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i. I N T R O D U C T I O N  

The  M o d u l a r  O p e r a t i n g  S y s t e m  f o r  SUMC 
(MOSS) i s  a g e n e r a l  p u r p o s e  r e a l  t i m e  o p e r a t i n g  
s y s t e m  f o r  the R C A  d e v e l o p e d  S p a c e  U l t r a r e l i -  
a b l e  M o d u l a r  C o m p u t e r  (SUMC).  MOSS is  c u r -  
r e n t l y  b e i n g  i m p l e m e n t e d  a t  M&S C o m p u t i n g ,  
I n c . ,  in  H u n t s v i l l e ,  A l a b a m a ,  and  i s  s c h e d u l e d  
to be  f u l l y  o p e r a t i o n a l  in the f i r s t  q u a r t e r  of  
1977. 

MOSS a t t e m p t s  to m e r g e  r e c e n t  d e v e l o p -  
m e n t s  in o p e r a t i n g  s y s t e m  d e s i g n  to c r e a t e  a 
r e a l  t i m e  o p e r a t i n g  s y s t e m  w h i c h  i s  m o r e  m o d -  
i f i a b l e  than  a d  hoc  s y s t e m s  d e v e l o p e d  wi th  p r e -  
v i o u s  d e s i g n  p o l i c i e s .  S i n c e  MOSS is  to be  u s e d  
a s  a n  e x p e r i m e n t a l  b a s e  to t e s t  v a r i o u s  r e a l  
t i m e  p r o c e s s i n g  c o n c e p t s ,  m o d i f i a b i l i t y  h a s  b e e n  
a m a j o r  d e s i g n  c o n s i d e r a t i o n .  The a r c h i t e c t u r e  

• T h i s  w o r k  w a s  s u p p o r t e d  by  NASA C o n t r a c t  No.  
N A S 8 - 3 1 2 2 2 ,  m a n a g e d b y  the M a r s h a l l  S p a c e  
F l i g h t  C e n t e r .  

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

S i n c e  MOSS is  a r e a l  t i m e  o p e r a t i n g  
s y s t e m ,  p e r f o r m a n c e  h a s  b e e n  c o n s i d e r e d  
t h r o u g h o u t  the  s y s t e m  d e f i n i t i o n  a n d  d e s i g n .  
C o n t i n u a l  t r a d e o f f s  h a v e  b e e n  m a d e  b e t w e e n  the 
c o n f l i c t i n g  p e r f o r m a n c e  a n d  m o d i f i a b i l i t y  o b -  
j e c t i v e s .  A m a j o r  a r c h i t e c t u r a l  d e c i s i o n  w a s  
the  s e p a r a t i o n  of  the  s t a t i c  and  d y n a m i c  s t r u c -  
t u r e s  of  the s y s t e m .  The  s t a t i c  s t r u c t u r e ,  c o n -  
s i s t i n g  of  a h i e r a r c h y  of f u n c t i o n s ,  d e f i n e s  the  
b a s i c  f r a m e w o r k  of  the s u b s y s t e m s  a n d  t h e i r  
i n t e r a c t i o n .  The  d y n a m i c  s t r u c t u r e ,  c o n s i s t i n g  
of  c o o p e r a t i n g  p r o c e s s e s  r e p r e s e n t i n g  u s e r  
a p p l i c a t i o n s  and  a s y n c h r o n o u s  s y s t e m  a c t i v i t i e s ,  
i s  s u p e r p o s e d  on the s t a t i c  f r a m e w o r k .  T h u s ,  
the  f r e q u e n t  p r o c e s s  s w i t c h i n g  a n d  a s s o c i a t e d  
o v e r h e a d  of  d e e p l y  l a y e r e d  p r o c e s s e s  h a s  b e e n  
a v o i d e d .  I n e f f i c i e n c i e s  due  to f r e q u e n t  h a n d -  
s h a k i n g  b e t w e e n  hhe s t a t i c  l a y e r s  of  f u n c t i o n s  
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h a v e  b e e n  t o l e r a t e d  to a id  m o d i f i a b i l i t y .  

The remainder of this paper is devoted 
to a description of the actual MOSS architecture 
and the concepts on which it is based. A brief 
description of the SUMC hardware is also in- 
cluded to aid reader understanding of the MOSS 
a r c h i t e c t u r e .  

2. SUMC H A R D W A R E  

The SUMC is a microcoded processing 
unit organized around the basic System 360 in- 
struction set. The major features of the hard= 
w a r e  i n c l u d e :  

A multiple level interrupt struc- 
ture with a separate set of regis= 
ters in scratchpad memory for 
e a c h  i n t e r r u p t  l e v e l .  

A d d r e  s s t r a n s l a t i o n  h a r d w a r e  
and  m i c r o c o d e  to s u p p o r t  v i r t u a l  
memory. 

M e m o r y  p r o t e c t i o n  m i c r o c o d e  
w h i c h  p r o v i d e s  a c c e s s  p r o t e c t i o n  
( r e a d ,  w r i t e ,  e x e c u t e )  on a p a g e  
basis. 

M e m o r y  un i t s  w h i c h  p r o v i d e  a 
• d a t a  l o c k  c a p a b i l i t y  to p r e v e n t  
s i m u l t a n e o u s  m u l t i p l e  a c c e s s  to 
locked data [6]. 

3. MOSS LAYER CONCEPTS 

The MOSS architecture is based on 
hierarchical layers of partitions corresponding 
to l e v e l s  of a b s t r a c t i o n s  [Z, 3 , 4 ] .  A l a y e r  d e -  
f i n e s  a l e v e l  in the h i e r a r c h i c a l  s t r u c t u r e  of  the 
s y s t e m  and c o n t a i n s  one  o r  m o r e  p a r t i t i o n s  
w h o s e  i n t e r a c t i o n  is  l i m i t e d  and  w e l l  u n d e r s t o o d .  
A p a r t i t i o n  is  a g r o u p  of f u n c t i o n s  w h i c h  a r e  r e -  
l a t e d  in t h e i r  e f f e c t s  and  s h a r e  c o m m o n  r e -  
s o u r c e s  (da ta  s t r u c t u r e s  a n d / o r  h a r d w a r e  f e a -  
t u r e s ) .  

W i t h i n  e a c h  p a r t i t i o n  t h e r e  a r e  i n t e r n a l  
and  e x t e r n a l  f u n c t i o n s .  E x t e r n a l  f u n c t i o n s  m a y  
be  i n v o k e d  d i r e c t l y  by  f u n c t i o n s  of a n o t h e r  p a r t i -  
t ion .  The  e x t e r n a l  f u n c t i o n s  of a p a r t i t i o n  p r o -  
v i d e  the p r i m i t i v e  o p e r a t i o n s  of  the p a r t i t i o n  to 
other partitions in the system. Internal functions 
are used only within a partition and cannot be 
referenced from other partitions. The internal 
functions are derived from the decomposition of 
the partition into modules which support "infor- 
mation hiding [5]". 

3. 1 P a r t i t i o n  I n t e r a c t i o n  R u l e s  

I n t e r a c t i o n  b e t w e e n  partitions on the 

individual layers must conform to the following 
rules: 

1. 

Z. 

E a c h  p a r t i t i o n  owns  c e r t a i n  r e -  
s o u r c e s  w h i c h  o t h e r  p a r t i t i o n s  
a r e  no t  p e r m i t t e d  to a c c e s s .  The  
r e s o u r c e s  owned  by a p a r t i t i o n  
c o n s i s t  of  the s y s t e m  f u n c t i o n s  
and d a t a  s t r u c t u r e s  u s e d  to s u p -  
p o r t  the p a r t i t i o n .  

E a c h  l a y e r  in the h i e r a r c h y  is  no t  
a w a r e  of  the e x i s t e n c e  of any  
l a y e r s  a b o v e  i t  and c a n n o t  i n v o k e  
any  p a r t i t i o n  of  a h i g h e r  l a y e r .  

P a r t i t i o n s  of  h i g h e r  l a y e r s  m a y  i n v o k e  the e x -  
t e r n a l  f u n c t i o n s  of  a p a r t i t i o n  of  a l o w e r  l a y e r  o r  
the s a m e  l a y e r  to u t i l i z e  the r e s o u r c e s  of  tha t  
p a r t i t i o n .  The  i n v o c a t i o n  h i e r a r c h y  of l a y e r s  is  
no t  r e s t r i c t e d  to r e f e r e n c e s  o n l y  one  l e v e l  b e l o w  
the requesting layer. Rather, layers may di- 
rectly reference any lower layer in the hierarchy. 
The enforcement of the layer interaction rules 
and the knowledge of external functions available 
to higher layers has been maintained as a design 
management responsibility, not a function of the 
executing software. 

3. Z Partition Selection Criteria 

Partitions are selected to supportab- 
stractions of system capabilities. Each abstrac- 
tion is supported by a set of software functions 
which map the characteristics of hardware 
capabilities and/or elementary logical struc- 
tures into higher level logical structures which 
present a simple, consistent view of the hard- 
ware or software represented. Partitions are 
provided to hide the actual implementation of 
complex mechanisms from higher layers of the 
system. 

P a r t i t i o n s  a r e  p l a c e d  on l a y e r s  b a s e d  on 
the n a t u r e  of  t h e i r  a b s t r a c t i o n .  The  l o w e s t  
l a y e r s  c o n t a i n  p a r t i t i o n s  w h i c h  a r e  c l o s e s t  to 
the a c t u a l  m a c h i n e  and  p r o v i d e  b a s i c  s e r v i c e s .  
S u c c e e d i n g l y  h i g h e r  l a y e r s  a r e  s e l e c t e d  b a s e d  
on s e r v i c e s  r e q u i r e d  f r o m  l o w e r  l a y e r s  and 
s e r v i c e s  p r o v i d e d  f o r  h i g h e r  l a y e r s .  S e c t i o n  5 
i d e n t i f i e s  and d e s c r i b e s  the p a r t i t i o n s  s e l e c t e d  
f o r  MOSS. 

3 . 3  H a r d w a r e  S t r u c t u r e  V e r s u s  S o f t w a r e  
S t r u c t u r e  

The SUMC hardware and MOSS software 
are being developed concurrently, allowing 
hardware/software tradeoffs to be made during 
the design phases. The hardware interrupt 
structure has been matched to the software 
structure, thus, eliminating the restrictions on 
the MOSS design which would have resulted if 
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the design had to match an existing interrupt 
s truc ture 

The h i e r a r c h y  of  the l a y e r s  r e f l e c t s  the 
h i e r a r c h y  of the h a r d w a r e  i n t e r r u p t  s t r u c t u r e .  
S ince  an  i n t e r r u p t  r e s u l t s  in a c h a n g e  of  e x e c u -  
t ion  s e q u e n c e ,  m u c h  the s a m e  as  a d i r e c t  c a l l  in 
s o f t w a r e ,  an  i n t e r r u p t  g e n e r a t e d  d u r i n g  the e x -  
e c u t i o n  of  a l a y e r  f u n c t i o n  w h i c h  is  p r o c e s s e d  
by  a h i g h e r  l a y e r  r e p r e s e n t s  a v i o l a t i o n  of  the 
l a y e r  i n t e r a c t i o n  r u l e s .  F o r  e x a m p l e ,  s i n c e  
the MOSS partition responsible for handling 
I / O  i n t e r r u p t s  is in l a y e r  Z, the p a r t i t i o n s  of  
l a y e r  1 wou ld  not  be a l l o w e d  to r e c e i v e  I / O  in -  
t e r r u p t s  d u r i n g  t h e i r  e x e c u t i o n  and cou ld  no t  u se  
the I / O  f a c i l i t i e s .  H o w e v e r ,  p a r t i t i o n s  in l a y e r  
3 and a b o v e  w o u l d  be  a l l o w e d  to r e c e i v e  I / O  i n -  
t e r r u p t s  and to u s e  the I / O  f a c i l i t i e s  of  l a y e r  Z. 

4. MOSS PROCESS CONCEPTS 

The s t a t i c  s t r u c t u r e  of  MOSS is  o v e r -  
l a y e d  by a d y n a m i c  s t r u c t u r e  of  a s y n c h r o n o u s ,  
c o o p e r a t i n g  p r o c e s s e s  c a r r y i n g  out  the s y s t e m  
a c t i v i t i e s .  P r o c e s s e s  do not  h a v e  h i e r a r c h i c a l  
r e l a t i o n s h i p s .  I n s t e a d ,  a p r o c e s s  is the i n d e -  
p e n d e n t ,  a s y n c h r o n o u s  e x e c u t i o n  of  one o r  m o r e  
of  the s y s t e m  p a r t i t i o n s  u n d e r  c o n t r o l  of  the 
s t a t i c  s t r u c t u r e .  S e v e r a l  p r o c e s s e s  m a y  e x e c u t e  
a p a r t i t i o n  s i m u l t a n e o u s l y  s i n c e  the f u n c t i o n s  of 
the p a r t i t i o n s  c o n t a i n  the f a c i l i t i e s  wh ich  c o o r -  
d ina t e  the m u l t i p l e  r e q u e s t s  f o r  t h e i r  r e s o u r c e s .  

The MOSS p r o c e s s  c o n c e p t  is b a s e d  on 
the f o l l o w i n g  d e f i n i t i o n s :  

I. 

Z. 

A processor is an entity which 
performs transformations of 
data. In the MOSS environment, 
a processor is the Central 

Processing Unit (CPU). 

A p r o g r a m  is an o r d e r e d  s e -  
q u e n c e  of  t r a n f o r m a t i o n s  p r e -  
s e n t e d  f o r  e x e c u t i o n  to the p r o c -  
e s s o r .  

3. A p r o c e s s  is  the a c t u a l  o r  p o t e n -  
t i a l  e x e c u t i o n  of an o r d e r e d  
s e q u e n c e  of  t r a n s f o r m a t i o n s  on a 
set of da t a  [7]. 

A process is a logical entity which exists 
independently from a processor, but requires a 
p r o c e s s o r  to a d v a n c e  in s t a t e .  M o r e  than one 
p r o c e s s ,  e a c h  r e p r e s e n t i n g  s o m e  c o l l e c t i o n  of 
p r o g r a m s  and r e s o u r c e s ,  c a n  e x e c u t e  concur- 
rently s h a r i n g  a v a i l a b l e  r e s o u r c e s ,  e s p e c i a l l y  
the p r o c e s s o r .  

There are two significant extensions to 
the basic process concept which have been used 
in MOSS. The first, the subprocess concept, 

depends on the distinction between external and 
internal interrupts. An external interrupt is an 
interrupt which signals an occurrence which is 
not directly related to the currently executing in- 
struction in the processor -- for example, an 
I I O  c o m p l e t i o n  i n t e r r u p t .  A n  i n t e r n a l  i n t e r r u p t ,  
on the o t h e r  hand ,  r e s u l t s  d i r e c t l y  f r o m  the e x -  
e c u t i o n  of the c u r r e n t  i n s t r u c t i o n  - -  f o r  e x a m p l e ,  
a s u p e r v i s o r ,  c a l l  (SVC) o r  a p a g e  t r a p  i n t e r r u p t .  
A s u b p r o c e s s  is  u s e d  to d e n o t e  the p r o c e s s i n g  of  
an  i n t e r n a l  i n t e r r u p t .  The  i n t e r n a l  i n t e r r u p t  
p e r f o r m s  a s e r v i c e  d i r e c t l y  s u p p o r t i n g  the a c t i v e  
p r o c e s s  and ,  as  such ,  is t r e a t e d  as  a c o n t i n u a -  
t ion  of the p r o c e s s .  The  s u b p r o c e s s  is  s i m i l a r  
to a s u b r o u t i n e  i n v o k e d  v i a  a d i r e c t  t r a n s f e r  and 
u s e s  the p r o c e s s  s t a t e  i n f o r m a t i o n  as  p a r a m e t e r s .  

The other extension of the process con- 
cept is the task process. A task is the imple- 
mentation of a user program on MOSS. The task 
process represents the execution of the user 
program and all subprocesses associated with it. 
The subprocesses provide the synchronous oper- 
ating system services invoked to support the user 
program including explicit supervisor calls, 
implicit paging requests, and implicit error han- 
dllng. The state information for a task process 
includes user supplied resource and real time 
control parameters in addition to the hardware 
state information used for all processes. 

4. 1 Process Selection Criteria 

Processes are selected to control the 
asynchronous execution of independent sequences 
of activities. Independent is used in the sense 
that the activities do not directly communicate 
(i. e., via direct call) and their execution is not 
dependent on the state information of another 
process. The following criteria are used to 
identify processes in MOSS: 

1. 

Z. 

A s e p a r a t e  p r o c e s s  is u s e d  to 
r e p r e s e n t  e a c h  u s e r  t a sk .  

A s e p a r a t e  p r o c e s s  is  u s e d  to 
r e p r e s e n t  e a c h  MOSS f u n c t i o n  
wh ich :  

P e r f o r m s  a s e r v i c e  w h i c h  

d o e s  no t  d i r e c t l y  s u p p o r t  
a n o t h e r  p r o c e s s  o r  t a sk ;  o r  

P e r f o r m s  a s e r v i c e  w h i c h  
d i r e c t l y  s u p p o r t s  a n o t h e r  
p r o c e s s  o r  t a sk ,  bu t  wh ich  
is  e x e c u t e d  a s y n c h r o n o u s l y .  

3. A s e p a r a t e  p r o c e s s  is  u s e d  to 
r e p r e s e n t  e a c h  e x t e r n a l  i n t e r r u p t .  

S e c t i o n  6 i d e n t i f i e s  and d e s c r i b e s  e a c h  of  
the p r o c e s s e s  s e l e c t e d  f o r  MOSS.  
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4. Z P r o c e s s  C o o r d i n a t i o n  

S ince  the p r o c e s s e s  w i t h i n  the MOSS e n -  
v i r o n m e n t  c a n n o t  c o m m u n i c a t e  d i r e c t l y ,  p r o c e s s  
c o o r d i n a t i o n  m e c h a n i s m s  a r e  p r o v i d e d  w h i c h  
a l l o w  p r o c e s s e s  to e x c h a n g e  d a t a  and s y n c h r o n -  
i z e  t h e i r  a c t i v i t i e s .  MOSS p r o v i d e s  t h r e e  d i s -  
t i n c t  m e c h a n i s m s  f o r  p r o c e s s  c o o r d i n a t i o n  
w h i c h  h a v e  b e e n  c h o s e n  to r e s t r i c t  the p r o c e s s  
interactions to a minimal, yet, sufficient set. 

These mechanisms are: 

The  d a t a  l ock ;  m u t u a l l y  e x c l u s i v e  
a c c e s s  to s h a r e d  da ta .  

The  s o f t w a r e  i n t e r r u p t  (SINT);  
q u e u i n g  r e q u e s t s  f o r  s e r v i c e .  

The b l o c k / u n b l o c k ;  a w a i t i n g  c o m -  
p l e t i o n  of  a r e q u e s t e d  s e r v i c e .  

T h e s e  f u n c t i o n s  c o u l d  h a v e  b e e n  i m p l e m e n t e d  
wi th  a g e n e r a l  m e c h a n i s m  such  as  D i j k s t r a ' s  
s e m a p h o r e s ,  bu t  o n l y  a t  the r i s k  of  i n c r e a s e d  
c o m p l e x i t y  in p r o c e s s  i n t e r a c t i o n s .  

MOSS p r o c e s s e s  a r e  not  h i e r a r c h i c a l l y  
r e l a t e d  and thus ,  not  l i m i t e d  in t h e i r  i n t e r a c t i o n s  
by the s t a t i c  s t r u c t u r e  of  the s y s t e m .  The MOSS 
p r o c e s s  c o o r d i n a t i o n  m e c h a n i s m s  l i m i t  p r o c e s s  
i n t e r a c t i o n s  a i d i n g  the r e l i a b i l i t y  and  t e s t a b i l i t y  
of  no t  o n l y  this  d e s i g n ,  bu t  a l s o  f u t u r e  c h a n g e s .  

4. Z. 1 D a t a  L o c k s  

P r o c e s s e s  a c c e s s i n g  s h a r e d  da t a  m u s t  
be  c o o r d i n a t e d  to i n s u r e  the i n t e g r i t y  of the 
da t a .  T h i s  c o o r d i n a t i o n  is  p r o v i d e d  by  a h a r d -  
w a r e  a s s i s t e d  l o c k  m e c h a n i s m  w h i c h  g u a r a n -  
t e e s  m u t u a l l y  e x c l u s i v e  a c c e s s  to s h a r e d  da ta .  
The  h a r d w a r e  p r o v i d e s  l o c k  and u n l o c k  i n s t r u c -  
t i ons  w h i c h  a d d r e s s  a l o c k w o r d  in m e m o r y .  The  
l o c k  i n s t r u c t i o n  s t o r e s  a p r o c e s s  i d e n t i f i c a t i o n  
c o d e  in the l o c k w o r d .  The  u n l o c k  i n s t r u c t i o n  
r e q u i r e s  a m a t c h i n g  code  to e f f e c t  the u n l o c k  
( z e r o i n g  the l o c k w o r d ) .  T h e s e  i n s t r u c t i o n s  p r o -  
v i d e  p r o t e c t i o n  a g a i n s t  a c c i d e n t a l l y  i s s u e d  un -  
l o c k s .  

A p r o c e s s  r e q u e s t i n g  a da t a  l o c k  f o r  a 
c u r r e n t l y  l o c k e d  l o c k w o r d  is  s u s p e n d e d  un t i l  the 
l o c k w o r d h a s  b e e n  u n l o c k e d .  D e a d l o c k s  a r e  p r e -  
v e n t e d  by  an o r d e r i n g  s c h e m e  tha t  is a n a t u r a l  
r e s u l t  of  the h i e r a r c h i c a l  s t r u c t u r e .  A l l  f u n c -  
t i ons  a c c e s s i n g  a s p e c i f i c  d a t a  s t r u c t u r e  and the 
d a t a  s t r u c t u r e  i t s e l f  a r e  on the s a m e  l a y e r  in the 
h i e r a r c h y .  T h u s ,  e a c h  f u n c t i o n  is  c o m p l e t e  wi th  
r e s p e c t  to the d a t a  s t r u c t u r e ,  i . e . ,  the l o c k  and 
u n l o c k  a r e  c o n t a i n e d  w i t h i n  the f u n c t i o n .  D o w n -  
w a r d  c a l l s  c a n  be  m a d e  w i t h  a d a t a  s t r u c t u r e  
l o c k e d ,  bu t  u p w a r d  r e t u r n s  a l w a y s  l e a v e  the da t a  
s t r u c t u r e  u n l o c k e d ,  thus ,  p r e v e n t i n g  c i r c u l a r  
l o c k  r e q u e s t s  a m o n g  p r o c e s s e s .  T h e r e  is no 

MOSS m e c h a n i s m  to i n s u r e  the p a i r i n g  of l o c k s  
and u n l o c k s  w i t h i n  a f u n c t i o n ;  th is  has  b e e n  
m a i n t a i n e d  as  a d e s i g n  m a n a g e m e n t  r e s p o n s i b i l -  
i ty .  

4. Z.Z S o f t w a r e  I n t e r r u p t s  

The  s o f t w a r e  i n t e r r u p t  (SINT) m e c h a n i s m  
p r o v i d e s  the c a p a b i l i t y  f o r  p r o c e s s  to be q u e u e d  
f o r  s e r v i c e  in m u c h  the s a m e  m a n n e r  tha t  a 
h a r d w a r e  i n t e r r u p t  q u e u e s  an  i n t e r r u p t  h a n d l i n g  
p r o c e s s .  E a c h  p r o c e s s  c o n t a i n s  a SINT c o u n t  
as  p a r t  of i ts  s t a t e  i n f o r m a t i o n .  The  v a l u e  of  
the S I N T  coun t ,  r a n g i n g  f r o m  z e r o  to an  a r b i -  
t r a r y  p o s i t i v e  i n t e g e r ,  i n d i c a t e s  the n u m b e r  of 
the q u e u e d  r e q u e s t s  f o r  the p r o c e s s .  A SINT 
d r i v e n  p r o c e s s  is  ab l e  to s e r v i c e  a q u e u e  o f  r e -  
q u e s t s  s e r i a l l y  and s u s p e n d  i t s e l f  w h e n  f i n i s h e d  
(when the SINT c o u n t  b e c o m e s  z e r o ) .  O t h e r  
p r o c e s s e s  in the s y s t e m  m a y  q u e u e  the SINT 
d r i v e n  p r o c e s s  by i n c r e m e n t i n g  i ts  SINT coun t .  
T h e r e  a r e  two b a s i c  p r i m i t i v e s  a s s o c i a t e d  wi th  
the S I N T  m e c h a n i s m :  

1. W a i t  a l l o w s  a s e r v i c e  p r o c e s s  to 
d e c r e m e n t  i t s  S I N T  coun t  i n d i c a -  
t ing c o m p l e t i o n  of the c u r r e n t  
s e r v i c e  r e q u e s t .  If the v a l u e  of  
the SINT c o u n t  g o e s  to z e r o ,  the 
p r o c e s s  is s u s p e n d e d  un t i l  the  
SINT coun t  i s  i n c r e m e n t e d  by 
a n o t h e r  p r o c e s s .  A w a i t  r e q u e s t  
a p p l i e s  on ly  to the p r o c e s s  m a k i n g  
the r e q u e s t .  

Z. Se t  SINT i n c r e m e n t s  the S I N T  
c o u n t  of a p r o c e s s ,  q u e u i n g  the 
s p e c i f i e d  p r o c e s s  f o r  s e r v i c e ,  if  
the v a l u e  of the S INT was  z e r o  
b e f o r e  the s e t  S INT,  the p r o c e s s  
i m m e d i a t e l y  b e c o m e s  e l i g i b l e  f o r  
a c t i v a t i o n .  A p r o c e s s  m a y  no t  
s e t  i t s  own SINT.  

I n f o r m a t i o n  p a s s i n g  to a SINT d r i v e n  p r o c -  
e s s  is  t h r o u g h  a known r e q u e s t  q u e u e  f o r  the 
p r o c e s s .  A S I N T  d r i v e n  p r o c e s s  p e r f o r m s  a 
s i n g l e  f u n c t i o n  a s s o c i a t e d  wi th  a l a y e r  in the 
h i e r a r c h i c a l  s t r u c t u r e .  T h i s  l a y e r  c o n t a i n s  the 
r e q u e s t  q u e u e  and the q u e u e  s e r v i c i n g  r o u t i n e s .  
I n v o k i n g  the p r o c e s s  r e q u i r e s  p l a c i n g  the r e -  
q u e s t  in the q u e u e  and  then  p e r f o r m i n g  the s e t  
SINT o p e r a t i o n .  

4. Z. 3 B l o c k i n g  and U n b l o c k i n g  P r o c e s s e s  

T h e  b l o c k / u n b l o c k  m e c h a n i s m  is  i n d e -  
p e n d e n t  of the SINT m e c h a n i s m .  A b l o c k e d  p r o -  
c e s s  is  not  r e l e a s e d  w h e n  i t s  S I N T  c o u n t e r  is  
i n c r e m e n t e d .  The two o p e r a t i o n s  d e s c r i b e d  b e -  
l o w  a r e  p r o v i d e d .  

I. Block allows a process to suspend 

54 



i t s e l f  u n c o n d i t i o n a l l y .  5 . 1 . 4  E x c e p t i o n  H a n d l e r  P a r t i t i o n  

Z. U n b l o c k  a l l o w s  a p r o c e s s  to r e a c -  
t iva te  a b l o c k e d  p r o c e s s .  The u n -  
c o n d i t i o n a l  b l o c k / u n b l o c k  m e c h a n -  
i s m  a l l o w s  a p r o c e s s  to s u s p e n d  
i t s e l f  p e n d i n g  a r e q u e s t  to be c o m -  
p l e t e d  by  a n o t h e r  p r o c e s s .  Whi le  
the p r o c e s s  is s u s p e n d e d ,  i t  c a n  
s t i l l  have  i t s  SINT c o u n t e r  i n c r e -  
m e n t e d  by  o the r  p r o c e s s e s .  I ts  
queue  of r e q u e s t s  is  then  h a n d l e d  
s e r i a l l y  when  the p r o c e s s  is  u n -  
b l o c k e d .  

5. MOSS LAYER SPECIFICATIONS 

MOSS is o r g a n i z e d  in to  e l e v e n  h i e r a r c h i -  
c a l  l a y e r s ,  e a c h  c o n t a i n i n g  one or  m o r e  p a r t i -  
t i o n s .  T h i s  s e c t i o n  d e s c r i b e s  each  l a y e r  s t a r t i n g  
wi th  the l o w e s t  h i e r a r c h i c a l  l a y e r  and  p r o c e e d i n g  
to the h i g h e s t  (see  F i g u r e  1). R e c a l l  that  m o d -  
u l e s  w i t h i n  a g i v e n  l a y e r  m a y  not  invoke  m o d u l e s  
of h i g h e r  l a y e r s .  

5. 1 L a y e r  1 

L a y e r  1 c o n s i s t s  of the t i m e r  m a n a g e -  
m e n t ,  p r o c e s s o r  m a n a g e m e n t ,  p r o c e s s  m a n a g e -  
m e n t ,  e x c e p t i o n  h a n d l e r ,  and  log queue  m a n a g e -  
m e n t  p a r t i t i o n s .  T h e s e  p a r t i t i o n s  p r o v i d e  b a s i c  
s y s t e m  s e r v i c e s  which  can  be r e q u e s t e d  by  a l l  
s y s t e m  p a r t i t i o n s .  

5 . 1 . 1  T i m e r  M a n a g e m e n t  P a r t i t i o n  

T h i s  p a r t i t i o n  p r o v i d e s  t i m i n g  s e r v i c e s  
fo r  the MOSS p r o c e s s e s .  The p a r t i t i o n  c o n t r o l s  
the s e t t i n g  of an  i n t e r n a l  t i m e r  and  the p r o c e s -  
s i ng  of the e x t e r n a l  i n t e r r u p t  g e n e r a t e d  when  
this  t i m e r  e x p i r e s  ( see  S e c t i o n  6. Z). 

5. 1. Z P r o c e s s o r  M a n a g e m e n t  P a r t i t i o n  

T h i s  p a r t i t i o n  m a i n t a i n s  the s t a t u s  of the 
c e n t r a l  p r o c e s s i n g u n i t  and  a l l o c a t e s  the p r o c e s -  
s o r  to the h i g h e s t  p r i o r i t y  r e a d y  p r o c e s s .  T i m e  
s l i c i n g  of the p r o c e s s o r  is  no t  u t i l i z e d .  

