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ABSTRACT

The paper d e s c r ib e s  t h e  p a r t  o f  a gen ­
e r a l  o p e r a t in g  system  K ernel s u p p o r t ­
in g  d a ta  management f u n c t io n s .  The 
o p e r a t in g  system  K ernel can be imbed­
ded i n t o  m icrocode and v iew ed as an 
exten d ed  hardware i n t e r f a c e .
Four K ernel i n s t r u c t i o n s  are  d e f in e d  
t o  support d a ta  management. They p r o ­
v id e  a p ow erfu l b a s i s  fo r  th e  im p le ­
m en ta t io n  o f  d i f f e r e n t  k inds  o f  a c c e s s  
methods and f i l e  sy s te m s ,  in c lu d in g  
d a ta  b ase  sy s te m s .  Advanced t r a n s ­
a c t i o n  p r o c e s s in g  c o n c e p ts  such as 
concurren cy  c o n t r o l ,  support o f  back-  
o u t ,  commit and a v a r i e t y  o f  share  
o p t io n s  are  in c lu d e d .
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OVERVIEW

An o p e r a t in g  system  K ernel c o n ta in s  
th e  b a s i c  fu n c t io n s  which are  in h e r en t  
t o  a c l a s s  o f  o p e r a t in g  sy s te m s.  
Implemented in  m icrocode i t  ex tend s  
th e  hardware i n t e r f a c e  t o  a more pow­
e r f u l  fu n c t io n  s e t .  The g o a l  o f  th e  
Kernel con cep t  i s  t o  p ro v id e  th e  n e c ­
e s s a r y  o p e r a t io n s  o f  modern o p e r a t in g  
system s w ith o u t  l i m i t i n g  th e  a p p l i c a ­
t i o n s  or s e t t i n g  s p e c i f i c  c o n s tr a in s  
on them.
The Kernel c o n s i s t s  o f  a p r o c e ss  man­
agement, a s to r a g e  management and a 
d a ta  management p a r t .

The p r e s e n t  paper d e s c r ib e s  a 
s o - c a l l e d  d a ta  management K ernel o f  an 
o p e r a t in g  system .
With r e s p e c t  t o  th e  d e s ig n  o f  th e  data  
management K ernel i t  has been  
attem pted  t o  a c h ie v e  g e n e r a l i t y  and 
f l e x i b i l i t y  w i t h in  two d i r e c t io n s :

1. Support o f  d i f f e r e n t  f i l e  ty p e s

The fu n c t io n s  have t o  be s u i t a b l e  
fo r  th e  support o f  d i f f e r e n t  k inds  
o f  f i l e s  and a c c e s s  methods ( e . g .  
s e q u e n t i a l ,  d i r e c t ,  keyed) as 
w e l l  as fo r  th e  support o f  data  
base  s y s te m s .



2 . Support o f  d i f f e r e n t  o p e r a t in g  
system s

The p r o j e c t  which le d  t o  th e  d e f i ­
n i t i o n  o f  th e  d a ta  management Ker­
n e l ,  d e s c r ib e d  below had th e  
g e n e r a l  o b j e c t i v e  t h a t  th e  Kernel  
sh ou ld  be s u i t a b l e  f o r  th e  support  
o f  m u l t ip le  o p e r a t in g  system  
t y p e s .  The d a ta  management Kernel  
d e s c r ib e d  in  t h i s  paper p r o v id e s  
t h i s  f l e x i b i l i t y .  I t  has been  
dem onstrated  t h a t  i t  i s  s u i t a b l e  
fo r  an e f f i c i e n t  im plem entation  
o f  th e  UNIX'C") [UNIX 78] f i l e  man­
agement as w e l l  as fo r  a la r g e  
s u b s e t  o f  th e  IBM 0S/VS2 [MVS 76] 
a c c e s s  m ethods. Support o f  f u r ­
th e r  ty p e s  o f  o p e r a t in g  system s  
a c c e s s  methods has been c o n s id ­
ered  w ith o u t  d e t e c t i n g  any s i g ­
n i f i c a n t  problem s.

The d e s ir e d  f l e x i b i l i t y  has been  
a c h ie v e d  by l e a v in g  out  o f  th e  data  
management Kernel any knowledge about  
t h e  i n t e r n a l  s t r u c t u r e  o f  f i l e s .  The 
d a ta  management K ernel does not  sup ­
p o r t  (nor does i t  depend on) any know­
le d g e  about th e  in t e r n a l  s t r u c t u r e  o f  
f i l e s ,  but i t  knows o n ly  o b j e c t s  b e in g  
c o l l e c t i o n s  o f  b i t s  or b y t e s .  For 
most ty p e s  o f  a c c e s s  methods t h i s  
s t i l l  p r o v id e s  a v e r y  pow erfu l b a s i s  
t o  b u i ld  on, fo r  some data  management 
system s ( e . g .  th e  UNIX f i l e  management 
system ) i t  i s  j u s t  what i s  needed.  
The d e s ig n e r s  o f  th e  data  management 
K ernel came even t o  th e  c o n c lu s io n  
t h a t  th e  d e s c r ib e d  fu n c t io n s  r e p r e ­
s e n t  a lre a d y  a s u i t a b l e  ( s u b s t i t u t e  
fo r  a) data  management system  (icith  
c e r t a i n  advantages over  t r a d i t i o n a l  
f i l e  management sy s te m s)  i f  th e y  are  
embedded i n t o  a h ig h e r  l e v e l  language .

As a consequence o f  t h i s  g o a l  to  
a c h ie v e  th e  independence from th e  
i n t e r n a l  s t r u c t u r e  o f  th e  o b j e c t s  th e  
K ernel d e a l s  w ith  a nevr term " P e r s i s t ­
e n t  Object" which i s  in tro d u ced  t o

d en ote  th e  o b j e c t s  on which th e  data  
management Kernel o p e r a te s .

A Persistent Object (PO) i s  a named 
c o l l e c t i o n  o f  b y te s  under th e  c o n t r o l  
o f  th e  data  management K ernel.  The 
K ernel en su res  t h a t  th e  p e r s i s t e n t  
o b j e c t  s t a y s  in  e x i s t e n c e  when th e  
o p e r a t in g  system  i s  shut down and i t  
p r o v id e s  s e r v i c e s  to  c r e a t e ,  manipu­
l a t e  and d e l e t e  a p e r s i s t e n t  o b j e c t .

