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Mr.  C h a r l e s  A. P h i l l i p s ,  D i r e c t o r  of the  Data  S y s t e m s  R e s e a r c h  
Staff, Off ice  of the A s s i s t a n t  S e c r e t a r y  of D e f e n s e  ( C o m p t r o l l e r )  has  
the  p r i n c i p a l  r e s p o n s i b i l i t y  fo r  r e v i e w  and a p p r o v a l  of e l e c t r o n i c  data  
p r o c e s s i n g  s y s t e m s  as  a p p l i e d  to b u s i n e s s - t y p e  o p e r a t i o n s  in the  
D e p a r t m e n t  of D e f e n s e  and has  g e n e r a l  d i r e c t i o n  of the  DOD A u t o m a t i c  
Data  P r o c e s s i n g  P r o g r a m .  He is a l s o  E x e c u t i v e  S e c r e t a r y  of the  Data  
S y s t e m s  P o l i c y  Counc i l  which  f o r m u l a t e s  po l i cy  and  c r i t e r i a  in th i s  
a r e a .  He has  b e e n  with the  F e d e r a l  G o v e r n m e n t  in o p e r a t i n g  and  s ta f f  
c a p a c i t i e s  fo r  23 y e a r s  m o s t  of which  have  b e e n  in a c c o u n t i n g  s y s t e m s  
work .  He has  s e r v e d  in the  Off ice  of the  S e c r e t a r y  of D e f e n s e  o v e r  n ine  
y e a r s  and was p r e v i o u s l y  wi th  the  State D e p a r t m e n t  and T r e a s u r y  De -  
p a r t m e n t .  He t e a c h e s  Data P r o c e s s i n g  S y s t e m s  at  the  A m e r i c a n  Un i -  
v e r s i t y  and was d i r e c t o r  of the U n i v e r s i t y ' s  F o u r t h  I n s t i t u t e  on E l e c t r o n -  
ics  in M a n a g e m e n t .  He is a Consu l t an t  on A u t o m a t i c  Data  P r o c e s s i n g  
S y s t e m s  to the  A s s i s t a n t  P o s t m a s t e r  G e n e r a l  f o r  F i n a n c i a l  M a n a g e m e n t  
and has  l e c t u r e d  on h i s  f a v o r i t e  s u b j e c t  at  G e o r g e  W a s h i n g t o n  U n i v e r s i t y  
and b e f o r e  na t i ona l  m e e t i n g s  of s e v e r a l  p r o f e s s i o n a l  a s s o c i a t i o n s .  T h i s  
is h is  f i r s t  l e c t u r e  at  the  I n d u s t r i a l  C o l l e g e .  
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C O L O N E L  LACKAS:  A d m i r a l  C l a r k ,  Gent lemen~ T h i s  m o r n i n g  
we wi l l  c o n s i d e r  a too l  of m a n a g e m e n t .  I f ee l  tha t  the  t oo l s  tha t  b e c o m e  
a v a i l a b l e  d e t e r m i n e  the  m a n a g e r i a l  p r o c e s s e s  we wi l l  e m p l o y ,  fo r ,  if  
you  th ink  about  i t ,  you  wi l l  a g r e e  that ,  d e p e n d i n g  upon the  k ind of  t oo l s  
that  you  use ,  y o u r  o r g a n i z a t i o n  wi l l  be  d e v e l o p e d .  

I t h i n k  tha t  was  we l l  d e m o n s t r a t e d  in G e n e r a l  B r o w n ' s  t a l k  when  
he i l l u s t r a t e d  the e m p l o y m e n t  of e l e c t r o n i c  d a t a - p r o c e s s i n g  m a c h i n e s  
in  the  l o g i s t i c  a r e a ,  p a r t i c u l a r l y  in f i e ld  o p e r a t i o n s .  If you  t h i n k  fo r  
a m o m e n t ,  t h e r e  was  no th ing  m u c h  in the  l i t e r a t u r e  r e l a t i n g  to b u s i n e s s  
p r i o r  to 1910 about  c o s t  a c c o u n t i n g .  And today  m u c h  of o u r  o r g a n i z a t i o n  
and  m u c h  of the  m a n a g e r i a l  p r o c e s s e s  wh ich  a r e  e m p l o y e d  a r e  d e t e r m i n e d  
by tha t  p a r t i c u l a r  m a n a g e r i a l  too l .  

The  too l  we t a l k  about  th i s  m o r n i n g - - a u t o m a t i c  da t a  p r o C e s s i n g - -  
i s  a too l  w h i c h  is  b e c o m i n g  m o r e  and m o r e  i m p o r t a n t  to us .  To d i s c u s s  
tha t  too l  we  have  wi th  us M r .  C h a r l e s  P h i l l i p s ,  who is  the  D i r e c t o r  of 
the  Da ta  S y s t e m s  R e s e a r c h  Staff  in the  Off ice  of the  A s s i s t a n t  S e c r e t a r y  
of D e f e n s e  { C o m p t r o l l e r } .  We a r e  v e r y  f o r t u n a t e  in h a v i n g  M r .  P h i l l i p s  
g ive  th i s  t a l k  on  a u t o m a t i c  da t a  p r o c e s s i n g  in v i e w  of h is  e x p e r i e n c e  and  
k n o w l e d g e  of t h e s e  s y s t e m s  and d e v i c e s .  

A f t e r  the  t a l k  we wi l l  have  a s e m i n a r  d u r i n g  w h i c h  we wi l l  c o n s i d e r  
the  u t i l i z a t i o n  of t h e s e  d e v i c e s  by  the  v a r i o u s  m i l i t a r y  s e r v i c e s .  

It g i v e s  m e  g r e a t  p l e a s u r e  to i n t r o d u c e  to th i s  c l a s s  Mr. C h a r l e s  A. 
P h i l l i p s .  

MR,  P H I L L I P S :  A d m i r a l  C l a r k  and G e n t l e m e n :  In  d e s c r i b i n g  the  
s c o p e  of what  I s h o u l d  c o v e r  in t o d a y ' s  l e c t u r e ,  C o l o n e l  L a c k a s  g a v e  m e ,  
in e f fec t ,  an  ou t l i ne  wh ich  I wi l l  fo l low wi th  m y  own v a r i a t i o n s  in o r d e r  
and  e m p h a s i s .  

F i r s t ,  I wi l l  d e s c r i b e  b r i e f l y ,  and n o n t e c h n i c a l l y ,  what  a u t o m a t i c  
d a t a - p r o c e s s i n g  s y s t e m s  a r e ,  what  t h e y  can  do, and s o m e t h i n g  of t h e i r  
c a p a b i l i t i e s  and  l i m i t a t i o n s .  F o l l o w i n g  th i s ,  I wi l l  t a l k  about  m a n a g a m e n t  
c o n s i d e r a t i o n s  in the  u se  of t h e s e  n e w  too l s  and the  a r e a s  in w h i c h  t hey  
m a y  be  e f f e c t i v e l y  e m p l o y e d .  
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You wil l  note that  we a r e  us ing  the t e r m  " a u t o m a t i c  da ta  p r o c e s s i n g "  
r a t h e r  than " e l e c t r o n i c  da ta  p r o c e s s i n g ,  " thus b r o a d e n i n g  the scope of 
the equ ipment  to inc lude  those  that  might  use m e c h a n i c a l ,  pho tographic ,  
o r  o the r  me thods ,  a l though we wil l  g e n e r a l l y  be t a lk ing  about e l e c t r o n i c  
c o m p u t e r s  and dev ices .  I a l so  l ike  to couple the word " s y s t e m s "  with 
"au toma t i c  da ta  p r o c e s s i n g "  s ince  I be l i eve  our  p r i n c i p a l  c o n c e r n  i s  
with the methods  by which we solve  our  m a n a g e m e n t  p r o b l e m s  r a t h e r  
than  the tools  we use .  

A c u s t o m a r y  app roach  to the f i r s t  pa r t  of my  t a lk  i s  to t r a c e  the 
h i s t o r y  of compu te r  deve lopment  f rom the Ch inese  abacus  th rough  
Babbages  a n a l y t i c a l  and d i f f e r en t i a l  e n g i n e - - p u n c h e d - c a r d  e q u i p m e n t - -  
the M a r k  I Sequence Con t ro l l ed  C a l c u l a t o r - - t o  ENIAC {the f i r s t  e l e c -  
t r o n i c  compute r )  and UNIVAC (the f i r s t  c o m m e r c i a l l y  a v a i l a b l e  compu te r ) .  
IWm going to sk ip  the h i s t o r y ,  but I do th ink  you wi l l  be i n t e r e s t e d  in  the  
fact  that  m o d e r n - d a y  e l e c t r o n i c  c o m p u t e r s  we re  developed to so lve  
m i l i t a r y  p r o b l e m s  in the sc i en t i f i c ,  eng inee r ing ,  and b a l l i s t i c  f i e lds  and 
a r e  s t i l l  p l ay ing  a v i t a l  pa r t  in  p r e s e n t - d a y  work  on weapons s y s t e m s .  

Today,  in an audience  of your  v a r i e d  e x p e r i e n c e  and background ,  
t h e r e  a r e  s u r e  to be some  who a r e  r e a l  expe r t s  in the f ie ld  under  d i s -  
c u s s i o n  and o t h e r s  who know v e r y  l i t t l e  about the sub jec t .  Recogn iz ing  
th i s  wide v a r i a n c e  in knowledge of the ar t ,  Colonel  L a c k a s  s u g g e s t e d  tha t  
I avoid too much de ta i l  on what au tomat ic  d a t a - p r o c e s s i n g  s y s t e m s  a r e - -  
t h e i r  c a p a b i l i t i e s  and l i m i t a t i o n s - - t o  p r even t  bo r ing  the e x p e r t s ;  but he 
did th ink  i t  adv i sab le  to d e s c r i b e  the " h a r d w a r e "  g e n e r a l l y .  He has  
a r r a n g e d  to f u r n i s h  you a f t e r  the l e c t u r e  with an A r m y  pub l ica t ion  on 
"Concep t s  and Appl ica t ions  of E l e c t r o n i c  Data P r o c e s s i n g ,  " which the 
neophy te s  in the f ie ld  can r ead  to f i l l  in  the gaps I wi l l  l eave .  Along with 
the "Concep t s  and App l i ca t i ons "  you wil l  r e c e i v e  a c a r d  showing the 
ABCIs  of da ta  p r o c e s s i n g  and a l i t t l e  pamphle t  which conta ins  fac ts  that  
wil l  make  you a cock ta i l  p a r t y  expe r t  on office au tomat ion .  

Befo re  going into the c h a r a c t e r i s t i c s  and c a p a b i l i t i e s  of c o m p u t e r s ,  
I should n a r r o w  the f ie ld  a bi t .  T h e r e  a r e  two p r i n c i p a l  types  o f  e l e c -  
t r on i c  c o m p u t e r s .  

T h e r e  is  the ana log  type,  which o p e r a t e s  th rough  p h y s i c a l  r e p r e s e n -  
t a t ion  of p r o b l e m s  and p roduces  a n s w e r s  in p h y s i c a l  o r  ana log  fo rm,  
such  as  the tu rn  of a shaf t  o r  changes  in e l e c t r i c  c u r r e n t ,  in vo l tage  o r  
r e s i s t a n c e ;  th i s  dea l s  in m e a s u r e m e n t .  Th i s  type depends  for  a c c u r a c y  
on the  p r e c i s i o n  of i t s  m a n u f a c t u r e  and i s  used l a r g e l y  in  f a c to ry  auto-  
m a t i o n  and for  m i l i t a r y  pu rpose s  such  as  nav iga t ion  or  f i r e  con t ro l .  
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The  s e c o n d  type ,  the  d i g i t a l ,  wi th  wh ich  we a r e  c o n c e r n e d  h e r e ,  
w o r k s  d i r e c t l y  wi th  n u m b e r s  o r  d i g i t s .  I t s  a c c u r a c y  d e p e n d s  on  t he  
smal l e s t~  unit  to be  c o u n t e d  and can  be  as  p r e c i s e  as  d e s i r e d .  T h e s e  
a r e  u s e d  in o f f i ce  a u t o m a t i o n .  

