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ABSTRACT

The  new  Prime  I/O  System  (PIOS)  will  rewrite  the  current  I/O  system  to
include  the  fol lowing  features:

I/O  redirectabi  I  ity  and  device  independence
abst rac t  ob jec ts
generalized  name  space  (links*  search  lists)
record  I/O
simple  IPC  primitives

This  paper  presents  the  goals  and  requirements  of  PIOS.
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E x e c u t i v e  S u m m a r y

T h e  P r i m e  I / O  S y s t e m  ( P I O S )  P r o j e c t  p r o p o s e s  t o  r e w r i t e  a n d  e n h a n c e
t h e  f o l l o w i n g  a r e a s  o f  P r i m o s :

o  fi l e  s y s t e m  t a b l e s  a n d  a c c e s s  m e t h o d s
o  i n p u t / o u t p u t  a t  a l l  l e v e l s
o  d e p e n d e n c y  o n  p a r t i c u l a r  C P U  a r c h i t e c t u r e
o  a c c e s s  c o n t r o l
o  name  space  management

T h i s  p r o j e c t  w i l l  a l s o  s u p p o r t  t h e  f o l l o w i n g  a r c h i t e c t u r a l  c h a n g e s :

o  D S A G  s e r v i c e  o r i e n t e d  e n v i r o n m e n t  ( P D A  -  P r i m e  D i s t r i b u t e d
A r c h i t e c t u r e )

o  d i s t r i b u t e d  fi l e  s y s t e m  i n t e l l i g e n c e  ( e . g .  s m a r t  d i s k
c o n t r  o i l e r s )

o  p o r t a b i l i t y  o f  P r i m o s  t o  o t h e r  C P U  f a m i l i e s  < 1 . e .  i s o l a t i o n  o f
m a c h i n e  d e p e n d e n t  c o d e )

I n  a d d i t i o n ,  P I O S  w i l l  a d d  t o  P r i m o s  f e a t u r e s  o f f e r e d  b y  P r i m e ' s
c o m p e t i t o r s *  a n d  t h e r e b y  i m p r o v e  P r i m e ' s  p o s i t i o n  i n  t h e  m a r k e t p l a c e .
T h e s e  f e a t u r e s  i n c l u d e :

o  I / O  r e d i r e c t a b i l i t y
o  d e v i c e  i n d e p e n d e n c e
o  r e c o r d  I / O
o  u n i f o r m  I / O  i n t e r f a c e
o  s u p p o r t  f o r  l a n g u a g e  I / O

P I O S  i s  a  m a j o r  r e w r i t e  o f  t h e  R i n g  0  p a r t  o f  t h e  o p e r a t i n g  s y s t e m .
R e w r i t i n g  i s  m o r e  c o s t  e f f e c t i v e  t h a n  p a t c h i n g  b e c a u s e  o f  t h e  e x t e n t  o f
t h e  c h a n g e s  r e q u i r e d *  a n d  t h e  i n t r a c t a b i l i t y  o f  t h e  e x i s t i n g  c o d e .
S i n c e  t h e  I / O  s y s t e m  a c c o u n t s  f o r  a  v e r y  l a r g e  p e r c e n t a g e  o f  o p e r a t i n g
s y s t e m  b u g s  ( 7 0 %  f o r  R e v.  1 9  -  c f .  P E - T I - 9 8 9 ) *  r e s t r u c t u r i n g  t h e  s y s t e m
s h o u l d  r e s u l t  i n  a  s i g n i fi c a n t  i m p r o v e m e n t  i n  r e l i a b i l i t y  a n d
m a i n t a i n a b i 11 t y  •

C o m p a t i b i l i t y  w i l l  b e  a s s u r e d ;  n o  s o f t w a r e  o t h e r  t h a n  P r i m o s  a n d
i t s  u t i l i t i e s  i s  r e q u i r e d  t o  c h a n g e .  S i n c e  m a n y  o f  t h e  c h a n g e s  a r e
b e i n g  m a d e  f o r  t h e  b e n e fi t  o f  o t h e r  s o f t w a r e  ( e . g .  d e v i c e - i n d e p e n d e n t
I / O  f o r  l a n g u a g e s )  c o m m i t m e n t s  f r o m  o t h e r  g r o u p s  w i l l  b e  n e e d e d  t o  p u t
t h e  n e w  f e a t u r e s  i n t o  u s e .

PRTMF  Rn«.F  Rr<^TRTrTrn r> -.
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G l o s s a r y

Here  we  define  terminology  used  in  this
words  indicate  terms  that  appear  elsewhere

s p e c i fi c a t 1  o n .
in  the  g  loss  ary•

Under  Iined

Abstract  object  -  A  named  set  of  data  and  operat ions.  The  operat ions
defined  on  the  data  can  include  convent ional  ones  l ike  read  and
w r i t e *  a s  w e l l  a s  o n e s  o f  a r b i t r a r y  c o m p l e x i t y  d e fi n e d  b y  t h e
u s e r ;  t h e  o p e r a t i o n s  a l s o  i n c l u d e  a c c e s s  c o n t r o l  i n f o r m a t i o n .
Examples  o f  ob jec ts  a re  fi les*  dev ices*  and  serv ices ;  a l l  I /O  is
d o n e  t o / f r o m  o b j e c t s .  T h e r e  a r e  t h r e e  k i n d s  o f  o b j e c t s :  s i m p l e
objects*  composite  objects*  and  3  eneric  ..objects.

A l i as i ng  -  The  ab i l i t y  t o  t empo ra r i l y  r ed i  r ec t  t he  t a rge t  o f  an  I /O
o p e r a t i o n  f r o m  a  " h a r d - w i r e d "  g l o b a l  n a m e  t o  s o m e  s u b s t i t u t e
t a r g e t *  a s  f o r  d e b u g g i n g  p u r p o s e s .  I n  P I O S *  a l i a s i n g  i s  d o n e
using  the  associ  ate  stream  operation.

Associat ion  -  To  associate  two  names  is  to  relate  or  connect  them  in
p r e p a r a t i o n  f o r  d o i n g  I / O ;  a s s o c i a t i n g  n a m e s  1 s  t h e  fi r s t  s t e p
to  defining  a  s t  ream.  The  names  assoc ia ted  can  be  two  loca l
names*  a  local  name  and  a  g lobaI  name*  or  two  g lobal  names
( a l i a s i n g ) .  A l l  a s s o c i a t i o n s  a r e  l o c a l *  i . e . *  p r o c e s s - s p e d f 1 c .

This  notion  is  more  general  than  the  usual  one  of  connect  ion  *
since  any  two  names  can  be  associated.

Asynchronous  I/O  -  See  unpended  I/O.

Block  I /O  -  An  I /O  in ter face  that  typ ica l ly  t ransfers  data  by  re ference
rather  than  by  value  (no  copy  mode  I /O).  No  formatt ing  of  data
into  records  is  done.

Composite  object  -  An  object  which  contains  more  than  one  object  within
i t s e l f ;  t h e  i n t e r n a l  o b j e c t s  a r e  c a l l e d  s u b o b j e c t s .  A  c o m p o s i t e
o b j e c t  c o u l d  b e  u s e d  w h e n  a  n u m b e r  o f  o b j e c t s  a r e  l o g i c a l l y
e q u i v a l e n t  ( e . g . *  s e r v e r s  i n  a  s e r v i c e ) *  w h e n  t h e  i n t e r n a l
s t r u c t u r e  o f  o b j e c t s  m u s t  b e  h i d d e n  f r o m  u s e r s  ( e . g . *  c e r t a i n
Data  Management  objects)*  or  to  conglomerate  many  smal l  objects
into  one  large  one.

Connection  -  An  association  between  a  gene  ri  c  file  known  to  a  process
and  a  resource  known  to  the  system.  A  less  general  notion  than
asso  ci  at  ion  *  since  one  end  must  be  a  local  name.

Device  independence  -  The  abi l i ty  to  use  a  single  interface  to  perform
I/O  to  all  types  of  obi  ect  s.  This  allows  programs  to  be  written
w h i c h  d o  n o t  d e p e n d  o n  t h e  p e c u l i a r i t i e s  o f  a n y  p a r t i c u l a r
device.  See  I/O  redirectabi  I  ity  •

□  D T M r -  n  r \  o  c  n r o x t i T ^ T C n o  ~  —  ^.



R e a u i r e m e n t s  S p e c  f o r  t h e  P r i m e  I / O  S y s t e m  ( P I O S )  P E - T I - 9 9 0

D is t r i bu ted  sys tem  -  A  d i s t r i bu ted  sys tem  has  many  un i t s  capab le  o f
va r y i n g  d e g re e s  o f  co mp u ta t i o n  a n d  d a ta  s t o ra g e .  Ea ch  u n i t  i s
independent  of  all  others  in  that  units  do  not  share  main  memory.
All  units  are  Interconnected  in  such  a  way  that  users  need  not  be
a w a r e  o f  d i s c r e t e  r e s o u r c e s  o r  s y s t e m  t o p o l o g y.  R a t h e r *  t h e y
perceive  the  system  as  a  set  of  services  for  information  storage*
r e t r i e v a l *  a n d  m o d i fi c a t i o n .

F i le  e lements  -  A  fi le  system  feature  which  a l lows  fi les  to  be  s tored
on  con t iguous  a reas  o f  d isks  fo r  e ffic ien t  I /O.

Fi l ter  -  A  kind  of  stream  which  performs  a  transformation  on  the  data
w h i c h  p a s s e s  t h r o u g h  i t .  A  fi l t e r  i s  a s s o c i a t e d  w i t h  a
particular  t  arget  in  a  stream  and  specifies  how  data  entering  the
ta rge t  i s  to  be  t rans fo rmed;  in  th is  sense  i t  i s  an  assoc ia t ion
from  a  target  to  i tse l f  (a  loop) .

Fork  -  A  special  associat1  on  which  allows  one  end  of  a  stream  to  be
s p l i t  i n t o  t w o  p a r t s ,  t h u s  s e n d i n g  t h e  d a t a  t o  t w o  d i f f e r e n t
dest  inat  ions  •

Gener ic  fi le  -  A  loca l  (p rocess-spec ific)  name  used  to  re fer  to  g loba l
names  to  provide  I/O  redirectabi  I  ity  .

Generic  object  -  An  pbj  ect  whose  name  is  in  the  local  name  sgace  of  a
process.  A  gener ic  ob ject  is  used  as  an  I /O  por t?  the  physica l
o r  l o g i c a l  r e s o u r c e  i t  i s  r e l a t e d  t o  c a n  b e  r e d e fi n e d  b y  a
process  in  order  to  red i rect  I /O.

A  gener ic  ob jec t  is  a  more  genera l  not ion  than  a  gener ic  fi le*
s ince  access  cont ro l  and  non-s tandard  operat ions  can"  be  defined
on  an  object•

Global  name  -  A  name  in  the  hi  erarchical  name  space  which  is  known
ac ross  a l l  p rocesses .

Hierarchical  name  space  -  A  name  space  in  which  names  are  organized
i n t o  a  v e r t i c a l  ( h i e r a r c h i c a l )  s t r u c t u r e  a s  w e l l  a s  a  h o r i z o n t a l
(flat)  st  ru  cture•

The  name  space  seen  by  a  process  is  divided  into  global  names  and
local  names,.  When  a  global  name  is  the  same  as  a  local  name*  the
local  name  is  given  preference.

I /O red i rec tab i l i t y  -  The  ab i l i t y  to  change  the  source  o r  s ink .  o f  an
I /O  opera t ion  w i thou t  mod i f y ing  an  ex i s t i ng  p rog ram,  " i n  a  fu l l y
g e n e r a l  I / O  s y s t e m ,  t h i s  a b i l i t y  i s  a v a i l a b l e  e v e n  f o r  p r o g r a m s
w h i c h  d o  n o t  u s e  a  d e v i c e  i n d e p e n d e n t  i n t e r f a c e  ( i . e . *  w h i c h
r e f e r  d i r e c t l y  t o  p h y s i c a l  r e s o u r c e s ) . "  T h i s  l a s t  a b i l i t y  i s
k n o w n  a s ^  a l i a s i n g .  G e n e r a l  r e d i r e c t a b 11 i t y  i s  p r o v i d e d  b y  t h e
a s s o c i a t i o n  o p e r a t i o n .

PRIME  RHftF  RFSTRTrTFR
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I / O  s y s t e m  -  T h a t  p o r t i o n  o f  t h e  o p e r a t i n g  s y s t e m  t h a t  e n a b l e s  u s e r s  t o
l o c a t e  a n d  u s e  n o n - m a i n  m e m o r y  s t o r a g e  a n d  c o m m u n i c a t i o n s
r e s o u r c e s ;  i t  i n c l u d e s  f a c i l i t i e s  t o  i d e n t i f y *  s h a r e *  u s e  a n d
m a n a g e  a  s y s t e m ' s  I / O  r e s o u r c e s .

L i n k s  -  F i l e  n a m e s  t h a t  p o i n t  t o  o t h e r  fi l e  n a m e s  i n s t e a d  o f  d a t a .

Loca l  name  -  A  name  which  is  known  on ly  to  a  par t icu lar  p rocess .

O b j e c t  -  S e e  a b s t r a c t  o b j e c t .

N a m i n g  s e r v i c e  -  A  s e r v i c e  w h i c h  m a n a g e s  t h e  h i e r a r c h i c a l  n a m e  s p a c e .

O p e n  -  O p e r a t i o n  w h i c h  d e fi n e s  t h e  d i r e c t i o n  o f  fl o w  a n d  t h e  l o g i c a l
a c c e s s  o f  d a t a  i n  a  s t r e a m ;  c o m p l e t e s  t h e  d e fi n i t i o n  o f  a
st  re  am.

P D A  -  P r i m e  D i s t r i b u t e d  A r c h i t e c t u r e .  A  d i s t r i b u t e d  o p e r a t i n g  s y s t e m
c u r r e n t l y  u n d e r  d e v e l o p m e n t .  "

R e c o r d  I / O  -  A n  I / O  i n t e r f a c e  t h a t  p e r f o r m s  d a t a  b l o c k i n g *  u n b l o c k i n g
a n d  f o r m a t t i n g  f u n c t i o n s  f o r  t h e  u s e r .

S e a r c h  l i s t s  -  L i s t s  o f  d i r e c t o r i e s  t o  l o o k  f o r  n a m e s .  A  s e a r c h  l i s t
i s  a  l i s t  o f  " h i n t s "  t o  a  n a m i n g  s e r v i c e •

Server  -  One  of  a  set  o f  processes  which  implements  a  s .e£v jce.

S e r v i c e  -  A  s e t  o f  p r o c e s s e s  ( s e r v e r s )  w h i c h  i n s u l a t e  u s e r s  f r o m  t h e
p h y s i c a l  c h a r a c t e r i s t i c s  a n d  l o c a t i o n  o f  a  r e s o u r c e .  A  s e r v i c e
i s  i m p l e m e n t e d  a s  a n  a b s t r a c t  o b j e c t *  s o  t h a t  d a t a  c a n  b e
t r a n s f e r r e d  b e t w e e n  i t  a n d  a  u s e r  p r o c e s s  u s i n g  t h e  s a m e  I / O
i n t e r f a c e  u s e d  f o r  a l l  o b j e c t s .  A  s e r v i c e  c a n  b e  u s e d  t o
i m p l e m e n t  a  s e t  o f  o p e r a t i o n s  o n  o t h e r  a b s t r a c t  o b j e c t s .

S imp le  ob jec t  -  An  ob jec t  wh i ch  does  no t  con ta in  subob jec t  s .

S i n k  -  O b j e c t  t o  w h i c h  d a t a  fl o w s  i n  a  s t r e a m ;  d a t a  i s  w r i t t e n  t o  t h e
s i n k .

S o u r c e  -  O b j e c t  f r o m  w h i c h  d a t a  fl o w s  i n  a  s t r e a m ;  d a t a  i s  r e a d  f r o m
the  sour  ce.

S t r e a m  -  A n  I / O  s t r e a m  i s  a  l o g i c a l  c o n d u i t  t h r o u g h  w h i c h  d a t a  fl o w s .
To  d e fi n e  a  s t r e a m *  a  u s e r  m u s t  s p e c i f y  t h e  I / O  o b j e c t s  i n  t h e
p a t h  o f  t h e  s t r e a m *  t h e  d i r e c t i o n  o f  t h e  d a t a  fl o w *  a n d  t h e  w a y
t h e  d a t a  i s  t o  b e  r e a d / w r i t t e n .  T h e  p a t h  i s  d e fi n e d  b y
a s s o  c i  a t  i n g  t h e  o b j e c t s ;  t h e  d i r e c t i o n  o f  fl o w  a n d  t h e  l o g i c a l
a c c e s s  i s  d e fi n e d  b y  o p e n i n g  t h e  s t r e a m .

ddTmc-  o  n  »  r  DCCTDTrTrn
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Subobject  -  An  object  which  is  part  of  a  composite  object.  A  subobject
may  also  be  composite.

Target  -  Either  end  of  an  associat  i  on;  a  source  or  a  sink,.

Unpended  I/O  -  An  I/O  interface  that  permits  overlapping  of  I/O  and  CPU
t imes  (aka  asynchronous  I /O)•

P RT M F  R n ? . r  R F C T D Tr Tr n
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1  Motivati  on

The  I/O  system  is  that  portion  of  the  operating  system  which  enables
users  to  loca te  and  use  non-main  memory  s torage  and  communica t ions
resources ;  i t  i nc ludes  fac i l i t i es  to  iden t i f y *  share*  use  and  manage  a
s y s t e m - s  I / O  r e s o u r c e s .  T h e  c u r r e n t  I / O  s y s t e m  h a s  s e v e r a l
i nadequac ies*  a l l  o f  wh ich  can  be  a t t r i bu ted  to  i t s  haphazard  des ign
and  imp lemen ta t i on :

o  L a c k  o f  f e a t u r e s  o f f e r e d  b y  o u r  c o m p e t i t o r s :  I / O  d e v i c e
i n d e p e n d e n c e *  r e d i r e c t a b i 1 1 1 y *  fi l e  e l e m e n t s *  a n d  r e c o r d
management  support  for  fixed  and  varying  length  records  are  common
o p e r a t i n g  s y s t e m  f e a t u r e s  a m o n g  o u r  c o m p e t i t o r s .  ( F i l e  e l e m e n t s
a r e  a  fi l e  s y s t e m  f e a t u r e  w h i c h  a l l o w s  fi l e s  t o  b e  k e p t  o n
con t iguous  d i sk  reco rds  fo r  e f fic ien t  I /O . )  P r ime  lacks  these  and
is  a t  a  compet i t i ve  d isadvantage.

I n  a d d i t i o n *  t h e  l a c k  o f  s u p p o r t  f o r  l a n g u a g e  I / O  c a u s e s  e x t r a
layers  of  software  to  be  produced  and  obscure  code  to  be  written*
increasing  an  al ready  high  maintainance  load  (see  below).

o  The  system  is  difficult  to  use  and  understand.  This  shows  up  in
m i s l e a d i n g  t e r m i n o l o g y *  t h e  e x i s t e n c e  o f  o b s o l e t e  f e a t u r e s *  a n d
t h e  d e fi n i t i o n  o f  a s s y m e t r i c  o p e r a t i o n s .  F o r  e x a m p l e *  a l t h o u g h
segment  d i rec to r ies  a re  ca l l ed  d i rec to r ies*  opera t ions  tha t  can  be
p e r f o r m e d  o n  t h e m  a r e  v e r y  d i f f e r e n t  f r o m  t h o s e  t h a t  c a n  b e
per formed  on  a  UFD  or  sub-UFD.  In  addi t ion*  segment  d i rector ies
were  in t roduced  to  fi l l  a  need  for  ob jects  that  funct ion  somewhat
l i k e  d i r e c t o r i e s  b u t  a r e  l a r g e .  I n  a  fi l e  s y s t e m  w h i c h  a l l o w s
l a r g e  d i r e c t o r i e s  a n d  fi l e s *  s u c h  a  s p e c i a l  c a s e  w o u l d  n o t  b e
needed.  Another  p lace  where  assymet ry  shows  up  i s  in  ob ta in ing
the  length  of  a  file;  getting  the  length  of  a  SAM  file  is  a  much
more  expensive  operation  than  for  a  DAM  file  because  the  length  of
a  SAM  file  is  not  stored  in  the  file  header.  Such  a  dispari ty  is
u n n e c e s s a r y *  i n c o n s i s t e n t *  a n d  i n e f fi c i e n t .
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o  L a c k  o f  f u l l  t r a n s p a r e n c y .  U s e r s  m u s t  b e  a w a r e  o f  n e t w o r k
t o p o l o g y  w h e n  p e r f o r m i n g  s o m e  o p e r a t i o n s .  F o r  e x a m p l e *  a c c e s s i n g
a  r e m o t e  fi l e  c a n  f a i l  e v e n  t h o u g h  t h e  m a c h i n e  o n  w h i c h  i t  r e s i d e s
1 s  o n  t h e  u s e r » s  n e t w o r k ;  t h i s  c a n  h a p p e n  i f  t h e  p a r t i t i o n  h a s
n o t  b e e n  e x p l i c i t l y  a d d e d  t o  t h e  u s e r ' s  m a c h i n e .  T h e  r e q u i r e m e n t
t h a t  t h e  o p e r a t o r  e x p l i c i t l y  a d d  r e m o t e  d i s k s  t o  n e t w o r k  n o d e s  w a s
i n t e n d e d  a s  a  s e c u r i t y  f e a t u r e ;  h o w e v e r  t h i s  f e a t u r e  o f t e n  g e t s
i n  t h e  w a y  m o r e  t h a n  i t  1 s  u s e f u l *  a n d  a t t e m p t s  t o  h a n d l e  a
s e c u r i t y  p r o b l e m  o u t s i d e  o f  P r i m e # s  o f fi c i a l  s e c u r i t y  m e c h a n i s m
A C L s .  F o r  c o n s i s t e n c y  a l l  s e c u r i t y  f e a t u r e s  s h o u l d  b e  i m p l e m e n t e d
unde r  one  mechan i sm.

o  T h e  s y s t e m  i s  n o t  e a s i l y  d e b u g g e d  o r  m o d i fi e d .  O n  t h e  o r d e r  o f
2 / 3  o f  a l l  b u g s  r e p o r t e d  a r e  i n  t h e  I / O s y s t e m  ( c f .  P E - T I - 9 8 9 ) .

o  I n fl e x i b i l i t y  -  M a n y  s o f t  r e s o u r c e s  a r e  s t a t i c a l l y  a l l o c a t e d  a t
s y s t e m  s t a r t u p ;  r e c o n fi g u r a t i o n  r e q u i r e s  a  s y s t e m  r e b o o t .  T h i s
m a k e s  1 t  d i f fi c u l t  t o  c u s t o m i z e  a  s y s t e m  t o  u s e r  n e e d s .  I t  a l s o
p l a c e s  a n  a d d e d  b u r d e n  o n  d e v e l o p e r s  w h o  m u s t  d o  f r e q u e n t  r e l o a d s
a n d  r e b o o t s .

DDTMC  D  n  Q  C  nc*c*-rnTf»"rr-n
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2  Goals

T h e  o v e r a l l  g o a l  o f  P I O S  i s  t o  r e m o v e  t h e  i n a d e q u a c i e s  o f  t h e
c u r r e n t  I / O  s y s t e m  a n d  i m p r o v e  P r i m e ' s  c o m p e t i t i v e  p o s i t i o n .
S p e c i fi c a l l y *  P I O S  w i l l :

o  lay  a  foundat ion  for  PDA  (Pr ime  Dis t r ibuted  Arch i tec ture) .

o  make  the  system  easier  to  use.

o  make  the  system  more  extensible  and  portable.

o  add  new  fea tures  (e .g .  dev ice  independence*  I /O  red i rec t ion) .

o  p r o v i d e  s u p p o r t  f o r  I n t e l l i g e n t  d e v i c e s  ( i n t e l l i g e n t  d i s k
c o n t r o l l e r *  I / O  p r o c e s s o r ) .

o  ma in ta in  compat ib i l i t y  w i th  ex is t ing  commands .

o  i m p r o v e  m a i n t a i n a b i l i t y  a n d  r e l i a b i l i t y .

o  provide  support  for  database  management  products.
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3  Compe t i t i ve  Summary

T h r e e  s y s t e m s  w e r e  c h o s e n  a s  r e p r e s e n t a t i v e  o f  t h e  m a r k e t p l a c e  i n
w h i c h  P r i m o s  c o m p e t e s .  D a t a  G e n e r a l ' s  A O S  a n d  D i g i t a l ' s  VA X / V M S  a r e
P r i m e ' s  m o s t  c o n s i s t e n t  c o m p e t i t o r s .  B e l l  S y s t e m ' s  U N I X  i s  i n c l u d e d  a s
a  w i d e l y  a c c e p t e d  o p e r a t i n g  s y s t e m  i n  a c a d e m i c  e n v i r o n m e n t s .  A l l  t h r e e
o f f e r  I / O  s y s t e m s  s u p e r i o r  t o  P r i m e ' s .

A n  I / O  s y s t e m  a l l o w s  u s e r s  t o  i d e n t i f y *  s h a r e *  u s e ,  a n d  m a n a g e  a
s y s t e m ' s  I / O  r e s o u r c e s .  T h i s  s e c t i o n  d i s c u s s e s  c o m p e t i t i v e  o f f e r i n g s
i n  t h e  fi r s t  t h r e e  a r e a s  a n d  o n l y  t o u c h e s  o n  r e s o u r c e  m a n a g e m e n t  s i n c e
s u c h  i s s u e s  a r e  i m p l e m e n t a t i o n  o r i e n t e d .

3 . 1  S u m m a r y  o f  F e a t u r e s  D i s c u s s e d

o  h i e r a r c h i c a l  n a m e  s p a c e
A  c o n v e n i e n t l y  s t r u c t u r e d  w a y
( fi l e s ,  d e v i c e s ,  a n d  s e r v i c e s ) .

f o r  r e f e r r i n g  t o  I / O  o b j e c t s

o  gener  i  c  files
A  s e t  o f  l o c a l  ( p r o c e s s - s p e c i fi c )  n a m e s  u s e d  t o  r e f e r  t o  I / O
o b j e c t s .

o  s h o r t h a n d  m e t h o d s  f o r  r e f e r e n c i n g  l o n g  n a m e s
M e t h o d o l o g i e s  f o r  h i d i n g  t h e  r e a l  n a m e s  o f  o b j e c t s  a n d  f o r
r e d u c i n g  t y p i n g .

o  s e c u r i t y  a n d  a c c e s s  c o n t r o l
L i m i t i n g  a c c e s s  t o  o b j e c t s .

o  s o p h i s t i c a t e d  c o n n e c t i o n  c a p a b i l i t i e s
A s s o c i a t i n g  n a m e s  f o r  t h e  p u r p o s e s  o f  d o i n g  I / O .

o  o n e  I / O  i n t e r f a c e  f o r  a l l  o b j e c t s
U s i n g  c o n n e c t i o n s  t o  p e r f o r m  I / O  o n  a  v a r i e t y  o f  o b j e c t s  w i t h o u t
c o n c e r n  f o r  p e c u l i a r i t i e s  o f  s p e c i fi c  o b j e c t s .

o  r e c o r d  I / O
A n  I / O  i n t e r f a c e  t h a t  p e r f o r m s  d a t a  b l o c k i n g *  u n b l o c k i n g  a n d
f o r m a t t i n g  f u n c t i o n s  f o r  t h e  u s e r .

n D T u r  o n o r - Pi^OTn  T  /*  t  r—  r%
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b lock  I /O
An  I/O
rat  her

i n t e r f a c e  t h a t  t y p i c a l l y  t r a n s f e r s
than  by  value  (no  copy  mode  I/O).

data  by  reference

unpended  I/O
An  I/O  interface  that  permits  overlapping  of  I /O  and
(aka  asynchronous  I /O) .

CPU  t imes

3.2  Hierarchical  Name  Space

Sys tems  assoc ia te  names  w i th  resources  so  tha t  resources  may  be
easi ly  ident ified  and  used.  A  h ierarchical  name  space  is  one  in  which
names  are  organized  In to  a  ver t ica l  (h ierarch ica l )  s t ructure  as  wel l  as
a  h o r i z o n t a l  ( fl a t )  s t r u c t u r e .  N a m i n g  h i e r a r c h i e s  a r e  d e s i r a b l e
because  they  are  flexible*  uniform  and  easy  for  users  to  learn  and  use.

Names  are  arranged  in  a  hierarchy  1n  all  three  systems.  Devices  are
m e m b e r s  o f  a  d i s t i n g u i s h e d  d i r e c t o r y  n e a r  t h e  t o p  o f  t h e  h i e r a r c h y.
G e n e r a l l y  s o m e  s p e c i a l  c h a r a c t e r  ( o r  c h a r a c t e r  s e q u e n c e )  i s  u s e d  t o
ident i fy  the  d is t ingu ished  d i rec tory*  such  as  the  '3 '  in  3C0N0  for  the
A O S  s y s t e m  c o n s o l e .  B o t h  A O S  a n d  VA X  n a m i n g  h i e r a r c h i e s  i n c l u d e
network  node  names  at  their  top  levels;  UNIX  does  not.

T h e  A O S  n a m i n g  h i e r a r c h y  h a s  a n  a d d i t i o n a l  u n i q u e  f e a t u r e .  I t
a l lows  who le  sub t rees  ( i *e* *  o ther  d isks )  to  be  inser ted  and  removed
anywhere  be low  the  top  leve l  o f  the  h ie ra rchy.  VAX/VMS  permi ts  th i s
only  at  a  single  point  near  the  top  of  the  hierarchy.

3.3  Generi  c  Files

Names  are  ul t imately  resolved  to  resources  by  the  operat ing  system.
D i f f e r e n t  s y s t e m s  u s e  a  v a r i e t y  o f  m e c h a n i s m s  f o r  r e s o l v i n g  n a m e s .
However*  the  concept  of  generic  files  is  common  among  them.

Generi  c  files  are  a  set  of  names  that  are  private  to  a  process.  The
p r o c e s s  m a y  a s s o c i a t e  d e v i c e s *  fi l e s  o r  s e r v i c e s  w i t h  g e n e r i c  fi l e s .
When  the  process  performs  I/O  on  a  generic  file*  the  I/O  is  performed
on  the  assoc ia ted  dev i ce*  fi le  o r  se rv i ce .  Th i s  i nsu la tes  the  p rocess
from  specific  knowledge  of  I /O  objects*  and  al lows  I /O  bindings  to  be
made  at  run  t ime  rather  than  at  coding  t ime.  Deferr ing  bindings  makes
p r o g r a m s  m o r e  fl e x i b l e .
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T h e  v a r i o u s  s y s t e m s  s u p p o r t  d i f f e r e n t  g e n e r i c  fi l e s  a s  s t a n d a r d .
U N I X  s u p p o r t s  g e n e r i c  fi l e s  f o r  i n p u t  a n d  o u t p u t .  A O S  s u p p o r t s  g e n e r i c
fi l e s  f o r  i n p u t *  o u t p u t ,  d a t a  a n d  l i s t .  V A X / V M S  s u p p o r t s  g e n e r i c  fi l e s
f o r  i n p u t *  o u t p u t *  e r r o r *  c o m m a n d  i n p u t *  c o m m a n d  s o u r c e  a n d  l i b r a r y .
T h e  t r a d e o f f  h e r e  i s  s i m p l i c i t y  ( f e w  fi l e s )  v e r s u s  c o n t r o l  ( m a n y
files  )  •

G e n e r i c  fi l e s  m a y  b e  c o n n e c t e d  t o  o t h e r  g e n e r i c  fi l e s  f o r  e a s e  o f
u s e .  F o r  e x a m p l e *  i n t e r a c t i v e  u s e r s  h a v e  p r o c e s s  i n p u t  a n d  o u t p u t
a s s i g n e d  t o  a  c o n s o l e  fi l e .  T h e  c o n s o l e  fi l e  i s  a s s i g n e d  t o  t h e
t e r m i n a l .  T h i s  e x t r a  l e v e l  o f  i n d i r e c t i o n  t h r o u g h  t h e  c o n s o l e  fi l e
p e r m i t s  u s e r s  t o  c o n v e n i e n t l y  r e d i r e c t  b o t h  i n p u t  a n d  o u t p u t  b y
r e d i r e c t i n g  t h e  c o n s o l e  fi l e .

I n  a d d i t i o n  t o  t h e  s t a n d a r d  g e n e r i c  fi l e s *  VA X / V M S  a l l o w s  u s e r s  t o
m a k e  u p  t h e i r  o w n ,  a n d  p r o v i d e s  a n  e x t r a  l a y e r  o f  i n s u l a t i o n  w i t h  a n
a l i a s  f a c i l i t y  ( l o g i c a l  n a m e s ) .

3 .4  Name  Space  Convent ions

U N I X  a n d  A O S  p r o v i d e  s o m e  n a m e  s p a c e  c o n v e n i e n c e s  i n  t h e  f o r m  o f
l i n k s  a n d  s e a r c h  l i s t s .  L i n k s  a r e  fi l e  n a m e s  t h a t  p o i n t  t o  o t h e r  fi l e
n a m e s  a s  o p p o s e d  t o  d a t a .  S e a r c h  l i s t s  a r e  l i s t s  o f  d i r e c t o r i e s  t o
l o o k  f o r  n a m e s .  V A X / V M S  d o e s  n o t  h a v e  s e a r c h  l i s t s  a n d  t h i s  i s  a
w e a k n e s s .  I n  g e n e r a l ,  h o w e v e r ,  a l l  s y s t e m s  p r o v i d e  s o m e  m e c h a n i s m s  f o r
a b b r e v i a t i n g  a n d  h i d i n g  r e s o u r c e  n a m e s .  T h e s e  m e c h a n i s m s  c a n  b e  u s e d
t o  b u i l d  c o m p l e x  n a m e  s p a c e  s t r u c t u r e s  ( m o r e  c o m p l e x  t h a n  t r e e s ) .

3.5  Access  Cont  rol

A l l  s y s t e m s  i n c l u d e  m e c h a n i s m s  t o  c o n t r o l  a c c e s s  t o  r e s o u r c e s  b y
c o n t r o l l i n g  a c c e s s  t o  t h e i r  n a m e s .  A O S  u s e s  a c c e s s  c o n t r o l  l i s t s .
V A X / V M S  u s e s  a  v a r i a n t  o f  a c c e s s  c o n t r o l  l i s t s  a n d  B e l l  U N I X  u s e s
p a s s w o r d s .  A c c e s s  c o n t r o l  l i s t s  ( A C L s )  a r e  p r e f e r r e d  o v e r  p a s s w o r d s
b e c a u s e  t h e y  a r e  e a s i e r  t o  u s e  a n d  p r o v i d e  m o r e  fl e x i b i l i t y  a n d
s e c u r i t y .  W i t h  A C L s  c o m p l e x  a c c e s s  c o n t r o l s  c a n  b e  d e fi n e d .  S p e c i fi c
u s e r s  o r  g r o u p s  o f  u s e r s  c a n  h a v e  d i f f e r e n t  s u b s e t s  o f  o p e r a t i o n s  t h e y
a r e  a l l o w e d  t o  d o .  W i t h  p a s s w o r d s ,  k n o w i n g  t h e  p a s s w o r d  g i v e s  y o u  a l l
ac  cess•
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3*6_Connee  tions

A  connect ion  is  an  assoc ia t ion  between  a  gener ic  fi le  known  to  a
process  and  a  resource  known  to  the  system.  The  association  gives  the
process  access  to  the  resource  th rough  the  gener ic  fi le -  The  concept
o f  e s t a b l i s h i n g  c o n n e c t i o n s  i s  f u n d a m e n t a l  t o  I / O  s y s t e m s  t h a t  u s e
generic  files  and  is  found  in  al l  the  systems  discussed  here.

AOS  and  VAX/VMS  support  only  simple  connections  while  UNIX  supports
some  more  soph i s t i ca ted  cons t ruc t s  known  as  f o r ks  and  fi l t e r s .  Fo rks
a r e  s p e c i a l i z e d  c o n n e c t i o n s  t h a t  p e r m i t  a  s i n g l e  g e n e r i c  fi l e  t o  b e
a s s o c i a t e d  w i t h  m u l t i p l e  s y s t e m  r e s o u r c e s .  T h i s  i s  u s e f u l *  f o r
example*  in  making  mul t ip le  copies  of  an  output  fi le .  F i I ters  are  a lso
a  spec ia l ized  type  o f  connect ion.  They  per form  t ransformat ions  on  data
tha t  pass  t h rough  them.  An  examp le  m igh t  be  an  ASCI I  t o  EBCDIC
c o n v e r s i o n  fi l t e r .  S o p h i s t i c a t e d  c o n n e c t i o n s  a r e  d e s i r a b l e  b e c a u s e
they  p rov ide  use rs  w i t h  i nc reased  flex ib i l i t y  i n  t he  I /O  sys tem  wh i ch
makes  more  complex  problems  easier  to  solve.

3.7  I/O  Objects

I L £ _ o b j , e c t s ,  a r e  s y s t e m  r e s o u r c e s  t h a t  a r e  a v a i l a b l e  t o  u s e r s  t o
perform  input  or  output  operat ions.  In  AOS  and  VAX/VMS,  devices,  fi les
a n d  s e r v e r  p r o c e s s e s  a r e  a l l  p o t e n t i a l  I / O  o b j e c t s .  I n  U N I X  d e v i c e s
and  fi l es  a re  I /O  ob jec t s ;  p rocesses  a re  ava i l ab l e  i n  some  ex tended
UNIX  systems.  Having  one  connection  mechanism  work  with  a  wide  variety
of  I /O  ob jec ts  produces  sys tems  that  are  cons is tent ,  flex ib le  and  easy
to  use;  users  need  to  learn  only  one  interface.

In  UNIX  and  AOS  ob jec ts  a re  d i v ided  in to  two  c lasses ,  cha rac te r
c l a s s  a n d  b l o c k  c l a s s .  T y p i c a l l y  t h i s  d i s t i n c t i o n  r e fl e c t s  t h e
i n h e r e n t  c a p a b i l i t i e s  o f  t h e  o b j e c t s .  C h a r a c t e r  o b j e c t s  p e r f o r m  I / O  a
character  at  a  t ime.  Block  objects  may  perform  I/O  many  characters  at
a  time.

3.8  Types  of_I/O

T h r e e  b r o a d  t y p e s  o f  I / O  o p e r a t i o n s  a r e  o f f e r e d  i n  t h e  s y s t e m s
d iscussed  he re .  A l l  t r ans fe r  da ta  be tween  use r  p rocesses  and  sys tem
resources  •

In  reco  .rd„I  /0  data  1s  transferred  in  units  of  logical  records,  one
record  at  a  t ime.  This  mode  of  I /O  is  directly  accessible  via  language
I /O .  O f  the  I /O  modes  d i scussed  he re ,  i t  i s  t he  mos t  soph is t i ca ted ;
i t  p r o v i d e s  u s e r s  w i t h  a  l o g i c a l  r e c o r d  i n t e r f a c e  w h i c h  p e r f o r m s
r e q u i r e d  d a t a  b l o c k i n g ,  u n b l o c k i n g  a n d  r e f o r m a t t i n g .  R e c o r d  I / O
corresponds  to  the  I/O  model  found  in  many  high  level  languages.
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I n  b l o c k  I / O  d a t a  i s  t r a n s f e r r e d  i n  a r b i t r a r y  s i z e d  c h u n k s  o r
b l o c k s ,  o n e  b l o c k  a t  a  t i m e .  I n  t h i s  c a s e  n o  r e s t r u c t u r i n g  o f  t h e  d a t a
i n t o  l o g i c a l  r e c o r d s  i s  p e r f o r m e d .  T h i s  m o d e  s a c r i fi c e s  s o m e  o f  t h e
f u n c t i o n a l i t y  o f  r e c o r d  I / O  i n  o r d e r  t o  i m p r o v e  p e r f o r m a n c e .  T y p i c a l l y
b l o c k  I / O  i s  a  n o  c o p y  I / O  m o d e  w h e r e  d a t a  i s  p a s s e d  b y  r e f e r e n c e
r a t h e r  t h a n  b y  v a l u e .  O b v i o u s l y ,  b l o c k  I / O  i s  a d v a n t a g e o u s  w h e n  t h e
r e c o r d  s t r u c t u r e  o f  t h e  d a t a  i s  n o t  o f  i n t e r e s t  a n d  r e c o r d  f o r m a t t i n g
o v e r h e a d  w o u l d  b e  w a s t e d .  B u l k  c o p y i n g  i s  s u c h  a n  a p p l i c a t i o n .

I n  u n p e n d e d  I / O  m o r e  t h a n  o n e  r e q u e s t  f o r  d a t a  t r a n s f e r  m a y  b e
o u t s t a n d i n g  a t  t h e  s a m e  t i m e  ( a k a  a s y n c h r o n o u s  I / O ) .  I n  o t h e r  w o r d s  a
p r o c e s s  n e e d  n o t  w a i t  f o r  o n e  r e q u e s t  t o  c o m p l e t e  b e f o r e  I s s u i n g
a n o t h e r .  T h i s  m o d e  i s  u s e d  t o  o v e r l a p  I / O  t i m e s  w i t h  C P U  t i m e s .  B u l k
s t o r e  b a c k u p  a p p l i c a t i o n s  a r e  u s e r s  o f  u n p e n d e d  I / O .  U n p e n d e d  I / O  c a n
be  used  on  both  records  and  b locks .

VA X / V M S  o f f e r s  a l l  t h r e e  t y p e s  o f  I / O .  A O S  d o e s  n o t  o f f e r  u n p e n d e d
I / O  d i r e c t l y ,  b u t  t h e  e f f e c t  m a y  b e  o b t a i n e d  v i a  m u l t i t a s k i n g .  U N I X
o f f e r s  o n l y  b l o c k  m o d e  I / O .  T h e  c l a i m  i s  t h a t  u s e r s  d o  n o t  n e e d  t h e
g e n e r a l i t y  o f  m u l t i p l e  r e c o r d  t y p e s .  T h e  t r a d e o f f  a m o n g  a l l  o f  t h e
s y s t e m s  i s  fl e x i b i l i t y  a n d  p e r f o r m a n c e  v e r s u s  c o m p l e x i t y .

*3.9More  o  n  _  Record.1/0

R e c o r d  I / O  p r o v i d e s  u s e r s  w i t h  t h e  g r e a t e s t  i n s u l a t i o n  f r o m  t h e
p e c u l i a r i t i e s  o f  i n d i v i d u a l  I / O  o b j e c t s .  T h e  s y s t e m  p e r f o r m s
f o r m a t t i n g  o p e r a t i o n s  o n  t h e  d a t a  a u t o m a t i c a l l y ;  u s e r s  s e e  d a t a  i n
u n i t s  o f  s t a n d a r d  l o g i c a l  r e c o r d s .  B o t h  VA X / V M S  a n d  A O S  u s e  r e c o r d s .
U N I X  p e r m i t s  o n l y  o n e  r e c o r d  t y p e  ( d y n a m i c ;  s e e  n e x t  p a r a g r a p h ) .

R e c o r d s  h a v e  a  v a r i e t y  o f  t y p e s  d i s t i n g u i s h e d  b y  h o w  t h e i r  l e n g t h s
a r e  e s t a b l i s h e d .  D y n a m i c  r e c o r d s  h a v e  l e n g t h s  t h a t  a r e  s p e c i fi e d  w i t h
e v e r y  r e a d  o r  w r i t e .  B o t h  U N I X  a n d  A O S  s u p p o r t  t h e m .  A O S  s u p p o r t s
t h r e e  o t h e r  r e c o r d  t y p e s  a s  w e l l .  F i x e d  l e n g t h  r e c o r d s  h a v e  a
p r e d e fi n e d ,  b u t  s e t t a b l e ,  c o m m o n  l e n g t h .  V a r i a b l e  l e n g t h  r e c o r d s  h a v e
t h e i r  l e n g t h s  e n c o d e d  a t  t h e i r  b e g i n n i n g s  ( 3 2  b i t s ) .  D e l i m i t e d  r e c o r d s
a r e  t e r m i n a t e d  b y  a  s p e c i a l  c h a r a c t e r  ( s e t t a b l e ) .  V A X / V M S  s u p p o r t s
fi x e d  a n d  v a r i a b l e  r e c o r d s  a n d  a  h y b r i d  t y p e  c a l l e d  v a r i a b l e  w i t h  fi x e d
c o n t r o l .  Ta b l e  1  s u m m a r i z e s  t h e  r e c o r d  t y p e s  s u p p o r t e d  b y  e a c h  s y s t e m .

S u p p o r t  f o r  a  v a r i e t y  o f  r e c o r d  t y p e s  i s  a  c o n v e n i e n c e  f o r  l a n g u a g e s
a n d  a p p l i c a t i o n s .  L a n g u a g e  s p e c i fi c a t i o n s  d i c t a t e  t h e  n e e d  f o r  v a r i o u s
r e c o r d  t y p e s .  F u r t h e r m o r e ,  i t  s h o u l d  b e  p o s s i b l e  t o  r e a d  d a t a  w i t h  a
r e c o r d  t y p e  t h a t  i s  d i f f e r e n t  f r o m  t h e  t y p e  w i t h  w h i c h  i t  w a s  w r i t t e n .
T h i s  i s  p o s s i b l e  u n d e r  b o t h  A O S  a n d  V A X / V M S ,  b u t  w i t h  d i f f e r e n t
r e s u l t s .
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Sy st em

A O S  I  V M S  |  U N I X

y e s  |  n o  j  y e s

y e s  |  y e s  |  n o

y e s  |  y e s  |  n o

y e s  |  n o  j  n o

n o  |  y e s  |  n o

Ta b l e  i :  R e c o r d  Ty p e s  S u p p o r t e d

VA X / V M S  s t r i c t l y  a d h e r e s  t o  t h e  r e c o r d  t y p e  o f  o b j e c t s .  A n  a t t e m p t
t o  r e a d  a n  8 0  c h a r a c t e r ,  fi x e d  l e n g t h  fi l e  a s  a  4 0  c h a r a c t e r ,  fi x e d
l e n g t h  fi l e  w i l l  r e s u l t  i n  a  t r u n c a t i o n  o f  t h e  s e c o n d  4 0  c h a r a c t e r s  i n
e a c h  r e c o r d .  T h i s  a l l o w s  s h o r t ,  fi x e d  s i z e  b u f f e r s  t o  b e  u s e d  w h e n  t h e
d e s i r e d  d a t a  i s  t o w a r d s  t h e  b e g i n n i n g  o f  t h e  r e c o r d s .

r e c o r d  1  r e c o r d  2

|  4 0  c h a r .  /  4 0  c h a r .  |  4 0  c h a r .  /  4 0  c h a r .  j

r e a d  s k i p  r e a d  s k i p

A O S  a d h e r e s  t o  r e c o r d  t y p e s  o f  o b j e c t s  m o r e  l o o s e l y.  A n  a t t e m p t  t o
r e a d  t h e  s a m e  8 0  c h a r a c t e r ,  fi x e d  l e n g t h  fi l e  4 0  c h a r a c t e r s  a t  a  t i m e
w i l l  r e s u l t  i n  s u c c e s s i v e  r e a d s  o f  4 0  c h a r a c t e r s  s e q u e n t i a l l y  r e a d i n g
a l  I  o f  t h e  d a t a  i n  t h e  fi l e .  T h i s  a l l o w s  f o r  t h e  r e a d i n g  o f  o b j e c t s
w i t h  fi x e d  s i z e d  b u f f e r s  w i t h o u t  r e g a r d  t o  t h e  t r u e  t y p e  o f  t h e  o b j e c t .

r e c o r d  1  r e c o r d  2

|  4 0  c h a r .  /  4 0  c h a r .  |  4 0  c h a r .  /  4 0  c h a r .  |

r e a d  r e a d  r e a d  r e a d
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3 . 1 0  P r i m o s  D e fi c i e n c i e s

H i e r a r c h i c a l  n a m e  s p a c e
T h e  P r i m o s  fi l e  s y s t e m  i s  a  h i e r a r c h i c a l  n a m e  s p a c e .  H o w e v e r ,
i t  l a c k s  t h e  g e n e r a l i t y  a n d  c o n v e n i e n c e s  o f  VA X / V M S ,  A O S ,  a n d
U N I X .  T h e  h i e r a r c h y  d o e s  n o t  i n c l u d e  n e t w o r k  n o d e s  o r  s y s t e m
d e v i c e s .  S h o r t h a n d  c o n v e n i e n c e s  s u c h  a s  l i n k s *  s y n o n y m s  a n d
s e a r c h  l i s t s  a r e  e i t h e r  n o t  p r o v i d e d  o r  h a v e  o n l y  r e c e n t l y  b e e n
int  rodu  ced.

o  G e n e r i  c  fi l e s
P r i m o s  h a s  n o  s u p p o r t  f o r  g e n e r i c  fi l e s .

o  S e c u r i t y  a n d  a c c e s s  c o n t r o l
P r i m o s  i s  i m p r o v i n g  i t s  a c c e s s  c o n t r o l  m e c h a n i s m  f o r  fi l e s .  T h e
ACL  mechan i sm  a t  P r ime  i s  supe r i o r  t o  t hose  on  o the r  sys tems  i n
t h a t  g r o u p  n a m e s  a r e  s u p p o r t e d .  H o w e v e r *  t h e r e  i s  n o  a c c e s s
c o n t r o l  o n  d e v i c e s ;  s e r v i c e s  a r e  n o t  s u p p o r t e d .

C o n n e c t i o n  c a p a b i l i t i e s
P r i m o s  h a s  n o  c o n n e c t i o n  c a p a b i l i t i e s .

O n e  I / O  i n t e r f a c e  f o r  a l l  o b j e c t s
P r i m o s  d o e s  n o t  s u p p o r t  i n t e r c h a n g e a b l e  a c c e s s  t o  fi l e s  a n d
d e v i c e s .  L a n g u a g e  l i b r a r i e s  d o  p r o v i d e  s o m e  s u p p o r t  i n  t h i s
a r e a *  b u t  t h e y  r e q u i r e  a c t i v e  u s e  o n  t h e  p a r t  o f  t h e  a p p l i c a t i o n
a s  o p p o s e d  t o  b e i n g  a  f e a t u r e  o f  t h e  s y s t e m  p r o v i d e d  f o r  f r e e .
T h e r e f o r e *  a p p l i c a t i o n s  t y p i c a l l y  d o  n o t  s u p p o r t  i n t e r c h a n g e a b l e
a c c e s s s  t o  o b j e c t s .

M u c h  I / O  i s  d o n e  b y  d i r e c t  c a l l s  t o  I / O  d r i v e r s .  T h i s  r e s u l t s
i n  a  d i f f e r e n t  a n d  o f t e n  o b s c u r e  i n t e r f a c e  f o r  e a c h  d e v i c e *  a n d
c a u s e s  m a i n t a i n a n c e  a n d  e a s e  o f  u s e  p r o b l e m s .

T h e r e  i s  n o  s e r v i c e  p r o c e s s  s u p p o r t  i n  P r i m o s .

R e c o r d  I / O
T h e r e  i s  n o  r e c o r d  I / O  s u p p o r t  i n  P r i m o s .  L a n g u a g e s  d o
i m p l e m e n t  r e c o r d  I / O ;  h o w e v e r ,  t h e r e  i s  n o  g u a r a n t e e  t h a t  a
fi l e  w r i t t e n  w i t h  o n e  l a n g u a g e  c a n  b e  r e a d  w i t h  a n o t h e r .

B lock  I /O  and  Unpended  I /O
B lock  I /O  i s  suppor ted  by  P r imos  and  i s  no t
U n p e n d e d  I / O  i s  s u p p o r t e d  o n l y  f o r  t a p e s .

a  m a j o r  d e fi c i e n c y .

d d t m f  d  n  0  r  o r p To t ^ T r n
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4  Overview

I n  t h i s  s e c t i o n ,  w e  p r e s e n t  a n  o v e r v i e w  o f  P I O S  f r o m  a  u s e r
v iewpo in t .  The  te rm  "use r "  i s  pu rpose ly  l e f t  amb iguous ;  i t  may  range
f r o m  a  n o n - p r o g r a m m e r  a l l  t h e  w a y  t o  a  s o p h i s t i c a t e d  s y s t e m s
p rog rammer •

4 .1  Charac ter is t i cs  o f  P IOS

1.  Dev ice - independen t  I /O

PIOS  p rov ides  one  in te r face  to  per fo rm  a l l  i npu t /ou tpu t  func t ions
t o  a l l  t y p e s  o f  I / O  o b j e c t s .  T h i s  i n t e r f a c e  c a n  b e  u s e d  b y
compi led  code  ( to  do  language  I /O) ,  o r  by  app l i ca t ion  p rograms
d i rec t l y.  The  sou rce / t a rge t  o f  t he  I /O  can  be  changed  f o r  any
run  of  the  program,  without  modifying  the  code.

The  source/s ink  of  the  I /O  can  be  a  PDA  servi  ce,  a l lowing  a
se rv i ce  o r ien ted  env i ronment  to  be  in teg ra ted  in to  p rog rams  and
programming  languages  in  a  natural  way*  A  serv ice  is  a  set  of
p r o c e s s e s ,  o r  s e r v e r s ,  w h i c h  p e r f o r m s  i n f o r m a t i o n  r e t r i e v a l *
s t o r a g e *  o r  t r a n s f o r m a t i o n  w h i l e  i n s u l a t i n g  t h e  u s e r  f r o m  t h e
p h y s i c a l  c h a r a c t e r i s t i c s  a n d  l o c a t i o n  o f  t h e  a c t u a l  r e s o u r c e s .

2 .  I / O  R e d i r e c t a b i l i t y

Bes ides  prov id ing  a  dev ice- independent  I /O  in te r face*  P IOS  a l lows
a  user  to  redefine  the  source  and  target  o f  any  I /O  operat ion.
This  is  done  by  "connecting"  a  conduit  or  stream  to  the  source  or
t a r g e t  d e s i r e d .  P I O S  p r o v i d e s  a  u n i f o r m  f a c i l i t y  f o r  l o c a t i n g
l o c a l  o r  r e m o t e  fi l e s *  d e v i c e s *  a n d  s e r v i c e s .  T h e  p r o g r a m  w i l l
not  need  to  concern  itself  with  how  this  is  done.

3.  Hierarchical  Name  Space

N>_B*:  This  part  of  PIOS  has
des ign  e f fo r ts  o f  DSAG;  c f .

v e r y  s t r o n g  d e p e n d e n c i e s  o n
the  sect ion  on  "Dependenc ies" .

t he

PIOS  provides  a  t ree  st ructured  name  space  that  wi l l  be  s imi lar
t o  t o d a y ' s  s y s t e m  i n  m o s t  w a y s *  t h o u g h  i t s  i n t e r n a l  s t r u c t u r e
w i l l  be  redes igned .

T h e  n a m i n g  a n d  c o n fi g u r a t i o n  o f  m e d i a  w i l l  b e  i m p r o v e d  o v e r
t o d a y ' s  o c t a l  p a r t i t i o n  n u m b e r s .  I n  p a r t i c u l a r *  a n y  s o u r c e / s i n k
for  in format ion  wi l l  be  named.
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T h e  P I O S  n a m e  s p a c e  w i l l  i n c l u d e  d e v i c e s  a n d  s e r v i c e s .  A l l
e x t e n s i o n s  w i l l  b e  c o n s i s t e n t  w i t h  a n y  n a m e  s p a c e  d e s i g n  p r o d u c e d
by  DSAG.

U s e r s  w i l l  u s e  n a m e  s p a c e  o p e r a t i o n s  t o  c r e a t e *  d e l e t e  a n d  m o d i f y
t h e  a t t r i b u t e s  o f  I / O  o b j e c t s .

4 .  A c c e s s  C o n t r o l

P I O S  w i l l  p r o v i d e  a  h i g h  l e v e l  o f  a c c e s s  c o n t r o l  o v e r  a l l
o b j e c t s .  T h i s  c o n t r o l  w i l l  b e  c o m p a t i b l e  w i t h  t h e  c u r r e n t  A C L
m e c h a n i s m .  T h e  g o a l  h e r e  i s  t o  e n s u r e  t h a t  d a t a  o r  s e r v i c e s
c a n n o t  b e  a c c e s s e d  b y  u n a u t h o r i z e d  p e r s o n s .

5.  Port  abiIi  ty

D e v i c e  d e p e n d e n t  c o d e  w i l l  b e  i s o l a t e d  a n d  a  d e v i c e  i n d e p e n d e n t
i n t e r f a c e  d e v e l o p e d *  s o  t h a t  a l t e r n a t i v e  m e d i a  s u c h  a s
i n t e l l i g e n t  d i s k s  c a n  b e  s i m p l y  " p l u g g e d  i n "  t o  t h e  r e s t  o f  t h e
s y s t e m .  I s o l a t i n g  h a r d w a r e  d e p e n d e n t  c o d e *  a n d  d e fi n i n g  c l e a n
i n t e r f a c e s  t o  t h i s  c o d e  w i l l  f a c i l i t a t e  m i g r a t i n g  P r i m o s  t o
f u t u r e  p r o c e s s o r s .

4 . 2  T h e  U s e r ' s  V i e w p o i n t

T h i s  s e c t i o n  d e s c r i b e s  a t  a  h i g h  l e v e l  h o w  P I O S  m i g h t  b e  u s e d .  I t
i s  i n t e n d e d  t o  g i v e  a  f e e l  f o r  t h e  w a y  P I O S  " fi t s  t o g e t h e r "  a t  t h e  u s e r
l e v e l .  S o m e  a s s u m p t i o n s  h a v e  b e e n  m a d e  a b o u t  h o w  P I O S  w i l l  b e
i m p l e m e n t e d ;  t h e s e  a s s u m p t i o n s  m a y  n o t  h o l d  i n  t h e  fi n a l  d e s i g n  o f
P I O S .

A l l  I / O  i s  d o n e  f r o m  a n d  t o  a b s t r a c t  o b j e c t s .  O b j e c t s  a r e  d e fi n e d
u s i n g  n a m e  s p a c e  o p e r a t  i o n s  *  a n d  t h e  d a t a p a t h s  u s e d  t o  d o  I / O  a r e
d e fi n e d  u s i n g  s t r e a m  o p e r a t i o n s .

4 . 2 . 1  A b s t r a c t e c t s

The  sou
o b j e c t ;  t
named  set
examples  o
at  tr  ibutes

' d e fi n e d  o n
w r i t e *  a s
t h e  o p e r a t
v e r y  g e n e r
c o n c e p t  o f
d e fi n i t 1  o n

r c e  a n d  s i n k  f o r  a n y  I / O  o p e r a t i o n  c a n  b e
h i s  i s  t h e  c e n t r a l  c o n c e p t  o f  P I O S .  A n  a b s t r a c
o f  d a t a  a n d  o p e r a t i o n s .  F i l e s *  d e v i c e s *  a n d  s e r
f  a b s t r a c t  o b j e c t s .  O b j e c t s  h a v i n g  a r b i t r a r y  o p

c a n  b e  d e fi n e d  u s i n g  P I O S  o p e r a t i o n s .  T h
t h e  o b j e c t  c a n  i n c l u d e  c o n v e n t i o n a l  o n e s  l i
w e l l  a s  o n e s  o f  a r b i t r a r y  c o m p l e x i t y  d e fi n e d

i o n s  a l s o  i n c l u d e  a c c e s s  c o n t r o l  i n f o r m a t i o n .  T
a l  c o n t r o l  o v e r  d a t a  m a n i p u l a t i o n  i s  s i m i l a r  t o

a b s t r a c t  d a t a  t y p e s .  U s i n g  o n e  i n t e r f a c e
a n d  a c c e s s  c o n t r o l  r e s u l t s  i n  a  v e r y  g e n e r a l

a n y  a b s t
t_  obi  eel
vi  ces  are
erat  i  ons
e  o p e r a t
k e  r e a d

by  the  u
h i s  k i n d

t h e  l a n g
f o r  o b

and  f  lex  i

r a c t
is  a

a l l
and

i o n s
and

s e r ;
o f

u a g e
j e c t
b l e ,

PRTMF  Rn?r  DrcTDTr-rm o — _ _
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yet  simple  mechanism.

The  name  of  any  object  can  be  either  global  (system-wide)  or  local
( p r o c e s s - s p e c i fi c ) .  G l o b a l  o b j e c t s  h a v e  t h e i r  n a m e s  i n  a  g l o b a l  n a m e
space;  loca l .ob jec ts  are  known  on ly  to  the  process  that  c reated  them.

There  a
A  simple  o
portion  ;
an  example
p a r t  o f  t
standard  o
an  I/O  por
appIies  •
as  soc  iate
o b j e c t .  G
runt ime  re
g e n e r i c  fi
users  can
object  mig
would  prob
c o m p o s i t e
(subobj  ect
when  a  nu
servi  ce),
us  ers  (e.g
small  obj  e
by  a  separ

re  three  k inds  of  ob jects :  s imp
bject  is  one  which  does  not  cont
it  is  a  single  named  set  of  da
of  a  s imple  object ;  the  conten

h e  o b j e c t  a n d  t h e  o p e r a t i o n s
nes  of  read*  write*  and  execute,
t ;  t h e r e  i s  n o  " r e a l  t h i n g "
G e n e r i c  o b j e c t  n a m e s  a r e  a l w
a  l oca l  name  ( t he  gene r i c  ob j
ener ic  ob jects  are  used  to  wr i t
d i r e c t a b l e  I / O .  A  g e n e r i c  o b j e c
l e  b e c a u s e  a r b i t r a r y  o p e r a t i o n
make  their  own  generic  objects,
h t  b e  S T D I N *  a  s t a n d a r d  i n p
ably  be  associated  wi th  a  user '
o b j e c t  i s  a  c o m p l e x  o b j e c t  c o
s)  as  Its  data  portion.  A  compo
mber  o f  ob jec ts  are  log ica l ly  e
when  the  internal  structure  of  o
. ,  certain  Data  Management  obje
cts  into  a  large  one.  Composite
ate  process  called  an  object  man

l e *  g e n e r i c *  a n d  c o m p o s i t e ,
ain  other  objects  as  i ts  data
ta  and  ope ra t i ons .  A  fi l e  i s
t s  o f  t he  fi l e  a re  t he  da ta

defined  a re  usua l l y  jus t  the
A  generic  object  is  used  as

t o  w h i c h  t h e  n a m e  a l w a y s
a y s  l o c a l  a n d  a r e  u s e d  t o
e c t ' s  n a m e )  w i t h  a  g l o b a l
e  programs  and  processes  with
t  i s  m o r e  g e n e r a l  t h a n  a
s  can  be  defined  on  them*  and

A n  e x a m p l e  o f  a  g e n e r i c
ut  port  for  a  process;  STDIN
s  t e r m i n a l  b y  d e f a u l t .  A
ntaining  more  than  one  object
s i t e  o b j e c t  c o u l d  b e  u s e d
qu iva lent  (e .g . *  servers  1n  a
b j e c t s  m u s t  b e  h i d d e n  f r o m
cts)*  or  to  conglomerate  many

ob jec ts  a re  usua l l y  managed
a g e r .

4.2.2  Name  Space  Operations

N a m e  s p _ a c e  o p e r a t i o n s  a r e  u s e d  t o  c r e a t e *  a l t e r *  a n d  d e s t r o y
abstract  objects*  which  are  the  sources  and  sinks  ( targets)  of  al l  data
transfer.  Users  may  create  any  k ind  of  object  they  l ike.  An  object  is
c rea ted  by  spec i f y ing  i t s  name*  the  type  o f  ob jec t *  where  the  name
r e s i d e s  ( l o c a l  o r  g l o b a l  n a m e  s p a c e ) *  t h e  d a t a *  a n d  t h e  o p e r a t i o n s
including  access  rights.  Removing  an  object's  name  from  the  name  space
c a u s e s  i t s  d e s t r u c t i o n .

Each  process  can  reference  objects  in  the  global  name  space,  which
has  the  names  of  al l  objects  that  can  be  referenced  system-wide.  This
name  space  is  managed  by  a  name  space  service,  which  is  responsible  for
ma in ta in ing  the  in tegr i t y  o f  the  name  space  ac ross  a l l  nodes  in  the
d is t r ibu ted  sys tem,  and  fo r  reso lv ing  names  in to  re fe rences  to  spec ific
o b j e c t s .

Processes  will  also  have  a  local  name  space  which  contains  the  names
of  objects  that  are  known  only  to  that  process.  Any  kind  of  object  can
be  in  the  local  name  space*  but  the  most  likely  inhabitants  are  generic
ob jec t  names .  These  a re  l oca l  because  the  spec i fic  b ind ing  fo r  each
name  ( the  ob jec t  i t  i s  assoc ia ted  wi th)  is  d i f fe rent  fo r  each  process.
Another  example  of  a  locally  known  object  is  a  subobject  known  to  the

n  n  t  i i  r  n f i oc "  nc r 'Tr iTr»Tr "n
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o b j e c t  m a n a g e r  o f  a  c o m p o s i t e  o b j e c t ;  t h e  c o m p o s i t e  o b j e c t ' s  n a m e
w o u l d  ( m o s t  l i k e l y )  b e  g l o b a l *  b u t  t h e  n a m e s  o f  t h e  s u b o b j e c t s  w o u l d  b e
known  on l y  t o  t he  ob jec t  manage r.

4 . 2 . 3  S t r e a m  O p e r a t i o n s

S t r e a m , o p e r a t i o n s  a r e  u s e d  t o  c r e a t e *  a l t e r *  a n d  d e s t r o y  d a t a
c o n d u i t s  ( s t r e a m s )  .  T h e  o p e r a t i o n s  d e fi n e  t h e  s o u r c e  a n d  s i n k  o f  a n
I / O  s t r e a m *  a n d  t h e  l o g i c a l  a n d  p h y s i c a l  c h a r a c t e r i s t i c s  o f  t h e  d a t a
t r a n s f e r .  T y p i c a l l y *  p h y s i c a l  c h a r a c t e r i s t i c s  a r e  h i d d e n  f r o m  t h e
u s e r *  w h i l e  t h e  l o g i c a l  c h a r a c t e r i s t i c s  a r e  n o t .

T h e  m o s t  b a s i c  s t r e a m  o p e r a t i o n s  a r e  a s s o c i a t e  a n d  o p e n .  A s s o c  i a t e
i s  u s e d  t o  " c o n n e c t "  n a m e s  i n  t h e  ( l o c a l  o r  g l o b a l )  n a m e  s p a c e *  i n
o r d e r  t o  d e fi n e  t h e  p a t h  t h a t  t h e  d a t a  i s  t o  t a k e  i n  t h e  u p c o m i n g  I / O .
The  command  can  be  used  to  associate  two  local  names*  two  global  names*
o r  a  l o c a l  n a m e  a n d  a  g l o b a l  n a m e .  T h e  " c o n n e c t i o n "  o p e r a t i o n  f o u n d  i n
o t h e r  s y s t e m  i s  l e s s  g e n e r a l  s i n c e  i t  a l l o w s  o n l y  t h e  l a s t  k i n d  o f
as  sociat  ion.

T h e  o p e n  o p e r a t i o n  i s  u s e d  t o  d e fi n e  t h e  d i r e c t i o n  o f  d a t a  fl o w  a n d
t h e  k i n d  o f  a c c e s s .  F o r  i n s t a n c e ,  i f  t h e  n a m e  H E R E  i s  a s s o c i a t e d  w i t h
t h e  n a m e  T H E R E ,  t h e  s t r e a m  c o u l d  b e  o p e n e d  f o r  r e a d i n g  f r o m  H E R E  t o
T H E R E  i n  r e c o r d s  8 0  c h a r a c t e r s  l o n g .  I n  m o s t  c a s e s ,  t h e  o p e n  o p e r a t i o n
s h o u l d  b e  i m p l i c i t .  T h a t  i s ,  a s s o c i a t i n g  H E R E  a n d  T H E R E  a n d  t h e n  d o i n g
a  r e a d  o p e r a t i o n  o n  o b j e c t  H E R E  s h o u l d  i m p l i c i t l y  d e fi n e  t h e  d i r e c t i o n
o f  d a t a  fl o w  a n d  s o m e  " r e a s o n a b l e "  k i n d  o f  a c c e s s .

To  s u m m a r i z e ,  t h e  a s s o c i a t e  o p e r a t i o n  i s  u s e d  t o  d e fi n e  t h e  o b j e c t s
i n  t he  pa th  o f  a  s t ream,  and  the  open  ope ra t i on  i s  used  to  ac t i va te  t he
st  ream  •

4 . 2 . 4  E x a m p l e s
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w h i l e  d e b u g g i n g

g e n e r i c  o b j e c t s ,  s u p p o s e  a  t y p i c a l
I  s e r v i c e ,  a s s o c i a t e d  w i t h  t h e  g e n e r i c

l e t t e r ,  t h e  u s e r  m e r e l y  w r i t e s  t o  t h e
a i l ,  h e  r e a d s  f r o m  M A I L M A N .  M o r e

s t a n d a r d  r e a d  a n d  w r i t e  o p e r a t i o n s  t o
e r a t i o n s  " s e n d "  a n d  " r e c e i v e "  c o u l d  b e
L M A N .  T h e  s e n d  o p e r a t i o n  c o u l d  d o
u r n i n g  m a i l  t o  s e n t  u n k n o w n  a d d r e s s e s *

s o r t  i n c o m i n g  m a i l  i n t o  s e p a r a t e
h e m ,  d e l e t e  " j u n k "  i t e m s ,  e t c .  S i n c e

c o u l d  c u s t o m i z e  h i s  m a i l  s e r v i c e  b y
s h e s  o n  M A I L M A N .  I n  a d d i t i o n *  b y

s o m e  l o c a l  t e m p o r a r y  fi l e *  h e  c o u l d
a  program  that  uses  MAILMAN*  say) .

PRTMF  RnfcF  RrcTRTrTrn
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2 .  P I O S  I / O  o p e r a t i o n s  c a n  b e  u s e d  a t  c o m m a n d  l e v e l  o r  f r o m
p r o g r a m s .  T y p i c a l l y *  a  u s e r  w o u l d  a s s o c i a t e  t w o  o b j e c t  n a m e s  a t
c o m m a n d  l e v e l *  t h e r e b y  d e fi n i n g  t h e  t a r g e t s  o f  t h e  I / O  t o  f o l l o w .  T h e
s y s t e m  a t  t h i s  p o i n t  w o u l d  a l s o  d e t e r m i n e  c e r t a i n  p h y s i c a l
c h a r a c t e r i s t i c s  o f  t h e  a n t i c i p a t e d  d a t a  fl o w *  f r o m  i t s  k n o w l e d g e  o f  t h e
o b j e c t s  i n v o l v e d .  T h e  d i r e c t i o n  o f  fl o w  a n d  l o g i c a l  a c c e s s  i s  n o t  y e t
d e fi n e d .  L e t  u s  s a y  a  u s e r  w i s h e s  t o  w r i t e  i n t o  a  fi l e  n a m e d
" r e p o r t _ fi l e "  u s i n g  a  p r o g r a m  w h i c h  w r i t e s  i n t o  t h e  g e n e r i c  o b j e c t
O U T P U T .  H e  w o u l d  fi r s t  c r e a t e  a n  a s s o c i a t i o n  b e t w e e n  t h e  g e n e r i c
o b j e c t  O U T P U T  a n d  t h e  fi l e  " r e p o r t _ fi l e " .  T h e  c o m m a n d  m i g h t  l o o k  l i k e :

a s s o c i a t e  O U T P U T  - a n d  R e p o r t  fi l e

T h a t  O U T P U T  i s  a s s o c i a t e d  w i t h  r e p o r t _ fi l e  i s  n o t  s i g n i fi c a n t  t o  t h e
u s e r ' s  p r o g r a m  s i n c e  i t  r e f e r e n c e s  o n l y  t h e  g e n e r i c  o b j e c t *  O U T P U T;  i f
h e  s u b s t i t u t e s  P r i n t e r s  f o r  R e p o r t _ fi l e *  t h e  p r o g r a m  w i l l  c o n t i n u e  t o
work  •

P r o g r a m s  m a y  a l s o  i s s u e  a s s o c i a t i o n  r e q u e s t s .  F o r  i n s t a n c e *

c a l l  a s $ a s n a m  ( O U T P U T *  R e p o r t _ fi l e )

T h e  a s s o c i a t i o n  m e r e l y  s p e c i fi e s  t h e  e n d p o i n t s  o f  a  d a t a p a t h ;  i t
d o e s  n o t  s p e c i f y  t h e  d i r e c t i o n  o r  l o g i c a l  c h a r a c t e r i s t i c s  o f  fl o w .  To
d o  t h i s *  t h e  u s e r  m u s t  o p e n  t h e  a s s o c i a t i o n  f o r  s o m e  s p e c i fi e d  l o g i c a l
access .  Th i s  can  be  done  a t  command  l eve l :

o p e n  O U T P U T  - f o r  l o g i c a l _ a c c e s s _ d e fi n i t i o n

o r *  f r om  a  p rog ram:

c a l l  a s $ o p e n  ( O U T P U T *  l o g i c a l _ a c c e s s _ d e fi n i t i o n )

P I O S  v e r i fi e s  t h a t  R e p o r t _ fi l e *  w h i c h  i s  a s s o c i a t e d  w i t h  O U T P U T *  m a y  b e
a c c e s s e d  a s  r e q u e s t e d  b y  t h e  l o g i c a l _ a c c e s s _ d e fi n i t i o n  a n d  i n i t i a l i z e s
O U T P U T  f o r  s u c h  a c c e s s .  A n  e x a m p l e  o f  a  I o g i c a l _ a c c e s s _ d e fi n i t i o n
m i g h t  b e  t o  o p e n  t h e  a s s o c i a t i o n  f o r  w r i t e  a c c e s s  u s i n g  fi x e d  l e n g t h
r e c o r d s  w i t h  a  r e c o r d  l e n g t h  o f  8 0  c h a r a c t e r s .  A c t u a l l y *  i t  s h o u l d  b e
p o s s i b l e  f o r  m o s t  o p e n s  t o  b e  i m p l i c i t .  T h e  s y s t e m  s h o u l d  b e  a b l e  t o
d e t e r m i n e  f r o m  t h e  p h y s i c a l  c h a r a c t e r i s t i c s  o f  t h e  o b j e c t s  a n d  t h e
o p e r a t i o n s  p e r f o r m e d  w h a t  s o r t  o f  d e f a u l t  o p e n i n g  w o u l d  b e  r e a s o n a b l e .
T h i s  w o u l d  a l l o w  t h e  u s e r  t o  d o  I / O  w i t h o u t  b e i n g  a w a r e  o f  l o g i c a l  fi l e
f o r m a t s *  fi l e  u n i t s *  e t c .
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The  open  command  completes  the  definition  of  a  stream.  The  user  is
n o w  r e a d y  t o  i n v o k e  h i s  p r o g r a m  a n d  w r i t e  i n t o  R e p o r t _ fi l e .  H i s
program  can  say:

ca l l  asSwr i te  (OUTPUT*  buffer )
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5 Requi  rem enJtjs

In  th is  sec t ion  we  g ive  the  h igh  leve l  requ i rements  o f  P IOS.  The
i n t e n t  h e r e  i s  t o  d e fi n e  t h e  o v e r a l l  d e s i g n  c r i t e r i a  t o  b e  u s e d  i n
l a t e r  f u n c t i o n a l  a n d  d e s i g n  s p e c i fi c a t i o n s .  T h e  r e q u i r e m e n t s  w e r e
chosen  using  the  goals  and  the  competi t ive  analysis.

5.1  I/O

A l l  I / O  i s  d o n e  t o  a n d  f r o m  o b j e c t s .  T h e s e  o b j e c t s  a r e  d e fi n e d
us ing  name  space  opera t ions*  and  the  da tapaths  used  to  do  I /O  are
d e fi n e d  u s i n g  s t r e a m  o p e r a t i o n s .  B e f o r e  w e  d i s c u s s  p r o p o s e d  I / O
operat ions*  then*  we  wi l l  d iscuss  name  space  character ist ics  and  stream
op  erat  ions  •

5.1.1  Name_Space

The  fu l l  defin i t i on  o f  name  space  cha rac te r i s t i cs  and  ope ra t i ons  i s
d e p e n d e n t  o n  i n t e r a c t i o n  w i t h  D S A G .  H e r e  w e  d e s c r i b e  t h e  g e n e r a l
features  PIOS  would  expect  to  have  in  this  design.

PIOS  wi l l  extend  today 's  h ierarchica l  name  space  to  inc lude  devices
a n d  s e r v i c e s .  L i n k s  a n d  s e a r c h  l i s t s  w i l l  b e  s u p p o r t e d .  A l i a s i n g  w i l l
b e  p r o v i d e d  t h r o u g h  t h e  a s s o c i a t i o n  f a c i l i t y.

It  will  be  possible  to  add  subtrees  anywhere  in  the  name  space.

U s e r s  c a n  d e fi n e  t h e i r  o w n  o b j e c t s  u s i n g  n a m e  s p a c e  o p e r a t i o n s .
These  ope ra t i ons  w i l l  i n c l ude :

o  Create_generic_name  -  Enter  a  new  local  name  in  the  local  name
space  and  c rea te  a  gener i c  ob jec t  w i th  spec i fied  ope ra t i ons  and
acces  s  rights.

o  Destroy_gener ic_name  -  Delete  a  local  name  from  the  local  name
space  and  destroy  the  corresponding  gener ic  object .

o  Creat  e__global_name  -  Enter  a  global  name  in  the  global  name  space
a n d  c r e a t e  a  ( s i m p l e  o r  c o m p o s i t e )  o b j e c t  w i t h  s p e c i fi e d
opera t ions  and  access  r igh ts .

o  Destroy_global_name  -  Delete  a  name  from  the  global  name  space  and
des t roy  the  co r respond ing  g loba l  ob jec t .
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o  Change_name  -  Change  a  local  or  global  name.

T h e  d e l e t i o n  o p e r a t i o n s  w i l l  h a v e  t w o  f o r m s :  a  s o f t  d e l e t e  a n d  a
h a r d  d e l e t e .  A  s o f t  d e l e t e  w i l l  a l l o w  r e c o v e r y  o f  t h e  d e l e t e d  o b j e c t
f o r  s o m e  ( p r o b a b l y  s m a l l )  s y s t e m  d e fi n e d  t i m e  a f t e r  t h e  d e l e t e
o p e r a t i o n .  A  h a r d  d e l e t e  d e s t r o y s  t h e  o b j e c t  i m m e d i a t e l y .

P I O S  w i l l  s u p p o r t  s i m p l e *  g e n e r i c *  a n d  c o m p o s i t e  o b j e c t s .

O b j e c t s  w i l l  b e  a b l e  t o  s p a n  p a r t i t i o n s *  a l t h o u g h  s u b o b j e c t s  m a y  b e
r e q u i r e d  t o  b e  o n  o n e  p a r i t i o n .

F i l e s  w i l l  b e  a l l o w e d  t o  c r o s s  p a r t i t i o n s .

F i l e  e l e m e n t s  ( c o n t i g u o u s  a l l o c a t i o n  o f  fi l e s )  w i l l  b e  s u p p o r t e d .

O b j e c t s  w i l l  h a v e  a t t r i b u t e s  w h i c h  c a n  b e  e x a m i n e d :

o  G e t _ a  l l _ a t t r i b u t e s  -  R e t r i e v e  v a l u e s  o f  a l l  o b j e c t  a t t r i b u t e s .

o  G e t _ a t t r i b u t e  -  R e t r i e v e  v a l u e  o f  a  p a r t i c u l a r  a t t r i b u t e .

o  S e t _ a t t r i b u t e  -  S e t  v a l u e  o f  a  p a r t i c u l a r  a t t r i b u t e .

T h e s e  o p e r a t i o n s  w o u l d  b e  a n  e x t e n s i o n  o f  c u r r e n t  fi l e  a t t r i b u t e s  t o
a b s t r a c t  o b j e c t s .

G e n e r i c  o b j e c t s  w i l l  b e  p r o v i d e d  f o r  p h y s i c a l  d e v i c e s  ( e . g . *  T T Y,
P R I N T E R ,  M A G T A P E ,  D I S K ,  e t c . ) .  T h e s e  g e n e r i c  o b j e c t s  w i l l  r e f e r e n c e
t h e  s e r v i c e  f o r  t h e  p a r t i c u l a r  d e v i c e .  T h e  n a m e s  o f  s p e c i fi c  g e n e r i c
o b j e c t s  m a y  b e  d i f f e r e n t  i n  t h e  fi n a l  d e s i g n .

A c c e s s  t o  a l l  d e v i c e s  w i l l  b e  t h r o u g h  s e r v i c e s .  U s e r s  w i l l
c o m m u n i c a t e  w i t h  s e r v i c e s  u s i n g  I n t e r p r o c e s s  C o m m u n i c a t i o n  ( I P C ) .  T h e
d e fi n i t i o n  o f  a n  a d e q u a t e  I P C  m e c h a n i s m  i s  t h e  r e s p o n s i b i l i t y  o f  D S A G
( c f .  " D e p e n d e n c i e s " ) .

O t h e r  s e r v i c e s  w i l l  a l s o  h a v e  g e n e r i c  o b j e c t s  a s s o c i a t e d  w i t h  t h e m
( e . g . ,  M A I L M A N ) .  N U L L  w i l l  b e  t h e  g e n e r i c  n a m e  f o r  t h e  b i t  b u c k e t .

I n  a d d i t i o n ,  P I O S  w i l l  p r o v i d e  a  l a r g e  n u m b e r  o f  p r e d e fi n e d  g e n e r i c
o b j e c t s  f o r  s u c h  t h i n g s  a s  c o m m a n d  i n p u t ,  c o m m a n d  o u t p u t ,  e r r o r
messages,  et  c•

D D T M f  o n o r -  B e - e * - r n - r r * T r - r * >
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5.1*2  St  ream_Operations

User  leve l  I /O  wi l l  be  dev ice  independent  and  run- t ime  red i rectab le ;
use r  p rog rams  need  no t  know  the  cha rac te r i s t i cs  o f  I /O  sou rces  and
t a r g e t s .  T h i s  w i l l  b e  a c c o m p l i s h e d  u s i n g  s t r e a m s .  T h e  s t r e a m
opera t ions  suppor ted  by  P IOS  w i l l  be  fu l l y  spec ified  in  the  func t iona l
spec ifica t ion .  The  types  o f  opera t ions  wh ich  shou ld  be  cons idered  are :

o  Associate  -  Associate  two  targets  as  endpoints  of  a  s t ream;  the
targets  can  be  any  kind  of  object.

I f  a  name  is  in  bo th  the  loca l  and  g loba l  name  spaces  o f  a
process,  the  local  name  is  preferred.

o  Disassociate  -  Remove  the  association  between  two  targets.

o  L i s t _ a s s o c i a t i o n s  -  L i s t  a l l  o r  p a r t  o f  a  p r o c e s s ' s  c u r r e n t
assoc  iat  ions•

o  Shadow  -  Associate  one  output  object  wi th  another  output  object .
This  causes  a  split  stream  in  which  the  output  goes  to  two  places
(one  of  them  a  "shadow"  of  the  first).

o  Transform  -  Assoc ia te  data  t ransformat ion  sof tware  wi th  a  gener ic
object  name.

o  Remove_transformation  -  Remove  data  transformation  from  a  generic
o b j e c t .

o  Open  -  Activate  stream  with  a  particular  logical  access  method,

o  Close  -  Deactivate  stream.

5.1.3  Types  of  I/O

P I O S  w i l l  s u p p o r t  r e c o r d  a n d  b l o c k  I / O ;  u n p e n d e d  I / O  w i l l  b e
p r o v i d e d  o n l y  t h r o u g h  I P C  p r i m i t i v e s .  F i r s t  w e  w i l l  d i s c u s s  I / O
operations  common  to  both  record  and  block  I/O.

5.1.3.1  Common  I/O  Operations

A l l  t e r m i n a l  I / O  w i l l  b e  d o n e  u s i n g  a n  a b s t r a c t  t e r m i n a l  t y p e
( S t a n d a r d  Te r m i n a l  I n t e r f a c e  -  S T I ;  s e e  " D e p e n d e n c i e s " ) ;  u s e r s
shou ld  no t  need  to  know  the  charac ter is t i cs  o f  par t i cu la r  te rmina ls .
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I / O  i n t e r f a c e s  w i l l  b e  w e l l  i n t e g r a t e d  w i t h  l a n g u a g e  I / O ;  t h i s
w i l l  e l i m i n a t e  t h e  n e e d  f o r  e x t r a  l a y e r s  o f  s o f t w a r e .  F i l e s  w r i t t e n
u s i n g  o n e  l a n g u a g e  w i l l  b e  r e a d a b l e  b y  o t h e r  l a n g u a g e s .

T h e  I / O  s y s t e m  w i l l  b e  s t r u c t u r e d  s u c h  t h a t  f u t u r e  u s e  o f  a n  I / O
p r o c e s s o r  ( I O P )  c a n  b e  e a s i l y  a s s i m i l a t e d .

I / O  o p e r a t i o n s  s u p p o r t e d  w i l l  i n c l u d e :

o  Read  -  Read  i tem  (a  block  or  a  record).

o  Wr i t e  -  Wr i t e  i t e m .

o  S e t _ p o s i t i o n  -  P o s i t i o n  I / O  t a r g e t .

o  G e t _ p o s i t i o n  -  R e t r i e v e  p o s i t i o n  o f  I / O  t a r g e t .

o  S e t _ s t a t e  -  C h a n g e  s t a t e  ( T B D  i n  f u n c t i o n a l  s p e c i fi c a t i o n )  o f
I / O  t a r g e t .

o  G e t _ s t a t e  -  R e t r i e v e  s t a t e  ( T B D )  o f  I / O  t a r g e t .

o  Get__charac  ter  i  st  i  cs  -  Retrieve  the  physical  ch  ract  er  i  sti  cs  of
a n  o b j e c t  ( s u c h  a s  r e c o r d  t y p e ) .

5 . 1 . 3 . 2  R e c o r d  I / O

P I O S  w i l l  s u p p o r t  fi x e d  l e n g t h ,  v a r y i n g  l e n g t h ,  a n d  d e l i m i t e d
r e c o r d s .  W h e n  t h e  t w o  e n d s  o f  a  s t r e a m  a r e  c o n n e c t e d  t o  r e c o r d s  o f
d i f f e r e n t  t y p e ,  s h o r t  r e c o r d s  w i l l  b e  p a d d e d  a n d  l o n g  r e c o r d s  w i l l
b e  t r u n c a t e d .  U s e r s  w i l l  b e  a b l e  t o  r e a d  t h e  p h y s i c a l
c h a r a c t e r i s t i c s  o f  I / O  o b j e c t s  ( s u c h  a s  b l o c k  s i z e )  s o  t h a t  t h e y  c a n
r e c o g n i z e  r e c o r d  t y p e  m i s m a t c h s .

5 . 1 . 3 . 3  B l o c k  I / O

P I O S  w i l l  s u p p o r t  b l o c k  I / O .  I n  t h i s  f o r m  o f  I / O  I n f o r m a t i o n  i s
t r a n s f e r r e d  i n  c h u n k s  e q u a l  t o  t h e  p h y s i c a l  b o c k  s i z e .  N o
f o r m a t t i n g  o f  d a t a  i n t o  r e c o r d s  i s  d o n e .

D D T M C *  D r > 9  T  D r P T B T O T P n
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5 . 1 . 3 . 4  U n p e n d e d  I / O

U n p e n d e d  I / O  w i l l  o n l y  b e  p r o v i d e d  i n  t h e  f o r m  o f  I P C  p r i m i t i v e s :

o  Send  -  Send  a  message.

o  Receive  -  Receive  a  message.

5.2  Ease  of  Use

P I O S  w i l l  b e  " f r i e n d l y " .  I n t e r f a c e s  w i l l  b e  s i m p l e ,  e a c h  c o m m a n d
h a v i n g  o n e  w e l l - d e fi n e d  f u n c t i o n .  A l l  o b j e c t s  w i l l  b e  m a n i p u l a t e d
u s i n g  o n e  i n t e r f a c e .  T h e  u s e r  e n v i r o n m e n t  w i l l  b e  a s  t r a n s p a r e n t  a s
p o s s i b l e ;  e .  g « »  i t  s h o u l d  n o t  b e  n e c e s s a r y  f o r  a  u s e r  t o  d o  a n y t h i n g
s p e c i a l  t o  a c c e s s  a  r e m o t e  fi l e  r a t h e r  t h a n  a  l o c a l  fi l e .  H o w e v e r *
P I O S  w i l l  p r o v i d e  f a c i l i t i e s  f o r  u s e r s  w h o  n e e d  t o  o p e r a t e  o n  a  " l o w e r "
l e v e l  t h a n  m o s t ;  s y s t e m  t r a n s p a r e n c y  d o e s  n o t  i m p l y  I n fl e x i b i l i t y .
W h e r e  r e s t r i c t i o n s  m u s t  b e  i m p o s e d  ( e .  g . *  t h e  s i z e  o f  fi l e s  o r
d i r e c t o r i e s ) ,  t h e y  w i l l  b e  s u c h  t h a t  t h e y  a r e  n e v e r  e n c o u n t e r e d  b y  m o s t
u s e r s .  T h e  e x t e n t  o f  t h e s e  c h a n g e s  i s  T B D .

5.3  Compat  ibiI i  ty

P I O S  m u s t  b e  a b l e  t o  r u n  o n  a l l  5 0 - s e r i e s  C P U s  a n d  m e m o r y
c o n fi g u r a t i o n s *  a n d  u s i n g  a l l  5 0 - s e r i e s  I / O  c o n t r o l l e r s  u n c h a n g e d
( u n l e s s  a  h a r d w a r e  d e s i g n  e r r o r  i s  f o u n d  w h i c h  c a n n o t  b e  c i r c u m v e n t e d *
in  which  case  a  fie ld  ECO  may  be  requi red) .

A l l  u s e r  p r o g r a m s  m u s t  c o n t i n u e  t o
r e c o m p i l a t i o n *  o r  r e l o a d i n g .

r u n *  w i t h o u t  m o d i fi c a t i o n *

A l l  cu r ren t  P r imos  commands  mus t  con t i nue  t o  wo rk  as  t oday.

N o  c o m p a t i b i l i t y  r e q u i r e m e n t s  a r e  i m p o s e d  o n  o p e r a t o r  o r  s y s t e m
a d m i n i s t r a t o r  i n t e r f a c e s ;  t h e r e  s h o u l d  b e  a  v a l i d  t e c h n i c a l  r e a s o n  f o r
any  change  made.

I t  i s  a c c e p t a b l e  t h a t  P r i m e - s u p p l i e d  s o f t w a r e  w h i c h  i s  n o t  p a r t  o f
P r i m o s  b e  m o d i fi e d *  r e c o m p i l e d  o r  r e l o a d e d  a s  p a r t  o f  t h e  P I O S  r e l e a s e .
H o w e v e r *  s u c h  r e q u i r e m e n t s  m u s t  b e  t e c h n i c a l l y  j u s t i fi e d *  c l e a r l y
d o c u m e n t e d *  a n d  c a l l e d  t o  t h e  a t t e n t i o n  o f  t h e  a f f e c t e d  g r o u p s -
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5,4  Access  Cont  ro  I

P IOS  mus t  i n  no  way  reduce  t he  secu r i t y  and  i n t eg r i t y  o f  t he  sys tem.
T h e  c u r r e n t  A C L  s y s t e m  w i l l  b e  e x t e n d e d  t o  i n c l u d e  d e v i c e s  a n d
s e r v i c e s .  I n  g e n e r a l *  a l l  o b j e c t s  w i l l  b e  p r o t e c t e d  b y  A C L s .

I t  m u s t  n o t  b e  p o s s i b l e  f o r  a  u s e r  t o  c o m p r o m i s e  a n y  P r i m o s
d a t a b a s e .  A l l  p e r m i t t e d  a c c e s s e s  t o  P r i m o s  d a t a b a s e s  w i l l  b e  d o n e  b y
p r o c e d u r e  c a l l  o r  m e s s a g e  t r a n s m i s s i o n *  n e v e r  b y  d i r e c t  m e m o r y
re fe rences  •

5 . 5  E r r o r  R e p o r t i n g

A l l  e r r o r  m e s s a g e s  w i l l  b e  I n f o r m a t i v e  a n d  i n  p l a i n  E n g l i s h ;
m e s s a g e s *  a n d  u n n e c e s s a r y  u s e  o f  j a r g o n  w i l l  b e  a v o i d e d .

t  erse

T i m e l y  r e p o r t i n g  o f  a s y n c h r o n o u s  e r r o r s  i s  d e p e n d e n t  o n  t h e
d e fi n i t i o n  o f  a  c e n t r a l  e r r o r  r e p o r t i n g  f a c i l i t y  ( s e e  " D e p e n d e n c i e s " ) .
A s y n c h r o n o u s  e r r o r s  m a y  b e  r e p o r t e d  b y  s i g n a l i n g  a  c o n d i t i o n  o r  b y
s e t t i n g  a  s t a t u s  v a r i a b l e  t h a t  a  p r o c e s s  c a n  i n t e r r o g a t e *  d e t e r m i n i n g
w h i c h  i s  b e t t e r  m u s t  b e  d e c i d e d  j o i n t l y  w i t h  D S A G .  S y n c h r o n o u s  e r r o r s
w i l l  b e  r e p o r t e d  b y  s e t t i n g  a  s t a t u s  v a r i a b l e .

5 . 6  S y s t e r n  S t a r t u p  a n d  C o n fi g u r a b i l i t y

I t  must  be  easy  to  load*
r e q u i r e m e n t  s h o u l d  a i d  t h e
a d m i n i s t r a t i v e  h e a d a c h e s  i n
m u s t  b e  s i m p l e r  t h a n  t o d a y ;

b o o t *  a n d  c o n fi g u r e  t h e  s y s t e m ;  t h i s
i m p l e m e n t a t i o n  o f  P I O S *  a s  w e l l  a s  r e d u c e

t h e  fi e l d .  S p e c i fi c a l l y *  c o n fi g u r a t i o n
i t  m u s t  b e  p o s s i b l e  t o  b r i n g  r e s o u r c e s  o n

a n d  o f f  l i n e  d y n a m i c a l l y .  T h e  n u m b e r  o f  c o l d s t a r t  p a r a m e t e r s  s h o u l d  b e
m i n i m i z e d  i n  f a v o r  o f  d y n a m i c  a l l o c a t i o n  j u s t  a f t e r  c o l d s t a r t .  I t  i s
d e s i r a b l e  t h a t  m a n y  p a r a m e t e r s  ( e . g .  t h e  n u m b e r  o f  p a g e  m a p s
a v a i l a b l e )  b e  v a r i a b l e  d u r i n g  s y s t e m  o p e r a t i o n .

T h e  c u r r e n t  u s e  o f  p h y s i c a l  d e v i c e  n u m b e r s  w i l l
f a v o r  o f  a  m o r e  f r i e n d l y  a n d  fl e x i b l e  n a m i n g  s c h e m e .

b e  e l  i m i n a t e d  i n

5 .7  Imp lem  en ta t i on

P I O S  w i l l  b e  w r i t t e n  i n  a  s u i t a b l e  s y s t e m s  p r o g r a m m i n g  l a n g u a g e *
s u c h  a s  M O D U L A  I I .  E v e n  i f  s u c h  a  l a n g u a g e  i s  n o t  a v a i l a b l e  w h e n  t h e

^ i m p l e m e n t a t i o n  b e g i n s *  t h e  s e l e c t e d  l a n g u a g e  w i l l  b e  u s e d  i n  t h e  d e s i g n
s p e c i fi c a t i o n  o f  P I O S  a s  a  p s e u d o - c o d e .  P M A  w i l l  b e  p e r m i t t e d  i n s i d e
t h e  ^  m a c h i n e  d e p e n d e n t  k e r n e l  w h e r e  a b s o l u t e l y  r e q u i r e d ;  t h i s
p r o h i b i t i o n  i s  e s p e c i a l l y  i m p o r t a n t  b e c a u s e  o f  t h e  a n t i c i p a t e d  a r r i v a l
o f  t h e  N S P  m a c h i n e .  T h e  u s e  o f  o t h e r  l a n g u a g e s  i s  p r o h i b i t e d .

D  D  T  M  r  d  n  ff  r  Dre-rriTr-rrn
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PIOS  wi l l  p rov ide  a  comple te ly  new  set  o f  subrout ine  in te r faces  in
the  areas  i t  covers .  The  deta i led  requ i rements  on  these  in ter faces  are
le f t  to  the  func t iona l  spec ifica t ion  o f  P IOS*  bu t  a  number  o f  genera l
ones  are  given  here.

1 .  Each  in te r face  shou ld  have  a  s ing le  pu rpose  (e .g .  " c rea te  fi le "
b u t  n o t  " c r e a t e *  d e l e t e *  o r  v e r i f y  e x i s t e n c e  o f  fi l e " ) .

2.  The  datatype  of  each  argument  should  not  depend  on  the  value  of
ano ther  a rgument .  In  cases  where  th i s  func t ion  i s  needed  (e .g .
a n  a r g u m e n t  o f  a r b i t r a r y  t y p e ) *  a  p o i n t e r  t o  t h e  a c t u a l  d a t a
should  be  used.

3.  The  number  of  arguments  for  each  interface  should
but  not  at  the  cost  of  loss  of  function.

b e  m i n i m i z e d *

4 .  A r g u m e n t  d a t a t y p e s  r e q u i r i n g  a  d e s c r i p t o r  ( e . g .  c h a r ( * )  v a r )
should  be  used  only  when  required.  Each  such  interface  must  have
a  companion  writearound  that  can  be  cal led  from  a  language  that
does  not  support  descriptors*  such  as  F77.

5 .  " S i d e  e f f e c t s "  w i l l  b e  m i n i m i z e d  o r  e l i m i n a t e d .  W h e r e v e r
p o s s i b l e  p r o g r a m s  w i l l  b e  i s o l a t e d  f r o m  t h e  i n t e r n a l
represen ta t ion  o f  sys tem  da ta  s t ruc tu res ;  th is  means  tha t  access
to  system  common  areas  wi l l  be  r ig id ly  control led  through  special
modu  les•

6.  All  gates  (r  ing  0
v  alue  of  one  or
gate  •

i n t e r f a c e s )  m u s t  w o r k  s e c u r e l y  e v e n  i f  t h e
more  arguments  changes  while  executing  in  the

7 .  M a c h i n e  d e p e n d e n t  c o d e  w i l l  b e  m i n i m i z e d  a n d  i s o l a t e d .  T h i s
invo lves  spec i f y ing  a  se t  o f  mach ine  independen t  in te r faces  tha t
the  remainder  of  the  code  uses  (machine  dependent  kernel).

8 .  To  e n s u r e  t h e  m a i n t a i n a b i l i t y  a n d  e x t e n s i b i l i t y  o f  P I O S *
m o d u l a r i t y  a n d  s t r u c t u r e  w i l l  b e  e m p h a s i z e d  i n  d e s i g n  a n d
i m p l e m e n t a t i o n .  A g r e e d  u p o n  i n t e r f a c e s  a n d  p r o t o c o l s  w i l l  b e
s t r i c t l y  a d h e r e d  t o .  " S h o r t c u t s "  f o r  e f fi c i e n c y  w i l l  n o t  b e
t a k e n .

9.  The  code  for  PIOS  will  be  "se  If-document  1ng"  as  much  as  possible;
w e l l - c o m m e n t e d  c o d e  w i l l  n o t .  b e  a  s u b s t i t u t e  f o r  c o h e r e n t
e x t e r n a l  d o c u m e n t a t i o n  ( s p e c i fi c a l l y *  f u n c t i o n a l  a n d  d e s i g n
spec  ifi  cat  1ons)•
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5 . 8  E x t e n s i b i l i t y  a n d , P o r t a b i  I  i t y

I t  m u s t  b e  p o s s i b l e  t o  e x t e n d  P I O S  t o  i n c l u d e  n e w  f u n c t i o n s  o r
s u p p o r t  n e w  t e c h n o l o g i e s  ( e .  g . *  i n t e l l i g e n t  d i s k  c o n t r o l l e r s *  I / O
p r o c e s s o r s )  w i t h o u t  r e w r i t i n g  o r  r e p l a c i n g  l a r g e  s e c t i o n s  o f  c o d e ;
i d e a l l y *  w e  s h o u l d  b e  a b l e  t o  j u s t  " p l u g  i n "  n e w  c o d e .  Th e  e m p h a s i s  o n
s t r u c t u r e  a n d  d o c u m e n t a t i o n  i n  P I O S  d e s i g n  s h o u l d  p e r m i t  u s  t o  g e t
c lose  to  th is  1dea  I .

To  e n s u r e  t h a t  P I O S  i s  n o t  m a d e  o b s o l e t e  b y  a r c h i t e c t u r a l  a d v a n c e s *
i t  must  be  possible  to  move  PIOS  to  new  CPU  fami l ies  wi th  a  minimum  of
e f f o r t .  T h e  i d e n t i fi c a t i o n  a n d  i s o l a t i o n  o f  m a c h i n e  d e p e n d e n t  c o d e
s h o u l d  a l l o w  t h i s  ( s e e  # 7  u n d e r  " I m p l e m e n t a t i o n " ) .

T h e  d e fi n i t i o n  o f  a  m a c h i n e  d e p e n d e n t  k e r n e l  i s  e s p e c i a l l y  i m p o r t a n t
because  o f  the  proposed  NSP  mach ine.

5 .9  Da tabase  Managemen t

D e t e r m i n i n g  t h e  f u l l  r e q u i r e m e n t s  o f  t h e  d a t a b a s e  m a n a g e m e n t
■p r o d u c t s  i s  o n g o i n g .  S o m e  c o n c l u s i o n s  h a v e  b e e n  r e a c h e d ;  s o m e  i s s u e s
I n v o l v e  o t h e r  p r o j e c t s  o r  h a v e  b e e n  d e f e r r e d  p e n d i n g  t h e  r e s u l t s  o f  t h e
I / O  p e r f o r m a n c e  s t u d y .  S o m e  r e q u i r e m e n t s  a r e  a d d r e s s e d  b y  i t e m s
d i s c u s s e d  e l s e w h e r e  i n  t h i s  s p e c i fi c a t i o n .  A d d i t i o n a l  r e q u i r e m e n t s
a r e :

o  I t  m u s t  b e  p o s s i b l e  f o r  v e r y  l a r g e  o b j e c t s  t o  s p a n  p a r t i t i o n s .
S u b o b j e c t s  a r e  c o n s t r a i n e d  t o  b e  o n  o n e  p a r t i t i o n .

o  I t  m u s t  b e  p o s s i b l e  t o  r e s t r i c t  o b j e c t s  t o  s i n g l e  n o d e s .

o  I t  m u s t  b e  p o s s i b l e  t o  t e l l  w h e n  a n  o b j e c t  c r o s s e s  a  n e t w o r k
b o u n d a r y .

o  I t  m u s t  b e  p o s s i b l e  t o  r e p l a c e  s u b o b j e c t s  w i t h  o t h e r  s u b o b j e c t s .

o  ROAM  must  be  able  to  secure ly  manage  i ts  ob jects  us ing  name  space
c o n v e n t i o n s  a n d  s e r v e r s .

o  P I O S  m u s t  p r o v i d e  a  l a r g e  n u m b e r  ( T B D )  o f  d y n a m i c a l l y  a l l o c a t e d
fi l e  u n i t s .

T h e  f o l l o w i n g  i t e m s  a r e  n o t  t h e  r e s p o n s i b i l i t y  o f  P I O S :

o  Management  of  ROAM  objects  is  up  to  DM.

PRTMF  RDX.F  RFCTRTPTFn n ~ ~ ~
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o  DM  must  provide  the  ROAM  object  portion  of  generic  copy  command.

o  ROAM  will  continue  to  do  Its  own  recovery.

o  Da ta  management  suppor ts  a  k ind  o f  ob jec t  ( keyed  access )  no t
suppor ted  in  language  I /O.  I t  must  be  poss ib le  fo r  languages  to
r e a d  k e y e d  a c c e s s  o b j e c t s  u s i n g  t h e i r  r a n d o m  a n d  s e q u e n t i a l
i n te r faces .  DM  mus t  p rov ide  suppor t  fo r  th i s .
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6_Cqmparison  of  PIOS  with  Compet  i  ti  on

P I O S  c o r r e c t s  t h e  d e fi c i e n c i e s  e n u m e r a t e d  i n  S e c t i o n  3 . 1 0 .

o  H i e r a r c h i c a l  n a m e  s p a c e

P I O S  w i l l  e x p a n d  t h e  n a m e  s p a c e  t o  i n c l u d e  n e t w o r k  n o d e s *  d e v i c e s *
a n d  s e r v i c e s ;  l i n k s  a n d  s e a r c h  l i s t s  w i l l  b e  s u p p o r t e d .  A l i a s i n g
w i l l  b e  p r o v i d e d  v i a  t h e  a s s o c i a t i o n  m e c h a n i s m  f o r  d o i n g
c o n n e c t  i o n s .

o  Gener  ic  fi  les

P I O S  w i l l  p r o v i d e  g e n e r i c  o b j e c t s *  a  m o r e  g e n e r a l  f e a t u r e  t h a n
g e n e r i c  fi l e s .  G e n e r i c  o b j e c t s  a l l o w  t h e  s p e c i fi c a t i o n  o f  a c c e s s
c o n t r o l  a n d  n o n - s t a n d a r d  o p e r a t i o n s  o n  t h e  n a m e s  d e fi n e d .

o  S e c u r i t y  a n d  a c c e s s  c o n t r o l

A l l  o b j e c t s  w i l l  b e  p r o t e c t e d  u s i n g  A C L s .  O b j e c t s  I n c l u d e  fi l e *
d e v i c e s *  a n d  s e r v i c e s .

o  C o n n e c t i o n  c a p a b i l i t i e s

P I O S  w i l l  p r o v i d e  v e r y  g e n e r a l  a n d  fl e x i b l e  c o n n e c t i o n
c a p a b i l i t i e s  w i t h  i t s  s t r e a m  o p e r a t i o n s .  F u l l  d e v i c e  i n d e p e n d e n c e
a n d  I / O  r e d i r e c t a b i I i t y  w i l l  b e  s u p p o r t e d .

o  O n e  I / O  i n t e r f a c e  f o r  a l l  o b j e c t s

A l l  t y p e s  o f  o b j e c t s  w i l l  b e  r e f e r e n c e d  u s i n g  o n e  i n t e r f a c e *
name ly  the  P IOS  name  space  and  s t ream  opera t ions .

o  Record  I /O

P I O S  w i l l  s u p p o r t  r e c o r d  I / O .

o  Block  I /O  and  unpended  I /O

B l o c k  I / O  i s  s u p p o r t e d  t o d a y.  U n p e n d e d  I / O  w i l l  b e  d o n e  u s i n g  I P C
pr  1mi  tives.