In order  fo r  a p r o c e ss  t o  a c c e s s  a 
p e r s i s t e n t  o b j e c t ,  i t  has t o  be made 
a c c e s s i b l e  by th e  "Access P e r s i s t e n t  
Object" i n s t r u c t i o n .  Once a p e r s i s t ­
ent o b j e c t  i s  a c c e s s i b l e  by a p r o c e ss  
(as  a whole or p a r t ly )  i t  i s  mapped to  
i t s  v i r t u a l  memory - which means i t  
has a s t a r t i n g  address  and a len g th  
a s s o c i a t e d .

For th e  communication w ith  th e  data  
management K ern e l ,  a p e r s i s t e n t  
o b j e c t  i s  u n iq u e ly  i d e n t i f i e d  by a 
c a t a l o g  e n tr y .  This im p l ie s  th e  data  
management Kernel u se s  a c a t a l o g  e n try  
t o  keep a l l  i t s  knowledge about a p e r ­
s i s t e n t  o b j e c t .  A r e fe r e n c e  t o  a c a t a ­
lo g  e n tr y  i s  re q u e s te d  in  order t o  
s p e c i f y  a r e fe r e n c e  t o  a c e r t a i n  p e r ­
s i s t e n t  o b j e c t .

O b viou sly  p e r s i s t e n t  o b j e c t s  are p r i ­
m a r i ly  in ten d ed  t o  r e p r e s e n t  th in g s  
l i k e  f i l e s  and data  s e t s ,  in c lu d in g  
d ata  b a s e s .  However, a l s o  further 
kinds of objects req u ire d  by an o p e r ­
a t in g  system  h aving  a need fo r  a lo n g ­
er  l i f e t i m e  can e l e g a n t l y  be 
r e p r e s e n te d  by p e r s i s t e n t  o b j e c t s .  
One c l a s s  o f  such o b j e c t s  would be th e  
o b j e c t s  su p p o r t in g  h ig h ly  a v a i la b l e  
o p e r a t in g  sy s te m s ,  i . e .  th e  in form a­
t i o n  req u ire d  t o  r e s t a r t  and to  
r e co v e r  an o p e r a t in g  system  a f t e r  a 
c r a sh .  Another example fo r  a p e r s i s t ­
e n t  o b j e c t  are th e  c a t a l o g s ,  i . e .  th e  
c o l l e c t i o n s  o f  c a t a lo g  e n t r i e s  needed  
t o  d e s c r ib e  and i d e n t i f y  p e r s i s t e n t  
obj e c t s .

(* )  UNIX i s  a trademark o f  B e l l  L a b o ra to r ie s



In order  t o  support th e  im plem entation  
o f  data  b ase  system s on top  ( i . e .  by 
u s e )  o f  th e  data  management K ernel i t  
was f e l t  t o  be n e c e s s a r y  t o  support  
a lr e a d y  wTi t h i n  th e  data  management 
K ernel c e r t a i n  co n cep ts  u s u a l l y  a s s o ­
c i a t e d  w ith  t r a n s a c t io n  p r o c e s s in g  
[GRAY 80] . Examples fo r  such co n cep ts  
are  s h a r in g  and lo c k in g ,  concurrency  
c o n t r o l ,  and backout.

Support o f  t h e s e  co n cep ts  w i t h in  th e  
data  management Kernel not  o n ly  a l lo w s  
a v e r y  e f f i c i e n t  r e a l i z a t i o n  o f  t h e s e  
c o n c e p t s ,  but in  a d d i t io n  i t  o f f e r s  
th e  advantage t h a t  t h e s e  c o n cep ts  
apply  t o  a l l  k in d s  o f  p e r s i s t e n t  
o b j e c t s  o f  th e  o p e r a t in g  system  (not  
o n ly  t o  th e  data  b a s e ) . T h is  i s  
b e l i e v e d  to  be p r e r e q u i s i t e  fo r  a 
r e l i a b l e  o p e r a t in g  system  K ernel.

There are some r e l a t i o n s  between th e  
data  management Kernel and o th e r  areas  
o f  th e  o p e r a t in g  system  which w i l l  be 
c o n s id e r e d  n ext:

As d e s c r ib e d  above, a p e r s i s t e n t  
o b j e c t  i s  u n iq u e ly  i d e n t i f i e d  by a 
c a t a l o g  e n tr y .  Thus, th e  c o n te n ts  o f  
a c a t a lo g  e n tr y  i s  d e f in e d  by th e  data  
management K ern e l .  In order  t o  keep  
th e  d a ta  management Kernel s u f f i ­
c i e n t l y  sm a ll  and compact, i t  was how­
ev er  d e c id ed  not  to  in c lu d e  c a t a lo g  
management f u n c t io n s  in t o  th e  data  
management K ernel.  Thus, th e  data  
management Kernel d e f in e s  how a c a t a ­
lo g  e n tr y  looks  l i k e  ( a t  l e a s t  p a r t  o f  
i t )  but i t  does n o t  d e f in e  how c a t a lo g  
e n t r i e s  are grouped t o g e t h e r  t o  form 
c a t a l o g s ,  nor does i t  d e f in e  th e  r u le s  
fo r  a s s o c i a t i n g  names to  c a t a lo g  
e n t r i e s .

The way how p e r s i s t e n t  o b j e c t s  are  
s to r e d  on n o n - v o l a t i l e  ( i . e .  p e r s i s t ­
e n t )  s to r a g e  i s  c o m p le te ly  up t o  th e  
d ata  management K ernel.  The s e r v i c e s  
d e s c r ib e d  below t o  c r e a t e  a p e r s i s t e n t  
o b j e c t  o n ly  a l lo w  th e  s p e c i f i c a t i o n  o f  
s p e c i f i c  d i s k  volumes as th e  r e s id e n c e  
fo r  a s p e c i f i c  p e r s i s t e n t  o b j e c t .

P e r s i s t e n t  o b j e c t s  are  a c c e s s i b l e  by 
p r o c e s s e s  a f t e r  th ey  have been ( p a r t ly  
or c o m p le te ly )  mapped t o  v i r t u a l  memo­
r y .  For t h i s  and fo r  o th e r  rea so n s  i t  
turned  out t h a t  th e  e f f i c i e n t  im p le ­
m en ta t ion  o f  th e  proposed data  manage­
ment Kernel depends on a v e r y  c l o s e  
c o o p e r a t io n  between th e  d a ta  manage­
ment Kernel and th e  page management 
p a r t  o f  th e  o p e r a t in g  system  K ernel.  
T his  has no in f lu e n c e  on th e  e x te r n a l  
fu n c t io n s  prov ided  by th e  data  manage­
ment K ern e l ,  ex c ep t  fo r  c e r t a i n  
a s p e c t s  co n cern in g  th e  g r a n u la r i t y  
fo r  a c c e s s in g  p a r ts  o f  a p e r s i s t e n t  
o b j e c t  ( e . g .  wTi t h  r e s p e c t  t o  l o c k ­
in g )  .

