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ABSTRACT 

RIS ( f o r  Processors ,  Memories and Swi tches )  i s  
a  n o t a t i o n  t h a t  was i n i t i a l l y  used i n  a  textbook 
( I$e l l  and Newell,  1971) t o  d e s c r i b e  t h e  p h y s i c a l  
s t r u c t u r e  of p a r t s  of computers, computers ,  and 
computer networks. The use  of RIS components a p -  
p e a r s  t o  be a  n a t u r a l  way t o  d e s c r i b e  in format ion  
p r o c e s s i n g  systems.  R4S has  been used:  pedagogic-  
a l l y ;  t o  focus a n a l y s i s  on c e r t a i n  s t r u c t u r e s ;  a t  
lower system l e v e l s  t o  d e s c r i b e  r e g i s t e r  t r a n s f e r  
and swi tch ing  c i r c u i t s  s t r u c t u r e s ;  and a s  t h e  b a s i s  
of  a  computer implcinented d a t a  base  and a n a l y s i s  
language. 

INTRODUCTION 

Although the  RIS n o t a t i o n  was developed t o  
d e s c r i b e  tlre p h y s i c a l  s t r u c t u r e  of  computer systems 
f o r  a  textbook ( B e l l  and Newell, 1971),  i t  h c s  sub-  
sequent ly  evolved t o  a  b a s i c  s e t  of  components f o r  
in format ion  process ing .  PMS was developed t o  p r o -  
v i d e  a  s y s t e m a t i c  t rea tment  of  p h y s i c a l  s t r u c t u r e s ,  
s i n c e  many f u n c t i o n a l  names a r e  o f t e n  used t o  de-  
s c r i b e  t h e  save o b j e c t  (e.g., memory and s t o r a g e ) .  
Also many o b j e c t s  may have t h e  same f u n c t i o n a l  name. 
For example, w i t h i n  a  s i n g l e  o r g a n i z a t i o n  t h e  name 
M u l t i p l e x o r  might be a p p l i e d  t o  a  t ime-mult iplexed 
p r o c e s s o r ,  a  co-xunicat ions l i n k ,  a  swi tch  used t o  
connect  n u l t i p l v  p rocessors  t o  a  s i n g l e  memory, o r  
a  combinat ional  c i r c u i t  w i t h  m u l t i p l e  i n p u t s  and a  
s i n g l e  o u t p u t .  I t  was a l s o  o u r  aim t o  g i v e  a  u n i -  
form meaning and d e f i n i t i o n  t o  components (e .g. ,  
p r o c e s s o r s )  t o  f a c i l i t a t e  b e t t e r  c o m u n i c a t i o n  
among p r o f e s s i o n a l s .  

There a r e  seven b a s i c  component t y p e s ,  each 
d i s t i n g u i s h e d  by t h e  k i n d s  of  o p e r a t i o n s  i t  performs: 

Memory, M. A ccjmponent t h ~ t  h o l d s  o r  s t o r e s  i n -  
fo rmat ion  ( i . e . ,  i - u n i t s )  o v e r  time. I ts  o p e r a t i o n s  
a r e  read ing  i - u n i t s  o u t  o f  t h e  memory, and w r i t i n g  
i - u n i t s  i n t o  t h c  memory. Each memory t h a t  h o l d s  
mare than  a  s i n g l e  i - u n i t  h a s  a s s o c i a t e d  w i t h  i t  a n  
a d d r e s s i n g  sys!.en by means of  which p a r t i c u l a r  
i - u n i t s  can b e  des igna ted  o r  s e l e c t e d .  A memory can 
a l s o  be  cons idered  a s  a  switch t o  a  number of  sub-  
memories. The i - u n i t s  a r e  not  changed i n  any way by 
being s t o r e d  i n  a  memory. 

