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A b s t r a c t  

T h e  s e p a r a t i o n  of  c o n v e n t i o n a l  u n i t  r e c o r d  
i n p u t / o u t p u t  p r o c e s s i n g  f r o m  a l a r g e  g e n e r a l  p u r -  
p o s e  c o m p u t e r  s y s t e m  h a s  b e e n  a n d  s t i l l  i s  a 
common and accepted practice among many 
large-scale computer installations. This kind of 
processing has been called off-line or peripheral 
processing and seeks to reduce costs by remov- 
ing t h e  r e l a t i v e l y  s l o w  I / O  f u n c t i o n s  s u c h  a s  c a r d  
r e a d i n g ,  c a r d  p u n c h i n g ,  a n d  p r i n t i n g  f r o m  t h e  
l a r g e  c o m p u t e r  a n d  h a v i n g  t h e m  p e r f o r m e d  o n  
s m a l l e r  l e s s  e x p e n s i v e  c o m p u t e r s .  T h i s  p r a c -  
t i c e  i s  n o t  w i t h o u t  i t s  i n h e r e n t  p e n a l t i e s ,  a l l  of  
w h i c h  t e n d  to  r e d u c e  t h e  o p e r a t i o n a l  e f f i c i e n c y  
of  t h e  s y s t e m  b y  i n t r o d u c i n g  l a r g e  t h r o u g h p u t  
t i m e s  a n d  e q u i v a l e n t l y  l a r g e  s e t u p  t i m e s .  

T h i s  p a p e r  d e s c r i b e s  a g e n e r a l - p u r p o s e  
c o m p u t e r  s y s t e m  c u r r e n t l y  i m p l e m e n t e d  a t  S T L  
t h a t  r e t u r n s  t h e  c o n v e n t i o n a l  d a t a  i n p u t / o u t p u t  
f u n c t i o n s  to  o n - l i n e  p r o c e s s e s .  T h e  p a p e r  n o t  
~ n l y  i n c l u d e s  a g e n e r a l  d e s c r i p t i o n  of  t h e  
• ardware and software employed but also makes 
eomparisons with prior systems, describes 
simulation experiments performed, and 
evaluates current performance. 

1. I n t r o d u c t i o n  

T h i s  p a p e r  d e s c r i b e s  t h e  t r a n s f o r m a t i o n  
of  a c o n v e n t i o n a l  c o m p u t e r  i n s t a l l a t i o n  w i t h  o f f -  
l i n e  p r o c e s s i n g  i n t o  a n  o n - l i n e  o r  " i n t e g r a t e d "  
d a t a  p r o c e s s i n g  f a c i l i t y  b y  e m p l o y i n g  v e r y  l a r g e  
r a n d o m  a c c e s s  d i s k  s t o r a g e  d e v i c e s  t h a t  a r e  
s h a r e d  i n  c o m m o n  b y  t h e  m a i n  p r o c e s s o r  a n d  
t h e  I / O  p r o c e s s o r .  

2. F o r m e r  C o m p u t e r  O p e r a t i n ~  S y s t e m  

P r i o r  to  M a r c h  1963 ,  S T L  h a d  i n  o p e r a t i o n  
a c o m p u t i n g  c e n t e r  c o n s i s t i n g  of  a d a t a  p r o c e s s -  
ing  e q u i p m e n t  c o n f i g u r a t i o n  s h o w n  i n  F i g u r e  1. 
T h e  m a i n  p r o c e s s o r s  w e r e  t w i n  I B M  7 0 9 0 ' s ,  e a c h  
e m p l o y i n g  16 m a g n e t i c  t a p e s  o n  t w o  c h a n n e l s .  
T h e  p e r i p h e r a l  p r o c e s s o r s  c o n s i s t e d  o f  s i x  
a s s o r t e d  I B M  1 4 0 1 ' s  w h i c h  w e r e  a s s i g n e d  to  
p e r f o r m  t h e  u n i q u e  I / O  f u n c t i o n s  of  c a r d - t o - t a p ~  
t a p e - t o - p r i n t e r ,  a n d  t a p e - t o - p u n c h .  T h e  b a s i c  
f l o w  of  i n f o r m a t i o n  i s  s h o w n  i n  F i g u r e  Z. 

a )  P r o g r a m s  a n d  d a t a  i n  t h e  f o r m  of  
c a r d s  a n d  t a p e s  w e r e  p r o c e s s e d  b y  
t h e  1401 to  p r o d u c e  a p e r i p h e r a l  
i n p u t  t a p e .  T h e  1401 a l s o  u t i l i z e d  
c a r d s  s u b m i t t e d  w i t h  e a c h  p r o g r a m  
d e c k  to  p r o d u c e  a " b a t c h  s h e e t "  

g i v i n g  t h e  c h a r a c t e r i s t i c s  o f  e a c h  
j o b  w h i c h  w e r e  of  c o n c e r n  to  t h e  
7 0 9 0  a n d  1401 o p e r a t o r s .  T h i s  
b a t c h  s h e e t  i n c l u d e d  a d e s c r i p t i o n  
of  a l l  t a p e s  to  b e  u s e d  a n d  t h e  
p h y s i c a l  d r i v e s  o n  w h i c h  t h e y  
w e r e  to  b e  m o u n t e d .  It  w a s  t h e  
1401 c a r d - t o - t a p e  o p e r a t o r ' s  
r e s p o n s i b i l i t y  t o  o r d e r  j o b s  w i t h i n  
t h e  c o n f i n e s  of  t h e  p r i o r i t y  s y s t e m  
a n d  w o r k  on  h a n d  s o  a s  to  m i n i m i z e  
t a p e  m o u n t i n g  t i m e  o n  t h e  7 0 9 0  w h e n  
t h e  b a t c h  w a s  r u n .  

b)  T h e  i n p u t  t a p e  g e n e r a t e d  w a s  t h e n  r e -  
m o v e d  f r o m  t h e  1401 a n d  c a r r i e d  
to  t h e  7 0 9 0 a r e a  a l o n g  w i t h  i t s  a s s o c i -  
a t e d  b a t c h  s h e e t .  In  t u r n ,  t h e s e  
i n p u t  t a p e s  w e r e  m o u n t e d  o n  t h e  
7 0 9 0  a n d  t h e  j o b s  e x e c u t e d  in  a 
serial fashion, producing a tape 
reel of print output and a tape reel 
of punch output. The 1401-generated 
batch sheet was used by the operator 
to set up tapes as required. 

c) The print and punch tapes produced 
by the 7090 execution of the batch 
were then removed and carried back 
to the 1401 area where they were 
eventually printed and punched. 
Again, each tape was processed in a 
serial fashion. 

Thus, the operation was much the same as in any 
o t h e r  i n s t a l l a t i o n  r u n n i n g  i n  a p e r i p h e r a l  m o d e .  

Z. 1 P e r f o r m a n c e  A n a l y s i s .  B e t w e e n  350 
a n d  400  j o b s  w e r e  n o r m a l l y  p r o c e s s e d  e a c h  d a y  
i n  t h i s  p e r i p h e r a l  s y s t e m ,  w i t h  t h r o u g h p u t  t i m e  
a v e r a g i n g  4. 1 h o u r s .  ( T h r o u g h p u t  t i m e  i s  t h e  
i n t e r v a l  b e t w e e n  t h e  t i m e  w h e n  t h e  j o b  w a s  f i r s t  
s u b m i t t e d  a n d  t h e  t i m e  w h e n  i t s  l a s t  l i n e  o r  c a r d  
w a s  o u t p u t .  ) J o b  t i m e s  f o r  7 0 9 0  e x e c u t i o n  
r a n g e d  f r o m  l e s s  t h a n  a m i n u t e  to  a l m o s t  o n e  
h o u r i  w i t h  a n  a v e r a g e  t i m e  of  3. 6 m i n u t e s  a n d  
w i t h  80 p e r c e n t  o f  t h e  j o b s  r u n n i n g  l e s s  t h a n  5 
m i n u t e s .  A l t h o u g h  t h e  w o r k  w a s  g e n e r a l l y  
c l a s s i f i e d  a s  s c i e n t i f i c ,  i t  w a s  f o u n d  t h a t  m o s t  
j o b s  r e q u i r e d  t a p e s  f o r  t h e i r  e x e c u t i o n  a n d ,  in  
f a c t ,  t h a t  t h e  a v e r a g e  j o b  r e q u i r e d  Z. 7 t a p e s  ( n o t  
i n c l u d i n g  t h e  n o r m a l  p e r i p h e r a l  t a p e s ) .  A l t h o u g h  
a 4.  1 h o u r  t h r o u g h p u t  t i m e  w a s  c o n s i d e r e d  f a i r l y  
g o o d  c o m p a r e d  to  o t h e r  c o m p u t e r  i n s t a l l a t i o n s  
w i t h  s i m i l a r  w o r k l o a d  c a p a c i t i e s ,  i t  w a s  f e l t  
t h a t  i t  c o u l d  b e  i m p r o v e d  u p o n .  In a d d i t i o n ,  i f  
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the  u n n e c e s s a r y  d e l a y s  due m o s t l y  to o p e r a t o r  
a c t i o n  and tape hand l ing  could  be r e d u c e d ,  it 
would  not only r e d u c e  t h roughpu t  t i m e ,  but  would  
in t u r n  r e d u c e  the o v e r a l l  c o m p u t i n g  p e r i o d  and 
thus  r e s u l t  in s a v i n g s  on both c o m p u t e r  r e n t a l  
and m a c h i n e  o p e r a t o r  c o s t s .  

Z. 1. 1 Data  C o l l e c t i o n .  B e f o r e  d e f i n i t i v e  
r e c o m m e n d a t i o n s  could  be m a d e ,  d e t a i l e d  o p e r -  
a t i ona l  da ta  had to be r e s e a r c h e d  and a n a l y z e d .  
Th is  t a s k  i n v o l v e d  the m o n i t o r i n g  of the w o r k  
f low at  v a r i o u s  s t a g e s  in the p r o c e s s i n g  c y c l e .  
M a j o r  da ta  i t e m s  w e r e  c o l l e c t e d  o v e r  a p e r i o d  of  
a month .  They  c o n s i s t e d  of: 

a) Job s u b m i s s i o n  t i m e  
b) N u m b e r  of c a r d s  in job 
c) S t a r t  t i m e  on the 7090 
d) E l a p s e d  t i m e  on the 7090 
e) N u m b e r  of c a r d s  punched  
f) N u m b e r  of l i n e s  p r i n t e d  
g) T i m e  when  l a s t  c a r d  punched  
h) T i m e  when  l a s t  l ine  was  p r i n t e d  

This  i n f o r m a t i o n  c o m p r i s e d  the da ta  fo r  a p e r -  
f o r m a n c e  a n a l y s i s  p r o g r a m  tha t  p r o d u c e d  the 
f o l l o w i n g . i t e m s  ( F i g u r e  3). 

a) B a c k l o g  s h e e t  ( F i g u r e  3a) 
Th is  g i v e s  a t i m e  h i s t o r y  of the 
v o l u m e s  e n t e r i n g  into and g e n e r a t e d  
by the s y s t e m .  F o r  e x a m p l e ,  a t  
1 0 : 2 9  a . m . ,  Job No. 3193 e n t e r e d  
the s y s t e m  wi th  985 c a r d s  input.  
Th i s  i n c r e a s e d  the input  b a l a n c e  by 
the s a m e  amoun t .  At 1Z: 57 p. m . ,  
Job No. 3193 f i n i s h e d  p r o c e s s i n g  on 
the 7090, g e n e r a t i n g  978 c a r d s  and 
10, 689 l i n e s  of  output,  thus  i n c r e a s -  
ing the p r i n t  and punch ba lance ,  s by 
the s a m e  amoun t ;  a t  the s a m e  t i m e ,  
the input  b a l a n c e  was  d e p l e t e d  by 
985 c a r d s .  At 1: 43, the 978 c a r d s  
g e n e r a t e d  by the 7090 had b e e n  
punched ,  thus  d e p l e t i n g  the  punch  
ba l ance  by tha t  amoun t .  At Z: 18, 
the 10, 689 l i n e s  g e n e r a t e d  by the 
7090 had been  p r i n t e d ,  thus  d e p l e t -  
ing the p r i n t  b a l a n c e  by tha t  amoun t .  
The l a s t  t r a n s a c t i o n  for  Job.  No. 
3193 o c c u r r e d  a t  Z: 1.8; h e n c e  the 
t h roughpu t  t i m e  for  tha t  job was  
3 h o u r s  49 m i n u t e s .  

b) B a c k l o g  s u m m a r y  ( F i g u r e  3b) 
Th i s  g i v e s  the s u m m a r y  on to t a l  
and a v e r a g e  v o l u m e s  and t h r o u g h -  
put  t i m e  s. 

c) B a c k l o g  D i s t r i b u t i o n  ( F i g u r e  3c) 
This  shows how the back log  was  
d i s t r i b u t e d  t h r o u g h  the day.  In 
p a r t i c u l a r ,  it po in t ed  out the p e r i o d s  
of m a x i m u m  back log  and the r a t e  of 
dep le t ion .  

In add i t i on  to back log  i n f o r m a t i o n ,  o t h e r  s y s t e m  
u s a g e  i n f o r m a t i o n  as  shown in F i g u r e  4, was  
added  to the da ta  base .  Th is  c o n s i s t e d  of the 
p e r f o r m a n c e  of the m a i n  p r o c e s s o r  in t e r m s  of 
both h a r d w a r e  and s o f t w a r e .  H o w e v e r ,  the 
i m p o r t a n t  add i t i ona l  i t em s w e r  e: 

a) Setup t i m e  
b) Idle  t i m e  
c) Down t i m e  
d) P e r i o d s  of no w o r k  

The da ta  c o l l e c t e d  showed  tha t  t h r e e  m a j o r  a r e a s  
could  be i m p r o v e d  upon: 

a) P r o g r a m  runn ing  t i m e  on the 7090 
b) N o n - p r o d u c t i v e  t i m e  on the 7090 
c) O v e r a l l  t h r o u g h p u t  t i m e  fo r  jobs  

Al l  t h e s e  c o n t r i b u t e d  in s o m e  d e g r e e  to o p e r a -  
t iona l  cos t s  which ,  in a g 1 / Z  sh i f t  o p e r a t i o n ,  
w e r e  qu i te  high.  R e d u c t i o n  of t h roughpu t  t i m e  by 
r e d u c i n g  n o n - p r o d u c t i v e  t i m e  of e a c h  m a j o r  i t em 
of e q u i p m e n t  in the c o n f i g u r a t i o n ,  t ends  to r e d u c e  
the o p e r a t i o n s  i n t e r v a l  and the e f f e c t i v e  r e n t a l  
p e r i o d .  S ince  the e m p h a s i s  was  p l a c e d  upon i m -  
p r o v i n g  the t h roughpu t  t i m e ,  th is  p a r t i c u l a r  a r e a  
was  i n v e s t i g a t e d  f i r s t .  

Z. 1. Z P r e - A n a l y s i s .  The  da ta  c o l l e c t e d  
r e v e a l e d  l a r g e  s e g m e n t s  of t i m e  du r ing  the  
c o m p u t i n g  day when  jobs  n e e d e d  to be p r o c e s s e d  
and ye t  the e q u i p m e n t  was  id le .  In addi t ion ,  a 
l a r g e  p e r c e n t a g e  of  the  t h r o u g h p u t  t i m e  c o n s i s t e d  
of s e t u p - - t a p e  moun t ing  and d i s m o u n t i n g ,  f o r m s  
changing ,  e tc .  M o s t  of the r e a s o n s  for  th i s  w e r e  
due e n t i r e l y  to the e f f e c t  of m a n u a l  o p e r a t i o n s  on 
the m a c h i n e s - - i n  o the r  w o r d s ,  a m a n - m a c h i n e  
i n t e r a c t i o n  p r o b l e m  e x i s t e d .  

While it  was  g e n e r a l l y  a g r e e d  tha t  r e d u c -  
t ions  in t h r o u g h p u t  t i m e  and se tup  t i m e  w e r e  
d e s i r a b l e  goa l s ,  the p o s s i b i l i t y  of  a c h i e v i n g  any 
d r a m a t i c  r e s u l t s  s e e m e d  f a i r l y  r e m o t e .  A f t e r  
a l l ,  p e r i p h e r a l  o p e r a t i o n  had been  a r o u n d  for  a 
long t i m e  and the then  c u r r e n t  p r o c e d u r e s  w e r e  
the p r o d u c t  of a l eng thy  e v o l u t i o n  at  STL.  

It was  the a n n o u n c e m e n t  of a l a r g e  c a p a c i t y  
d i s k  f i le  capab le  of  be ing  s h a r e d  wi th  a n o t h e r  
c o m p u t e r  tha t  s t i m u l a t e d  f u r t h e r  s tudy in the twin  
a r e a s  of: 

a) E l i m i n a t i o n  of i n e f f i c i e n t  o p e r a t o r  
a c t i o n  and r e p l a c e m e n t  by r e l a t i v e l y  
i n e x p e n s i v e  h a r d w a r e .  

b) E l i m i n a t i o n  of  i n e f f i c i e n t  c o m p u t e r  
o p e r a t i o n  and r e p l a c e m e n t  by m o r e  
s o p h i s t i c a t e d  s o f t w a r e .  

Th is  new h a r d w a r e  a p p e a r e d  to p e r m i t  two s i g -  
n i f i c a n t  a d v a n t a g e s :  

a) A u t o m a t i c  da ta  t r a n s m i s s i o n  
The s h a r e d  d i s k  f i le  m e a n t  that  it 
would  be p o s s i b l e  to p r o c e s s  a job 
f r o m  beg inn ing  to end wi th  l i t t l e  
or  no o p e r a t o r  i n t e r v e n t i o n .  A 
s m a l l e r  c o m p u t e r  would  s e r v e  as  
the p e r i p h e r a l  d e v i c e  and p l a c e  
p r o g r a m s  and da ta  in the diskl 
f o r ' e x e c u t i o n  by the l a r g e r  c o m -  
p u t e r .  S i m i l a r l y ,  p r i n t  and punch 
output  f r o m  e x e c u t i o n  on the l a r g e r  
m a c h i n e  could  be p l a c e d  on the d i s k  
for  p r i n t i n g  and punch ing  by the 
s m a l l e r  m a c h i n e .  Thus ,  d e l a y s  
r e s u l t i n g  f r o m  m o v e m e n t  of p e r i -  
p h e r a l  t a p e s  f r o m  one c o m p u t e r  to 
a n o t h e r ,  and the m o u n t i n g  and d i s -  
m o u n t i n g  of  t h e s e  t a p e s  would  no 
l o n g e r  ex i s t .  
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b) P r o c e s s  S c h e d u l i n ~  
The  f a c t  t h a t  l a r g e  a m o u n t s  of d a t a  
cou ld  be s t o r e d  on t he  d i s k  f i l e  
m e a n t  t h a t  p e r h a p s  a l l  u n f i n i s h e d  
w o r k  cou ld  be  s t o r e d  t h e r e .  S i n c e  
s u c h  w o r k  w a s  e q u a l l y  a c c e s s i b l e  
t o  t he  s h a r i n g  c o m p u t e r s ,  i t  wou ld  
be p o s s i b l e  to s e l e c t  t he  " b e s t  H job 
o r  s u b - j o b  to do, r a t h e r  t h a n  j u s t  
t he  " n e x t . "  The  a b i l i t y  to  h a v e  t h e  
c o m p u t e r s  s c h e d u l e  w o r k  o f f e r e d  
d e f i n i t e  p r o m i s e  t h a t  t h r o u g h p u t  
t i m e  and  e q u i p m e n t  id le  t i m e  cou ld  
be s i g n i f i c a n t l y  r e d u c e .  

It w a s  n e c e s s a r y  to v e r i f y  t h e s e  a s s u m p -  
t i o n s  a n d  a l s o  to  d e t e r m i n e  t he  h a r d w a r e  r e q u i r e  - 
m e n t s  of s u c h  a m e t h o d  of o p e r a t i o n .  In a d d i t i o n ,  
a quamt i ta t ive  m e a s u r e  w a s  n e e d e d  t h a t  wou ld  
i n d i c a t e  the  i m p r o v e m e n t  in  s e r v i c e  w h i c h  cou ld  
be  e x p e c t e d  f r o m  a s y s t e m  u t i l i z i n g  the  new  h a r d -  
w a r e .  T h u s  a s i m u l a t o r  p r o g r a m  f o r  t he  IBM 
7090 w a s  w r i t t e n  ~o be  u s e d  in p l a c e  of 
e x p e r i m e n t a t i o n  w i t h  a c t u a l  h a r d w a r e .  T h e  
s i m u l a t o r  w a s  c o m p l e t e d  in N o v e m b e r  1961 a n d  
w a s  e m p l o y e d  s o o n  a f t e r .  

2. 2 C o m p u t e r  S i m u l a t i o n .  The  b a s i c  e l e m -  
e n t a r y  s y s t e m  to be  s i m u l a t e d  is  s h o w n  in F i g u r e  
6. The  m a i n  s t e p s  o r  p r o c e s s e s  a r e :  

a) Job  s u b m i s s i o n  s t o r a g e  
b) C a r d  i npu t  p r o c e s s  
c) Input  s t o r a g e  
d) M a i n  p r o c e s s  { p r o g r a m  e x e c u t i o n )  
e) Outpu t  s t o r a g e  
f) C a r d  p u n c h i n g  
g) L i n e  p r i n t i n g  
h) Job  c o m p l e t e d  s t o r a g e  

The  job s u b m i s s i o n  and  job c o m p l e t e d  
s t o r a g e s  a r e  n o t  c o n n e c t e d  e l e c t r o n i c a l l y  to  t h e  
s y s t e m  but ,  i n s t e a d ,  r e p r e s e n t  r a c k s ,  s h e l v e s ,  
and  t a b l e s .  The  o p e r a t i o n  of the  b a s i c  s y s t e m  
t h e n  c o n s i s t s  of the  f o l l o w i n g  s t e p s :  

a)  The  job in the  f o r m  of c a r d s  i s  s u b -  
m i t t e d  fo r  p r o c e s s i n g  on the  c o m -  
p u t e r  s y s t e m .  

b) The  job r e m a i n s  i n a c t i v e  u n t i l  a n  
o p e r a t o r  a c t u a l l y  p l a c e s  t he  c a r d s  
in  t he  c a r d  r e a d e r .  

c) When  t he  c a r d  r e a d e r  b e c o m e s  
a v a i l a b l e  i t  r e a d s  t he  c a r d s  and  
s t o r e s  t h e i r  i n f o r m a t i o n  on the  
d i sk .  

d) When  t he  m a i n  p r o c e s s o r  b e c o m e s  
a v a i l a b l e ,  i t  r e a d s  t he  c a r d  i n f o r m a -  
t i o n  f r o m  d i s k  a n d  e x e c u t e s  the  
a s s o c i a t e d  p r o g r a m .  The  o u t p u t  
f r o m  t h i s  p r o g r a m  is  s t o r e d  b a c k  
on the  d i s k  in t he  f o r m  of l i n e  a n d  
c a r d  i n f o r m a t i o n .  

e) When  the  p r i n t e r  b e c o m e s  a v a i l a b l e  
i t  r e a d s  the  l i ne  i n f o r m a t i o n  f r o m  
the  d i s k ,  p r i n t s  i t ,  and  s t o r e s  the  
r e s u l t i n g  p r i n t o u t  in the  job  c o m -  
p l e t e d  s t o r a g e .  

f) When  t he  p u n c h  b e c o m e s  a v a i l a b l e  
i t . r e a d s  t h e  c a r d  i n f o r m a t i o n  f r o m  
t he  d i s k ,  p u n c h e s  it,  a n d  s t o r e s  t h e  

t h e  r e s u l t i n g  c a r d  o u t p u t  in  t h e  
job c o m p l e t e d  s t o r a g e .  

The  b a s i c  s y s t e m  c a n  be  v a r i e d  n o t  on ly  by  
c h a n g i n g  the  n u m b e r  of r e s e r v o i r s  a n d  p r o c e s s e s ,  
bu t  a l s o  by  v a r y i n g  t h e i r  c o r r e s p o n d i n g  v o l u m e s  
an d  r a t e s  of p r o c e s s i n g .  F i g u r e  7 s h o w s  an  ex -  
p a n d e d  s y s t e m  w h e r e  r e s e r v o i r s  a r e  s h a r e d  by  
m a n y  p r o c e s s e s .  T h e  m a j o r  u n d e r l y i n g  p h i l o s o -  
phy  of the  s i m u l a t i o n  p r o g r a m  p e r t a i n e d  to  t he  
a b i l i t y  fo r  a n y  p r o c e s s  to  s e l e c t  i t s  n e x t  job b a s e d  
upon  t h r o u g h p u t  t i m e  a n d  e q u i p m e n t  e f f i c i e n c y  
c o n s i d e r a t i o n s .  O t h e r  a s s u m p t i o n s  s t a t e d  t h a t  
the  job p r o f i l e  of t h e  old  s y s t e m  w a s  t h e  s a m e  in  
t h e  s i m u l a t e d  s y s t e m  a n d  t h a t  s o m e  m a n u a l  o p e r -  
a t i o n s  p e r f o r m e d  in  t h e  old  s y s t e m  ( tape  m o u n t -  
ing,  f o r m s  c h a n g i n g ,  e tc .  ) w o u l d  s t i l l  be p r e s e n t .  
T h u s  the  job p r o f i l e s  b e c a m e  the  b a s i c  i n p u t s  to 
the  s i m u l a t o r .  T h i s  p r o f i l e  c o n s i s t e d  of t h e  s a m e  
d a t a  t h a t  w a s  c o l l e c t e d  in  t h e  b a c k l o g  p r o c e d u r e  
d e s c r i b e d  e a r l i e r  a n d  t h e  i t e m s  r e m a i n i n g  c o n -  

s t a n t  w ~ r e ~ o  b s u b m i s s i o n  t i m e  
b) N u m b e r  of  i n p u t  c a r d s  
c) N u m b e r  of  o u t p u t  c a r d s  
d) N u m b e r  of  o u t p u t  l i n e s  

W h e n  t h e s e  p r o f i l e s  w e r e  e n t e r e d  in to  the  
s i m u l a t o r ,  t h e  f o l l o w i n g  d a t a  w a s  g e n e r a t e d  
w h i c h  u s u a l l y  d i f f e r e d  c o n s i d e r a b l y  f r o m  t h a t  p r o -  
d u c e d  d u r i n g  o p e r a t i o n  of  t h e  o ld  s y s t e m :  

a) Input  s t a r t  t i m e  
b) Inpu t  s t op  t i m e  
c) D e l a y  of  job  due  to r e a d e r  
d) D e l a y  of r e a d e r  due to job 
e) M a i n  p r o c e s s o r  s t a r t  t i m e  
f) M a i n  p r o c e s s o r  s t o p  t i m e  
g) D e l a y  of  job due  to m a i n  p r o c e s s o r  
h) D e l a y  of m a i n  p r o c e s s o r  due to job 
i) P r i n t e r  s t a r t  t i m e  
j) P r i n t e r  s t o p  t i m e  
k) D e l a y  of  job due to p r i n t e r  
1) D e l a y  of  p r i n t e r  due to job 
m )  P u n c h  s t a r t  
n) P u n c h  s top  
o) D e l a y  of  job  due  to  p u n c h  
p) D e l a y  of  p u n c h  due  to job  

The  two k i n d s  of  d e l a y s  c an  be d e s c r i b e d  a s  
job w a i t  t i m e s  an d  p r o c e s s  id l e  t i m e s ,  a n d  b o t h  
m u s t  be m i n i m i z e d  to i n c r e a s e  e f f i c i e n c y .  W h e n  
the  job p r o f i l %  s h o w n  e a r l i e r ,  w a s  i n p u t  to t h e  
s y s t e m  i t  p r o d u c e d  the  o u t p u t  s h o w n  in  F i g u r e  8. 
A s a m p l e  c o m p a r i s o n  fo r  s a y  Job No. 3193 in  t h e  
old  a n d  n e w  s i m u l a t e d  m o d e ,  s h o w s  the  f o l l o w i n g :  

E v e n t s  Old New 

S u b m i t t e d  1 0 . 4 9  1 0 . 4 9  
D e l a y  N / A  0 
R e a d e r  s t a r t  N / A  1 0 . 4 9  
R e a d e r  s t op  N / A  10 .51  
D e l a y  fo r  m a i n  N / A  0. 75 

p r o c e s s  
M a i n  p r o c e s s  s t a r t  12. 88 11. 26 
M a i n  p r o c e s s  s top  12. 95 11. 33 
D e l a y  fo r  p r i n t i n g  1 .05  0 
P r i n t i n g  s t a r t  14 .00  11. 33 
P r i n t i n g  s t o p  14. 30 1 1 . 6 8  
D e l a y  fo r  p u n c h i n g  . 7 0  0 
P u n c h i n g  s t a r t  1 3 . 6 5  1 1 . 3 3  

E2.1-3 



E v e n t s  O l d  N e w  

P u n c h  s t o p  1 3 . 7  Z 1 1 . 4 1  

T h r o u g h p u t  t i m e  B. 81 1. 19 

In t h i s  p a r t i c u l a r  c a s e ,  t h e  s y s t e m  b e i n g  s i m u -  
l a t e d  i s  s h o w n  in  F i g u r e  9. 

T h e  o t h e r  i t e m  t h a t  w a s  p r o d u c e d  b y  t h e  
s i m u l a t i o n  w a s  t h e  v o l u m e  of  b a c k l o g g e d  d a t a  t h a t  
n e e d e d  to  b e  r e t a i n e d  o n  t h e  d i s k s .  S a m p l e s  of  
t h i s  b a c k l o g  a r e  s h o w n  b y  t h e  g r a p h s  of  F i g u r e s  
10 a n d  11. B o t h  g i v e  a n  i n d i c a t i o n  a s  to  t h e  
a m o u n t  of  v o l u m e  g e n e r a t e d  in  t h e  d i s k s ,  t h e  p e a k  
v o l u m e s  a n d  t h e  r a t e s  of  d e p l e t i o n .  F o r  e x a m p l e ,  
t h e  s i m u l a t i o n  s h o w e d  o v e r  m a n y  s a m p l e  c a s e s  
t h a t  t h e  m a x i m u m  b a c k l o g  o n  t h e  d i s k  w o u l d  n o t  
e x c e e d  2, 4 0 0 , 0 0 0  w o r d s .  T h i s  f i g u r e  p l a y e d  a 
m a j o r  r o l e  i n  d e t e r m i n i n g  t h e  s i z e  o f  t h e  d i s k  
t h a t  w o u l d  b e  r e q u i r e d .  B y  c h a n g i n g  t h e  c o m -  
p o n e n t s  a n d  t h e i r  c o r r e s p o n d i n g  r a t e s  of  p r o c e s s -  
ing ,  t h e  s c h e m a t i c  c o n f i g u r a t i o n  s h o w n  in  F i g u r e  
1Z w a s  d e r i v e d .  T h e  a c t u a l  h a r d w a r e  s y s t e m  
c o r r e s p o n d i n g  to  i t  i s  s h o w n  i n  F i g u r e  13. 

S o m e  of  t h e  i t e m s  n o t  s i m u l a t e d ,  b u t  r e -  
f l e c t e d  in  t h e  n e w  s y s t e m ,  c o n c e r n  t h e  r e p l a c e -  
m e n t  o f  s o m e  of  t h e  t a p e  f u n c t i o n s  b y  d i s k  o p e r -  
a t i o n s .  T h e s e  i n c l u d e :  

a )  S y s t e m s  r e s i d e n c e  o n  d i s k  
b) S y s t e m s  s c r a t c h  
c) P r o g r a m m e r  Ws s c r a t c h  
d) S u b r o u t i n e  s t o r a g e  
e) U t i l i t y  s t o r a g e  

T h e i r  r e p l a c e m e n t  on  d i s k  w o u l d  f r e e  s i x  t a p e  
u n i t s  f r o m  e a c h  s y s t e m  a n d  w o u l d  n o t  o n l y  h e l p  
o f f s e t  e q u i p m e n t  c o s t s ,  b u t  w o u l d  a c t u a l l y  s p e e d  
up  o p e r a t i o n s  i n  s o m e  c a s e s .  T h e  p u n c h  w a s  a l s o  
c o m p l e t e l y  e l i m i n a t e d  f r o m  t h e  m a i n  p r o c e s s o r .  
T h e  a d d i t i o n a l  1410 s y s t e m  w h i c h  w a s  n o t  p a r t  of  
t h e  s i m u l a t i o n  w a s  p o s t u l a t e d  a s  a b a c k u p  c o m -  
p u t e r  in  c a s e  t h e  o n - l i n e  s y s t e m s  w e r e  d o w n  a n d  
h a d  r e d u n d a n t  i n t e r f a c e  e q u i p m e n t  t h a t  w o u l d  t i e  
i t  t o  t h e  d i s k s .  

3, D e t a i l e d  A c t u a l  I m p l e m e n t a t i o n  

T h e  o p e r a t i o n  o f  t h e  S T L  I n t e g r a t e d  
C o m p u t e r  O p e r a t i n g  S y s t e m  i n c l u d e s  t h e  f o l l o w -  
ing  s t e p s  w i t h i n  t h e  j o b  p r o c e s s i n g  c y c l e .  

B. 1 J o b  S u b m i s s i o n .  A s  a j ob  e n t e r s  t h e  
c o m p u t i n g  c e n t e r ,  i t  i s  g i v e n  a s e q u e n c e  n u m b e r  
a n d  p l a c e d  i n  t h e  c a r d  r e a d e r  of  t h e  1410 c o m -  
p u t e r .  T h e  1410 r e a d s  t h e  i n p u t  d e c k ,  f o r m a t s  
t h e  c a r d  i m a g e s  a s  r e q u i r e d ,  a n d  p l a c e s  t h e  
t o t a l  d e c k  in  t h e  c o m m o n  i n p u t ] o u t p u t  a r e a  o f  t h e  
1301 d i s k  f i l e .  A n  a d d i t i o n a l  r e s p o n s i b i l i t y  of  
t h e  1410 d u r i n g  t h i s  i n p u t  p h a s e  i s  to  f o r m  a 3ob 
I n f o r m a t i o n  B l o c k  f r o m  t h e  s e t  of  d e s c r i p t i v e  
p a r a m e t e r s  s u p p l i e d  w i t h  t h e  d e c k  b y  m e a n s  of  
a d m i n i s t r a t i v e  c a r d s .  I n f o r m a t i o n  s u p p l i e d  b y  
t h e s e  a d m i n i s t r a t i v e  c a r d s  i n c l u d e s  t h e  p r o -  
g r a m m e r W s  n a m e ,  p r o b l e m  n u m b e r ,  j ob  s e q u e n c e  
n u m b e r ,  p r i o r i t y  c l a s s i f i c a t i o n ,  m a x i m u m  7 0 9 4  
t i m e  r e q u i r e d ~  l i m i t s  o n  t h e  a m o u n t s  of  p r i n t  a n d  
p u n c h  to  b e  g e n e r a t e d ,  a n d  d e f i n i t i o n  of  a n y  t a p e s  
w h i c h  w i l l  b e  n e e d e d  b y  t h e  o b j e c t  p r o g r a m  d u r -  
i ng  i t s  e x e c u t i o n  u p o n  t h e  7 0 9 4 .  S t a n d a r d  v a l u e s  
h a v e  b e e n  e s t a b l i s h e d  f o r  m a n y  o f  t h e s e  p a r a m e -  
t e r s  s o  t h a t  t h e  p r o g r a m m e r  n e e d  s u b m i t  

a d m i n i s t r a t i v e  c a r d s  o n l y  f o r  t h o s e  v a l u e s  w h i c h  
a r e  n o n - s t a n d a r d .  T h i s  J o b  I n f o r m a t i o n  B l o c k  i s  
a l s o  u t i l i z e d  to  r e c o r d  t h e  c u r r e n t  s t a t u s  of  t h e  
job  a n d  to  l o c a t e  j ob  i n p u t  a n d  o u t p u t  w i t h i n  t h e  
C o m m o n  I n p u t / O u t p u t  a r e a  of  t h e  d i s k .  T h u s ,  
c o m p l e t i o n  o f  t h e  1410 i n p u t  p h a s e  of  p r o c e s s i n g  
w i l l  r e s u l t  i n  t h e  l o c a t i o n  of  s u c h  i n p u t  b e i n g  
e n t e r e d  i n  t h e  J o b  I n f o r m a t i o n  B l o c k  a n d  t h e  
s t a t u s  of  t h e  j ob  b e i n g  s e t  to  i n d i c a t e  t h a t  t h e  i n -  
p u t  p h a s e  h a s  i n d e e d  b e e n  c o n c l u d e d .  

3. Z J o b  S c h e d u l i n ~  a n d  S e t u p .  A j o b  b e -  
c o m e s  a v a i l a b l e  f o r  e x e c u t i o n  u p o n  t h e  7 0 9 4  o n c e  
i t s  i n p u t  p r o c e s s i n g  h a s  b e e n  f i n i s h e d .  T h e  
m a n n e r  in  w h i c h  w o r k  i s  s e l e c t e d ,  o r  s c h e d u l e d ,  
f o r  7 0 9 4  e x e c u t i o n  i s  s i m p l e  in  t h e o r y  a n d  h a s  
w o r k e d  w e l l  in  p r a c t i c e .  T h e  p r o c e d u r e  c o n s i s t s  
of  m a i n t a i n i n g  a n  o r d e r e d  s e t ,  o r  q u e u e ,  of  j o b s  
to  b e  e x e c u t e d .  T h e  l e n g t h  of  t h e  q u e u e  i s  l o n g  
e n o u g h  to  g i v e  t he  c o m p u t e r  o p e r a t o r  s u f f i c i e n t  
l e a d  t i m e  f o r  s e t t i n g  up  t h e  j o b  a n d  s h o r t  e n o u g h  
to  p e r m i t  r a p i d  r e s p o n s e  to  h i g h e r  p r i o r i t y  w o r k  
w h i c h  m a y  s u b s e q u e n t l y  e n t e r  t h e  s y s t e m .  T h e  
l a t t e r  r e q u i r e m e n t  r e s u l t s  f r o m  t h e  f a c t  t h a t  job  
q u e u e s  a r e  n o t  i n t e r r u p t e d ,  n o r  a r e  i n d i v i d u a l  
j o b s ,  s i n c e  s u c h  i n t e r r u p t i o n s  w o u l d  m a t e r i a l l y  
i n c r e a s e  t h e  n o n p r o d u c t i v e  c o m p u t e r  s e t u p  t i m e .  
M i n i m u m  l e a d  t i m e  i s  f i f t e e n  m i n u t e s  o r ,  f a i l i n g  
t h i s ,  f i v e  j o b s .  M a x i m u m  q u e u e  t i m e  m a y  be  a s  
m u c h  a s  t h e  t i m e  i n v o l v e d  in  p r o c e s s i n g  t h e  
l o n g e s t  job  ( s e l d o m  m o r e  t h a n  o n e  h o u r ) .  T h e  
s c h e d u l i n g  p r o c e s s  i n v o l v e s  r e a d i n g  t h e  J o b  
I n f o r m a t i o n  B l o c k s  f r o m  t h e  d i s k  a n d  s e l e c t i n g  
t h e  j o b s  a v a i l a b l e  f o r  7 0 9 4  e x e c u t i o n .  T h o s e  j o b s  
s e l e c t e d  a r e  t h e n  o r d e r e d  b y  c o n s i d e r a t i o n s  of  
t h e i r  p r i o r i t y  c l a s s ,  s e q u e n c e  n u m b e r ,  7 0 9 4  
r u n n i n g  t i m e ,  a n d  o u t p u t  v o l u m e s .  In p r a c t i c e ,  a 
w e i g h t e d  s u m  of  t h e s e  p a r a m e t e r s  i s  c o m p u t e d  
f o r  e a c h  job  w h e n  i t  f i r s t  b e c o m e s  a v a i l a b l e  f o r  
7 0 9 4  p r o c e s s i n g ,  w i t h  t h e  o r d e r i n g  b e i n g  d o n e  o n  
t h e s e  s u m s .  A l t h o u g h  t h e  w e i g h t i n g  f a c t o r s  h a v e  
v a r i e d  s o m e w h a t ,  t h e  i n t e n t  h a s  b e e n  to  s t r o n g l y  
f a v o r  h i g h  o v e r  l o w  p r i o r i t y  w o r k ;  to  r u n  in  s e q -  
u e n c e  n u m b e r  o r d e r  ( w h i c h  i s  e q u i v a l e n t  to  s u b -  
m i s s i o n  o r d e r ) ;  to  r u n  s h o r t  j o b s  b e f o r e  l o n g  j o b s ;  
a n d  to  f a v o r  j o b s  w i t h  l o w  e x p e c t e d  outp~ut volui -ne~ 
T h i s  p r e l i m i n a r y  j ob  o r d e r i n g  i s  t h e n  t e s t e d  to  
d e t e r m i n e  t h e  d e g r e e  of  c o m p a t i b i l i t y  e x i s t i n g  b e -  
t w e e n  a d j a c e n t  j o b s  r e l a t i v e  to  t h e i r  t a p e  r e q u i r e -  
m e n t s .  T h e  o p t i m u m  c o n d i t i o n  i s  t h a t  in  w h i c h  
o n e  job  i s  h a v i n g  t a p e s  m o u n t e d  w h i l e  t h e  i m m e d -  
i a t e l y  p r e c e d i n g  job  i s  b e i n g  e x e c u t e d .  T h i s  
c o n d i t i o n  c a n  b e  m e t  o n l y  i f  a s u f f i c i e n t  n u m b e r  of  
t a p e  d r i v e s  a r e  n o t  r e q u i r e d  b y  t h e  job  p r e s e n t l y  
b e i n g  e x e c u t e d .  If  t h e  p r e l i m i n a r y  o r d e r i n g  d o e s  
n o t  r e s u l t  i n  a s m o o t h  m e s h i n g  of  t a p e  u s a g e ,  t h e  
j o b s  w i l l  b e  p e r m u t e d  to  a l i m i t e d  d e g r e e ,  so  a s  
to  a r r i v e  a t  a m o r e  c o m p a t i b l e  o r d e r i n g .  T h e  
n u m b e r  o f  j o b s  a c t u a l l y  a d d e d  to  t h e  q u e u e  i s  s u b -  
j e c t  to  t h e  c o n s t r a i n t s  m e n t i o n e d  p r e v i o u s l y ,  f o r  
t h e  l e n g t h  of  t h e  q u e u e .  T h e  e x a m i n a t i o n  of  t a p e  
u s a g e  a l s o  r e s u l t s  in  t h e  s c h e d u l i n g  p r o g r a m  
a s s i g n i n g  t h e  a c t u a l  p h y s i c a l  t a p e  d r i v e s  w h i c h  
a r e  u s e d  b y  e a c h  j ob .  T h i s  t a p e  a s s i g n m e n t  i s  
p o s s i b l e  b e c a u s e  o b j e c t  p r o g r a m s  a n d  a d m i n i s -  
t r a t i v e  c a r d s  r e f e r  to  t a p e s  in  a p u r e l y  s y m b o l i c  
m a n n e r ,  a n d  i t  i s  t h e  s c h e d u l e r  t h e n  w h i c h  
e q u a t e s  t h e s e  s y m b o l s  to  t h e  p h y s i c a l  d e v i c e s  to  
b e  u s e d  f o r  a g i v e n  r u n .  T h e  u p d a t e d  q u e u e ,  
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w h i c h  c o n t a i n s  t h e  t a p e  a s s i g n m e n t s  a n d  u p d a t e d  
J o b  I n f o r m a t i o n  B l o c k s  a r e  r e t u r n e d  to  t h e  d i s k  
o n c e  s c h e d u l i n g  i s  c o m p l e t e d .  

T h e  r e s u l t s  of  t h e  s c h e d u l i n g  p r o c e s s  a r e  
m a d e  a v a i l a b l e  to  t h e  7 0 9 4  o p e r a t o r  o n  a j o b  s h e e t  
p r i n t e d  o n  t h e  7 0 9 4  p r i n t e r  a t  t h e  t i m e  e a c h  j ob  i s  
a d d e d  to  t h e  q u e u e  ( F i g u r e  14). T o  p e r m i t  p r o p e r  
i d e n t i f i c a t i o n  o f  t h e  r u n ,  t h i s  j ob  s h e e t  c o n t a i n s  
t h e  s e q u e n c e  n u m b e r ,  p r o g r a m m e r ' s  n a m e ,  a n d  
p r o b l e m  n u m b e r .  It  a l s o  c o n t a i n s  t h e  r e s u l t s  o f  
t h e  t a p e  a s s i g n m e n t s  m a d e  a n d  t h u s  d e s c r i b e s  
a n y  t a p e  r e e l s  w h i c h  t h e  j ob  r e q u i r e s ,  a n d  i n -  
f o r m s  t h e  o p e r a t o r  u p o n  w h i c h  d r i v e s  t h e y  a r e  to  
b e  m o u n t e d .  T h e  o p e r a t o r  m a y  e x p e c t  to  h a v e  
15 m i n u t e s  a f t e r  t h i s  j ob  s h e e t  i s  p r i n t e d  in  w h i c h  
to  f e t c h  r e e l s  f r o m  t h e  t a p e  l i b r a r y  b e f o r e  t h e  
job  w i l l  c o m e  u p  f o r  e x e c u t i o n .  T h e  j o b  s h e e t  
a l s o  c o n t a i n s  c e r t a i n  s t a n d a r d i z e d  i t e m s  u t i l i z e d  
b y  t h e  o p e r a t o r  in  r e p o r t i n g  to  t h e  p r o g r a m m e r  
t h e  m a n n e r  in  w h i c h  t h e  job  r a n ;  e.  g . ,  n o  a p -  
p a r e n t  t r o u b l e ,  i l l e g a l  s t o p ,  p r o g r a m  l o o p i n g ,  
t o o  m u c h  t i m e ,  e t c .  A c o p y  o f  t h i s  job  s h e e t  i s  
r e t u r n e d  to  t h e  p r o g r a m m e r  w i t h  t h e  o p e r a t o r ' s  
c o m m e n t s .  A s e c o n d  c o p y  of  t h i s  f o r m  i s  u s e d  
to  c o n t r o l  t h e  f u r t h e r  p r o c e s s i n g  of  a n y  t a p e s  
p r o d u c e d  b y  t h e  r u n .  T h i s  f u r t h e r  p r o c e s s i n g  
m a y  b e  n o t h i n g  m o r e  t h a n  s a v i n g  a t a p e  o r  i t  m a y  
i n v o l v e  p l o t t i n g  t h e  t a p e ,  p r i n t i n g  i t ,  e t c .  

3. 3 J o b  E x e c u t i o n  o n  t h e  7 0 9 4 .  T h e  e x e c u -  
t i o n  of  t h e  i n d i v i d u a l  j o b s  u p o n  t h e  7 0 9 4  i s  q u i t e  
s t r a i g h t f o r w a r d .  A s  a j o b  a r r i v e s  a t  t h e  f r o n t  o f  
t h e  q u e u e ,  t h e  i n f o r m a t i o n  in  t h e  J o b  I n f o r m a t i o n  
B l o c k  a l o n g  w i t h  t h e  t a p e  a s s i g n m e n t s  p r e v i o u s l y  
m a d e  a r e  u s e d  to  e s t a b l i s h  a t a b l e ,  o r  n u c l e u s ,  
w h i c h  d e s c r i b e s  t h e  j o b  a n d  r e f l e c t s  t h e  a s s i g n -  
m e n t  o f  m a c h i n e  r e s o u r c e s  c o m m i t t e d  to  t h i s  
j ob  by  t h e  s c h e d u l e r .  T h e r e f o r e ,  t h i s  n u c l e u s  
c o n t a i n s  n o t  o n l y  j o b  i d e n t i f i c a t i o n  a n d  t a p e  
a s s i g n m e n t s ,  b u t  a l s o  c o n t a i n s  t h e  l o c a t i o n  i n  t h e  
C o m m o n  I n p u t / O u t p u t  a r e a  a t  w h i c h  t h e  j ob  i n p u t  
s t a r t s ,  t h e  s e t  of  t r a c k s  in  t h e  C o m m o n  I n p u t ]  
O u t p u t  a r e a  u p o n  w h i c h  o u t p u t  i s  to  b e  w r i t t e n ,  
l i m i t s  u p o n  t h e  a m o u n t  o f  p r i n t  a n d  p u n c h  o u t p u t  
p e r m i t t e d ,  t h e  a m o u n t  o f  t i m e  a l l o w e d  f o r  7 0 9 4  
e x e c u t i o n ,  a n d  t h e  r e s u l t s  o f  o t h e r  s y s t e m  
a s s i g n m e n t s .  T h e n  t h e  i n p u t  i s  r e a d  a n d  o p e r -  
a t e d  u p o n  a s  d i r e c t e d  b y  t h e  c o n t r o l  c a r d s  s u b : -  
m i t r e d  w i t h  t h e  i n p u t  d e c k .  W h a t  h a s  b e e n  a c c o m -  
p l i s h e d  i s  s u b o r d i n a t i o n  of  t w o  p r e v i o u s l y  i n d e -  
p e n d e n t  s y s t e m s  t o  o n e  s c h e d u l i n g  m o n i t o r .  T h e s e  
t w o  s y s t e m s  a r e  a m a c h i n e  l a n g u a g e  S O S - l i k e  
s y s t e m  d e v e l o p e d  a t  S p a c e  T e c h n o l o g y  L a b o r a -  
t o r i e s ,  a n d  I B M ' s  I B J O B  s y s t e m  w h i c h  i n c l u d e s  
C O B O L  a n d  F O R T R A N  IV c o m p i l e r s .  T h e s e  
s y s t e m s  h a v e  b e e n  m o d i f i e d  to  b e c o m e  s u b -  
s e r v i e n t  to  o u r  h i g h e r  l e v e l  c o n t r o l  p r o g r a m  
a n d ,  w h e r e  p o s s i b l e  a n d  j u s t i f i a b l e ,  t h e  v a r i o u s  
p r o c e s s o r s  w i t h i n  t h e s e  s y s t e m s  h a v e  b e e n  f u r -  
t h e r  m o d i f i e d  t o  p e r m i t  o p e r a t i o n  w i t h  d i s k  i n p u t  
a n d  o u t p u t .  T h i s  l a t t e r  m o d i f i c a t i o n  h a s  p r o v e d  
to  b e  a f o r m i d a b l e  t a s k  a n d  i s  n o t  y e t  c o m p l e t e d  
i n  fu l l .  T h u s ,  in  s o m e  c a s e s ,  i t  i s  u n f o r t u n a t e l y  
n e c e s s a r y  to  t r a n s c r i b e  d a t a  f r o m  t h e  d i s k  to  
p r o d u c e  a p e r i p h e r a l  i n p u t  t a p e  a n d  a f t e r  p r o c e s s -  
ing  t h i s  t a p e  to  t r a n s c r i b e ,  p r i n t ,  a n d  p u n c h  o u t -  
p u t  b a c k  to  t h e  d i s k  f r o m  t a p e .  F u r t h e r  w o r k  i s  
b e i n g  p e r f o r m e d  in  t h i s  a r e a  u p o n  b o t h  s y s t e m  

a n d  o b j e c t  p r o g r a m s .  O t h e r w i s e ,  t h e s e  s u b -  
s y s t e m s  o p e r a t e  e s s e n t i a l l y  a s  b e f o r e .  C o m -  
p l e t i o n  of  7 0 9 4  e x e c u t i o n  r e s u l t s  in  t h e  J o b  I n f o r -  
m a t i o n  B l o c k  b e i n g  u p d a t e d  to  r e f l e c t  t h i s  f a c t ,  
t o  r e c o r d  t h e  l o c a t i o n s  i n  t h e  C o m m o n  I n p u t /  
O u t p u t  a r e a  a t  w h i c h  t h e  o u t p u t  p r i n t  a n d  p u n c h  
s t r e a m s  m a y  b e  f o u n d ,  a n d  t h e  a m o u n t s  o f  s u c h  
o u t p u t .  

3 . 4  1410  O u t p u t  P r o c e s s i n g .  H a v i n g  
c o m p l e t e d  e x e c u t i o n ,  a job  b e c o m e s  e l i g i b l e  f o r  
o u t p u t  p r i n t i n g  a n d  p u n c h i n g  b y  t h e  1410.  T h e  
1410  p r o g r a m  c o n s i s t s  o f  a m u l t i p r o c e s s o r  t h a t  
p e r f o r m s  a s  m a n y  a s  t h r e e  s i m u l t a n e o u s  I / O  
o p e r a t i o n s  (e.  g. , c a r d  r e a d i n g  a n d  p r i n t i n g  o n  
b o t h  p r i n t e r s ) .  T h e  s e l e c t i o n  of  w o r k  to  b e  
p r o c e s s e d  b y  t h e  1410  i s  d o n e  b y  a s c h e d u l i n g  
p r o g r a m  o p e r a t i n g  u p o n  t h a t  m a c h i n e .  T h e  1410  
s c h e d u l e r  i s  i n v o k e d  w h e n e v e r  a p r i n t e r  o r  t h e  
p u n c h  b e c o m e s  a v a i l a b l e  a n d  t h i s  s c h e d u l e r  i s  
r e s p o n s i b l e  f o r  c h o o s i n g  t h e  o u t p u t  p o r t i o n  o f  a 
j o b  to  b e  p r o c e s s e d  n e x t .  N o t e  t h a t  t h e  1410  d o e s  
n o t  s c h e d u l e  j o b s  f o r  o u t p u t  p r o c e s s i n g ,  b u t  
r a t h e r  p r i n t  o r  p u n c h  p a r t s  of  a j o b .  C o n s i d e r a -  
t i o n s  i n  t h i s  s c h e d u l i n g  a r e  s i m i l a r  to  t h o s e  i n -  
v o l v e d  in  7 0 9 4  job  s e l e c t i o n .  T h e s e  a r e  p r i o r i t y  
c l a s s i f i c a t i o n ,  s e q u e n c e  n u m b e r ,  o u t p u t  v o l u m e ,  
a n d  f o r m  r e q u i r e d .  In t h i s  c a s e s  o u t p u t  v o l u m e s  
a r e  t r u e  v a l u e s ,  w h e r e a s  f o r  7 0 9 4  s c h e d u l i n g ,  
t h e y a r e  e s t i m a t e s .  T h e  p a r a m e t e r s  u s e d  in  1410  
s c h e d u l i n g  a r e  t r e a t e d  i n  b a s i c a l l y  t h e  s a m e  
m a n n e r  a s  t h o s e  u s e d  i n  7 0 9 4  s c h e d u l i n g .  C o m -  
p l e t i o n  of  a n  o u t p u t  p r o c e s s  f o r  a j o b  r e s u l t s  in  
a n  u p d a t e d  J o b  I n f o r m a t i o n  B l o c k .  A j o b  i s  c o n -  
s i d e r e d  f i n i s h e d  w h e n  a l l  o f  i t s  p r i n t i n g  a n d  
p u n c h i n g  h a s  b e e n  c o n c l u d e d .  

3 . 5  D i s k  U s a g e .  B r i e f l y ,  t h e  1301 d i s k  
f i l e  i s  u s e d  in  t h e  f o l l o w i n g  m a n n e r .  A s  p r e v i -  
o u s l y  m e n t i o n e d ,  i t  h o l d s  t h e  J o b  I n f o r m a t i o n  
B l o c k s ,  m a i n t a i n s  t h e  7 0 9 4  j ob  q u e u e ,  a n d  i n  
a d d i t i o n ,  c o n t a i n s  a C o m m o n  I n p u t / O u t p u t  a r e a  
u t i l i z e d  f o r  t h e  t r a n s m i s s i o n  o f  d a t a  b e t w e e n  t h e  
t w o  s h a r i n g  c o m p u t e r s .  F u r t h e r m o r e ,  t h e  d i s k  
h o l d s  t h e  p r o g r a m s  m a k i n g  up  t h i s  s y s t e m ,  
p o s s e s s e s  a r e a s  u s e d  f o r  u t i l i t y  s t o r a g e ,  a n d  
c o n t a i n s  a p r o g r a m  f i l e  s e r v i c e .  T h e  p r o g r a m  
f i l e  s e r v i c e  p r o v i d e s  a s t o r a g e  f a c i l i t y  f o r  p r o -  
g r a m  a n d  d a t a  d e c k s  w h e r e b y  d e c k s  m a y  b e  e x -  
t r a c t e d  b y  c o n t r o l  c a r d s ,  r e c o g n i z e d  b y  t h e  1410 ,  
a n d  e f f e c t i v e l y  i n s e r t e d  i n t o  t h e  i n p u t  s t r e a m .  A l -  
t h o u g h  t h e  u s e  of  m o s t  a r e a s  of  t h e  d i s k  i s  c o n -  
s t a n t ,  u t i l i z a t i o n  o f  t h e  d i s k  t r a c k s  c o n s t i t u t i n g  
t h e  C o m m o n  I n p u t / O u t p u t  a r e a  i s  c o n s t a n t l y  
c h a n g i n g .  T h e  v a r i o u s  r e c o r d s  m a k i n g  u p  a n  in -  
p u t  o r  a n  o u t p u t  s t r e a m  a r e  l i n k e d  t o g e t h e r  s o  
t h a t  e a c h  r e c o r d  c o n t a i n s  t h e  l o c a t i o n  of  i t s  
s u c c e s s o r .  T h e  ; s t a r t i n g  p o i n t s  of  t h e s e  s t r i n g s  
a r e  k e p t  i n  t h e  J o b  I n f o r m a t i o n  B l o c k s .  In  t u r n ,  
a t r a c k  i s  m a i n t a i n e d  o n  t h e  d i s k  w h i c h  r e f l e c t s  
t h e  a v a i l a b i l i t y  o r  u n a v a i l a b i l i t y  of  t h e  t r a c k s  
m a k i n g  u p  t h e  C o m m o n  I n p u t / o u t p u t  a r e a .  T h i s  
t r a c k ,  of  c o u r s e ,  i s  u p d a t e d  b y  b o t h  of  t h e  
s h a r i n g  c o m p u t e r  s y s t e m s  w h e n e v e r  a c h a n g e  o f '  
s t a t u s  t a k e s  p l a c e .  

3 . 6  S~r s t em I n ] u i r y .  S i n c e  a l l  j o b  i n f o r -  
m a t i o n  i s  m a i n t a i n e d  o n  d i s k ,  i t  b e c o m e s  a 
s i m p l e  m a t t e r  to  r e t r i e v e  d a t a  a b o u t  j o b s  o r  
a b o u t  t h e  s y s t e m  i t s e l f .  W i t h  a n  i n q u i r y  c o n s o l e  
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(typewriter) on the 1410, information can be 
entered as well as displayed. Figure 15a shows 
some of the requests (underlined) that can be 
made: 

QTRACKS gives the percentage of disk 
space available. 
QSTATUS gives the status or "location" 
of a particular job in the system. 
QJIB gives the status of all incompleted 
jobs still in the system (see Figure 15b). 
QJOBS gives an accounting of all jobs 

have entered the system (see Fig- 
ures 15c). 
SADD and SREMOVE indicate to the sys- 
tem that components have been added to 
or removed from the system. 
JPRIORITY is used to change the pri- 
ority of a job. 

3.7 Summary of Operations. The 1410 
reads the input deck and places it upon the disk 
while at the same time constructing an abbrevi- 
ated description of the job known as the Job 
Information Block. The 7094 programs scan the 
disk and select and order the jobs to be run with 
the jobs being processed in a conventional 
manner except that input cards are read from the 
disk and output for print and punch is written 
back on the disk. The 1410 completes the cycle 
by processing the output on the disk and printing 
or punching it. Each computer schedules its 
own tasks with the various concurrent processing 
steps although upon different jobs. 

4. Conclusions 

4. I Current Mode. The system has per- 
formed successfully since its inception in March 
1963. A s  w a s  e x p e c t e d ,  t h e  s e t u p  t i m e  f o r  j o b s  
a t  a l l  s t a g e s  of  p r o c e s s i n g  h a s  b e e n  r e d u c e d  
c o n s i d e r a b l y - - n a m e l y ,  f r o m  1. 3 m i n u t e s  to  . 5 
m i n u t e s  p e r  job .  T h i s  r e d u c t i o n  in  s e t u p  h a s  l e d  
to  a c o r r e s p o n d i n g  r e d u c t i o n  in  t h r o u g h p u t  t i m e ;  
n a m e l y ,  f r o m  4. 1 to  1 .6  h o u r s  p e r  job .  In 
a d d i t i o n ,  by  a p p r o p r i a t e  s c h e d u l i n g ,  a s u b s t a n -  
t i a l  r e d u c t i o n  in  m a c h i n e  i d l e  t i m e  h a s  r e s u l t e d .  
T h e  e q u i p m e n t  c o s t s  of  t h e  n e w  s y s t e m  a r e  
a p p r o x i m a t e l y  t h e  s a m e  a s  t h o s e  of  t h e  e q u i v -  
a l e n t  o ld  s y s t e m ,  bu t  t h e  n u m b e r  of w o r k  s h i f t s  
h a s  b e e n  r e d u c e d  e v e n  t h o u g h  t h e  w o r k l o a d  h a s  
r e m a i n e d  c o n s t a n t .  

4. Z F u t u r e  C o n s i d e r a t i o n s .  S i m u l a t i o n s  
t h a t  i n c l u d e  a f a s t e r  m a i n  p r o c e s s o r  h a v e  b e e n  
m a d e  a n d  s h o w  t h a t  a s i n g l e  m a i n  p r o c e s s o r  s y s -  
t e m  c o m m u n i c a t i n g  w i t h  t w o  u n i t  r e c o r d  p r o c e s s -  
o r s ,  c o u l d  e a s i l y  r e p l a c e  t h e  two  i n d e p e n d e n t  
s y s t e m s  c u r r e n t l y  in u s e  w i t h o u t  i n c r e a s e  in  
t h r o u g h p u t  o r  o p e r a t i o n  t i m e .  

O t h e r  s i m u l a t i o n  e x p e r i m e n t s  r e l a t e d  to  
t h e  i m p r o v e m e n t  of  t h e  s c h e d u l i n g  a l g o r i t h m  
h a v e  b e e n  a n d  w i l l  c o n t i n u e  to  be p e r f o r m e d .  T h e  
p u r p o s e  h e r e  i s  to  a r r i v e  a t  a n  o p t i m a l  y e t  p r a c -  
t i c a l  s y s t e m  t h a t  c o n s i d e r s  n o t  o n l y  t h e  o p e r a -  
t i o n a l  e f f i c i e n c y  o f  t h e  e q u i p m e n t ,  bu t  a l s o  t h e  
u r g e n t  n e e d s  of  p r o g r a m m e r s  f o r  v e r y  f a s t  
t h r o u g h p u t  t i m  e s.  

4. 3 S u m m a r y .  T h e  r e t u r n  to  a n  o n - l i n e  
m o d e  of  o p e r a t i o n  h a s  p r o v e n  s u c c e s s f u l  a t  l e a s t  
in the case just described. Variations on this 

E2.1-6 

b a s i c  n o t i o n  a r e  c u r r e n t l y  b e i n g  i m p l e m e n t e d  o r  
c o n s i d e r e d  by  o t h e r  c o m p u t e r  i n s t a l l a t i o n s ,  e s -  
p e c i a l l y  t h o s e  t h a t  o p e r a t e  u n d e r  a p r o d u c t i o n  
l i n e  m o d e  i n v o l v i n g  m a n y  j o b s  p e r  day .  T h i s  
t r e n d  a p p e a r s  to  be  q u i t e  g e n e r a l  a n d  u n t i l  
m a n u f a c t u r e r s  p r o v i d e  f o r  t r u l y  i n t e g r a t e d  a n d  
e f f i c i e n t  I / O  u n i t  r e c o r d  p r o c e s s i n g  w i t h i n  a 
single machine, mulli- computer on-line 
systems will continue to be pursued. 
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I qTRACKS 
R PERCENT DISK SPACE AVAILABLE = 
I JPRIORITY~94~1S 
R 5945 CHANGED 1455 ~J22964 
I ~STATUS5 943 
R SE~ NO 5943 7~9X SCHEDULED 
I SRFFIOVEP2 
R P2 RCMOVED 1455 ~22964 
I SADDP 2 
K P2 ADDFD 1455 ~22964 
I SRL~MOVF- P 4 
R P4 R,-i~OVEL~ 1455 ~22964 
I SADDP~ 
R P4 ADDED 1455 ~22964 
I ~JIB 
I ~JO6S 

43 

1410 Inquiry Commands 

Figure 15a 
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AGTIVE JQ6 STATUS 

SYSVEN I r IME 1713 DATE 022964 

SEQ NO TOgX PROCESS PRINTING PUNCHING JOB STATUS 

594S COMPLETE 
5963 COMPLETE 
59/*6 COMPLETE 
5930 MALTING 
5943 COMPLETE 
5942 MALTING 
5892 HALTING 
5924 HALTING 
5692 HALTING 
5697 COMPLETE 
5612 COMPLETE COMPLETE 
5931 MALTING 
5894 MALTING 
5929 COMPLETE 
5613 COMPLETE COMPLETE 
5937 MALTING 
5922 COMPLETE STARTED COMPLETE 
5590 COMPLETE 
5461 COMPLETE 
5923 COMPLETE 
590T COMPLETE 
5462 COMPLETE 
6013 HALTING 
5866 HALTING 
6020 HALTING 
5891 COMPLETE STARTED COMPLETE 
5889 COMPLETE STARTED COMPLETE 
6010 HALTING 
5888 COMPLETE 
5885 HALTING 
6009 HALTING 
5975 COMPLETE 
5783 COMPLETE COMPLETE 
5973 COMPLETE 
5972 COMPLETE 
6007 COMPLETE 
5971 COMPLETE 
5969 COMPLETE 
5913 COMPLETE 
5968 COMPLETE 
5952 HALTING 
5946 HALTING 
5TTO COMPLETE, 
5949 COMPLETE 
5966 COMPLETE 
5950 COMPLETE STARTED COMPLETE 
5967 COMPLETE 
5951 COMPLETE 

SEQ NO 

5945 
5963 
5944 
5930 
5943 
5942 
S892 
5924 
5692 
5697 
5612 
5931 
5894 
5929 
5613 
5937 
5922 
5590 
5441 
5923 
5907 
5442 
6013 
5866 
6020 
5891 
5889 
6010 
5888 
5885 
6009 
5975 
5783 
5973 
5972 
6007 
5971 
5969 
5913 
5968 
5952 
5946 
5770 
5949 
5966 
5950 
5967 
5951 

TOTALS INPUT COMPLETE 
PROCESSING STARRED 
PROCESSING COMPLETE 
JOB COMPLETE 

16 

7 
25 

Active Job Status 
Figure 15c 
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