The n e x t  p a r t  o f  t h i s  s e c t i o n  i s  a 
b r i e f  d e s c r i p t io n  o f  th e  t r a n s a c t io n  
p r o c e s s in g  p r i n c i p l e s  and d e f in e s  th e  
terms used  throughout th e  paper. S e c ­
t i o n  2 d e s c r ib e s  th e  co n cep ts  o f  th e  
d ata  management Kernel in  terms o f  
b a s i c  c o n c e p ts ,  Kernel i n s t r u c t i o n s  
and o b j e c t s ,  a c c e s s  and concurrency  
c o n t r o l ,  windowing and dead lock  
d e t e c t i o n .

Transaction Processing Principles

The p r i n c i p l e s  o f  t r a n s a c t io n  p r o c ­
e s s i n g  based on th e  transaction model
[GRAY 78] are  o r i g i n a l l y  d e d ic a te d  for  
d a ta b a ses  and t r a n s a c t io n  p r o c e s s in g  
su b system s. A t r a n s a c t io n  i s  t r e a t e d  
as an atom ic u n i t  o f  work and r e c o v ­
e r y .  I t  i s  a llow ed  t o  commit i f  i t  
tran sform s p e r s i s t e n t  o b j e c t s  from 
one c o n s i s t e n t  s t a t e  in t o  another  con ­
s i s t e n t  s t a t e .  I f  a t r a n s a c t io n  does  
n ot  produce a c o n s i s t e n t  s t a t e  or i f  
i t  i s  aborted  th e  system  must guaran­
t e e  t h a t  th e  s t a t e  t r a n s i t i o n  i s  com­
p l e t e l y  undone.

In order  t o  manage th e  co n cu rren t  e x e ­
c u t io n  o f  m u lt ip le  t r a n s a c t io n s  a 
locking mechanism has t o  be p ro v id ed .  
The d a ta  t o  be a c c e s s e d  have t o  be 
lock ed  acco rd in g  t o  th e  f o l lo w in g  lo ck  
p r o t o c o l :



• a READ lo ck  i s  r e q u e s te d  fo r  data  
t o  be read

• a WRITE lo ck  i s  r e q u e s te d  fo r  data  
t o  be w r i t t e n

• a READ lo ck  i s  g ran ted  i f  th e  data  
i s  no t  lock ed  or read lock ed

• a WRITE lo ck  i s  g ran ted  o n ly  i f  
th e  d a ta  i s  not lock ed

The lo ck  p r o t o c o l  g u a ra n tees  c o n s i s t ­
e n t  and l e g a l  s c h e d u le s  and p r e v e n ts  
concurren cy  anom alies  such as l o s t  
u pd ates  and d i r t y  or u n r e p e a ta b le  
r e a d s .

The c o n s i s t e n c y  lo ck  p r o t o c o l  
r e q u ir e s  t r a n s a c t io n s  to  be 
well-formed, i . e .  t o  lo ck  th e  data  
b e fo r e  a c c e s s in g  them, and two-phase,
i . e .  no t  t o  lo ck  any d a ta  a f t e r  th e  
f i r s t  u n lo ck .

Obeying th e  c o n s i s t e n c y  lo ck  p r o t o c o l  
and h o ld in g  a l l  lo c k s  u n t i l  t r a n s ­
a c t i o n  end r e s u l t s  in  th e  h ig h e s t  
d eg ree  o f  c o n s i s t e n c y ,  d egree  3 con ­
s i s t e n c y  [GRAY 76] , and s i m p l i f i e s  
r e c o v e r y  m echanism s.

THE DATA MANAGEMENT KERNEL

Basic Concepts

The data  management p a r t  o f  th e  Kernel  
su p p orts  th e  t r a n s a c t io n  p r o c e s s in g  
c o n c e p ts  d e s c r ib e d  in  th e  p r e v io u s  
s e c t i o n .  The data  management f a c i l i ­
t i e s  can be invoked by a s e t  o f  Kernel  
i n s t r u c t i o n s  o p e r a t in g  th e  data  man­
agement o b j e c t s  w ith  sh a r in g  and lo c k ­
in g  c a p a b i l i t i e s .  I n c lu s io n  o f  t h e s e  
f a c i l i t i e s  i n t o  th e  g e n e r a l  o p e r a t in g  
system  K ernel p r o v id e s  t r a n s a c t io n  
p r o c e s s in g  c h a r a c t e r i s t i c s  t o  a l l  
k in d s  o f  d a ta  management f u n c t i o n s ,  e .  
g . a l s o  fo r  t r a d i t i o n a l  a c c e s s  methods 
[ SPECTOR 8 3 ] .
T h is  con cep t  c e n t r a l i z e s  th e  t r a n s ­
a c t i o n  p r o c e s s in g  p r i n c i p l e s  a t  a very  
low l e v e l  o f  th e  sy stem . I t  p r o v id e s

i t s  c a p a b i l i t i e s  t o  a l l  a p p l i c a t i o n s ,  
l i k e  a c c e s s  m ethods, d a ta  b ase  s y s ­
tem s, e t c .  and a v o id s  i t s  implementa­
t i o n  in  s e v e r a l  system s running on top  
o f  th e  K ernel.

The Kernel i n s t r u c t i o n s  support th e  
a c c e s s  and m a n ip u la t io n  o f  p e r s i s t e n t  
o b j e c t s  and gu aran tee  t h e i r  c o n s i s t ­
ency . For th e  u se r  o f  th e  Kernel  
i n s t r u c t i o n s ,  p e r s i s t e n t  o b j e c t s  or  
p a r t s  o f  them are  a v a i l a b l e  in  v i r t u a l  
memory fo r  th e  d u r a t io n  o f  h i s  p r o c ­
e s s i n g .  T h is  means t h a t  he can a c c e s s  
them in  terms o f  normal i n s t r u c t io n s  
v i a  address  and o f f s e t .  P o s s ib le  
in t e r n a l  s t r u c t u r e s  o f  p e r s i s t e n t  
o b j e c t s ,  l i k e  reco rd s  or i n d ic e s  are  
n ot  se en  by th e  K ern e l ,  nor i s  t h e r e  a 
need fo r  fu n c t io n s  l i k e  b u f f e r  manage­
ment e t c .  req u ire d  in  t r a d i t i o n a l  data  
management s y s te m s .