Link, L. A ca:.ponent t h a t  t r a n s f e r s  i n f o r m a t i o n  
( i . e . ,  i - u n i t s )  from one p l a c e  t o  a n o t h e r  i n  a  com- 
p u t e r  system. I t  has  f i x e d  t e r m i n a l s .  The opera-  
t i o n  i s  t h a t  o f  t r a n s m i t t i n g  a n  i - u n i t  ( o r  a  se -  
quence of  ther:) from t h e  component a t  one t e r m i n a l  
t o  t h e  componcnt a t  t h e  o t h e r .  Again, excep t  f o r  
t h e  change i n  s p a t i a l  p o s i t i o n ,  t h e r e  i s  no change 
of any s o r t  i n  t h c  i - u n i t s .  

Cont ro l ,  K. A cmnponent t h a t  evokes t h e  o p e r a t i o n s  
of  o t h e r  components i n  t h e  system. A l l  o t h e r  com- 
ponents a r e  t aken  t o  c o n s i s t  of  a  s e t  of  d i s c r e t e  
o p e r a t i o n s ,  each of which -- when evoked -- a c -  
complishes solire d i s c r e t e  t r a n s f o r m a t i o n  of  s t a t e .  < With t h e  e x c e p t i o n  of a  p rocessor ,  Pa a l l  o t h e r  
components a r e  e s s e n t i a l l y  p a s s i v e  and r e q u i r e  

some o t h e r  a c t i v e  agent  ( a  K) t o  s e t  them i n t o  sr.aii  
ep isodes  of a c t i v i t y .  

Swi tch ,  S. A canponent t h a t  c o n s t r u c t s  a  l i n k  b e -  
tween o t h e r  components. Each switch has a s s o c i a t e d  
w i t h  i t  a  s e t  of p o s s i b l e  l i n k s ,  and i t s  o p e r a t i o x  
c o n s i s t  of  s e t t i n g  some of  t h e s e  l i n k s  and break ing  
o t h e r s .  

Transducer ,  T. A component t h a t  changes t h e  i - u n i t  
used t o  encode a  g iven  meaning ( i . e . ,  a  g iven  r e f e r -  
e n t ) .  The change may involve  t h e  medium used t o  
encode t h e  b a s i c  b i t s  (e .g . ,  v o l t a g e  l e v e l s  t o  r a g -  
n e t i c  f l u x ,  o r  v o l t a g e  l e v e l s  t o  h o l e s  i n  a  paper  
c a r d )  o r  i t  may involve  t h e  s t r u c t u r e  of t h e  i - u n i t  
(e .g . ,  b i t - s e r i a l  t o  b i t - p a r a l l e l ) .  Note t h a t  T ' s  
a r e  meaning p r e s e r v i n g ,  b u t  n o t  n e c e s s a r i l y  i n f o r , + -  
t i o n  p r e s e r v i n g  ( i n  number of b i t s ) ,  s i n c e  t h e  en- 
c o d i n g ~  of  t h e  ( i n v a r i a n t )  meaning need n o t  be 
e q u a l l y  op t imal .  

Data -opera t ion ,  D. A component t h a t  produces 
i - u n i t s  w i t h  new meanings. It  i s  t h i s  cmponent  
t h a t  accomplishes a l l  t h e  d a t a  o p e r a t i o n s ,  e.g.,  
a r i t h m e t i c ,  l o g i c ,  s h i f t i n g ,  e t c .  

Processor ,  P. A component t h a t  i s  capable  of  i n t e r -  
p r e t i n g  a  program i n  o r d e r  t o  execu te  a sequence of 
o p e r a t i o n s .  It c o n s i s t s  of a  s e t  of o p e r a t i o n s  o f  
t h e  types  a l r e a d y  mentioned -- M, L, K ,  S, T  and D -- 
p l u s  t h e  c o n t r o l  necessary  t o  o b t a i n  i n s t r u c t i o n s  
from a  memory and i n t e r p r e t  them a s  o p e r a h o n s  t o  b e  
c a r r i e d  ou t .  

. COMPUTER MODEL (IN PMS) 

Components o f  t h e  seven types  can b e  connected 
t o  make s t o r e d  program d i g i t a l -  &inputers ,  a b b r e v i -  
a t e d  by C. For  i n s t a n c e ,  t h e  c l a s s i c a l  c o n f i g u r a -  
t i o n  f o r  a  computer is :  

Here PC i n d i c a t e s  a  c e n t r a l  p rocessor  and Hp a  
pr imary memory, namely, one which is d i r e c t l y  a c -  
c e s s i b l e  from a  P and ho lds  t h e  program f o r  it .  T  
( i n p u t / o u t p u t  d e v i c e )  is  a  t r a n s d u c e r  cormected t o  
t h e  e x t e r n a l  environment, r e p r e s e n t e d  by S. (The 
co lon-equa ls  (:=) i n d i c a t e s  t h a t  C i s  t h e  n a i e  o f  
what fo l lows  t o  t h e  r i g h t . )  

The c l a s s i c  diagram had f o u r  components, s i n c e  
i t  decomposed t h e  PC i n t o  a c o n t r o l  and an a r i t k e -  
t i c  u n i t :  

where t h e  heavy in format ion  c a r r y i n g  l i n e s  a r e  f o r  
i n s t r u c t i o n s  and t h e i r  d a t a ,  and t h e  d o t t e d  l i n e s  
s i g n i f y  c o n t r o l .  Diagrams such a s  t h e s e  cor respord  
roughly t o  t h e  convent iona l ,  s i m p l i f i e d  block d i a -  
grams of  computers. The fo l lowing  one f r o .  t h e  >!IT 
Whirlwind computer i s  one of t h e  e a r l i e s t .  L a t e r  
we w i l l  diagram Whirlwind i n  PMS n o t a t i o n .  



Often l o g i c  o p e r a t i o n s  were lumped w i t h  con- 
t r o l ,  i n s t e a d  of  v i t h  d a t a  o p e r a t i o n s  -- b u t  t h i s  
no longer  seems t o  be  t h e  a p p r o p r i a t e  way t o  func-  
t i o n a l l y  decompose t h e  system. 

Sow we a s s o c i a t e  l o c a l  c o n t r o l  of  each com- 
ponent w i t h  t h e  a p p r o p r i a t e  cmponent  t o  g e t :  

where t h e  h e a v j  l i n e s - c a r r y  t h e  i n f o r m a t i o n  i n  
which v e  a r e  i n t e r e s t e d ,  and t h e  d o t t e d  l i n e s  c a r r y  
i n f o m a t i o n  about  vhen t o  evoke o p e r a t i o n s  on t h e  
r e s p e c t i v e  components. The heavy i n f o r m a t i o n  c a r -  
r y i n g  l i n e s  between K and Plp a r e  i n s t r u c t i o n s .  
h'w, suppress ing  t h e  K ' s ,  then  lumping t h e  proces -  
s o r  s t a t e  nemory, t h e  d a t a  o p e r a t o r s ,  and t h e  con- 
t r o l  of  t h e  d a t a ,  o p e r a t o r s  and p r o c e s s o r  s t a t e  
men,oty t o  form a  c e n t r a l  p rocessor ,  we a g a i n  g e t :  

C m p u t e r  s y s t e m  can b e  d e s c r i b e d  i n  RIS a t  
vary ing  l e v e l s  of  d e t a i l .  For i n s t a n c e ,  we d i d  
n o t  w r i t e  i n  t h e  l i n k s  ( L ' s )  a s  s e p a r a t e  components. 
n e s e  would be  of  i n t e r e s t  on ly  i f  t h e  d e l a y s  i n  
t r a n m i s s i o n  were s i g n i f i c a n t  t o  t h e  d i s c u s s i o n  a t  
hand. S i n i l a r l y ,  o fcen  t h e  encoding of  i n f o r m a t i o n  

u n k p o r t a n t ;  then t h e r e  13 no r e a s o n  t o  show t h e  
( . The same s t a t e x n t  ho lds  f o r  K ' s .  Sometimes 
'c:.e wants t o  show t h e  locus  of c o n t r o l ,  s a y  when 
t h e r e  i s  one c o c t r o l  f o r  many canponents ,  a s  i n  a 

t a p e  c o n t r o l l e r .  But o f t e n  t h i s  i s  n o t  of  i n t e r e s t .  

Components a r e  t h a n s e l v e s  decomposable i n t o  
o t h e r  components. Memories a r e  composed of  a  swi tch  
( t h e  a d d r e s s i n g  s w i t c h )  and a  number of.submemories. 
Thus a  memory i s  r e c u r s i v e l y  d e f i n e d  a s  e i t h e r  a 
memory o r  a  s w i t c h  t o  o t h e r  memories. The decomposi- 
t i o n  s t o p s  w i t h  t h e  unit-memory, which i s  one  t h a t  
s t o r e s  o n l y  a  s i n g l e  i - u n i t ,  hence r e q u i r e s  no ad-' 
d r e s s i n g .  Likewise, a s w i t c h  is o f t e n  canposed of  
a  cascade  of  1-way t o  n-way swi tches .  For  example, 
t h e  s w i t c h  t h a t  a d d r e s s e s  a  word o n  a  mul t ip le -head-  
ed d i s k  might  look  l i k e :  

S ( r a n d m )  s ( l i n e a r )  S ( c y c l i c )   w word) 
\ \ \ 1 

The f i r s t  S ( r a n d m )  s e l e c t s  a  s p e c i f i c  Ms.disku 
d r i v e d n i t ;  t h e  second S(random) is a s w i t c h  w i t h  
random a d d r e s s i n g  t h a t  s e l e c t s  t h e  head ( t h e  p l a t t e r  
and s i d e ) ;  S ( 1 i n e a r )  i s  a  s w i t c h  w i t h  l i n e a r  a c c e s s -  
i n g  t h a t  s e l e c t s  t h e  t r a c k ;  and S ( c y c 1 i c )  is  a  
swi tch  w i t h  c y c l i c  a d d r e s s i n g  t h a t  f i n a l l y  s e l e c t s  
t h e  H(word) a l o n g  t h e  c i r c u l a r  r e c u r r i n g  t r a c k .  
Note t h a t  t h e  s w i t c h e s  a r e  r e a l i z e d  by d i f f e r i n g  
t e c h n o l o g i e s  and t h u s  have v a r y i n g  performance. 

Various n o t a t i o n a l  convent ions  d e s i g n a t e  s p e c i -  
f i c a t i o n s  f o r  a  component, e.g.,  Mp f o r  a  f u n c t i o n a l  
c l a s s i f i c a t i o n ,  and S ( c y c 1 i c )  f o r  a type  of  swi tch  
a c c e s s  f u n c t i o n  i n  t h e  c a s e  of  r o t a t i n g  memory 
d e v i c e s  l i k e  drums. There a r e  many o t h e r  a d d i t i o n a l  
s p e c i f i c a t i o n s  one wants  t o  g i v e  - -  a  s i n g l e  g e n e r a l  
way of  p rov id ing  a d d i t i o n a l  s p e c i f i c a t i o n s  i s  used 
s o  t h a t  i f  X is  a  component, we can w r i t e :  

t o  i n d i c a t e  t h a t  X i s  f u r t h e r  s p e c i f i e d  by a t t r i b u t e  
a  having va lue  v  , a t t r i b u t e  a  hav ing  v a l u e  v  
e i c .  Each ( a s  wa c a l f  t h e  p a i r  a : v )  3; 



i r , . I  1 d c f  i ~ ~ ~ r i  i : i ; I ~ ~ p ~ ~ r ~ d ~ : n t  1s of what o t h c r  paramctcrs  The f o l l o w i n g  I'NS diclgrnns d e s c r i b e  a c t u a l  

. I , . ~ .  : ; ivcn; Ilc:ir.ts, t l lurc i s  no s i g n i f i c a n c e  t o  tlie computer systclns a t  vary ing  dcgrees  of d e t a i l .  The 

o r d e r  i n  w h i c h  ~ l ~ c y  a r e  w r i t t e n ,  o r  t h c  number Whirlwinc! computer i s  r e p r e s e n t e d  a s :  
wllich l ~ a v e  t o  be wr i t t c l l .  

K - S - E l s  PO,la2,3a,3b;  magnet ic  t a p e ;  - I 800-1000 f t ;  30 i n / s e c ;  (2+! 

index)  b /char ;  100 c h a r / i n  1 

T.console 
1  2  3  

Mp - K- S  , K - T(paper  t a p e ;  readerlpuncl l )-  

: K - T( 'F1exowr i te r ;  10 c h a r / s )  

lM( tcggle  s w i t c h ;  8 Gs/w; 32 w; 16 b/w) 

2 ~ c ( 5 0  kop/s;  16 b/w; 1  i n s t r u c t i o n / w ;  1  a d d r e s s / i n s t r u c t i o n ;  
M.processor s t a t e  (3 w);  t e c t  > logy;  vacuum t u b e ;  1948 .-. 
1966) 

4 

3 ~ ( f i x e d ;  from: PC; t o :  8  K ;  concurrency:  1 )  

4 ~ p ( P 0 : 1 ;  c o r e ;  8  p / w ;  1024w; 16 b/w; t a c c e s s :  2 p )  

2  3 
K - T(CRT; d i s p l a y ;  a r e a : 5  1 lo2 in-)-  

1 
K T ( 1 i g h t ;  pen)+- 

K T ( f i 1 m ;  camera)* 
1 

Note tha: most of t h e  impor tan t  a t t r i b u t e : v a l u e  
c h a r a c t e r i s t i c s  about  t h e  machine a r e  g iven .  I n  
a c l d i ~ i o n ,  i t  n i g h t  b e  noted t h a t  t h e  machine has  
or 1) l i m i t e d  p r o c e s ' n r / i n p u t - o u t p u t  concurrency due 
t o  t h e  s w i t c b i c g  s t r u c t u r e .  

Mp - drum; td:16-17600 p s ;  

64 p / w ;  12 x 2048 W ;  16 b/w 

A t  a sa.levhat h i g h e r  l e v e l ,  PMS i s  u s e f u l  f o r  
d e s c r i b i n g  t h e  s t r u c t u r e  and t h e  i n t e r a c t i o n  o f  
v a r i o u s  l a r g e r  components i n  a  computer network. 
The In?: two canpute r ,  ASP system c a n  be  r e p r e s e n t e d  
a s  : 

- 1) megabytd  

bi>c('ILP! ~ ~ s t e m / 3 6 0  Model 65, 15)  

I I . . . Ms (magnetic tape..  .Ms (drum). . .$ 

h s ( d i s k ) .  . . Ms(magnetic t a p e ) .  . . 
I 
Mp((.l  - . 5 )  megabyte) 

I------ -1 
Pio.. . Pc('1BX system/360 Model 4 0 ,  50)  
I 1 '  - -  -. 

T(cnrd)  ... T(1ine ;  p r i n t e r ) . .  . 
I 1 I 

a s  i n  t h e  mapping s t r u c t u r e  between a  p r o c e s s o r  and 
i t s  memory: 

L ( d a t a  ) 

Eip {z K(address  t r a n s l a t i o n )  + L(addrbss )  

M(content ;  8  - 16 words)  

Again, a  'diagram might  a l s o  i n c l u d e  t h e  i n f c m ~ t i c n  
r a t e  and w i d t h  o f  t h e  l i n k s ,  and t h e  access  t i n e  of  
t h e  memory. 

PMS can a l s o  b e  used a t  t h e  r e g i s t e r  t r a n s f e r  
l e v e l .  I n  f a c t ,  we have used WAS t o  name and de-  
s c r i b e  a  system of  r e g i s t e r  t r a n s f e r  modules c a l l e d  
R'IMs ( B e l l ,  Grason and Newell, 1972). I n  t h i s  s y s -  
tem, a  w i r i n g  diagram f o r  a  d i g i t a l  s y s t m  
t o  compute t h e  sum-of - in tegers  t o  N i s  shown i n  
F i g u r e  1. 