5. 1 .3  P r o c e s s  M a n a g e m e n t  P a r t i t i o n  

Th i s  p a r t i t i o n  c o n t r o l s  the p r o g r e s s  of 
p r o c e s s e s  in  the MOSS e n v i r o n m e n t .  The p a r -  
t i t i on  c r e a t e s  p r o c e s s e s ,  c o o r d i n a t e s  t h e i r  a c -  
t i v i t i e s ,  and  d e l e t e s  t h e m .  P r o c e s s  c o o r d i n a -  
t ion  is  a c c o m p l i s h e d  v ia  the SINT and  u n c o n d i -  
t i o n a l  b l o c k i n g / u n b l o c k i n g  m e c h a n i s m s .  

The  f u n c t i o n s  of the p r o c e s s o r  m a n a g e -  
m e n t  and  p r o c e s s  m a n a g e m e n t  p a r t i t i o n s  p r o d u c e  
a m u l t i p r o g r a r n m i n g  e n v i r o n m e n t .  

T h i s  p a r t i t i o n  a n a l y z e s  a l l  d e t e c t e d  e r -  
r o r s  in  MOSS. H a r d w a r e / f i r m w a r e  d e t e c t e d  
e r r o r s  a r e  r e p o r t e d  v ia  the SUMC i n t e r r u p t  
s t r u c t u r e  whi le  s o f t w a r e  d e t e c t e d  e r r o r s  a r e  r e -  
p o r t e d  v ia  n o r m a l  p r o c e d u r e  i n v o c a t i o n .  

5. 1 .5 Log Queue  M a n a g e m e n t  P a r t i t i o n  

T h i s  p a r t i t i o n  m a n a g e s  the i n - c o r e  b u f f -  
e r s  of the s y s t e m  log.  A l l  e n t r i e s  in to  the s y s -  
t e m  log a r e  m a d e  v ia  th is  p a r t i t i o n .  The  p a r t i -  
t ion  a c t i v a t e s  the log m a n a g e m e n t  p r o c e s s  w h e n -  
e v e r  a log b u f f e r  b e c o m e s  fu l l  in  o r d e r  to have  
the fu l l  log b u f f e r  w r i t t e n  to the s y s t e m  log da ta  
set. 

5. Z L a y e r  Z 

L a y e r  Z c o n t a i n s  the c h a n n e l  m a n a g e m e n t  
p a r t i t i o n .  Th i s  p a r t i t i o n  c e n t r a l i z e s  the c o n t r o l  
of the SUMC c h a n n e l  h a r d w a r e .  I t  is r e s p o n s i b l e  
f o r  s c h e d u l i n g  the c h a n n e l s ,  p r o c e s s i n g  I /O  i n -  
t e r r u p t s ,  and  m a i n t a i n i n g  the c h a n n e l s '  l o g i c a l  
status. 

The p a r t i t i o n  is  p l a c e d  a t  th i s  h i e r a r c h i -  
ca l  l e v e l  to e n a b l e  the m e m o r y  m a n a g e m e n t  p a r -  
t i t i on  to r e q u e s t  p a g i n g  I / O  o p e r a t i o n s .  

5.3 Layer 3 

L a y e r  3 c o n t a i n s  the m e m o r y  m a n a g e -  
m e n t  p a r t i t i o n .  T h i s  p a r t i t i o n  s u p p o r t s  the a b -  
s t r a c t i o n  of  v i r t u a l  m e m o r y ;  i. e . ,  the a b i l i t y  to 
r e f e r e n c e  an  a d d r e s s  spa c e  which  is  r e l a t i v e l y  
i n d e p e n d e n t  of p h y s i c a l  m e m o r y  a nd  whose  c o n -  
t e n t s  m a y  a c t u a l l y  be in  m a i n  m e m o r y  or  in  a 
b a c k i n g  s t o r e  c a l l e d  e x t e r n a l  p a g i n g  m e m o r y  
(EPM) .  T h i s  a l l o w s  m a i n  m e m o r y  to be s h a r e d  
a m o n g  p r o g r a m s  whose  i n d i v i d u a l  or  to ta l  m e m -  
o r y  r e q u i r e m e n t s  e x c e e d  the m a i n  m e m o r y  s i z e .  

U n d e r  MOSS e a c h  t a s k  is  a s s i g n e d  a 
l i n e a r  a d d r e s s  spa c e  of Z z4 b y t e s .  E a c h  a d d r e s s  
s p a c e  is  d i v i d e d  in to  f o u r  s e g m e n t s ;  t a s k  p r i v a t e ,  
job  c o m m o n ,  s y s t e m  c o m m o n ,  and  MOSS p r i v a t e .  
T h e r e  a r e  no t  s e p a r a t e  c o p i e s  in  m e m o r y  of the 
l a s t  t h r e e  s e g m e n t s  fo r  each  t a sk .  The h a r d -  
w a r e  p e r m i t s  the s h a r i n g  of s i n g l e  c o p i e s  of e a c h  
j o b ' s  c o m m o n  a r e a ,  the s y s t e m  c o m m o n  a r e a ,  
and  the MOSS p r i v a t e  a r e a .  

M a i n  m e m o r y  is  a l l o c a t e d  on a job b a s i s  
and  v a r i e s  b e t w e e n  a u s e r - d e f i n e d  m i n i m u m  and  
o p t i m u m  a m o u n t  d e p e n d i n g  on the r e q u i r e m e n t s  
of o t h e r  j obs .  P a g i n g  fo r  a l l  t a sk s  of a job is  
done  in the m a i n  m e m o r y  a l l o c a t e d  to the job .  
T h i s  s c h e m e  c o n t r i b u t e s  to the r e p e a t a b i l i t y  of 
s u c c e s s i v e  e x e c u t i o n s  of a job;  an  i m p o r t a n t  
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MOSS S T R U C T U R E  O V E R V I E W  

HAR DWARE 

INTERRUPT 

LE VE L 

U s e r  

svc 

LAYER 

II 

i0 

PAR TITIONS 

1 U s e r  t a s k s  
Z S y s t e m s  t a s k s  

1 SVC h a n d l e r  
Z E x t e r n a l  c o n t r o l  
3 Log m a n a g e m e n t  

S a m p l i n g  p e r f o r m a n c e  
m o n i t o r i n g  

1 P r o g r a m  m a n a g e m e n t  

1 L o g i c a l  I / O  
Z C o n s o l e  m a n a g e m e n t  

1 I / O  r e s o u r c e  m a n a g e m e n t  

1 A c c e s s  m a n a g e m e n t  

4 1 E v e n t  m a n a g e m e n t  
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3 . P r o c e s s  m a n a g e m e n t  
4 E x c e p t i o n  h a n d l e r  
5 Log queue  m a n a g e m e n t  

F i g u r e  1 
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r e a l  t i m e  p e r f o r m a n c e  c o n s i d e r a t i o n .  

When  a p a g e  is r e f e r e n c e d  wh ich  is  no t  in 
m a i n  m e m o r y ,  a p a g e  t r a p  i n t e r r u p t  is  g e n e r -  
a t e d .  T h i s  i n t e r n a l  i n t e r r u p t  is  p r o c e s s e d  by the 
m e m o r y  m a n a g e m e n t  p a r t i t i o n  w h i c h  b r i n g s  the 
r e q u i r e d  p a g e  into  m e m o r y .  H o w e v e r ,  the l a y -  
e r i n g  of  MOSS p r e v e n t s  th is  i n t e r r u p t  f r o m  b e i n g  
h o n o r e d  if i t  i s  i n c u r r e d  by m o d u l e s  a t  o r  b e l o w  
the m e m o r y  m a n a g e m e n t  p a r t i t i o n .  T h e r e f o r e ,  
such  m o d u l e s  m u s t  a l w a y s  be  l o c k e d  in m a i n  
m e m o r y .  

P a g e  s w a p p i n g  is  p e r f o r m e d  on a p a g e  
g r o u p  b a s i s ,  i . e . ,  one to f o u r  p a g e s  of  1K b y t e s  
e a c h .  The  SUMC v i r t u a l  m e m o r y  h a r d w a r e  
s u p p o r t s  a d d r e s s  t r a n s l a t i o n  and p a g e  t r a p s  a t  
the p a g e  g r o u p  l e v e l .  

5 . 4  L a y e r  4 

L a y e r  4 c o n t a i n s  the e v e n t  m a n a g e m e n t  
p a r t i t i o n .  T h i s  p a r t i t i o n  p r o v i d e s  the s e r v i c e s  
f o r  c o m m u n i c a t i n g  the o c c u r r e n c e  of  s i g n i f i c a n t  
c o n d i t i o n s  ( c a l l e d  e v e n t s )  b e t w e e n  p r o c e s s e s .  
The  p a r t i t i o n  a l s o  p r o v i d e s  the c a p a b i l i t y  to s u s -  
p e n d  a p r o c e s s  p e n d i n g  the o c c u r r e n c e  of a 
l o g i c a l  c o m b i n a t i o n  of e v e n t s .  

E v e n t s  do no t  e x i s t  in the MOSS e n v i r o n -  
m e n t  un t i l  a p r o c e s s  d e f i n e s  a c o n d i t i o n  to be  an  
e v e n t .  A l t h o u g h  the e v e n t  m a n a g e m e n t  p a r t i t i o n  
m a i n t a i n s  the s t a t u s  of  e v e n t s ,  i t  r e l i e s  on o t h e r  
p a r t i t i o n s  to d e t e c t  the c o n d i t i o n s  wh ich  c o n -  
s t i t u t e  the e v e n t .  T h a t  i s ,  the r e p o r t i n g  and 
p r o c e s s i n g  of e v e n t s  has  b e e n  c e n t r a l i z e d  w h i l e  
e v e n t  d e t e c t i o n  has  b e e n  d e c e n t r a l i z e d .  T h i s  i s  
c o n s i s t e n t  wi th  the p r i n c i p a l  of  d e d i c a t e d  o w n e r -  
sh ip  of r e s o u r c e s  d i s c u s s e d  in S e c t i o n  3. 1. 

5.5 L a y e r  5 

L a y e r  5 c o n t a i n s  the a c c e s s  m a n a g e m e n t  
p a r t i t i o n .  T h i s  p a r t i t i o n  p r o v i d e s  the s e r v i c e s  
f o r  c o n t r o l l i n g  the a c c e s s  r i g h t s  to s e l e c t e d  r e -  
s o u r c e s  in s u c h  a m a n n e r  as  to p r e v e n t  d e a d l o c k  
s i t u a t i o n s  b e t w e e n  p r o c e s s e s .  A r e q u e s t i n g  
p r o c e s s  w h o s e  s p e c i f i e d  a c c e s s  r e q u e s t  c a n n o t  
be s a t i s f i e d  is b l o c k e d  un t i l  the r e q u i r e d  r e -  
s o u r c e s  b e c o m e  a v a i l a b l e .  

To p r e v e n t  d e a d l o c k  s i t u a t i o n s ,  the p a r t i -  
t ion r e q u i r e s  that  a c c e s s  r e q u e s t s  f o r  d i f f e r e n t  
c l a s s e s  of  r e s o u r c e s  be m a d e  in a s p e c i f i c  o r -  
d e r  and p r o h i b i t s  a d d i t i o n a l  a c c e s s  r e q u e s t s  f o r  
any  c l a s s  of  r e s o u r c e s  to w h i c h  the p r o c e s s  c u r -  
r e n t l y  has access [I]. 

5.6 L a y e r  6 

L a y e r  6 c o n t a i n s  the d e v i c e  m a n a g e m e n t  
p a r t i t i o n .  T h i s  p a r t i t i o n  p r o v i d e s  the s e r v i c e s  
f o r  a l l o c a t i n g ,  s c h e d u l i n g ,  and m a i n t a i n i n g  the 

l o g i c a l  s t a t u s  of the SUMC I / O  d e v i c e s  ( e x c e p t  
f o r  the p a g i n g  d e v i c e  c o n t r o l l e d  by the m e m o r y  
m a n a g e m e n t  p a r t i t i o n ) .  

The  p a r t i t i o n  t r a n s l a t e s  I / O  r e q u e s t s  in to  
c h a n n e l  p r o g r a m s  and q u e u e s  the r e q u e s t s  un t i l  
the r e q u i r e d  d e v i c e  b e c o m e s  a v a i l a b l e .  The 
c h a n n e l  m a n a g e m e n t  p a r t i t i o n  is  s u b s e q u e n t l y  i n -  
v o k e d  to s c h e d u l e  the a s s o c i a t e d  c h a n n e l  f o r  
e x e c u t i o n  of  the c h a n n e l  p r o g r a m .  The  p a r t i t i o n  
a l s o  p e r f o r m s  I / O  e r r o r  r e c o v e r y  if r e q u i r e d .  

An  a c t u a l  s i t u a t i o n  i n v o l v i n g  this  p a r t i t i o n  
p r o v i d e s  an  e x a m p l e  of the m o d i f i a b i l i t y  of  
MOSS:  B e c a u s e  d e v i c e  c h a r a c t e r i s t i c s  and c o n -  
f i g u r a t i o n s  a r e  m a i n t a i n e d  by  this  p a r t i t i o n  and 
h i d d e n  f r o m  the o t h e r  MOSS p a r t i t i o n s ,  the o t h e r  
p a r t i t i o n s  c o u l d  be  d e s i g n e d  and c o d e d  e v e n  
though the d e v i c e  m o d e l s  and c o n f i g u r a t i o n s  w e r e  
s t i l l  u n d e f i n e d .  

5.7 Layer 7 

Layer 7 contains the logical I/O and con- 
sole management partitions. 

5.7. I Logical I/0 Partition 

T h i s  p a r t i t i o n  p r o v i d e s  the s e r v i c e s  f o r  
s u p p o r t i n g  I / O  r e q u e s t s  w h i c h  a r e  s p e c i f i e d  in 
t e r m s  of  l o g i c a l  un i t s  r a t h e r  than p h y s i c a l  u n i t s .  
The  p a r t i t i o n  p e r f o r m s  two t y p e s  of  t r a n s f o r m a -  
t i ons ;  l o g i c a l  un i t s  a r e  t r a n s l a t e d  in to  t h e i r  
a s s o c i a t e d  p h y s i c a l  d e v i c e  a d d r e s s e s  and l o g i c a l  
I / O  f u n c t i o n s  a r e  t r a n s l a t e d  into  one o r  m o r e  
p h y s i c a l  I / O  f u n c t i o n s .  The  d e v i c e  m a n a g e m e n t  
p a r t i t i o n  is i n v o k e d  to p e r f o r m  any  r e q u i r e d  
d e v i c e  I / O .  

5 . 7 .  Z C o n s o l e  M a n a g e m e n t  P a r t i t i o n  

T h i s  p a r t i t i o n  c o o r d i n a t e s  the u se  of  the 
s y s t e m  c o n s o l e  a m o n g  the MOSS p r o c e s s e s .  The  
partition supports the abstraction of a virtual 
console for each process. This enables aprocess 
to u se  i t s  own v i r t u a l  c o n s o l e  w i t h o u t  the n e c e s -  
s i t y  of  c o o r d i n a t i n g  inpu t  o r  ou tpu t  w i th  o t h e r  
users. 

5. 8 Layer 8 

Layer 8 contains the program manage- 
ment partition. This partition provides services 
for controlling the initiation, termination, and 
status of jobs and tasks. A job is defined as a 
unit of work which consists of one or more tasks. 
A task is the basic unit of work processed by 
MOSS and is the smallest entity competing for 
system resources. 

5.9 Layer 9 

Layer 9 contains the sample performance 
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m o n i t o r i n g  p a r t i t i o n .  Th i s  p a r t i t i o n  p r o v i d e s  
s e r v i c e s  fo r  c o l l e c t i n g  s y s t e m  p e r f o r m a n c e  da ta  
a t  p e r i o d i c  t i m e  p o i n t s .  

The c o l l e c t e d  da t a  i n d i c a t e s  the c u r r e n t  
u t i l i z a t i o n  of the s y s t e m  r e s o u r c e s .  Th i s  da ta  
is  r e c o r d e d  and  s u b s e q u e n t l y  p r o c e s s e d  to p r o -  
vide a s t a t i s t i c a l  r e p o r t  wh ich  i n d i c a t e s  s y s t e m  
b o t t l e n e c k s  and  p o o r l y  u t i l i z e d  r e s o u r c e s .  

5. 10 L a y e r  10 

L a y e r  10 c o n t a i n s  the SVC h a n d l e r ,  e x -  
t e r n a l  c o n t r o l ,  and  log m a n a g e m e n t  p a r t i t i o n .  

5 . 1 0 .  1 SVC H a n d l e r  P a r t i t i o n  

T h i s  p a r t i t i o n  p r o v i d e s  the i n t e r f a c e  b e -  
tween  MOSS and  t a sk s  e x e c u t i n g  a t  the u s e r  l e v e l .  
A l l  e x e c u t i n g  t a s k s  m u s t  invoke  th is  p a r t i t i o n  
w h e n e v e r  MOSS s e r v i c e s  a r e  r e q u i r e d .  The p a r -  
t i t i o n  is  i n v o k e d  by  an  i n t e r n a l  i n t e r r u p t  g e n e r -  
a t e d  when  a t a s k  e x e c u t e s  a s u p e r v i s o r  c a l l  
(SVC) i n s t r u c t i o n  

5 . 1 0 .  Z E x t e r n a l  C o n t r o l  P a r t i t i o n  

Th i s  p a r t i t i o n  p r o v i d e s  s e r v i c e s  wh ich  
p e r m i t  the c o n t r o l  of MOSS o p e r a t i o n  f r o m  an  
e x t e r n a l  s o u r c e  (e. g . ,  the c o n s o l e  t y p e w r i t e r ) .  
The p a r t i t i o n  c o n t a i n s  f u n c t i o n s  wh ich  a l l o w  the 
s y s t e m  o p e r a t o r  to o b t a i n  a n d / o r  m o d i f y  the 
c u r r e n t  s t a t u s  of the s y s t e m .  

5. 10 .3  Log M a n a g e m e n t  P a r t i t i o n  

This partition maintains the system log 
data set. Its primary purpose is to output the 
system log buffers which are filled by the log 
queue management partition. 

5. 11 L a y e r  11 

L a y e r  11 c o n t a i n s  the u s e r  t a s k  and  s y s -  
t e m  t a s k  p a r t i t i o n s .  T h e s e  p a r t i t i o n s  m a y  not  
e x e c u t e  p r i v i l e g e d  i n s t r u c t i o n s  or  a c c e s s  the 
MOSS p r i v a t e  s e g m e n t  of the a d d r e s s  s p a c e .  

5. 11. 1 U s e r  T a s k  P a r t i t i o n  

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

5 . 1 1 .  Z S y s t e m  T a s k  P a r t i t i o n  

T h i s  p a r t i t i o n  p r o v i d e s  v a r i o u s  s y s t e m  
s u p p o r t  p r o g r a m s .  S y s t e m  t a sks  a r e  p r o c e s s e d  
by  MOSS in  the s a m e  m a n n e r  as  u s e r  t a s k s .  S y s -  
t e m  t a sks  i n c l u d e  l i n k e r s ,  l o a d e r s ,  r e a d e r /  
i n t e r p r e t e r s ,  and  ou tpu t  w r i t e r s .  

6. MOSS PROCESSES 

As p r e v i o u s l y  s t a t e d ,  the MOSS e n v i r o n -  

m e n t  m a y  be v i e w e d  as  a se t  of c o o p e r a t i n g  
p r o c e s s e s  w h e r e  e a c h  p r o c e s s  is  a u n i t  of w o r k  
to which  the p r o c e s s o r  m a y  be a l l o c a t e d .  MOSS 
p r o v i d e s  f a c i l i t i e s  fo r  c o n t r o l l i n g  the c r e a t i o n ,  
e x e c u t i o n ,  and  d e l e t i o n  of i n d i v i d u a l  p r o c e s s e s ,  
a nd  a l s o  p r o v i d e s  s e r v i c e s  fo r  c o n t r o l l i n g  c o m -  
m u n i c a t i o n  and  s y n c h r o n i z a t i o n  b e t w e e n  
p r o c e s s e s .  

In this  s e c t i o n ,  e ach  m a j o r  MOSS p r o c e s s  
is  i d e n t i f i e d  and  i t s  p u r p o s e  e x p l a i n e d .  

6. 1 1/O I n t e r r u p t  H a n d l e r  P r o c e s s  

Th i s  p r o c e s s  p e r f o r m s  the i n i t i a l  i n t e r -  
p r e t a t i o n  of the da ta  f u r n i s h e d  wi th  I / O  i n t e r r u p t s .  
The p r o c e s s  r e m a i n s  i n a c t i v e  u n t i l  a h a r d w a r e  
I / O  i n t e r r u p t  s i g n a l  is  a c c e p t e d  by  the p r o c e s s o r .  

If the I / O  i n t e r r u p t  i n d i c a t e s  tha t  an  a c t i v e  
I / O  r e q u e s t  has  c o m p l e t e d ,  the i n t e r r u p t  da t a  is  
p a s s e d  to the p r o c e s s  which  r e q u e s t e d  the I / O  
and  that  p r o c e s s  is  r e a c t i v a t e d .  Such p r o c e s s e s  
n o r m a l l y  r e t u r n  to h i g h e r  l a y e r  c o m p o n e n t s  
wh ich  p e r f o r m  d e v i c e - d e p e n d e n t  a n a l y s i s  of the 
da t a .  If the I / O  i n t e r r u p t  is no t  a s s o c i a t e d  wi th  
an  a c t i v e  I / O  r e q u e s t ,  the p r o c e s s  a c t i v a t e s  the 
d e v i c e  a t t e n t i o n  p r o c e s s .  In a d d i t i o n ,  if the I / O  
i n t e r r u p t  i n d i c a t e s  tha t  a c h a n n e l  o r  d e v i c e  has  
b e c o m e  a v a i l a b l e ,  the I / O  i n t e r r u p t  h a n d l e r  
p r o c e s s  a t t e m p t s  to r e s t a r t  the c h a n n e l  wi th  a 
r e q u e s t  q u e u e d  fo r  tha t  c h a n n e l .  

6 . 2  T i m e r  I n t e r v a l  E x p i r e d  P r o c e s s  

T h i s  p r o c e s s  p e r f o r m s  the f u n c t i o n s  
a s s o c i a t e d  wi th  the e x p i r a t i o n  of a p r e d e f i n e d  
t i m e  i n t e r v a l .  T h e s e  f u n c t i o n s  i n c l u d e  the a c t i v a -  
t ion  of a n y  p r o c e s s e s  which  have  r e q u e s t e d  t h e i r  
own s u s p e n s i o n  u n t i l  the e x p i r a t i o n  of the t i m e  
i n t e r v a l  and  the r e s e t t i n g  of the t i m e r  fo r  the 
n e x t  t i m e  i n t e r v a l .  Th i s  p r o c e s s  is  a c t i v a t e d  by  
the h a r d w a r e  i n t e r r u p t  g e n e r a t e d  w h e n  the 
p r o c e s s o r ' s  i n t e r v a l  t i m e r  e x p i r e s .  