T h is  con cep t  can be c o n s id e r e d  as a 
r e a l i z a t i o n  o f  a so  c a l l e d  Single Lev­
el Storage. I t  i s  implemented by a 
c l o s e  c o o p e r a t io n  o f  th e  data  manage­
ment K ernel and th e  paging/memory man­
agement p a r t  o f  th e  o p e r a t in g  system  
K e r n e l .

W hile th e  u se r  i s  working on a p e r ­
s i s t e n t  o b j e c t ,  he has th e  im p ress ion  
o f  d e a l in g  w ith  a p r i v a t e  copy o f  i t .  
He can commit th e  p r i v a t e  copy a t  th e  
end o f  h i s  p r o c e s s in g .

B efore  th e  u s e r  commits h i s  p r iv a t e  
copy o f  th e  p e r s i s t e n t  o b j e c t ,  i t  i s  
guaranteed  t h a t  any abnormal t e r m i ­
n a t io n  o f  h i s  t r a n s a c t i c  , (even  due to  
system  c r a sh e s )  wTi l l  cause  th e  r e s t o ­
r a t io n  o f  th e  o ld  c o n s i s t e n t  s t a t u s  o f  
th e  p e r s i s t e n t  o b j e c t .  T h is  f e a tu r e  
i s  sometimes r e fe r r e d  t o  as th e  Safe 
File System or au tom atic  t r a n s a c t io n  
backout o f  th e  o p e r a t in g  system  Ker­
n e l .

The s a f e  f i l e  system  u se s  th e  con cep ts  
o f  shadow p ag in g  based  on th e  s i n g l e  
l e v e l  s t o r a g e .  Updates on p e r s i s t e n t  
o b j e c t s  are  made o n ly  in  v i r t u a l  memo­
ry . The c o n s i s t e n t  (o ld )  v e r s i o n  o f  an 
o b j e c t  remains unchanged. At commit



t im e th e  new v e r s i o n  from temporary  
s to r a g e  r e p la c e s  th e  o ld  v e r s i o n  and 
a d j u s t s  th e  c a t a l o g  e n tr y .
T r a n sa c t io n  backout does not  r e q u ir e  
t o  remove th e  upd ates  o f  th e  t r a n s ­
a c t io n  on th e  p e r s i s t e n t  o b j e c t s  
b ecau se  th e y  have not  been propagated .

The r e co v e r y  s t r a t e g y  o f  th e  Kernel  
can be c l a s s i f i e d  as t r a n s a c t io n  o r i ­
e n ted  c h e c k p o in t in g  combined w ith  th e  
p r o p a g a t io n  o f  u pd ates  a t  c h e c k p o in ts  
[HAERDER 7 9 ] .  The o n ly  p o in t  during  
th e  e x e c u t io n  o f  a t r a n s a c t io n  a t  
which i t s  upd ates  are  propagated  i s  
th e  commit p o i n t .

The Kernel Instructions

APO, ACCESS PERSISTENT OBJECT

The APO i n s t r u c t i o n  p r o v id e s  a c c e s s  to  
p e r s i s t e n t  o b j e c t .  A param eter s p e c i ­
f i e s  th e  area  t o  be a c c e s s e d ,  i . e .  i t  
i s  p o s s i b l e  t o  a c c e s s  th e  whole o b j e c t  
or p a r t ( s )  o f  th e  o b j e c t .  The i n s t r u c ­
t i o n  combines t h r e e  fu n c t io n s :

• o b j e c t  a l l o c a t i o n
• open th e  o b j e c t
• map o b j e c t  i n t o  v i r t u a l  memory

The f i r s t  APO o f  a t r a n s a c t io n  i s  
e q u iv a le n t  t o  a 'b e g in  t r a n s a c t i o n ' . 
APO p r o v id e s  o n ly  a c c e s s  t o  a p e r s i s t ­
en t  o b j e c t  i f  th e  re q u e s t  i s  p o s s i b l e  
acco rd in g  t o  th e  a c c e s s  c o n t r o l  p r o t o ­
c o l  .
The Kernel manages th e  s o - c a l l e d  ' a c ­
c e s s e d  p e r s i s t e n t  o b j e c t  t a b le '  
d e s c r ib in g  a l l  p r e s e n t l y  a c c e s s i b l e  
o b j e c t s .  An APO c r e a t e s  an new en try  
fo r  t h a t  t a b l e ,  i t s  index  i s  re tu rn ed .  
A s u c c e s s f u l  in v o c a t io n  o f  APO re tu r n s  
th e  v i r t u a l  memory address  and th e  
l e n g th  o f  th e  a c c e s s i b l e  a rea .

The RELPO fu n c t io n  r e l e a s e s  th e  a c c e s ­
s i b l e  area  or o b je c t  o b ta in e d  v i a  APO 
from v i r t u a l  memory. T h is  i n s t r u c t i o n  
does n e i t h e r  an i m p l i c i t  commit nor  
backout. The r e le a s e d  areas  may s u b s e ­
q u e n t ly  be r e a c c e s s e d  by a new APO 
i n s t r u c t i o n  w ith o u t  any i n f lu e n c e  on 
th e  c o n s i s t e n c y .
T h is  fu n c t io n  i s  r eq u ired  fo r  system s  
w ith  v i r t u a l  memory c o n s t r a i n t s  where 
th e  s i z e  o f  th e  p e r s i s t e n t  o b j e c t  
ex ceed s  th e  s i z e  o f  th e  v i r t u a l  memo­
ry .

CPO, COMMIT PERSISTENT OBJECT

CPO p r o v id e s  th e  c a p a b i l i t y  t o  commit 
or backout updates  on a s e t  o f  p e r ­
s i s t e n t  o b j e c t s .  The CPO fu n c t io n  com­
m its  by up d atin g  t a b le s  o f  s i n g l e  
l e v e l  s to r a g e  and backouts  by j u s t  
r e l e a s i n g  th e  v i r t u a l  memory p a r ts  o f  
th e  p e r s i s t e n t  o b j e c t s .  At th e  end o f  
commit a l l  lo ck s  h e ld  on th e  o b j e c t  
are r e l e a s e d ,  th e  v i r t u a l  memory 
o b ta in e d  by th e  o b j e c t  i s  f r e e d .  CPO 
u se s  th e  tw o-phase  commit p r o t o c o l  
[GRAY 78] t o  ensure  i t s  a t o m ic i t y .