A t  a  much lower l e v e l  of  d e t a i l ,  t h e  l?iS n a e s  
a d e q u a t e l y  and c l e a r l y  d e s c r i b e  t h e  s t r u c t u r e s  of 
s w i t c h i d g  c i r c u i t s .  Most combinat ional  c i r c u i t s  
correspond t o  d a t a - o p e r a t i o n s  D ' s  o r  swi tches  S ' s ,  
and cornbinat ional  c i r c u i t  d e s i g n  c o n s i s t s  of making 
more canplex  D ' s  and S ' s .  S e q u e n t i a l  c i r c u i t s  t a k e  
s m a l l  amounts of  memory M ,  and proceed t o  b u i l d  con- 
t r o l s  K ' s .  A t  a  h i g h e r  l e v e l  more c m p l e x  sequen- 
t i a l l y  c o n t r o l l e d  P ' s  a r e  formed from D's and K ' s .  
F i n a l l y ,  t h e  s p e c i a l  name of  P ' s  and C ' s  a r e  used 
f o r  p a r t i c u l a r  s t r u c t c r e s .  

USES OF PMS 

i iere ,  we have n o t  d e s c r i b e d  s e v e r a l  o f  t h e  impor tan t  
c h a r a c t e r i s t i c s  such a s  t h e  l i n k  bandwidth, and Although we have no s p e c i f i c  d a t a ,  t h e  f a c t  

v a r i o u s  characteristics of  t h e  i n t e r c o n n e c t e d  com- t h a t  PMS p r o v i d e s  a  smal l  number of i n f o r n a t i o n  pro-  

p u t e r s  a l though  we could have. c e s s i n g  p r i m i t i v e s  t o  l e a r n  is indeed a  c a n f o r t  t o  
I both t h e  novice  and p r o f e s s i o n a l  a l i k e .  Wmely, i n -  - .  

S i m i l a r l y ,  lower l e v e l  f e a t u r e s  c a n  be  shown format ion  p r o c e s s i n g  i s  p r e s e n t e d  i n  a n  ord i t r ly ,  
e a s y  t o  unders tand  manner. There i s  no b a r r a g e  of 



what appear  t o  be newly invented d e v i c e s ,  which 
t u r n  o u t  t o  be mere i n v e n t i o n s  i n  market ing names 
and numbers. R:S can thus  be used f o r  t ~ r o c h u r e s  
and c a t a l o g u e s  t o  p rov ide  c o n c i s e  d e s c r i p t i o n s  of  

m e r c i a l l y  a v a i l a b l e  computers, and t o  s p e c i f y  a  
u y e r ' s  r e q u i r e n e n t s  i n  a  c a l l  f o r  b i d s  from sup- 

p l i e r s .  

Pedagogica l ly ,  t h e  PIS n o t a t i o n  can  be used t o  
develop a n  unders tand ing  of t h e  o v e r a l l  b e h a v i o r  of 
computing s y s t e s s .  For example, s e v e r a l  computing 
s y s t m s  can b e  c a . ? a r e d  us ing  PMS n o t a t i o n .  The 

r e p r e s e n t a t i o n  can be designed s o  t h a t  o n l y  a  
few key p a r m e t a r s  a r e  p resen ted  t o  t h e  s t u d e n t ,  
thus  r e q u i r i n g  a  s t e p - b y - s t e p  a n a l y s i s  t o  a s s e s s  
t h e  c a 2 a b i l i t i e s  of  each s t r u c t u r e .  

T ? I ~  f a c t  t h a t  t h e r e  is  a  wel l -def ined  l e v e l  
has  a  p o s i t i v e  e f f e c t  on t h e  fo rmula t ion  of  prob-  
lem f o r  a n a l y s i s .  I31S can be  used t o  anaflyze 
v a r i o u s  a s p e c t s  of computer systems,  such a s :  d i s -  
t r i b u t i n g  o f  1j0 d e v i c e s  and c o n t r o l l e r s  f o r  i n -  
c reased  I/O r a t e  and/or  throughput;  tweaking o f  
e x i s t i n g  s t r u c t u r e s  t o  i n c r e a s e  throughput;  examin- 
ing I/O p r i o r i t y  schemes; p r e d i c t i n g  system p e r -  
formance w i t h  t h e  a d d i t i o n  of s p e c i a l i z e d  hardware 
(such a s  a  cache  cenory ,  a s s o c i a t i v e  memory, e t c . ) ;  
and r o d e l i n g  s y s t e  r e l i a b i l i t y .  We a r e  i n  t h e  
p rocess  of compil ing a  s e t  of problems f o r  t h e s e  
s t r u c t u r e s  which have been developed a t  v a r i o u s  
u n i v e r s i t i e s .  