6.3 Device Attention Process 

Thi s  p r o c e s s  p e r f o r m s  d e t a i l e d  i n t e r p r e -  
t a t i on  of the da ta  p r o v i d e d  by  I / O  i n t e r r u p t s  
wh ich  a r e  no t  a s s o c i a t e d  wi th  a n  a c t i v e  I / O  r e -  
q u e s t .  T h i s  p r o c e s s  is  a c t i v a t e d  by  the I / O  i n -  
t e r r u p t  h a n d l e r  p r o c e s s  w h e n  an  " u n e x p e c t e d "  
I / O  i n t e r r u p t  is r e c e i v e d .  

6 . 4  Data  Bus  M o n i t o r i n g  P r o c e s s  

This process examines the status of se- 
lected real time data sensors (e.g., analog 
inputs) at periodic time points. The data ob- 
tained is used to maintain a representation of the 
devices in main memory. These data values may 
subsequently be used to satisfy requests to read 
the real time data. This method expedites the 
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p r o c e s s i n g  of r e q u e s t s  fo r  r e a l  t i m e  da t a  and  r e d u c e s  
the r e q u e s t  load  on the c h a n n e l s  a s s o c i a t e d  wi th  the 
m o n i t o r e d  dev i ce  s. 

The  p r o c e s s  is a c t i v a t e d  by  the t i m e r  i n -  
t e r v a l  e x p i r e d  p r o c e s s  a t  the b e g i n n i n g  of e a c h  
m o n i t o r i n g  i n t e r v a l .  

6.5 Job Process 

MOSS c r e a t e s  a job  p r o c e s s  for  each  job .  
The job p r o c e s s  p e r f o r m s  the f u n c t i o n s  r e q u i r e d  
fo r  i n i t i a t i n g  and  t e r m i n a t i n g  a job .  

E a c h  job c o n s i s t s  of one o r  m o r e  t a s k s .  
The job p r o c e s s  c r e a t e s  a n d  a c t i v a t e s  the t a sk  
p r o c e s s  fo r  the i n i t i a l  t a s k  of a job .  In  a d d i t i o n ,  
the job  p r o c e s s  is  a c t i v a t e d  w h e n e v e r  a t a sk  of 
the job t e r m i n a t e s .  Th i s  p e r m i t s  the job p r o c e s s  
to c o n t r o l  s e q u e n t i a l  s c h e d u l i n g  of t a sk s  and  to 
d e t e r m i n e  w h e n  the job ha s  c o m p l e t e d .  

6.6 Task Process 

A t a s k  p r o c e s s  is  c r e a t e d  fo r  e v e r y  t a sk  
which  e x e c u t e s  w i t h i n  the MOSS e n v i r o n m e n t .  A 
t a sk  p r o c e s s  is  c r e a t e d  w h e n  a r e q u e s t  i s  r e -  
c e i v e d  by  MOSS to e x e c u t e  a t a s k  and  e x i s t s  un t i l  
the t a s k  is  t e r m i n a t e d .  

The  t a sk  p r o c e s s  is  c r e a t e d  and  a c t i v a t e d  
by  the job  p r o c e s s  if the t a sk  is the i n i t i a l  t a s k  
of the job  or  if the u s e r  r e q u e s t s  s e q u e n t i a l  
s c h e d u l i n g  of the t a sk s  of h i s  job .  O t h e r w i s e ,  
t a sk  p r o c e s s e s  a r e  c r e a t e d  and  a c t i v a t e d  in  
r e s p o n s e  to a t a s k  s c h e d u l i n g  r e q u e s t  f r o m  
a n o t h e r  t a s k  of the s a m e  job .  

6.7 S a m p l i n g  P e r f o r m a n c e  M o n i t o r i n g  
Process 

T h i s  p r o c e s s  c o l l e c t s  b a s i c  s y s t e m  p e r -  
f o r m a n c e  da t a  and  e n t e r s  i t  in to  the s y s t e m  log. 
The p r o c e s s  is  a c t i v a t e d  by  the t i m e r  i n t e r v a l  
e x p i r e d  p r o c e s s  a t  e ach  s a m p l i n g  t i m e  po in t .  

6 . 8  E x t e r n a l  C o n t r o l  P r o c e s s  

T h i s  p r o c e s s  c a r r i e s  ou t  the c o m m a n d s  
wh ich  a r e  e n t e r e d  a t  the s y s t e m  c o n s o l e .  The 
p r o c e s s  is  a c t i v a t e d  by  the d e v i c e  a t t e n t i o n  
p r o c e s s  w h e n  an  e x t e r n a l  c o n t r o l  c o m m a n d  is  
r e a d  f r o m  the s y s t e m  c o n s o l e  d e v i c e .  

6 . 9  L o s  M a n a g e m e n t  P r o c e s s  

T h i s  p r o c e s s  ou tpu t s  a s y s t e m  log b u f f e r  
to the s y s t e m  log da t a  se t .  The p r o c e s s  is a c t i -  
v a t e d  b y  a log queue  m a n a g e m e n t  f u n c t i o n  w h e n -  
e v e r  a s y s t e m  log b u f f e r  b e c o m e s  fu l l .  Th i s  
f u n c t i o n  is  a p r o c e s s  b e c a u s e  the w r i t i n g  of the 
log b u f f e r  is  a s y n c h r o n o u s  to the o t h e r  p r o c e s s e s  
in  the MOSS e n v i r o n m e n t .  

7. GONG LUSIO!N 

The a r c h i t e c t u r e  of MOSS has  p r o v e n  to 
be s u c c e s s f u l  in a c h i e v i n g  the b a s i c  d e s i g n  goa l  
of m o d i f i a b i l i t y .  The h i e r a r c h i c a l  r e l a t i o n s h i p  
of the MOSS p a r t i t i o n s  has  r e m a i n e d  u n c h a n g e d  
s i n c e  the e a r l y  p h a s e s  of the d e s i g n  wh i l e  the 
d y n a m i c  s t r u c t u r e  and  p a r t i t i o n  i n t e r f a c e s  have  
b e e n  a u g m e n t e d  to s a t i s f y  a d d i t i o n a l  u s e r  r e -  
q u i r e m e n t s .  

The c o n c e p t s  of e x c l u s i v e  o w n e r s h i p  of 
r e s o u r c e s  by p a r t i t i o n s  a nd  i n f o r m a t i o n  h i d i n g  
w i t h i n  m o d u l e s  has  p e r m i t t e d  the i n t e r n a l  d e s i g n  
of the p a r t i t i o n s  to be m o d i f i e d  w i t hou t  a f f e c t i n g  
the i n t e r f a c e s  in to  the p a r t i t i o n  o r  the d e s i g n  of 
o t h e r  p a r t i t i o n s .  

The c o n c e p t s  of s t r i c t l y  c o n t r o l l i n g  
p r o c e s s  c o m m u n i c a t i o n  has  p e r m i t t e d  p r o c e s s e s  
to be m o d i f i e d  and  added  w i t h o u t  a f f e c t i n g  o t h e r  
MOSS p r o c e s s e s .  F o r  e x a m p l e ,  the da t a  bus  
m o n i t o r i n g  p r o c e s s  ha s  b e e n  added  s i n c e  the 
o r i g i n a l  d e s i g n .  

8. AG KNOWLE DGE MEN TS  

Ag wi th  m a n y  d e v e l o p m e n t  e f f o r t s ,  the 
a r c h i t e c t u r e  of MOSS was  no t  w h o l l y  c o n c e i v e d  
a t  one t i m e .  It was  an  e v o l u t i o n a r y  p r o c e s s  of 
the i d e a s  a nd  e f f o r t  of s e v e r a l  peop le  o v e r  an  
e x t e n d e d  t i m e .  We e s p e c i a l l y  w i s h  to 
r e c o g n i z e  the w o r k  of T. T. S c h a n s m a n ,  G. P .  
W i l l i a m s ,  L. G. K e l l e r ,  J .  R.  Gonway ,  and  
5. R.  B o u n d s .  
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