E l e c t r o n i c  c o m p u t e r s  have  t h r e e  p r i n c i p a l  c h a r a c t e r i s t i c s  w h i c h  
d i s t i n g u i s h  t h e m  f r o m  o t h e r  e q u i p m e n t  and  wh ich  I r a n k  in o r d e r  of 
i m p o r t a n c e  so f a r  as  m a n a g e m e n t  o p e r a t i o n s  a r e  c o n c e r n e d .  T h e s e  
a r e :  (1) a u t o m a t i c  o p e r a t i o n ,  (2) a c c u r a c y ,  and (3) s p e e d .  Tha t  i s :  

a. T h e y  a r e  a u t o m a t i c  in  o p e r a t i o n .  B a s e d  upon d e t a i l e d  i n s t r u c -  
t i o n s  o r  p r o g r a m s ,  wh ich  m u s t  be  on a s t e p - b y - s t e p  b a s i s ,  c o m p u t e r s  
o p e r a t e  wi th  a m i n i m u m  of h u m a n  i n t e r v e n t i o n .  

b.  The~  a r e  e x t r e m e l y  a c c u r a t e .  The  i n h e r e n t  a c c u r a c y  of 
c o m p u t e r s  i s  p h e n o m e n a l .  As  an e x a m p l e :  A r e c o r d  was  kept  of e r r o r s  
in  the  f i r s t  s ix  w e e k s  of  o p e r a t i o n  of an IBM 705. In th i s  p e r i o d  of 724 
h o u r s  of o p e r a t i o n  the  m a c h i n e  p e r f o r m e d  10, 936, 296, 000 o p e r a t i o n s  
wi th  31 e r r o r s ;  19 of  t h e s e  w e r e  c o r r e c t e d  on a s e c o n d  r e a d i n g ,  10 w e r e  
due to dusts and two w e r e  of a m e c h a n i c a l  n a t u r e .  

c .  T h e y  have  f a n t a s t i c a l l y  h igh  s p e e d s .  L a r g e  m a c h i n e s  p e r f o r m  
o p e r a t i o n s  in  m i c r o s e c o n d s ,  m i l l i o n t h s  of  a s econd ,  whi le  the  m e d i u m  
and s m a l l  m a c h i n e s  o p e r a t e  in  m i l l i s e c o n d s  o r  t h o u s a n d t h s  of  a s e c o n d .  
Such s p e e d  is  u sua l ly  g r e a t e r  than  we can  e f f e c t i v e l y  u t i l i ze .  

B e f o r e  t a l k i n g  about  c a p a b i l i t i e s  of  c o m p u t e r s ,  t h e r e  i s  a n o t h e r  d i s -  
t i n c t i o n  o r  g r o u p i n g  wi th in  the  d i g i t a l  type  as  fo l lows :  

a.  Spec i a l  p u r p o s e :  d e s i g n e d  to do a s p e c i f i c  job m o s t  e f f e c t i v e l y  
at  l o w e s t  cos t .  

b. G e n e r a l  p u r p o s e :  d e s i g n e d  to do a wide  v a r i e t y  of  jobs  as  
e f f e c t i v e l y  a s  p o s s i b l e .  

S p ec i a l  p u r p o s e  c o m p u t e r s ,  a s  the  n a m e  i m p l i e s ,  a r e  d e s i g n e d  to do a 
s p e c i f i c  job m o s t  e f f e c t i v e l y  at the  l o w e s t  p o s s i b l e  cos t .  A good e x a m p l e  
of  th i s  type  of e q u i p m e n t  i s  the  a i r l i n e s  f R e s e r v i . ~ r ,  a c o m p u t e r  d e s i g n e d  
to qu i ck ly  and a c c u r a t e l y  h a n d l e  a i r l i n e  r e s e r v a t i o n s .  A n o t h e r  e x a m p l e  
would be the  s p e c i a l  e q u i p m e n t  d e s i g n e d  to a c c o u n t  fo r  the  t e l e p h o n e  to l l  
c a l l s  on an  a u t o m a t i c  b a s i s .  The  o t h e r  g roup ,  and the  one wi th  which  
we a r e  c o n c e r n e d  in  m o s t  m a n a g e m e n t  p r o b l e m s ,  is  the  g e n e r a l  p u r p o s e  
c o m p u t e r ,  which  i s  d e s i g n e d  to p e r f o r m  a wide  v a r i e t y  of p r o b l e m s  as  
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e f f e c t i v e l y  as  p o s s i b l e .  The  UNIVAC is  a good e x a m p l e  of a g e n e r a l  
p u r p o s e  c o m p u t e r ,  I t s  f l ex ib i l i t y  p e r m i t s  i t s  use  fo r  m o s t  any  type  of 
m a n a g e m e n t  p r o b l e m ,  i n c l u d i n g  p r o b l e m s  in  the  s c i e n t i f i c  and e n g i n e e r i n g  
f i e l d s  as  we l l .  

I cou ld  s p e n d  c o n s i d e r a b l e  t i m e  in  d i s c u s s i n g  a l l  of  the  c a p a b i l i t i e s  
of  e l e c t r o n i c  c o m p u t e r s ,  but  wi l l  l i m i t  the  d i s c u s s i o n  th i s  m o r n i R g  to a 
f ew  that  I t h i n k  a r e  m o s t  i m p o r t a n t  f r o m  the  s t andpo in t  of m a n a g e m e n t  
o p e r a t i o n s :  

a .  A b i l i t y  to ~ ' r e m e m b e r "  i n d e f i n i t e l y ;  ab i l i t y  to s e l e c t  i n f o r m a t i o n ;  
l o o k  up o r  l o c a t e  r e l a t e d  data ;  p e r f o r m  add i t ion ,  s u b t r a c t i o n ,  and  o t h e r  
o p e r a t i o n s .  

b. Also ,  fo l low a long  l i s t  of i n s t r u c t i o n s ;  m a k e  d e c i s i o n s  as  to 
a l t e r n a t i v e  p r o c e d u r e s :  

(1) R e v i e w  and c h e c k  a c c u r a c y  of r e s u l t s .  

• (2) P r o d u c e  a n s w e r s .  

T h e s e  a r e  not  n e c e s s a r i l y  d e s c r i b e d  in t h e i r  o r d e r  of  i m p o r t a n c e ,  s i n c e  
th i s  m i g h t  d e p e n d  to s o m e  d e g r e e  upon the  p a r t i c u l a r  o p e r a t i o n  i n v o l v e d .  

F i r s t ,  t h e y  have  the  ab i l i t y  to r e m e m b e r  o r  s t o r e  i n f o r m a t i o n  in -  
d e f i n i t e l y ,  e i t h e r  wi th in  the  e q u i p m e n t  o r  in s o m e  e x t e r n a l  d e v i c e  o r  
m e d i u m ,  and  to a c c u r a t e l y  and  qu ick ly  r e c a l l  t h i s  i n f o r m a t i o n  on c o m m a n d  
w h e n e v e r  it i s  r e q u i r e d .  Next,  t h e y  have  the  a b i l i t y  to s e l e c t  p a r t i c u l a r  
p i e c e s  of  i n f o r m a t i o n  and e i t h e r  ac t  upon it, t r a n s f e r  i t  f r o m  one  s t o r a g e  
l o c a t i o n  o r  a n o t h e r ,  copy it, o r  p r i n t  it out fo r  r e f e r e n c e  p u r p o s e s .  
T h e y  can  a l so  l o o k  up o r  l o c a t e  i n f o r m a t i o n  if  f u r n i s h e d  one o r  m o r e  
p i e c e s  of  i n f o r m a t i o n  to wh ich  it  r e l a t e s .  T h e y  can  p e r f o r m  add i t ion ,  
s u b t r a c t i o n ,  m u l t i p l i c a t i o n ,  d iv i s i on ,  s q u a r e  roo t ,  o r  any  o t h e r  a r i t h -  
m e t i c a l  o p e r a t i o n  and  w h e r e  n e c e s s a r y ,  can,  t h r o u g h  t h e i r  ab i l i t y  to 
l o o k  up r e l a t e d  data ,  f ind and use  l o g a r i t h m s ,  c o m p o u n d  i n t e r e s t  t a b l e s ,  
t a r i f f  r a t e s ,  and  so fo r th .  T h e y  can  fo l low a l ong  l i s t  of  i n s t r u c t i o n s  o r  
c o m m a n d s ,  g e n e r a l l y  r e f e r r e d  to as  p r o g r a m s ;  and  in  the  c o u r s e  of  s u c h  
p r o g r a m s ,  t h e y  have  the  ab i l i t y  to m a k e  d e c i s i o n s  as  to a l t e r n a t i v e  p r o -  
c e d u r e s  o r  s t e p s  b a s e d  upon i n t e r m e d i a t e  r e s u l t s  o b t a i n e d  t h r o u g h  the  
a r i t h m e t i c a l  p r o c e s s e s ,  t ab le  l o o k - u p s ,  o r  o t h e r  f a c t o r s .  Also ,  in  the  
c o u r s e  of t h e i r  o p e r a t i o n s ,  t h r o u g h  i n t e r n a l  d e v i c e s  s u c h  as  dual  r e c o r d i n g  
o r  dual  o p e r a t i o n ,  t hey  can  c h e c k  the  a c c u r a c y  of the  a r i t h m e t i c  o r  o t h e r  
o p e r a t i o n s .  T h i s  a c c u r a c y  can  be f u r t h e r  i m p r o v e d  by p r o v i d i n g  in  the  
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m a c h i n e  a p r o g r a m  for  p r o o f  t o t a l s ,  r e v e r s e  o p e r a t i o n s ,  o r  o t h e r  
s t a n d a r d  c h e c k i n g  t e c h n i q u e s .  F i n a l l y ,  c o m p u t e r s  can  p r o d u c e  a n s w e r s  
to the  p r o b l e m s  in  a v a r i e t y  of f o r m s ,  such  as a p r i n t - o u t  in  h u m a n  
l anguage ,  the  p r e p a r a t i o n  of punched  c a r d s ,  m a g n e t i c  tape ,  p a p e r  t ape ,  
o r  s o m e  s t o r a g e  m e d i a  wh ich  can  then  be  used  for  f u r t h e r  l a t e r  m a c h i n e  
p r o c e s s i n g .  

Since  th i s  l i s t  of c o m p u t e r  c a p a b i l i t i e s  c o v e r s  v i r t u a l l y  a l l  c l e r i c a l  
func t ions ,  l e t ' s  k e e p  th ings  in  b a l a n c e  a bi t  by look ing  at the  o t h e r  s i d e  
of  the  co in  and iden t i fy  what  t hey  c a n ' t  do.  T h e s e  l i m i t a t i o n s  a r e :  

T h e y  cannot  th ink .  
T h e y  canno t  u n d e r s t a n d  s p e e c h  o r  r e a d  h a n d w r i t t e n  n o t e s .  
T h e y  cannot  i n s t i n c t i v e l y  r e a c t .  
T h e y  canno t  e x e r c i s e  a d v a n c e  j u d g m e n t  o r  d i s c r e t i o n .  
In e s s e n c e ,  t h e y  a r e  m e r e l y  w o r k i n g  t oo l s .  

F i r s t  and m o s t  i m p o r t a n t ,  t h e y  a r e  c o m p l e t e l y  i n c a p a b l e  of c r e a t i v e  
t h ink ing ,  I n s t e a d  of b e i n g  r e f e r r e d  to as a "g i an t  b r a i n ,  " t hey  would  
m o r e  apt ly  be c a l l e d  a "g i an t  m o r o n ,  " s i n c e  they  wi l l  do on ly  what  t hey  
a r e  i n s t r u c t e d  to do.  The  n e a r e s t  t h ing  to t h ink ing  that  t h e y  can  do is  
to m a k e  d e c i s i o n s  b a s e d  on the  e q u a l i t y  of  o r  d i f f e r e n c e s  in  n u m b e r s .  

T h e y  canno t  u n d e r s t a n d  h u m a n  l a n g u a g e  in the  ~orm of s p e e c h  o r  
h a n d w r i t t e n  n o t e s ,  but  e n g i n e e r s  a r e  w o r k i n g  in both  t h e s e  f i e l d s  and 
c o n s i d e r a b l e  p r o g r e s s  has  b e e n  m a d e  in c h a r a c t e r  r e a d i n g .  

When  an unusua l  s i t u a t i o n  c o m e s  up in an o p e r a t i o n ,  a c o m p u t e r  
canno t  i n s t i n c t i v e l y  r e a c t ;  n o r  can  it  e x e r c i s e  j u d g m e n t  b a s e d  upon pas t  
e x p e r i e n c e .  It m u s t  be  to ld  in  e x a c t i n g  d e t a i l  e v e r y  s e p a r a t e  o p e r a t i o n ,  
i n c l u d i n g  s t o p .  We m u s t  c o n t i n u a l l y  keep  in  m i n d  tha t  c o m p u t e r s  a r e  
m e r e l y  too l s  and tha t  t he  r e s p o n s i b i l i t y  of  d e v e l o p i n g  the  p r o c e s s e s  to 
ga in  t h e i r  p o t e n t i a l  b e n e f i t s  r e s t s  wi th  the  m a n a g e r .  

B e f o r e  d e s c r i b i n g  the  " h a r d w a r e ,  " I would  l i ke  to touch  b r i e f l y  on 
m a c h i n e  l a n g u a g e  and the  m a n n e r  in  wh ich  c o m p u t e r s  a r e  g i v e n  i n s t r u c -  
t i ons  for  t h e i r  o p e r a t i o n s .  T h i s  is  shown  in  c h a r t  1, page  8. 

E l e c t r o n i c  e q u i p m e n t  c a n ' t  u n d e r s t a n d  h u m a n  l anguage ,  but  i t  can  
and  d o e s  c o m m u n i c a t e  and o p e r a t e  t h r o u g h  a t w o - s t a t e  s t a b l e  s i t u a t i o n :  
the  a b s e n c e  of an e l e c t r i c a l  pu l s e  o r  a m a g n e t i c  c h a r g e  o r  the  p r e s e n c e  
of a p u l s e  o r  m a g n e t i c  c h a r g e .  Our  d e c i m a l  n u m b e r s  can  be  c o n v e r t e d  
t h r o u g h  b i n a r y  no t a t i on  to the  two r e q u i r e d  s t a g e s - - o n  o r  o f f - - p o s i t i v e  
o r  n e g a t i v e  l a n g u a g e  tha t  the  c o m p u t e r  r e c o g n i z e s .  Th i s  c h a r t  shows  
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how our  d e c i m a l  d ig i t s  would  be c o n v e r t e d  to b i n a r y  d ig i t s  and  r e p r e -  
s e n t e d  on a p i e c e  of m a g n e t i c  tape  by m a g n e t i z e d  s p o t s .  You wi l l  no t e  
that  a d e c i m a l  d ig i t  r e q u i r e s  four  b i n a r y  d ig i t s  and  that  by  a d d i n g  two 
a d d i t i o n a l  b i n a r y  p o s i t i o n s ,  we can c o n v e r t  the  a l p h a b e t  to m a c h i n e  
l anguage .  As  a s a f e g u a r d ,  an  a d d i t i o n a l  p o s i t i o n  c a l l e d  a "b i t "  is  added ,  
m a k i n g  a to ta l  of s e v e n  p o s i t i o n s  or  c h a n n e l s ,  as  t hey  a r e  r e f e r r e d  to 
on t ape .  Th i s  s e v e n t h  p o s i t i o n  is  c a l l e d  a " c h e c k  b i t "  and  is a d d e d  to 
m a k e  the  to t a l  n u m b e r  of " b i t s "  an  e v e n  n u m b e r  o r  o m i t t e d  if  t h e y  a r e  
a l r e a d y  e v e n  in n u m b e r .  Th i s  is an i m p o r t a n t  i n t e r n a l  f e a t u r e  fo r  i m -  
p r o v i n g  a c c u r a c y .  

S e v e r a l  r e f e r e n c e s  have  b e e n  m a d e  to the  m a c h i n e  i n s t r u c t i o n s  
c o m m o n l y  r e f e r r e d  to c o l l e c t i v e l y  as  a p r o g r a m ,  wh ich  t e l l s  the  c o m -  
p u t e r  what  to do. T h e s e  i n s t r u c t i o n s ,  which  m u s t  be in  m e t i c u l o u s  
d e t a i l ,  s o m e t i m e s  cos t  as  m u c h  as  50 cen t s  out of e v e r y  d o l l a r  s p e n t  
on c o m p u t e r s ,  i n c l u d i n g  r e n t a l s .  The  qua l i t y  of the  m a c h i n e  p r o g r a m -  
m i n g  is  one  of the  m o s t  i m p o r t a n t  f a c t o r s  in the  s u c c e s s  of any  A D P  
i n s t a l l a t i o n .  A p o o r l y  p lanned ,  h i t - o r - m i s s  p r o g r a m  wi l l  w r e c k  an  
i n s t a l l a t i o n .  You jus t  c a n ' t  f e e d  a c o m p u t e r  wi th  p o o r l y  p l a n n e d  p a p e r -  
work .  

B e f o r e  d e t a i l e d  m a c h i n e  i n s t r u c t i o n s  can  be w r i t t e n ,  a s c h e m a t i c  
g e n e r a l  f low c h a r t  i s  u s u a l l y  p r e p a r e d  with ful l  e x p l a n a t i o n  of e v e r y  
s t e p  in the  o p e r a t i o n .  Th i s  f low c h a r t  i s  t h e n  c o n v e r t e d  to a p r o g r a m  
b lock  d i a g r a m ,  s u c h  as  the  s a m p l e  r o u t i n e  shown  in c h a r t  2, page  9. 
T h i s  c h a r t  i n d i c a t e s  by s y m b o l s  and a b b r e v i a t e d  d e s c r i p t i o n ,  the  c o m -  
p u t e r  s t e p s  in a p a r t i c u l a r  s e r i e s  of s e q u e n t i a l  s t e p s  o r  r o u t i n e  wh ich  
fol low,  or  wh ich  at  l e a s t  end up with the  s a m e  r e s u l t  as  the  g e n e r a l  
f low c h a r t .  F r o m  th i s  p r o g r a m  b lock  d i a g r a m  the  d e t a i l e d  i n s t r u c t i o n s  
a r e  w r i t t e n .  T h e s e  i n s t r u c t i o n s  a r e  in the  f o r m  of coded  g r o u p s  of 
n u m b e r s  o r  a l p h a b e t i c a l  c h a r a c t e r s  wh ich  d i r e c t  the  p e r f o r m a n c e  of 
a c e r t a i n  o p e r a t i o n .  The  d i f f e r e n t  g e n e r a l  t ypes  and the  t y p i c a l  c o m -  
m a n d s  or  o r d e r s  u n d e r  e a c h  type  a r e :  

a.  B a s i c  T y p e s  and  T y p i c a l  C o m m a n d s :  

(1) To m o v e  data;  w r i t e - r e a d - t r a n s f e r .  
(2) A r i t h m e t i c  c o m m a n d s :  a d d * s u b t r a c t - m u l t i p l y - d i v i d e - r o u n d .  
(3) L o g i c a l  c o m m a n d s :  c o m p a r e  and  t r a n s f e r  on high,  low, 

equa l ,  o r  z e r o  cond i t ion .  
(4) Con t ro l :  s t o p - s h i f t - c l e a r - l a s t  i t e m - r e w i n d - b a c k s p a c e *  

s t a r t  p r i n t e r .  
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b. M a c h i n e  A d d r e s s e s :  

(1) L o c a t i o n s  in m e m o r y .  
(2) R e g i s t e r s  or  a c c u m u l a t o r s .  
(3) Input  and output d e v i c e s .  

E a c h  d i f f e r e n t  m a k e  of c o m p u t e r  has  i ts  own c o m m a n d  s t r u c t u r e  and  
i t s  own n u m e r i c a l  and  a l p h a b e t i c  c o d e s  fo r  the  c o m m a n d s .  In a d d i -  
t ion  to the  c o m m a n d ,  each  i n s t r u c t i o n  m u s t  con ta in  an  a d d r e s s  wh ich  
t e l l s  the  c o m p u t e r  w h e r e  in the  " m e m o r y "  of the m a c h i n e  the  i n f o r -  
m a t i o n  is l o c a t e d - - w h e r e  it shou ld  be p l a c e d  for  p r o c e s s i n g ,  and 
w h e r e  the  r e s u l t  shou ld  be p l aced  a f t e r  p r o c e s s i n g .  

The  c o m p u t e r ,  i t s e l f ,  m a y  look l ike  the  one shown in c h a r t  3, 
page  10, a p o p u l a r  m e d i u m - p r i c e d  m a c h i n e .  W h a t e v e r  s h a p e  or  
a p p e a r a n c e  it m a y  have ,  it wi l l  p r o b a b l y  be c o m p o s e d  of the  f u n c t i o n a l  
c o m p o n e n t s  shown  in c h a r t  4, page  11, which  c o m p a r e s  such  e l e m e n t s  
s c h e m a t i c a l l y  with m a n u a l  c o m p u t a t i o n  p r o c e s s e s  and  d e v i c e s .  By 
ana logy ,  you can s e e  the  func t ions  of the  input  and  output  d e v i c e s ,  the  
c o n t r o l  unit,  the  a r i t h m e t i c  unit ,  and  the  m e m o r y .  T h e r e  a r e  v a r i a t i o n s  
b e t w e e n  d i f f e r e n t  m a k e s  and  m o d e l s  of c o m p u t e r s  in the  n u m b e r  o r  type  
of t h e s e  d i f f e r e n t  c o m p o n e n t s ,  but the  g e n e r a l  c o n f i g u r a t i o n  is u s u a l l y  
the  s a m e .  

C h a r t  5, page  12, shows  a n u m b e r  of input  and output  d e v i c e s .  F o r  
input,  we have  punched  c a r d s ,  punched  p a p e r  tape ,  and m a g n e t i c  t ape  
as  the  m e d i a  m o s t  g e n e r a l l y  used .  Output is in  the  s a m e  f o r m ,  wi th  
punched  c a r d s  and  m a g n e t i c  tape  b e i n g  the  m o s t  usual .  As  shown  in 
the  d i a g r a m ,  input  can  a l s o  be f r o m  a k e y b o a r d  and output  f r o m  an  
e l e c t r i c  t y p e w r i t e r  on the  c o m p u t e r ' s  c o n s o l e ,  but th i s  type  of input  
is  g e n e r a l l y  l i m i t e d  to s p e c i a l  i n s t r u c t i o n s ,  p r o g r a m  c h a n g e s ,  or  
i n q u i r i e s  and  output  to i n f o r m a t i o n  on p r o g r a m  s toppage ,  a n s w e r s  to 
i n q u i r i e s ,  e tc .  

The  s p e e d  and c a p a c i t y  of t h e s e  input  and output d e v i c e s  v a r y  qu i t e  
wide ly ,  and a r e  c o n s t a n t l y  b e i n g  i m p r o v e d .  As  you know, p u n c h e d  c a r d s  
c a r r y  80 or  90 d e c i m a l  or  a l p h a b e t i c  d ig i t s  of i n f o r m a t i o n .  Th i s  can  be 
r e a d  into the  c o m p u t e r  a t  the  r a t e  of f r o m  I00 to I, 000 c a r d s  p e r  m i n u t e  
and  punched  out at  I00 or  m o r e  c a r d s  p e r  m i n u t e .  P u n c h e d  p a p e r  t ape  
is  a n o t h e r  fas t  input  and  output  m e d i a ,  which  can  b~ r e a d  in to  the  m a c h i n e  
at  s p e e d s  up to 1 ,000  c h a r a c t e r s  a s e c o n d  and punched  out at  about  60 
c h a r a c t e r s  a s e c o n d .  The  h i g h e s t  s p e e d  input  and output d e v i c e  in use  
today  is m a g n e t i c  t ape  wi th  r e a d i n g  and w r i t i n g  s p e e d s  of f r o m  10, 000 
to 15,000 c h a r a c t e r s  a s econd .  C h a r t  6, page  I3, shows  a p i c t u r e  of a 
t y p i c a l  m a g n e t i c  t ape  s e r v o  unit  which  r e a d s  and w r i t e s  tape .  
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In da ta  p r o c e s s i n g  o p e r a t i o n s ,  t he  p r i n t i n g  of  r e p o r t s ,  f o r m s ,  or  
t h e  r e s u l t s  of  o t h e r  p r o b l e m s  i s  u s u a l l y  done  on  e l e c t r o n i c  p r i n t e r s  
s u c h  as  the  one  shown  in  c h a r t  7, page  15. T h i s  is  a h i g h - s p e e d  p r i n t e r  
w h i c h  o p e r a t e s  at f r o m  600 to  1 ,000  l i n e s  of 80 to 120 c h a r a c t e r s  p e r  
l i n e  e a c h  m~inute. Such a d e v i c e  m a y  be  c o n n e c t e d  d~ rec t l y  to t he  
c o m p u t e r  o r ,  as  shown  h e r e ,  it m a y  be  ab le  to o p e r a t e  " o f f - l i n e "  f r o m  
a t ape  s e r v o  unit  and  not  t ie  up the  r e s t  of  t he  c o m p u t e r  c o m p o n e n t s .  
Such p r i n t e r s  a r e  a l s o  fed  by p u n c h e d  c a r d s  fo r  " o f f - l i n e "  output .  

B e f o r e  l e a v i n g  the  input  and  output  a r e a ,  I would  l i k e  to m e n t i o n  
t h e  e q u i p m e n t  u s e d  to l i n k  the  output  of  one  c o m p u t e r  to the  input  of  
a n o t h e r  one,  m i l e s  away.  C h a r t  8, page  16, shows  s c h e m a t i c a l l y  a 
da t a  t r a n s m i s s i o n  s y s t e m  which  i s  w ide ly  u s e d  in  the  D e p a r t m e n t  of  
D e f e n s e  to s e n d  i n f o r m a t i o n  in  m a c h i n e  l a n g u a g e  b e t w e e n  o u r  i n s t ~ ] l a -  
t i ons  o r  to and  f r o m  our  c o n t r a c t o r s .  The  c a r d  t r a n s c e i v e r  s y s t e m  s e n d s  
80 c o l u m n  c a r d s  o v e r  l e a s e d  l i n e s  o r  o v e r  r a d i o  c i r c u i t s  at  f r o m  6 to 11 
o r  12 c a r d s  a m inu t e ,  wi th  a v e r y  h igh  d e g r e e  of  a c c u r a c y .  

C h a r t  9, page  17, shows  the  c o n t r o l  unit ,  which  is  the  h e a r t  of the  
c o m p u t e r  and  c o n t r o l s  i t s  e v e r y  m o v e .  In a s e n s e ,  t h e r e  a r e  bo th  
i n t e r n a l  and e x t e r n a l  c o n t r o l s ,  the  l a t t e r  b e i n g  e x e r c i s e d  t h r o u g h  the  
c o n s o l e  by the  c o m p u t e r  o p e r a t o r .  The  i n t e r n a l  a u t o m a t i c  c o n t r o l s  
i n t e r p r e t  m a c h i n e  i n s t r u c t i o n s  and a c t i v a t e  the  p r o p e r  c i r c u i t r y  wh ich  
c o n t r o l s  the  s e q u e n c e  of o p e r a t i o n s .  The  e x t e r n a l  c o n t r o l s  a r e  p e r f o r m e d  
at the  o p e r a t o r ' s  c o n s o l e ,  which  i s  c o n n e c t e d  wi th  the  C o n t r o l  Uni t  and  
is  shown in  c h a r t  10, page  18. T h r o u g h  bu t tons ,  s w i t c h e s ,  and  l i gh t s ,  
the  o p e r a t o r  s t a r t s  and  s tops  the  m a c h i n e ,  e n t e r s  i n f o r m a t i o n  and 
d i a g n o s e s  t r o u b l e .  

Next ,  let's c o n s i d e r  the  m e m o r y  o r  s t o r a g e  d e v i c e s  and  m e d i a .  
T h e  p r i n c i p a l  t ypes ,  wh ich  a r e  g e n e r a l l y  c l a s s i f i e d  as  e x t e r n a l  o r  
i n t e r n a l  and which  have  a wide  r a n g e  in  s p e e d  of a c c e s s  to i n f o r m a t i o n  
and s t o r a g e  c a p a c i t y  a r e  as  fo l lows :  

C o m p u t e r  "'Memory" o r  S t o r a g e  

E x t e r n a l  
P u n c h  C a r d s  
P u n c h e d  P a p e r  Tape  
M a g n e t i c  Tape  R e e l s  
M a g n e t i c  D i s c s  
M a g n e t i c  Tape  Bins  

Internal 
.Electrostatic Tubes 
Mercury Delay Lines 
Magnetic Drums 
Magnetic Cores 
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Of the  e x t e r n a l  m e d i a ,  t he  punched  c a r d  i s  s t i l l  by  a l l  odds  the  
m o s t  w i d e l y  u s e d .  As  a uni t  r e c o r d  of 80 o r  90 d i g i t s  of n u m e r i c  o r  
a l p h a b e t i c  da t a ,  i t  o f f e r s  m a n y  a d v a n t a g e s ,  s u c h  a s  the  a b i l i t y  to 
m e c h a n i c a l l y  s e q u e n c e  o r  s o r t  da t a  b e f o r e  f e e d i n g  i t  into t h e  m a c h i n e .  
It i s  r e l a t i v e l y  s l ow  of a c c e s s ,  h o w e v e r ,  and r e q u i r e s  s u b s t a n t i a l  
f i l i ng  s p a c e  and  c a b i n e t s .  P a p e r  t ape  i s  a n o t h e r  s t o r a g e  m e d i u m  tha t  
i s  i n c r e a s i n g  in  p o p u l a r i t y .  It o f f e r s  u n l i m i t e d  r e c o r d  l e n g t h  as  c o m -  
p a r e d  to the  80-90  d i g i t s  on  punched  c a r d s  and s o m e w h a t  h i g h e r  input  
s p e e d s ,  but i t  c anno t  be  s e q u e n c e d ,  m e r g e d ,  o r  s o r t e d  o u t s i d e  of 
the  m a c h i n e .  I t  a l s o  p r e s e n t s  p r o b l e m s  of f i l i ng  and s t o r a g e .  

Nex t  to punched  c a r d s ,  and c o m i n g  up f a s t ,  i s  m a g n e t i c  t a p e .  A 
t y p i c a l  m a g n e t i c  t ape  i s  f r o m  o n e - h a l f  to one i nch  wide and r e c o r d s  
da ta  in  m a g n e t i c  dots  on i t s  s u r f a c e  at  a d e n s i t y  of f r o m  100 to 200 
c h a r a c t e r s  to the  inch .  One r e e l  of t ape  c a n  s t o r e  the  i n f o r m a t i o n  f r o m  
20 ,000  o r  m o r e  punched  c a r d s .  M a g n e t i c  t ape  can  be  e r a s e d  and used  
r e p e a t e d l y ,  o r  the  r e c o r d  wi l l  r e m a i n  and  c a n  be r e a d  m a n y  t i m e s  o v e r  
a n u m b e r  of y e a r s  wi thou t  a n y  a p p a r e n t  d e t e r i o r a t i o n .  

U s i n g  a t ape  s e r v o  uni t  Such a s  was  s h o w n  a f ew m i n u t e s  ago,  t ape  
i s  u s u a l l y  s e a r c h e d  s e q u e n t i a l l y  f o r  d e s i r e d  i n f o r m a t i o n .  S e a r c h i n g  
fo r  d a t a  on t ape  i s  c o m p a r a t i v e l y  s low,  r e q u i r i n g  a n  a v e r a g e  t i m e  of  
3 to 5 m i n u t e s  to f ind  a n  i t e m  in  a t ape  r e e l .  I n f o r m a t i o n  on t a p e  r e e l s  
m u s t  be  s o r t e d  and  m e r g e d  o n  the  c o m p u t e r .  As a s t o r a g e  m e d i u m ,  
i t  i s  p r o b a b l y  the  c h e a p e s t  a v a i l a b l e  t o d a y  p e r  uni t  of  i n f o r m a t i o n  s t o r e d .  

M a g n e t i c  t a p e  b ins  a r e  a v a r i a t i o n  on  the  t ape  r e e l s  and  c o n s i s t s  of 
p e r h a p s  50 s e p a r a t e  l e n g t h s  of  m a g n e t i c  t ape ,  250 f ee t  to e a c h  l e n g t h ,  
s u s p e n d e d  o v e r  two b a r s ,  wi th  a r e a d - w r i t e  head  p o s i t i o n e d  above  the  
b a r s  on  a s l i d i n g  m e c h a n i s m .  Such a b in  i s  c a p a b l e  of  s o r t i n g  400, 000 
c h a r a c t e r s  and h a s  t he  a d v a n t a g e  of  m u c h  f a s t e r  a c c e s s  to a n y  g i v e n  i t e m ,  
s i n c e  o n l y  250 f e e t  o f  t a p e  m u s t  b e  s e a r c h e d .  S u c h  t a p e  b i n s  h a v e  a n  
a c c e s s  t i m e  o f  l e s s  t h a n  a m i n u t e .  

B e f o r e  l e a v l n g  t h i s  c h a r t  to show you  an  e x t e r n a l  s t o r a g e  d e v i c e ,  
I would  l l k e  to point  out  t ha t  t h i s  l l s t  i s  not  a c o m p r e h e n s i v e  one  and  tha t  
i m p r o v e m e n t s  a r e  c o n s t a n t l y  b e i n g  m a d e .  The  f i r s t  two of the  i n t e r n a l  
s t o r a g e  d e v i c e s  s h o w n - - e l e c t r o s t a t i c  t ubes  and  m e r c u r y  d e l a y  L i n e s - -  
a r e  i n  u s e  on m a n y  of ou r  p r e s e n t - d a y  c o m p u t e r s ,  but  wi l l  not  b e  found 
i n  a d v a n c e d  ~ q h i p m e n t  o r  i n  new d e s i g n s .  A l though  t h e s e  two d e v i c e s  
a r e  f a s t ,  t h e y  l o s e  t h e i r  m e m o r y  i f  t h e r e  i s  an  i n t e r r u p t i o n  of  e l e c t r i c  
c u r r e n t ;  and  the  e q u i p m e n t  d e s i g n e r s  a r e ,  t h e r e f o r e ,  t u r n i n g  to m a g n e t i c  
d r u m s  and  m a g n e t i c  c o r e s ,  which ,  l i k e  e x t e r n a l  m a g n e t i c  m e d i a ,  w i l l  
r e t a i n  da ta  i n d e f i n i t e l y  wi thout  e l e c t r i c  c u r r e n t .  
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C h a r t  1I ,  page  21, is  a s c h e m a t i c  d i a g r a m  of a m a g n e t i c  d i s c  
f i l e .  T h e  s t o c k  of 50 d i s c s  r e v o l v i n g  on a s p i n d l e  looks  s o m e t h i n g  
l ike  a j uke  box.  E a c h  d i s c  is  c o a t e d  wi th  a s u b s t a n c e  w h i c h  wi l l  
r e c o r d  da t a  on t r a c k s  and  w i th in  f ixed  s e c t o r s  a s  shown .  Both s i d e s  
of t h e  d i s c s  a r e  u s e d  and  a t o t a l  of o v e r  5 m i l l i o n  c h a r a c t e r s  c a n  be  
s t o r e d  on the  50 d i s c s .  I t s  p r i n c i p a l  a d v a n t a g e  is  the  a b i l i t y  to go 
d i r e c t l y  to the  r e c o r d  wi thou t  s e a r c h i n g  s e q u e n t i a l l y .  T h i s  r a n d o m  
a c c e s s  a b i l i t y  p e r m i t s  the  l o c a t i o n  of an  i t e m  in l e s s  t han  one s e c o n d .  
C h a r t  12, page  22, s h o w s  how the  d e v i c e  a c t u a l l y  l ooks .  

As c o m p a r e d  to e x t e r n a l  s t o r a g e  d e v i c e s  wi th  a c c e s s  t i m e s  of 
m i n u t e s  or  f r a c t i o n s  of s e c o n d s ,  i n t e r n a l  s t o r a g e  d e v i c e s  a r e  in the  
m i l l i s e c o n d  and m i c r o s e c o n d  r a n g e .  C h a r t  13, page  23, s h o w s  how 
a m a g n e t i c  d r u m  would  be  u s e d  as  a s t o r a g e  d e v i c e .  T h e  c o a t e d  
d r u m  s u r f a c e  is  m a g n e t i z e d  wi th  the  p r o p e r  p a t t e r n  of b i n a r y  b i t s ,  
w h i c h  can  t h e n  be  r e a d  out  when  n e e d e d .  D r u m s  a r e  n o r m a l l y  u s e d  
to s t o r e  p r o g r a m  i n s t r u c t i o n s  o r  da ta  tha t  a r e  in p r o c e s s ,  and  has  a n  
a c c e s s  t i m e  in the  m i l l i s e c o n d  r a n g e ,  wi th  a c a p a c i t y  of 100 to 10, 000 
10- o r  1 2 - d i g i t  w o r d s .  

T h e  i n t e r n a l  m e m o r y  d e v i c e  c u r r e n t l y  u s e d  by m a n y  c o m p u t e r s  
fo r  v e r y  h i g h - s p e e d  a c c e s s  i s  the  m a g n e t i c  c o r e .  The  c o r e  m a t e r i a l  
is  f e r r i t e .  I t  is  s h a p e d  l ike  a t i ny  doughnut  and  s t r u n g  on a g r i d  of 
w i r e s ,  a s  s h o w n  on c h a r t  14, page  24. E a c h  of t h e s e  c o r e s  c a n  be  
s e p a r a t e l y  m a g n e t i z e d  s i n c e ,  a s  you can  s e e ,  e a c h  c o r e  h a s  a s p e c i f i c  
and  i n d i v i d u a l  a d d r e s s  f o r m e d  by  the  h o r i z o n t a l  and  v e r t i c a l  w i r e .  A 
t h i r d  w i r e  is  p a s s e d  t h r o u g h  e a c h  c o r e  d i a g o n a l l y  to s e n s e  the  m a g n e t i c  
c ond i t i on ,  a l t h o u g h  th i s  is  not  shown  on the  i l l u s t r a t i o n .  

By a r r a n g i n g  s e v e r a l  c o r e  p l a n e s  a s  s h o w n  in c h a r t  15, page  25, 
the  p a t t e r n  of on -o f f  c o n d i t i o n s  r e q u i r e d  to f o r m  a n u m b e r  o r  c h a r a c t e r  
in b i n a r y  n o t a t i o n  can  be  f o r m e d .  Th i s  t ype  of m e m o r y  i s  r e l a t i v e l y  
e x p e n s i v e  and  i t s  u se  is  t h e r e f o r e  l i m i t e d  to p u r p o s e s  r e q u i r i n g  v e r y  
h i g h - s p e e d  a c c e s s ,  s u c h  a s  the  t e m p o r a r y  s t o r a g e  of da ta  t ha t  a r e  in 
p r o c e s s .  The  c a p a c i t y  of m a g n e t i c  c o r e  m e m o r i e s  v a r i e s  wi th  t h e  s i z e  
of the  c o m p u t e r ,  and  s o m e  l a r g e - s c a l e  m a c h i n e s  h a v e  un i t s  tha t  wi l l  
s t o r e  2 0 , 0 0 0  or  40, 000 c h a r a c t e r s .  T h e  a c c e s s  t i m e  is  in  the  m i c r o -  
s e c o n d  r a n g e .  C h a r t  16, page  26, s h o w s  a l a r g e - s c a l e  m a g n e t i c  c o r e  
uni t .  
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The  l a s t  of the  b a s i c  c o m p u t e r  e l e m e n t s  is  the  a r i t h m e t i c a l  unit, 
s o m e t i m e s  r e f e r r e d  to as  the  p r o c e s s o r .  Cha r t  17, (page 28) shows  
a s c h e m a t i c  d i a g r a m  w h i c h  c o m p a r e s  th i s  unit  wi th  a d e s k  c a l c u l a t o r .  
Th i s  is  the  unit  that  d o e s  a l l  the  p r o c e s s i n g ,  a r i t h m e t i c  o p e r a t i o n s ,  
and l o g i c a l  o p e r a t i o n s .  The  c o m p u t a t i o n  c i r c u i t s  in t h i s  unit  a r e  known 
by such  n a m e s  as  a d d e r s ,  c o u n t e r s ,  r e g i s t e r s ,  and a c c u m u l a t o r s .  
S o m e  e q u i p m e n t s  have  dual  c i r c u i t r y  and p e r f o r m  e a c h  o p e r a t i o n  t w i c e  
to a s s u r e  a c c u r a c y .  P r o c e s s i n g  s p e e d s  a r e  m e a s u r e d  in m i c r o s e c o n d s .  
Th i s  m e a n s  tha t  on s o m e  m a c h i n e s  you can  add two l l - d i g i t  n u m b e r s  in 
200 m i c r o s e c o n d s  o r  1/5000 of a s e c o n d .  

You wi l l  a l l  a p p r e c i a t e  that  a l l  of the  b a s i c  e l e m e n t s  tha t  have  
b e e n  m e n t i o n e d  a r e  in  t h e m s e l v e s  r a t h e r  c o m p l e x  m e c h a n i s m s  and 
d e s e r v e  m o r e  than  the  p a s s i n g  r e f e r e n c e  I have  g i v e n  t h e m .  T h e r e  a r e  
o v e r  20 c o m p a n i e s  maldr~g about 35 m o d e l s  and we c o u l d n ' t  c o v e r  t h e m  
a l l  in  a w e e k .  I hope,  h o w e v e r ,  that  th i s  r a t h e r  s u p e r f i c i a l  d i s c u s s i o n  
of t h e i r  c h a r a c t e r i s t i c s ,  ~ b i l i £ i e s ,  and  c a p a c i t i e s  wi l l  g ive  you a 
l i t t l e  b e t t e r  u n d e r s t a n d f n g  of what t hey  can  do fo r  ou r  m a n a g e m e n t  
o p e r a t i o n s .  

The p r o p e r  use  of a tool  d o e s  not r e q u i r e  tha t  m a n a g e m e n t  h a v e  
a c o m p r e h e n s i v e  k n o w l e d g e  of the  s c i e n t i f i c  t e c h n o l o g y  invo lved ,  but 
r a t h e r  tha t  m a n a g e m e n t  ha-we an a p p r e c i a t i o n  and  r e s p e c t  fo r  i t .  On the  
o t h e r  hand,  it i s  v i t a l  that  m a n a g e m e n t  have  a t h o r o u g h  and qu i te  d e t a i l e d  
k n o w l e d g e  of the  s y s t e m s  t e c h n i q u e  i n v o l v e d  in  the  use  of  s u c h  too l .  

T o d a y  we a r e  in  a p e r i o d  of c h a n g e  which  in  the  l igh t  of  h i s t o r y  m a y  
a p p e a r  a s  the  t h i r d  p h a s e  of a t e c h n o l o g i c a l  evo lu t i on  in A m e r i c a n  
i n d u s t r y .  The  f i r s t  p h a s e  was  the  shi f t  f r o m  hand  m e t h o d s  to m a c h i n e  
m e t h o d s  in the  l a s t  p a r t  of  the  1 9 t h c e n t u r y .  The  s e c o n d  p h a s e  was  the  
a d o p t i o n  of m a s s  p r o d u c t i o n  o r  l i ne  p r o d u c t i o n  m e t h o d s ,  s o m e t i m e s  
c a l l e d  the  " F o r d  Revo lu t i on ,  " wh ich  r e a c h e d  i t s  c l i m a x  in  the  1920 ' s  
and i n v o l v e d  e x t e n s i v e  use  of  c o n v e y o r s ,  a u t o m a t i c  m a c h i n e s ,  and  the  
s i m p l i f i c a t i o n  and s p e c i a l i z a t i o n  of p r o c e s s e s  and p r o d u c t s .  The  l a t e s t  
o r  t h i r d  p h a s e  i s  p o p u l a r l y  c a l l e d  " a u t o m a t i o n .  " E l e c t r i c a l  and  e l e c -  
t r o n i c  d e v i c e s  wi th  f e e d - b a c k  c o n t r o l s  l i n k  t o g e t h e r  the  c o n v e y o r s  and  
a u t o m a t i c  m a c h i n e s  u n d e r  s t a n d a r d i z e d  t e c h n i q u e s ,  wh ich  go t h r o u g h  
c y c l e s  of  o p e r a t i o n s  wi thout  h u m a n  i n t e r v e n t i o n .  
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Automat ic  da ta  p r o c e s s i n g  is  the au tomat ion  of office o p e r a t i o n s ,  
and we have  p a s s e d  th rough  the s a m e  th ree  phase s  of t echnolog ica l  
evolution.  By "o f f i c e "  I m e a n  the p a p e r w o r k  m i l l - - w h e t h e r  it  be in 
payro l l ,  inventory ,  o r  ma in t enance  cont ro l .  In the late  1800's  
t y p e w r i t e r s ,  adding m a c h i n e s ,  bookkeeping mach ines ,  and o the r  
m e c h a n i c a l  dev ices  began  to be used;  and p u n c h e d - c a r d  equipment  was  
introcluced.  Somet ime  in the 1920's  the second phase  began,  with 
deve lopment  of m o r e  au tomat ic  and h igh - speed  equipment ,  including 
s o m e  with au toma t i c  f e a t u r e s  and e l ec t ron ic  devices  such as  the punched-  
c a r d  e l ec t ron ic  c a l c u l a t o r .  Dur ing  th is  second phase ,  we began  to 
give s o m e  m u c h - n e e d e d  a t tent ion to p a p e r w o r k  s impl i f i ca t ion ,  s t a n d a r d -  
i za t ion  and spec i a l i za t ion  of p r o c e s s e s ,  and s y s t e m s  a n a l y s i s .  The 
th i rd  phase ,  o r  off ice automat ion ,  f inds us l inking toge the r  t he se  h igh-  
speed  equ ipments ,  r e f in ing  our  s y s t e m s ,  and ut i l iz ing new tools  which 
p e r m i t  long cyc l e s  of complex  da ta  p r o c e s s i n g  ope ra t i ons  without human  

in te rven t ion .  

It  should be noted that  e l ec t ron ic  c o m p u t e r s  a r e  a lso  p rov id ing  the  
connect ing l ink be tween  f ac to ry  au tomat ion  and off ice au tomat ion .  The 
new h i g h - s p e e d  au tomat i c  f a c t o r y  techniques  r e q u i r e  quick m a n a g e m e n t  
dec i s ions  involving complex  f a c t o r s .  C o m p u t e r s  p r o c e s s  the da ta  needed  
for  t h e s e  dec i s ions ,  and in s o m e  c a s e s  a r e  connected  d i r e c t l y  to f a c t o r y  
equipment ,  thus  provid ing  au tomat i c  f e e d - b a c k  con t ro l s .  

This  group will r e s p e c t  the judgment  and wisdom of Ralph J .  C o r d i n e r ,  
p r e s i d e n t  of G e n e r a l  E l e c t r i c  and c h a i r m a n  of the " C o r d i n e r  c o m m i t t e e ,  " 
which r e c o m m e n d e d  the ove rhau l  of our  p r e s e n t  m i l i t a r y  pay s t r u c t u r e .  
M r .  C o r d i n e r  a p p e a r e d  be fo r e  a c o n g r e s s i o n a l  c o m m i t t e e  inves t iga t ing  
au toma t ion  b a c k  in 1955 and had this  to say :  

"When the h i s t o r y  of our  age is  wr i t ten ,  I think it will r e c o r d  t h r ee  
profoundly  impor t an t  t echnologica l  deve lopmen t s :  (1) N u c l e a r  
ene rgy ,  which t r e m e n d o u s l y  i n c r e a s e s  the amount  of e n e r g y  a v a i l -  
able  to do the w o r l d ' s  work;  (2) au tomat ion ,  which g r e a t l y  i n c r e a s e s  
m a n ' s  abi l i ty  to use tools ;  (3) and c o m p u t e r s ,  which mul t ip ly  m a n ' s  
abi l i ty  to do men ta l  work .  Some of our  eng inee r s  be l i eve  that  of ,, 
t hese  th ree ,  the c o m p u t e r  will b r i n g  the g r e a t e s t  benef i t  to m a n .  

While our  new technology m a y  d i sp lace  w o r k e r s  at  the m a c h i n e s ,  it  
s e e m s  to r e q u i r e  m o r e  and m o r e  off ice  work  and, t h e r e f o r e ,  m o r e  off ice 
w o r k e r s .  B a c k  in 1900 tl}ere was one office w o r k e r  for  e v e r y  30 f a c t o r y  
w o r k e r s ,  while by 1950 this  r a t io  had changed to one off ice w o r k e r  fo r  
e v e r y  two and one-b~l f  f a c t o r y  w o r k e r s .  A r t i c l e s  a p p e a r i n g  in Na t ion ' s  
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B u s i n e s s  in  D e c e m b e r  1955 and in  The  M a n a g e m e n t  R e v i e w  in  M a r c h  
1956 p r e d i c t e d  a c h r o n i c  s h o r t a g e  of o f f i ce  w o r k e r s  t h r o u g h  the  p e r i o d  
endir /g about  1960. T h e s e  a r t i c l e s  con t ended  tha t  the  s u p p l y  of o f f i ce  
w o r k e r s  i s  not g r o w i n g  as  f a s t  a s  the  to ta l  e c o n o m y  and went  on to 
s a y  tha t  we could  not hope to o p e r a t e  ou r  o f f i c e s  of the  f u t u r e  wi thout  
m o r e  a u t o m a t i o n .  

A r e c e n t  w e l l - p l a n n e d  G o v e r n m e n t  i n s t a l l a t i o n  o i  a l a r g e - s c a l e  
c o m p u t e r  in  a h i g h - v o l u m e  o p e r a t i o n  s u c c e e d e d  in  e l i m i n a t i n g  o v e r  485 
p o s i t i o n s .  Mos t  of the  p o s i t i o n s  w e r e  in  l o w - s k i l l e d ,  r o u t i n e ,  and  
m o n o t o n o u s  jobs ;  but  it  did m e a n  a f a i r l y  s i z a b l e  l e s s e n i n g  of the  
c l e r i c a l  l a b o r  r e q u i r e m e n t .  Whi le  few i n s t a l l a t i o n s  o f f e r  a q u i c k  
r e d u c t i o n  of t h i s  s i z e ,  the  fac t  tha t  i t  did a c t u a l l y  o c c u r  g i v e s  us a 
good r e a s o n  to b e l i e v e  tha t  o f f i ce  a u t o m a t i o n  m a y  b e ' t h e  a n s w e r  to at  
l e a s t  p a r t  of  o u r  c l e r i c a l  w o r k e r  s h o r t a g e  by  s u b s t i t u t i n g  m a c h i n e  
m i n u t e s  for  m a n  h o u r s .  

With few e x c e p t i o n s ,  o u r  D e f e n s e  ADPS i n s t a l l a t i o n s  show a r e -  
duc t ion ,  o r  p r o j e c t e d  r e d u c t i o n ,  of p e r s o n n e l  r e q u i r e d  to do the job 
s e l e c t e d  fo r  ADPS.  T h i s  s e l d o m  m e a n s  an  o v e r a l l  r e d u c t i o n  of t o t a l  
p e r s o n n e l  s p a c e s ,  but  r a t h e r  a s h i f t i n g  or  r e a s s i g n m e n t  to jobs  fo r  
wh ich  p e r s o n n e l  w e r e  not a v a i l a b l e  b e f o r e .  

B e f o r e  t a l k i n g  about  s p e c i f i c  m a n a g e m e n t  u s e s  of ADPS,  l e t  me  
g e n e r a l i z e  a l i t t l e  m o r e  and p r o p o s e  a s y l l o g i s m  fo r  y o u r  c o n s i d e r a t i o n :  

M a j o r  p r e m i s e :  The  q u a l i t y  of m a n a g e m e n t  d e c i s i o n s  in p l a n n i n g  
and p o l i c y m a k i n g  i s  d i r e c t l y  p r o p o r t i o n a l  to the  
q u a l i t y  of a v a i l a b l e  i n f o r m a t i o n .  

M a j o r  p r e m i s e :  The  q u a l i t y  of i n f o r m a t i o n  i s  p r i m a r i l y  d e p e n d e n t  
upon i t s  c o m p l e t e n e s s ,  a p p r o p r i a t e n e s s ,  t i m e l i n e s s ,  
and a c c u r a c y .  

C o n c l u s i o n :  ADPS can  (if p r o p e r l y  used} p r o d u c e  c o m p l e t e ,  
a p p r o p r i a t e ,  t i m e l y ,  and a c c u r a t e  data ;  t h e r e f o r e ,  
i t  i s  an  e f f ec t i ve  m a n a g e m e n t  too l .  

I wou ldn ' t  want  you  to t h i n k  tha t  I don ' t  r e c o g n i z e  tha t  m a n y  of o u r  m o s t  
i m p o r t a n t  m a n a g e m e n t  d e c i s i o n s  a r e  b a s e d  upon t h o s e  nebu lous  h u n c h e s  
we u s u a l l y  r e f e r  to as  i n tu i t i on .  

T h i s  b u s i n e s s  of m a n a g i n g  has  m a n y  d e f i n i t i o n s ,  but  I ' d  l i ke  to g ive  
you  one tha t  I l i ke .  S i m p l y  s p e a k i n g ,  i t  i s ,  of c o u r s e ,  " s e e i n g  to i t  tha t  
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the  r i g h t  t h i n g s  a r e  done q u i c k l y  and  we l l  and  tha t  i m p r o p e r  t h i n g s  
a r e n t t  d o n e . "  In the  b u s i n e s s - t y p e  o p e r a t i o n s  of D e f e n s e ,  we have  
l a y e r s  and l a y e r s  of m a n a g e r s  f r o m  the  o p e r a t i n g  uni t  up, m a n y  of 
whom a r e  c o n t i n u a l l y  b u s y  m a n a g i n g  m a n a g e r s  and s e e i n g  to i t  t ha t  
w r o n g  t h i n g s  a r e n t t  b e i n g  done .  At t i m e s ,  a n y t h i n g  new g e t s  l a b e l l e d  
a s  wrong .  At o t h e r  t i m e s ,  the  s o - c a l l e d  " r i g h t "  t h i n g s  a r e  m e r e l y  the 
d e s i r e  of an  i n d i v i d u a l  who is  in a pos i t i on  to give it e f fec t ,  r e g a r d l e s s  
of i t s  m e r i t .  We m u s t  r e c o g n i z e ,  of c o u r s e ,  tha t  r a n k  h a s  i t s  p r i v -  
i l e g e s .  A f t e r  a l l ,  we m a y  have  tha t  r a n k  s o m e  day  o u r s e l v e s .  T h e s e  
f a c t s  of b r i n i n e s s  l i f e  have  a d i r e c t  b e a r i n g  on the  u s e s  to w h i c h  we 
c a n  put A D P s .  

Ge t t i ng  b a c k  to the  q u a l i t y  of i n f o r m a t i o n :  We a r e  a c c u s t o m e d  to 
t h i n k  t ha t  q u a l i t y  i s  i n c o m p a t i b l e  wi th  q u a n t i t y  and tha t  you  s o m e h o w  
i m p r o v e  the  p r o d u c t  ff you  cut  down on the  v o l u m e .  T h i s  i s n ' t  a l w a y s  
t r u e .  The  m o v e  p e r t i n e n t  f a c t s  you c a n  b r i n g  to b e a r  on a p r o b l e m ,  
t he  m o r e  c o m p l e t e  wi l l  be  y o u r  a n a l y s i s  and the  b e t t e r  w i l l  be  y o u r  
d e c i s i o n .  Whi l e  t h i s  i s  good t h e o r y ,  in  p r a c t i c e  we b e c o m e  o v e r w h e l m e d  
wi th  the  m u l t i t u d e  of  f a c t o r s  tha t  shou ld  be  c o n s i d e r e d ,  so  we lop off  
a few tha t  we c o n s i d e r  a s  g e n e r a l l y  l e s s i m p o r t a n t ,  but  wh ich  we 
r e a l i z e  cou ld  be  v i t a l  in  a g i v e n  s i t u a t i o n .  We r a t i o n a l i z e  t h i s  a c t i o n  
{at l e a s t  to o u r s e l v e s )  on the p r e m i s e  tha t  we have  i m p r o v e d  the  q u a l i t y  
by  r e d u c i n g  the  q u a n t i t y .  

In  a t a l k  t ha t  he m a d e  b e f o r e  an  ADPS c o n f e r e n c e  h e r e ,  m y  b o s s ,  
M r .  M c N e i l ,  A s s i s t a n t  S e c r e t a r y  of D e f e n s e  ( C o m p t r o l l e r ) ,  m a d e  a 
s t a t e m e n t  w h i c h  I l i k e  to quote  and  wh ich  i s  a p p r o p r i a t e  h e r e :  

" B e f o r e  l e a v i n g  t h e  s u b j e c t  of m a n a g e m e n t  i n f o r m a t i o n .  I would 
l i k e  to m e n t i o n  what  I s h a l l  c a l l  rdata r e d u c t i o n ,  I a t e r m  u s u a l l y  
a s s o c i a t e d  wi th  s c i e n t i f i c  a n d  e n g i n e e r i n g  c a l c u l a t i o n s ,  but  wi th  
a c o n n o t a t i o n  tha t  I t h i n k  s h o u l d  be  a p p l i e d  to b u s i n e s s  da ta  p r o c -  
e s s i n g .  T h e s e  n e w  da t a  p r o c e s s i n g  s y s t e m s  g ive  us the  a b i l i t y  
to d r o w n  m a n a g e m e n t  wi th  i n f o r m a t i o n - - a n  a b i l i t y  we m u s t  not  u s e .  
Too m u c h  i n f o r m a t i o n  can  be  a l m o s t  a s  bad  a s  not enough.  F o r -  
t u n a t e l y ,  t h i s  e q u i p m e n t  a l s o  m a k e s  i t  p o s s i b l e  to s u m m a r i z e  
and s e l e c t  the  s i g n i f i c a n t  and s e n s i t i v e  i n f o r m a t i o n  t ha t  m a n a g e m e n t  
c a n  u s e  and  n e e d s  fo r  i n f o r m e d  d e c i s i o n  m a k i n g .  T h r o u g h  t h i s  
~data r e d u c t i o n  ~ c a p a c i t y  o f  the  e q u i p m e n t ,  we c a n  t u r n  t he  f lood  
of  da t a  w h i c h  m a n a g e m e n t  can t t  u s e  to a f low of s e l e c t e d ,  i n t e g r a t e d ,  
s i g n i f i c a n t  f a c t s  on which  sound  d e c i s i o n s  can  be q u i c k l y  m a d e .  ft 
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T h i s  l e a d s  us l o g i c a l l y  to the  m a n a g e m e n t  p h i l o s o p h y  of  " m a n a g e -  
m e n t  by excep t i on ,  " which  has  a l m o s t  f a l l en  into d i s r e p u t e  b e c a u s e  
i t ' s  s o m e t h i n g  l i ke  the  w e a t h e r - - e v e r y b o d y  t a lk s  about  it ,  but  no one  

