  n o t  t a k i n g  data ,  t h e  t ime i s  t h a t  of  t h e  previous run taken 

or that of t h e  l a s t  run read i n  from tape  by a GT7 or GT2. 

Console H a l t .  Stops d a t a  tak ing ,  dumps s c a l e r s  i n t o  memory, dumps 

If t h e  program 

- - 

I n t e r  rup t time of run i n  seconds i n t o  memory and types  out  any channel 

overflows which may have occurred ( see  OVR). 

pushed again,  t h e  run i s  continued, then stopped, e t c .  

If I n t e r r u p t  i s  - 

OVR Types out  channel overflows, i f  any, i n  t h e  format:  XYYYYY Z 

where X = 0 for col lapsed,  1 f o r  monitor, 2 f o r  f u l l ,  YYYY i s  

t h e  channel, Z = number of t imes t h e  overflow occurred.  If 
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COMWJD ( c o n ' t )  MEANING ( c o n ' t )  

LOL 

HIL 

KLN 

LNS 

LO= 

H I =  

LIN 

a T  

more than  13 channels overflow, t h e  l i s t  i s  typed out  and the  

l i s t  i s  r e i n i t i a l i z e d .  The f i r s t  l i s t  i s  not  s to red  on mag- 

n e t i c  t a p e .  NOTE: One overflow = 262144 = 1000OOOg counts .  10 

Display 

Switches. 

groups and/or t h e  Background spectrum and/or t h e  co l lapsed  

spectrum i s  possible.  

f o r  monitor, 512 f o r  o t h e r s .  The accumulator switches a r e  

A d i s p l a y  of e i t h e r  t h e  monitor o r  t h e  dynode 

Ih11 s c a l e  h o r i z o n t a l  i s  equal  t o  256 

l abe led  as :  XXMGoG,G2G3G4G5G6G7BCSPPPP. 
ACO, A C 1  (XX) a r e  normally inope ra t ive .  

SPPPP g ives  t h e  v e r t i c a l  fill s c a l e  as 2 S(PPPP) *lo 
1 4  - 
0 4  + S =  

C d i s p l a y s  co l lapsed  spectrum. 

B d i sp lays  background spectrum. 

G d i s p l a y  dynode groups.  

Any o r  a l l  of t h e  above may be d isp layed  s imultaneously.  

M d i sp l ays  monitor.  If t h i s  switch i s  up, t h e  switches 

0-7 

G through C a r e  ignored.  0 

Se t s  low l i n e .  Types out  "LO=". Type i n  channel f o r  low 

l i n e .  

Se t s  high l i n e .  Types out  " H E " .  Type i n  channel f o r  high 

l i n e .  

Kills l i n e s .  

Types out  channel and con ten t s  of l o w  and high l i n e s .  

(Use s i n g l e  d i s p l a y  f o r  c o r r e c t  con ten t s .  ) 

Types out  channel and con ten t s  of low l i n e .  

Types out  channel and con ten t s  of high l i n e .  

Display l i n e a r  v e r t i c a l  s c a l e .  S(PPPP) a p p l i e s .  

Display square roo t  v e r t i c a l  s c a l e .  

s c a l e  = 2 

S(PPPP) app l i e s ;  f u l l  
S(PPPP) 22 

, 
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COMMA_ND ( c o n ' t )  MEANING ( c o n ' t )  

LOG Display Log v e r t i c a l  s c a l e .  S(PPPP) does not apply; numbers 

4 = base l i n e ;  log2 102'-tlO = f u l l  s c a l e .  <4 suppressed; l og  2 

WAY Wrap - Around - Yes. - If y-coordinate  i s  such t h a t  a channel would 

run o f f  sca le ,  it i s  wrapped around from 0. 

Wrap Around No. If y-coordinate  of  a channel >1777 it i s  

s e t  t o  17778. 
8' - - - WAN 

Light Pen 

Seven d o t s  a r e  displayed down t h e  r i g h t  s i d e  of t h e  scope 

.6 .6 
* 5  -5  
.4 .4 
*3 o r  .3 
.2  

*7 
.1 

- 7  
.2 

.1 

Dots 1 and 2, with Dot 7 next t o  one o f  them, i n d i c a t e  which 

of the  l i n e s  a r e  a c t i v e .  For ins tance ,  i f  Dot 1 has Dot 7 
above it, the  low l i n e  i s  a c t i v e .  This means t h a t  i f  one 

touches with the  l i g h t  pen a d a t a  po in t  o f  any s p e c t r a  

being displayed,  t h e  low l i n e  w i l l  jump t o  t h a t  p o i n t .  

h igh l i n e  (Dot 2 )  works similarly. 

t h e  o t h e r  by touching t h e  r e s p e c t i v e  do t s .  

The 

One switches from one t o  

Dot 3 d i sp lays  full spectrum. 

Dot 4 expands between l i n e s .  

i s  inope ra t ive .  

If low l i n e  2 high l i n e ,  Dot 4 

Dot 5 causes t h e  spectrum or s p e c t r a  being d isp layed  t o  

r o t a t e  t o  t h e  l e f t ,  p o i n t s  disappearing on the  l e f t  and new 

d a t a  po in t s  appearing on t h e  r i g h t .  

Dot 6 causes t h e  spectrum or s p e c t r a  t o  r o t a t e  t o  t h e  r i g h t .  
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COMMAND ( c o n ' t )  MEANING ( c o n ' t )  

REX Recollapses spec t ra ,  pu t s  i n  Collapsed. Types out  "LG=". 

Type i n  low group t o  use .  Types out  "HG=". Type i n  high 

group t o  u s e .  S h i f t s  used a r e  from - IBS o r  - STS. 

CRC 

RSL 

TOL 

SCA 

!IYO 

TYI 

DMP 

BNT 

Same as REC -J but adds - t o  Collapsed. 

Data Output 

Gives channel contents  and running sum of  channels included 

by markers f o r  col lapsed,  Background, dynode groups, and mon- 

i t o r  s p e c t r a .  

time for t h i s .  Otherwise it w i l l  t y p e  out  t h e  one co r re s -  

ponding t o  t h e  f irst  up - switch from the  l e f t .  

Be c a r e f u l  t o  d i s p l a y  only ONE spectrum a t  a 

Same a s  RSL, bu t  without t h e  running sum. 

Types out  conten ts  of s c a l e r s ,  updated every 5 minutes.  

!Types out  XXXXXXXXX where t h e  f i rs t  two d i g i t s  a r e  t h e  num- 

b e r  of overflows. If program i s  not tak ing  data ,  t he  s c a l e r s  

are t h a t  of l as t  run taken o r  of l a s t  run read i n  by a GT7 - 
or GT2. 

Types o u t  I'N:"' , type i n  t h e  number N.  Types ou t  "M : "; 
type i n  t h e  number M. 

N words s t a r t i n g  a t  t h e  machine address  M. 

- 

Program t h e n  types  out  i n  decimal 

Same as TYO, except a f t e r  M, type - i n  N words s t a r t i n g  a t  t h e  

machine address  M. 

NOTE: f o r  N, My and type-in,  one can type i n  e i t h e r  o c t a l  or 
decimal.  

Tape Handling 

Dwnps i n  b ina ry  onto t ape  on d r i v e  2. 

a c t i v e ,  t h e  same run i s  dumped i n  b ina ry  on it a l s o .  

program w i l l  f i n d  t h e  proper  s t a r t i n g  po in t  on e i t h e r  t a p e ,  

If t ape  d r i v e  6 i s  

The 

- Begin - -  New Tape. 

gram will - not search  f o r  end of f i l e .  

BE UP, or t h e  program w i l l  not  dump; it w i l l  type ??I. If 

Assumes a new t a p e ( s )  i s  on d r ive  2(6). 
ALL AC SWITCHES MUST 

Pro- 

t h i s  happens one must re type  - BNT. 
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COMMAND ( c o n ' t )  MEANING ( c o n ' t )  

BCD Dumps a run i n  BCD on t ape  d r i v e  3 .  Assumes t a p e  i s  p rope r ly  

pos i t i oned .  S t a r t  new t ape  a t  load  p o i n t .  One cannot be i n  

STRIP MODE when dumping i n  BCD, and when i n  BCD, keyboard i s  

ignored.  See LPT. - 
EOT Pos i t i ons  a BCD t ape  properly,  i f  it has prev ious ly  been 

dumped on, and add i t ions  a r e  d e s i r e d .  Does no t  dump. - 
NOTE: The procedures f o r  dumping b ina ry  and BCD a r e  q u i t e  

d i f f e r e n t .  BCD assumes t h e  t ape  i s  pos i t ioned;  one needs a n  

e x p l i c i t  i n s t r u c t i o n ,  EOT -J t o  p o s i t i o n  it i f  it has been 

unwound. EOT does no t  - dump anything.  DMP -, however, w i l l  

always search  f o r  t h e  proper  s t a r t i n g  p o i n t .  BNT w i l l  dump 

i n  binary,  bu t  w i l l  not  look f o r  an end of t a p e .  

- 

- 
-- 

- 
GT2 Ret r ieve  a run i n  binary on t ape  2 .  Write r i n g  does not  have 

t o  b e  i n .  Ret r ieves  every th ing  which was dumped. 

GT7 Same as GT2 f o r  t ape  d r i v e  7 .  

GTC Ret r ieve  t h e  co l lapsed  spectrum of a run on tape  d r i v e  2, s t o r e  

i n  group 7. Does not  a f f e c t  b ins ,  shifts, e t c .  

GTM Ret r ieve  t h e  monitor spectrum of a run on t ape  d r i v e  2, s t o r e  

i n  group 7.  Does not  a f f e c t  bins ,  s h i f t s ,  e t c .  

RUN Types out  "OLD RUN = X X X X X X ,  NEW RUN =". Type i n  new run.  

Types out  "NEW RUN = X X X X X X ' " .  

A - g ives  o l d  run - 1. A space g ives  o l d  run .  If one makes 

a mistake ( ?  typed ou t ) ,  t h e  o ld  run number i s  destroyed;  one 

mst type i n  a number. 

A + g ives  o ld  run + 1. 

- 
BSP Backspace n runs ( f i l e s )  on t ape  d r i v e  2. Types "NF="; type 

i n  number of runs t o  backspace. 

If machim h a l t s  a f t e r  r ece iv ing  any magnetic t a p e  ope ra t ion  

i n s t r u c t i o n ,  chances a r e  t h e - t a p e s  a r e  not  on proper  d r ive ,  

no t  on remote, or do no t  have a w r i t e  r i n g  ( i f  necessary  f o r  

t he  ope ra t ion ) .  Correct  t h e  problem and push CONTINUE i f  

computer does not  cont inue on i t s  own. 
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COJ!WJD ( c o n ' t )  ME~ABING (can't) 

S t r i p  Routine 

ESM ENTER STRIP MODE. 

dur ing th i s  t ime.  It w i l l  s e t  l i n e a r  mode i t s e l f .  While 

STRIP is  i n  e f f e c t ,  LOG, SQT, PLT and BCD i n s t r u c t i o n s  a r e  

inope ra t ive .  Switches ACO, AC1, a r e  now ope ra t ive .  ACO 

down al lows one t o  draw backgrounds i n  t h e  background spec- 

trum. ACO up d i s a b l e s . t h e  s t rawberry mark. ACO down a l s o  

d i sp lays  Background r ega rd le s s  o f  t h e  "B" switch.  If A C 1  

i s  up, t h e  normal 7 d o t s  appear ac ross  the  r i g h t  of t h e  

screen .  

If AC1 i s  down, 4 new d o t s  appear .  

One can d i s p l a y  only i n  l i n e a r  (LIN)  - 

- 

They work now on any spectrum except Background. 

.4 

.3 

.2 

.1 

Dot 1 i f  touched w i l l  type out t h e  d i f f e rence  between any 

group, Collapsed, or Monitor, henceforth c a l l e d  Foreground, 

and t h e  Background, i f  Foreground i s  d isp layed .  It types  ou t  

YYY A = XXXXXX C = ZZZZ.ZZ W = wW.W where 

YYY i s  t h e  Foreground, 

A = area,  

C = c e n t r o i d ,  

W = full width at ha l f  maximum, ( 8 ~ n & ~ ) l / * ,  where rJ2 i s  

t h e  var iance,  

XXXXXX i s  modulus 1000OOOOO1o. 

I n  the c a l c u l a t i o n  of W, only those  po in t s  whose value 21/64 
X maximum po in t  a r e  used. 

reason t h e  program hangs up i n  typ ing  out ,  and r e fuses  t o  

type  out aga in  when t h e  do t  i s  touched, type i n  ESM - again .  

. If f o r  some Thus wcalKwac t u a l  

Dot 2 s e t s  Background equal  t o  t h e  Foreground be ing  displayed,  

i n  the  region being d isp layed .  
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COMMAND ( c o n ' t )  MEANING ( c o n ' t )  

Dot 3 d i sp lays  t h e  d i f f e r e n c e  between Background and t h e  Fore- 

ground being d isp layed .  

Background, and t h e  Foreground a l l  a t  once, or any combination 

of t h e  t h r e e .  

One can d i s p l a y  t h e  d i f f e rence ,  

Dot 4 d e l e t e s  d i sp lay  o f  t h e  d i f f e r e n c e .  

STRIP works while d a t a  a r e  being taken .  The b i n a r y  t ape  read- 

i n  rou t ines  work while d a t a  a r e  be ing  taken .  Thus, i f  one 

a r ranges  BIN LIMITS so t h a t  nothing goes i n t o  group 7, one 

can take  da t a  and read i n  o ld  d a t a  i n t o  group 7 and s t r i p  i t .  

LSM Leave STRIP MODE. 

Works l i k e  Dot 1 of S t r i p  Mode, except i t  sets Background = 

Foreground i n  t h e  region be ing  d i sp layed  and then zeros  t h e  

region between t h e  l i n e s .  E f fec t ive ly ,  then, it g ives  t h e  

number of counts  between t h e  l i n e s ,  t h e i r  cen t ro id ,  and t h e i r  

FWHM. Display only one Foreground and no Background f o r  

c o r r e c t  answers. This i n s t r u c t i o n  d i s a b l e s  PLT and BCD. - - 
CALCOMP P l o t t e r  

PLT P l o t  t h e  Foreground displayed,  rounding o f f  f i rs t  and l a s t  

channels t o  nea res t  u n i t  of 20. Disables ESM and INT. One 

must be i n  l i n e a r  mode t o  p l o t .  
- - 

P l o t s  i n  l i n e a r  s ca l e ,  p l o t s  

t he  run number and t h e  power of  2 which equals  t h e  maximum 

value on t h e  p l o t .  See LPT. - 

If BCD or PLT give  a ??!, one must load t h e  s m a l l  paper t ape  

and type LPT, which w i l l  load t h e  CALCOMP p l o t t e r  and t h e  BCD 

rou t ines  i n t o  Background. 

enables  PLT and BCD and l eaves  S t r i p  Mode. 

- - LPT 

This i n s t r u c t i o n  au tomat i ca l ly  

- - 



COMMAND ( c o n ' t )  MEANING ( c o n ' t )  

E r r o r  Messages 

The program i s  designed t o  do simple checks o n t h e  e l e c t r o n i c s .  

It assumes t h a t ,  of t h e  sca l e r s ,  3 > 4, 6 > 5, and 4 > 6 .  
minutes of running t i m e  t h e  program au tomat i ca l ly  checks t h e s e  r e l a t i o n s .  

If an e r r o r  i s  found, t he  run i s  stopped and t h e  program types  one of 

t hese  messages 

Every f i v e  

( the  f irst  e r r o r  it f i n d s )  

3 c: 4 SCALER ERR 

6 < 5 SCALER ERR 

4 < 6 SCALER ERR 

Then it begins  t o  r ing  t h e  b e l l  u n t i l  it i s  stopped by a Console I n t e r -  

r u p t .  

usua l .  

Pushing Console I n t e r r u p t  a second time will continue t h e  run, a s  

The program a l s o  checks t h e  ADC's  aga ins t  each o t h e r .  If e i t h e r  t h e  

monitor ADC or t h e  TOF A D C ' s  accept  9 full b u f f e r s  of d a t a  (576 e v e n t s )  

while t h e  o the r  does not  accept  a s i n g l e  event, t h e  run i s  stopped and 

one of t h e  fol lowing i s  typed: 

TOF ADC ERR if no TOF events  occurred 

MON ADC ERR i f  no MON events  occurred.  

Again the  b e l l  i s  rung u n t i l  stopped by a Console In t e r rup t ,  a s  above. 

Sometimes t h e  computer senses  an inco r rec t  reading of t h e  s c a l e r s .  

If t h i s  happens, t h e  program types  

SCALER ERR 

and cont inues t h e  run.  No r e l a t i v e  s c a l e r  checks a r e  made i n  such a case .  

If t h i s  happens on a Console I n t e r r u p t ,  one must s t o p  t h e  run again,  u n t i l  

t h e  s c a l e r s  read c o r r e c t l y .  S imi la r ly ,  a - SET stop would be overruled i f  

an inco r rec t  s c a l e r  reading were de t ec t ed .  

SCN Delete  s c a l e r  check. 

SCY Restore s c a l e r  check. 

ACN Delete  ADC check. 

ACY Restore ADC check. 
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FLOW CHARTS 

These a r e  a f e w  f low c h a r t s  of some of  t h e  more important  sub- 

programs; they a r e  meant t o  i l l u s t r a t e  t h e  gene ra l  form of t h e  program. 

Symbol d e f i n i t i o n s  can be found i n  D i g i t a l  Equipment Corporat ion 

pub l i ca t ion  F-75, "Users Handbook", (unpubl ished) .  



CONVENTIONS USED 

Conventions Used 

4 
Return t o  main program a f t e r  se rv ic ing  i n t e r r u p t  

Comment box, connected t o  flow cha r t  with dot ted  l i n e  

Decision box with va r i ab le  e x i t s  

v 

F'unction box 

Call a subroutine 

Entry t o  a subroutine 

Return from a subroutine t o  the  c a l l i n g  program 

Denotes a break in the flow chart o r  i n  program; 
t h a t  is, program flows from 1 t o  2. 

Unconditional jump t o  X X  

Entry poin t  X X  
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In t e r rup t  Handling - PIC i s  Enabled 

l i n k  In te r rupt  occurs b i t  0 of 
l oca t ion  0 

0 &+ Teletype 

e-=+ eader 

hen JMP DISMIS 

INTRAC + AC 



LIGHT PEN 

ISMIS 
L 

Clear f l a g  

I 
RETURN 
PEIVACT 

PAPER TAPE READER 

REClDR 

I n i t i a l i z e  Reader 

CONSOLE INTERRUPT 

TELETY~E 

TYPOUT 

Pr in t  charac te r  

MAGNETIC TAPE 

Clear f l a g  
I n i t i a t e  new 

CALCOMP PLOTTER 

CALCMP 

I n i t i a l i z e  CALCOMP 

Clear f l a g  

RE= 
CALCMP 
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EXECUTIVE ROUTINE TO SERVICE KEYBOARD COMMANDS 

F i r s t  en t ry  i s  s e t  up i n  t h e  
program by pu t t ing  t h e  address 
of MECIN i n t o  INTYPE 

I 1 

= Carriage 

T N O  f 

Legitimate comands a re  
s tored  i n  s t r ipped  ASCII 
i n  the  MNEMONIC TABLE. 
The corresponding jumps 
a r e  s tored  in a JUMF TABLE. 
MECTl  i s  the  las t  en t ry  i n  
the  MNEMONIC TABLE, and i t s  
corresponding jump i s  an 

YES ~,A 

Address o f  MNEMONIC TABLE 
-t EXECT2 

ddress of JUMP TABLE - EXECT4 

1 

EXECIN (Address) - INTYPE 
MECTl  + AC 

of address i n  
EXECW 

I(,,, I \ I 1 No c-------( 

ISZ MECT4 I /  
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ROUTINE TO TYPE I N  A NUMBER 

10 i s  o c t a l  o r  
decimal depending 
on mode of input .  

I 

1 
T 1 

I 

Character -+ Octal number 
Octal  number + INOUT3 x 10 

NO 

NO 

MECIJl (address ) 

LAC INOUT3 

277 = ASCII CODE 

CARRIAGE RETURN, LINE FEED 

C-EEr-3 
\ , 

215 = ASCII c0m 
f o r  Carriage Return 

A. I 
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DISPUY LOOP - MAW PROGRAM 

Load Brightness 

= I  

A C 1  

1 U M - 7  1 
DAC ACSGl  I Ei3 1 

= o  
A 

= o  
Collapsed 

1 1 
F 



ackground i s  t r e a t e  

AC12 

Enable l i g h t  

I 
I 

<:SPLA~ J’ ‘\.. , 

DIFFERENCE1 
,/ 

i. 

ll.ll-~_”l_lll.”,- 
Display d i f fe rence  
between las t  
Foreground displayed 

Disable l i g h t  =1 /‘ =I 
2% *. < ACi2 pen, d i sp lay  

/’ 1 Background 
Qco ). 

T’ “r ’ 
I=o 

t o  se rv i ce  
strawberry, 

Background, 

strawberry 
coordinates ; 
a l t e r  a poin t  
i n  Background 
i f  needed 

i $7 
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IDIS PLAY--%4IM PROGRAM 
/RIVITSTRAP RQUTINF TO SFT LIP IHTERR!IPT HARdnLING 
/AND TO IQSURF THAT F I R S T  KEYRnARr) INTFRRIJPT GOFS TO THE F X E C U T I V E  R O U T I N E  
20 / SK P 

HL T 
LAM-3 
O4C COPEWD 

OAT, I 
LAW EXECTN 
DAC JNTYPE 
t A  F 

BFGIN, L A C  { J M P  I N f R ( 1 P  

JMS S T R M  I C A K  ADC wc; P F S E T  IT 
/ S F T  UP AC ';WITCH Q I S ~ L A Y m  
ACSRES? LAS!CLL /RFF FOP L A S ! C L L  I N  S T R ~ P ~ ~ ~ ~ S T R P I V ~ R ~ A  

4 L S  2 
SPA!CLA 

TAD ( T n F O I M  
JMS D I 5 P F P  

IDISPFR 5.TIzRES NUMBER OF P R I N T S  TO R F  DTSPLAYET) 14 P I S P F S  
/AN') I M I T I A C I Z E S  THE ROTATE SURROUTINF5e 

flTM D f S # P L N  / D T S P L N  CQNTATNS THE S T A P T I Y G  CHAWNEL 
I V N  (READY TO FVTER INTFRRUPTOBLE PRnGRAY 

/PRECEDIrUG T N 5 T R U C T I f l N  REF A 5  A f S D I 5 - 2  I N  VAR3A 
A C S Q I S ?  LAW 3 

D L  R / LQ4D R R I G H T V E S S  RFGTSTER 
LAM /REF AS ACSnIS 2 IN S T P I P l k l n S T R P  

/ A  L 4 Y  I S  INTERPRETED 4 %  ACOr A C 1  RDTH I l P  I N  haDV-STRI:P MODE0 
/ P R E G F n I 3 G  I N S T R l l C T I O N  CHANGFO TO L A S ! C L L  I F  f M  FTVTP MflOE 

SPA!CLL 
R T L  
LAW 01 ';MIS 
5 z  L 
LAW PENDO 
DAC PENACT 
SNL 
JMP e a1  
LAM-?OO 1 
JMS MAP / D ~ T S  DOWN THF % I n €  
L A C  LINWHP 
57 A 
LAW 300 
TAD (hfi / A C T I V E  L T N F  T N D I C B f f i R  
ny S 
IS2 WCHPNT / I V n I C 4 T E %  WYTCH P P I N T  ( D O T )  W4S OISPLAYF '3  
LAM-BINGRP 1 
DAC ACSbGl  

4 t S  2 
ISZ UCHPNT /QFTFR 5 U T T A 9 L F  DFLAY Ff?flM L A 5 T  I5.Z 

/N%' WCHPYT INnICATEZ A L I G H T  PFN I N T E R Q U P T  CAM' FROM h, DATA P O I N T c  

!zi3 FPR LOH L I N E  A C T I V E ;  = I  FnR HIGH L T V F  

LAS!CLL 

~ P A ! R  AL 

S M A ! P ~ L  

JYP v n N n I c  / A C 2  IJP=* MnNITOR 
/ D I S P L A Y  GRPIJPq AND COLLAPTFD, I F  APPROPRTATF S#TTTHES 4PF UP, 

J M P  1 C  
DAC ACS G? / n I F P L b Y  G R n l l P  I F  S H I T C H  TS UP 
LAW RIYCRP 
TAD ACFGI. 
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STRI P l y  

MAP, 

CLO!LLS SHFfOF 
TAD ( U N C D L L  
J W q  DISPLA 
LAC A C S G 2  
I S ?  A C S 6 1  
JMP .-I2 

SMA 
JHP 4 3 
LAC 1GOLLO 
J V S  D I I P L A  

4LS 13 
SMA 
JYP ACSDTS 
L 4 r  I R E C O L O  
J Y P  MRNnIS 5 

ALS i i - ~  r N m P  

LAS!€LL 

/MI?NITOR D I S P L A Y  
MnNnl t ,  LAM-MONSZE 

T 4 D  D I S P L N  
TAD D I S P F S  
5MA 
J M P  PCSPES 
L A C  fHffMTRR 
JEnq D I S P L A  
.IMP A C S n I S  
xx 
DAC D I S P L A  
O Z M  WCH#PNT 
LAW 1 7 7 7  
Q% L 
LAC (1740 
D Y S  
I52 WCHPNT 
S A D  140 
JWP I MAP 
TAD D I S P L A  
JMP 4 -5  

I P l t T  GPLLdPSED S W I T C H  INTI3 ACO 

/DTSPLAY CflLL4PCED I F  AC12 I t  I IP 

/CH4NGED T O  JYP S T R I P 2  I F  I N  STQIP YnnE 

/ R E T Y I T I A L I Z E  I F  P I S P L A Y  OUT OF P4NGE OF F4nNITflR 
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/ D I S P L A Y  ONCE D I S P F S  P O I N T 5 9  STARTING klT D I S P L Y e  
/ T H I S  IS THF MATN ROCJTIYE FQR D I S P L 4 Y I N G  D4TA. 
/DATA I S  SCALED I N  THE Y-CPORDINATF R Y  THE SWITCHES 
/ANT) I N  THE X-CnOPDTNATE R Y  THF NIJWER flF CHAhlhlFLS Tfl R E  DTSPLAYFn. 
/ I F  I N  SQUARE ROOT nR LPG D I S P L A Y  YODEI APPROPRIATE R n U T I N F  IS CALLED- 
/PRflPFR ROl lT INF  I S  CALLED I F  NEEDED FER NO V E R T I C 4 L  WRAP-AROIINDe 
/ R l l t l T I N F  T O  DRAW L I N E S  I S  CaLLED R Y  T H I r  R n U T I N E o  
/ROUTINE I S  ENTFRFT! WITH ADqRFYS OF REGION OF Ih lTERFST Ihl THE AC. 

01 SPQ. 

D I S P L 4 ,  X X  
TAD n I S P L N  
D b f  DTYffPLM 
T A O  LOCLAW 
DAC I17 
LAC DIYPFC 
DAC D I S P 4  
CPA!  CLL 
c ~ .  o !Ynw 
RC L 
DAG D I S P Q  
LACS 
TAD t777735 
FPA!CLL! C M A  
J M ?  s 3 
J M S  CMATDO 
TAD l t # O  
TAP (CRS 
DhC P I Y P 2  
XOP (XO70c7 
DAC STRIZC, 
L b C  (37flDC.C 
F R D I  V 
X X  
L A C 0  
DAC DTSP1. 
DAC LThdl 
DAC S T R I 2 4  
D A t  STRf2A 
D A G  STRT28 

LRS 4 
AND 11 
TAD 16505 
R T L  
L L S  4 

D I  SP21, DAC D I S P Y S  
XOR 13OG 
DAC STRT27 
DZM D I S P L K  
LBC D l Z P L K  
nu I" 

 LA^ !CLL 

n1 E P l ,  XX 
f ) € S P Z ?  XX 

ox L 
LAC I 17 

/ADD STARTING CHaMPIEL TO PEGINNIYG DF R E G I n N  
/ D I S P L M  CDIJTPTM5 AP5OLHTE STARTING ADORESS 
/L AM 

/REF AS D I S P L A  5 D I S P L A  
/$ET  IJP N I N J S  Cf7UNTFK 
/FINn NIIYRER rtF DIVISIONS 

f L L 5  CR LRS? DEPFNVING O N  D I S P F S  
ICYANGE LRS ~n CLO!LLS;LLS ~n CLQ!LPS 
/FOR S T P i P  MflDE 
INCIRM AL I ZED 1746 

/FRACTTON TO H t l L T I P L Y  BY 
/ N E E D E D  TF1 DRAM L I N F S  
/FOR DIFF D I S P L A Y  I N  STRTP MnPE 
!FUR STRTP M n D E  

/SET SCALE F O R  Y CPflRDIhl4TF 
I F ~ R  STRIP Faom 

/ R E F  I N  DTSDAC 

/FOR S T R I P  MODE 
/CHANGE CLO!LRS TO CLQ!LLS; YICF V E R S A  

/CLL  h n T  NFEOED FOR L INqPRFSENT L f l G I S Q T  
/ F R A C T I O N  TO ?UI!JLTIPLY RY 
/ SH I F T I NS TR tJC T I ON 



L f N l r  

LMIILa,, 

ISZ D I S P A  
JMP a - 1 2  
L 4 C  PENACT 
DAC D I S P Q  /TEMPORARY 'jTrlR 4GE 
L A H  D I S Y I S  
OAC PENACT / N q  L I G H T  PFN IhdTERRUPT f lN LT'VFS 

J M t  L I N T S T  
LAC L I N E H I  
JE?S L I N T S T  
L A C  O I S P 9  

DAC PENACT 
JMP I O I S P L P  

LAC L I N F L ~  

/PESTnRE L I G H T  PEN WDDF TQ TH4T WHICH TT W A S  9 E F D R E  LINE-DRAWING. 

ntsn4, XX 
01 SPLK f x x  
/TEST A M I  ORAM C I N E  I F  I N  RANGF 
t I NT S T  v XX J C Y 4 N N E L  OF L I N F  I N  AC 4T  ENTRY 

DAG L T N ~ T T I  

JHP r LINTST /NO CHANNEL M ~ R K E R  
SP I I !  CYA 

TAD OISPLN 
SMA 
JMP I L I N T C T  / C I N E  t n l ( f S T  CHA.NN€C D IFPLAYFD 
TAD l3 fSPFS 
SPA! STL 
J t rP  I L I N T S T  / L I V F  HIGHEST CHANNEL D I T P L 4 Y E D  
LAC DfSPLPd 
JMS CMATDD 
TAD L I N T T l  
MU L 
xx /FRACTfCIN PUT 13 R Y  D I S P L A Y  
XCT D I S P 2  / r H  X F f 7 NSTRUCT I nN 
nx L 
L A M - 3 7  
TAO ( 4 9  
OYS /REF AS L I N l  5 I N  WAY 
S A 0  (1740 
JMP I L f N T S T  
JFlP .-4 

/LOG FUNCTI17N FOR TOF--COUPTESY flF J A P  
LOG21 Ctt , 

CLOSLRS Z I C L F A R  YO AND RS2 
SN 4 
JMP R I S P Y S  1 I F X l T  WTTH 3 I F < 4  

DAC L M U L l  

TAD 123 /21+NUMRF9 O f  RINAnES TO SUPPPESS 
CMA /M-1  
AND (37 / T I D Y  UP 
A L S  7 16 F O R  16 RTYJ41lES FULL 5CnLf97 FT1R 8 ,  ETC. 
DAE L T M P l  
L A C  L M U L l  
MU L J F * * 2  92, *34  
XX 
ALS 1 
MU L 517023 
CMA 
DAC LTMPZ 

/AC HAS !=*?**I7 

LACS / 23-q-44=-W-21 



L A C  L 4 4 U L l  
A L S  3 
MUL 76476 2 /=?e 9 L 3iiC*?*+s. 6 
ADD LTMPZ 
R G L  
ADD rI145237 / I N C .  FUDGE F4CTOIR TO PRFVENT PVQFLW 
cc L / = I L Q G + 1 ) * 2 * * 1 7  
LR? 12 JE3 FOR 15 RINADESt  1 2  Ff lR  89 FTC. 
ADD L T M P l  
JHP D I S P Y S  1 

lSQUbRE RlsnT~ ALSQ COURTESY OF JA9 

W R T ,  CL L 
/ R E S U L T  I S  S C 4 L E D  R Y  SWITCHE5 

C L Q ! L R S  2 
NORM-21 
OAC SOT 
L A C S  
SM A !A P &C ENTRY GIVES 4 B 5TEp CDIJNTER 
j Y P  S Q S C  / E X I T S  WITH 0 I N  A C I  MR 
RC R 
TAD f L R S - 2 6  
DAG SQSH 
L h C ,  SQT 
S7L RCQ 
RC R 
DAC S O T  
TAD l t 4 r  

L A C  SBT 
CL L 
FRDIV 

LACQ 
T A C  S Q D I V  
CL L 

m r  s ~ n i v  

so01 v, XX 

SQCY, Y X  
SQSC, OP R (SWITCH $CAI- I Y G  I N S T R U C T I O N  

JMP D I S P Y S  1. 
SQT=LMUL I 
LTMPl=SQDIV  
LTMP2=SQSH 
/ R O U T I N E  TO T A K E  THE TWO'S CCIYPLEYEMT OF 4 YtJYRER 
CMATOD, X X  /FnR R O U T I N E S  W I T H  P I C  E N A B L E D  

CMA 
TAP 11. 
JWP I CMATOD 

/ R O U T ~ M E  TO A Y D T ~  WRAP-AROUW OF Y-COI-IRDINATE or ';PLAY 
TOPL OP x x  

L R S  12 

L L S  12 
DY s 
JMP I TflPLflP 

s N A ! c L c 
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/ K I L L S  L I N E 5  
L I NK I'L 7 CL c 

DAG L I N F L O  
DAC L I N E H I  
JWP D I S M I S  

/FXP4NDS D I S P L A Y  BETWEEN L I M E S  
EXPAND, LAC L I N E H I  

5PA 
JMP DTSMIS /NO HIGH L I N E  

SPA!GMA 
JMP DISMTS /NO LOld L I N F  
TAD L I N E H I  
SPA 
JM? D I S Q I S  /LOW L I % €  = OR 7 HIGH L I N F  
TAD 12 
JMF DISPFQ. 
LAC L I N E L R  
DAC D I S P L N  
JMP D I S M T S  

L a c  L T w L n  

/RQ!fTINF TO SFT UP DISPFS AhlO A CPUNTER FOq ROTATION PllQPnSFS 
DISPFR, Y X  

DAC PIFPF? / D I T P F S  CoNTAlN5 ML1MF)ER OF DOTNTS T O  D I S P L A Y  
CM II 
TAC ( 1  
DbC DIS'YPFC /MTNUS COUNTER 
C L L  

TDlVS 

L A C Q  
DAC RUTRIC 
DAC ROTRCT 
JMP I DLSPFR 

L I N 2 ,  LAM- Z 7 7 7 /TO RFTATF N I C E L Y  

DI SPFSt TOFO I M 

L I M W m ,  0 /=I) FER ACTIVE LOW L I N E ;  =f FOR HIGH L I N E  
/ROUTINE 70 HANDLE IMTERRlfPTS CIF NON-STRV MODE SIPE DOT5 
PENDOT LAW P E Q I - 1  

TAD WCHPNT 
OAT. PEN#b2 
LAW OISMfS /r)NLY ONE INTERRl lPT SERVICED PFR PA55 
DAC PFNACT 
J # P  I PEN2 
JUP ROJAL /ROTATF L E F T  
JMP ROTE!!? / R O T A T E  R IGHT 
J M ?  EXPAND / E X P A W  D I S P L A Y  BFTWEFM LIMES 
J M P  A C S R E S  / D I S P L A Y  FULL SPECTRUN 
JMP PNHf /SET YIGH L I N E  INDICATW? 
JMP PNLO /SET LUX LIME IVDICATOR 
3MP DISWIS /IGNORE I N T F R R W T  FROM L I N E  INDICATORI 

J P ~ S I T I O N  tow OR HIGH L I M E  A T  CYAMWEL OF D A T A  P n I m  c a m r w  I'MTERR~PT, 
LAC LINWHR 
R A Q  
L&G DISPtM 
JMS CMATDl  

TAD 17 
SNL 
DAC L INFHT 
SZ L 
D A C  L I N E L O  

TAD D ~ s P L N  
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ROTRLt 

LQCL A& t 

LOCNOP. 

JMP D I S H I S  
D7M LINWHR 
JMP DISMTS 
LAC (1, 
DAC LIMWHR 
JMP O I S M I S  
I S 7  ROTRCT 
3MP DI'jMIS 
L A M  
TAD CIFPLN 
SP 4 
JMP ROTRIN 
DAC D I S P L N  
LAM 
TAD L I N E L O  
DAC L I N E L O  
L A N  
TAD L I h t E H I  
DAC L I N E H I  
LAC ROTPIC 
OAC POTRCT 
JMP O I S M I S  
LAN-TOFDTM I. 
TAD OISPFS 
TAD D I S P L N  
SPA 
ISZ ROTACT 
JMP DTSMIS 
ISZ DI SPLN 
M n  P 
I F Z  L I N E L O  
YO P 
T 5 Z  L I N F H I  
JMP ROTSIN 
JMP ROTRIN 

R O T R C T  9 0 
Rf lT9  !X 9 0 
ALO, LAC L O L I N E  

JMS STRTYP 
DAT L I N F L O  
JMP DI SMIS 

AH1 LAC H I L I N F  
JMS STRTYP 
DAC LINEHI 
JMP OISMIS 

tI NELQ 9 L A M  
LXNEH? 9 L A  Fc 

/ S E T  LOW L I N E  INDICATOR 

/SET HIGH L I N E  I M O I C 4 f n R  

I R f l l l f f N F  TO RDTATF L E F T  

/SIJBTRACT ONE FROM DI SPLNy L I NFLO 9 I. r'N E t c l  

/Del NFT ROTATE I F  PUT f lF  RANGE 
/ I N I T I A L I Z E  CWJNTER 

/REF I N  n I S P L 4 r L A C O M l  

/ L K  NUMBER OF SKIPS 
/ s E F O R E  NEXT R O T I T I O N  

/QOTATF RTGHT 

/ T Y  CASE OF L 4 M  IN LINEHI' 

/ ? E T <  Low LINE F Q ~ M  TELETYPE 
/ J M S  STRAC;C,JWS T Y P E l N y J Y S  CQLF 

/SETS HIGH L I N E  FRCIl  TELETYPE 

ILOCATTOQ OF CYAMNEL OF LPW L I N E  
/LCJCATION OF CHANNFL OF H I G H  L I N E  

/POiJTINF TC) TAKE THE TWO'S COMPLEMENT ClF A NUMBER 
CMATDl,  xx  /Ffl;i ROUTINFS W I T H  PIC D1:SbRLED 

CNA 
TAD ( 1  
JMP I CMATDZ 

/TYPE nUT WNTENTS flF CHANNEL I N  AC. 
VAL, xx  

DAC V A L h  
L A C  n I S P L N  
JMF CHATOl 
T A n  O I S P L M  
T A f l  V A L 1  
DAG VAL1 
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L A C  T V A L 1  
JMS PRNTSN 
JMP I V 4 L  

LAC LTNFLT,  
JFAS P P N T I N  
L A C  LINFLn 
J M S  V A L  
JMP I. LOEQ 

LAC L I N E H J  
J M S  PRNTIN 
L A C  L I N E H T  
JMS VAL 
J M P  I H I E 0  

LFQI LAC L O L I N E  
JMS STRASC 
J H 5  LREQ 
J H T  C R L F  
LAC H I L I N F  
JMS STRAFC 

w m a ,  JMS V I E O  
JNP CRCFDM 

LOEQAt J P T  LOFQ 
JMP CRLFOM 

SORT A r  LAC tJMP SORT 
DAC OISPYS 
LAC {DAC S Q S C  
JMP ursoaic 

LnGt L A C  (JMP LOG2 
QAG DTSPYS 
L A f  LUCNOP 

DTSOAC? DAC D l S P 2 f  
L A M- 17 77 
J V P  NDSPLY 3 

O P C  D I S P 2 1  
L A M- 37 77 
DAC L I N 2  
JMP DfSMIS 

LRED, XX 

H I F Q .  X X  

NDSPCY v LAC S Q R T I  1 

/NO Y-COORDINATE MR4P-AROUMD 

/TYPE nflT C H 4 h ) N F L  AND CflNTFNTS O F  LnW L I N F  

/TYPE OUT LOH AND HIGH LTN€S 

/HIGH L I N E  OWLY 

I O I S P L A Y  SQUARE R N T  
/ R E F  I N  YDSPLY 

/D ISPLAY L O G  

/YQP 

/D ISPLAY L I N E 4 R  FCALF 

tREF I N  O I S O A C  

WAN., CAI: ( J M S  TnpLOP 

/RESTORE Y-COnPDINATE URAP-AROUND 
SK P 

HAY? LAC L T N 1  5 /DYS 

P I U S E  REGTN 

DAC D I S P Y S  I 
JMP DISMIS 
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I S T R I P P I n t G  ROUTINE 
/~~~~~~~~~ FLOW OF P P O G R ~ M  sn THAT BACKGROUND DISPLAY IS COVTROLLED B Y  

/EWPLE STRIPPING COPJTROL DOTS, A W  D i S t m E  L ~ G  AND L I M E ~ P  D I s P L a y s *  
f A C O  AND €3 SWITCH, ENARLE STRAWRERRY MARY? E N 4 9 L E  D IFFERENCE DISPLAY,  

f B C D  DUMP? AND CALCCllvrP PLUTTFR. 
STRI f’, LAC AC5QFS A l t S  CLL I F d I T I A L i 7 f  S T P I P P I N G  

DAC ACSnXS 2 
OAC STRJP3 7 
LAC I JMP STRI’P2 
DAC S T R I P 1  
DAC MRN0IS  7 

JMS L ? X K  
JNP NDSPLY /ONLY L I N E A R  D I S P L A Y  PERMITTED 

L A C  (17 / t M K  a t T  RCD,PLTqLCiG. SQT 

/FOQ S T R I P  MODE7 FLflW fF PRO M I F  ALTERED SO THhT COPJTROL JUMPS H E R F  
/ dFTFR L 4 S f  F C I R E G R W N D  IS @ I  SPLAYFDe 
S T R I P 2 r  L A M  S T R I P 3  J’iTQTP’3 INTERPRETS DOTS DOWN SI’DF 

DAC PENACT 
t A S ! C L L  

LAM-SO?‘l 1. 
SNL 
JYS MAP /PI IT DOTS OOMN S I D E  

S T R I 2 l r  JtxP DIFNOT /LAW D T S M I S  FOR DIFFERFNCF P I S P L A Y  
DAC PENACT 

/RQlJTIME Tfl  O I S P L d Y  DIFFERENCE OF FCIREGROUNO llMn nACKGRntiNi3 

R J L  /PUT aca INTO LINK 

/ L I G H T  PEh] J N T E R R U P T S  4RE I G N f J R f n o  
ECC! STL 
TAD D I S P L M  
DAC 17  
L A N  PECf7Lt)-1 
T 4 0  D I 5 P L M  
DA€ 14 
D)LM O I S P L K  
L A C  D I S P F C  / Y I Y 1 J T  COtlNTES 
DAC D I S P 4  
L A C  D I F P L K  
MU L 
xx f f S A C T I Q Y  PUT f V  RY D f S P L A  
X t T  D T 5 p 2  / S H I F T  I N S T R U C T I I l Y  
ox L 
L A C  I 14 
JMS EHATl l f l  
TAD I 17 
SNL! CL L 
CLA / M I  QIFFEREYCFS 4RE 7EROFr3. 
XCT PT5PYS / < H l F  T f NSTRUCTl  ClN 
XCT PXSPYS I 

I S ?  D I < P L K  
I’FZ D l S P 4  
JMP .-kc, 

/ P I S P Y S  l 1’s DY’C FOR WRAP-ARO’IYn; JYS TOPLOP F f f P  NO WRAP-AROUND. 

/PQlJTIrJE Tn D I S P L A Y  STR4WdPFRPY YARK 
01 FIVUTI LA S 

SPA 
JMP S T P I 2 3  / < K I P  ST44WREPRY MbRK I F  ACO IIP 
Law STRIP? /STR I P 5  SERV I C F S  f PlTESPkJPTS FRDM 5 T R A H W R R Y  
DAC PENACT 
L A W  SMK-1 ISW=STRAWSERRY YAf?Y 
DAC 17 

STR 124, 
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L A M - 4  
DAC ? T R I P 7  
L A C  1 17 
DXE 
L A C  I 17 
DY S 
L A C  I 100 / S T A L L  
L A C  I 1-00 / S T A L L  
IS7 S T R I P 7  
JMP *-7 
LAW S T R I P 6  /SERV ICES I N T E R R U P T S  FROM A C T I V E  S4rKQR'1IJND 
DdC PENACT /REF A S  D I S P L - 5 - I  RY STR123 

TAD D I S P L N  
DAG 17 / S E T  UP 17 W I T Y W T  C H A N G I N G  D I S P L q  

01 SPLR t LAW RECOLO-1 

IR5 A R S a L l l T E  S T A R T I N G  ADCRFSS OF R E G I R ' J  DTSPLAYFD 4NQ IS USED 
/TFI CALCI1LATF: O R I G I N  O F  FOPFGROtJMD'jo 

LAW 3 
DAC OISPCA 
JWP C I S P L A  5 
LAC S T R I I S  / r o w  H E R E  AFTER ~ T S P L A Y  QF SACKGROIJYD 
SQA!CLL 
J M P  ACSDI? /TRPCK FOLLOWER R W J T l Y F S  NOT tJ5EDi JllMP T n  GO 

/ S T R J I S  I S  THE NUMSER OF DOTS I N  STRAMBERRY OR 8 4 C K G R O l l N L I  SEEN. 
/ R O U T I N E  TO C A L C U L 4 T E  NFW STR.4WSERRY AND T O  A L T E R  RACKGROUND 

DAC STRXlb 
L A C  SUMX /SET NEW STR4HBFRRY X - C n O R D I N A T E  
xnrv 

STRIlS, OOtlOOa 
LACQ 
AND f3.777 
DAC 5 N K  4 / S M  4 = CENTER DOT X-COORDINATE 
D A C  SMK 
OAC SMK 10 

OAC SMK 6 
T A D  SUMY 2 fY1NUS TWr) T I M F C  S P A C I F ' G  

C L  A / P U T  ZERO I F  YIhJ l IC  FOR L E F T M O S T  DOT 

TAD SUMY 1 /SPACING nF DOTS II\! Y T R A W R E R R Y  

 PA ! C L L  

Dac WK 2 
L A C  SUMY / S E T  NEW STRAWRERRY Y - C n O R n I N A f E  
IDIV 
xx  
L A C Q  
AND i t 7 7 7  
DAC S M K  5 /SMK 5 = CENTER DOT Y-Cf lORDINATE 
DAC SYK 7 
D A C  SWK 7 
T A D  SfJlytY I /SPlrCINC, rlF D O T 5  
O A C  F W K  1 

S P A  
C L A  /PUT ZFRO I F  Y I N I J S  FOR LOWEST DOT 
DAC ShsK 11 

TAD ZlJMY 2 /YrYus THO T I Y E C ~  ?PACING 

/ T H E  F O L L Q W I N G  I N S T R U C T I O N S  T 4 K E  A P O I N T  I N  SCnPE COORDINATES ANI7 CONVERT 
/ I T S  X-COORDINATE l N T O  A CHANNEL AND I T S  Y-COOROINATE I N T O  A CHANNEL CONTFWTS 
/THE VALUE OF THE RACKGROUND CHANNEL IS T H E N  R F P L A C E O  R Y  THAT NUMRER. 
/THIS PROCEDURE I S  T H F  I N V E R S E  OF THF S C A L I N G  PROCFSS I N  D I S P L A .  

L A C  SYU 4 
RC L 

STRT 16, 
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STRI 25 9 

STR I26 9 

STRI27r 

STRT 2 3 ~  

/PUT IN BY O I S P L A  

/PUT IN 13Y D l S P L A  

YX 
DI v 
XX 
LAGO 
T A D  (1. 
RC R 
TAI: ( R E C O L O  
TAD P I S P L N  
DAC SUMX 
tL L 
LAC SMK 5 
xx /PUT TN BY DI’iPLA 
DAC I SUYX 
D Z N  STRTLS 
OZM SUMX 
nzlcr SIlMY 
!3LM STRT27 
JMP ACSOTS / S T 4 R T  THE LOOP OVER 
LA s !CLL /STRAWRFRRY INACTIVE CHECK R SWITCH 
ALS 23 
SMA 
JMP AcsOrs f R  S W I T C H  OOWN; STAPT THE LROP OVFR 
LAW P € S M I S  

JMP DISPLE-1 
/B SWITCH UP AND ACn IJP DISPLAY BACKGROUND* RUT IGNORF INTFRRlJPTIa 
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LAC S T R I P 9  
JMS C Y A T D I  
TAD V A R W t N  
S7L!CLL 
JMP S T R I P 9  11 
LAC STRIlC 
YIJ L 
XX 
CACQ 
MU L 
X X  
QAC S T R T l I ,  
LACO 
TdO V4R4MC z 
DAC VARANC 1 
C L  K 

TAD STRT11. 
OAC VARANC 
IS7 STRIlO 
ISZ V 4 R 1  
I S 7  STQTLQ 
JMP STRII? 
LAC I400175 
JWS STRI\<C 
L A C  APEA 
OAC Dnl iRt  1 
LAC AREA1 
JMT PRNTflR 
LAC 140(137< 
JMS t T R b S C  
LAC A R E A 1  

Trio V~IRANC 

TNA!CLC 

51 

/AFE4 

I A= 

/LOW CRDER S T T T  

SfRIlJ, 

AREA 9 
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V A R 3 A t  

IWWlCH NDRfiAACLY I S  USEn ONLY 
OAC SQtC 
LAC S T R I P Q  
LMQ 
L A C  V A Q 2  
LLF. 9 
DbC * 2 
MU L 
xx 
QAC A R E A 1  
c4co 
DAC S T R I P 9  
LAC V A R A N C  J1 
L M Q  
L A C  VARQNC 
xx 
OI V 
XX 
F A C  V9RANC I 
L A W  
DAC VAPANC. 
LAC VARANC I 
F R D I V  
xx 
L A C 0  
DAC VARANC 1 
i4r S T R I P 9  
J M S  CWATDl 
T A D  VARANC 1 
tno 
C N L  
GLK 
TAD & R E A L  
JMS CMATDI 

CL c 
L i s  11 
Y t l  L 
542710 
J M P  SQRT 
L R S  313 
n4c VARANC 
L A C 0  

TaD VARANC 

/dC Ah'D M O = C H A N + * 2 * 2 * * i S  

/ A R E A  

/ A $ S U P E S  V A R I A N C E  512 
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STR I P 4 ,  

S T R I P S ,  
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LAC ACSRFS 
OAC STRTQl 
LAC S T R I P 1  3 
DAC MOYnIS 7 
L A C  (14 
JMS UNLOCU 
J#P ACSRFS 

/‘INTEGRATE FOREGROUND D I  SPLBYFD 
I NT? JMS STRIPF  

LAC { 3  
JMS LOCK 
LAC LllnlELQ 
<PA 
JfiP FRRT 
LAC L I N E H I  

JUP ERRT 
TAD L INFLO 
SMA 
JMP ERRT 
DAC ZERDTl  
LAW RECOLO-1 
TAD L INFLO 
J M S  ZERD 
J M P  S T R I P 3  7 

<Pd!CUA 

D A U T E  B E G 1 4  

lENAPLE LOGtS(3114RF ROOT DISPLAY MQDES 
/ R E I N I T I A L I Z E  O I S P L A Y o  
PETWEEN THE L IME50  
/ S E T  B 413 YGR ClU?\rD= FnP EGRflt YrVF 
/LOCK GUT PLTIQCD 

/ M Q  LOW L I V F  

/NQ H I G H  L I N E  
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E X E C 1 2 9  

/FXFClfTfbrE R O U T I N €  TO INTERPRET TYPEWRITER M E S S A G E ?  
/THE RODTSTRAP P4RT OF THE PRnFPAM SETS UP A JUMP T n  E X E C I N  FOR THE F I R S T  
fKEYBOARr3 TNTFRRIIPT; ANY Sl l r jROUTINE NFE71WG YEYrj&ARD JlVPllT S E S E T q  T Y I  
/LIPON G n M P L f T I O N  c3f I'TS TNPUT. 
!EXECIN PACKS I N P U T  CHARACTFR5 TR1 STRTPPEF) 4SSCIIv TPREE TT! A MORna 

JUMP 

/UPON CDMPLETIOW CIF THF INSTRtJCTIOY I'NPUT 9 Y  A 6 4 R R J A G E  RFTtJRV OR 4 %PACE, 
/ E X E C I N  STnRES THF IMPUTTEQ I N S T R U C T I C N  4T TYF END FF A TAeLE flF L E G I T I M 4 T E  
/INSTRUCTIONS7 A L S O  STORED I M  STRTDPED A S C T I ,  THEN I T  COMPARES TYE XhdPUT 
/ I N S T R U C T I O N  70 THE L I S T ,  JtJFrPING T O  AN 4 D D R E S T  I N  A C D R R E S P f l N O I N G  T A P L E I  

IFOR JUYPS WHlCY CbN R E  D f S d S L E D t  THE MDRD STOPING THE jUMP ADnRE1S HAS 
THAT JUMP  HA^ NUT R F E M  D r s m . m e  

/PCO=OINOT JMPI. THOSE WHICH C4MYr)T RE D I S A R L F D  P A V E  ACU=%IJMP). 
/THOSF HHTCH GAM BE D l S A S L E D  YAYE I Y  d C Z - 4  THE %uUWr?€R OF THE BIT IN CODEWO 
/WHICH CORRESPONDS TO THE ENABLE-DTSAPLF KEY, I N  r17DEWDr 
/ A  B-BTT E N A B L E q r  A C.-RIT DISABLES* 
I X F  THE I N P U T  r v v e t i c T r m  AGREES ONLY H X T Y  I T ~ F L F  I r T  15  STOPED AT THE END 
I 0.F THE TBRLEfr I T  FXECllTES AN FRRnR JUMP, 

JHS INTYPE 
< a n  ( 2 x 5  / O U T 7  OV CARRI4GF R E T U R M  
JMP EXFCI'2 
5413 I240 /ALSO OM SPACE 
JWP E X E L F 2  1 
LRS 5 
LAC F X f C T l  
LLS 6 
3MP E X E C I Y  
JMS C R L F  
C4W E X E C I N  
DAG INTYPE 
L A W  F X E C I ' ?  
Dbl: E X E C T 2  
LA w EXEC f b 
DAC E X E R T 4  
L A C  E X E C 7 1  

EXECIN, DAC EXE#CT1 

S A C  r EXECT.?: 
JMP a 4 
T S L  EXFCTZ 
TSZ F X E C T 4  
JMP 0-4 
LAC T FXECT4 
DAG E X E C T 4  

JMP I EXECT4 /JUMP WITHf lUT CYFCKTNG CODEWD 
L R S  35 
TAD 1 A L S  ? /FIND PIT I N  CODE WORD 
wit e 2 
L 4 C  CODFWD 
xx 
SPA 

SPA!CLL 

JMP r E X E C T ~  IJUMP NOT D I S ~ R L E O  
FRRT T LAM-36 I ??! 

JMS STPASC 
C R L F ~ Y T  J M S  CRLF 

/STORAGE OF STRIPPED 9SFTI TYPE- IY  I N S T R U C T I O N $  
EXEC 13, 243117 /TYD 

2431 11 / T Y €  
23 2422 /STR 
131416 /KLN 

JMP DISMIS /REF A S  CRLFOY 1 IN 5TOP5rJFNDq OTHERS 
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110223 
2 3 0 5 2 4  
2 2 2 3 1 4  
2 4 1 7 1 4  
220503  
0 3 2 2 0 3  
2 3 2 4 2 3  
1 4 1 7 1 4  
1C;Xlt4 
6 2 1 1 2 6  
Q203C4 
(95 1 7 2 4  
0 2 1 6 2 4  
041520 
077407 
0 7 2 4 2  
E72403 
07241 5 
072720 
F40503 
170324 

L O L I N E ,  1 4 J. 7 7 5  
H I L I  ME 9 1 0 2 1 7 5  

141623 
141707 
1k19 k b  
2 2 2 5 1 6  
2 4 2 3 7 5  
2 3 0 3 0 1  
2 3 2 1 2 4  
37 131 16 
27C131 
0 2  2 3 1 4  
1 7 2 6 2 2  
052715 
1 4 2 3 2 5  
1 1 1 0 2 4  
2 3 0 3 1 6  
23c331 
O l Q 3 l 6  
0 1 0 3 3 1  
2 0 1 4 2 4  
142ci24 
322307 

RSL, 

E X f C T L t  HL T 
/STORAGE f l F  JUMPS C O R R F S P O N D I W G  T O  T Y P E - I N  T N S T R U C T I O N ?  
E X E C I b r  OZW I TYPONM / T Y O  

JMP T v P I N M  / T Y I  
XOR I CLOCKS / S T R  
JMP L I r Y K r t  /KLY 
J W P  I N r S H  /It35 
J M P  SETTIM / 5 E T  
D Z M  r RSLIME /RSL 
DZW I TOLINE /TOL 
JFIP RFT /R EC 
J M P  C R C  /CRC 
J H P  INISH9 / S T S  
J M P  ALO /Lr)L 
J M P  AH1 / H I L  
J H P  RTNSET / B I N  
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TAD I TPlOUT 
J M P  RGDEOT 
J V P  FT2 
JMP %DUMP 
JMP G T l  
JMP Gf? 
JMP GTC 
J R P  GTM 
J Y P  R4CK’;P 
J M P  DEC 
JHP OCT 

i l Z Y  I HIEQR 
D Z Y  I LEQ 
ADD I LOG 
3MP NDSPLY 
DZY I NEWPUH 
D Z Y  I TSEQ 
JMP SCLRTP 
bDD SQRTB 
JWP WllM 
JMP W A Y  

0 7 M  I STPI. 
LAC I STRIP 
JMP NnSTRP 
LBC I N T  
J R P  S t N  
JMP SCY 
JMP A t N  
JMP ACY 
Tbf! PLOTER 
X O R  CPT 
JMP ZOTGRP 
JNP FRRT 

T I L M  r CNQA 
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/ I N T E R R U P T  PROGRAM 
S C O Y = 7 0 3 7 0 Z  /SKIP IF €ONSOLE INTERRUPT 
C L C O N = 7 0 4 1 0 1  /CLEAR CONSOLE I N T E R R U P T  

C L W C = ? 6 3 6 0 2  /CLEAR WnRO COUNTER F L A G  
S K C F = 7 0 2  501 / S K I P  I F  C A L C r l Y P  I Y T E R R U P T  
C L C F = 7 0 2  502 I C L F A R  C A L C n Y P  F L A G  
Q L T = 7 0 2 5 0 4  /EXECUTE CALCOMP INSTRUCTf  OM 

S W C = 7 0 3 6 0 1  I S K I P  ON W B R ~  COUNTER ( A D C J  O v F R F L n w  

/WHEN P I C  15 ENbBLED, AN I N T E R R U P T  CAUSES AN E F F E C T I V E  J M S  8. 
/LOC4TI'Qhl 1 C Q M T A I N S  JHP INTRiJP- 
/THE SKI0 I M S T P U C T I O N S  H I I V F  REEN MDDfFIEO SO T H A T  A < K I P  I N D I R E C T  
/IYSF 11 FnR IWL'tTAMCF) S K I P S  XF THE F L A G  IS W T  SET. 

/ b D C  I N T E R F A C E  T S  NOW RF-ENARLFD. 

I S K I P  I F  CALCnMo FLAG=O 

/ S K I P  I F  KFY9I-l 

/SKIP TF TELEPRINTFR FtAG=O 

/SYTP IF LIGHT P F q  F L A G = O  

/SKIP TF YdG. T A P E  J n R  Nnf DONE 

/SKIP I F  SEAUFP FLAG=9 

/PUNCH T S  ONLY F L A G  LEFT; GLEUR 

/CHECK IF ANY FLAGS i)P 

IT 

/ Y E 5 9  SERVICE A"dTPER INTFRRUPT 
/Nnr R E T U R N  TO Y A I N  DROGQbM 
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PEN4tTt 

CALCYP,  

READ91 

caDf wn T 
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XX 
xx 
X Y  
XX 
X Y  
xx  
YX 
xx 
XX 
XX 
XX 
XX 
xx 
XX 
XX 
XX 
XX 
xx 
X X  
XX 
xx 
xx 
XX 
X X  
YX 
xx  
xx  
XX 
X Y  
xx 
Y X  
Y X  
X X  
XX 
XY 
XX 
xx 
X X  
X Y  

/FOR RStJYT2 1 
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f S T 4 R T  4ND STOP DATA A C Q U I S I T I D N  
/ T Y P E  rN 91M L I M I T S f C H A N N E L  S H I F T S 9  LOW AND H I G H  GPnUPS 
/ENTER HER€ TO T Y P E  I N  BINS, S H I F T S 1  AND LOW AND HIGH GROllpS. 
INISHI L A C  B I N S E T  4 / J V S  C R L F  

SK P 
!ENTER HERE TO TYPE I N  PrNs OFVLY. 
R i  NSET LAC IYTSH1-!. !&.IMP CRSFOY 

DAC INISHQ-1 
LAW INISH1-1 
JMS NMSTAS 
J M S  C R L F  
LAW R l N L I H  
LMB 
LAM--P I NGRP 
JMS W I N D  
XX I J M S  CRLF OR JMQ CPtFDM 

E N T E R  H E R E  TO T Y P E  I N  S H I F T S  LOW &@AD HTGH GR171JPS ONLY, 
INISH9, LAW IMTSHZ-1 

JWS NMSTAS 
JMS CRLF 
LAW S H F T S  
L W  
LA M-8 x Nr, R P - 2  
JM? NMIMD 
JMP CRLFDM 

INISHl, 023.1 25 /F31hJL rw 
141115 
23ozico 
23101 1 
062k23 
544024 
275440 
l f i % l O O  

JWS STRTYP 
DdC S E T T T l  
JWP OISMIS 

I M I F H 2  7 I SH I F T 5 9 LO 9 H I 

S F T T f M 7  LAC (241575 /TV= <FT T I M E  FOR R U N  

S E T T T l  p 0 
CLnCKS, JWS STQP / S T A P T  H E Q F  Fr(R NEW 9t lN 
/STf3M S T O P S  D 4 T a  T A K I N G  IF NOT 5 f n P P E T ) p  C L F i l Q S  ALL FLOPS,  hhlf) L f i A O S  WG 

DZF! 6 / R E S E T  CLQCU 
Lil@-702t" 1 
D4.C 7 
LAM-4 /REF A5 CLrlCKS 4 I N  CLOCK 
DAC CL#CKh 
I O T  3006 f R E S E f  S C B L E R S  
J Y S  S T W E R  / I Y I T T A L I L E  WrlRD OVERFLOW B?!FFER 

D&f, SCL4 
L 4 M  S C L R - 1  
DAC 10 
L d C  1506050 /7ERD I N  4CCTI 
T)AC I 1P 
IS2 F C L 4  

LbM-21 /ZERO S C A L E R  S T O R A G E  S T R  rwm nsc I I 1 

LAW C D L L O - 8  
JMS ZERn 0 C O L L 4 P S E D  AND MONITOR 
LAk+-ttMCSZf TDFDIM 1 

Lf lCLOT , 



P T A q l X t  

DAC Z E R l l T l  
LAW U N C O L L - I  
JMS ZERO /ZERO FULL SPECTRUM L E S C  GRnUP 7 

/ T H t  FDtLOWIMTr R Q U T I N E  SETS UP A T A R L E  OF 100 ( f l C T A L )  L D C A T I D W F  IW T H E  FOPMAT 
/ R C B = l  I F  THE GROUP I N T O  M H I C H  THE COUNT F A L L S  IS NOT TO B E  COLLAPSEOI  
/ =O I F TYE GROUP 1 5  T F  RE C r f L L A P S E D o  
/ A C I - 4  COhaTArM TWE MUMBER nF CHANNELS GROUP IF TO R F  S H l F T F O  R F F n R F  C T L L A P S I Y G o  
/ A C 5 - 1 7  CDMTATN T H E  S T A R T I N G  ADOQESS OF THE GROUP INTO W H I C H  A COUNT W W L D  F 4 L L o  
/HIGH &NO LnW CRQIJP TO U 5 E  ARE F T O R F D  I W  LLOW AhlP L H I ,  F O L L O W I N G  THFTS. 
/SHIFTS ARE STORED STCIRTIMG 4 T  S H F T S v  FOLLCIWIMG R T N L I Y o  
/THE GROUP I N T O  W H I C H  A COUNT OF G I V E N  PULSE H E I G H T  WOllLr) F A L L  T 5  O E T F R Y I Y F O  