This fu n c t io n  p r o v id e s  th e  commit a t  
end o f  t r a n s a c t io n  as i t  i s  u sed  in  
th e  t r a d i t i o n a l  t r a n s a c t io n  p r o c e s s ­
in g  environm ent. A d d i t io n a l ly  i t  e n a ­
b l e s  th e  u se r  o f  CPO t o  commit updates  
on p e r s i s t e n t  o b je c t s ,  independent  
from end o f  t r a n s a c t io n .  I t  d e v ia t e s  
from t r a d i t i o n a l  d e f i n i t i o n s  o f  th e  
term t r a n s a c t io n .  The fu n c t io n  can be 
used by a p p l i c a t io n s  w ith  very  long  
running t r a n s a c t io n s  l i k e  g ra p h ics  
and t e x t  p r o c e s s in g .

The ex tend ed  t r a n s a c t io n  d e f i n i t i o n  
su p p orts  a u n i t  o f  work as th e  i n t e r ­
v a l  between two commits or between APO 
and CPO. The r e s p o n s i b i l i t y  and f l e x i ­
b i l i t y  t o  i s s u e  CPO p r io r  t o  th e  end 
o f  t r a n s a c t io n  i s  l e f t  t o  th e  a p p l i c a ­
t i o n  running on top  o f  th e  K ernel.



The LOCKPO i n s t r u c t i o n  p r o v id e s  th e  
c a p a b i l i t y  to  lo ck  in d iv id u a l  areas  o f  
a p e r s i s t e n t  o b j e c t  t h a t  i s  a c c e s s e d  
v i a  APO. LOCKPO i s  o n ly  v a l i d  fo r  one  
o f  th e  sh are  o p t io n s  supported  by th e  
K ernel which a l lo w s  m u l t ip le  con cu r ­
r e n t  a c c e s s  t o  an o b j e c t .  The s m a l l ­
e s t  p h y s i c a l  lo c k in g  g r a n u la r i t y  in  
which a LOCKPO i s  mapped i s  one page.
A param eter o f  LOCKPO d e f in e s  whether  
i t  i s  a READ lo ck  or a WRITE lo c k .  A 
READ lo c k  w i l l  be g ran ted  i f  th e  area  
i s  no t  lock ed  or READ lo c k e d ,  a WRITE 
lo ck  may o n ly  be granted  i f  th e  area  
i s  no t  lo ck ed .

Locks can o n ly  be r e le a s e d  du r in g  th e  
CPO o p e r a t io n ,  t h e r e  i s  no e x p l i c i t  
UNLOCK i n s t r u c t i o n .  Locks w i l l  
i m p l i c i t l y  by r e le a s e d  a t  system  
r e s t a r t  and abnormal t r a n s a c t io n  t e r ­
m in a t io n .

The Data Management Objects

The d a ta  management K ernel  
i n s t r u c t i o n s  o p e r a te  on s e v e r a l  
o b j e c t s .  They can be se e n  as abstract 
data types t o g e t h e r  w ith  th e  p e r t i ­
nent  o p e r a t io n s .  T h is  tec h n iq u e  
en su r e s  th e  d e f i n i t i o n  o f  c le a n  i n t e r ­
fa c e s  and a proper system  s t r u c t u r e .

Catalog Entry
A c a t a lo g  e n tr y  fo r  a p e r ­
s i s t e n t  o b j e c t  c o n ta in s  a l l  
n e c e s s a r y  in fo r m a tio n  t h a t  
i s  req u ire d  by th e  data  man­
agement Kernel i n s t r u c t i o n s  
and th e  la y e r  above th e  Ker­
n e l  ( e . g .  a c c e s s  m ethods) .  
The c a t a lo g  e n tr y  i s  th e  
o n ly  o b j e c t  which i s  known 
o u t s id e  th e  K ern e l .

Disk Layout Table
The d is k  la y o u t  t a b l e  i s  a 
s e t  o f  e n t r i e s  which r e l a t e  
t o  d i s k  p a g e s . An e n tr y

d e s c r ib e s  whether th e  page  
i s  f r e e  or p a r t  o f  a v i r t u a l  
memory or o b ta in e d  by a p e r ­
s i s t e n t  o b j e c t .

Access Persistent Object Table
The a c c e s s  p e r s i s t e n t  
o b j e c t  t a b l e  i s  a l i s t  o f  
e n t r i e s  d e s c r ib in g  th e  p e r ­
s i s t e n t  o b j e c t s  which are  
p r e s e n t l y  a c c e s s e d .  Among 
o th e r  t h in g s  i t  c o n ta in s  a 
p o in t e r  t o  th e  c a t a lo g  
e n tr y  and th e  a c tu a l  share  
o p t io n  fo r  th e  a c c e s s e d  
o b j e c t .

Page Management Table
The page management t a b le  
i s  a l i s t  o f  e n t r i e s  
d e s c r ib in g  th e  pages o f  a 
v i r t u a l  memory.

Persistent Object Page Table
The p e r s i s t e n t  o b j e c t  page  
t a b l e  i s  a l i s t  o f  e n t r i e s  
d e s c r ib in g  th e  pages o f  an 
opened p e r s i s t e n t  o b j e c t .  
The t a b l e  i s  a l l o c a t e d  a t  
th e  t im e o f  th e  f i r s t  APO to  
th e  o b j e c t .  The t a b l e  i s  
used  t o  support th e  LOCKPO 
i n s t r u c t i o n .

Sharing and Locking, Concurrency 
Control

OVERVIEW

The Kernel lo c k in g  f a c i l i t y  p r o v id e s  a 
t r a n s a c t io n - o r i e n t e d  lo c k in g  mech­
anism d e d ic a te d  t o  th e  concurren t  
a c c e s s  o f  m u lt ip le  t r a n s a c t io n s  to  
p e r s i s t e n t  o b j e c t s .

In order  t o  make t r a n s a c t io n s  obey th e  
c o n s i s t e n c y  lo ck  p r o t o c o l  and thus  to  
a c h ie v e  th e  c o n s i s t e n c y  o f  any l e g a l  
s c h e d u le  o f  th o s e  t r a n s a c t i o n s ,  th e  
l a y e r  above th e  K ernel has to



• A ccess  th e  p e r s i s t e n t  o b j e c t s  
w ith  a p p r o p r ia te  sh a re  o p t io n s  
v i a  th e  APO i n s t r u c t i o n

• Lock th e  d a ta  which w i l l  be modi­
f i e d

• Lock th e  data  which i s  read

• Hold th e  lo ck s  u n t i l  t r a n s a c t io n  
end

The tw o-phase  lo ck  p r o t o c o l  d e s c r ib e d  
p r e v io u s ly  i s  a u t o m a t ic a l ly  obeyed,  
b ecau se  APO, LOCKPO, and CPO are  th e  
o n ly  K ernel i n s t r u c t i o n s  t h a t  r e q u e s t  
and r e l e a s e  l o c k s ,  and a l l  u n lo c k in g  
i s  d e fe r r e d  u n t i l  CPO, as recommended 
in  [GRAY 8 0 ] .