DDTMT  D  no  C  n
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7  D e p e n d e n c i e s

P I O S  h a s  a  n u m b e r  o f  s t r o n g  d e p e n d e n c i e s  o n  o t h e r  g r o u p s  w h i c h
a f f e c t  b o t h  i t s  s c h e d u l e  a n d  p r o p o s e d  f u n c t i o n a l i t y .  I n  t h i s  s e c t i o n
w e  l i s t  t h e  d e p e n d e n c i e s  a n d  t h e  g r o u p s  a f f e c t e d .  T h i s  l i s t  i s  i n
a p p r o x i m a t e  p r i o r i t y  o r d e r *  s t a r t i n g  w i t h  t h e  m o s t  c r i t i c a l
d e p e n d e n c i e s .  H o w e v e r *  b e  c a u t i o n e d  t h a t  t h e  l a s t  i t e m s  o n  t h e  l i s t
a r e  s t i l l  q u i t e  i m p o r t a n t ;  t h e  fi r s t  i t e m s  a r e  c r i t i c a l .

1 .  D i s t r i b u t e d  S y s t e m  A r c h i t e c t u r e  G r o u p  ( D S A G )

I m p o r t a n c e :  s u p e r c r i t i c a l

R i s k :  C a n n o t  c o m p l e t e  P I O S  f u n c t i o n a l  s p e c i fi c a t i o n *  p r o l o n g e d
d e l a y  o f  p r o j e c t  d e s i g n  a n d  i m p l e m e n t a t i o n .

P I O S ' s  h e a v i e s t  d e p e n d e n c i e s  a r e  h e r e .  D S A G  i s  I n v o l v e d  i n  f o r
t h e  d e s i g n  o f  t h r e e  c r i t i c a l  a r e a s :  t h e  h i e r a r c h i c a l  n a m e  s p a c e *
i n t e r p r o c e s s  c o m m u n i c a t i o n *  a n d  e r r o r  r e p o r t i n g .  P I O S  c a n n o t  b e
f u l l y  s p e c i fi e d  w i t h o u t  D S A G ' s  p r o p o s a l s  i n  t h e s e  t h r e e  a r e a s .
P I O S  r e q u i r e s  t h a t  D S A G  p r o d u c e  a  s p e c i fi c a t i o n  i n  t h e s e  a r e a s
c o n s i s t e n t  w i t h  t h e  g o a l s  a n d  r e q u i r e m e n t s  i n  t h i s  d o c u m e n t .
C lose  consu l t a t i on  be tween  DSAG  and  t he  P IOS  team  i s  r equ i r ed .

2 .  D a t a  m a n a g e m e n t  s u p p o r t  ( D a t a  m a n a g e m e n t / P e r f o r m a n c e  S T D )

I m p o r t a n c e :  c r i t i c a l

R i s k :  I n c o m p l e t e  f u n c t i o n a l  s p e c i fi c a t i o n *  p o s s i b l e  i n a d e q u a t e
d e s i g n *  p e r f o r m a n c e  p r o b l e m s .

D a t a  m a n a g e m e n t  s u p p o r t s  a  k i n d  o f  o b j e c t  ( k e y e d  a c c e s s )  n o t
s u p p o r t e d  1 n  l a n g u a g e  I / O .  I t  m u s t  b e  p o s s i b l e  f o r  l a n g u a g e s  t o
r e a d  k e y e d  a c c e s s  o b j e c t s  u s i n g  t h e i r  r a n d o m  a n d  s e q u e n t i a l
1 n t e r f  a c e s .

I n  a d d i t i o n *  i t  i s  a  g o a l  o f  P I O S  t o  p r o v i d e  d a t a  m a n a g e m e n t
p r o d u c t s  w i t h  f a v o r a b l e  f u n c t i o n a l i t y  a n d  p e r f o r m a n c e  p e r k s .
D e fi n i n g  t h e s e  d e p e n d s  h e a v i l y  o n  t h e  d a t a  m a n a g e m e n t  g r o u p ' s  a i d
i n  r e v i e w i n g  o u r  p r o p o s a l s *  a n d  o n  t h e  p e r f o r m a n c e  t a s k  f o r c e ' s
s u c c e s s  i n  d e t e r m i n i n g  w h e r e  p e r f o r m a n c e  e n h a n c e m e n t s  s h o u l d  b e
c o n e  e n t r a t e d .

3 .  L a n g u a g e  l i b r a r y  s u p p o r t  ( T r a n s l a t o r s )

I m p o r t a n c e :  c r i t i c a l

R i s k :  P I O S  c a n  b e  i m p l e m e n t e d  w i t h o u t  t h i s *  b u t  p e r f o r m a n c e  w i l l
n o t  i m p r o v e *  a n d  u s i n g  t h e  n e w  f e a t u r e s  w i l l  b e  h a r d e r  f o r  u s e r s .
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P I O S  w i l l  s t r i v e  t o  i n t e g r a t e  i t s  I / O  o p e r a t i o n s  w i t h  l a n g u a g e
I / O -  T h i s  w i l l  e l i m i n a t e  t h e  n e e d  f o r  e x t r a  l a y e r s  o f  s o f t w a r e
used  to  t rans la te  language  cons t ruc ts  in to  Pr ime 's  I /O  mishmash.
H o w e v e r *  e l i m i n a t i n g  t h e  n e e d  a n d  t a k i n g  a d v a n t a g e  o f  i t  a r e
d i f f e r e n t .  T h e  l a n g u a g e  l i b r a r i e s  w i l l  h a v e  t o  b e  m o d i fi e d  t o
use  the  new  PIOS  interface.

4.  Copy  primit ives  (DM/OS)

I m p o r t a n c e :  c r i t i c a l

R i s k :  P I O S  c a n  b e  i m p l e m e n t e d  w i t h o u t  t h i s  b u t  n o t  f u l l y
u t i l i z e d .  C e r t a i n  u t i l i t i e s *  s u c h  a s  M A G S AV / M A G R S T *  w i l l  b e
a f f e c t e d .

A  g e n e r i c  c o p y  c o m m a n d  m u s t  b e  p r o v i d e d  f o r  o b j e c t s * .  T h i s
r e q u i r e s  t h e  c o o p e r a t i o n  o f  t h e  D M  g r o u p *  s i n c e  t h e y  w i l l  b e
expected  to  provide  a  copy  primitive  for  ROAM  objects.

5 .  S tandard  te rmina l  i n te r face  STI  (Ne tworks )

I m p o r t a n c e :  Ve r y  i m p o r t a n t

Risk:  PIOS  can  be  implemented  and  used  wi thout  th is*  but  both
wou ld  be  more  d i f ficu l t .  Needed  a t  l eas t  fo r  second  re lease  o f
PIOS.

A c h i e v i n g  t h e  g o a l  o f  f u l l  d e v i c e  i n d e p e n d e n c e  a n d  o f
represent ing  any  user  keyboard  as  a  s ingle  generic  object  impl ies
the  ex is tence  o f  an  abst rac t  te rmina l  type.  Th is  k ind  o f  fea ture
is  being  pursued  by  the  STI  project.

6.  Ring  0  debugger  (Tools  group/STD)

I m p o r t a n c e :  Ve r y  i m p o r t a n t

R i sk :  Imp lemen ta t i on  w i l l  t ake  much
p r o d u c t  w i l l  b e  l e s s  r e l i a b l e .

l o n g e r  a n d  t h e  r e s u l t i n g

There  has  long  been  a  need  for
to  DBG)  which  can  be  used  to  de
d i f fi c u l t  p r o b l e m  b e c a u s e  P r i m
the  direct  use  of  standard  debug
breakpoin t1ng)  except  under  spec
t h e  p r o b l e m  t h a t  d e b u g g i n g  a n
the  ex i s tence  o f  a  su r roga te  o
t h i n g s  w h e n  t h e  e x p e r i m e n t a l
d i f fi c u l t i e s *  t w o  s o l u t i o n s  h a v e
two  mach ine  sys tem  (poss ib l y  a
the  Microprocessor  Debugging  Sys
c o m p l e x i t y  o f  t h e  P I O S  p r o j e c t
t he  ava i l ab i l i t y  o f  a  h i gh  l eve l
i t s  t i m e l y  c o m p l e t i o n .

a  high  level  debugger  (comparable
b u g  r i n g  0  c o d e .  T h i s  i s  a
e ' s  h a r d w a r e  p r o t e c t i o n  p r e v e n t s
g i n g  t e c h n i q u e s  ( m o s t  e s p e c i a l l y
i a l  c i r c u m s t a n c e s .  T h e r e  i s  a l s o

operat ing  system  on  l ine  impl ies
p e r a t i n g  s y s t e m  w h i c h  c a n  r u n
s o f t w a r e  b r e a k s .  D e s p i t e  t h e s e

been  p roposed*  one  i nvo l v ing  a
P850)*  the  other  an  extension  of

t e r n  ( M D S ) .  G i v e n  t h e  u n u s u a l
(and  la te r  the  fu l l  PDA  e f fo r t ) ,
r ing  0  debugger  is  essent ia l  to

D  D  T  M  c-  onar
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7.  Systems  programming  language  (Trans lators)

I m p o r t a n c e :  Ve r y  i m p o r t a n t

Risk:  Same  as  for  #6.

L i k e  t h e  r i n g  0  d e b u g g e r,  t h e  n e e d  f o r  a  p o w e r f u l ,
s y s t e m s  i m p l e m e n t a t i o n  l a n g u a g e  h a s  b e e n  l o n g  f e l t ,
choices  include  MODULA  II  and  SPL.

fl e x i b l e
Poss  ible

8.  Secure  data  paths  (Networks)

I m p o r t a n c e :  Ve r y  i m p o r t a n t

R i s k :  A  d i s t r i b u t e d  s y s t e m  = = >  m o r e  n e t w o r k  t r a f fi c  = = >  m o r e
s e c u r i t y  p r o b l e m s  = = >  m o r e  u n h a p p y  c u s t o m e r s .  P I O S  c a n  b e
implemented  and  used  without  this.

PIOS  wi l l  do  noth ing  to  reduce  the  secur i ty  o f  Pr imos  and  wi l l
a t t e m p t  t o  i m p r o v e  i t .  H o w e v e r ,  a  d i s t r i b u t e d  c o m p u t i n g
env i r onmen t  imp l i es  heavy  ne two rk  t r a f fic .  Cu r ren t l y  t he re  i s  no
w a y  t o  e n s u r e  t h a t  i n t e r - m a c h i n e  t r a n s m i s s i o n s  a r e  s e c u r e .  I f
PDA  is  to  be  a  secure  system,  this  problem  must  be  solved.

9.  System  boot(OS)

I m p o r t a n c e :  I m p o r t a n t

R i s k :  S a m e  a s  # 6 •

The  ab i l i t i es  to  boo t  the  sys tem  in  a  s ing le  s tep ,  and  to  do
part ia l  system  bui lds  and  loads  are  very  desirable  and  affect  the
s  chedule.
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8  Non- requ i rements

The  fo l lowing  are  not  the  responsib i l i ty  o f  PIOS:

o  T h e  d e s i g n  o f  a  f u l l  I P C  m e c h a n i s m  t o  p r o v i d e  c o m p l e t e  I / O
asynch rony.  Th i s  i s  t he  respons ib i l i t y  o f  DSAG.

o  User  devices.  PIOS  does  not  propose  to  s impl i fy  the  addi t ion  of
new  devices.

o  Keyed  access  to  files  -  DM  must  do  it.

o  IEEE  floating  point  -  The  problem  here  is  files  having  both  IEEE
fl o a t i n g  p o i n t  a n d  P r i m e  fl o a t i n g  p o i n t .  R e c o g n i z i n g  t h i s  f a c t
r e q u i r e s  m u l t i - t y p e d  fi l e s .  P I O S  w i l l  n o t  s u p p o r t  t h i s .

o  Conversion  from  ASCII  7  to  ASCII  8.

o  L o g g i n g  a t t e m p te d  s e c u r i t y  v i o l a t i o n s *

PRTMF  R  n  ».  F  RFCTDTPTrn
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9  Issues

At  this  stage  of  the  PIOS  project,  some  proposed  design  features  are
s t i l l  c o n t r o v e r s i a l  o r  r e q u i r e  m o r e  t h o u g h t .  I n  t h i s  s e c t i o n  w e  l i s t
t h e  c u r r e n t  i s s u e s  a n d  t h e i r  s t a t u s .  I t  i s  e x p e c t e d  t h a t  e v e n t u a l l y
t h i s  s e c t i o n  w i l l  b e  d e l e t e d ,  a n d  a l l  i s s u e s  w i l l  b e c o m e  e i t h e r
r e q u i r e m e n t s  o r  n o n - r e q u i r e m e n t s .

1.  Extent  of  DBMS  performance  perks  -  This  is  stil l  being  discussed.
S o m e  a r e a s  a r e  d e f e r r e d  u n t i l  t h e  r e c o m m e n d a t i o n s  o f  t h e
per fo rmance  task  fo rce  a re  ava i l ab le .

2.  Compressed  records  -  The  question  here  is  how  to  handle  blank
c o m p r e s s i o n .  T h i s  i s  d e f e r r e d  u n t i l  t h e  r e c o m m e n d a t i o n s  o f  t h e
per fo rmance  task  fo rce  a re  ava i lab le .

3.  Magtape  labels  -  The  question  here  is  what  kind  of  label  should
b e  u s e d  i n  d e v i c e  i n d e p e n d e n t  m a g t a p e  I / O .  A  M a r k e t i n g
recommendation  is  needed  here.

4.  General  lock  management  and  support  for  atomic  operat ions.  Level
o f  suppor t  fo r  t ransac t ions .  D iscuss ions  w i th  DM  are  ongo ing .

5 .  Vers ion  con t ro l  to  suppor t  hard /so f t  c rash  recovery.

6 .  Phas ing  out  password  d i rec tor ies .

7.  Phasing  out  old  commands.

8.  Features  and  design  of  the  physical  file  system.  This  is  part  of
t h e  P I O S  p r o j e c t ,  b u t  f u l l  s p e c i fi c a t i o n  m u s t  w a i t  f o r  t h e
recommendat ions  of  the  performance  task  force.

9 -  R e l i a b i l i t y ,  A v a i l a b i l i t y ,  a n d  S e r v i c a b i I i t y  -  T h e  s p e c i fi c a t i o n
o f  spec ific  RAS  requ i remen ts  i s  de fe r red  pend ing  the  comp le t i on
of  the  I /O  performance  study.

10.  Performance  perks  -  The  recommendations  of  the  I/O  performance
task  force  are  needed  to  specify  these.
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