/MAXTMUM P U L S E  H E I G H T  I5 177 Ir3CTAL),  I F  PULIE >77, I T  IS 5 T O R F n  I N  THF 
/BY THE PULSE n f I w T s   STORE^ STARTIWIG AT S I N L I Y ,  

/GRr l l lP  WHOSE A D D R S C S  I S  CTQPEU EN T H E  L A S T  ENTRY TN THE TABLE. 
/ I F  PULSE HEl'GHT - 77. I T  IS I T Q R E D  I N  THE GROUP Hnlt-rnSE STARTIN', A O D R E S q  
/ T $  STORED I N  T Y F  FYTRY CORPESPONDING TO T H E  PULSE FtEIGHTm 

JMS PTPIRLI  / S T A R T  Tr) SET UP P R O C E S T n R  
L A C  C H I  
T A D  (I 
DAC I W T T C  1. / I N n T T C  1-6 ARE T E M P Q S A R I E T  U S E D  ELqEWHERE 
L A W  ZHFTS 
DAC I N O T T O  2 
LAW RIpiLTEs 
DbC I Y O T T O  3 
OLM TNGTTO 4 / W t S E  I I ?E  
DZP I Y O T T O  5 /GROUP NUYRER 
L A W  P T A R L E - 1  
I)AC I O  
LAM-PCILZZE X I C  W N  T E 4  
DAC INOTTI? 0 
L A C  IhdQTTG 5 
5afa Liow / L O U  GRl11P 70 USF 

14000cc OR r3 
/HIGH f-?nUP+1, T n  USE 

Jn?S P T A R L 1  
C41: I N Q T T P  4 
SAD I IrYPTTO 3 

CLQ!LSS 14-SHFTOF 
GECiCii 
L R S  5 
t 4 C  f I N Q T T C  2 
AMD 117 /SHIFT 
LLS 15 
XOR INGTTO 7 
DAC I IC 
I S Z  IhlOTTO 4 
IS7 INDTTI?  5 
JMP P T A R X f  
JWP S T R T  

I S 7  I N O T T O  2 
IS7 I N O T T O  5 
J B P  P T A % 1 1  
xx 
L A C  ~4~~~~~ 
DAC I Y O T T C  7 /SET NO C O L L A P S E  
JnlP I P T A P L l  
DZH WFTAG f C W 4 T I N t l E  4 4UN F R O U  H F Q E  

rsz IVOTTP 
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LAW SCRAP 
DAC COYSCL 
XCT bOC? 10 /LAW- x x  
DAC TES#T1 
LAC l J v P  POCl / S E T  UP A W  CHFCK 
nac PSOCE3 3 
LAC lJWP P I X 2  
DleC PRnCE3 4 
LAW R U F O l .  
DAC STORGF 
LAM RUFOQ 
LDPAC 

LAC FODEWR 
4LS 1 5  
SM A 
JlwP E9RT 
EMADC 3 
CCOM 
I S F  BIMCHK 
JMP OISMIS 

100 NOT CONTINUE DATb-TbKfMG V I 4  CnNSCLE TNTERRIJPT IF STR I S  DISABLEDo 

/TYPE OUT S I M  LIMITS, SWI’FTS, 4ND LOW BND HTGY GPOlfPS, Ihl THAT O R D E R .  
SHFTSN t LAC RSL 

J M S  STRASZ 
LAW F l N L l t n  /REF AS SHFTSN 2 RY XSRRTA 3 
iMQ 
LAW-PDNGRP--2 

MMOUT R 9 JMS R5UQQ 
/NEXT THREE INSTSUC+IDNS &RE PART fF THF C A t l J c V G  S E W E N C F  FDR RSIIMQ, 

Na P 
JMP CRLFDM 
JMP R S U M 4  

R F N C H K ,  L A M  
ZERO, XX /IERO SELECTED REGION 

DAC 10 
OZM 1 10 
I S E  ZERQTI 
JMP r-2 
j fuP f ZERO 
L6W-TOFDTw 1 /ZERO SFLECTED GROUP 
DAC Z F R O T l  
LAC (072075  /GP= 
J Y S  GRPGHK 

TAU fUNCOLL-1 
JWS Z E R O  
JMP DISMIS 

C L Q ! L L ~  SHFTOF 

/ENABLE THE SC4tAR CHECK0 
SCYr LAC ( I S Z  CLCK6 

SK P 
/DELETE THE S C A i R R  CHECK, 
SCH, LAC LOCNlOP /NOP 

lENdS1E THE ADt CHEEK- 
ACYt LAC l I S L  TEST1 

SK P 
IDELETE THE ADC CHECK. 
4 t N  t LAC, LOtNDP /MOP 

D4C TEST 2 
JAP D I S N X S  

ZOTGRP q 
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TSEQr 



TOFL t 

/To  READ 45 X X X X  FClR OVERFLOW 
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ADF! 9 

/ ADG FRR 





70 

JFND,  

STOVER ? 

DAC J T  I 
LAC T J T  
SAD T JT 1 
J M P  J F Y D  
T S E  JT L 
IS7 J T  1 

T T Z  JT 1 
I S Z  I J T  1 
L 4 M  
TAF) JT 1 
SAD JT 
JNP 0 2 
JMP I O V f R P  
I S 2  JT 
ISZ J T  
LbW J L I S T  J T P  
S 4 P  JT 
SKP 
JMP f OVERR 
J M S  S T 9 M  
J M S  S T P O V R  
JMS STOVER 
LAW STRT 
nAr PRDCE3 
J Y P  T O V E R B  
HLT 
L A W  J L T T f  
Q A C  J T  
D4C J T  1 
L A M  J F T ’ S T  J K J  
D Z M  I J T  1 
IS7 Jf 1. 
SAD J T  1 

JHP .-4 
(7 
0 
HL T 

DAC S T P V R l  
L A W - J S Z  2 
0 4 6  S T P V R 2  

SY B 
JCP e 5 
1 5 7  S T P V R I  
1 S Z  STDVR2 
JMP .-5 
LAM-fSZ 
J # P  0 7 
L A C  STP%Va2 
TAD fJSZ 
R A P  
R C L  

JMP I S T W V P  
D4C S T W V R 1  
LltW S T P V R 3 - I  
J M S  NMSTQS 

JMP e - 4  

JWP r STOVFR 

L A W  J t r s T  L 

L Z ~ C  r S T P V R ~  

FNd!CYA 

/ INCREYENT END OF L I S T  
/ P O I M T F R  T W I C E  



L a u  J L T S T  
LMA 
L A C  STPVRX 
JMS R S U Y Q  

NO P 
dYP . 2 
JptP R Z U M 4  
J M S  C R L F  
JMP T STPOVR 
172022 / n V R F C O U S  
061.417 
272300 
JulS YTPnYR /TYDF OUT OVERFLQWS 
JMP DTSNIS 

/YEXT T H R E E  I M S T R U C T I U M ~  A R E  P A R T  OF THE C A L C I W G  SFQUENCF FOR RSUMW. 



SCLR SP 

SCLERR t 

S C L E R l ,  

S C L R Y I .  7 

SCLRKia, 
SCLRY3 7 

/ R E A D  IN S C A L E R S  

ISC4LER 3 

J S C 3 L E R  4 

/ 3  4 
f 5 C A L F P  6 

/ S C A L E R  5 

16 5 
ISCIL.FR 4 

/ S C A C E R  5 

/4 b 

/SUBTRACT O N E  SCdLCR FROM ANOTHER 

/ERROF STOP THE R I J 4 9 L E  M A C H I N E  

fREF AT, SCLFRR 4 iN ATIC? 
l N M S T A S  E X I T 5  OYLY WITH 4 0 TY AC 
/SCALER E R R  



73 

sc PdCK ? 
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SCPCKOI 

S C L R T P ,  

C t Q ! C R S  6 
ALS 6 
I O f  3107 
JMP 0-1 
TOT 31D4 
XOR 160 
DAC I 5 C L 3  
AND (17 
TQC) ILAM-11 
SM A !CC A 
J M P  FCPNWK /IF DFGIT>l.] .  
LAC I SCL? 
rsr SCLZ 
JMP s-14 

X X  /RE&D m x CHAR, I G N ~ R E  
JMP I SCPACK 

D4C SCL2 
I O T  3107 
J M P  0-1 
I O T  3104 
ISZ SCL2 
JnP r - 4  
J M P  I SCPFKO 
X X  /REAT? I N  7 CHAR, P4CK I N T O  3 WClROS 
CAM 
J M S  StPACK 
I S Z  scc3 
LAM-? 
Jn45 SCPACK 
IS? 5CL3 
LAM-2 
J'4S SCpACK 
JYP f SCPCKf 
LAW SCtPWD-1. I T Y P E  G l l T  SC4LERS 
JMS N Y S T 4 S  
J Y S  CRLF 
CAM-5 
D4C N M S T A S  
LAW SCLR-1  
D A C  10 
LAC 1 10 
JEnS STPASC 
LAC I IF 
J M S  STRASC 
LAC I 1G 
JMT STRASC 
JIJIS C P L F  
I S 7  AIMSTAS 
J H P  *-IC? 
JMP DlSMIc 

FCLRWD * 230301 /SC4L FPS 
140522  

PAtfSE P F G i M  
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/ I N  AND OUT TO TEL€TYPE Q O U T I Y E S  
/ROUTINE5 T O  TYPE OUT 4MD RFQO I N  N U M P E R S  FRO* KEYROAR@ 
DECI LAM-12 1. /TYPE-TN IN DECIMAL 

OCTI C A * 1 0  I. /TYPE- IN  IN ClCTAL 
SKP 

DAC STORGb 
J M S  CIu4TO.I 
DAC ZTOPG7 
JMP @ I S N S  

JROUTIYE T n  ACCEPT FROM KFY9OfiRO A f)ECl[qAL OR OCTAL INTFGER 
TYPE I N ,  xx 

i l Z M  IND#UT3 
TYPENlT J M S  I N T Y P E  

SAD f 2 5 4  /COYMB ENOS THE ThJTEGER 
JMP TYPfN3 
TAD 1-260 L 
SPA 
J M P  TYPfNZ /ERROR; ILLFGAL CHARACTER 
TAD S f O R G 6  

JMP TYPFN2 
TAD STURG7 
DAC I N d U T 2  
LAC INOUT3 
MLJ L 

LAC0 
TAD INOIIT2 
134C. I M W T 3  
J M P  TYPFNI. 

SYA! STL 
/ERsrlR ' I L L F G 4 L  CHARACTfR 1 

STORG7, 12 / L O  FEP OCTAL 

/ACCEPTARLF NUMBER T Y P F D  IN; SET UP PRPGRAM TQ &CCEOT FIlRTHFQ K E Y R O A R C  
f I Y T E R R l i P T S  AS E X E t l l T I V E  CO 
TYPEV3.  LAW FXECIW 

OAC IWTYPE 
L 4 f  INCWT3 
JYP I T Y P E I N  

JFS TYPPUT / T Y P f  9 1 E S T l f Y  M4RK AMF1 STbRT ROUTTWF FROY G f l  
JM$' T Y P E I N  3. 

