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I. INTRODUCTION 

Tie hardware system descr ibed i n  t h i s  r e p o r t  was intended t o  be me-  

f u l  i n  conjunction with t y p i c a l  nuclear  expeyimenb , but t h e  design w a s  

predicated a lms  t completely 011 a s i n g l e  experiment 

I n  .this experiment charged p a r t i c 1 . e ~  from nuc1.ear r eac t ions  of 40- 

60 MeV protons o r  a - p a r t i c l e s  a r e  de t ec t ed  i n  a t e l e scope  c o n s i s t i n g  of 

t h r e e  semiconductor de t ec to r s  . P a r t i c l e s  s t r i k e  t h e  counter sta.ck a t  

random r a t e s  up t o  1000 per  second. The time of a r r i v a l  of each p a r t i c l e  

detected i n  tlie t h i n n e s t  (100 micron) d e t e c t o r  is compared t o  a timing 

signa.1 derived f r c l m  t h e  cyclotron a c c e l e r a t i n g  vol tage t o  produce a 

pu l se  from a time-to-amplitude converter,  and charge pulses  from each 

d e t e c t o r  a r e  measured. Since a l l  p a r t i c l e  ranges a r e  of i n t e r e s t ,  t h e  

amplitudes of four  1-microsec s i g n a l s  rnust be d i g l t i z e d  unless  compI.ex 

l i n e a r  ga t ing  and summing c i r c u i t r y  is employed. Summirig c i r c u i t s  were 

a l t o g e t h e r  zvoided by summing t h e  absorbed energies  i n  t h e  computer. 

Fast h g i c  decis ions are  made 0utsid.e -the equipment discussed he re  t o  

determine t h e  counter i n  which t h e  p a r t i c l e  stopped, whether t h e  event 

i n  question was compromised by pi leup,  e t c .  

The system was  designed t o  se rve  the  above experiment by employing 

a PDP-8 computer2 as a magnetic t ape  analyzer  with event-by-event record- 

ing on Im-compatible magneti-c tape of t h e  J+8 b i t s  corresponding t o  

each event .  Somewhat s imilar  computer configurat ions have s u r e l y  been 

used elsewhere. This choice vas d i c t a t e d  by tlie l a r g e  s i z e  of t h e  a r r ays  

needed t o  r ep resen t  t h e  t'nree two-dirnens i o n a l  s ys t e rn  of pu l se  amplitude 

combinations r equ i r ed  f o r  i d e n t i f i c a t i o n  of t h e  p a r t i c l e  type without 

l o s ing  t,he advantage of t h e  0 .3 - 0.5% r e s o l u t i o n  inherent  i.n t h e  d e t e c t o r  

system. For the  s impler  experiments involved i n  d e t e c t o r  ca l ib ra t i . on  

and l ineup, thc sys tern allows on-l.ine s ingle-dimeiis ion pul-se-height 

arial-ys is  . %ne cornpu%er a l s o  provides l imi t ed  c o n t r o l  w e r  t h e  course 

of t h e  experi.iiient, and provides f o r  on-l ine low prec i s  ion p a r t i a l  ana lys i s  

of r e s u l t s .  The system could have been programmed f o r  on-l ine r a t h e r  

than delayed-time a n a l y s i s ,  with good eff ic i .ency f o r  t he  experimenter 

but  with less e f f i c i e n c y  in ( s c a r c e )  cyclotron t ime.  



The most important s t i p u l a t i o n  i n  the  ,design which r e s t r i c t s  t h e  

d ive r se  app l i ca t ion  of t h e  system is t h e  one which requi res  t h a t  a l l  t he  

amplitude d i g i t i z e r s  respond t o  co inc ident  events .  mat is, the  four  

d i g i t i z e r s  cmnected  t o  the  system cannot now be employed with de t ec to r s  

sens ing uncorre la ted  r a d i a t i o n s  unless some a d d i t i o n a l  work is done on 

t r i g g e r i n g  and dead-time arrangements. 

The primary purpose of t h i s  r e p o r t  is t o  provide a manual f o r  users 

OS t h e  system, bu t  t he  material. may i n t e r e s t  persons concerned wi th  

s ys tern des ign . 

11. OVERALL SYSTEM CONFIGURATION 

Figure 1 repres  ea ts  t he  hardware conf igura t ion  exployed . The Type 

580 t ape  system is a minimum IPN-compatible design which performs a l l  

i t s  da t a  t r a n s f e r s  through t h e  computer's a r i t h m e t i c  r e g i s t e r ,  s o  t h a t  

tape  reading o r  w r i t i n g  gene ra l ly  fo rec loses  o the r  program a c t i v i t y .  

Since fast, paper tape  eyuipmznt is. not  provided, t h e  magnetic t ape  needs 

t o  be used for  program s t o r a g e  as w e l l  as data dumping. This i s  accomp- 

l i s h e d  through t h e  use of "PUT" and "TAKE" rou t ines  descr ibed by R u s t  

and Burrus .' 
made t o  the  580 t ape  system. 

Appendix A ind i  ea-tes t he  s imple but  important modif i ca t ions  

Data from randoml-y-occurring nuclear  events e n t e r  t he  computer mem- 

o ry  through the  cyc le - s t ea l ing  d a t a  break.  Data a r e  s t o r e d  i n  a s i n g l e  

end-around buf fe r  region wi th in  the  computer memory, wi th  hardware- 

con t ro l l ed  s t o r a g e  address .  S i x  microsec of computer t ime a r e  requi red  

for  each 4-word (48 b i t )  t r a n s f e r .  

a record of t he  number :>f words of unprocessed data i n  t he  b u f f e r ,  and 

t h e  program maintains cognizance of the  s i t u a t i o n  by not ing where d a t a  

has beer1 en tered  31 t h a t  t h e  up-down counter is  f u l l .  The s imula tor  

r ep la re s  r e a l  da t a  with a swi tch  r e g i s t e r  f o r  program and hardware 

tes t i n g  . 

A hardware up-down counter maintains 

Dlsplay f a c i l i t i e s  a r e  based on a s tandard  DEC Type 34 d i s p l a y  sys- 

tem with a 8- x 10-em sc reen  and t h r e e  i n t e n s i t y  l e v e l s .  The Moseley 
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p l o t t e r  is s imply wired i n  p a r a l l e l  wi th  t1i.e osc i l loscope ,  though of 

course t h e  prograrming is  s p e c i a l .  

wi th  s tandard opera t ing  characteri .st , ics except t h a t  t h e  moveable head, 

t he  ccwe from a b a l l - p o i n t  pen, is  very l i g h t  and has no s h u t t e r .  

The " l i g h t  pen" is a home-made u n i t  

Operator i n t e r a c t i o n  with the  program, and t h e r e f o r e  with the  exper i -  

ment, can t ake  p l ace  through t h e  t e l e t y p e ,  t h e  l i g h t  pen, and t h e  12 b i t s  

of t he  console swi tch  r e g i s t e r .  

switches a r e  a l s o  provided, which may be r ead  i n t o  t h e  computer's accumu- 

l a t o r  on program demand. Tflese a r e  more convenient than t h e  console 

switches f o r  t r a n s f e r  of decimal numbers. 

a r e  provided which al low t h e  ope ra to r  t o  s i g n a l  s p e c i f i c  condi t ions or 

reques ts  t o  t h e  program by means of' pulses  or push swi tches .  

Two three-  (decimal)  d i g i t  thumbwheel 

F ina l ly ,  f i v e  flags ( toggles  ) 

For reading i n t o  t h e  computer t h e  contents  of e x t e r n a l  fas t  counters ,  

p rov i s ion  is made t o  accept  i n t o  t h e  computer's accumulator f o u r  b i t s  

from t h e  s e l e c t e d  decimal d i g i t  of any one of 32 e x t e r n a l  counters .  

Experiment c o n t r o l  equipment, included t o  allow f o r  r a p i d  expans ion 

of c a p a b i l i t y ,  includes a one-word program-controlled b u f f e r  wi th  six 

a v a i l a b l e  l e v e l  Qutputs, t h r e e  program-controlled pulse  outputs ,  and two 

s i x - b i t  d i g i t a l - t o - a n a l o g  converters  which may be se t  v i a  t h e  computer's 

accumulator. 

Deta i led  wirfng p r i n t s  of t h e  local ly-provided p m t i o n  of t he  i n t e r -  

f a c e  system a r e  a v a i l a b l e  in t h e  &-2929 s e r i e s  of t he  Oak Ridge Nat iona l  

Laboratory Ins t rumenta t ion  and Controls Divis  ion .  ["A Multi-Analyzer 

S tored  Program Data Acquis i t i o n  Sys tern". 1 
i n s t r u c t i o n s  def ined f o r  t he  completed system. 

