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INSTRUMENTATION PROGRAMMING FOR COMPllTER 
CONTROLLED DIGITAL DATA PROCESSING 

by P h i l i p  N. Anderson 
Marshall Space F l igh t  Center 
Huntsv i l l e ,  Alabama 

A number o f  cons idera t ions  a r e  necessary 
i n  ins t rumenta t ion  programming, many o f  which 
a r e  e i t h e r  not app l icab le  o r  app l icab le  t o  a  
l e s s e r  degree i n  o ther  types  o f  programming. 
T h i s  paper d i s c u s s e s  t h e s e  problems i n  general  
terms and i l l u s t r a t e s  how t h e y  have been d e a l t  
wi th  s p e c i f i c a l l y .  The l a t t e r  is  done by 
descr ib ing  t h e  programming and opera t ion  of  
a  d a t a  reduc t ion  system. 

Among t h e  prime goa ls  o f  instrumentat ion 
programming a r e  f l e x i b i l i t y  and e f f ic iency .  
F l e x i b i l i t y  a s  used i n  t h i s  paper is 
in tended  t o  imply s i m p l i c i t y  a s  well.  There 
a r e  a t  l e a s t  f o u r  types o f  f l e x i b i l i t y  which 
must be  considered. These a r e  (1)  F l e x i b i l i t y  
of i n p u t ,  (2) F l e x i b i l i t y  o f  ou tpu t ,  ( 3 )  
Dynamic f l e x i b i l i t y  of  opera t ion ,  (4) 
F l e x i b i l i t y  o f  program modif icat ion.  

F l e x i b i l i t y  o f  input  means al lowing var ied  
d a t a  a c q u i s i t i o n  requests .  F l e x i b i l i t y  of  
output  should  al low f o r  var ious  output  formats .  
The o p e r a t o r  should have many op t ions  o f  
changing program p a t h s  during operat ion.  This  
should be  provided i n  t h e  dynamic f l e x i b i l i t y  
o f  opera t ion .  Poss ib le  hardware changes i n  
t h e  i n t e r f a c e d  equipment should be considered 
i n  t h e  a r e a  o f  f l e x i b i l i t y  o f  program 
modif icat ion.  

E f f i c i e n c y  must be  considered i n  t h e  
fo l lowing  two a reas :  (1)  E f f i c i e n t  
U t i l i z a t i o n  o f  t h e  c e n t r a l  computer, 
(2) E f f i c i e n t  u t i l i z a t i o n  o f  t h e  i n t e r f a c e d  
equipment. A s  an example o f  t h e  l a t t e r  case,  
t h e r e  may be more than one d i s t i n c t  u n i t  of  
equipment i n t e r f a c e d  with t h e  computer which, 
i n  many i n s t a n c e s  could be operated 
s imultaneously.  

Some o f  t h e  problem a r e a s  encountered 
i n  instrumentat ion programming a r e  i n t e r r u p t s ,  
operator  communication and input/output.  
Among t h e  programming a r e a s  which a r e  
important i n  dea l ing  with t h e s e  problem areas  
and a t t a i n i n g  t h e  previously mentioned goa ls  
o f  instrumentat ion programming a r e  t h e  
following: (1 )  Monitor, (2) Sub-Monitor o r  
c o n t r o l  program, (3) Programming language. 
The sub-monitor o r  c o n t r o l  program is  t h e  
program most d i r e c t l y  concerned with t h e  
opera t ion  o f  t h e  i n t e r f a c e d  equipment. A 
c o n t r o l  program p r e s e n t l y  i n  use w i l l  now 
be described. The importance of t h e  monitor 
and programming language i n  t h e  development 
and opera t ion  of  t h e  c o n t r o l  program w i l l  be  
evident .  

