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ABSTRACT 

A f i f t h  generat ion computer, can be f a b r i c a t e d  on a  
very  l a r g e  s c a l e  i n t e g r a t e d  c i r c u i t  (VLSI). Lower 
c o s t  and increased use d i s p e r s e s  computers i n  a  
manner analogous t o  t h e  ub iqu i tous  f r a c t i o n a l  
horsepower motor. D i s t r ibu ted  process ing t o  
in t e rconnec t  d i spe r sed  computers i s  e s s e n t i a l  i n  
o rde r  t o  avoid over loading people with informat ion 
t r ansmiss ion  and t r a n s l a t i o n  t a s k s .  

The f a c t o r s  t h a t  a f f e c t  and l i m i t  d i s t r i b u t e d  
process ing a re :  phys ica l  technology and des ign 
complexity,  i d e a s  for new computer s t r u c t u r e s .  
b a s i c  t o o l s  t o  bu i ld  a p p l i c a t i o n s ,  networking and 
o the r  s t anda rds .  u se fu l  a p p l i c a t i o n s ,  a lgor i thms.  
and t h e  human i n t e r f a c e  t o  t h e  end use r .  A 
h i e r a r c h i c a l ,  i n t e rconnec t ing  model f o r  
d i s t r i b u t i n g  process ing i s  based on e s t a b l i s h e d  
c e n t r a l  and group l e v e l  mini-computers, and 
evolving,  personal  computers. 

DISTRIBUTED PROCESSING 

CIA 
Dis t r ibu ted  p rocess ing  matches computer systems t o  
informat ion p rocess ing  needs ( i . e .  process ing.  
memory, swi tching,  t r ansmiss ion  and t r ansduc t ion  
needs) on a  geograph ica l  o r  o rgan iza t iona l  b a s i s ,  
and i n t e r c o n n e c t s  i n d i v i d u a l  computers t o  form a  
s i n g l e ,  i n t e g r a t e d  network so t h a t  r e l a t e d  
programs can s h a r e  and t r a n s m i t  d a t a  among t h e  
computer nodes. The o b j e c t i v e s  a re :  

t o  a l low e i t h e r  l o c a l  autonomy or  c e n t r a l  
c o n t r o l  o f  t h e  va r ious  d i s t r i b u t e d  p a r t s ;  

t o  provide  an evolving open-ended system so 
t h a t  t h e  development and i n s t a l l a t i o n  o f  
t h e    arts can ~ r o c e e d  i n  a  
quasi-independent f a sh ion  ; 

t o  a l low purchase  and i n s t a l l a t i o n  o f  
hardware,  t a k i n g  advantage o f  t ime ly ,  
reduced hardware c o s t ;  and 

t o  b u i l d  on and communicate with c e n t r a l  
systems, f u l l y  d i spe r sed  group-level 
mini-computer systems. and emerging 
personal  computers. 

D i s t r ibu ted  p rocess ing  i s  i n h e r e n t l y  h i e r a r c h i c a l  
based on t h e  p r i n c i p l e s  t h a t  govern human 
o r g a n i z a t i o n a l  s t r u c t u r e s .  In  an o r g a n i z a t i o n ,  
computers supplement t h e i r  human, informat ion 
process ing counter-par ts .  A s  computers become 
b e t t e r  matched t o  people and o r g a n i z a t i o n s ,  and a s  
people and o r g a n i z a t i o n s  become more f a m i l i a r  with 
computers,  an i n d i v i d u a l  can i n t e r a c t  d i r e c t l y  
with a t  l e a s t  one computer and i n d i r e c t l y  with 
group-level computers se rv ing  va r ious  f u n c t i o n s  o f  

f4 t h e  o r g a n i z a t i o n a l  h i e ra rchy .  The oppor tun i ty  o f  
more e g a l i t a r i a n  access  t o  d a t a  provided by 

d i s t r i b u t e d  process ing may l e d  t o  a  change o f  t h e  
l a r g e  o rgan iza t ion  from h i e r a r c h i c a l  t o  wider.  
func t iona l  ma t r ix  s t r u c t u r e s .  Large o r g a n i z a t i o n s  
need t o  in t e rconnec t  t h e  h i e ra rchy  of  computers 
fo r :  

communication among computer wi th  dumb and 
i n t e l l i g e n t  t e rmina l s  us ing l a r g e ,  
c e n t r a l  computers; 

o rgan iza t ion  o f  c e n t r a l ,  group and ind iv idua l  
s i t e s :  

a  func t iona l  a c t i v i t y  such a s  word process ing 
or  o rde r  p rocess ing ;  and 

a  spec ia l i zed  computer-based func t ion  such a s  
a rch iv ing ,  t y p e s e t t i n g ,  message 
swi tching,  and e l e c t r o n i c  mai l .  

FORCES CREATING 
DISTRIBUTED PROCESSING 

Rapid evo lu t ion  of  semiconductor and magnetic 
recording t echno log ies  have forced computers 
improvements along p a t h s  o f :  

1 .  cons t an t  c o s t ,  wi th  increased performance 
and p r o d u c t i v i t y  f o r  evo lu t iona ry  use;  

2. reduced c o s t ,  wi th  cons tan t  performance 
pe rmi t t ing  new uses  commensurate with t h e  
lower c o s t ;  and 

3. h igher  c o s t  and performance s t r u c t u r e s  
pe rmi t t ing  r a d i c a l l y  new a p p l i c a t i o n s .  

Costs  f o r  nea r ly  a l l  o t h e r  forms of  informat ion 
process ing a r e  because they  a r e  l abor  in t ens ive .  
T r a d i t i o n a l  s t o r a g e ,  p rocess ing ,  and t ransmiss ion 
i n  l i b r a r i e s  and p o s t a l  systems a r e  inc reas ing ly  
soar ing.  Simple word p rocess ing  computers t h a t  
r ep lace  typewr i t e r s  save  t h e  time-consuming 
process  of  c o r r e c t i n g  e r r o r s .  When groups 
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a s s o c i a t e d  w i t h  i n f o r m a t i o n  p r o c e s s i n g  s t a r t  u s i n g  
computers  a  p o s i t i v e  f e e d b a c k ,  l e a r n i n g  c u r v e  
e f f e c t  b e g i n s  f u r t h e r  i n c r e a s i n g  computer  m a r k e t s  
and u s e s ,  and l o w e r i n g  c o s t s .  

The i n d u s t r y  g r o u p s  s u p p l y i n g  t h e s e  p r o d u c t s  and 
s e r v i c e s  i n c l u d e :  

computers  - mainframe,  min icomputers ,  p e r s o n a l  
computers  and computer  s e r v i c e s ;  

s e m i c o n d u c t o r s  - n e a r l y  a l l  LSI components a r e  
e i t h e r  memory o r  a  computer  p r o c e s s o r ;  

communications - c o n v e n t i o n a l  v o i c e  and d a t a ,  
new p a c k e t  n e t w o r k s  and a s s o c i a t e d  
s e r v i c e s ;  

t e l e v i s i o n  and c a b l e  TV - s t a n d - a l o n e  u s e  w i t h  
TV sets ( e g .  games. home computers )  and 
a s  an a l t e r n a t i v e  t o  c o n v e n t i o n a l  
communication;  

o f f i c e  equipment  - t y p e w r i t e r s ,  c o p i e r s ,  and 
m e c h a n i c a l  o f f i c e  equipment a r e  
i n c r e a s i n g l y  e l e c t r o n i c ;  and 

c o n t r o l  - g e a r s .  cams and l e v e r s ,  and 
mechanisms f o r  c o n t r o l  w i l l  become 
e l e c t r o n i c ,  l i m i t e d  o n l y  by t r a n s d u c e r s  
and s e n s o r s .  

LIMITS AND PROBLEM 
AREAS OF DISTRIBUTED PROCESSING 

U l t i m a t e l y  a l l  i n f o r m a t i o n  p r o c e s s i n g  w i l l  be  
computer  based .  P r e s e n t l y  t h e  speed  o f  t h e  
e v o l u t i o n  i s  l i m i t e d  b y  two f a c t o r s :  t e c h n i c a l  
s o l u t i o n s  t o  d i s t r i b u t e d  p r o c e s s i n g  problems and 
u s e r  a s s i m i l a t i o n .  

PHYSICAL TECHNOLOGY 

Semiconductors  and m a g n e t i c  r e c o r d i n g  t e c h n o l o g y  
p r o v i d e  t h e  b a s i s  f o r  c o s t  and per formance  
improvements.  Al though,  e x t r a p o l a t i o n s  t o o  f a r  
i n t o  t h e  f u t u r e  a r e  g e n e r a l l y  d a n g e r o u s ,  t h e  
f o l l o w i n g  t e c h n o l o g i c a l  r a t e s  o f  c h a n g e ,  b a s e d  on 
t h e  p a s t  t e n  y e a r s .  w i l l  c o n t i n u e  f o r  a t  l e a s t  
f i v e  y e a r s :  

TECHNOLOGY YEARLY-RATE OF CHANGE 
(PERFORMANCE ) FACTOR 

semiconductor  memory d e n s i t y  2 .0  
s e m i c o n d u c t o r s ,  random l o g i c  1.4-1.6 
c o r e  memory d e n s i t y  1 .3  

improvement 
m a g n e t i c  d i s k  r e c o r d i n g  1.3-1.4 

d e n s i t y  
magnet ic  t a p e  d a t a - r a t e  1.25 
magnet ic  t a p e  d e n s i t y  1.2 

TECHNOLOGY 
(COST) 

YEARLY-RATE OF CHANGE 
FACTOR 

memory p r i c e  r e d u c t i o n  0 .7  
computer sys tem c o s t  r e d u c t i o n  0 .8  
c r t  t e r m i n a l  c o s t  r e d u c t i o n  0.85 
communication c o s t / b i t  0.9 

t r a n s m i t t e d  r e d u c t i o n  
packaging  ( c o s t / v o l  . ) and power 1.0 

( c o s t / w a t t )  
communication l i n e  c o s t  1.12 

i n c r e a s e  
paper  c o s t  i n c r e a s e  1.12 

Semiconductor t e c h n o l o g y ,  s h a r e d  among s e v e r a l  
b u y e r s  g r o u p s ,  eg .  consumer.  communications.  
computers ,  h a s  a f a s t e r  r a t e  o f  improvement t h a n  
o t h e r  t e c h n o l o g i e s .  Slower e v o l u t i o n  h a s  o c c u r r e d  d 
i n  m a g n e t i c  r e c o r d i n g  d e n s i t y  b e c a u s e  t h e r e  i s  
o n l y  o n e  u s e r ,  t h e  computer  i n d u s t r y .  Widely 
u s e d ,  w e l l  deve loped  t e c h n o l o g i e s ,  s u c h  a s  CRTfs,  
p r e v i o u s l y  improved f o r  t h e  mass t e l e v i s i o n  marke t  
a r e  s c a r c e l y  a f f e c t e d  by t h e i r  i n c r e a s i n g  u s e  i n  
computers .  C o s t s  o f  p a p e r  and communication l i n e s  
i n c r e a s e  w i t h  i n f l a t i o n .  

P h y s i c a l  t r a n s d u c e r s  t h a t  s e n s e  t e m p e r a t u r e ,  
p r e s s u r e  and c o n t r o l  power f l o w  a r e  s l o w  t o  
e v o l v e ,  l i m i t i n g  computer  u s e  i n  a u t o m o t i v e  
a p p l i c a t i o n s .  Even t h e  most w i d e l y  used  computer  
equipment ,  s u c h  a s  k e y b o a r d s ,  p r i n t i n g  d e v i c e s  and 
communications d e v i c e s ,  e v o l v e  s l o w l y  by 
comparison w i t h  s e m i c o n d u c t o r s .  

COMPLEXITY OF SEMICONDUCTOR DESIGN 

Gordon Moore o f  I n t e l .  o b s e r v e d  t h a t  t h e  e f f o r t  
r e q u i r e d  t o  d e s i g n  s e m i c o n d u c t o r s  h a s  doubled  each  
2-2/3 y e a r s  s i n c e  1962, when a c i r c u i t  o n l y  t o o k  3 
man months.  1979 c i r c u i t s  r e q u i r e d  21 man y e a r s  
and 1982 c i r c u i t s  w i l l  t a k e  a b o u t  45 man y e a r s .  
While i t  is e a s y  t o  c o n c e i v e  o f  o r g a n i z i n g  a team 
o f  7 t o  comple te  a  d e s i g n  i n  3 y e a r s ,  t h e  same 
t i m e  t a s k  by 15 p e o p l e  is d i f f i c u l t  t o  imagine.  
B e t t e r  management and d e s i g n  p a r t i t i o n i n g  i s  
r e q u i r e d  i n  o r d e r  t o  avoid  a d r a s t i c  l o s s  o f  
p r o d u c t i v i t y  and q u a l i t y  t h a t  would i n c r e a s e  t h e  
d e s i g n  e f f o r t  even more. With o n e  m i l l i o n  
c i r c u i t s  on a c h i p  by 1982,  new m e t h o d o l o g i e s  w i l l  
be  r e q u i r e d  t o  f u l l y  u t i l i z e  VLSIfs  p o t e n t i a l .  

.4' 

Because o f  t h e  c o n c e r n  and numerous a p p r o a c h e s  
b e i n g  pursued .  I am c o n f i d e n t  t h a t  it w i l l  o n l y  
t a k e  a n o t h e r  two semiconductor  g e n e r a t i o n s  ( s i x  
y e a r s )  t o  s o l v e  t h e  VLSI d e s i g n  c o m p l e x i t y  
problem. Although we d o  n o t  have a good measure  
o f  c i r c u i t  c o m p l e x i t y .  a  g i v e n  c i r c u i t  d e s c r i p t i o n  
is  f a r  l e s s  complex t h a n  t h e  l a r g e s t  programs 
(e .g .  a  m i l l i o n  b i t ,  o r  128 Kbyte program is  not, 
e s p e c i a l l y  l a r g e ) .  

IDEAS ABOUT WHAT TO BUILD 

New d i r e c t i o n s  i n  computer  s t r u c t u r e s  a r e  
d i f f i c u l t  t o  p r e d i c t  by s i m p l y  l o o k i n g  a t  
c o n v e n t i o n a l  machines .  C u r r e n t  l i m i t i n g  f a c t o r s  
p o i n t  t o  needed i n n o v a t i o n s .  A p p l i c a t i o n s  
i n v o l v i n g  two d i m e n s i o n a l  s i g n a l  p r o c e s s i n g  f o r  
p i c t u r e s  a p p e a r  t o  r e q u i r e  a  d i f f e r e n t  p r o c e s s o r  
d e s i g n ,  and s p e e c h  s i g n a l  a n a l y s i s  r e q u i r e s  v e c t o r  
p r o c e s s i n g .  A g e n e r a l  p u r p o s e  p r o c e s s o r  c o u l d  
emerge from t h e s e  a l t e r n a t i v e s  f o r  one-and 
two-dimensional  a r r a y s :  

a r r a y s  o f  c o n v e n t i o n a l  m i c r o p r o c e s s o r s ;  
a p p l i c a t i o n  s p e c i f i c ,  f u n c t i o n a l  p r o c e s s o r s ;  
b i t  a r r a y  p r o c e s s o r s  t o  o p e r a t e  d i r e c t l y  on 

t h e  a r r a y  d a t a  s t r u c t u r e s .  i n c l u d i n g  
a r r a y s ,  o r  a s s o c i a t i v e  p r o c e s s i n g ;  

p r o c e s s i n g  a s s o c i a t e d  w i t h  memory; and 
d a t a  f l o w  a r c h i t e c t u r e s .  



We must g e t  beyond t h e  s imple s t a n d a r d s  r e q u i r e d  
f o r  Packe tne t s  and I n t e r n e t s  t o  d e f i n e  p r o t o c o l s  
f o r  pass ing  h igh  l e v e l  messages, such a s  
e l e c t r o n i c  m a i l ,  among computers. Of f ice  based 
a p p l i c a t i o n s ,  c e n t e r e d  around t e x t  p rocess ing ,  
e l e c t r o n i c  m a i l ,  u s e r  t y p e s e t t i n g ,  o f f i c e  
p rocess ing ,  and e l e c t r o n i c  f i l i n g ,  a l l  r e q u i r e  
s i g n i f i c a n t  user  l e v e l  s t a n d a r d s .  Using only 
lower l e v e l  communications p ro toco l  s t a n d a r d s  w i l l  
cause a  combinat ional  explosion o f  high l e v e l  
p r o t o c o l  changing gateways. This  l e a d s  t o  added 
overhead,  e x t r a  development, d e l a y ,  
i n c o m p a t i b i l i t y ,  and o f t e n ,  m i s i n t e r p r e t a t i o n  o f  
messages. 

In t h e  low p r i o r i t y  a r e a  of  intra-computer 
a r c h i t e c t u r e ,  t h e  U .  S. Government has  
s tandard ized  on t h e  e x i s t i n g  d e f a c t o  s tandard ,  t h e  
IBM Channel, a s  t h e  means o f  i n t e r c o n n e c t i n g  mass 
s t o r a g e  t o  computers. Unfortunately t h i s  a c t  o f  
s t a n d a r d i z a t i o n  w i l l  l i m i t  change i n t o  newer 
systems a r c h i t e c t u r e s .  

USEFUL APPLICATIONS 
AND DISTRIBUTING THEM 

Decisions t o  use  t h e  major a p p l i c a t i o n s  cen te red  
around o f f i c e  automation a r e  very complex. 
J u s t i f y i n g  an a p p l i c a t i o n  g e n e r a l l y  r e q u i r e s  an 
understanding of  bo th  computer systems (beyond 
t h a t  provided by manufac ture rs )  and t h e  
o r g a n i z a t i o n a l  s t r u c t u r e  o f  i n d i v i d u a l s  and group 
u s e r s .  Although e l e c t r o n i c  mail  seems r i g h t ,  
measurements of i n c r e a s e d  p r o d u c t i v i t y ,  decreased 
paper f low,  b e t t e r  decision-making, e f f i c i e n c y  o f  
communication, and t h e  c r e a t i o n  o f  excess  
communication a r e  hard t o  make. To my knowledge, 

-they donf t e x i s t .  

BASIC TOOLS TO BUILD APPLICATIONS 

Coupling knowledgeable user  needs t o  machine 
development produces more capable ,  y e t  harder  t o  
understand systems:  a  paradox i n  t h e  a t t empt  t o  
b u i l d  h igh ly  capable  and easy t o  use systems. The 
p o p u l a r i t y  o f  t h e  B e l l  Labs U N I X  System i s  a  
test imony t o  a  s i n g l e ,  c o n s i s t e n t ,  easy t o  use 
language,  t h a t  i s  d e s c r i b e d  i n  a  small  manual. 
The p o p u l a r i t y  o f  APL and BASIC systems can be 
s i m i l a r l y  exp la ined .  Although one would expect  
t h a t  a d d i t i o n a l  c a p a b i l i t i e s  (memory) would make 
t h e  user  i n t e r f a c e  s i m p l e r ,  few good examples a r e  
known. The time t o  b u i l d  a g iven  a p p l i c a t i o n  
using t h e  mul t i tude  o f  systems/databases/languages 
is h i g h l y  v a r i a b l e ,  i n d i c a t i n g  a  cont inued l a c k  of 
understanding o f  t h e  des ign  process .  

NETWORK AND OTHER STANDARDS 

Because s t a n d a r d s  a r e  evo lv ing ,  t h e  c u r r e n t  
s i t u a t i o n  o f  d i s t r i b u t e d  process ing  among 
c o u n t r i e s  and vendor systems i s  a  d i s a s t e r .  
I n t e r n a t i o n a l  p r o t o c o l  s t a n d a r d s  provided by 
manufacturers  ( I n t e r n e t s )  and by v a r i o u s  common 
c a r r i e r s  f o r  Packe tne t s  which a r e  c a l l e d  by t h e  
same name, a r e  fundamental ly  d i f f e r e n t  and 
incompatible .  Many s t a n d a r d s  mean no s tandards .  

Given t h a t  few measures e x i s t  t o  r a t i o n a l i z e ,  
simple s tand-alone a p p l i c a t i o n s ,  j u s t i f y i n g  a  
d i s t r i b u t e d  network becomes a  work o f  a r t .  Tools  
have only r e c e n t l y  become a v a i l a b l e  f o r  a  system 
manager o r  developer  t o  d i s t r i b u t e  t h e  da tabase ,  
p rocess ing ,  and intercommunicat ions over  s e v e r a l  
systems. In t h e  s p e c i f i c  c a s e  o f  d i s t r i b u t e d  
processing f o r  e l e c t r o n i c  m a i l ,  t h e  r e s u l t s  a r e  
encouraging bu t  a  g e n e r a l  s o l u t i o n  h a s  n o t  y e t  
emerged. 

An underlying d i f f i c u l t y  o f  b u i l d i n g  a p p l i c a t i o n s  
beyond t h e  g e n e r i c  o f f i c e  automation descr ibed  
above e x i s t s  because problems a r e  solved by 
patch-work. Usually programmers with computer 
s c i e n c e  (computer eng ineer ing)  t r a i n i n g  and a  
r e p r e s e n t a t i v e  o f  a  p a r t i c u l a r  d i s c i p l i n e  (eg .  
accounting,  mechanical eng ineer ing)  pu t  a  s o l u t i o n  
t o g e t h e r  t o  g e t  something s t a r t e d .  This  r e s u l t s  
i n  sub-optimal des igns .  In o rder  t o  use  t h e  
computer a s  a  component o f  systems t h e y  d e s i g n ,  
r a t h e r  than a s  a  s imple t o o l  f o r  problem s o l v i n g ,  
computer sc ience  must t a k e  on a  pure r o l e ,  l i k e  
phys ics ,  and each o f  t h e  d i s c i p l i n e s  t a k e  t h e  
r e s p o n s i b i l i t y  f o r  t r a i n i n g  people and engineer ing  
t h e  systems wi th in  i t s  own d i s c i p l i n e .  

ALGORITHMS 

There a r e  many c a s e s  o f  t h e  adage: "It i s  b e t t e r  
t o  work smarter  r a t h e r  than  work harder". . I f  
always e x p o n e n t i a l l y  improving, technology w i l l  
even tua l ly  permit  s o l v i n g  a  p a r t i c u l a r  problem i n  
a  reasonable  t i m e ,  e .g .  a  24 hour advanced weather 
f o r e c a s t  must be solved i n  l e s s  than 24 hours  o r  
an e x p o n e n t i a l l y  i n c r e a s i n g  machine populat ion 
w i l l  be r e q u i r e d .  However, a t  a  given t ime ,  
a lgor i thms  l i m i t  when a  problem can be solved and 
whether it is  economical ly f e a s i b l e .  

HUMAN INTERFACE 

The i n t e r f a c e  between t h e  system and t h e  f i n a l  
user  i s  a  b a r r i e r  i n  t h e  same way t h a t  a  r o o t  
system f o r  b u i l d i n g  a p p l i c a t i o n s  programs i s  a  
b a r r i e r  t o  b u i l d i n g  a p p l i c a t i o n s .  Adding more 
func t ions  so  t h a t  an a p p l i c a t i o n  w i l l  perform 
b e t t e r  i s  g e n e r a l l y  accompanied by increased  
complexity r e q u i r i n g  more documentation and 
t r a i n i n g .  The l a c k  o f  s t a n d a r d s  a t  t h e  user  
i n t e r f a c e  w i l l  l i m i t  g e t t i n g  t h e  payoff i n h e r e n t  
i n  a  given system o r  s e t  o f  systems,  and may cause 
adverse user  r e a c t i o n .  For example, word 
process ing ,  e l e c t r o n i c  mai l  and user  t y p e s e t t i n g  
systems a r e  a l l  l i k e l y  t o  have d i f f e r e n t  syn tax ,  
semantics ,  manuals, t r a i n i n g  and procedures f o r  
dea l ing  with t h e  same t e x t .  

A DISTRIBUTED PROCESSING ENVIRONMENT 

P r o l i f e r a t i o n  o f  d i s p e r s e d  computing f o r c e s  
i n t e r c o n n e c t i o n ,  hence d i s t r i b u t e d  process ing ,  so  
t h a t  human u s e r s  d o n ' t  have t o  become in format ion  
c a r r i e r s  and t r a n s l a t o r s  between t h e  d i f f e r e n t  
systems t h e y  use .  Communication w i t h i n  and 
between o r g a n i z a t i o n s  wi th  common c a r r i e r  networks 
i s  provided v i a  an in te rconnec ted  h ie ra rchy .  



INTERCONNECTING THE COMPONENTS 

The t h r e e  t y p e s  o f  computers i n  a  given 
o r g a n i z a t i o n  w i l l  be connected v i a  high bandwidth 
l i n k s  i n  what may appear  t o  be a  h i e r a r c h i c a l  
s t r u c t u r e .  In a d d i t i o n ,  c l u s t e r s  may be connected 
on a  f i x e d  b a s i s .  The a l t e r n a t i v e  i n t e r c o n n e c t  
p o s s i b i l i t i e s  a r e :  

e t h e r n e t s  o r  r i n g s  t o  i n t e r c o n n e c t  a l l  
t e r m i n a l s  and computers with s p e c i a l i z e d  
t e r m i n a l  c o n c e n t r a t o r s ;  

evo lu t ion  o f  phone c i r c u i t  swi tches  using 
d i g i t a l  t echniques  f o r  bo th  vo ice  and 
d a t a ;  

packe tne t  swi tch ing ;  and 
d i r e c t  i n t e r c o n n e c t i o n  among t h e  computers 

with r o u t i n g  through each computer. 

CENTRAL COMPUTERS 

The t o p  most computers o f  t h e  h i e r a r c h y  w i l l  
evolve from t h e  c u r r e n t ,  h i g h l y  c e n t r a l  
computation f a c i l i t i e s .  These machines s t o r e  most 
of  t h e  d a t a  and do most o f  t h e  computing i n  
t o d a y ' s  o r g a n i z a t i o n s .  Given t h e  d i f f i c u l t y  o f  
migra t ing  f i l e s  and work from t h e s e  machines, t h e  
emphasis w i t h i n  t h e  c e n t e r s  w i l l  be 
i n t e r c o n n e c t i o n  among t h e  machines wi th in  each 
c e n t e r ,  c r e a t i n g  i n  t h e  s h o r t  r u n ,  even l a r g e r  
d a t a  bases.  The t i g h t  i n t e r c o n n e c t i o n  among t h e  
c e n t r a l  computers w i l l  a l s o  permit  t r a d e - o f f s  
among c o s t ,  r e l i a b i l i t y  , performance, and evolving 
performance, f o r  a  g iven  a p p l i c a t i o n  o r  s e t  o f  
a p p l i c a t i o n s .  In o r d e r  t o  g e t  t h e  economy o f  
s c a l e  requ i red  t o  suppor t  t h e  l a r g e  human 
o r g a n i z a t i o n s  t h a t  a t t e n d  c e n t r a l  computers, t h e i r  
f u n c t i o n s  w i l l  have t o  be s p e c i a l i z e d  (e .g .  f r o n t  
ends f o r  handl ing  many communications l i n e s ,  and 
back ending f o r  d a t a b a s e s  and a r c h i v i n g ) .  

Cent ra l  computing f a c i l i t i e s  w i l l  con t inue  t o  be 
operated by l a r g e  s t a f f s  whose emphasis i s  on 
knowledge of  t h e  o p e r a t i n g  systems and g e t t i n g  
work done us ing  h i g h l y  s p e c i a l i z e d  f a c i l i t i e s  such 
a s  CODASYL Databases. The c a s u a l  user  w i l l  be 
dependent on t h e  c e n t r a l  systems through t h e  
a p p l i c a t i o n s .  Cost w i l l  be high f o r  every th ing  
except  t h e  s t o r a g e  o f  v e r y  l a r g e  f i l e s ,  where 
hardware provides an economy o f  s c a l e .  
Programming c o s t s  a t  t h e  c e n t e r  have t o  be t h e  
h i g h e s t ,  because t h e  f a c i l i t i e s  a r e  genera l  
purpose and a p p l i c a t i o n s  a r e  most remote from t h e  
u l t i m a t e  user .  The r o l e  o f  c e n t r a l  f a c i l i t y  w i l l  
be t o  provide: 

communications among a l l  t h e  o t h e r  computers 
wi th in  t h e  o r g a n i z a t i o n  inc lud ing  
gateways between v a r i o u s  computer and 
telecommunicat ions vendors;  

a r c h i v a l  f i l e  s t o r a g e ;  
unique,  s h a r a b l e  f a c i l i t i e s  such a s  very high 

speed computers and p r i n t i n g  d e v i c e s ;  
computat ional  f u n c t i o n s  f o r  t h e  e n t i r e  

o r g a n i z a t i o n  e .g.  e l e c t r o n i c  m a i l ;  
o p e r a t i o n  o f  h i s t o r i c a l  programs and d a t a  

bases;  and 
r e l a t i v e l y  high c o s t  computing by having t o  

provide g e n e r a l i t y  and s e r v i c e  f o r  t h e  
worst  case .  

GROUP LEVEL COMPUTERS 

Group l e v e l  computers a r e  based on t h e  evo lu t ion  
o f  t imeshared and r e a l  t ime  minicomputers and c o s t  
roughly t h a t  of an a d d i t i o n a l  person.  Typica l ly  
t h e s e  machines suppor t  t h e  s i n g l e  f u n c t i o n  o f  t h e  
g roup ,  (eg  . o r d e r  p r o c e s s i n g ,  eng ineer ing  des ign  
and d a t a  b a s e ,  l a b o r a t o r y  d a t a  g a t h e r i n g  and 
a n a l y s i s ,  group word p r o c e s s i n g ,  s i n g l e  p rocess  
c o n t r o l )  running a  s i n g l e  unat tended program. 
Group l e v e l  computers provide:  

r e l a t i v e l y  c o s t  e f f e c t i v e  s t o r a g e  o f  t h e  group 
d a t a  base;  

unique program( s )  a l i g n e d  with f u n c t i o n  o f  t h e  
group ; 

r e l a t i v e l y  h i g h  performance process ing ;  and 
c o s t - e f f e c t i v e  computing through s h a r i n g  o f  a  

common f u n c t i o n  and s p e c i a l i z a t i o n  o f  
work . 

PERSONAL LEVEL COMPUTERS 

Personal  computers a r e  emerging r a p i d l y ,  and many 
b e l i e v e  t h a t  they  w i l l  become t h e  dominant form o f  
computing. Since t h e  on ly  hardware technology f o r  
which economy o f  s c a l e  h o l d s  is mass s t o r a g e ,  and 
g iven  t h a t  a l l  t e r m i n a l s  a l r e a d y  have embedded 
computers f o r  c o n t r o l ,  it is e a s y  t o  e n v i s i o n  
adding more pr imary memory and doing a l l  t h e  
computation a t  t h e  t e r m i n a l  i n s t e a d  o f  having 
computation done i n  any shared  f a c i l i t y .  A 
r e c e n t ,  Carnegie-Mellon U n i v e r s i t y  persona l  
computer r e s e a r c h  proposa l  s t a t e s :  

"The e r a  of  t ime-sharing i s  ending.  
Time-sharing evolved a s  a  way t o  provide u s e r s  
with t h e  power o f  a  l a r g e  i n t e r a c t i v e  computer 
system a t  a  t ime when such systems were t o o  
expensive t o  d e d i c a t e  t o  a  s i n g l e  J 
ind iv idua l . . .Recent  advances i n  hardware open 
up new p o s s i b i l i t i e s  ... h i g h  r e s o l u t i o n  c o l o r  
g r a p h i c s ,  1 mip, 16 Kword, 1 Mbyte primary 
memory. 100 Mbyte secondary memory, s p e c i a l  
t r a n s d u c e r s , .  . .We would expect  t h a t  by t h e  
mid-1980's such systems could be pr iced  around 
$10.000." 

Persona l  computers provide:  
persona l  d a t a  b a s e s  and s e c u r i t y ;  
more, average computing power, with b e t t e r  

response t ime than shared  systems; 
needed process ing  f o r  t h e  computa t iona l ly  

i n t e n s i v e  t a s k s  l i k e  e d i t i n g ,  and speech 
i / o ;  

a  program c r e a t i o n  environment; and 
r e l a t i v e l y  h igher  c o s t s  t h a n  group l e v e l  

computing, u n l e s s  t h e  t a s k  i s  very  
s p e c i f i c  and well-matched t o  t h e  system. 

Although bo th  t h e  novice and experienced u s e r  
r e l i s h  t h e  independence t h a t  t h e  persona l  computer 
p rov ides ,  communications and suppor t  by t h e  o t h e r  
l e v e l s  is  e q u a l l y  necessary .  Given t h a t  we a r e  
s u b s t a n t i a l l y  f a r  from such d i s t r i b u t e d  systems,  
t h e r e  a r e  s u r e l y  a d d i t i o n a l  problems, l i m i t s ,  and 
o p p o r t u n i t i e s  t h a t  a r e  y e t  t o  be f o r e c a s t .  
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ABSTRACT 

A f i f t h  gene ra t ion  computer,  can be f a b r i c a t e d  on a  
very  l a r g e  s c a l e  i n t e g r a t e d  c i r c u i t  (VLSI). Lower 
c o s t  and inc reased  use  d i s p e r s e s  computers i n  a  
manner analogous t o  t h e  ub iqu i tous  f r a c t i o n a l  
horsepower motor.  D i s t r i b u t e d  p roces s ing  t o  
i n t e r c o n n e c t  d i spe r sed  computers i s  e s s e n t i a l  i n  
o r d e r  t o  avoid ove r load ing  people wi th  informat ion 
t r ansmis s ion  and t r a n s l a t i o n  t a s k s .  

The f a c t o r s  t h a t  a f f e c t  and l i m i t  d i s t r i b u t e d  
p roces s ing  a re :  p h y s i c a l  technology and des ign  
complexi ty ,  i d e a s  f o r  new computer s t r u c t u r e s ,  
b a s i c  t o o l s  t o  b u i l d  a p p l i c a t i o n s .  networking and 
o t h e r  s t a n d a r d s ,  u s e f u l  a p p l i c a t i o n s ,  a lgo r i t hms ,  
and t h e  human i n t e r f a c e  t o  t h e  end use r .  A 
h i e r a r c h i c a l .  i n t e r connec t ing  model f o r  
d i s t r i b u t i n g  p roces s ing  i s  based on e s t a b l i s h e d  
c e n t r a l  and group l e v e l  mini-computers, and 
evo lv ing ,  pe r sona l  computers. 

DISTRIBUTED PROCESSING 
P 

D i s t r i b u t e d  p roces s ing  matches computer systems t o  
informat ion p roces s ing  needs  ( i . e .  p roces s ing ,  
memory, swi t ch ing ,  t r ansmis s ion  and t r a n s d u c t i o n  
needs) on a  geograph ica l  o r  o r g a n i z a t i o n a l  b a s i s .  
and i n t e r c o n n e c t s  i n d i v i d u a l  computers t o  form a  
s i n g l e ,  i n t e g r a t e d  network so  t h a t  r e l a t e d  
programs can s h a r e  and t r a n s m i t  d a t a  among t h e  
computer nodes. The o b j e c t i v e s  a r e :  

t o  a l l o w  e i t h e r  l o c a l  autonomy o r  c e n t r a l  
c o n t r o l  o f  t h e  v a r i o u s  d i s t r i b u t e d  p a r t s ;  

t o  provide  an evo lv ing  open-ended system so  
t h a t  t h e  development and i n s t a l l a t i o n  o f  
t h e  p a r t s  can proceed i n  a  
quasi-independent f a s h i o n ;  

t o  a l l ow purchase  and i n s t a l l a t i o n  o f  
hardware,  t a k i n g  advantage o f  t ime ly ,  
reduced hardware c o s t ;  and 

t o  b u i l d  on and communicate wi th  c e n t r a l  
sys tems,  f u l l y  d i s p e r s e d  group-level 
mini-computer sys tems,  and emerging 
pe r sona l  computers.  

D i s t r i b u t e d  p roces s ing  i s  i n h e r e n t l y  h i e r a r c h i c a l  
based on t h e  p r i n c i p l e s  t h a t  govern human 
o r g a n i z a t i o n a l  s t r u c t u r e s .  In an o r g a n i z a t i o n ,  
computers supplement t h e i r  human. informat ion 
p roces s ing  coun te r -pa r t s .  A s  computers become 
b e t t e r  matched t o  people  and o r g a n i z a t i o n s ,  and a s  
people and o r g a n i z a t i o n s  become more f a m i l i a r  w i th  
computers.  an i n d i v i d u a l  can i n t e r a c t  d i r e c t l y  
wi th  a t  l e a s t  one computer and i n d i r e c t l y  wi th  
group-level computers s e r v i n g  v a r i o u s  f u n c t i o n s  o f  
t h e  o r g a n i z a t i o n a l  h i e r a r c h y .  The oppor tun i ty  o f  
more e g a l i t a r i a n  a c c e s s  t o  d a t a  provided by 
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d i s t r i b u t e d  p roces s ing  may l e d  t o  a  change o f  t h e  
l a r g e  o r g a n i z a t i o n  from h i e r a r c h i c a l  t o  wider ,  
f u n c t i o n a l  ma t r ix  s t r u c t u r e s .  Large o r g a n i z a t i o n s  
need t o  i n t e r c o n n e c t  t h e  h i e r a r c h y  o f  computers 
f o r  : 

communication among computer wi th  dumb and 
i n t e l l i g e n t  t e r m i n a l s  u s ing  l a r g e ,  
c e n t r a l  computers;  

o rgan iza t ion  of c e n t r a l .  group and i n d i v i d u a l  
s i t e s ;  

a  f u n c t i o n a l  a c t i v i t y  such a s  word p roces s ing  
o r  o rde r  p roces s ing ;  and 

a  s p e c i a l i z e d  computer-based f u n c t i o n  such a s  
a r c h i v i n g ,  t y p e s e t t i n g ,  message 
swi t ch ing ,  and e l e c t r o n i c  mai l .  

FORCES CREATING 
DISTRIBUTED PROCESSING 

Rapid evo lu t ion  of semiconductor and magnetic 
r eco rd ing  t echno log ie s  have forced computers 
improvements a long p a t h s  o f :  

1. cons t an t  c o s t ,  w i th  i nc reased  performance 
and p r o d u c t i v i t y  f o r  evo lu t iona ry  use ;  

2. reduced c o s t ,  wi th  cons t an t  performance 
pe rmi t t i ng  new u s e s  commensurate w i th  t h e  
lower c o s t ;  and 

3 .  h ighe r  c o s t  and performance s t r u c t u r e s  
pe rmi t t i ng  r a d i c a l l y  new a p p l i c a t i o n s .  

Costs f o r  n e a r l y  a l l  o t h e r  forms o f  informat ion 
process ing a r e  because they  a r e  l a b o r  i n t e n s i v e .  
T r a d i t i o n a l  s t o r a g e ,  p roces s ing ,  and t r ansmis s ion  
i n  l i b r a r i e s  and p o s t a l  sys tems a r e  i n c r e a s i n g l y  
soa r ing .  Simple word p roces s ing  computers t h a t  
r ep l ace  t y p e w r i t e r s  save  t h e  time-consuming 
process  of c o r r e c t i n g  e r r o r s .  When groups 
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as soc i a t ed  wi th  informat ion process ing s t a r t  us ing 
computers a  p o s i t i v e  feedback,  l e a r n i n g  curve  
e f f e c t  begins  f u r t h e r  i n c r e a s i n g  computer markets 
and uses ,  and lower ing c o s t s .  

The i n d u s t r y  groups  supplying t h e s e  products  and 
s e r v i c e s  i nc lude :  

computers - mainframe, minicomputers,  pe r sona l  
computers and computer s e r v i c e s ;  

semiconductors - n e a r l y  a l l  LSI components a r e  
e i t h e r  memory o r  a  computer p roces so r ;  

communications - conven t iona l  vo ice  and d a t a .  
new packet  networks and a s s o c i a t e d  
s e r v i c e s  ; 

t e l e v i s i o n  and c a b l e  TV - stand-alone u s e  wi th  
TV s e t s  ( eg .  games. home computers) and 
a s  an a l t e r n a t i v e  t o  conven t iona l  
communication; 

o f f i c e  equipment - t y p e w r i t e r s ,  c o p i e r s ,  and 
mechanica l  o f f i c e  equipment a r e  
i n c r e a s i n g l y  e l e c t r o n i c ;  and 

c o n t r o l  - g e a r s ,  cams and l e v e r s ,  and 
mechanisms f o r  c o n t r o l  w i l l  become 
e l e c t r o n i c ,  l i m i t e d  on ly  by t r a n s d u c e r s  
and s e n s o r s .  

LIMITS AND PROBLEM 
AREAS OF DISTRIBUTED PROCESSING 

Ult imate ly  a l l  informat ion p roces s ing  w i l l  be 
computer based. P r e s e n t l y  t h e  speed o f  t h e  
evo lu t ion  is  l i m i t e d  by two f a c t o r s :  t e c h n i c a l  
s o l u t i o n s  t o  d i s t r i b u t e d  p roces s ing  problems and 
user  a s s i m i l a t i o n .  

PHYSICAL TECHNOLOGY 

Semiconductors and magnetic r eco rd ing  technology 
provide  t h e  b a s i s  f o r  c o s t  and performance 
improvements. Although, e x t r a p o l a t i o n s  t o o  f a r  
i n t o  t h e  f u t u r e  a r e  g e n e r a l l y  dangerous ,  t h e  
fo l lowing t e c h n o l o g i c a l  r a t e s  o f  change, based on 
t h e  p a s t  t e n  y e a r s ,  w i l l  con t inue  f o r  a t  l e a s t  
f i v e  yea r s :  

TECHNOLOGY YEARLY-RATE OF CHANGE 
(PERFORMANCE) FACTOR 

semiconductor memory d e n s i t y  2.0 
semiconductors ,  random l o g i c  1.4-1.6 
co re  memory d e n s i t y  1.3 

improvement 
magnetic d i s k  r eco rd ing  1.3-1.4 

d e n s i t y  
magnetic t a p e  d a t a - r a t e  1.25 
magnetic t a p e  d e n s i t y  1.2 

TECHNOLOGY YEARLY-RATE OF CHANGE 
( COST) FACTOR 

memory p r i c e  r e d u c t i o n  0.7 
computer system c o s t  r educ t ion  0.8 
c r t  t e rmina l  c o s t  r e d u c t i o n  0.85 
communication c o s t / b i t  0.9 

t r a n s m i t t e d  r e d u c t i o n  
packaging ( c o s t / v o l . )  and power 1.0 

( c o s t / w a t t )  
communication l i n e  c o s t  1.12 

i n c r e a s e  
paper c o s t  i n c r e a s e  1.12 

Semiconductor technology,  shared  among s e v e r a l  
buyers  groups ,  eg . consumer, communications, 
computers,  has  a  f a s t e r  r a t e  o f  improvement t han  
o t h e r  t echno log ie s .  Slower e v o l u t i o n  h a s  occurred  
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i n  magnetic r eco rd ing  d e n s i t y  because t h e r e  is 
only  one u s e r ,  t h e  computer i n d u s t r y .  Widely 
used. w e l l  developed t e c h n o l o g i e s ,  such a s  CRT1s. 
p rev ious ly  improved f o r  t h e  mass t e l e v i s i o n  market 
a r e  s c a r c e l y  a f f e c t e d  by t h e i r  i n c r e a s i n g  use  i n  
computers.  Costs  o f  paper and communication l i n e s  
i n c r e a s e  with i n f l a t i o n .  

Phys i ca l  t r a n s d u c e r s  t h a t  s e n s e  t empera tu re ,  
p r e s s u r e  and c o n t r o l  power f low a r e  slow t o  
evo lve ,  l i m i t i n g  computer u s e  i n  automotive 
a p p l i c a t i o n s .  Even t h e  most widely used computer 
equipment,  such a s  keyboards ,  p r i n t i n g  d e v i c e s  and 
communications d e v i c e s ,  evolve  s lowly by 
comparison wi th  semiconductors.  

COMPLEXITY OF SEMICONDUCTOR DESIGN 

Gordon Moore o f  I n t e l ,  observed t h a t  t h e  e f f o r t  
r equ i r ed  t o  des ign  semiconductors  has  doubled each 
2-2/3 y e a r s  s i n c e  1962. when a  c i r c u i t  o n l y  took  3  
man months. 1979 c i r c u i t s  r e q u i r e d  21 man y e a r s  
and 1982 c i r c u i t s  w i l l  t a k e  about  45 man yea r s .  
While it is  easy  t o  conceive  o f  o r g a n i z i n g  a  team 
of 7  t o  complete a  des ign  i n  3  y e a r s .  t h e  same 
t ime t a s k  by 15 people  is d i f f i c u l t  t o  imagine. 
B e t t e r  management and des ign  p a r t i t i o n i n g  i s  
r equ i r ed  i n  o r d e r  t o  avoid a  d r a s t i c  l o s s  o f  
p r o d u c t i v i t y  and q u a l i t y  t h a t  would i n c r e a s e  t h e  
des ign e f f o r t  even more. With one m i l l i o n  
c i r c u i t s  on a  c h i p  by 1982, new methodologies  w i l l  
be r equ i r ed  t o  f u l l y  u t i l i z e  VLSI's p o t e n t i a l .  
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Because o f  t h e  concern and numerous approaches  
being pursued. I am c o n f i d e n t  t h a t  it w i l l  on ly  
t a k e  another  two semiconductor g e n e r a t i o n s  ( s i x  
yea r s )  t o  s o l v e  t h e  VLSI des ign  complexi ty  
problem. Although we do n o t  have a  good measure 
o f  c i r c u i t  complexi ty .  a  g iven c i r c u i t  d e s c r i p t i o n  
i s  f a r  l e s s  complex than  t h e  l a r g e s t  programs 
(e.g.  a  m i l l i o n  b i t .  o r  128 Kbyte program is not 
e s p e c i a l l y  l a r g e ) .  

IDEAS ABOUT WHAT TO BUILD 

New d i r e c t i o n s  i n  computer s t r u c t u r e s  a r e  
d i f f i c u l t  t o  p r e d i c t  by simply looking a t  
convent ional  machines.  Current  l i m i t i n g  f a c t o r s  
p o i n t  t o  needed innova t ions .  App l i ca t ions  
i nvo lv ing  two dimensional  s i g n a l  p roces s ing  f o r  
p i c t u r e s  appear t o  r e q u i r e  a  d i f f e r e n t  processor  
des ign ,  and speech s i g n a l  a n a l y s i s  r e q u i r e s  vec to r  
process ing.  A g e n e r a l  purpose  p roces so r  could 
emerge from t h e s e  a l t e r n a t i v e s  f o r  one-and 
two-dimensional a r r a y s :  

a r r a y s  o f  conven t iona l  microprocessors ;  
a p p l i c a t i o n  s p e c i f i c .  f u n c t i o n a l  p roces so r s ;  
b i t  a r r a y  p r o c e s s o r s  t o  o p e r a t e  d i r e c t l y  on 

t h e  a r r a y  d a t a  s t r u c t u r e s ,  i nc lud ing  
a r r a y s .  o r  a s s o c i a t i v e  p roces s ing ;  

p roces s ing  a s s o c i a t e d  wi th  memory; and 
d a t a  f low a r c h i t e c t u r e s .  



We must g e t  beyond t h e  s imple s t a n d a r d s  requ i red  
f o r  Packe tne t s  and I n t e r n e t s  t o  d e f i n e  p r o t o c o l s  
f o r  pass ing  h igh  l e v e l  messages, such a s  
e l e c t r o n i c  m a i l ,  among computers. Of f ice  based 
a p p l i c a t i o n s ,  c e n t e r e d  around t e x t  p rocess ing ,  

1C. e l e c t r o n i c  m a i l ,  u s e r  t y p e s e t t i n g ,  o f f i c e  
p rocess ing ,  and e l e c t r o n i c  f i l i n g ,  a l l  r e q u i r e  
s i g n i f i c a n t  user  l e v e l  s t a n d a r d s .  Using only 
lower l e v e l  communications p ro toco l  s t a n d a r d s  w i l l  
cause a  combinat ional  explosion o f  high l e v e l  
p ro toco l  changing gateways. This  l e a d s  t o  added 
overhead, e x t r a  development. d e l a y ,  
i n c o m p a t i b i l i t y ,  and o f t e n ,  m i s i n t e r p r e t a t i o n  o f  
messages. 

In t h e  low p r i o r i t y  a r e a  o f  intra-computer 
a r c h i t e c t u r e ,  t h e  U. S. Government h a s  
s tandard ized  on t h e  e x i s t i n g  d e f a c t o  s t a n d a r d ,  t h e  
IBM Channel, a s  t h e  means o f  i n t e r c o n n e c t i n g  mass 
s t o r a g e  t o  computers. Unfortunately t h i s  a c t  o f  
s t a n d a r d i z a t i o n  w i l l  l i m i t  change i n t o  newer 
systems a r c h i t e c t u r e s .  

USEFUL APPLICATIONS 
AND DISTRIBUTING THEM 

Decisions t o  use  t h e  major a p p l i c a t i o n s  cen te red  
around o f f i c e  automation a r e  very  complex. 
J u s t i f y i n g  an a p p l i c a t i o n  g e n e r a l l y  r e q u i r e s  an 
understanding o f  bo th  computer systems (beyond 
t h a t  provided by manufacturers)  and t h e  
o r g a n i z a t i o n a l  s t r u c t u r e  o f  i n d i v i d u a l s  and group 
u s e r s .  Although e l e c t r o n i c  mail  seems r i g h t ,  
measurements of i n c r e a s e d  p r o d u c t i v i t y ,  decreased 
paper f low,  b e t t e r  decision-making, e f f i c i e n c y  of 
communication. and t h e  c r e a t i o n  o f  excess  
communication a r e  hard t o  make. To my knowledge, 
they d o n ' t  e x i s t .  

BASIC TOOLS TO BUILD APPLICATIONS 

Coupling knowledgeable user  needs t o  machine 
development produces more capable ,  y e t  harder  t o  
understand systems:  a  paradox i n  t h e  a t t empt  t o  
b u i l d  h igh ly  capable  and easy t o  use systems. The 
p o p u l a r i t y  o f  t h e  B e l l  Labs U N I X  System i s  a  
test imony t o  a  s i n g l e ,  c o n s i s t e n t ,  easy t o  use 
language,  t h a t  i s  d e s c r i b e d  i n  a  small  manual. 
The p o p u l a r i t y  o f  APL and BASIC systems can be 
s i m i l a r l y  exp la ined .  Although one would expec t  
t h a t  a d d i t i o n a l  c a p a b i l i t i e s  (memory) would make 
t h e  user  i n t e r f a c e  s i m p l e r ,  few good examples a r e  
known. The time t o  b u i l d  a  g iven  a p p l i c a t i o n  
using t h e  mul t i tude  o f  systems/databases/languages 
is  h igh ly  v a r i a b l e ,  i n d i c a t i n g  a  cont inued l a c k  of 
understanding o f  t h e  des ign  process .  

NETWORK AND OTHER STANDARDS 

Because s t a n d a r d s  a r e  evo lv ing ,  t h e  c u r r e n t  
s i t u a t i o n  o f  d i s t r i b u t e d  process ing  among 
c o u n t r i e s  and vendor systems i s  a  d i s a s t e r .  
I n t e r n a t i o n a l  p r o t o c o l  s t a n d a r d s  provided by 
manufacturers  ( I n t e r n e t s )  and by v a r i o u s  common 
c a r r i e r s  f o r  Packe tne t s  which a r e  c a l l e d  by t h e  
same name, a r e  fundamental ly  d i f f e r e n t  and 
incompatible .  Many s t a n d a r d s  mean no s tandards .  

Given t h a t  few measures e x i s t  t o  r a t i o n a l i z e ,  
s imple s tand-alone a p p l i c a t i o n s ,  j u s t i f y i n g  a  
d i s t r i b u t e d  network becomes a  work o f  a r t .  Tools 
have only r e c e n t l y  become a v a i l a b l e  f o r  a  system 
manager o r  developer  t o  d i s t r i b u t e  t h e  da tabase ,  
p rocess ing ,  and intercommunicat ions over  s e v e r a l  
systems. In  t h e  s p e c i f i c  c a s e  o f  d i s t r i b u t e d  
processing f o r  e l e c t r o n i c  m a i l ,  t h e  r e s u l t s  a r e  
encouraging bu t  a  g e n e r a l  s o l u t i o n  h a s  n o t  y e t  
emerged. 

An underlying d i f f i c u l t y  o f  b u i l d i n g  a p p l i c a t i o n s  
beyond t h e  g e n e r i c  o f f i c e  automation descr ibed  
above e x i s t s  because problems a r e  solved by 
patch-work. Usually programmers with computer 
s c i e n c e  (computer eng ineer ing)  t r a i n i n g  and a  
r e p r e s e n t a t i v e  o f  a  p a r t i c u l a r  d i s c i p l i n e  (eg.  
accounting,  mechanical eng ineer ing)  pu t  a  s o l u t i o n  
t o g e t h e r  t o  g e t  something s t a r t e d .  This  r e s u l t s  
i n  sub-optimal d e s i g n s .  In o r d e r  t o  use  t h e  
computer a s  a  component o f  systems t h e y  d e s i g n ,  
r a t h e r  than a s  a  s imple t o o l  f o r  problem s o l v i n g ,  
computer sc ience  must t a k e  on a  pure r o l e ,  l i k e  
phys ics ,  and each o f  t h e  d i s c i p l i n e s  t a k e  t h e  
r e s p o n s i b i l i t y  f o r  t r a i n i n g  people and engineer ing  
t h e  systems wi th in  i t s  own d i s c i p l i n e .  

ALGORITHMS 

There a r e  many c a s e s  o f  t h e  adage: "It i s  b e t t e r  
t o  work smarter  r a t h e r  than  work h a r d e r u .  .If 
always e x p o n e n t i a l l y  improving, technology w i l l  
e v e n t u a l l y  permit  s o l v i n g  a  p a r t i c u l a r  problem i n  
a  reasonable  t i m e ,  e .g .  a  24 hour advanced weather 
f o r e c a s t  must be solved i n  l e s s  than 24 hours  o r  
an e x p o n e n t i a l l y  i n c r e a s i n g  machine populat ion 
w i l l  be r e q u i r e d .  However, a t  a  given t ime ,  
a lgor i thms  l i m i t  when a  problem can be solved and 
whether it is  economical ly f e a s i b l e .  

HUMAN INTERFACE 

The i n t e r f a c e  between t h e  system and t h e  f i n a l  
user  i s  a  b a r r i e r  i n  t h e  same way t h a t  a  r o o t  
system f o r  b u i l d i n g  a p p l i c a t i o n s  programs i s  a  
b a r r i e r  t o  b u i l d i n g  a p p l i c a t i o n s .  Adding more 
func t ions  so  t h a t  an a p p l i c a t i o n  w i l l  perform 
b e t t e r  i s  g e n e r a l l y  accompanied by increased  
complexity r e q u i r i n g  more d o c m e n t a t i o n  and 
t r a i n i n g .  The l a c k  o f  s t a n d a r d s  a t  t h e  user  
i n t e r f a c e  w i l l  l i m i t  g e t t i n g  t h e  payoff i n h e r e n t  
i n  a  given system o r  s e t  o f  systems,  and may cause  
adverse user  r e a c t i o n .  For example, word 
process ing ,  e l e c t r o n i c  mai l  and user  t y p e s e t t i n g  
systems a r e  a l l  l i k e l y  t o  have d i f f e r e n t  syn tax ,  
semantics ,  manuals, t r a i n i n g  and procedures f o r  
dea l ing  with t h e  same t e x t .  

A DISTRIBUTED PROCESSING ENVIRONMENT 

P r o l i f e r a t i o n  of d i s p e r s e d  computing f o r c e s  
i n t e r c o n n e c t i o n ,  hence d i s t r i b u t e d  process ing ,  so  
t h a t  human u s e r s  d o n ' t  have t o  become in format ion  
c a r r i e r s  and t r a n s l a t o r s  between t h e  d i f f e r e n t  
systems t h e y  use .  Communication w i t h i n  and 
between o r g a n i z a t i o n s  wi th  common c a r r i e r  networks 
i s  provided v i a  an in te rconnec ted  h i e r a r c h y .  



INTERCONNECTING THE COMPONENTS GROUP LEVEL COMPUTERS 

The t h r e e  t y p e s  o f  computers i n  a  given 
o r g a n i z a t i o n  w i l l  be connected v i a  high bandwidth 
l i n k s  i n  what may appear  t o  be a  h i e r a r c h i c a l  
s t r u c t u r e .  In a d d i t i o n ,  c l u s t e r s  may be  connected 
on a  f i x e d  b a s i s .  The a l t e r n a t i v e  i n t e r c o n n e c t  
p o s s i b i l i t i e s  a r e :  

e t h e r n e t s  o r  r i n g s  t o  i n t e r c o n n e c t  a l l  
t e r m i n a l s  and computers with s p e c i a l i z e d  
t e r m i n a l  c o n c e n t r a t o r s ;  

evo lu t ion  o f  phone c i r c u i t  swi tches  using 
d i g i t a l  t echniques  f o r  both vo ice  and 
d a t a ;  

packe tne t  swi tch ing ;  and 
d i r e c t  i n t e r c o n n e c t i o n  among t h e  computers 

with r o u t i n g  through each computer. 

CENTRAL COMPUTERS 

The t o p  most computers o f  t h e  h i e r a r c h y  w i l l  
evolve from t h e  c u r r e n t ,  h i g h l y  c e n t r a l  
computation f a c i l i t i e s .  These machines s t o r e  most 
of  t h e  d a t a  and do most o f  t h e  computing i n  
t o d a y ' s  o r g a n i z a t i o n s .  Given t h e  d i f f i c u l t y  o f  
migra t ing  f i l e s  and work from t h e s e  machines, t h e  
emphasis wi th in  t h e  c e n t e r s  w i l l  be 
i n t e r c o n n e c t i o n  among t h e  machines wi th in  each 
c e n t e r ,  c r e a t i n g  i n  t h e  s h o r t  r u n ,  even l a r g e r  
d a t a  bases.  The t i g h t  i n t e r c o n n e c t i o n  among t h e  
c e n t r a l  computers w i l l  a l s o  permit  t r a d e - o f f s  
among c o s t ,  r e l i a b i l i t y ,  performance, and evolving 
performance, f o r  a  g iven  a p p l i c a t i o n  o r  s e t  o f  
a p p l i c a t i o n s .  In o r d e r  t o  g e t  t h e  economy o f  
s c a l e  requ i red  t o  s u p p o r t  t h e  l a r g e  human 
o r g a n i z a t i o n s  t h a t  a t t e n d  c e n t r a l  computers, t h e i r  
f u n c t i o n s  w i l l  have t o  be s p e c i a l i z e d  (e .g .  f r o n t  
ends f o r  handl ing  many communications l i n e s ,  and 
back ending f o r  d a t a b a s e s  and a r c h i v i n g ) .  

Cent ra l  computing f a c i l i t i e s  w i l l  con t inue  t o  be 
operated by l a r g e  s t a f f s  whose emphasis i s  on 
knowledge of  t h e  o p e r a t i n g  systems and g e t t i n g  
work done us ing  h i g h l y  s p e c i a l i z e d  f a c i l i t i e s  such 
a s  CODASYL Databases. The c a s u a l  user  w i l l  be 
dependent on t h e  c e n t r a l  systems through t h e  
a p p l i c a t i o n s .  Cost w i l l  be high f o r  every th ing  
except  t h e  s t o r a g e  o f  very l a r g e  f i l e s ,  where 
hardware provides an economy o f  s c a l e .  
Programming c o s t s  a t  t h e  c e n t e r  have t o  be t h e  
h i g h e s t ,  because t h e  f a c i l i t i e s  a r e  g e n e r a l  
purpose and a p p l i c a t i o n s  a r e  most remote from t h e  
u l t i m a t e  u s e r .  The r o l e  o f  c e n t r a l  f a c i l i t y  w i l l  
be t o  provide:  

communications among a l l  t h e  o t h e r  computers 
wi th in  t h e  o r g a n i z a t i o n  inc lud ing  
gateways between v a r i o u s  computer and 
telecommunicat ions vendors;  

a r c h i v a l  f i l e  s t o r a g e ;  
unique,  s h a r a b l e  f a c i l i t i e s  such a s  very high 

speed computers and p r i n t i n g  d e v i c e s ;  
computat ional  f u n c t i o n s  f o r  t h e  e n t i r e  

o r g a n i z a t i o n  e .g .  e l e c t r o n i c  m a i l ;  
o p e r a t i o n  of  h i s t o r i c a l  programs and d a t a  

bases ;  and 
r e l a t i v e l y  high c o s t  computing by having t o  

provide g e n e r a l i t y  and s e r v i c e  f o r  t h e  
worst  case .  

Group l e v e l  computers a r e  based on t h e  evo lu t ion  
o f  t imeshared and r e a l  t ime minicomputers and c o s t  
roughly t h a t  o f  an a d d i t i o n a l  person.  Typica l ly  
t h e s e  machines suppor t  t h e  s i n g l e  f u n c t i o n  o f  t h e  
group,  (eg .  o r d e r  p r o c e s s i n g ,  eng ineer ing  des ign  
and d a t a  base .  l a b o r a t o r y  d a t a  g a t h e r i n g  and d 
a n a l y s i s ,  group word p r o c e s s i n g ,  s i n g l e  p rocess  
c o n t r o l )  running a  s i n g l e  unat tended program. 
Group l e v e l  computers provide:  

r e l a t i v e l y  c o s t  e f f e c t i v e  s t o r a g e  o f  t h e  group 
d a t a  base ;  

unique program(s)  a l i g n e d  wi th  f u n c t i o n  o f  t h e  
group ; 

r e l a t i v e l y  high performance process ing ;  and 
c o s t - e f f e c t i v e  computing through s h a r i n g  o f  a  

common f u n c t i o n  and s p e c i a l i z a t i o n  o f  
work . 

PERSONAL LEVEL COMPUTERS 

Personal  computers a r e  emerging r a p i d l y ,  and many 
b e l i e v e  t h a t  they w i l l  become t h e  dominant form o f  
computing. Since t h e  o n l y  hardware technology f o r  
which economy o f  s c a l e  h o l d s  is mass s t o r a g e ,  and 
g iven  t h a t  a l l  t e r m i n a l s  a l r e a d y  have embedded 
computers f o r  c o n t r o l ,  it i s  e a s y  t o  e n v i s i o n  
adding more pr imary memory and doing a l l  t h e  
computation a t  t h e  t e r m i n a l  i n s t e a d  o f  having 
computation done i n  any shared  f a c i l i t y .  A 
r e c e n t ,  Carnegie-Mellon U n i v e r s i t y  persona l  
computer r e s e a r c h  proposa l  s t a t e s :  

"The e r a  o f  t ime-sharing i s  ending.  
Time-sharing evolved a s  a  way t o  provide u s e r s  
with t h e  power o f  a  l a r g e  i n t e r a c t i v e  computer F -  

system a t  a  t ime when such systems were t o o  
expensive t o  d e d i c a t e  t o  a  s i n g l e  d 

ind iv idua l . . .Recent  advances i n  hardware open 
up new p o s s i b i l i t i e s  ... h i g h  r e s o l u t i o n  c o l o r  
g r a p h i c s ,  1  mip, 16 Kword, 1  Mbyte primary 
memory, 100 Mbyte secondary memory, s p e c i a l  
t r a n s d u c e r s , . .  .We would expect  t h a t  by t h e  
mid-1980's such systems could be pr iced  around 
$10.000.'' 

Persona l  computers provide:  
persona l  d a t a  b a s e s  and s e c u r i t y ;  
more, average computing power, wi th  b e t t e r  

response t ime than  shared  systems; 
needed process ing  f o r  t h e  computa t iona l ly  

i n t e n s i v e  t a s k s  l i k e  e d i t i n g ,  and speech 
i / o ;  

a  program c r e a t i o n  environment;  and 
r e l a t i v e l y  h igher  c o s t s  t h a n  group l e v e l  

computing. u n l e s s  t h e  t a s k  i s  very  
s p e c i f i c  and well-matched t o  t h e  system. 

Although bo th  t h e  novice  and experienced u s e r  
r e l i s h  t h e  independence t h a t  t h e  persona l  computer 
p rov ides ,  communications and suppor t  by t h e  o t h e r  
l e v e l s  i s  e q u a l l y  necessary .  Given t h a t  we a r e  
s u b s t a n t i a l l y  f a r  from such d i s t r i b u t e d  systems,  
t h e r e  a r e  s u r e l y  a d d i t i o n a l  problems, l imits, and 
o p p o r t u n i t i e s  t h a t  a r e  y e t  t o  be f o r e c a s t .  