Appendix B lists t h e  computer 

111. THE EXPERIMENTAL DATA INTERFACE 

As i nd ica t ed  i n  Fig. 1, the  pulse-he ight  ana lys i s  d a t a  (a long with 

flags from t h e  fast l o g i c )  e n t e r  t h e  computer through an i n t e r f a c e  d i v i -  

ded i n t o  tvo s e c t i o n s ,  one of' which is e s s e n t i a l l y  a c o n t r o l  and mul t i -  

p lexer  for the  data break, and the  o the r  of which is a l o g i c  adaptor  

f o r  f o u r  pulse-height  ana lyzers .  Interposed is a s e t  of s imula tor  

switches which allow analyzer  da t a  h i t s  t r i  he  s e t  with a 48-b i t  swi tch  
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ree i s ter and which provides dunmy (ad  jus t a b l e )  ana lys i s  delays . 
simulator is invaluable  for program t e s t i n g .  

such a device should also s imula t e  the computer t o  t h e  analyzers .  ) 
sec t ions  below desc r ibe  t h e  two main segments of' t he  da t a  i n t e r f a c e .  

This 

(To be opt imal ly  use fu l ,  

The 

A .  The Data Break  Control 

The da ta  break c o n t r o l  system (DEC s e r i e s  100330) was  designed 

by D .  Vanada of D i g i t a l  Equipment t o  meet our gene ra l  s p e c i f i c a t i o n s ,  

and has undergone only mingr r e v i s i o n  t o  improve compat,ibility with 

e x t e r n a l  hardware. 

as i t s  purpose t h e  p a r a l l e l  depos i t i on  of a 1 2 - b i t  word from an e x t e r n a l  

source i n t o  t h e  computer memory l o c a t i o n  determined by the e x t e r n a l  hard- 

ware of  t h e  Control, without i n t e r f e rence  wjth t h e  program. Such t r a n s  - 
f e r s  r equ i r e  1 machine cycle (1.5 microsec) pe r  12 -b i t  word. 

p re sen t  case the  Data Break Control is designed t o  perform t h e  funct ions 

i l l u s t r a t e d  i n  Fig. 2 and descr ibed i n  the  paragraphs below. 

The ( " s ing le  cycle") d a t a  break system employed has 

I n  t h e  

Provided t h a t  t h e  r e s u l t i n g  d a t a  break would not w r i t e  over unana- 

lyzed d a t a  i n  t h e  computer memory, the Control  gives t h e  compuier a 

a Break Request l e v e l  when an appropr i a t e  event is ready f o r  ana lys i s ,  

when da ta  s t o r a g e  has been enabled both by hardware and sof tware controls, 

and when the pulse-height  arialylers have completed encoding ( o r  r e j e c t i o n )  

of a l l  s i g n a l s  r e l evan t  t o  t h a t  event .  The B r e a k  Request is terminated 

when enough successive break cycles have been taken t o  t r a n s f e r  t h e  

number of words ( p e r  event)  determined by hardware switches.  

The Control multiplexes 13 t o  it8 b i t s  i n t o  successive 1 2 - b i t  words i n  

synchronizat ion with t h e  PDP-8 t iming pulses;  i . e . ,  successive 1 2 - b i t  l e v e l  

combinations are made a v a i l a b l e  t o  t h e  computer's Memory Buffer r e g i s t e r .  

The Control deLermines the  12'-bit address f o r  each t r a n s f e r ,  and 

makes it a v a i l a b l e  t o  the Memory Address Buffer a t  the proper t i m e .  D a t a  

words a r e  w r i t t e n  into a regiqn of memory of l eng th  256 ( h o g 8 )  o r  512 

(1000, ) words long, as determined by a hardware switch.  

the n u l t i p l e x e r  is  placed i n  the next successive core loca t ion ,  with end- 

around c a r r y .  

t h e  l o c a t i o n  of t h e  hardware "po in te r " . )  

Each word from 

(The program does not  au tomat i ca l ly  have cognizance OP 

T'hc 8 o r  9 l e s s - s i g n i f i c a n t  
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b i t s  of t h e  break address a r e  determined by a b ina ry  counter,  while t he  

)I. o r  3 more s i g n i f i c a n t  b i t s  a r e  determined' by hardwaE switches.  

t r a n s f e r s  are now i n t o  memory f i e l d  0. 

A l l  

The Control s i g n a l s  t h e  program when the da t a  bu f fe r  has no room f o r  

a d d i t i o n a l  d a t a  by use of t h e  overflow l e v e l  from an up-down counter 

which i s  incremented by t h e  hardware each t ime t h e  break address is 

incremcnted, and is decremented by t h e  program when a da t a  word has 

been handled s o  t h a t  t h e  corresponding mznory loca t ion  can be re-used. 

(The program inspects  and then c l e a r s  a f i x e d  b i t  p o s i t i o n  i n  a word 

from each event t o  avoid re-analysis  of t h e  same even t . )  

b i t  which w a s  wired i n  proved t o  be a g r e a t  a i d  i n  checkout when it w a s  

no t  c l e a r  whether t roub le s  were duc t o  hardware o r  sof tware.  Since t h e  UDC 

is a 2 Mf-Iz counter,  "up" and "down1' counts presumably should no t  occur 

wi th in  0 .4  psec of each o the r ,  s o  present, programs d i s a b l e  t h e  d a t a  break 

f o r  10 microsec t o  perform t h e  count-down ope ra t ion .  Analysis of t h e  

break t iming implies t h a t  t h i s  precaut ion is unnecessary if t h e  UDSUB3 

i n s t r u c t i o n  is avoided. h l i l e  t h e  UDC is i n  overflow, no m r e  d a t a  breaks 

can occur.  If t h e  d a t a  break is  enabled, t h e  TJDC overflow is a level  

which causes program i n t e r r u p t  and which i s  a v a i l a b l e  f o r  t e s t i n g  with 

a s k i p  i n s t r u c t i o n .  

Having a f i x e d  

The Control accepts AWRT s i g n a l s  corresponding t o  analyzable  events,  

and determines which of then; occur when t h e  system is ready f o r  handling 

a new p u l s e .  These produce '(0 nsec ENCODE pulses which a r e  r e tu rned  t o  

t h e  Analyzer Iog ic  Adaptor. 

When t h e  l as t  da t a  word from a given event  is i n  t h e  computer memory, 

an ACCEPTED s i g n a l  is issued t o  t h e  Analyzer Logic Adaptor t o  allow prepa- 

r a t i o n  f o r  t h e  next appropriate  s i g n a l .  

A BUSY level is produced which st ,retches from any ENCODE u n t i l  a 

tunable  delay a f te r  the corresponding ACCEPTED. N o  a d d j t i o n a l  ENCODE 

s i g n a l s  can be produced by the i n t e r f a c e  u n t i l  t h e  BUSY i n t e r v a l  is 

concl.uded. The tunable  delay has been s e t  a t  5 microsec, b u t  t h e  appro- 

p r i a t e  iiumbei- depends on t h e  Analyzer Logic Adaptor and the analyzers  

themselves, and should be checked by s t u d i e s  with random s i g n a l s .  
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An ACCEP’IJED pu l se  is produced 3y the  UDCLR i n s t r u c t i o n  f o r  i n i t i a l i -  

za t ion  of t h e  Analyzer Logic Adaptor. 

l a r l y  i n i t i a l i z e d  by t h e  BBADCB i n s t r u c t i o n .  ) 
(The Data Break Cont ro l  is s i m i -  

Three documented a r e  a v a i l a b l e  f o r  use with t h e  Break 

Control, and a v a r i e t y  o f  others  could be produced by adapt ing routfries 

from t h e s e .  While the  system was based on the  use of t h e  end-argund 

b u f f e r ,  one-event o r  few-event buf fers  have been s u c c e s s f u l l y  w e d  by 

depending upon r e c e i p t  of an up-down counter overflow before  counting 

down the  UDC. I n  t h i s  manner. the  core d a t a  buffer becomes synchronized 

(and may be made any length) ,  s ince the  address count is r e s e t  3r known 

each time t h e  TJDC is i n i t i a l i z e d  a f t e r  an overflow. 

The fol lowing in s t ruc t ions  a r e  u t i l i z e d  by the Data Break Cont ro l .  

6301 
6311- 

63 12 
63 14 

6321 

6324 

6331 
6333 
6337 

COUNT 
W C L R  

BA33I.E 
B D I S D  

UDSOFL 

UDCLR 

UDSUBl 
msm2 
UDSUB3 

Increment the  address counter  and the  up-down counter .  
Break ADdress CLeaR, c l e a r s  t h e  address counter and 
i n i t i a l i z e s  the  Data Break Control .  
B r e a k  enABLi3 t o  allow t r a n s f e r s  t o  computer memory. 
Break DISAEle s o  that no da ta  break reques ts  can be 
made. 
Up Dom counter, Skip  311 OverFbw, i f  t h e  Data Enable 
togg le  is s e t .  
TTp Down counter ,  CLeaR. UDCLR a l s o  i ssues  an ACCEPTBD 
pulse  t o  t h e  Analyzer Logic Adaptor. 

Ur, Down counter SUBtract 1, 2, o r  3. The corresponding 
IOT pulses  a r e  s imply OK’ed and appl ied  t o  the “down“ 
input  of t he  UDC. Note t h a t  t he  Last of t h e  th ree  
UDSUB3 pulses occurs about 0 .1  or 0.2 microsec before  
t h e  Address Accepted pulse  which is used tc, increment t h e  
UDC i n  case t h e  fol lowing machine cycle  is a data break.  

B. Pul-se-Height Analyzer (or o the r  d a t a )  Logic -- Adaptor 

The adaptor  i n  use w a s  designed by E. Madden and is descr ibed  by 

-the ORNL Q-2929 p r i n t s .  

graphs below. 

The main func t ions  are swnmarized i n  the para-  

The l o g i c  l e v e l s  a v a i l a b l e  from the  data source are converted 

as necessary t o  match t h e  mul t ip lexer  inputs  of the Data Break Control .  

(-3 i s  l o g i c a l  un i ty ,  ground a zero.  ) 

I n  t h e  ex terna l - ly  A U R T e d  mode gene ra l ly  used s o  f a r ,  t r i g g e r s  a r e  

produced for  a l l  d i g i t i z e r s  when an ENCODE s i g n a l  is rece ived  from the  
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Data Break Control.  I n  t h e  i n t e r n a l l y  AURTed mode, t h e  Data Break 

Control is  provided an ALERT pu l se  when an analyzer 's  inspect,ion c i r c u i t r y  

r epor t s  an input  pu l se .  

I n  t h e  i n t e r n a l l y  ALERTed mode, a l l  enabled analyzers a r e  blocked 

s o  they cannot respond t o  additional-  s i g n a l s  u n t i l  t h e  BUSY i n t e r v a l  is 

completed. (Some u n i t s  perform t h i s  func t ion  i n t e r n a l l y .  ) 

Switch coiitrols are prcJvided t o  detcrmine which analyzers are  

enabled, i .e.  from which analyzers w i l l  we await s igrlals i n d i c a t i n g  

completion of d i g i t i z a t i o n .  The ENCODING FINISHED l e v e l  i s  produced 

when a l l  enablpd ana ly t e r s  have responded. 

When pulses  timed with an ENCODE on an enabled analyzer  a r e  out- 

s i d e  the  range of amplitudes which can be d i g i t i z e d ,  t h e  hardware s e t s  

t he  f l a g  which a s s e r t s  t h a t  t he  analyzer  has completed i t s  d i g i t i z a t i o n .  

Wnen such overflows o r  underflows a r e  detected,  a f l a g  b i t  is t r a n s f e r r e d  

t o  the  computer with t h e  suspec t  d a t a .  

in-tercepts" adjusted s o  t h a t  an ENCODE unaccompanied by a s i g n a l  

s - tore  a "baseI.ine" amplitude of s e v e r z l  channels.  ) 

(The analyzers have thei.r  "slope 

w i l l  

For each 12 -b i t  d a t a  word, t h r e e  of the b i t s  are (hardware) switch- 

ab le  between input  d a t a  l i n e s  and toge;l.es f o r  which pu l se  inputs are 

provided. That i s ,  t h e r e  a r e  12 such f l a g  t,oggles . Arrangements have 

been included t o  a s su re  t h a t  toggles  c a n m t  be s e t  except by events which 

produce ENCODE s i g n a l s  i n  t h e  Data Break Control.  

When any s t e p  i n  t h e  log ic  chain fa i l s ,  t h i s  i n t e s r a c e  sys  tern 

"freezes" ,  u s u a l l y  with t h e  BUSY level  s e t  bu t  no ENCODING FINISHED Level 

forthcoming. Fcatures a r e  included i n  t h e  design t o  a i d  trouble-shooting 

of such f r eezes .  Freezes a r e  rare indeed now t'nat l o g i c a l  flaws have been 

removed from t h e  i n t e r p r e t a t i o n  of s igna l s  Yrom t h e  pulse analyzers . 
Our analyzers u t i l i z e  some rat'ner ambiguous l o g i c  s i g n a l s ,  and one must 

t ake  care  not  t o  have c i r c u i t s  which make two independent decis ions as 

t o  whe'eher a l o g i c  l e v e l  is p re sen t  o r  no t .  

and one i n  t h e  i n t e r f a c e . )  

(One i n s i d e  the  analyzer  



IV. EXPERIMENT AND DISPLAY CONTROL 

This s e c t i o n  descr ibes  a l l  p a r t s  of t he  system except  f o r  t he  input  

through t h e  d a t a  break of information f m m  random events .  

A .  The Hard.-ware Clock 

Figure 3 r ep resen t s  t h e  c i r c u i t  a s soc ia t ed  with t h e  100 Hz hardware 

clock, which is se rv iced  with a s i n g l e  in s t ruc t ion :  

6322 = IKXKS, Kludge KLock flag Klear if Skip .  

A s tandard  commercial 100 €12 o s c i l l a t o r  dr ives  once p e r  cycle  t h e  

Schmidt t r i g g e r  which s e t s  t h e  clock f l a g .  This f l a g  gates  t h e  IOP 

( input -output  p u l s e )  corresponding t o  t h e  KKKS i n s t r u c t i o n  i n t o  the  Skip 

Bus  (grounding it), and dr ives  the  Program I n t e r r u p t  if t h e  corresponding 

hardware swi tch  is enabled. When the  i n t e r r u p t  is not  used, some program 

loop m u s t  check the clock f l a g  a t  appropr i a t e  i n t e r v a l s .  Note t h a t  a 

pulse ampl i f i e r  i s  used t o  a s su re  t h a t  the f l ag  is r e s e t  i f  and only i f  

t he  s k i p  bus is  grounded. Otherwise t h e  t ime measure cannot be as 

accura te  as the  o s c i l l a t o r .  

Supposing t h a t  t he  program i n t e r r u p t  is  off o r  t h e  clock connection 

to it is d isab led ,  t h e  fol lowing subprogram might be c a l l e d  a t  convenient 

(100 microsec t o  5 msec) i n t e r v a l s .  

t h e  longes t  per iod  t o  be recorded, and t h a t  s t o r a g e  i n  1 see  increments 

is appropr ia te  . 

KIDCK assumes t h a t  ha l f  a year  is  

K&K, o 

KIm 

IS2 c 

DCA TEMP 
TAD MlOOD 
DCA C 
ISZ SECM 
JMP .+3 
ISZ SECRI 
N@ 
TAD 'TEMP 
JMP I K ~ C K  

m I K ~ C K  

JMP I KQCK 

MlOOD, - 144 

/ Sto res  Time i n  1 sec  U n i t s .  

/ Tes t  Clock Flag  
/ Return, NO F l a g  
/ Flag Found and Cleared 

/ P r o t e c t  Accumulator 

Does Not 
Dis turb  AC. 

/ Restore  Counter Which Counted t o  100 
/ Counts Seconds 

/ Counts Overflows 

/ Res t o r e  Accumulator 
/ Return 



- 1  I - -  --- - - 
I Dl'i 

$-@;; - -- - - -$--; 

I 

I - - -  
I I 

Disable I 

Flgdre 3. abe Hfirdwe Clock. me c i r c u i t  card numbers 
generally refer to  devices manufactured by the 
D i g i t a l  Bquipent  Gorp. 



TEMP, 0 
SECLO, 0 

c, 0 
SECHT, 0 

A more p r a c t i c a l  program r equ i r e s  p r i n t o u t  and i n i t i a l i z a t i o n  of 

A s imple t e s t  program f o r  KLJdCK, which d isp lays  the SECM and SECHI. 

time i n  seconds i n  o c t a l  i n  t h e  extended AC-MQ a r i t h n e t i c  r e g i s t e r ,  i s  

given below: 

TKD MLOGD 
DCA C 
DCA SECd / Reset Storage 
DCA S E C H I  

L, TAD M100D 
DCA DELC 

TAD 6 E C d  
MQL / Load Display 
TAD SECHL 
ISZ D E E  
m .-1 
J M P L  

/ Test  Program f o r  K V C K  

/Set D e l a y  Length 

JMS KL&K 

/ Delay f o r  600psee 

DELC, 0 

B .  Ex te rna l  Counter Readout 

F igure  1 i l l u s t r a t e s  t h e  sys  tem f o r  readout  of e x t e m a l  counters .  