GENERAL DESCRIPTION OF DATA REDUCTION SYSTEM 

The Data Reduction System c o n s i s t s  of  t h e  
software necessary f o r  the opera t ion  o f  a  
Data Reduction Complex i n  pos t  f l i g h t  
reduct ion of Sa turn  f l i g h t  t e s t  data .  A b r i e f  
d e s c r i p t i o n  o f  t h e  Data Reductian Complex of  
Marshall Space F l igh t  Center would be i n  o rder  
a t  t h i s  point .  The Data Reduction Complex 
c o n s i s t s  of  source u n i t s ,  d i sc r imina tor  u n i t s ,  
te lemetry reduct ion u n i t s ,  a  c o n t r o l  u n i t ,  and 
a  d i g i t a l  computer. The source u n i t s  a r e  two 
analog tape dr ives ,  te lemetry r e c e i v e r s ,  
microwave r e c e i v e r s  and a  t e lemet ry  c a l i b r a t o r .  
The telemetry reduc t ion  u n i t s  a r e  two 
microsadics  (analog t o  d i g i t a l  conver te r s ) ,  a  
PC911 s t a t i o n  and a  Bendix Ground S t a t i o n  f o r  
osc i l lograph  recordings. There a r e  36 
d i sc r imina tor  u n i t s ,  each c o n s i s t i n g  o f  f o u r  
channel and f o u r  f i l t e r  s e l e c t i o n s .  The 
c o n t r o l  u n i t  is t h e  u n i t  through which s e v e r a l  
switching mat r ices  a r e  con t ro l led .  Through 
t h e s e  switching mat r ices  a  source u n i t  can be 
s e l e c t e d ,  probably an analog tape. 



A t r a c k  from t h e  t a p e  can be s e l e c t e d  and t h e  
output  r o u t e d  t o  a  s e l e c t e d  d i sc r imina tor  un i t .  
The proper channel and f i l t e r  s e l e c t i o n  can be 
made on t h e  s e l e c t e d  d i sc r imina tor  u n i t .  An 
ou tpu t  l i n e  can then  be s e l e c t e d  t o  send t h e  
output  from t h e  d i sc r imina tor  u n i t  t o  the  
d e s i r e d  te lemet ry  reduc t ion  un i t .  Other 
c a p a b i l i t i e s  provided through t h e  c o n t r o l  u n i t  
and mat r ices  a r e  swi tch  s e t t i n g s  on one 
microsadic and s e l e c t i o n  of  s p e c i f i c  words 
from a commutated package f o r  Ground S t a t i o n  
p l o t t i n g .  The c o n t r o l  u n i t  i s  i n t e r f a c e d  t o  
a B5500 Computer a s  ,re t h e  microsadics  a d  t h e  
PCM s t a t i o n .  These a r e  i n t e r f a c e d  a s  magnetic 
t a p e  u n i t s .  

I n  o rder  t o  c o n t r o l  the  i n t e r f a c e d  equip- 
ment, s e v e r a l  commands a r e  a v a i l a b l e  which can 
be w r i t t e n  on t h e  c o n t r o l  u n i t  t o  cause t h e  
d e s i r e d  mat r ix  s e t  up. These commands a r e  
w r i t t e n  by t h e  Data Reduction System and i n  
genera l  t h i s  system opera tes  a s  fol lows:  
C i r c u i t r y  is  s e t  up by means o f  commands t o  
t h e  c o n t r o l  u n i t  t o  o b t a i n  d a t a  from an analog 
t a p e  and r o u t e  it through t h e  proper 
d i sc r imina tors  t o  t h e  s p e c i f i e d  te lemetry 
reduc t ion  u n i t .  Any necessary switch s e t t i n g s  
w i l l  be made e i t h e r  programmatically o r  manually 
a s  d i r e c t e d  through the  message p r i n t e r s .  
Transmission w i l l  then begin from t h e  analog 
t a p e  un i t .  If transmission is  t o  a  te lemetry 
reduc t ion  u n i t  o t h e r  than t h e  Ground S t a t i o n ,  
a  d i g i t a l  t ape  w i l l  be w r i t t e n  on a  magnetic 
t ape  connected t o  t h a t  u n i t .  Since t h e  u n i t  i s  
i n t e r f a c e d  t o  t h e  B5500, t h e  tape can be read 
from t h e  B5500 by t h e  Data Reduction System. 
When d a t a  t ransmiss ion  is completed f o r  t h e  
f l i g h t  per iod  being processed,  an i n t e r r u p t  
w i l l  be t r a n s m i t t e d  a s  a  s p e c i f i c  one charac te r  
message through t h e  message p r i n t e r .  If t h e  
completion of  t ransmiss ion  was f o r  a  te lemetry 
reduc t ion  u n i t  o t h e r  than t h e  Ground S t a t i o n ,  
t h e  d i g i t a l  t a p e  w i l l  now be t ransmi t ted  by t h e  
Data Reduction System t o  an on l i n e  B5500 tape.  
The program f o r  which t h e  d a t a  was requested 
w i l l  then be c a l l e d  by the  Data Reduction 
System f o r  execut ion.  This  program has been 
previously compiled. 