• d o e s  any th ing  about  i t .  T h e r e  a r e  m a n y  r e a s o n s  fo r  not pu t t ing  into 
p r a c t i c e  t h i s  g e n e r a l l y  a c c e p t e d  ph i l o sophy .  E i t h e r  ou r  f ac t s  a r e  so 
v o l u m i n o u s  tha t  i t ' s  beyond  the  c a p a c i t y  of  ou r  p r e s e n t  p a p e r  m i l l  to 
s o r t  out the  e x c e p t i o n s ,  o r  the  e x c e p t i o n s  t h e m s e l v e s  a r e  too v o l u m i -  
n o u s .  H e r e  i s  w h e r e  ADPS can  c o m e  to ou r  r e s c u e  if  p ~ o p e r l y  a p p l i e d .  
With  i t s  t r e m e n d o u s  s p e e d  and s t o r a g e  c a p a c i t i e s ,  t o g e t h e r  wi th  the  
a b i l i t y  to m a k e  r o u t i n e  d e c i s i o n s - - w h i c h  p r e v i o u s l y  r e q u i r e d  h u m a n  
j u d g m e n t ,  no m a t t e r  how s i m p l e - - A D P S  can  p r e s e n t  to m a n a g e m e n t  
only  t h o s e  p r o b l e m s  r e q u i r i n g  j u d g m e n t  of  a h i g h e r  o r d e r .  No m a t t e r  
how l a r g e  and  c o m p l e x  the  o p e r a t i o n ,  ADPS can  m a k e  m a n a g e m e n t  by  
e x c e p t i o n  a r e a l i t y  i n s t e a d  of a n i c e  t h e o r y .  

In th i s  s a m e  g e n e r a l  a r e a ,  t h e r e  is  a n o t h e r  p o t e n t i a l  in  c o m p u t e r  
o p e r a t i o n s  that  we shou ld  m a k e  e v e r y  e f fo r t  to c a p t u r e .  Th i s  is  the  
a b i l i t y  to r e d u c e  p a p e r  v o l u m e .  I have  no i d e a  of the  quan t i ty  of  p a p e r  
that  g o e s  into ou r  P e n t a g o n  p a p e r  mi l l ,  but I do know tha t  we d e s t r o y  
28 b a l e s  of it e v e r y  day.  Not only  can  a c o m p u t e r  c o m p r e s s  and s t o r e  
i n f o r m a t i o n  v e r y  e f f i c i e n t l y  and  cheap ly ;  it can  ff p r o p e r l y  u s e d  avo id  
the  p r e p a r a t i o n  of m a n y  i n t e r m e d i a t e  r e c o r d s .  Mos t  c l e r i c a l  o p e r a -  
t i ons  g e n e r a t e  s o m e  k ind  of p a p e r  output ,  bu t  th is  can  be  m i n i m i z e d  
in a c o m p u t e r  which  fo l lows  l o n g  s e q u e n c e s  of s u c h  o p e r a t i o n s  wi thout  
h u m a n  i n t e r v e n t i o n .  If i n t e r m e d i a t e  r e s u l t s  a r e  n e e d e d  fo r  audi t  o r  
r e c o r d  p u r p o s e s ,  t h e y  can  be c o n d e n s e d  and c o m p r e s s e d  on m a g n e t i c  
tape ,  w i t h  p r i n t - o u t  fo r  r e f e r e n c e  p u r p o s e s  0n ly  when  r e q u i r e d .  

A n o t h e r  g e n e r a l i z a t i o n ,  and then  I ' l l  get  down to the  s p e c i f i c  u s e s  
and a p p l i c a t i o n s  of ADPS.  The  s p e e d ,  capac i ty ,  and v e r s a t i l i t y  of  t h e s e  
n e w  m a c h i n e s  c r e a t e  a c o m p e l l i n g  r e q u i r e m e n t  that  m a n a g e m e n t  t ake  
a l ook  at i t s  p h i l o s o p h y  and p r a c t i c e s  to s e e  if i t  i s  fu l ly  u t i l i z i ng  t h e s e  
n e w  too l s .  ADPS d e m a n d s  that  m a n a g e m e n t  th ink  in  t e r m s  of the  whole  
e n t e r p r i s e  and not of a s i n g l e  func t i ona l  a r e a  o r  l o c a t i o n .  T h r o u g h  ADPS 
we have  the  oppo r tun i t y  to t ake  a b i g g e r  b i t e  of  ou r  m a n a g e m e n t  da ta  at 
one  t i m e .  T h e r e f o r e ,  e f f i c i en t  u se  of ADP g e n e r a l l y  m e a n s  t he  i n t e g r a -  
t ion  of data  s y s t e m s .  I h a s t e n  to a s s u r e  you tha t  I a m  not for  one m i n u t e  
a d v o c a t i n g  c h a n g e s  in m a n a g e m e n t  p h i l o s o p h y  o r  o r g a n i z a t i o n a l  s t r u c t u r e  
tha t  a r e  not  in t h e m s e l v e s  sound  and d e s i r a b l e  jus t  to t ake  a d v a n t a g e  
of o r  j u s t i f y  a c o m p u t e r .  Such a s i t u a t i o n  would  be  a n a l o g o u s  to the  ta i l  
g e t t i n g  so b ig  it  wags  the  dog.  

When I r e f e r  to i n t e g r a t e d  da ta  p r o c e s s i n g ,  I am t a lk ing  about  an 
a p p r o a c h  to the  a r r a n g e m e n t  and s e q u e n c e  of o p e r a t i o n s  and t a s k s  in 
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such  a way that  d u p l i c a t i o n  of e f fo r t  i s  m i n i m i z e d  or  e l i m i n a t e d .  Once  
a bi t  of i n f o r m a t i o n  is  i n t r o d u c e d  into the s y s t e m - - t h a t  is ,  r e c o r d e d ,  
w r i t t e n ,  or  c o p i e d - - i t  can  be r e a r r a n g e d ,  s u m m e r i z e d ,  p r i n t e d ,  or  
o t h e r w i s e  m a n i p u l a t e d  with a m i n i m u m  of h u m a n  i n t e r v e n t i o n .  By 
m a k i n g  our  o r i g i n a l  e n t r y  of i n f o r m a t i o n  into the s y s t e m  in s o m e  f o r m  
which  can be r e c o g n i z e d  and ac t ed  upon by the  e q u i p m e n t ,  we can  ob- 
ta in  m a n y  a d v a n t a g e s ,  not  the  l e a s t  of which  is a r e d u c t i o n  in h u m a n  

e r r o r .  

The  concep t  of i n t e g r a t e d  data  p r o c e s s i n g  ex t ends  to h a r d w a r e  
o t h e r  than  c o m p u t e r s .  Indeed ,  Un i t ed  Sta tes  S tee l  u sed  th i s  a p p r o a c h  
to p r e p a r e  fo r  the use  of e l e c t r o n i c  c o m p u t e r s .  T y p e w r i t e r s ,  a d d i n g  
m a c h i n e s ,  b o o k k e e p i n g  m a c h i n e s ,  and  o t h e r  d e v i c e s  can be t i ed  to -  
g e t h e r  in m a c h i n e  l anguage  and t h r o u g h  the  m a c h i n e  l anguage  m e d i a  
d i f f e r e n t  g e o g r a p h i c  l oca t i ons  can  be l inked  t o g e t h e r .  Thus ,  i n t e g r a -  
t ion can  be h o r i z o n t a l - - t h a t  i s ,  at  the  loca l  l eve l  o n l y - - o r  v e r t i c a l ,  in 
that  it wi l l  t i e  t o g e t h e r  s e v e r a l  g e o g r a p h i c  a r e a s  o r  c e n t r a l i z e  a func-  
t ion  at  a s i n g l e  loca t ion .  We have  e x a m p l e s  of both types  in ou r  m i l i -  
t a r y  ADPS which  wi l l  p robab ly  be d e s c r i b e d  to you l a t e r  th is  m o r n i n g .  

T h e r e  is an i n c r e a s e d  r e c o g n i t i o n  of the i n t e r d e p e n d e n c e  o f  s p e c i a l -  
i z ed  func t ions ,  such  as  i n v e n t o r y  con t ro l ,  r e q u i r e m e n t s  d e t e r m i n a t i o n ,  
t r a n s p o r t a t i o n  and c o m m u n i c a t i o n s ,  a c c o u n t i n g  and budge t ing ,  p e r s o n n e l  
p l ann ing  and  u t i l i za t ion ,  and m o b i l i z a t i o n  p lanning .  Our  p r e v i o u s  g e n -  
e r a l  f a i l u r e  to i n t e g r a t e  t h e s e  func t ions  or  to d e v e l o p  i n t e g r a t e d  s y s t e m s  
was p r o b a b l y  due to (1) our  f a i l u r e  to r e c o g n i z e  t h e s e  r e l a t i o n s h i p s  and  
p r o v i d e  for  t h e i r  i n t e g r a t i o n ,  or  (2) the  l i m i t a t i o n s  i m p o s e d  by our  equ ip -  
m e n t  or  s y s t e m s  as  to volume, ,  speed ,  or  c o m p a t i b i l i t y .  Today ,  ADPS 
has  l a r g e l y  e l i m i n a t e d  the  f i r s t  of t h e s e  r e a s o n s  and we a r e  no l o n g e r  
e q u i p m e n t  l i m i t e d .  The  s e c o n d  r e a s o n  is s t i l l  with u s - - o u r  i nab i l i t y  to 
to  r e c o g n i z e  the  ' , : e l a t ionsh ips  and  to t ake  the  s o m e t i m e s  tough a c t i o n s  
r e q u i r e d  fo r  t h e i r  i n t e g r a t i o n  and  c o o r d i n a t i o n .  Le t  m e  r e p e a t  m y  
p r e v i o u s  w a r n i n g .  L e t ' s  not le t  the  t a i l  wag the  dog and i n t e g r a t e  jus t  

f o r  the  s ake  of i n t e g r a t i o n .  

As  to the  s p e c i f i c  u s e s  of ADPS,  m y  c o l l e a g u e s  on the  s e c o n d  ha l f  
of th is  m o r n i n g ' s  p r o g r a m  wi l l  t e l l  you about  a c tua l  i n s t a l l a t i o n s  in the  
A r m y ,  Navy,  and  A i r  F o r c e ;  so I wi l l  l i m i t  m y s e l f  to i d e n t i f y i n g  the  
a r e a s .  I nc iden t a l l y ,  the  book le t  you wi l l  r e c e i v e  as  a handou t  has  s o m e  
v e r y  good d e s c r i p t i o n s  of ADPS i n s t a l l a t i o n s .  

