
STANDAL.CINE C0MF'U'T'E:RS AND 'T'I-IEIR IN'T'EHAC'TICIN WITH NETWC)RI(S 

Hulti-terminal Special Pur~ose 
computers for fixed fu~.sctions 
prodrams+ Various svstems which 
trade off deneralitr far size (and 
lower cost) must exis% + A hidhlr 
specialized srstem for Tr*ansaction 
Processin9 would resemble a 
general purpose t imeshar*in.J srstem 
except that C)I"I~Y a single 
l a n ~ u a s e ~  sinsle fixed prodrasr 
fixed database would exist for8 a 
single f ~ ~ - ~ c t i o r ~ +  



Wh:i.:Le t h e  c+cor.rc:~~riic: co111rii~r.i.sor.1 i s  a 
.r;3ctc:,rv :it is ~.lvl,.or.t;%rl~t .to :L(:)olc 
al.ja:I:i.t;a.L/ivel~ ii2.L . I ;pIe  .f~jr.l(::.I;:i.(;j~..l.;y 

3 { .L )., e p r '' 5 ;I C! rl ' 5 0 .f .t }I e 
I i I 3 6 r h i 9 h 1. ! rs )., ii% r. e d s !$ ri t e rri i3 1-1 d 
polrlp;dr.e 1.t wj..Lb, t,),e !;tal>d;i310rlp+ 
(Gerreralluv this shows -I;h;st whi:le 
o f f  loadj.~-l!jj oc.(::~jr.!i; b!d t,}.le :l;ig.t.ter., 

e r e  :L Ci 3 1 1  e a 4 f (:I r. .I; ti e 
~ I ' o r . ~ n e r ~ + + i w i b  b(?.I;ter r~e.LworI.~.!ii+> 



I t  is u s e f u l  Lo l o o k  a t  how t h e  
r e l a t i v e  cost u f  l a r d e  a n d  small 
c:msr;.u.ter~s h a v e  chanSted o v e r  t h e  
I . s s t  few : rea r s+  T a b l e  L S  corwarSerj 
t h e  F'1IF'-8r and  CKC 6600  ( fo r8  1 9 6 7 )  
w i t h  a h r r o t h e t : i c a l  l a r s i e  cumr~ute r .  
ar.14 t h e  LSI-11 ( f u r  1 9 7 5 )  , 

mach ine  mus t  f i n d  newr v e r s  larbsie 
p r o b l e m s  :irs orsder  t o  b e  t . f f e c t i v e r  
sirice t h e  b e s t  1rli3tch fo r s  c .o r r t~u te r s  
I .  t o  rwn 01-1 t h e  !i;nralle!str l e a s t  
d e n e r a 1  t h a t  w i l l  d o  % h e  j o b ,  
( Runriing 1 1 ~ r w b l e ~ u . ;  o n  l a r g e  
u ~ a c h i n e s  Ster.rer%a% 1!d imrl ies  i d l e  
r e s o u r c e s  Y h e r ~ c e  PUO I' 

c : o s t / ~ e r ~ f  orlrlarrce , ) Under ' t h e s e  
a s s u m ~ t  i o n s  r the ~e r f  o r m a n c e / c a s  t 
c h a r a c t e r i s t i c s  a r e  im~rovi1-1si rr1or.e 
f o r  smal l .  ~ ~ a c h i ~ r @ s r  a l t h u l ~ d h  t h e  
f~er . fornra~- lce  a 1s w i d e r  + I n  
n e i t h e r  rear would w e  s u s w e s t  t h a t  
C i r s ~ s c h ' s  h o l d s t  

T h e r e  r e  sever\i31 i 3 ' t t r i b l ~ t e s  a 
FW r~so1-1al ~~)mw..tte 7' s r ~ t e ~ r l  waul d 
(mi9h . t )  h a v e  i t - I  o r d e r  t o  a c h i e v e  a 
h i &  d e g r e e  o f  use, U n l e s s  i t ' s  
u s e d r  a s h a r e d  ssstem where  a 
1 . a r s e  f r a c t i o n  o f  t h e  t e r m i n a l s  
a r e  d o  rbrrrant w i 11 be more c o s t  
e f f e c t i v e ,  Some o f  t h e  a t t r i b u t e s  
and t h e i r  v a l u e  rans ies  a r e  d i v e n  
helow:  



Use 

'T h e P e r s c) 1-1 i:3 1 : u I P I 1, + r. i 1-1 111 s n v 
r e s ~ e c t s  i s 81-1  i 3 c t : i .  ve  notebac)lz. and 
P rev/ tj@s (~.(:jrjver.~iel.j.L 9 of' 
~ ! o ~ l l l l ~ ~ ~ l i ( : : ~ # ' t , l l ~ ! ~  wj.'Lh 'k,h~'C)l~fdh 
va r i c )us  ch;srllle].s (~I..I(:{ ~j:L.tin~s.tol.j 
voic:e)r ;a sl-~l>!~t,isrsti~+l. ' P i l e  atelnor..# 

c.ctr.1 be  ac.kj.va.te(j to sesy'(~'}> 
0 1J.b / 1-1 f' u 7% I ~ I  =a t i (:J 1-1 9 i s  1 1  d 3 
P ros t ra lmable  dsv:i.ce t o  catrrr o u t  
a 1 9 0 r b i t h n ~ s  + A !ii s I..I IYI :i. 1-1 !S s I : I 3 

d e v i c e  e:.:isted .Pol- a r rogralr~s~er .  r 
j. t wol.~ld cor.~ta.i.r~ h i  s de!:isr~ nc:)tes r 
p a p e r s  rel(svall.l; t o  .l;)le des:~Ql-~ y ;3ny 
Frro!2rtms h e  was work.irs!d or1 and t h e  
a 1 i t  t o  check. whe the r  the 
p T%oQr.aal llad v;itl i d  srrl.l;s;.: ( ~ ~ ! : j s l j ~ ~ r r ~  

a l a r r i o  ,:sr'osrarn which cr.ould t ~ o t  h e ?  
1.tjrl st .l;).le .;.(;all(ja] 0 si tp) , 

T a b l e  B g i v e s  t h i s  c o m ~ a r i s o n .  A 
l a r s e  srstem is a t t r a c t i v e  b e c a u s e  
o f  t h e  peak. c a r a b i l i t y  kc) h a r d l e  
i,nM ~ r o b l e r r ~ r  whereas  t h e  s n r s l l  
srstes is a ~ r i v a t e r  boundedr 
s i l rw le  srstem w i t h  i n d e ~ e n d e n c e  o f  
c o m ~ u t i n i 4  b u r e a u c r a c r +  A s t u d s  b r  
Se ldwur~  ( 1 9 7 0 )  i n d i c a t e d  a 
s i g n i f  i cmt  economr o f  s c a l e  w i t h  
c o w u t e r  s i n e  accordinsf  t u  t h e  
f o l l o w i l x i  r e l i a t i o r s s h i r :  

T o t a l  C o s t  = 8 X r e n t a l  ** + 0 



T h i s  i n d i c a t e s  t h e  v e r y  low c o s t  
o f  c o n v e r t i n s t  a n u  mechanism ( i  e,. 
a k e u b o a r d  a r d  d i s r a l a u )  t o  b 
c ! o ~ a w ~ t e r  bu t h e  add iLiors  o f  a 
small amormt o f  melnorr , T h i s  
s t e n e r a l  t r e n d  w i l l  f o r c e  dumb 
t , e r n ~ i n a l s  Lo b e c o n ~ e  ~ r o d r a t r ~ m e d  i n  
I Q R t e  W a M  I 

A k.eu a s r e c t  o f  t h e  c o s t  per 
t e r m i n a l  is t h e  a c t u a l  number o f  
t e r m i n a l s  i n  u s e  (or d o r m a n t )  a t  a 
divers  time, 11-1 some ersv:i ronment8  r 
i f  t h e  u t i l i z a t i o n  is a u i t e  low o n  
a Per t e r m i n a l  b a s i s 9  i't is 
c l ea r ly  b e t t e r  t o  h a v e  a s h a r e d  
s u s t e m  b e c a u s e  t h e  c o s t  f o r  a 
d o r m a n t  t e r m i n a l  is o n l r  a b o u t  
Q i r O O O r  w h e r e a s  t h e  d o r m a n t  
s t a n d a l o n e  s u s t e m  is much more 
e w ~ e r t s  i ve , Most t i m e s h a r e d  
systems a r e  ~ r e d i c a t e d  on  o n l u  5X 
t o  i0X o f  t h e  P o P u l a t i o n  a v a i l a b l e  
a c t u a l l r  b e i n g  corrrsected,  T h i s  
phenomenon c l e a r l u  o r d u e s  f o r  
s h a r e d  s u s t e m s  . fo r  some time, 
Howeverr b r  ~ r o v i d i n s t  s t a n d a l o n e  
c ! a ~ a b i l i t r  for e d i t i n s  t e x t r  
u t i l i z a t i o n  a s  a t r ~ e w r i t e r r  a n d  a 
d a t a  b a s e  i n c r e a s e s  t h e  t e r m i n a l  
u t i  1 i za t i o1 -1  amd f o r c e s  u s a g e  away 
f runl a s).raretj s!d.; , 

Seldwrt-17 Lee L t  t ECONUMXES OF 
SCALE I N  COMPUTER USE: I N I T I A L  
TESTS AN11 IMPL3CC:A'TIONS FOR THE 
C:OMPUTE:R U'TIL.I'l'Y t MST P r o i e c t  MAC 
TR-68  Y J I J I I ~  iY 70 . 



F I G U R E  GS GENERAL NET\.IORK STRUCTURE OF EVOLV ING COMPUTAT I O N  E I W  l RONHENT 

I :E \ time process 

STANDALONE - , , 

C L A S S I C )  a 
1 1 V03 e 

S W I T C H I N G  

STRUCTURE 

(telephone, vo ice ,  

dataphone, video) 

\ pq+J- 
FUNCT l ON PIkg-, 1 i brary)  

( Data base, f i l e s ,  
rnai l 

C p r i n t i n g ,  f i l i n g  f a c i l i t i e s  

- w ~ ( t e r r n i n a l - -  i . e . ,  human i n t e r f a c e )  



TABLE S CHARACTERISTICS dF VARIOUS SCALE SYSTEMS 

User Prog. Size 
(K bytes) 

I 
Sma 1 1 Desk 
Calculator  I 
IBM 5100 
(standalone) (65 mad  

DEC 1 lVO3 
(S tanda 1 one) 

Small, Shared 16 -- 65+ 
Sys tem V i r t u a l  Arrays 

Mid-Mini 16 - 6 5 w  
(e.q., 11/45) 

Large-Mini 
(e.q. , 11/70) 

6 5 W  

Mid - G. P. 
(DECSYS~EYII 10) 

Large, G. P. ;Ikr 16,000#* 
(System 37O/ 158) 

Mass Storage 

Cassette 

Cassette 

On-Line Disk 

On-Line Disk 

On-Line Disk 

On-Line Disk 

On-Line Disk 

BASIC, Typewriter 1 10 2 3 3 
Fortran, o r  
Text Prep. ( cRT) 
Data Base 

# Purch. Y r l y  Cost Cost 
Use I /O Users , K$ Cost Y r (K$) ~ s e r / y r  ($K) 

&AS I C, Typewriter 8 50 10 22 
Text Prep., o r  
Data Base ( CRT) 

BASIC, 

Data Bases C RT 

Algebraic 
Problems 

AP L 
BAS 1 C 

BAS I C, : yewr i te r  1 I 250 
For t ran  

(CRT) 
Data Base 

Ky bd 
(spec ia l )  
P r i n t e r  

Ky bd . 
5"CRT 
P r i n t e r  

1 

1 

Lots Typewr i t e r  50c 750 
o r  (CRT) 

i , Lots Typewr i t e r  50+ 3,000 
o r  (CRT) 

5 

17 

1 

3.4 

1.3 

4.4 

1.3 

4.4 



TABLE LS PARAMETERS OF LARGE AND SM/iLL COMPUTERS 1967 AND 1975 

ACTUAL AND (RELATIVE) 

MIPS REAL PE3F/COST - -  - .  

1967 COST (K$)  WL .Mp.Size $ / b i t x 1 0 0  M l Ps X WL (MI P S )  ( H I  PS/MS) 



TABLE Q CHASACTER I ST I C D I FFFRENTES nF SM4LL (dccen t r a  1 i zed) 
.---- 

VERSUS LARGE (cent r a  I )  FOR CGM?UTAT I ON 

A t t r i b u t e .  Sma 1 1 ( k c e n  t r a  1 )  L a r ~ e   en t r a  1) 

Perforrcance Greater average Greater  peak 
Large memory (programs) 

Cost Economies th rough p r o d x t  i o n  Economy o f  sca le  f o r  d i s k  
f(C0MH l i n e ,  t e rm ina l ,  Cheaper when user  u t i l i z a t i o n  
memory cos t s ,  and i s  low 
u t  i 1 i z a t  ion)  

Product i o n  1 i m i  ted Design l i m i t e d  

Overhead o f  maintenance E x p l i c i t ,  c e n t r a l  maintenance 
on i nd i v  i dua 1 (h  i dden) c o s t s  

Use Smal ! ( o r  0) da ta  bases Large, shared da ta  base; 
and/or genera 1 (undef ined) 
l a r g e  computat ional  tasks  

Fixed, (we1 1 -de f ined)  
computation; o r  smal l  
computat ional  (e.g., t e x t  
pub1 i sh ing ,  program 
prepara t ion ,  CAI, 
s t a t i s t i c a l )  

Secur i t y  P r i v a t e  

Rel i a b i  1 i t y  D i s t r i b u t e d  

Put1 i c  !hut easy t o  share 
prograns, data, e i c .  ) 

Cent ra l  + Comrn. S y s t e m  