TY PEN2 9 t4H 277 /rJUFS TXnN MARK 

STORGB 9 LAP-lt2 1 / L A Y - l f !  1 FClq nCTAL 
/ C A S R f A G E  R F T U R N ,  L I M E  FEED 
C R L F r  xx 

LAW 215  
J M S  TYPOUT 
L A M  212 
JMS TYPOUT 
J M P  I CRLf  

/ROUTThaE FOQ S E T T I N G  U P  N WORDS AT Y 
NM4C8, HL T 

LAC 11672 JM : 
JMS TTRTYP 
GMA 
DAC 'INO#UT4 
LBC 115?240 /q: 
J Y S  FTRTYP 
LMQ 
LBC iNOtJT4 
J M P  I NM4CQ 

I R O U T I Y E  TO TYPE OUT 4 STRTPPFO ASCIT HnRD AND TO ACCFPT 4N I M T E W Q  
STRTYP, XX 
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P R W Y 3  1 

PRNTN? 9 

CBTDECI 
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/RlXJTINE TO ACCEPT N I N T E G F R S  FRPM YEYRQARD; STORE SEGIWNING AT M, 

NHINDI xx 
PAC N M ? # N D N  
3 M T  L A C O Y 1  
DAC 10 
ISZ NMI'NON 
FK P 

J q S  T Y P E I N  
DAC I 10 

JMP I w m n  

3 M p  0-5 
/TYPE hs S T R I P P F O  4SCTT WORDS S T Q R E O  R E G I Y N T N G  AT M e  

/ONE E X I T S  FROM YMSTAS WHEN STRASCI WHICH IS CALLEC, RY NMSTAS, E X I T S  M I T H  A 
/ Z E R O  IN  THE Ace STRASC EXITS WITH A PFSO I N  THE A t  I F  IT ENCCIUNTERS 4 
/STRIPPED 4 x 1  I CH4RACTFR C O N S I S T J W  OF 000 
NMSTA-St Yy: / C l E Q P S  L I N K  AM? 4C ON E X I T  , 

DAC 10 
LAC t' 10 
J Y S  STRASf 
szn! CLL 
JMP 0 - 3  
J M P  I NMSTAS 

/ T Y P E S  S T R I P P E D  A S C I I *  3 CHARACTERS P E R  WTIRQr FTQQE'3 IY AC F'l FNTRYc 
STR4SC. xx /CCFARS L I M Y  ON E X I T  

DAC S T R f f 4 T 1  
i 4 P - 2  
DAC STR#ATZ 

CL L 
CLQ!LQS 14 
OM 8 
DAC STRATI. 
AND 177 

JWP I STRASC 
TAT:  ( - 3 J  
SW 4 
TbD ( -77  
TAr? (34Q 
JMS T Y P W T  
IS2 S T R A T 2  
J M P  STRASL 

JMP I STRASC 
xx 
LAC9 
4N0 f17777 
TAD LnCL4tn / L  4 Y  
JMP I LnCQWf 

STRASL 9 LAC 5 T R P T 1  

W A ! C t . L  

CLG!CLL 

STRAS3,  

LACQHZ t 
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LOGFRTI 

RSUh91, 

RSUM3,  

R S L I r V l r  

/LOd CRDER SITS H E R E  

/ H I G H  O R D F R  B I T 5  I N  AC 

I C  OL 



82 



/ B I N A R Y  DUMP, R4SEI! OM WUKR (I?- ! - ~ J P  

RT2r LA 5 
/ R E G I N  a NEW T A P E  IN R I N ~ R Y  

DAC WSELEC 
ISX WSELEC 
J M P  ERRT / A L L  ‘;WITCHES MUST R E  UP 
L A C  LOCNFP /hlW 
SK P 

/dDD A RUN T O  B I N A R Y  T A P E  
WDtW P , L A C  RCDEOI. / J W  k€Nn 

DAC WXDUMP 
lFRS /CHECK I F  CLOCK IS F N A R L E n  
A L S  7 
SPA 
JMP E R R T  /YE$ Ds7 YOT DUWP S H I L E  T A K I N G  O A T 4  
L.AM 22 !$ET 000 P A R I T Y ,  T A P E  2 
onC WSELEC 3 
L B M  
O A C  TErJRP 
L A C  1240CO / W R I T E  R l h t G ,  G O T  CHCCK 
DAC W Y 1  

L A C  (20 /LnCK RUT STR 
J M S  LOCK 

WXDI JMP xx / J Y <  HENO F’3R FYD nc TAPE DR NnP FOR NFW T A P E  
L A C  ( J M P  A C 1  
nac dL4-1 /READ CPWPAQE ON R I Y A H Y  T4PF 

LbW PUYIIMF--1 
L 4 W  
JMS WiJNFQO / D W P  THE COLCAPSFF) 45 CINF R E C O R D  

L A M - T D F O I C  I 
J M S  VOMER0 / Y Q V I  T O R + S C 4 L F Q S + T f M E  IN <FCT+RYL+OVERFL@U L I 5 T  
LAW WlNTOP-1 
L A  M- -r(O N S Z E-2 4- B QNG RP- JS  f 

/ N E X T  I N S T R U C T I O N  IS  R E F F R E N C E 7  AS WXOUMP-2 I V  I d D I t V I .  

JMS WnNERO / O ~ P + P  THE RIJW YUPRER 4s O N E  R E C ~ R D  

Law C ~ L L O - I  

WOXSMI, 
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L4W aao 
J M S  WFUN 
JYP I WPACK 



HFRW 9 

#NO I 

Q 
D A t  UTFM 
LA M-3 
J M S  WRACK 
LAw-1 
D A C  W T I M E S  
L A N  WTEW-1 
YC A 
L A M  
YHC 
LAW 4013 
J M S  WFUFS 
M T R S  

SPA 
J M P  HNn 2 
MTR 5 
A L S  2 
S M A  
J M P  I WSEAR 
MWC-I 
LAW 640 
J M S  WFUN 
J M P  WFRW 
JHIS WFUN7 
J M P  W E R R  
I 5 L  W T I M E S  
SK P 
J H P  HNO 

m s  WFUN 
JfaS WSECEC 
%l#P WFRW 

aLs 3 

LaW l o o  

/ 9 4 C Y S P h C f  3 FrLES 

/SET 2 T R I E S  
/ < E T  C A  WC 

/FDIJrYD T T  

/SKIP W E  F I L F  

/ T R Y  NFXT 
/ Y O T  FPlJYD R A F Y S P P C E  

/ T E S T  

/N(2  Grl  
/ R E M I N D  

/ Y O  qc i lEruaN 



/SET by, 

/N’f  F X I T  SET 

/ S E T  3 T R I E S  

/RE40 I T  

MHIGWt 
At21 

A t 3 ,  



HHFR 9 



/IrlRfTE 2 EOF 4NO RACKSPACE O V E R  ONE 
WFINI 0 

JMS USELEC 
L A M  300 /EOf 
J M S  WFUN 
LAW 300 
JHS WFUN 
JNS WFUN7 /RACK SPACE 
J M P  I MFEN 

/TO POSITION 4 T  END OF F X L F S I  I . E . 7  2 FDF 
JkND RACKSPACE OVER ONE 
WENDY 8 

L A V - 2  
JMS WWACY /RACKSPACE 7 FILES 

WFQR 9 W C - 3  
L4W 648 /SKIP 2. F I L E  
J Y S  WFUN 
LAW hOO /SPACE 1. R E C  
JMS WFUN 
WfRF 
4 x 5  3 /40000 E D F  MASK 
SMA 
J M P  WFBF /MnT YET 
JHS WFUN? /BACKSpACF OVER € O f  
JMP I WEND 
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JROllTINE TO TYPE I N  NEW PUN N U M S E R  
MEWRUMP LAW RUN!.-1 

J M S  MMSTAS 
LAC RUNUMR 
J M S  P R N T I N  
J M S  CRLF 
LAW RIJN7- I  
J V S  NMSTAS 
LAW 22 
O A C  T Y P E ~ N  
Dzm I N O ~ J T ~  
JMS I N T Y P E  
SAD (24r? 
JFnP 11 
5AT) ( 2 5 3  
J M P  5 
SAP ( 2 5 5  

J M P  TYPENX 1 
J Y P  0 4 
LAC ( 1  
SK P 
CL A 
TdD RfJAllJPnB 
OAC ThJOtlT3 
JMP T Y P E N 3  
DAC RUYlJYR 
J U S  CRLF 
LAM R U N Z - I  
JldT NMSTAS 
LAC P U Y U M B  
JMS P S N T I N  
JMP CRLFOY 

RUN% t 17 1404 
402225 
167500 

RUM2 9 160527 
402225 
167509 

SKP!CCC 

RCINtlMRi xx 
TFVPt xx 
T A L L Y  9 XX 
PAUSE R E G I N  

/RL4hlK; RUM NUMRER FTAYS THF SAME 

J* ADD I 

/- StJPTRACT 1 

/NONE PF 4 R O V E  ; ACCCDT NEW RUN MUMREP 
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/SET UP 120 RCI) WORDS, DUMP THF RlJnf MUMRFR 
NOqnUT T x x  

LAW RCDARY 
DAC 1 4  
LAM-157 
DAf TALLY 
LAW 20 
DAC I 2 4  
ISZ TALLY 
JMP e - 2  
JMC WONFRO 
LAW RC DR UN-l 
L 4 w- 1 b 7 
JMP 1 WlRnUT 

/R!NARY TO RCD SU8RCillTIhiE 
/SINGLE PqECfSlON b D C C I Y b t  D I G I T  OiJTPUT 
/SUPPQESS LEADING ZERnS 
BI NBRC#, Y X  /18 PIT qIhdARY I N  A C  4 1  JM(: 

J W Y  PTQEC 
LAW 20 
OAC NORDUT 
LAC Ir\lf?TTO h 
SNA 
LAW 12 
DAC TNflTTC A 
LAW INOTTO 
OAC kO 
DAC 1 2  
LAM-5 
DAC BCD? 
LAC I 16 
57 P 
JYP R C f l l  
1 A C  NORnUf 
nAC I 12 
ISZ RCD? 
JMO e-6  
JMP F P I N R E D  
r)4C T 12 
LAW 12 
nAC YflQPIJT 
JMP 1-6 



DAG 15 
L 4 C  FIF 
DAC 1 5  
LEIC I 15 
JMiS RCDPRT 
LAC I 15 
D4C 1.3 
LA-g-I 
i?4C BCQ5 
LAC I 13 
3MS R l N R C D  
LAN-5 
DAC R C 0 4  
LAM fhtOTT0 
041: 12 
L A Y  ao 
n4c I 16 
LAC I 2 2  
OAT, I 16 
I S Z  R C D 4  
JMP 0 - 3  
TSZ RCD5 
JMP 0-15 
LAW 20 
DAC I I h  
DAC I 16 
OAC I ‘16 
JMP I 15 

PAUSE SEGIhd 
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L A C  P I S P Y S  
A L Z  3 
SMA 
JPP ERRT 
L A C  N 7 6 3  
J M t  LOCK 
FlZlvi CILXC. 
07w C A L Y O  
LAW SYMBLX 
DAC C A L 5 Y M  
L 4 C  DIISPLM 
JM-5 iWJL2d 
L H Q  
TAD D15PL.N 
D A C  CALCHC 
L A C 0  
T A D  OISPLC 
D4r C A L Q W  
L A M  
TAP D I S P L N  
TAD DISPFS 
DAC CALCHL 
JMS MULZO 

T A D  I 2 4  
T A D  C A L C H L  

TAR ( L A M - 7 7 7  

C L  A 
TACI f L 4 1 4 - 7 7 7  
TAD CALCHC: 
DAC C I L N O  
DAC C4LN131 

AND ( 7 7  
L P S  4 
CM A 
DAG C A L S K L  
LLS 10Q4 
ISZ C A L S K L  
JHCj C Y A T D 1  
TAD t 1 2  
DAC C A L S K L  

TAD C A L b O O  
DAC 16 
LAW CALRIIF--X 
T A D  C4LCHQ 
DAC 1 5  
DAC C A L A n C  
LAC I 16 
XCT D I S P Y S  

S Z A ! C L A * C L L  
CL o ! CMQ 
L L S  1 3  

LQCS 7 4  f S Z A ! C L L  

n4c  CALCHL 

! C Y A  

LAS!CLL 

CLC! ~ T L  

LRS 12 , 

/ N U ' I I S E R  nF P O I N T ?  TI1 P L O T  

JFTWn AC O I t P L A Y  S C A L E  FACTOR 

/D(JT S C A L E  FACTOR T r Y  C P L S K L  
/ S T P R T  SET-UP OF CALCOMP PlJFFER 

/ C A L R U F  DEFINFCI I N  E O l J A L I ' T I E Z  

/ T E S T  I'F NO. 1021 (10, 
/YES, PUT L A M  I N  
/aJIBXIWM S C A L E  Q N  CALCOMP 15 2C47 ( 1 0 1  
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CALtrR,  

PLfRX,  
P t T R Y I  

DAC I 15 
fS;I  CALNO 
J M P  .-lo 
L A C  C A L S Y L  / < T A P  T GRAPH L A B E L  I NG 
J V S  RTDEC 
L A C  ICLO!LLS 2 
D A T  L F T S Z E  
L 4 C  Fa3740 
L M B  
C L  A 
JV’5 BLKYUM 
L h C  RUNIJMB 
JMS ETDEC 
L A C  N3J40 
L M r j  
TSZ L E T S L F  
L A C  C A L X O  
T A D  llD0 
JMS B L K N I M  
L A  H 
TAD L E T 5 T E  
DAG L E T S L E  
L A C  (-150 I_ 
DAC t A L B f I  
L A C  C A l C H t  
J M 5  BTnEC 
L A C  1-62 1 
L N Q  
LAC G A L S F 3  
JW.5 RLKNtJg 
L A C  C A L R F I  
TAn {310 
i ) P t  C A L R F l  
L A C  CALCHO 
S A 0  f 4 L C H L  
JWD e 4 
TAD 124 
DAC C4LCHC3 
JWHP .-I5 
LAC, N422 
JNS UQLOCK 
CL A 
DrtC PLTPX 
I S L  CALADO 
L A C  f CdlLAOO 
OAC P L T R Y  
L A C  I C A L S Y M  
JMS P T P L F T  
XX 
X Y  
L A C  P L T R X  
T A D  t l Z  
DAC PLTRX 
1 s z  C A L N n l l  
JHP e-17 
LAC N2?45 
TAD P L T R X  
DAC C 4 L X N U  

DAG C A L Y N U  
CLA !CLL 

/SET LETTER STZE 

/PRINT < C A L E  fAGTI7F 
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J M S  C A L I V  /ADVANCF PAPER h IMCYE? 
L A C  N763 f U N L O C K  E V E R Y T H I N G  LOCKED OIJT R Y  O L T  
J M I  UNLOCK 
JNP D I S M I I  