Ou t s ide  of G o v e r n m e n t ,  the  p a y r o l l  a p p l i c a t i o n  is p r o b a b l y  the  one 
m o s t  g e n e r a l l y  u s e d  as  the  " p a y - o u t "  or  " b r e a d - a n d - b u t t e r "  a p p l i c a t i o n  
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to j u s t i fy  the  i n s t a l l a t i o n  of a u t o m a t i c  da ta  p r o c e s s i n g .  In D e f e n s e  
I don ' t  know of a s i n g l e  c a s e  in which  p a y r o l l  has  b e e n  the  p r i n c i p a l  
a p p l i c a t i o n .  The  r e a s o n  fo r  th is  d i f f e r e n c e  is  a s i m p l e  one: The  
p a y r o l l  o p e r a t i o n  in p r i v a t e  b u s i n e s s  is m u c h  m o r e  c o m p l e x  and  ex -  
p e n s i v e  than  it is  in G o v e r n m e n t .  E v e n  our  m o s t  c o m p l i c a t e d  pay -  
r o l l s ,  s u c h  as  t h o s e  in our  i n d u s t r i a l  e s t a b l i s h m e n t s ,  d o n ' t  c o m p a r e  
in  d i f f i cu l ty  wi th  the  p a y r o l l  of a r a i l r o a d ,  fo r  e x a m p l e .  In p r i v a t e  
i n d u s t r y  it  has  b e c o m e  a r u l e  of t h u m b  tha t  if  the  b u s i n e s s  is  not  l a r g e  
enough  to s u p p o r t  a p a y r o l l  app l i c a t i on ,  it u s u a l l y  c o u l d n ' t  j u s t i f y  a 
c o m p u t e r .  In D e f e n s e ,  our  p a y r o l l  a p p l i c a t i o n s  a r e  u s u a l l y  s e c o n d a r y ,  
but we s t i l l  have  a s u b s t a n t i a l  n u m b e r  in th is  a r e a .  A m a j o r  a d v a n t a g e  
of u s i n g  ADPS for  p a y r o l l  is that  it g ives  b a s i c  da ta  n e e d e d  fo r  l a b o r  
and  c o s t  d i s t r i b u t i o n  p u r p o s e s  and,  so  f a r  as  p r i v a t e  b u s i n e s s  is  c o n -  
c e r n e d ,  s i m p l i f i e s  r e p o r t i n g  to the  G o v e r n m e n t  on s o c i a l  s e c u r i t y  and 
t axes .  M a g n e t i c  t a p e s  a r e  now b e i n g  a c c e p t e d  f o r  r e p o r t i n g  p u r p o s e s  
by Socia l  S e c u r i t y ,  and  I u n d e r s t a n d  that  I n t e r n a l  R e v e n u e  i s  p l a n n i n g  
to u se  the  s a m e  t e c h n i q u e .  

\ 

We d o n ' t  have  a n y t h i n g  in D e f e n s e  tha t  would c o m p a r e  too d i r e c t l y  
wi th  the  b i l l i ng  o p e r a t i o n s  that  a r e  p r o b a b l y  the  s e c o n d  l a r g e s t  a p p l i -  
c a t i on  in p r i v a t e  b u s i n e s s .  C h a r t  18, page  35, shows  a t y p i c a l  b i l l i n g  
o p e r a t i o n  on ADPS.  U t i l i t y  c o m p a n i e s  t h r o u g h o u t  the  c o u n t r y  a r e  
t u r n i n g  to ADPS as  an  a n s w e r  to t h e i r  m o u n t i n g  p r o b l e m s  in th i s  a r e a .  
Mos t  of the  l a r g e  i n s u r a n c e  c o m p a n i e s  a r e  a l s o  u s ing  e l e c t r o n i c  c o m -  
p u t e r s  fo r  t h e i r  p r e m i u m  b i l l ing ,  a long  with a c t u a r i a l  w o r k  and the  
p r e p a r a t i o n  of s t a t e m e n t s  and  p a y m e n t s  to  a g e n t s .  

Our  l a r g e s t  a p p l i c a t i o n  in D e f e n s e  is  in t he  supp ly  a r e a ,  but  I 
th ink  th i s  would p r o b a b l y  r a n k  t h i r d  in p r i v a t e  i n d u s t r y .  As you wi l l  
h e a r  l a t e r ,  we have  s o m e  qui te  s o p h i s t i c a t e d  a p p l i c a t i o n s  to s t o c k  
c o n t r o l ,  supp ly  c o n t r o l  r e q u i r e m e n t s  d e t e r m i n a t i o n ,  c a t a log ing ,  and 
the  o t h e r  a r e a s  of the  supply  and  l o g i s t i c s  f i e ld .  Since  I d o n ' t  th ink  
m y  c o l l e a g u e s  wi l l  c o v e r  it s p e c i f i c a l l y ,  I would  l ike  to m e n t i o n  b r i e f l y  
a pe t  p r o j e c t  of m i n e  in th i s  f i e l d - - t h e  e x c h a n g e  of data  wi th  our  d e f e n s e  
c o n t r a c t o r s  in m a c h i n e  l anguage .  
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We have  found  by e x p e r i e n c e  tha t  we c a n  s a v e  m o n e y  and  i m p r o v e  
o u r  o p e r a t i o n s  by t r a n s f e r r i n g  da t a  b e t w e e n  o u r  i n s t a l l a t i o n s  in  m a c h i n e  
l a n g u a g e .  It m a k e s  s e n s e  to e x t e n d  th i s  s a m e  t e c h n i q u e  to o u r  d e f e n s e  
c o n t r a c t o r s ,  s i n c e  s a v i n g s  and i m p r o v e d  o p e r a t i o n s  h e r e  s h o u l d  be  
r e f l e c t e d  in  r e d u c e d  c o n t r a c t  c o s t s  and  u l t i m a t e l y  in r e d u c e d  t a x e s .  
A n y w a y ,  we a r e  t r y i n g  it in  a f ew a r e a s ,  and  t o d a y  13 c o n t r a c t o r s  and  
8 d e f e n s e  a g e n c i e s  t a l k  to e a c h  o t h e r  in m a c h i n e  l a n g u a g e .  To be  
m o r e  s p e c i f i c ,  the  a g e n c i e s  and c o n t r a c t o r s  e x c h a n g e  ~ n f o r m a t i o n  in  
c o n n e c t i o n  wi th  the  p r o v i s i o n i n g  o p e r a t i o n  in  the  f o r m  of p u n c h e d  c a r d s ,  
p u n c h e d  p a p e r  tape ,  o r  m a g n e t i c  t a p e .  C h a r t  19, p a g e  37, s h o w s  s o m e  
t y p i c a l  e x a m p l e s  of s u c h  i n f o r m a t i o n  e x c h a n g e .  We a l s o  e x c h a n g e  
t e c h n i c a l  da t a  wi th  c o n t r a c t o r s  as  s h o w n  on c h a r t  20, p a g e  38 ,and  a l t h o u g h  
I d o n ' t  h a v e  a c h a r t  to s h o w  it,  we h a v e  s e v e r a l  c a s e s  w h e r e  we t r a n s f e r  
d a t a  in  m a c h i n e  l a n g u a g e  on  s u c h  t h i n g s  as  c o n t r a c t s  s h i p m e n t s  and 
d e l i v e r i e s ,  c o n t r a c t  s t a t u s ,  and  p r o j e c t e d  d e l i v e r y  r e q u i r e m e n t s .  In a 
f e w  c a s e s  we a r e  e v e n  u s i n g  w i r e  t r a n s m i s s i o n  f a c i l i t i e s ,  and  I p r e d i c t  
t ha t  t h i s  a r e a  wi l l  g r o w  in  i m p o r t a n c e  as  i t s  p o t e n t i a l s  a r e  m o r e  fu l l y  
recognized. 

The  s e c o n d  l a r g e s t  c a t e g o r y  of  d e f e n s e  a p p l i c a t i o n s  is  in the  f i e l d  
of p e r s o n n e l  i n f o r m a t i o n ,  and  t h e r e  is  no th ing  in  p r i v a t e  i n d u s t r y  wi th  
w h i c h  t h i s  can  be  c o m p a r e d .  In  m y  op in ion ,  t h i s  i s  the  a r e a  in  w h i c h  we 
s h o u l d  exp lo i t  the  p o t e n t i a l s  of  ADPS to the  m a x i m u m ,  f o r  t h e r e  i s  no 
o t h e r  a r e a  in w h i c h  we have  a g r e a t e r  n e e d  fo r  c o m p l e t e ,  a p p r o p r i a t e ,  
t i m e l y ,  and a c c u r a t e  d a t a .  When t h e y  a r e  fu l ly  o p e r a t i o n a l ,  o u r  p e r s o n n e l  
i n f o r m a t i o n  s y s t e m s  on ADPS wi l l  g ive  us m u c h  m o r e  c o m p l e t e  i n f o r m a t i o n  
than  w e  h a v e  e v e r  had  b e f o r e  on the  s k i l l s  of  o u r  o f f i c e r s  and  e n l i s t e d  p e r -  
s o n n e l ,  t h e i r  p r e s e n t  s t a t u s  and d i s t r i b u t i o n ,  p r o j e c t e d  g a i n s  and  l o s s e s ,  
and  a l l  the  o t h e r  da t a  we n e e d  to be  on top of  o u r  m a n p o w e r  p r o b l e m s .  

T h e r e  i s  a n o t h e r  a r e a  tha t  i s  u s u a l l y  c o n s i d e r e d  as  b e i n g  in  the  
s c i e n t i f i c  o r  m a t h e m a t i c a l  f i e ld ,  but  I would  be  i n c l i n e d  to c l a s s i f y  i t  
a s  a d v a n c e d  m a n a g e m e n t .  I ' m  r e f e r r i n g  to the  d e v e l o p m e n t  and  e x p r e s -  
s ion  of a b a l a n c e d  s c h e d u l e  of a c t i o n s  n e c e s s a r y  to r e a c h  and m a i n t a i n  
d e s i r a b l e  m i l i t a r y  p o s i t i o n s  at s p e c i f i c  po in t s  in  t i m e ,  i n c l u d i n g  s t a t e -  
m e n t s  of  r e s o u r c e s  a v a i l a b l e  and  r e q u i r e d ,  and  p r o j e c t e d  c a p a b i l i t i e s .  
We c a l l  t h i s  a M i l i t a r y  P r o g r a m ,  but  the  t e r m  ju s t  d o e s n ' t  s e e m  to con -  
no te  the  i m p o r t a n c e  tha t  i t  has  to our  n a t i o n a l  s e c u r i t y .  H e r e  is w h e r e  
we s h o u l d  u se  the  fu l l  p o w e r  of o u r  n e w  m a n a g e m e n t  too l .  As s h o w n  in  
c h a r t  21, p a g e  39, the  c o s t  of w a r ' s  h a r d w a r e  c o n t i n u e s  to go up. What  i t  
wi l l  be  in  the  " s p a c e  a g e "  is  h a r d  to p r e d i c t .  
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In c l o s i n g  th i s  p a r t  of m y  ta lk ,  I ' m  go ing  to b o r r o w  f r o m  s o m e t h i n g  
t ha t  G e n e r a l  R a w l i n g s  s a i d  in  a New Y o r k  s p e e c h  to the  A m e r i c a n  
M a n a g e m e n t  A s s o c i a t i o n .  He r e f e r r e d  to Dr .  F r a n k e n s t e i n ' s  e x p e r i e n c e  
wi th  h i s  m o n s t e r  and r e m i n d e d  h i s  a u d i e n c e  tha t  b e c a u s e  F r a n k e n s t e i n  
devo t ed  h i s  e n t i r e  thought  to d e v e l o p i n g  the  c a p a b i l i t i e s  of h i s  m e c h a n -  
i c a l  m a r v e l  and  none  to the  p a r a l l e l  d e v e l o p m e n t  of h i s  own a b i l i t i e s  
to d i r e c t  and  c o n t r o l  i t ,  the  m o n s t e r  t u r n e d  upon h im and d e s t r o y e d  h i m .  
M a n a g e m e n t  s hou ld  t ake  a l e s s o n  f r o m  Dr .  F r a n k e n s t e i n  and deve lop  
the  a b i l i t y  to c o n t r o l  and e f f e c t i v e l y  use  t h i s  m e c h a n i c a l  m a r v e l  a s  a 
t r u e  and obed ien t  s e r v a n t .  

C O L O N E L  LACKAS:  T h a n k  you,  M r .  P h i l l i p s ,  for  d e s c r i b i n g  
the  v a r i o u s  a u t o m a t i c  da ta  p r o c e s s i n g  d e v i c e s ,  how t h e y  o p e r a t e ,  and  
how they  m a y  be u t i l i z ed  by  m a n a g e m e n t .  
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