A ccess  t o  p e r s i s t e n t  o b j e c t s  i s  con ­
t r o l l e d  by th e  data management Kernel  
in  a two-way p roced u re , th e  access 
admission control and th e  concurrency 
control.
The a c c e s s  adm iss ion  c o n t r o l  checks  
th e  a l lo w ed  and th e  r e q u e s te d  share  
o p t io n  param eters a c c o rd in g  t o  th e  
sh are  o p t io n  p r o t o c o l .
The second  s t e p  s u p e r v is e s  m u lt ip le  
con cu rren t  a c c e s s  t o  a p e r s i s t e n t  
o b j e c t  by ch eck in g  th e  a c tu a l  share  
o p t io n s  and th e  a c c e s s  ty p e s  a ccord in g  
t o  th e  lo c k in g  p r o t o c o l .

ACCESS CONTROL, LOCKS

A ccess  t o  p e r s i s t e n t  o b j e c t s  i s  con ­
t r o l l e d  by th e  Kernel v i a  share  
o p t io n s  ( l o c k s ) .  The a l lo w ed  share  
o p t io n  fo r  an o b j e c t  i s  s p e c i f i e d  at  
c r e a t i o n  t im e and i s  checked a g a in s t  
th e  used share  o p t io n  s p e c i f i e d  a t  APO 
t im e .  The share  o p t io n  p r o t o c o l  o f  
F igu re  1 on page 8 c o n t r o l s  whether  
a c c e s s  i s  p e r m it te d  or n o t .

The d a ta  management K ernel p ro v id es  
twTo lo c k in g  f a c i l i t i e s

1. lo ck  and c o n t r o l  a c c e s s  t o  a com­
p l e t e  p e r s i s t e n t  o b j e c t

2 .  lo ck  and c o n t r o l  a c c e s s  t o  p a r ts  
o f  a p e r s i s t e n t  o b j e c t

The lo ck  o p t io n  fo r  a com plete  p e r ­
s i s t e n t  o b j e c t  (1) w i l l  be s p e c i f i e d  
and checked as th e  a c tu a l  share  o p t io n  
param eter in  APO.
The second o p t io n  to  lo ck  a p a r t  o f  a 
p e r s i s t e n t  o b j e c t  i s  p rov id ed  by th e  
LOCKPO i n s t r u c t i o n  and i s  a p p l i c a b le  
w ith  one s p e c i f i c  share  o p t io n  o n ly .  
The system  p r o v id e s  5 d i f f e r e n t  share  
o p t i o n s :

• LEX - lock  e x c lu s i v e  fo r  READ and 
UPDATE

• LR - lo ck  fo r  m u lt ip le  READ 
o n ly ;  t h i s  lock  may not  be com­
b ined  w ith  th e  a c c e s s  ty p e  WRITE

• LRSU- lo ck  fo r  m u lt ip le  READ and 
s i n g l e  UPDATE

• LMA - lo ck  fo r  m u lt ip le  a c c e s s  
m u lt ip le  READ and m u lt ip le  WRITE 
can be done c o n c u r r e n t ly  on one 
p e r s i s t e n t  o b j e c t  by m u lt ip le  
t r a n s a c t i o n s .  This lo ck  can o n ly  
be a p p l ie d  in  c o n ju n c t io n  w ith  th e  
LOCKPO fu n c t io n  fo r  p o r t io n s  o f  an 
o b j e c t .  The same p o r t io n  o f  an 
o b j e c t  can o n ly  be updated by a 
s i n g l e  t r a n s a c t io n .

• URA - u n r e s t r i c t e d  a c c e s s ;  
m u lt ip le  READ and WRITE can be 
made c o n c u r r e n t ly  u n c o n tr o l le d  by 
th e  sy stem . (U N IX -like)

Among th e  f i v e  share  o p t io n s  d e s c r ib e d  
below th e  LMA (Lock M u lt ip le  A cc e ss )  
i s  p r im a r i ly  in ten d ed  fo r  support o f  
t r a n s a c t io n  p r o c e s s in g .  However, 
a l s o  th e  share  o p t io n s  LEX (Lock 
E x c lu s iv e )  and LR (Lock Read) ensure  
th e  c o n s i s t e n c y  o f  d a ta .  Share o p t io n s  
LRSU (Lock Read S in g le  Update) and URA 
( U n r e s tr ic t e d  A c c e ss )  are  prov ided  
fo r  support o f  t r a d i t i o n a l  n o n - tr a n ­
s a c t i o n  p r o c e s s in g  l i k e  f i l e  system s  
and may r e s u l t  in  n o n - c o n s i s t e n t  
u p d a te s .



ACCESS ADMISSION CONTROL PROTOCOLIn c a se  o f  t h e  LMA sh a r e  o p t io n ,  th e  
areas  b e in g  updated have t o  be locked  
by u se  o f  th e  LOCKPO i n s t r u c t i o n .  The 
LR and LEX sh are  o p t io n s  r e s u l t  in  a 
lo c k in g  o f  th e  com p lete  p e r s i s t e n t  
o b j e c t  o b j e c t  a t  APO t im e .  The 
authors 1 im p lem en ta t ion  o f  th e  Kernel  
p r o t e c t s  th e  p e r s i s t e n t  o b j e c t s  from 
b e in g  upd ated , i f  no lo c k s  are  s e t .

The lo c k in g  o f  d a ta  t o  be read i s  su p ­
p o r ted  by th e  LEX and LR share  
o p t io n s  and by th e  LMA sh are  o p t io n  
t o g e t h e r  w ith  th e  LOCKPO i n s t r u c t i o n .  
U n lik e  w r i t e  l o c k s ,  read lo c k s  are  not  
e n fo r c e d  in  th e  a u th o r s '  im plem enta­
t i o n  o f  th e  d a ta  management K ernel.

The h o ld in g  o f  lo ck s  u n t i l  end o f  
t r a n s a c t io n  i s  ensured  by su p p o r t in g  
th e  un lock  fu n c t io n  as p art  o f  th e  CPO 
i n s t r u c t i o n  o n ly .