The units a c t u a l l y  used are TSI  10 MHz counters w i t h  decimal d i g i t s  

each, m d  the scheme is t o  bus t h e  (28) BCD output  l i n e s  from one counter 

t o  the  next and f i n a l l y  t o  t h e  counter  c o n t r o l .  The ? - b i t  counter Unit  

Number Buffer governs which counter  u n i t  a f f e c t s  t h e  levels on t h e  (28) 

b i t  l i n e s .  S imi l a r ly ,  t h e  $ b i t  Decade Nunber Buffer cont ro ls  which 

digit of t h e  s e l e c t e d  vaunter u n i t  is a v a i l a b l e  t o  t h e  computer. 

decades, and the  corresponding decimal digits, are numbered from 1 

through <(, with decade 1 being the most s i g n i f i c a n t .  ) 
decimal digi t ,  is read  on com;.nand i n t o  t h e  PDP-8 accumulator 's  bits 8- 

11 The U n i t  Number and Decade Number bifPers can be c leared ,  loaded 

from t h e  PDP-8 accumulator, o r  incremented. The contents  of t h e  s e l e c t e d  

decade can be sampled by t h e  accumulator.  The count u n i t s  t heme lves  

can be s t a r t e d ,  stopped, o r  c l ea red .  The following input-output  iris1,ruc 

t i o n s  are a v a i l a b l e  i n  the  system, and the u s c f u l  ones have been 

ass igned mnemonics . 

(The 

The s e l e c t e d  
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6341. CCCUB 
(6342) 

6343 CCLUH 

6361. CCIUB 
(6351) 

6354 CCIDB 
6355 CCSDB 

6344 CCLDA 

Cmnter  Control Clear Unit  Buffer .  
OR t h e  AC, b i t s  7-11, i n t o  the Unit  Buffer, 
Clear A C .  
Counter Control Load IJnit Bui'fer.--This 
i n s t r u c t i o n  loads t h e  Unit Buffer with 7 - 1 1  
of tlie AC, and then c l ea r s  t h e  AC. 
Counter Control Increment Unit Buffer .  
Clears t h e  Decade Buffer, bu t  is p re sen t ly  
use l e s s  by i t s e l f .  
CB's b i t s  0-2 of t he  AC 5nto the  Decade 
Buffer then c l e a r s  AC. 
Counter Control Load Decade Buffer.  This 
ins t r i l c t i on  loads the Decade Number Buffer 
with b i t s  0-2 of t he  AC, then c l e a r s  t he  AC. 
Counter Control Increment Decade Buffer .  
Counter Control S e t  Decade Buffer .  ( t o  001) 

Counter Control Load D i g i t  t o  Accmula tor .  
This i s  not a t r u e  load i n s t r u c t i o n ,  bu t  
O R ' s  t h e  decimal d ig i t ,  ( f o u r  b i t s )  from t h e  
s e l e c t e d  decade of t h e  s e l e c t e d  counter u n i t  
i n t o  b i t s  8-11 of t h e  PDP-8 accumulator. 
CCmA m u s t  not be microprogrammed with 6341 
o r  6342 because of the time required f o r  
charging t h e  d a t a  l i n e s .  

6y(1 CCSTRT Counter Control STaRT, a l l  e x t e r n a l  counters .  
6372 CCST@P Counter Control STOP, a l l  e x t e r n a l  counters .  
637'4 ( s p a r e )  
6401 CCRZ Counter Control Reset counter Zero. 

6403 CCRALL Counter Control Reset ALL counters .  
6404 CCRREG Counter Control Reset REGi-sters . 

(6402) Resets all counters except counter zero.  

Note t h a t  t he  contents of t he  s e l e c t e d  decade of t h e  s e l e c t e d  counter 

u n i t  is always a v a i l a b l e  t o  t h e  AC without delay.  This f e a t u r e  is con- 

ventent  to pres e t  counting problems . 
For a sample program, suppose t h a t  t h e r e  is no need t o  decode t h e  

contents of t h e  counter u n i t s  i o  b ina ry  o r  t o  s t o r e  them, bu t  only t h e  

need t o  p r i n t  them ou t  s e q u e n t i a l l y  on t h e  t , e l ep r in t e r .  The following 

sarnpl-e program can accomplish t h i s  l imi tkd  ob jec t ive ,  and does s o  a f t e r  

e x t e r n a l  c m n t e r  0 reaches the p r e s e t  number o r i g i n a l l y  read i n  through 

the switch r e g i s t e r .  TTYN is assumed t o  be a t e l e t y p e  rou t ine  which 

adds a base of 0260 t o  t h e  number i n  the accumulator, p r i n t s ,  a n d  c l e a r s  
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t h e  AC. LIiVEF is a subrout ine  which produces the ca r r i age  r e t u r n  and 

l i n e  feed  combination, and lea-ves the  AC c l ea red .  

LAX 

CIA 
DCA TJC' 
KLT 
LAS 

/ switch r e g i s t e r  -contains  number of u n i t s  
t o  p r i n t .  

/ counter for p r i n t o u t  is  prepared.  

/ when b i t s  8-11 of SR = contents  of t he  u n i t  
zero  decade given by b i t s  0-2 of SR, t he  
program will s t 3 p  da ta  and s t a r t  p r i n t -  
o u t .  

CCLPJ3 
ISIS 
AM, YOOl-( 
CIA 
DCA PRESET 
CCCUB / c l e a r  u n i t  b u f f e r .  
CCRWG CCRALL 
JMX DBINIT 
CCSTRT / s t a r t  count. 
BAz31;E 

/ load decade number f o r  p re se t  count. 

/ comparison for p r e s e t  count. 

/ r e s e t  all counts and r e g i s t e r s .  
/ c a l l  data break i n i t i a l i z a t i o n  r o u t i n e .  

AWAY, Jp.zs I$#P / subrout ine  produces de lay  of s u i t a b l e  
l eng th  (I ms ) and perhaps processes  ana- 
l y z e r  data obtalned during a run.  

/ 100 cps clock rou t ine  ( s e e  s e c t .  A ) .  

/ br ing  d i g i t  f m m  s e l e c t e d  decade of u n i t  

3Ms KUCK 
CLA 
CCLIDA 

TAD PRESET 
SZA CLA 
JMF AWAY 
CCST$P / run is over! P r i n t  ou t  counter conten ts .  
BDISAB 

JrJls ZIKEF 
TAD N 7  
DCA DC 

LL*, CCLIIA 
34s TTYN / type d i g i t .  
CCIDB 
ISZ, DC 
JMP LL / no. 
CCIrn 
ISZ (JC 
rn' L / no. 
rn? LINEF / yes. 
TAD SEC@ 
MQL 
TA1, SECK1 
zrx 

0. 

/ skip i f  we have h i t  p r e s e t  counts .  

L, CCSDB / s e t  t p  read  f i r s t  d i g i t .  
/ c a r r i a g e  r e t u r n  and line feed .  

/ s e t  decade counter .  
/ s e l e c t e d  d i g i t  i n  accumulator. 

/ done wi th  one u n i t ?  

/ yes, go t o  next u n i t .  
/ p r i n t e d  enough u n i t s ?  

/ disp lays  Klock time. 
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uc, 0 

N7, -7 
~0017, 0017 

DC, 0 

PRESET, 0 

C . Output Levels and Pulses  

For general. purpose i n t e r a c t i o n  between t h e  computer and experi-  

mental  hardware, a few program-controlled pulses ,  l o g i c  l.evel_s, and 

analog 1-evels are provided; 

63 02 

(6304) 

636 

6411 
6421 
6431 

6362 

(5364 ) 

6366 

DACCLR 

DACLTI 

mr@r io 
??PI@?' 20 
FPI@T 30 

CBC 

CBLD 

se rv iced  by t h e  i n s  tru-ctions below. 

Digital-to-Analog Converter CLeaR. Clears 
t h e  b u f f e r  r e g i s t e r s  f o r  two s i x - b i t  conver- 
t e r s .  When t h e  bu f fe r s  are c l ea red  t h e  
DAC's each go t o  - 3 . 0 ~ .  
The contents of accumulator b i t s  0-5 a r e  
OR'ed i n t o  t h e  b u f f e r  of t h e  f i r s t  DAC, and 
contents of accumulator 6-11 are OR'ed  i n t o  
t h e  b u f f e r  of t h e  second. Clears t h e  AC. 
Digital-to-Analog Converters, L o a D  from 
accurriulator. Clears t h e  AC. 
F i r s t ,  second, and t h i r d  Front  Pane l  IOT's  
r e s p e c t i v e l y .  These a r e  negat ive 3v, 1 psec 
long (~61~0) pu l se  wj.th a, p o s i t i v e  overload. 
They may be shortened t o  400 nsec, o r  t o  70 
nsec by s u b s t i t u t i n g  a (w607) module. 
Control  Buffer Clear,  c l e a r s  -tine 6 - b i t  
(expandable t o  12 b i t s )  c o n t r o l  buf fer  which 
makes l e v e l s  avai. lable a t  t h e  f r o n t  panel .  
OR ' s  t h e  accumulator i n t o  t h e  c o n t r o l  bu f fe r ,  
then c l e a r s  t he  AC . 
Control Buf 'fer IJoaD. This c l e a r s  t h e  con- 
t r o l  b u f f e r ,  loads it f r o m  t h e  accumulator, 
and then c l e a r s  t h e  accumulator. 

Good a p p l i c a t i o n  of t hese  e x t e r n a l  signa1.s and leveLs will depend 

on t h e  problem. The DAC's  were thought useful, f o r  i n s t ance ,  fQr c o n t r o l  

of gain o r  zero s h i f t .  N q t e  t h a t  i n  a d d i t i o n  to  t h e  f r o n t  pane l  1 0 T ' s  

l i s t e d  above, instrur-t ions 6374 and 6404 are c u r r e n t l y  not used. 

The Control Buffer  can have I2  b i t s ,  though only 6 ( b i t s  6-11) are 

now P x t r r n a l l y  a v a i l a b l e  on level output  6 through 1, r e s p e c t i v e l y .  B i t s  

0-1 of the AC load t h e  Moseley Pen Control as p a r t  of t h e  Control Buffer .  

See sect. TU. E. 



The fol lowing t e s t  p r q p i m  images t h e  accumulator swi-tches i n t o  t h e  

c o n t r o l  buffer, i s sues  success ive  f r o n t  pane l  IGT pulses ,  and produces 

s t a i r s t e p s  out  of t h e  two DAC's which run counter-current  t o  each o t h e r .  

DCA DACHI 
DCA D A C L ~  

s, 
FPI@T 10 
FPIfiT 20 
FPT@ 30 
CBLD 
s z.4 
HLT 
TAD DACHI 
TAD N l O O  
DCA DACHI 
ISZ DAC@ 
NPrP 
TAD D A C L ~ ~  
AND PO077 
TAD DACHI 
DACLD 
I S Z  c; JMF 
J M P S  

c, 0 
p0077, 0077 

D A C L ~ ~ ,  o 

Nl00, -100 
DACHI, 0 

/ c l e a r  high arid low order  DAC bu f fe r  images. 

/ take b i t s  from SK for c o n t r o l  b u r r e r .  

/ should leave  AC c l ea red .  
/ SE'E: if it a i d .  
/ e r r o r  stop. 

/ puts  AC i n t o  DAC b u f f e r s .  
.1 

/ -image of high-order DAC buffer . 
/ image of low-order DAC b u f f e r .  

D. Decimal THuMbwheels and Push-Switch I n t e r r u p t s  

Two t h r e e - d i g i t  decimal thumbwheel switches a r e  provided a t  t he  

console, t o  s i m p l i f y  t r a n s f e r  of decimal numbers t o  the  accumulator 

when the  t e l e t y p e  is not convenient t o  use .  

is employed. This leads t o  the fol lowing in s t ruc t ions :  

Standard 1-2-4-8 weighting 

6412 THM~R io / Logical  OR t h e  contents  of THuMbwheel 
swi tch  1, i n  BCD, t o  b i t s  0-11 of t h e  
accumulator.  

1,422 TH@R 20 / Logical  OR t h e  contents  of TI-luMbwkieel 
swi tch  2, i n  BCD, t o  b i t s  0-11 of t he  
accumulator.  

Access is provided a t  t h e  console t o  s e t  f i v e  s e p a r a t e  "push-switch 

f l a g s "  whi.ch may be t e s t e d  by SKIP i n s t r u c t i o n ?  cmd individually c lea red  
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under program c o n t r o l .  

t h a t  i n t e r r u p t  is d i sab led  by t h e  manual switch provided. 

be s e t  by mechanical push switches,  and f l a g s  2-5 may be s e t  by -2.5 v 

pulses  (>lo0 nsec long) .  

by program con t ro l ,  hnd i.s d i sab led  by t h e  power c l e a r  pu l se  which occurs 

when t h e  PDP-8 is s t a r t e d .  A l l  f l a g s  are reset by t'ne power c l e a r  pu l se .  

Push switches 1. and 2 are phys ica l ly  a s soc ia t ed  with t h e  corresponding 

thumbwheel-s, t o  c a l l  a t t e n t i o n  ts new values placed t h e r e ,  b u t  t h e r e  i s  

no hardware connection between switches and thumbwheels s o  t h e  prsgrammer 

may use them as he w i l l s .  The software enabl ing s f  f l a g  5 may be used 

t o  allow an e x t e r n a l  s i g n a l  t o  c o n t r o l  program lclgic as conditioned by 

t h e  program. A t y p i c a l  use might be t o  await  t h e  s t a r t  of an experi-  

mental run u n t i l  r e c e i p t  of t h e  f i r s t  p u k e  frgm a cu r ren t  i n t e g r a t o r  

which happens t o  occur a f t e r  program i n i t i a l i z a t i o n .  

Any s e t  f l a g  causes a program j-nterrupt  unl~ess 

Flags 1-4 may 

The s e t t i n g  of f l a g  5 can be enabled o r  d i sab led  

The foll.owing i n s t r u c t i o n s  apply.  

6404 PSCF MO 

PS lSNF 
PS2SNF 
PS3SNF 
PS ~GNF 
PS y3NF 
TS 5DIS 
PS 5m 

Push Switch Clear Flag M, i . e .  PSCF 50 
c l e a r s  f l a g  5 .  
Push Switch l, Skip No Flag 
Push Switch 2, Skip No F lag  
Push Switch 3 ,  Skip No Flag 
Push Switch 4, Skip No Flag 
Push Switch 5, Skip No Flag 
Push Switch 5, DISable pu l se  input  
Tush Switch 5, ENable pu l se  i.nput. 

The fol lowing rou t ine  t e s t s  t h e  skip-no-f l a g  i ns t r u c t i o n s  a s soc ia t ed  

with t h e  push switches (and any others  l i s t e d  i n  t h e  i n s t r u c t i o n  bu f fe r  

which starts a t  261), displays t h e  r a w  da t a  from e i t h e r  THuMBwheel i n  t h e  

MQ regis"ir ,  and p r i n t s  o u t  t h e  number of any f l a g  which it f i n d s  s e t .  

If t h e  f l a g  i s  discovered through t h e  program i n t e r r u p t  a "P" preceeds 

the p r i n t e d  number. 

flag 5, while pressing any o the r  key calxes a PS5DSS i n s t r u c t i o n  t o  be 

i s s u e d .  

P re s s ing  "5" on t h e  t e l e t y p e  enables s e t t i n g  of 

1'14 00 / t e s t  r o u t i n e  f o r  TI-IuMBwheel switches,  push 
switches,  and o the r  SNF i n s t r u c t i o n s  . 

UDCLR 
JMS CRW / r e s e t s  t e l e t y p e  c a r r i a g e .  

/ SR(0) = 0 t o  b r i n g  THuMBwheel 1 contents BEGIN, rAs 
to MQ. 
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Ie rN 
RAL 
CLA 
TAD THM& 
SZL 
TAD P10 
DCA .+1 
0 

M@L 
IrnCLx 
I S Z  Irjp 

JMF .-1 

JPIS C m C K  
JMF mGIN 

TAD INBUFF 
DCA INP 
TAD P S C F P  
DCA CLR 

L, TAD I INP 
X.NA 
JNP I CHECK 
DCA .+l 
0 
TAD InrP 

m W E  
TAD D 

PRN, JMS TYPE 
JMS C R W  

IIdF 

CIBCK, 0 

m N~RMAL 

CLR, 3 
NdRMAL, S7,A 

JMP PRN 
ISZ I W  
TAD PlO 
TAD CLH 
DCA CLR 
J M P L  

D, 304 
T1€D@RP, mM$R 10 

PSCW, P S C F  10 
P10, 10 

INP, 0 
INBUFF, 261 

++ 0 
ZER~, o 

JMP RUP 
d C 2 0  
RLJP, DCA SAVE 

KSF 

/ program i n t e r i - i q t  on. 
/ t e s t  b i t  i n t o  If&. 

/ ge t s  an i n s t r u c t i o n  t o  b r ing  s e l e c t e d  

/ and d i sp lays  ?)its i n  MQ. 
/ use pulse t o  s e t  Push Switch 5, i f  d e s i r e d .  

/ de lay  t o  catch i n t e r r u p t  s i g n a l .  

THWwheel t o  AC . 

/ muti-ne t o  check f l a g s .  

/ s e t  p o i n t e r  i n  i n s t r u c t i o n  b u f f e r .  

/ br ing  f i r s t  i n s t r u c t i o n .  

/ we are through b u f f e r  of  i n s t r u c t i o n s .  

/ ge t s  successive s k i p  i n s t r u c t i o n s  . 
/ no sk ip ,  t h e r e  was a f l a g .  
/ AC c l e a r  i f  no f l a g .  
/ a double sk ip !  
/ double skip l a b e l .  

P r i n t  i n s t r u c t i o n  number. 

/ no p r i n t  i f  normal s k i p .  

/ set  i n s t r u c t i o n  t o  c l e a r  f l a g .  
/ r e t u r n  f o r  next  t e s t .  

/ i n t e r r u p t  r o u t i n e .  
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S I 8  
JMF T'EST? 
TSF 
JMF .+2 

TAD P 
3Ms TYPE 

m g5vr 

I CHECKP 
#UT, TCF 

Ng5P 

N#P 
m:r, TAD SAVE 

I @ N  
JIW I ZERO 

SAVE, 0 
P, 0320 

CKECKP, CH'XCK 
TYPE, 0 

T U  
1bE 
JMP .-1 
CLA 
JMF I TYPE 

r i -  7 

CRLF, 0 

TAD CR 
JNs W E  
TAD LF 
JMS TYPE 
JW 1 CRLF 

TAD MASK 
PS >EN 
SNA C L A  
JMP RET 

JMF RET 

TEST5, KRB 

PS 5111s 

MASK, 265 
Cli ,  ?15, 
LF, 212 

;+:'e 1 
PS 1.SNF 
PS 2sNF 
PS3SNF 
PS 4SNF 
PS 5sNF 
0 

/ subrout ine f o r  t e l e t y p e  

/ subrout ine t o  g ive  ca r r i age  r e t u r n  l i n e  
feed comb ina t i o  n 

/ l i s t  of t e s  t; i n s t r u c t i o n s  . 

E. The Display System and Li.ght Pen 

The compi-lter w a s  del ivered with a s tandard DEC Type 34B d i s p l a y  



sys tern, b u t  adjustments and improvements have been made which r e q u i r e  

documentation. Ten-bit  d ig i t a l - to -ana log  converters are loaded from t h e  

less s i g n i f i c a n t  b i t s  of  t h e  accumulator, and t h r e e  i n t e n s i t y  l e v e l s  

are a v a i l a b l e  on a s t anda rd  Tektronix I34503 osc i l l o scope  with a P-7 

phosphor by use of i n t e n s i f y  pulses  of var ious l eng ths .  We have used a 

non-s tandard l i g h t  pen, b u t  it operates  l o g i c a l l y  through t h e  s t anda rd  

system. We have used t h e  analog outputs :if t h e  DAC's t 9  drive a s t anda rd  

Moseley Type 2D-2~-y r eco rde r  i n  t h e  pen mode, w i t i  programmed delays t o  

give a r a p i d  and accu ra t e  histogram p l o t .  

F igu re  4 shows the sl ight ly-modif ied d i s p l a y  system i n  schematic 

form. The modif icat ions from s t anda rd  are below: 

a )  The lengths of the iriterlsi€'y pulses  f c r  t h e  osc i l l o scope  z-axis 

a r e  more widely dispersed t o  inc rease  c o n t r a s t .  

and s ta r t  of f a l l  t h e  lengths are now 1, 2.5, and 13 F e e .  

Between s t a r t  (3f r i se  

b)  The d r i v e r  f o r  t h e  osc i l l o scope  z-axis (DEC w681) was modified 

by  r ep lac ing  a l l  PIP t r a n s i s t o r s  with ty-pe 2~3638's and all NPN t r a n s i s -  

t o r s  with type 2N3568. Reliable 25 v o l t  pulses  are now obtained which 

reach 23 v o l t s  when cans t r a i n e d  by a -1 microsec l eng th .  

c )  The de lay  between t h e  i n t e n s i f y  ( e . g .  D I X )  IOT pu l se  and the  

i n t e n s i f i c a t i o n  pulse, r equ i r ed  i n  case one of t h e  DAC's  i s  loaded i n  

t h e  same IOT i n s t r u c t i o n ,  has been ad jus t ed  t o  about 2.8 psec t o  g ive  

adequate s e t t l i n g  t i m e .  Also, t h e  l i g h t  pen s t r o b e  pulse ,  which is 

r equ i r ed  i n  coincidence with a l i g h t  pen s i g n a l  t o  s e t  t h e  l i g h t  pen 

flag, is n m  obtained with a (R302) de lay  card i n  p o s i t i o n  BjdD29 t o  

produce a s t r o b e  pu l se  whose length (2.2 psec)  i s  indeperldent of i n t e n s i t y  

l e v e l  a t  the  d e s i r e d  delay ( 3  p e e )  from the  i n t e n s i f y  IOT-pulse. 

d )  The c i r cu i$s  jo in ing  t h e  DAC outputs to t h e  osc i l l o scope  were 

al-t;ered i n  an at tempt  t o  minimize pickup and n o i s e .  

e )  Although t h e  DAC's used i n  the  d i sp lay  system seem t o  have t h e  

s p e c i f i e d  

not d i s p l a y  a time-independent value. 

ment or1 t h e  s c r e e n  appears t o  require a millisecond o r  s o .  

fast s e t t l i n g  t imes,  t h e  RM503 osc i l l s scope  (on DC i n p u t )  does 

The l a s t  0.2 t o  0.5410 OS a d i sp lace -  

Therefore, 
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Accumulator 

DCF Clear Lfght Pen Flag - Set 
6072 - 

%Acts are connected so that  0000 in  buffer gives 0 v o l t s  analog, and 
1777, i n  buffer gives -10 volts  analog. 

Figure 4. Display System 
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t h e  system has a memory so t h a t  t h e  displayed value a gi.ven time a f t e r  

t h e  s e t t i n g  of t h e  b u f f e r  appears t o  depend on t h e  DAC output  vo l t age  

p r i o r  t o  r e s e t t i n g  t h e  b u f f e r .  The r e s u l t  is b l u r r i n g  of t h e  d i s p l a y  

f o r  s o m e  types of programs. This can be a t t acked  by c l e a r i n g  t h e  DAC's 

a f t e r  each displayed poin t ,  o r  by i n s e r t i o n  of t h e  shaping network shown 

i n  the f i g u r e .  The e f f e c t  is  n o t  understood, but s o l u t i o n s  a r e  reasor,- 

a b l y  s a t i s f a c t o r y .  

l i n e  r i p p l e  and o t h e r  noise  sources also induce. 

This e f f e c t  i s  now a t  t he  0 .1  o r  0.2$ l e v e l  which 

Figure 5 i l l . u s t r a t e s  t h e  t iming of t h e  pulses  re1eva.n-t t o  program- 

ming t h e  system. To allow understanding of t h e  timing, t he  computer 

1/0 i n s t r u c t i o n s  a r e  revlewed below. 

DCX 
DCY 
DXL 
DYL 
D I X  
D E  

DXS 
DYS 

DSB l 
D3B 2 
D.33 3 

DSF' 
DCF 

In consider ing 

ing t i n i i  ng a r i se .  

Clear X-coordinate b u f f e r .  
Clear Y-coordinate b u f f e r .  
Clear and Load X-cowdinate b u f f e r .  
Clear and Mad Y-coordinate buffer. 
These i d e n t i c a l  i n s t r u c t i o n s  in t ens  i f y  p o i n t  def ined 
by b u f f e r s .  After delay, a s t r o b e  pu l se  is provided 
t o  t h e  l i g h t  pen c o n t r o l .  
Clear and load X bu f fe r  and then i n t e n s i f y  p o i n t .  
C l e a r  and load Y buffer and then in t ens  i f y  p o i n t .  
(Note t h a t  if the  DXS o r  DYS commands are used, 
on ly  1 microsec se t -up  time would be a v a i l a b l e  t o  
t h e  DAC's before i n t e n s i f i c a t i o n  if no set-up de lay  
were provided i n  t he  hardware. ) 
S e t  Brightness Control Reg i s t e r  from b i t s  10-11 of 
t h e  ins t r u e t i o n .  These b i t s  dezermine t h e  l eng th  
of t h e  in t ens i€ i cab ion  Pulse ,  f o r  a l l  fol lowing D I X  
o r  D I Y  i n s t r u c t i o n s  u n t i l  t h e  next DSB i n s t r u c t i o n .  
Skip m l i g h t  pen F lag .  
Clear l i g h t  pen Flag. 
(Note that i f  t,he DSF i n s t r u c t i o n  follows a DIX, 
t h e  system- has had only 1.8 rnic.r.osec t o  respond t o  
the i n i t i a t i o n  of t h e  light flash, less any delay 
i ntroduced t r i  a l low the  DAC ' s  a d d i t i o n a l  s e t u p  t ime. 
Therefore,  program delays are r equ i r ed .  ) 

the poss i b l e  i n s t r u c t i o n s ,  s e v e r a l  yucs t,ions concern- 

a )  As i nd ica t ed  i n  Fig. 5, t h e  delay between t h e  i n t e n s i f y  (DZX 
r~r D N )  i n s t x u c t i o n  and the DSF' i n s t r u c t i o n  should  be a t  least  two 

c m p u t e r  cycles (3 micm;ec) .  



ORNL DbX; 67-U.233 
Figure 5 .  Display and Light Pen Timing Diagram. The time scale  and the corresponding 

instructions are shown fo r  R typ ica l  program. I f  the DCF instruction is not used, 
about 3psec minimum program delay nust be inserteO i n  its place. There is some 
"walk" i n  the l i gh t  pen discriminator output. On low intensi ty  it ranges through 
the region i l l u s t r a t ed  by sol id- l ine pulses, but f o r  higher i n t e n s i t i e s  a broader 
range i s  observed. Nothing is lost if some of these are missed by the  s t robe pulse, 
since they correspond t o  peripheral  "vis ion" by the  pen. 

TIME - wec 

PROGRAM 

Clear Buffer (6051) 
b a d  Buffer (6052) 
Intensify (6054) 

Intensify Delaya 

Intensify Pubesa 

Phototube Currenta 

DCF (6072) Pubes 
(clear  pen f lag)  

Light Pen Strobe' 

Light Pen F l a e  

DSF (6071) Pulses 
( sk ip  on pen f lag)  

5 

i 

High, \ 
DSB6 

'0 

1 

The t i m i n g  of a l l  these pulses depends upon delays i n i t i a t ed  by the DIX ( in tens i fy)  IOT pulse. a 



b) If the maximum brightness  has bern se t  with a DSB 3 i n s t r u c t i o n ,  

More- t he  coordinate bu f fe r s  sliould not  be changed -for l6 microsec o r  s o .  

over t he  uriivibrator which produces t h e  i r i t ens i fy  s i g n a l  has a deadtime 

s o  t h a t  ad jacen t  i n t e n s i f y  i n s t r u c t i o n s  should be sepa ra t ed  by a t  l eas t  

19 microsec i f  both are a t  t h e  maximum i n t e n s i t y .  This eas ing  of t h e  

r e s t r i c t i o n  comes about because each i n t e n s i t y  level has i t s  own timing 

un iv ib ra to r ,  t h e  outputs  of which are OR'ed t o  produce t h e  input  t o  t h e  

z-axis pulse a m p l i f i e r  (W69L) ca rd .  

s e l e c t e d ,  i n t e n s i f y  i n s t r u c t i o n s  may follow each o the r  d i r e c t l y .  

- 

If medim o r  1-9~ brightness  has been 

It is i n t e r e s t i n g  t o  consider t h e  problem of c o n t r a s t  on t h e  ?-7 
os c i l l o s  cope s c r e e n .  

with t h e  l i g h t  pen ind ica t e s  t h a t  l i g h t  production is n e a r l y  constant  

over t h e  length of a 20 microsec i n t e n s i f i c a t i o n  i f  t h e  i n t e n s i t y  con t ro l  

is s e t  s u f f i c i e i l t l y  low t h a t  a n  u n i n t e n s i f i e d  s p o t  cannot be seen, 

except f o r  t h e  a p p a r e n t -  4 psec decay t i m e  of t h e  osc i l l o scope  phosphor. 

Higher iritens i t i e s  can t h e r e f o r e  be produced by repeated in t e rn  if? c a t i o n  

of t h e  same p o i n t  by t h e  software.  About a f a c t o r  of f i v e  i n  i n t e g r a t e d  

Study of the  output  of t h e  p reampl i f i e r  connec%ed 

l i g h t  output  is r equ i r ed  t o  y i e l d  a c l e a r l y  apparent br ightness  d i f f e r e n c e .  

B i t  p o s i t i o n  0 and 1 of t h e  Control  Buffer,  descr ibed i n  t h e  pre-  

vious s e c t i o n ,  c o n t r o l  t h e  pen of t h e  IvloseLey recorder ,  provided t h e  

hardware c o n t r o l  swi t ch  3n t h e  recorder  is i n  t h e  STANDBY p o s i t i o n .  The 

code used i s  given below. 

Bi.t  0 Bit 1 Operation 

0 0 Standby. Pen l i f t e d  and no se rvo .  X and Y 

0 1 Pen r a i s e d ,  s e rvo  motors on ("up"). 
1 1 Pen lowered., servo motors on ("record") .  

inputs d i s  connected. 

The fol lowing t e s t  rou t ines  SCOPE and MOS a l low t e s t inK of t h e  

d i s p l a y  system. The MOSeley recorder  program allows time f o r  s e t t i n g  

the diagonal  corners of t,he p l o t t e r  f o r  zero and t h e  number i n  t h e  swi t ch  

r e g i s t e r ,  then plots a box. Tap SCOPE r n u t i n e  p l o t s  points  along t h e  

diagonal  of the sc reen .  The end point; a r e  p l o t t e d  a t  medium br igh tness .  

A p o i n t  is p l o t t e d  a t  mid-scale w i t h  br ightness  taken from SH 13-11 a f t e r  

each end point, i s  p l o t t e d ,  t n  a l low h y s t e r s i s  d e t e c t i o n .  A f o u r t h  p o i n t  
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i s  p l q t t e d  above or below t h e  cen te r  point, by 1/128 f u l l  s c a l e ,  deperding 

upon r ecogn i t ion  of t he  cen te r - sca l e  p o i n t  by t h e  l i g h t  pen. 

between po in t s  depends upon the SR contents .  An osc i l l o scope  t r i g g e r  

occurs before  each mid-s ca l e  p o i n t .  

The delay 

SC$PE, DSB 2 / s e t  medium b r igh tness .  
/ p l o t  o r i g i n ,  no l i g h t  pen r ecogn i t ion .  
/ p l o t  midscale and test, f o r  l i g h t  pen f l a g ,  

,JMS PL$T 
JqS TSTMID 

DSB 2 
TAD FULL 
JMS P@T / p l o t  f u l l  s c a l e ,  no l i g h t  pen recogni t ion.  
Jlvlj TSILPLIID 
JME' SCdPE 

give t r i g g e r  . 

/ r e p e a t  midpoint t o  look a t  h y s t e r e s i s .  

FULL, 177'1 

P@r, o / p l o t s  AC i n  both cozxdinates, i f  l i n k  s e t  
gives osc t r i g g e r .  Link  c leared i f  no l i g h t  
pen flag. 

s ZL 
F P d T  10 
DXL; DYS 
DCF 
DSF DCF 
CLL 
JM; DELAY 
JMP I P I I T  

/ t r i g g e r  pu l se  f o r  e x t e r n a l  gea r .  
/ load d i s p l s y  buffers  and i n t e n s i f y .  

/ c l e a r  link i f  no f l a g .  
/ delay, c l e a r s  AC. 

DELAY, 0 / delay rou t ine ,  length given by S R .  
LAS 

DCA C 

JNl' I DEIAY 

/ load compliment of de l ay  i n  6 microsec 
u n i t s .  

I S Z  c; JMP .-1 

c, 0 

TSTMTD, 0 
m y  rn 
TAD MID 
STL 

TAD M I D P l O  
s YJL 
TAD N 2 0  
c LL 
JMS PL#T 
JMP I TSTMID 

JMS PL@T 

MID, 1030 
MIDPl0, 1.010 

N20, -29 

/ r o u t i n e  f o r  mid-scale p o i n t s .  
/ ge t s  br ightness  value.  

/ want t o  t e s t  l i g h t  pen a t  midscale p o i n t .  

/ p l o t  higher  p o i n t  unless l i n k  set. 

/ po in t  moves down if f l ag  was  s een .  

/ p l o t  a p o i n t  1/128 of full .  s c a l e  away. 

/ produces h a l f  -s c a l e  d e f l e c t i o n .  
/ j u s t  over h a l f  s c a l e .  



m, 0 
LAS 
AND PO003 
TAD DSBP 
DCA .+1 
0 
WIBR 

DSBP, DSB 
~0033, 0033 

PSCP 40 
U S  
DXL; DYS 
S T L  HTR CLA 
CBLD 

PS3SflF 
m .+2 
JMP .-2 
PSCF 30 
DXL; DISS 

SMP DRAW 
PS 3SNF 

JT@ z 

z, PS4SNF 

JKF M$S 

DRAW, CLA CMA 
CBLD 
S TL 
JMS LIW' 
DXS 
JM;s LWE; DYS 
C LL 
TAD FULL 
JMS LIm; DXS 
TAD FULL 
PLS LINF,; DYS 
CBLD 
HLT 
JMP M#S 

rmm, 0 
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/ r o u t i n e  g e t s . b r i g h t n e s s  from SR 10-11. 

/ ge t s  DSB i n s t r u c t i o n .  

/ Moseley Test  Program, start, c a l i b r a t i o n  a t  
SI< value.  