REQUESTING OF DATA 

Requesting of  d a t a  t o  be d i g i t i z e d  f o r  use 
by a  B5500 program and d a t a  t o  be p l o t t e d  on t h e  
Ground S t a t i o n  is  done by means of  s e v e r a l  types 
of  con t ro l  cards.  A d i g i t  i n  column one of  each 
card  w i l ~  i n d i c a t e  i ts type. These types  a r e  
HEADER ( 1 )  , MESSAGE (2)  , TAPE LABEL ( 3 )  and 
REQUEST (4). A l l  f o u r  types a r e  needed i n  
request ing d a t a  f o r  t h e  B5500. Only types 1 
and 4 a r e  needed i n  reques t ing  d a t a  f o r  Ground 
S t a t i o n  p l o t t i n g .  The f i e l d s  of  t h e  HI3WER c a r d  
contain such information a s  program i d e n t i f i -  
c a t i o n  o r  group i d e n t i f i c a t i o n  (used f o r  Ground 
S t a t i o n  r e q u e s t s ) ,  equipment i d e n t i f i c a t i o n ,  
request  type,  and p r i o r i t y .  Equipment 
i d e n t i f i c a t i o n  i n d i c a t e s  t h e  te lemetry reduct ion 
u n i t  t o  be used. Request type i n d i c a t e s  
whether the  request  i s  f o r  d i g i t i z a t i o n ,  
previously d i g i t i z e d  d a t a  o r  l i n e a r i z e d  data .  
P r i o r i t y  o f  course i n d i c a t e s  t h e  urgency o f  t h e  
p a r t i c u l a r  d a t a  request  a s  compared t o  o ther  
d a t a  requests .  

The MESSAGE card  contains  information f o r  any 
necessary messages t o  be pr in ted .  The TAPE 
LABEL card conta ins  a  l a b e l  which w i l l  be w r i t t e n  
on t h e  on l i n e  t ape  containing t h e  requested 
d i g i t a l  data .  The REQUEST card  f i e l d s  descr ibe  
t h e  da ta  which i s  t o  be obtained. f3ds a r e  l i n k  #,  channel #, sub-channel # ( f o r  
d a t a ) ,  sub-commutator #, and commutator #. The 
l a s t  two f i e l d s  apply only t o  Ground S t a t i o n  
requests .  

INTERRUPTS 

I n t e r r u p t s  c o n s t i t u t e  xn extremely important 
a rea  i n  the  operaLlon ox t h e  Data Reduction 
System. A l l  i n t e r r u p t s  a r e  communicated 
through t h e  message p r i n t e r  c o n t r o l  u n i t  o f  t h e  
B5500 and a l l  except  one o f  t h e s e  a r e  manual 
i n t e r r u p t s .  There a r e  18 i n t e r r u p t  condi t ions  
and a  l a r g e  number o f  these  fa l l  i n  t h e  
following groups: d a t a  t ransmission complete, 
opera tor  a c t i o n  complete, and f i l e  e r r o r ,  I n  
each o f  these cases  t h e r e  i s  a d i s t i n c t  one 
charac te r  i n t e r r u p t  f o r  each te lemet ry  reduc t ion  
u n i t .  The opera tor  must send each o f  t h e s e  
i n t e r r u p t s  by typing t h e  appropr ia te  charac te r  
a t  the  keyboard of  h i s  message pr in te r .  Other 
i n t e r r u p t s  inc lude  t h e  opera tor  input  which 
allows the  operator  t o  communicate a d d i t i o n a l  
information t o  t h e  Data Reduction System, i .e . ,  
information requi r ing  s e v e r a l  c h a r a c t e r s  t o  



communicate. When t h i s  i n t e r r u p t  is received 
by t h e  Data Reduction System a message is typed 
reques t ing  t h e  operator  t o  t ransmi t  h i s  
a d d i t i o n a l  information. The only i n t e r r u p t  
which is  automated is the  reques t  f o r  re t rans -  
mission from t h e  con t r  01 u n i t .  When commands 
a r e  w r i t t e n  on t h e  c o n t r o l  u n i t  if a p a r i t y  
e r r o r  is  d e t e c t e d  then t h e  appropr ia te  i n t e r r u p t  
c h a r a c t e r  ( I )  is t ransmi t ted  automatical ly  t o  
t h e  B5500 through t h e  message p r i n t e r  con t ro l  
u n i t .  

TABLES 

Severa l  t a b l e s  a r e  maintained by t h e  Data 
Reduction System and these  a r e  a c e n t r a l  p a r t  
o f  t h e  system. Among t h e s e  t a b l e s  a r e  t h e  
Program Sequence Table,  Ground S t a t i o n  Sequence 
Table ,  I n t e r r u p t  Table,  Data A v a i l a b i l i t y  Table 
and Hardware A v a i l a b i l i t y  Table. 

The Program Sequence Table has an e n t r y  f o r  
each program reques t ing  da ta .  Other information 
i n  t h i s  t a b l e  i n d i c a t e s  whether o r  not t h e  
program's da ta  h a s  been ob ta ined  and t h e  t a b l e ' s  
o r d e r  i n d i c a t e s  t h e  o rder  i n  which d a t a  w i l l  be 
sought f o r  the  reques t ing  programs. 

DATA REDUCTION SYSTEM BPFICIPNCY AND FLEXIBILITY 

T h i s  system is  intended t o  provide e f f i c i e n t  
use o f  t h e  i n t e r f a c e d  equipment and  c o n t r i b u t e  
t o  e f f ic ien t  B5500 use by providing d a t a  to t h e  
reques t ing  programs when i t  is needed. At t h e  
same time it is intended t o  be f l e x i b l e ,  
p a r t i c u l a r l y  i n  al lowing f o r  var ious  changes 
which may not b e  known u n t i l  t h e  program h a s  
been placed i n  opera t ion  f o r  processing data 
from a p a r t i c u l a r  Sa turn  f l i g h t .  

One means by whim t h e  system provides f o r  
e f f i c i e n t  use  o f  t h e  i n t e r f a c e d  equipment is by 
performing a s e t  up f o r  more than one te lemet ry  
reduct ion u n i t  a t  a time. Examination of  t h e  
Hardware A v a i l a b i l i t y  Table and t h e  Data 
A v a i l a b i l i t y  Table must be performed i n  
determining when t h i s  simultaneous opera t ion  
can t a k e  place. Another e f f i c i e n c y  which 
a f f e c t s  both t h e  B5500 and t h e  i n t e r f a c e d  
equipment is t h e  t r a n s f e r r a l  o f  t h e  d i g i t a l  
d a t a  t o  t h e  B5500. When t h i s  i s  done t h e  
te lemetry reduct ion u n i t  is now f r e e d  f o r  
processing o t h e r  reques t s  a s  t h e  t a p e  u n i t  
connected t o  it is now f r e e d  from r e t a i n i n g  
t h e  previously d i g i t i z e d  data ,  The program 
which requested t h e  d a t a  can begin processing 
t h e  d a t a  from t h e  on l i n e  B5500 t a p e  t o  which 
it was t rans fe r red .  This  can be  done 

The Ground S t a t i o n  Sequence Table is  s i m i l a r  au tomat ica l ly  without opera tor  i n t e r v e n t i o n  
t o  t h e  Program Sequence Table but  i n d i c a t e s  t h e  s i n c e  t h e  tape  was l a b e l l e d  by t h e  Data 
o rder  i n  which groups w i l l  be p l o t t e d  on t h e  Reduction System a s  requested. 
Ground S t a t i o n .  

F l e x i b i l i t y  of  input  and output  is  provided 
The I n t e r r u p t  Table w i l l  i n d i c a t e  which o f  by allowing d a t a  t o  be requested i n  any order  

t h e  p o s s i b l e  i n t e r r u p t s  have occurred and and the  ou tpu t  w i l l  be i n  t h e  same order  as 
r e q u i r e  processing.  t h e  o rder  i n  which i t  was requested. 

The Data A v a i l a b i l i t y  Table has an e n t r y  f o r  One means of  providing f l e x i b i l i t y  i n  t h e  
each channel o f  each l i n k  of te lemetry d a t a  t o  program modif icat ion a r e a  is  i n  reading 
be processed. Other  information i n  t h e  Data por t ions  of  t a b l e s  i n  a s  d a t a  r a t h e r  than 
A v a i l a b i l i t y  Table c o n s i s t s  o f  t h e  d a t a  s t a t u s  having these  a s  a n  a c t u a l  p a r t  o f  t h e  program. 
and t h e  reques t ing  program's i d e n t i f i c a t i o n .  Therefore some modif icat ions i n  hardware do not 
The s t a t u s  p o s s i b i l i t i e s  a r e  i n i t i a t e ,  i n  process  necessitate program changes but only data card 
and d i g i t i z a t i o n  complete. changes. 

The Hardware A v a i l a b i l i t y  Table w i l l  keep 
t r a c k  o f  a l l  e x t e r n a l  equipment, i . e . ,  whether 
t h e  hardware is busy, a v a i l a b l e  o r  down. There 
a r e  t h r e e  s e c t i o n s  i n  t h i s  t a b l e .  One o f  these  
is f o r  source u n i t s ,  t h e  second is f o r  te lemetry 
reduc t ion  u n i t s  and t h e  t h i r d  i s  f o r  d i s -  
c r imina tor  u n i t s .  O t h e r  information i n  t h e  
Hardware A v a i l a b i l i t y  Table i n d i c a t e s  t h e  
c a p a b i l i t i e s  of t h e  s p e c i f i e d  uni t .  

Dynamic f l e x i b i l i t y  o f  opera t ion  is provided 
through t h e  opera tor  input  i n t e r r u p t .  When 
t h e  opera tor  d e s i r e s  t o  make c e r t a i n  changes i n  
t h e  paths t h e  Data Reduction System t a k e s ,  he 
sends this i n t e r r u p t .  

The Data Reduction System, upon r e c e i v i n g  
t h i s  i n t e r r u p t ,  w r i t e s  a message asking f o r  t h e  
opera tor ' s  information. Among t h e  f l e x i b i l i t i e s  
provided t o  the  opera tor  a r e  t h e  following: 



( 1 )  Change sequence o f  program reques t s ,  (2) 
Change sequence o f  Ground S t a t i o n  group reques t s  
( 3 )  Dele te  program reques t s ,  ( 4 )  Delete Ground 
S t a t i o n  group r e q u e s t s ,  ( 5 )  Declare hardware 
down o r  a v a i l a b l e ,  and ( 6 )  i n d i c a t e  t o  Data 
Reduction System t h e  a v a i l a b i l i t y  of  a new 
ba tch  o f  reques t s  t o  be read from t h e  card  
reader .  

THE ROJB OF THE MONITOR AND PROGRAMMING 
IANGUAGE I N  EFFICIENCY AND FLEXIBILITY 

The monitor i n  use  on t h e  Burroughs B5500 
is t h e  Master Control  Program and t h e  programming 
languages a r e  ALGOL and COBOL. Both t h e  
monitor and programming language a r e  ins t ru -  
mental i n  t h e  implementation, e f f i c i e n c y ,  and 
f l e x x u i l i t y  of  t h e  Data Reduction System. The 
Data Reduction System i s  w r i t t e n  i n  ALGOL and 
runs under t h e  Master Control Program a s  do a l l  
B5500 programs. The Master Control  Program 
cont ro l s  multi-programming and mult i -  
processing,  Among i t s  d u t i e s  a r e  handling 
input /output ,  scheduling,  and c a l l i n g  i n  new 
program segments. The Master Control  Program 
processes  a l l  B5500 i n t e r r u p t s  i n  performing 
i ts  c o n t r o l  func t ions .  The Master Control 
Program and ALGOL o f  course have g r e a t  
in f luence  on t h e  e f f i c i e n c y  and f l e x i b i l i t y  
o f  opera t ion  o f  a l l  B5500 programs w r i t t e n  i n  
ALaDL. However, t h e y  c o n t r i b u t e  t o  t h e  
e f f i c i e n t  opera t ion  o f  the  Data Reduction 
System and thus  e f f i c i e n t  u t i l i z a t i o n  of  t h e  
B5500 i n  a s p e c i a l  way. A f u n c t i o n  was 
provided i n  ALGOL whereby t h e  Data Reduction 
System can i n d i c a t e  t o  t h e  Master Control 
Program t h a t  execut ion o f  t h e  Data Reduction 
System program should be  d i scont inued  
temporari ly ,  An i n d i c a t i o n  is a l s o  given t o  
t h e  Master Control  Program of  t h e  condi t ion  
under which processing is t o  be resumed, namely 
a one c h a r a c t e r  i n t e r r u p t  through t h e  message 
p r i n t e r  c o n t r o l  un i t .  The Data Reduction 
System spends much o f  its time await ing 
i n t e r r u p t s .  Without t h e  func t ion  j u s t  
descr ibed,  t h e  processor  w6uld be 
unnecessar i ly  monopolized by the Data Reduction 
System. 

The a b i l i t y  t o  main ta in  t a b l e s  which a r e  
important t o  t h e  Data Reduction System is  
g r e a t l y  enhanced by t h e  charac te r  and b i t  
manipulat ion c a p a b i l i t i e s  provided by t h e  
ALaOL compiler. This c a p a b i l i t y  is provided 
i n  the p a r t i a l  word des igna tor  which allows 
address ing  o f  any b i t  o r  group o f  b i t s  o ther  
t h a n  t h e  first  b i t  o f  each word. The 
concatenate  operator  provides a means of  
forming a computer word from b i t s  i n  various b i t  
p o s i t i o n s  of  s e v e r a l  o ther  computer words using 
o n l y  one ALaOL statement. 

Another a r e a  i n  which the Master Control 
Program and ALGOL cont r ibu te  t o  f l e x i b i l i t y  
and e f f i c i e n c y  is  i n  providing a f u n c t i o n  i n  
ALGOL which can be used t o  i n s t r u c t  the  Master 
Control Program t o  c a l l  i n  o t h e r  previously 
compiled programs f o r  execution. This  i s  made 
more u s e f u l  by t h e  concept of  l a b e l l e d  t a p e s  
which allow programs t o  ob ta in  t h e i r  input 
automatical ly  through t h e  Master Control 
Program without t h e  operator  des igna t ing  t h e  
tape un i t .  

CDNCLUS IONS 

Based on experience wi th  t h e  D a t a  Reduction 
System, s e v e r a l  conclusions have been reached 
concerning programm2ng o f  an instrumentat ion - 
computer i n t e r f a c e d  system. These a r e  a l l  
concerned w i t h  t h e  f l e x i b i l i t y  and e f f i c i e n c y  
which should be provided i n  a c e n t r a l  program. 
Cer ta in  c a p a b i l i t i e s  must be provided i n  t h e  
hardware (bo th  computer and i n t e r f a c e d ) ,  t h e  
monitor,  and t h e  programming language i n  o rder  
t o  enable t h e  c o n t r o l  program t o  provide t h i s  
f l e x i b i l i t y  and effLciency.  Two i tems 
p a r t i c u l a r l y  needed i n  t h e  hardware o f  t h e  
d i g i t a l  computer a r e  random access  s t o r a g e  and 
an i n t e r r u p t  system. The random access  s to rage  
is  needed p a r t i c u l a r l y  f o r  d a t a  s to rage  and 
r e t r i e v a l  purposes. I n  t h i s  way d a t a  can be 
maintained by t h e  c o n t r o l  program ajHd made 
a v a i l a b l e  f o r  use by maly programs. The 
i n t e r r u p t  system i n  add i t ion  t o  c o n t r i b u t i n g  
t o  buf fe red  input /output ,  multi-programming 
and mult i -processing should a l s o  allow f o r  
automatic i n t e r r u p t s  from t h e  i n t e r f a c e d  
equipment. The i n t e r f a c e d  equipment should 
provide t h e s e  automatic i n t e r r u p t s  and provide 
t h e  c a p a b i l i t y  o f  asynchronous opera t ion  o f  a l l  
i n t e r f a c e d  equipment. 

The monitor system should be open ended i n  
the  sense of allowing sub-monitor o r  c o n t r o l  
programs t o  be w r i t t e n  i n  a s tandard  programming 
language such as ALGOL. This  could be done by 
providing i n  t h e  language, f a c i l i t i e s  f o r  
adequate communication with the  monitor and 
providing i n  t h e  monitor a means of  handling 
t h i s  communication. 

The types of  communication would inc lude  
t h a t  used i n  t h e  Data Reduction System t o  cause 
i ts  temporary suspension by t h e  Master Control 
Program. The monitor system i n  conjunct ion 
with t h e  compiler should a l s o  allow f o r  a 
program t o  c a l l  i n  a source  language program t o  
be compiled and executed. This  would al low f o r  
l a s t  minute program modi f ica t ions ,  and random 
access  s t o r a g e  would then be r a t h e r  important 
f o r  program residence. 



It is eviden t  t h a t  t h e r e  a r e  s e v e r a l  a reas  
which c o n t r i b u t e  t o  the  success  o r  f a i l u r e  
o f  ins t rumenta t ion  programming. Each o f  
t h e s e  prev ious ly  mentioned a r e a s  is important. 
However, one f i n a l  f a c t o r  should  be mentioned. 
This is the a r e a  o f  communication between 
t h e  system programer  and t h e  engineer o r  
t echnic ian ,  It is i n  t h i s  a r e a  where a  l a r g e  
p a r t  o f  t h e  r e s p o n s i b i l i t y  l i e s  i n  achieving 
t h e  maximum cont r ibu t ion  from each o f  t h e  
o t h e r  a r e a s  t o  o v e r a l l  system e f f i c i e n c y  and 
f l e x i b i l i t y .  

CH = Discriminator  Channel 
DAT = Data A v a i l a b i l i t y  Table 
DRS = Data Reduction System 
HAT = Hardware A v a i l a b i l i t y  Table 
MGP = Master Control Program 
OF = Discriminator  Output F i l t e r  
PST = Program Sequence Table 
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