The a c c e s s  ad m iss ion  c o n t r o l  s te p  
checks whether th e  a l low ed  share  
o p t io n  in  th e  c a t a lo g  e n tr y  and th e  
r e q u e s te d  share  o p t io n  o f  an APO c o r ­
respond ac c o rd in g  t o  th e  share  o p t io n  
p r o t o c o l  and i n d i c a t e s  i f  a c c e s s  cou ld  
be p e r m it te d  or n o t .  The a c c e s s  
r e q u e s t  t o  an o b j e c t  i s  checked w i t h in  
th e  " a l lo c a t e "  f u n c t io n  o f  APO.
The r e l a t i o n s h i p  between th e  a llow ed  
sh are  o p t io n  o f  a p e r s i s t e n t  o b je c t  
and th e  r e q u e s te d  share  o p t io n  i s  
i l l u s t r a t e d  by th e  f o l lo w in g  p r o t o ­
c o l .  The p r o t o c o l  d e f in e s  whether th e  
r e q u e s te d  share  o p t io n  a g rees  w ith  th e  
a l lo w ed  sh are  o p t io n .

j a l lo w ,  i r e q u e s t . 
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F igu re  1. Share o p t io n  p r o t o c o l :  R e la t io n s h ip  between a llow ed  and r e q u e s te d
sh are  o p t io n

CONCURRENCY CONTROL

The concurrency  c o n t r o l  a l lo w s  m u l t i ­
p l e  co n cu rren t  a c c e s s  t o  a p e r s i s t e n t  
o b j e c t  w ith o u t  v i o l a t i n g  d a ta  con ­
s i s t e n c y .  T h is  c o n t r o l  s t e p  u se s  th e  
lo c k in g  p r o t o c o l  which depends on th e

a c tu a l  sh are  o p t io n s  and th e  a c c e s s  
ty p e s  which are  r e q u e s te d  by a t a s k .  
The r e q u e s te d  share  o p t io n  and a c c e s s  
ty p e  o f  a t a s k  w i l l  be checked a g a in s t  
th e  cu rren t  ( a c t u a l )  share  o p t io n  and 
a c c e s s  t y p e .  The p r o t o c o l  d e f in e s  
whether th e  a c c e s s  can be p e r m it te d  or  
n o t .



1------------ r
¡ 1 - / 2 .  ! LEX LR LRSU/r

—
LRSU/w

—
LMA/r LMA/w URA/r

1
URA/w

1

1 0
1 1

Y Y Y Y Y Y Y Y 1
11 1 

Ilex | N N N N N N N
I

N 1
1 1 
LR 1

1 1
N Y Y N Y N Y N 1

1
1 1 
1LRSU/r 1
1 1

N N Y Y Y Y Y Y 1
I1 1 

1LRSU/w1
1 I

N N Y N Y N Y
1

N 1
1

ILMA i
1 I

N N N N Y Y Y N
11 1 

! URA ' I
1________L

N N
J_____________

N
__________

N N N
_________

Y
_________

!
Y 1

_________ 1

F ig u r e  2. Locking p r o t o c o l :  R e la t io n s h ip  between cu rren t  ( a c t u a l )  share
o p t io n  and a c c e s s  ty p e  in  th e  c a t a l o g  e n tr y  ( 1 . )  and th e  re q u e s te d  
ones ( 2 . )

Windowing i n s t r u c t i o n  c a u se s  an i m p l i c i t  RELPO
fo r  a l l  s t i l l  a c c e s s i b l e  areas o f  th e  
s p e c i f i e d  p e r s i s t e n t  o b j e c t .

DESCRIPTION

The windowing con cep t  fo r  p e r s i s t e n t  
o b j e c t s  a l lo w s  a c c e s s  n o t  o n ly  t o  p e r ­
s i s t e n t  o b j e c t s  as a w h o le ,  but a l s o  
t o  s u b s e c t io n s  o f  p e r s i s t e n t  o b j e c t s .  
I t  i s  o f f e r e d  in  c o n n e c t io n  w ith  th e  
APO, RELPO and CPO Kernel  
i n s t r u c t i o n s .

An accessible area ( a l s o  c a l l e d  a 
"window") i s  a co n t ig u o u s  s u b s e c t io n  
o f  a p e r s i s t e n t  o b j e c t  which r e s i d e s  
c o n t ig u o u s ly  in  v i r t u a l  memory. I t  i s  
s a id  t o  be connected t o  t h i s  v i r t u a l  
memory. Each a c c e s s i b l e  area  i s  
u n iq u e ly  d e f in e d  by an o f f s e t  w i t h in  
th e  p e r s i s t e n t  o b j e c t  t o  which i t  
b e lo n g s ,  a l e n g t h ,  and an address  
w it h in  th e  v i r t u a l  memory where i t  
r e s i d e s .  A c c e s s i b l e  areas  can be 
a c c e s s e d ,  i . e .  con n ec ted  t o  v i r t u a l  
memory v i a  th e  APO i n s t r u c t i o n ,  and 
can be r e l e a s e d ,  i . e .  d is c o n n e c te d  
from v i r t u a l  memory v i a  th e  RELPO 
i n s t r u c t i o n .  Furtherm ore, th e  CPO

D i f f e r e n t  a c c e s s i b l e  areas  which  
b e lo n g  t o  th e  same p e r s i s t e n t  o b j e c t  
and which are  connected  c o n c u r r e n t ly  
t o  th e  same v i r t u a l  memory may not  
o v e r la p  in  th e  p e r s i s t e n t  o b j e c t  (nor  
may th e y  o v e r la p  in  v i r t u a l  memory, 
but t h i s  w i l l  a u t o m a t ic a l ly  be 
a c h iev e d  by APO).
However, d i f f e r e n t  a c c e s s i b l e  areas  
o f  th e  same p e r s i s t e n t  o b j e c t  con ­
n e c te d  t o  d i f f e r e n t  v i r t u a l  memories 
c o n c u r r e n t ly  may o v e r la p  in  th e  p e r ­
s i s t e n t  o b j e c t ,  i f  t h e  sh are  o p t io n  
and a c c e s s  type  which must be s p e c i ­
f i e d  fo r  APO do not fo r b id  t h i s .  P o s ­
s i b l e  anom alies  due to  concurrency  can 
o n ly  be p rev en ted  by u se  o f  th e  appro­
p r i a t e  share  o p t io n  and a c c e s s  ty p e  in  
t h i s  c a s e .