There h a s  a l s o  been r e s e a r c h  which c a r r i e s  o u t  
a n a l y s i s  a t  t h e  FS l e v e l ,  i n c l u d i n g  c r e a t i o n  o f  
p r o g r m s  t o  mechailize t h e  ana lyses .  S t r e c k e r  (1970) 
developed a c l o s e d  form a n a l y s i s  f o r  performance of  

( l t i p r o c e s s o r  systems. 

B h a t i a  (1972) h a s  s t u d i e d  a  model f o r  t h e  
shared  m u l t i - p r o c e s s o r  c m p u t e r  systems where each 
processor  has  a n  a s s o c i a t e d  cache memory. An APL 
program was developed which a l lows  a d e s i g n e r  t o  
i n t e r a c t i v e l y  b a l a c c e  a s y s t a n  des ign .  A d e t a i l e d  
s t u d y  of  cache  n e o r i e s  was a l s o  made t o  d e t e r m i n e  
cos t -performance a s  a  f u n c t i o n  o f  cache  p a r a x e t e r s .  

Other  t h e s e s  in progress  a r e  d i r e c t e d  toward 
f u r t h e r  d e v e l o ~ e n t  o f  models and a n a l y t i c  t o o l s  
f o r  c m b i n i n g  b!S c m p o n e n t s  t o  form p r o c e s s o r s ,  
computers and n e t v o r k s .  A t  one e x t r e n e ,  t h i s  work 
assrrmes t h a t  i n f o r s t i o n  flow i s  cont inuous ,  b u t  
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w i t h  s t o c h a s t i c  b e h a v i o r ,  and thus  can  be modeled 
u s i n g  both s t e a d y  s t a t e  and s i g n a l  flow techniques .  
In  more d i f f i c u l t  c a s e s ,  cont inuous systems s i m u l a t -  
o r s  a r e  used. A t  t h e  o t h e r  extreme,  i t  i s  n e c e s s a r y  
t o  know t h e  behavior  ( l o a d )  of t h e  system, and t o  
model i t  d i s c r e t e l y .  

The main e f f o r t  t o  make R-lS more than a  n o t a t i o n  
scheme has  been c a r r i e d  o u t  by Knudsen, i n  h i s  Ph.D. 
r e s e a r c h  (Knudsen, 1972). DlS was implemented a s  a  
man-machine language f o r  b u i l d i n g  up d a t a  f i l e s  o f  
computer d e s c r i p t i o n s .  S e v e r a l  subprograms u s i n g  
t h e s e  d e s c r i p t i o n s  t a l l y  c h a r a c t e r i s t i c s  such a s  
c o s t .  Two a n a l y t i c a l  r o u t i n e s  c a r r y  o u t  r e l i a b i l i t y  
e s t i m a t i o n  and g r a p h i c a l  d i s p l a y s  of m u l t i p r o c e s s o r  
performance and e f f i c i e n c y  a s  f u n c t i o n s  of  any two 
independent  v a r i a b l e s ,  based on t h e  S t r e c k e r  formula-  
t i o n .  Fu ture  work w i l l  i n c l u d e :  conpar i son  of c a -  
p u t e r s ,  checking f o r  c o r r e c t  c o n f i g u r a t i o n s ,  p i n -  
p o i n t i n g  of b o t t l e n e c k s ,  e t c .  

CONCLUSIONS 

We have been working w i t h  t h e  PMS n c t a t i o n  f o r  
s e v e r a l  y e a r s ,  and have found t h a t  i t  more than  s a t -  
i s f i e s  o u r  i n i t i a l  pedagogica l  and d e s c r i p t i v e  r e -  
quirements .  Subsequent ly  we and o t h e r s  have used 
and extended it t o  f o r n u l a t e  and s o l v e  o t h e r  prob-  
lems a t  a l l  l e v e l s  o f  d i g i t a l  systems. 
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Figure  1 .  RTM diagram f o r  S  = sun of i n t e g e r s  from 1  t o  N .  