/ 1.oad d i s p l a y  converters  

/ cor rpc t  c d e  t o  t u r n  on se rvo  with pen 

/ h i t  swi tch  3 t o  proceed. 
l i f t e d  . 

/ no f l a g ,  s t a y  j-n loop a t  SR va lue .  
/ c l e a r  f l a g .  
/ load zero i n t o  d i s p l a y  b u f f e r s .  
/ h i t  switch 4 i f  d:ine c a l i b r a t i n g .  

/ h i t  swi tch  3 t o  t r y  f u l l  s c a l e  aga in .  

/ no flag s t a y  a t  zero .  

/ s t a r t  t o  draw box. 
/ drop pen a t  zero .  
/ count d i s p l a y  bu f fe r s  up. 
/ draws across  bottom. 
/ LINE argument. 
/ draws up r igh t  s ide.  
/ now count buf fe r s  down. 

/ draws back across  'cop. 

/ back across l e f t  s i d e  t o  o r i g i n .  / pen on s tandby.  

/ f o r  r e s t a r t .  

/ r m t i n e  f o r  h9rizont.al or v e r t i c a l  l i n e .  
c a l l  w i t h  i n i t i a l  coordinate  value i n  AC 
and p r q x r  djsplay b u f f e r  l o a d  i n s t r u c t i o n  
as argument. L i n k  s e t  t o  increase 
coord ina te .  

DCA V A L 3 3  
TAD I LINE 
DCA INST 



ISZ LINE 
TAD FULL 
CIA 
DCA CTR 

SNL 
CMA 
IAC 
SNL 
CMA 

LP, TAD VALUE 

INST, 0 

DCA VALUE 
JMS DELAY 
I S Z  CTR 
JPP LP 
JMS DEIAY 
JMP I LINE 

CTR, 0 
VATJJl3, 0 

/ prepare r e t u r n .  

/ s e t  l i n e  length counter .  

/ l i n k  s e t  t o  add one u n i t .  
/ s u b t r a c t  one if ze ro  l i n k .  

/ ge t s  a coordinate load i n s t r u c t i o n  l i k e  
DXS . 

/ l i n e  f in i shed ,  e x t r a  de l ay .  



APPENDIX A 

Mod-ifications t o  the Type 589 Tape System 

The system was modified by Frank Eagen of Digital .  Equipment Corp., 

a t  our  r eques t ,  t o  provide proper  ope ra t ion  of t h e  " f i l e  p r o t e c t  r ing"  

log ic  which prevents w r i t i n g  on t h e  t ape  when the p l a s t i c  ring i.s removed 

from the  back of t h e  t ape  r e e l .  

c i r c u j t  with t h i s  same e f f e c t .  

The 580 system handbook now shows a 

A m x e  s u b t l e  mqdi f ica t ion  m s  requi red  s o  t h a t  t he  TCPI (Tape 

c o n t r o l  Clear  Program I n t e r r u p t )  i n s t r u c t i o n  does not f a i l  i f  the test  

is given near t h e  same time as the  end-of-record occurs .  The program 

i n t e r r u p t  i s  s e t  when a record  gap is sensed during a SPACE opera t ion ,  

and t h e  TCPI i n s t r u c t i o n  is intended t o  sense  the  record  gap a f t e r  a 

space, and thereupon c l e a r  t he  program i n t e r r u p t  f l ag ,  t he  s t o p  toggle ,  

and also prw2uce a SKIP pu l se .  I n  t h e  s t anda rd  c i r c u i t  t he  TCPI pu lse  

s e p a r a t e l y  c l e a r s  t h e  f lags  and produces t h e  s k i p  ( i f  f l a g  i s  s e t ) .  

t h e  f l a g  has j u s t  been set, it may be c l ea red  without ever  producing 

t h e  s k i p .  m e  poss ib l e  near-coincidence of t hese  s i g n a l s  can be avoided 

only if  the  program i n t e r r u p t  is turned on and only  one device ( t h e  

t a p e  u n i t )  &an s e t  i t - - a n  u n l i k e l y  s i t u a t i o n .  

t e s t  t h e  P I  f l a g  without  having the i n t e r r u p t  on, and were s e n s i t i v e  t o  

t h e  problem. If o the r  devices can cause program i n t e r r u p t  t h e  same 

d i f f i c u l t y  occurs i n  any cas e .  

If 

The re ferenced  p r o g r a r r ~ s ~ ' ~  

The cure can be e f f e c t e d  by complicated prcgramrning t o  asswe t h a t  

t he  Flag is se t  before  it can be t e s t e d ,  but  a c i r c u i t  similar t o  t h a t  

descr ibed  below is requi red  i f  t h e  system is to work as intended.  A 

pu lse  ampl i f i e r  is in se r t ed  a t  the p o i n t  formerly cmnected  t o  the  skip 

bus, a n 3  t h e  c l e a r  s i g n a l  t o  t h e  program i n t e r r u p t  f l a g  ips given only 

if t h i s  ampl i f i e r  f i r e s .  

This problem is  t o  be considered whenever s k i p  arid c l e a r  co:nmands 

are i s sued  wi th  t h e  same i n s t r u c t i o n .  

a previous exaniple. 

The 100 cps clock (sect. IV A )  was 



APPENDIX B 

Summary D f  I n s t r u c t i o n s  

DATA BREAK C O ~ O L  (Sect ion IV A )  

COUNT = 6301 / comt  u.p ADDR L7DC BADCLR = 6311 / c l e a r  ADD2 con t ro l  
BABLE = 6312 /enable break c o n t r o l  BDISAB = 6314 /d i sab le  break con t ro l  
U1)SOFL = 6321 / s k i p  on UDC overflow UDCLiR = 6324 / c l e a r  up-down eo-unter 
U D S ~ ~ B ~  = 6331 /su:st,ract 1 frori uljc UDSL92 = 6333 / sub t r ac t  2 from XDC 
WSm3 = 633-7 /KLICK c l e a r  i f  skip /siiDtract 3 from UDC (watch t k i n g )  KKKS = 6322 

EXTERNAL C O ~ R  READOUT (Sect ion IJ' B) 

CCCUB = 6341 / c l ea r  uni-t b u f f e r  CCLUB = 6343 load u n i t  bu f fe r  CLA 
CCIUB = 6361 /increment u n i t  bu f fe r  CCLDB = 6353 $- load decade bu f fe r  CLA 
C C I D B  = 6354 /increment decade bu f fe r  CCSDB = 6355 / s e t  decade b u f f e r  = 1 
CCLDA = 6344 

CCSTRT = 6371 / s t a r t  e x t e r n a l  counters CCSTOP = 6372 / s top  e x t e r n a l  counters 
CCRF = 6h01 /reset  counter zero CCRALL = 6403 / r e s e t  a i i  counters 
CCREG== 6404 / res  e t  r e g i s t e r s  

/OR d i g i t  t o  accumulator (do not 
nicroprograii) 

OUTPUT LEVELS AND PULSES (Sect ion Tv C )  

DACCLR = 6302 / c l e a r  DAC buf fe r s  DACLD = 6306 /load DAC bu f fe r s  
mIOT = 6491 / f ron t  panel  IOT (base )  CBC = 6362 / c l e a r  c m t r o l  bu f fe r  
CBLC = 6366 / b a d  c o n t r o l  b u f f e r  CL4 t h m b -  

wheels and push switches 

THUMBWHEELS AND PUSH SWITCHES (Sec t ion  IV D )  

THMB = 6402 /OR thumbwheel t o  AC (base )  PSCF = 6LkOlt / c l e a r  push-suitch f l a g  (base )  
PSSXF = 6441 
PS~SXF = 6L61 
PS5SNF = 6432 
PS5EN = 6452 

/ s  k l p  no switch 1 f l a g  
/skip no swi t ch  3 f l a g  
/skip no switch 5 f l a g  
/enable switch 5 f l a g  input 

PS2SW = 6442 
PS&W = 6b.62 
PS5DIS = 6451 

/skip no switch 2 f l a g  
/skip no switch 4 f l a g  
/d i sab le  switch 5 f l a g  input  

W 
iu 



AF'PEII'DPX B - cont.  

9SCILLOSCOPE DISPLAY AND LIGKT PEN (Sec t ion  N E)  

clear Y bLffer  i lozd Y btiffer 
DCX = 6051 /c lear  x b u f f e r  DCY = 6 6 s  
DXL = 6053 /load X buf'fer DYL = 6063 
DEX = 6054 / i n t e n s i f y  DTY = 6364 l i n t e n s  i f y  
EXS = 6057 /X-cmrdinate s eqiJence DYS = 6967 /Y-coordinate sequence 
DSF = 6071 /skip ori d i sp l ay  f l a g  DCF = 6372 / c l ea r  the disy;lay flag 
DSE = 63?4 /set br ightness  register (OR v i th  

br igh-tness leve 1 
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