MOTIVATION

The windowing concept  was in tro d u ced  
fo r  s e v e r a l  re a so n s:



In system s p r o v id in g  o n ly  a very  
l im i t e d  v i r t u a l  address  s p a c e ,  or  
in  environm ents where la r g e  or  
many p e r s i s t e n t  o b j e c t s  have t o  be 
p r o c e ss e d  s im u l ta n e o u s ly ,  th e  
u s e r  sh ou ld  not  be r e s t r i c t e d  by 
th e  s i z e  o f  th e  v i r t u a l  address  
s p a c e .  The windowing concept  
a l lo w s  t o  p r o c e s s  p a r ts  o f  la r g e  
p e r s i s t e n t  o b j e c t s  and thus  t o  u se  
th e  v i r t u a l  address  sp ace  econom­
i c a l l y  .

The windowing con cep t  p r o v id e s  an 
e a sy  way t o  ex tend  and sh o r te n  a 
p e r s i s t e n t  o b j e c t :  e x te n d in g  i s  
a c h iev e d  by s p e c i f y i n g  an a c c e s ­
s i b l e  area  which ex ceed s  th e  c u r ­
r e n t  end o f  a p e r s i s t e n t  o b j e c t ,  
s h o r te n in g  i s  a c h iev e d  by u se  o f  
th e  le n g th  param eter o f  CPO.

In d i s t r i b u t e d  sy s te m s ,  th e  
a c c e s s i b l e  area  can be used  as th e  
u n i t  fo r  a c c e s s i n g  p e r s i s t e n t  
o b j e c t s  r e s i d i n g  on remote s i t e s  
ra th er  than a c c e s s i n g  whole p e r ­
s i s t e n t  o b j e c t s  ( p r im a r i ly  fo r  
perform ance r e a s o n s ) .

Deadlock Detection

The d ead lock  d e t e c t i o n  mechanism o f  
th e  o p e r a t in g  system  k e r n e l  a n a ly s e s

• Locking r e q u e s t s  due t o  APO and 
LOCKPO and

• Other r e so u r c e  enqueuing r e q u e s ts  
t o  th e  Kernel
in  order  t o  d e t e c t  d e a d lo c k s .

The sy stem , i . e .  th e  o p e r a t in g  system  
and th e  a p p l i c a t i o n s  should  re q u e s t  
th e  r e so u r c e s  always v i a  t h o s e  fu n c ­
t i o n s  which are  supported  by th e  dead ­
lo ck  d e t e c t i o n  mechanism.

Manipulation of Persistent Objects.

As a lre a d y  d e s c r ib e d  in  th e  Overview  
s e c t i o n ,  a p e r s i s t e n t  o b j e c t  i s  
u n iq u e ly  i d e n t i f i e d  by a c a t a l o g  en try  
, however fu n c t io n s  fo r  m an ip u la t in g  
c a t a lo g s  are not  p a r t  o f  th e  K ernel.  
T his  has been d e c id ed  t o  en a b le  su p ­
p o r t  o f  d i f f e r e n t  c a t a l o g  ty p e s  and 
d ir e c t o r y  s t r u c t u r e s  by th e  same data  
management K ernel.  As a consequence o f  
t h i s ,  some fu n c t io n s  - fo r  th e  manipu­
l a t i o n  o f  p e r s i s t e n t  o b j e c t s  ha\7e to  
be implemented ( p a r t l y )  above th e  data  
management k e r n e l .  These fu n c t io n s  
are  d e s c r ib e d  in  th e  fo l lo w in g :

Creation of a Persistent Object
T his  i s  performed by c r e a t ­
in g  a c a t a lo g  e n tr y  w ith  
PO -length  = 0 ,  fo l lo w e d  by 
an APO fo r  t h i s  c a t a lo g  
e n tr y  and th e  c r e a t io n  o f  
th e  p e r s i s t e n t  o b j e c t  in  
v i r t u a l  memory. The s u b s e ­
quent CPO may s p e c i f y  any 
PO -length  which i s  in  
accordance w ith  th e  r u le s  
fo r  e x te n d in g  p e r s i s t e n t  
o b j e c t s  ( s e e  b e l o w ) .

Deletion of a Persistent Object
The p e r s i s t e n t  o b j e c t  has 
t o  be committed w ith  a 

-P O -len g th  = 0. Afterwards  
i t s  c a t a l o g  e n tr y  may be  
d is c a r d e d .  The CPO must 
obey th e  r u le s  which h o ld  
w’i t h  r e s p e c t  t o  s h o r te n in g  
o f  p e r s i s t e n t  o b j e c t s  ( s e e  
b e lo w ) .

Renaming of a Persistent Object
This fu n c t io n  has t o  be p r o ­
v id ed  c o m p le te ly  above th e  
K ernel. I t  s im ply  c o n s i s t s  
o f  changing th e  c a t a lo g  
e n tr y .

Extension of a Persistent Object
A p e r s i s t e n t  o b j e c t  i s  
e x ten d ed , i f  th e  P O -length  
s p e c i f i e d  w ith  CPO i s  
g r e a te r  than th e  PO -length



so far known in the catalog. 
Such a CPO is accepted by 
the Kernel only, if the 
added part is under the 
exclusive control of the 
transaction issuing the 
CPO.

Shortening of a Persistent Object
A persistent object is 
shortened, if the PO-length 
specified with CPO is smal­
ler than the PO-length so 
far known in the catalog. 
Such a CPO is accepted by 
the Kernel only, if the 
dropped part is not in use 
by another transaction.

Replacement of a Persistent Object
After a persistent object 
is brought into virtual 
memory (by use of APO), it 
may be overwritten or 
replaced arbitrarily.

SUMMARY

This paper described the data manage­
ment part of a general operating sys­
tem Kernel. Four instructions (APO, 
CPO, RELPO, and LOCKPO) have been 
defined for the realization of differ­
ent kinds of access methods, file sys­
tems, and data base systems.

Besides the primary purpose of such a
Kernel, to provide the respective 
functions in a most efficient way and 
to prevent the replication of these 
functions in multiple parts of the 
operating system, this data manage­
ment Kernel offers the additional 
advantage that advanced facilities 
are offered in a generalized way.

Facilities which traditionally are 
associated only with transaction pro­
cessing like concurrency control, 
support of backout and commit, support 
of a variety of share options and the 
safe file system mentioned in section

"Basic Concepts" on page 4have been 
integrated into the Kernel and are 
thus applicable- to all types of data 
management implemented on top of the 
Kernel.
It can be easily shown that the data 
management Kernel described in the 
paper represents an excellent basis 
for the implementation of file servers 
in distributed systems. The main 
advantages would be:

• Provision of an operating system 
independent, but still high level 
interface.

• