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Summary 

A computer system has been developed a t  SLAC 
i n  t h e  beam switchyard f o r  on-l ine beam t r a n s p o r t  
cont ro l .  The system c o n s i s t s  o f  an SDS '925' 
computer and var ious  s p e c i a l l y  designed i n t e r f a c e  
devices .  The system scans and records changes i n  
i n t e r l o c k s  and s t a t u s  s i g n a l s ;  sets up, monitors, 
and maintains  magnet c u r r e n t s  and cont ro ls  c o l l -  
imator and s l i t  aper tures .  I n  addi t ion  t o  s tand-  
a rd  card and t e l e t y p e  input-output, t h e  system 
has s p e c i a l  pane ls  f o r  operator  c o n t r o l  of  magnet 
c u r r e n t s  and s l i t  and co l l imator  s e t t i n g s .  A 
l i n k  t o  another  computer provides  f o r  remote i n -  
formation access  and c o n t r o l  f o r  experimenters. 
An important f e a t u r e  of t h e  system i s  t h e  opera- 
t o r  or ien ted  language which i s  provided f o r  oper- 
ator/computer i n t e r a c t i o n .  
ranged so t h a t  an inadver ten t  a c t i o n  of  t h e  oper- 
a t o r  cannot adverse ly  a f f e c t  t h e  computer program 
A s i n g l e  computer i n s t r u c t i o n  can vary a group of  
magnets simultaneou.sly t o  change t h e  beam energy 
while maintaining a given beam focussing condi- 
t i o n .  A f ine- tune  c o n t r o l  has  been provided so 
t h a t  t h e  cur ren t  i n  an a r b i t r a r y  group can be 
cont ro l led  by a s i n g l e  switch. The operator  can 
wr i te  i n s t r u c t i o n s  i n  t h e  language which are syn- 
chronized i n  time t o  1/360 of a second, and/or 
repeated a t  prescr ibed  time i n t e r v a l s .  
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The language i s  ar- 

In t roduct ion  

The advent of m u l t i l e v e l  i n t e r r u p t s  has made 
t h e  small  computer a s u i t a b l e  device f o r  on- l ine  
a n a l y s i s  and c o n t r o l  of phys ica l  d a t a  and such 
systems have been developed i n ' t h e  p a s t .  How- 
ever u n t i l  r e c e n t l y  l i t t l e  a t t e n t i o n  has been 
given t o  t h e  man-machine i n t e r f a c e ,  t h a t  p a r t  of 
t h e  system r e f e r r e d  t o  as t h e  command post .  This 
paper descr ibes  a system i n  t h e  beam switchyard 
a t  SLAC where t h i s  a r e a  has  been more f u l l y  ex- 
plored.  The system i s  centered around a compact, 
expandable user  language, e a s i l y  gra;;ped by t h e  
opera tors  a t  t h e  c o n t r o l  room, which s t i l l  pro-  
v ides  a high degree of i n t e r a c t i o n  with t h e  en- 
vironment. A l l  input-output including s i g n a l s  
t o  and responses  from t h e  environment a r e  com- 
p l e t e l y  multiprocessed, so t h a t  t h e  computer i s  
never wai t ing  f o r  a device. 

The SLAC beam switchyard i s  descr ibed i n  
d e t a i l  elsewhere i n  these  pr0ceedings. l  The 
p r i n c i p l e  func t ion  of t h e  computer system i s  t o  
monitor and c o n t r o l  t h e  magnet and s l i t s  i n  t h i s  

area,  and t o  provide c e r t a i n  c o n t r o l  c a p a b i l i t y  
t o  t h e  experimenter on a more f l e x i b l e  b a s i s  than 
can be made over a telephone o r  convent ional  
wired cont ro ls .  Other func t ions  include data log-  
ging and s t a t u s  monitoring. The f i r s t  s e c t i o n  of 
t h e  paper descr ibes  t h e  system components. Later 
s e c t i o n s  descr ibe  t h e  language and how t h e  opera- 
t o r  uses  it t o  e f f e c t  t h e  var ious func t ions .  

System Descript ion 

The o v e r a l l  system is shown i n  Figure 1. 
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F i g .  1 - Beam Switchyard computer system. 

The system includes severa l  p ieces  of hardware 
s p e c i f i c a l l y  designed f o r  t h e  beam switchyard t o  
c o n t r o l  magnets, s l i t s  and co l l imators  and t o  
provide man-machine communications. The e l e c t -  
r o n i c  d e t a i l s  a r e  descr ibed elsewhere i n  t h e s e  
proceedings' and w i l l  only be touched upon kiere. 

The computer i s  an SDS 925, a 24 b i t  machine 
with a 1.74 psec memory cycle  time, and 4K memorg 
There i s  a typewri te r  ( t e l e t y p e  Model 35), card 
reader  and punch, a l l  on a s ingle  channel, and 16 
l e v e l s  of p r i o r i t y  i n t e r r u p t .  

Magnet c o n t r o l  i s  accomplished by providing 
t h e  magnet power supply with a re ference  vol tage,  
ad jus tab le  by t h e  computer. Most magnets a r e  
cont ro l led  by D/A converters  ( r a t e  1 per  5 msec). 
For t h e  momentum def in ing  magnets p r e c i s i o n  con- 
s i d e r a t i o n s  r e q u i r e  a s p e c i a l  system, wherein 
t h e  computer produces a number which i s  counted 
down by a s tepping motor, each s t e p  c r e a t i n g  a 
f i x e d  cur ren t  change. 

Current i s  read  back by one of  two systems, 
one reading DC s i g n a l s  t o  0.007/ and one reading  
t h e  pulsed magnet s i g n a l s  t o  0.1%. 
t h e r e  a r e  25 channels on t h e  DC mult iplexer  and 
16 on t h e  pulsed system. Approximate r a t e s  a r e  
5 channels/sec fo r  t h e  DC and 360 channels/sec 
f o r  t h e  pulsed readout. Again t h e  momentum de- 
f i n i n g  magnets a r e  t r e a t e d  as a s p e c i a l  case;  t h e  
loop i s  closed around these  magnets through t h e  
use of a long c o i l  i n t e g r a t o r .  This input  works 
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as fol lows:  The computer can command a long c o i l ,  
mounted i n  a re ference  magnet, t o  make a s i n g l e  
180' " f l i p " .  The c o i l  i s  longer  than t h e  e f f e c t -  
i v e  l e n g t h  of  t h e  magnet, and i t s  output  i s  i n t e -  
gra ted  t o  high accuracy by a vol tage- to-frequency 
converter  (0.01%). The r e s u l t ,  which t h e  com- 
p u t e r  can read i n t o  i t s  memory i s  t h e  i n t e g r a l  of  
t h e  f i e l d  i n  t h e  magnet a long t h e  length  of t h e  
magnet and i s  used t o  c a l c u l a t e  t h e  momentum s e t -  
t i n g  of t h e  t r a n s p o r t  system (see  t h e  s e c t i o n  on 
Momentum D e f i n i t i o n  below). 

To al low small changes i n  magnet c u r r e n t s  t o  
be made by  t h e  opera tor  with t h e  computer, two 
"magnet s e l e c t o r  boxes" have been provided. The 
l e v e r  on t h e  magnet s e l e c t o r  box allows t h e  oper- 
a t o r  t o  make a f i n e  adjustment on magnet s e t t i n g s  
much as he would wi th  a potent iometer .  This  box 
i s  shown i n  Figure 2. Using t h e  typewri te r ,  he 
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Fig .  2 - Front  panel  of magnet s e l e c t o r  box. 

can s p e c i f y  t h e  s e n s i t i v i t y  of t h e  l e v e r  (TUNE 
ALL BY .01; gives  one percent  of  va lue  s e n s i t i v -  
i t y ,  see  Table 1 below). Then by pushing t h e  
d e s i r e d  magnet b u t t o n s  and t h e  lever ,  he can 
change t h e  magnets independently or i n  concert. 
The RATE d i a l  provides  s i n g l e  s t e p  mode or 3 
nominal rates o f  change. 

The l i n k  with t h e  experimental a r e a  A com- 
puter  (SDS 9300) c o n s i s t s  of two 24 b i t  b u f f e r s  
(one f o r  each d i r e c t i o n )  along with two i n t e r r u p t  
s i g n a l s  t o  each computer i n d i c a t i n g  change of 
s t a t e  of t h e  r e g i s t e r s  ( f u l l  t o  empty or v i c e  
versa) .  
two systems i s  about lo3 words/sec, l imi ted  by 
programming considerat ions.  The experimental a r e a  
A computer system i s  descr ibed i n  reference3. 

The maximum t r a n s f e r  r a t e s  between t h e  

The s t a t u s  monitor i n t e r f a c e  packs s t a t u s  

These a r e  read i n t o  t h e  
s i g n a l s  (1 f o r  f a u l t  condi t ion,  0 otherwise)  i n t o  
63 s i x t e e n  b i t  words. 
computer 360 t imes/sec and checked f o r  change of 
s t a t e .  
on t h e  Model 1040 Monroe P r i n t e r  ( a  20 l ine /sec ,  
d i g i t s  only 12 c h a r / l i n e  device) .  
i s  p a r t i c u l a r l y  u s e f u l  i n  t h e  d iagnos is  of i n t e r -  
m i t t e n t  malfunctions de tec ted  by t h e  i n t e r l o c k  
system, which can cause a s t a t u s  s i g n a l  t o  t r i p  
off  f o r  only a f r a c t i o n  of a second. 
pendent a c t i v i t y  i s  mult iprocessed with the  o ther  
func t ions ,  and t a k e s  about 5@ of t h e  computer 
t ime . 

Any such change i s  logged (with t h e  t ime)  

The information 

This  inde- 

User Language 

The i n s t r u c t i o n s  a v a i l a b l e  t o  t h e  user  a r e  
i n  Table 1. Their f u l l  descr ip t ion  and program- 
ming d e t a i l s  a r e  i n  t h e  re ferences  4 J  s. Lan- 
guage input  may come from t h e  typewri ter ,  cards ,  
or over t h e  l i n k  from experimental a r e a  A. The 
appropr ia te  'TO'  c lause sends output  t o  t h e  type-  
w r i t e r ,  card punch, or over t h e  l i n k  t o  exper i -  
mental a r e a  A. The typewri ter /card channel and 
t h e  l i n k  may be operat ing simultaneously. 

The e n t i t i e s  considered i n  t h i s  d i s c u s s i o n  
of t h e  language are :  charac te rs ,  words, c lauses ,  
i n s t r u c t i o n s ,  and blocks. Universal d e l i m i t i n g  
charac te rs  a r e  blanks and car r iage  r e t u r n s .  
These two a r e  f u n c t i o n a l l y  equivalent  and may be 
used interchangeably t o  format t h e  input  copy. 
Words a r e  then s t r i n g s  which contain no delim- 
i ters .  A c lause i s  a group o f  consecutive words, 
one of which i d e n t i f i e s  t h e  clause.  

Thus 
L1 : SET B 1  = 7.02 

c o n s i s t s  of t h e  clauses  

L1 : 

SET B1 

= 7.02 

The order  of t h e  clauses  i s  i r r e l e v a n t  b u t  with- 
i n  a clause p o s i t i o n  i s  important. I n s t r u c t i o n s  
c o n s i s t  of c e r t a i n  combinations of c lauses .  The 
above t h r e e  clauses  make up a l e g a l  i n s t r u c t i o n  
where t h e  SET and = c lauses  a r e  necessary but  
t h e  o ther  one i s  opt ional .  However, t h e  f i n a l  
na ture  of t h e  i n s t r u c t i o n  i s  not  decided u n t i l  
t h e  terminat ing semicolon word. On rece iv ing  
t h i s  t h e  computer searches backwards ( i . e . ,  
from r i g h t  t o  l e f t )  f o r  a meaningful i n s t r u c -  
t i o n .  I f  t h e r e  i s  none, t h e  i n d i c a t i o n  

ERR 

i s  typed and t h e  accumulated words a r e  c leared  
out .  I f  t h e r e  a r e  severa l ,  t h e  computer t a k e s  
t h e  l as t  one. For example, a bad t y p i s t  might 
c r e a t e  

and t h e  computer picks out 

STIP STEP QJO BY .01 STEP Q l l  ; 

STEP 11 BY .01 ; 

I n  t h i s  way t h e  user can always reverse  himself 
i n  a n a t u r a l  way without specia; 'word d e l e t e '  
and ' l i n e  d e l e t e '  characters .  When educat ing 
users ,  t h e  exact  l e v e l  of permissiveness of t h e  
language need not  be spe l led  out a s  they  d i s -  
cover t h i s  as t h e y  become more experienced. 

The opt iona l  l a b e l  c lause allows one t o  give 
an i n s t r u c t i o n  a name, p r i n c i p a l l y  so t h a t  it can 
be  de-act ivated l a t e r  i f  des i red  by a KILL instr- 
uct ion.  
' c l i c h e '  d e f i n i t i o n s ,  i . e .  typing a l abe l  t o  a 
block of  i n s t r u c t i o n s .  However t h e  same eCfect 
may be achieved by using card decks f o r  memory as 

There i s  a t  present  no provis ion  for  

- 
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Table 1 

Summary of I n s t r u c t i o n s  

Repeatable I n s t r u c t i o n s  - c lauses  may be added 

STEP < e l t >  BY 00. > ; 
CARDS ; 
OUTPUT < e l t >  ; 
RECORD C e l t >  ; 
RECORD C e l t >  j 
SEND <s t r ing> j 
TIME ; 
CLOCK ; 
DATE <st r ing> ; 
T O U C A N  < e l t >  ERROR <no.> j 

Optional  Clauses 

EVERY d i m e >  
AT < t i m e >  - time c lauses  
UNTIL <time> 
TO <des t ina t ion> - d e s t i n a t i o n  clause 
< labe l>  : - l a b e l  c lause 

'Once only '  i n s t r u c t i o n s  - c lauses  a r e  ignored 

KILL <labe l>  ; 
SET < e l t >  = ao.> ; 
TUNE Cel t>  BY ao.> ; 

SCALE < e l 0  BY ao.> ; 
TUNE ALL BY a~*> j 

<time> format examples 

( 3HR ) r e f e r s  t o  
( 3  : OOMIN) 
(3:  00: OOSEC) 

(T+5MTN) r e f e r s  t o  cur ren t  time 
(T+5 : OOSEC) 

3 0 :  clock, 
o r  3 hours 

(9: o o : o o : o o o ~ u ~ )  

p l u s  5 minutes 

<des t ina t ion> l i s t  

2 - Typewriter output  
3 - Card output  
4 - Link output  

anything e l s e  - typewri te r  output  
no d e s t i n a t i o n  c l a u s e  - typewri te r  output 

< s t r i n g >  d e f i n i t i o n  - any sequence of charac- 
t e r s ,  not  spaces  or  c a r r i a g e  r e t u r n s ,  t h e  f i r s t  
of which i s  a l e t t e r  o r  t h e  charac te r  ' * I  

<labe l>  d e f i n i t i o n  - any s t r i n g  

ao.> d e f i n i t i o n  - any sequence of d i g i t s  with one 
decimal po in t  somewhere i n  it. The sequence may 
be preceded by a minus s i g n  I - '  

< e l t >  l i s t  

PMLA QlO Q21 ABEN cov C l O V  
PM2A Ql1 ADUM EF CIH T l O H  
PM3A Q12 B 1  SLlO C l H R  TlOV 
PM4A Q13 B29 SlOR C l V  SL30 
PWA Q1.4 &OO S L l l  C l V R  S30R 
PMV Q20 Q401 COH ClOH SL31 
BOXl  

t h e  example below shows. The fol lowing i n s t r u c -  
t i o n s ,  on cards, a r e  placed i n  t h e  reader .  

M : EVERY (5MIN)  CARDS j 

(Block 1) 
V 

(Block 2 )  
V . .  . .  . .  

(Block N)  
V 

KILL M ; v 
The user  types 'CARDS'; t h i s . s h i f t s  c o n t r o l  

from t h e  typewri ter  t o  t h e  card reader  and t h e  
i n s t r u c t i o n  Lo plus  those i n  block 1 are loaded 
and in te rpre ted .  The ' V '  r e t u r n s  c o n t r o l  t o  t h e  
typewri ter .  A t  t h e  end of 5 minutes Lo i s  again 
executed and c o n t r o l  passes  t o  t h e  reader  f o r  
block 2. This continues until t h e  l as t  block, 
a long with t h e  'KILL LO ; ' i s  read in .  This 
las t  i n s t r u c t i o n  terminates  t h e  a c t i v i t y .  

Notice from Table 1 t h a t  t h e r e  i s  a good 
d e a l  of emphasis on time. 
i s  incremented once each, beam pulse  (2.8 msec), 
and t h i s  i s  cor re la ted  with time of day. When 
us ing  t h e  EWRY, AT o r  UNTIL clauses ,  t h e  user  
can synchronize events t o  a r e s o l u t i o n  of 1/360 
sec  over a 6 hour i n t e r v a l .  
i s  used t o  c r e a t e  var ious  rea l - t ime delays,  so  
t h a t  t h e  e x t e r n a l  devices may respond. Suppose 
a t  time t h a t  a delay A t  i s  required before  a num- 
b e r  i s  ava i lab le  f o r  some ca lcu la t ion .  The r e -  
mainder of t h i s  c a l c u l a t i o n  i s  placed i n  a w a i t -  
ing  queue, along with t h e  time t+At, and t n e  com- 
p u t e r  goes t o  o ther  work. When i n t e r n a l  t ime i s  
equal  t o  t+At t h e  number i s  a v a i l a b l e  and t h e  
c a l c u l a t i o n  i s  continued. 

I n t e r n a l  computer time 

I n t e r n a l l y  t h e  c lock  

Applicat ions 

Computer Magnet Set-Up Procedure 

The computer system enables t h e  operator  t o  
quickly change switchyard magnet focussing and/ 
or  energy acceptance. The former i s  c o n t r o l l e d  
by a s i n g l e  energy independent number fo r  each 
quadrupole. These a r e  included i n  a 'beam focus-  
s ing  deck '  as shown below. 

SEND 'PARALLEL.TO.PO1NT.FOCUSSING.AT.TARGET' TO 2; 
SCALE Q ~ O  BY .oio4 KG/GEV ; 

&ALE Q21 BY .00781 KG/GEV ; 

The p h y s i c i s t  may e i t h e r  use one of t h e  commonly 
used decks a v a i l a b l e  on f i l e ,  or he may c r e a t e  
h i s  own from t h e  r e s u l t s  of h i s  beam o p t i c s  s t u -  
d i e s .  The focussing deck i s  read i n  and magnets 
a c t i v a t e d  by pushing but tons  on t h e  magnet s e l e c -  
t o r  box. Then t h e  def in ing  energy i s  given by 
t h e  i n s t r u c t i o n  

A l l  magnet cur ren ts  a r e  adjusted,  c losed loop, so 

SET BOXl = 7.450 GEV ; 
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t h a t  t h e  s p e c i f i e d  focussing occurs f o r  t h i s  
energy. U n t i l  a new focussing deck i s  loaded, 
SET i n s t r u c t i o n s  change only t h e  energy def in-  
i t i o n ;  quad c u r r e n t s  a r e  adjusted t o  maintain 
t h e  focussing condi t ions.  

Closed lool; c o n t r o l  was found t o  be neces- 
s a r y  because of  long term d r i f t s  i n  t h e  quant i ty  

cur ren t  de l ivered  by t h e  power supply ' 

D/A re ference  vol tage  t o  thz power supply R =  

Although t h i s  r a t i o  i s  never a func t ion  of cur ren t  
( i . e .  t h e  power supply responds l i n e a r l y ) ,  it was 
found t h a t  component d r i f t s  changed i t s  value 
from week t o  week. 
on and around t h e  power suppl ies  a l s o  contr ibuted 
t o  t h i s  problem. Closed loop c o n t r o l  i s  e f f e c t e d  
by f irst  reading  i n t o  t h e  computer a number pro- 
p o r t i o n a l t o  magnet current .  The pole  t i p  f i e l d  
( i n  KG) i s  computed using a polynomial obtained 
from magnetic measurements on t h e  magnet. This 
i s  compared with t h e  d e s i r e d  pole  t i p  f i e l d  as 
computed from t h e  SCALE number and def in ing  
energy. If c e r t a i n  smoothness and loop response 
requirements a r e  s a t i s f i e d ,  t h e  d i f fe rence  A 
i s  converted t o  D/A u n i t s  and dispatched. The 
loop a c t i v i t y  i s  t h e n  placed i n  a wai t ing  queue 
f o r  a t i m e  p r o p o r t i o n a l  t o  A, while t h e  magnet 
responds. This  cont inues u n t i l  convergence or  
until t o o  many i t e r a t i o n s  occur. There i s  one 
such loop for  each magnet i n  t h e  system and a l l  
opera te  independent ly  and simultaneously. 

Momentum Defining Loop 

l a r g e  bending magnets lead ing  t o  experimental 
a r e a  A determines t h e  momentum of those  e l e c t r o n s  
which pass  through a narrow s l i t ,  and continue t o  
ESA. (See F igure  3). Some experiments c a l l  f o r  
a very accura te  es t imate  o f  t h i s  momentum. Others 
r e q u i r e  t h a t  a given momentum achieved on one day 
be accura te ly  reproduced l a t e r .  The operators  
has a t  h i s  d i s p o s a l  a cur ren t  cont ro l ,  bu t  because 

Continuing maintenance work 

The s t r e n g t h  of t h e  magnetic f i e l d  i n  t h e  

Fig.  3 - Schematic of switchyard momentum 
d e f i n i t i o n  system. 

of h y s t e r e s i s  e f f e c t s ,  cur ren t  does not def ine t h e  
magnetic f i e l d  (hence t h e  beam momentum) uniquely 
unless t h e  magnets a r e  f i r s t  proper ly  deguassed. 
A slowly t u r n i n g  long c o i l  ( f l i p  c o i l )  posi t ioned 
i n  a re ference  magnet measures t h e  f i e l d  d i r e c t l y  
t o  .Ol$. When a s i n g l e  f l i p  i s  completed t h e  f l i p  

c o i l  i n t e r f a c e  i n t e r r u p t s  t h e  computer with t h i s  
number and, using c a l i b r a t i o n  d a t a  p l u s  switch- 
yard geometry, t h e  computer ob ta ins  t h e  momentum 
of t h e  p a r t i c l e s  passing through t h e  center  of 
t h e  s l i t ,  i.e. t h e  observed s e t t i n g  of t h e  switch- 
yard momentum analyzing system. The computer 
t h e n  a d j u s t s  t h e  cur ren t  t o  achieve t h e  des i red  
va lue  f o r  € h i s  quant i ty .  The response of t h e  
bending magnets t o  severa l  momentum change r e -  
ques ts  i s  shown i n  Figure 4. The above calcu-  
l a t i o n  t a k e s  very l i t t l e  of t h e  computer's time 
and o ther  a c t i v i t i e s  may go on simultaneously. 

It i s  planned t h a t  magnet c u r r e n t s  and f i e l d s  

This  w i l l  be accomplished as follows: 
w i l l  be monitored automatical ly  during experi-  
mental runs. 
I n s t r u c t i o n s  l i k e  

EVERY (20 SEC) TOUCAN Q10 ERROR .001 j 

w i l l  be  included, along with t h e  beam focussing 
deck descr ibed above. A t  t h e  s p e c i f i e d  frequency, 
t h i s  i n s t r u c t i o n  w i l l  compare t h e  input  j u s t  
sampled with t h e  nominal value. 
i s  exceeded, an alarm p r i n t o u t  occurs. The tes t  
i s  automatical ly  suppressed i f  t h e  magnet has  
r e c e n t l y  received a new nominal value. 

Cal ibra t ion  of Mamet Loops 

If t h e  to le rance  

Using t h e  source language, it i s  poss ib le  
t o  perform an automatic c a l i b r a t i o n  experiment. 
The i n s t r u c t i o n s :  

SETI : EVERY (15 s e c )  UNTIL ( W l O M I N )  STEP $;LO 
BY .05 ; 

PUNI : AT(T+~OSEC) 
EVERY (15 s e e )  UhPTIL (T+10:10SEC) 

OUTPUT $LO TO 3; 
ZERI ; AT (T  + 11 MIN) SET Q10 = 0. 

SETI causes t h e  D/A re ference  vol tage  cont ro l -  
l i n g  t h e  magnet Q l O  t o  be increased by 5$ of i t s  
va lue  (open loop)  every 15 seconds u n t i l  10 min- 
u t e s  has  elapsed. PLJNI cause t h e  number propor- 
t i o n a l t o  magnet cur ren t  t o  be punched on cards  
every 15 seconds but  10 seconds behind t h e  exe- 
cu t ion  of SETI. This  allows t h e  magnet c i r c u i t  
t o  complete i t s  response. ZXRI r e t u r n s  t h e  mag- 
ne t  t o  zero cur ren t  a f t e r  t h e  run. Similar  in -  
s t r u c t i o n s  f o r  a l l  t h e  magnets make up t h e  f u l l  
c a l i b r a t i o n  deck. Since i n s t r u c t i o n s  f o r  d i f  - 
f e r e n t  magnets a r e  executed concurrent ly ,  t h e  
t ime requi red  i s  t h a t  f o r  a s i n g l e  magnet. 
put  cards  a r e  more convenient ly  analyzed on a 
l a r g e r  computer and r e s u l t s  tabulated.  Since 
t h e  operat ion i s  automated, it may be e a s i l y  
done on a z e g u l a r l y  scheduled bas is ,  and provides  
a comprehensive maintenance t e s t  on t h e  o v e r a l l  
system. This example i n d i c a t e s  the  ease with 
which d i f f e r e n t  operat ions can be performed with 
no programming modif icat ions.  I n  genera l  t h e  
system program has been w r i t t e n  so t h a t  expansion 
of t h e  i n s t r u c t i o n  l is t ,  when necessary, i s  a 
r e l a t i v e l y  simple task.  

; 

Out- 
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Fig. 4 - Kagnet response t o  SET ins t ruc t ions .  
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