/ P L O T S  P n l N T .  C ( A C ) =  ADDRFSS OF C H 4 R I T T E R e  X t Y  AS ARG 
P T P L O T  Y X  

OAC P T P L C Z  
L A C  I P T P L O T  
TAD (-5 1 
DAC PTXC? / S E T  X CQPRQINATE nF L W F P  L E F T  W- CHARACTEP 
DAC C A L X N U  
IS7 PTPLOT 
L A C  I P T P L O T  
T A D  (-5 1 
PAC PTYO /SET Y C 0 0 9 0 I V A T E  CIF LOWER L E F T  nF CHAriACTER 
DAC C A L Y N U  
ISZ P T P L O T  
C L  L 
JHS C A L I N  /MOVE P F N  Tr) CHARACTER LnWFP L E F T  
LAM-4 1 
DAC P L T F T R  / S E T  FOR 3 O A l R ?  OF R E L 4 T J V F  G f W R O S  IhJ CHARACTFH 
L A C  P T P L W ,  / 5 F T  UP C C I O R O I Y 4 T E f  FOR P E N  MnTIOhJ 
LMQ 
L L S  1002 
J M S  P T O L 0 3  
TAP PTXC" 
o&C C A L X Y U  
L L S  IC02 
JMS P T P L 0 3  
T A D  P T Y P  
DAC C A L Y N U  
L A C 0  
DAC P T P L O l  
JMS C A L I N  /YClVE T P  CqMPlJTCD CWARACTER Cf'DR95,  P F V  DqWN 
152: P L T C T R  
J M P  .-I6 
JM? I PTPLQT 
XX /Y tJLf IPL I 'E I  CHARACTFP R F t 4 T i V E  C W R D  J Y  AC R Y  5 

J M S  C M A T n l  
DAC P T P L O Z  

J M P  i' PTDLCl3 
TAG 15 
TSZ P T P L W '  
JMP -a-2 
J M P  I P T P L O 3  
512240 /CC?DF FOR X PLflTTfNG CHARACTFR 
xx t L E 4 V E Z  - C I A C )  140D 23 I N  AC 
CL L 

24 
JMS C Y A T D I  
A Y P  I M U L 2 l i  

STL ! SNA !CL A 

roxv 
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/ A D V 4 N C f  FOR NEYT DIGIT 



NUWOVE, 

JWS CALTJ'4 /MOVE TF L O C A T I T I N  O f  D I G I ' T  
L A C  RLOCYO 
DAC C A L Y N U  
L A C  R L D C K l  
5N A 
JMP I RLOCUR 
AND 177.(.Or"Q 

w' 1) 
SNA!CLL 

/T(TEAT THE ?JIGIT 1 S P E C I A L L Y  
L A M  RLQCQCI-I / S T A P T  Q l J M  THROIJGH RLnCK P A T T E R N  
DhC B L O C K 2  
L A C  R L O C K l  
T A L  
QAC. RCflCKL 
J M S  t4LIN /EXECUTE CIIRREMT L I W E  OF P A T T E R N  
I S 2  R t 3 C K 3  
LAW BLf lCOO 14 
S A D  R L O t K 2  
JNP 1 SLOGKQ 
L A C  I RLGCKZ 
XTT LETSZE 
T A D  CACXNU 
DAC C A L X N U  
I F F  R L M K 2  
L A C  I BLOCK? 
XCT L E T F 7 E  
T a n  CALYNIJ 
D4C C A L Y N l t  

LAC. ( J .  /SPEC: r4L TRFATMEVT nF "1 " 
XCT L E T S Z F  
TAn C A L X N I l  
DAC C&LXVU 
G L L  
LAC fri 
X C T  L E f q Z E  
TAD C A L Y N U  
D4f C A L Y N U  
J M S  C A L I N  
L A G  PLOCYO 
OAC CALYMU 
FTL 
J M S  C A L T N  
L A C  1-2 I 
X C T  L E T S L F  
T A D  BLYMXO 
DAC R t K N X O  
JMP I RLOCKR 

JMP m-21 

L E T S Z E ,  C L O ! L L ~  2 /CONTROLS SIZE O f  D f G I T S  
PLOCODI 4 / S T O R h G F  OF R E L A T I V E  I X , Y )  RLOCK P A T T E R N  COflRDS 

0 0 3 
0 3 -4 1 
0 0 -? 1 
4 0 

/YOYES PEN T O  X I Y  IN C A L X N U V C A L Y N U  IN 2'5 COMPLEMFNT 
/LTNK=I=>PEN DOWN*LINK=O=>PEN IJP 
C A L I Y .  Xi 

G L K  / F I N D  OUT I F  PEN IS ALREADY SET CORRECTLY 
5 4 0  LIrYKrl 
JMP a 7 
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DAC LINK?? 
RC R 
LAW 40 

LAW 20 
JHS CALCMP 
LAC CALXO 
JMS CYATf33. 
T A D  CALXNtJ 
DAC CALDX 
57 A 
J Y P  a 3 
LAW 
J M P  * I f :  
S W A  
J M P  s 5 
J M S  CMATDl 
DAC CALDX 
LAW L 
SKP 
LAW 2 
DAC CALXEP 
LYQ 
LAC CPLXNIJ 
DAC CALXO 
LAC CALYC 
J M S  C Y A T O Z  
TAD CALYNU 
DAC C4LOY 
SNCI 
J"1P e 10 
5 M  h 
JMP 5 
JM5 G W T f ) t  
DAC C A L O Y  
LAW *. 
5K P 
LAW 10 
OWcd 
D A C  ChLYEP 
LAC fACY4U 
3 A C  CALYC 
LAC CALDY 
JHS C M A T D I  
TAD CALDX 

JMP o 3.2 
LAC CALDX 
LMQ 
LAC C A L n Y  
DAG C4LDX 
LAC0 
O A C  CALOY 
LAW 14 
ARfn CllLYER 
DAC CALXER 
L A C  CALDX 
SWA 
J Y P  C4LXER 5 
J Y S  CMLITUJ 

SNL!CLL 

r n a ! c L l  

/ I F  PEN NOT SET COPREETLY, SET f T  

/SFT PEN 

#DELTA x 

/TFST FOR On - OFCTA X 

/DELTA X $5 - 
/-DELTA X =) DELTA X 
I - X  MOTTON 

/ D E C T b  Y 

/TEST + DQ - Y 



CALY EP I 

CALXER r 

LINKRI 
N763 , 
Nr6219 
M3760, 
N2246, 
CALNAr  
CALNT, 
CALCTR. 
CALOY I 

CALDX, 
BLOCK29 
BLncYOi  
BLOCK1 i 
R L K P R l I  
BLKNYO I 

R L K N U l ?  
RLKNXL?, 
PTPLCl2r  
PLTCTP 7 

PTYr) 7 

PTXO I 

PTPLOX., 
C A L  Y NU 9 

tAtXNLt , 
CACSFIL t 
C A L S K L i  
C A L N O l i  
CALlVOi 
GALCHLI 
CACAO0 T 

CALCHO t 
CALSYM, 
CALYOr 
CALXOI 
ENDTMP 1/ 
PAUSE REGIN 

DAC CALCTR 
Rt L 
DAC CALNT 
LAC CALDY 
RCL 
DAC C4LDY 
L A C  C4LDX 
TAD CALDY 
DAC CALNA 
TAD CALNT 
SPA 
JWP e 4 

x x  
SK P 
xx 
JMS CALCMP 
LAC CALNA 
f S Z  CALCTR 

n b c  T ~ L N A  

JMP 0-14 

0 
7 b  3 
42 I 
3740 
2246 
xx 
xx 
xx 
XY 
XX 
XY 
xx 
xx 
xx 
XX 
xx 
XX 
xx 
xx 
XX 
xx 
X X  
XX 
x)r 
xx 
XX 
XX 
xx 
xx 
XX 
XX 
YX 
xx 
XY 

JMP r cALrM 

/ 1 2  DELTA Y t  =) DELTA Y 

/LAW FOR XIY. SETS AC BITS FOR COYRINED M O T I O N  

/LAW FOR X. SETS AC B I T S  FOR Y VOTfOPJ ONLY 
/ T F L t S  C4LCr l yP  TO Df i  I T S  THING nN INTERRUPT 

/CONTAINS CIIRRENT STATE OF P F N j  IJP OR DOWN 



E Q U A L I T I E S  
kCN 2 4 2 2  
ACV 2 4 1 b  

CALSYH 5 7 7 3  
CALYNU 5 7 6 4  
CLCK2 7132 
C L F L B P  7 ~ 4 1 0 2  
CMATUl  5 4 6  
CRC 2 6 7 7  
OEC 3 3 4 5  
D l S P F L  4 5 7 7  
D I S P L K  2 4 5  
OISP2 221 
DELIHI 3 5 3 7  
E X F L 1 2  1 5 6 5  
E X E L T 4  2 1 1 4  
GRPCHK 2750 
H l E Q  9 7 7  
l N l S H 2  2271 
INf lLJT4 d 4 7  
I N T R S C  4 5 h b  

A C S U I S  4 d  
A D C I  2655 
Al.1 4 3 7 2  
AREA 1300 
AUTO13 13 
BACKSP 4 6 4  
ECORUN 7 4 0 4  
B E G I N  2 4  
E t N L l M  7 4 2 3  
ELKNXr i  5 7 5 6  
R L B C K i  5 7 5 2  
RSL  ( 6 5 5  
RUFTAG 2 1 2 7  

LEG 6 1 6  
L T M P 2  3 6 3  
M O N T B H  7 u n n  . .- 
NM!NO 3 5 5 2  
NMSTAS 3 5 6 4  
N 2 2 4 6  5 7 4 2  
EUTBCU 7 5 0 3  
P k N 2  4 5 7 5  
P L T H V  5 3 7 5  
PHNTN2 3 4 b 6  
PRf lCEJ  2 5 6 3  
P l A 8 1 0  2 5 2 6  
PTPLOJ 5 4 0 4  
REAUR 2 ~ 6 5  
R O T 0 C T  5 3 2  
R S C I N k  3 6 2 7  
RSLIT5 3 6 6 6  
R S U M T 2  2 1 3 7  
RSUMJ 3 7 4 5  

RSUMU ' 2 I 5 4  
RSUMTJ 2 1 3 6  
R S U t l 4  3 / 1 7  

ACSRES JZ  
AH1 5 4 0  
A L 4  4 3 6 5  

NMOUTO 5 5 4 3  
N B S f R P  ( 5 2 1  
N 7 6 3  5 7 3 7  
PENUn 4 4 "  
P L T C T R  5 7 6 0  
PRNTDB 5 4 4 1  
PRUCES 2 5 4 4  
P T A B L E  7 4 7 7  
P T P L O l  5 7 6 3  
P U L S Z E  l l i U  
RECEC2 2 7 1 7  
R E T B C  4 7 5  
R S L I N 5  3 6 5 7  
HSUHQ 3072 
RSUMl 9 7 3 4  
NUNUMB 4 5 0 0  



4472 
7 4 0 0  

ScLRSH 3124  
SCLJ 216U 
SCPCKD 3275 
SETAUT 1054 
SUFTS 7433  
S O R T 1  6 1 7  
STAPi  2465 
STRHG7 3371 
STPVH3 5,173 
S T R A T I  2 1 5 4  
S T R I P 3  I U 6 5  
S T R I P 8  1437 
S T R 1 1 4  2165 
S T R 1 1 9  I 5 1 4  
STR124 673 
S T A T  2456  
S Y M H L X  5415 

T Y P U U T  2 5 
VAL1 2859 
VARhIh 4573 
V A R J A  1374 
dCYPNT 4605 
N F I N  44114 
WGRP 2 0  
UUnM 4 3 1  I 

ZEQUTl 2131 

R U N 2  4475 
S C C R C K  310 
SCLRTP 3319 
SCL4 2 1 6 1  

SETTIM 2226 
SKCF 7U2501 
SQSC 3 6 4  
sTnP:! 2 4 3 2  
S T O V E R  3020 
sTP(  3076 
STRAT2 2 1 %  
STRIP4 1435 
STRIP9 
S I R 1 1 5  j:?6 
STR12U 1516 
S I R 1 2 5  1003 
STRTYP 3 4 2 6  
TALLY 4502 
TufL 2615 
TOPLOP 372 
TYPtNZ 3402  
UNCOLL 0 
V A R A N C  IO!! 
VARSTR 4512 
VAR4 1412 
WOlSMI 4U60 
WFgR 4417 
WQRPN 
W I N 1  :$;7 

SCPCI(( 3305 

W M l  4331 
WSELEC 4 76 
WTIMES 4 5 3 2  

SCLERI  3154 
SCLRK3 3162 
S C L z  2162  
SCPACK 5282  

SHFTOF 1 1  
S O R T  3.54 
STlM 2472 
sTORG6 34135 
STPVK2 2163 
STUAS3 4613  
STRIP2 647 
STRIP7 2171 
STR112 ( 1 6 7  

STHI23 y ! z j  
SWC 7 ~ 3 6 0 1  
T E S T (  4>64 
T O F T 5  2126 
TYPEIN 3452 
TYPONM Sb41 
VAL 552  
VAHLOC 1121 
VAH3 ( 5 4 3  
WBACK 4 2 1 6  
WERR 4 1 4 2  
WFUN7 4.534 
WHICH 4 5 4 0  
WLPP 5UJO 

Z E R O  LY75 

S C Y  2413 

S T H I 1 6  

STRl28 ,507 
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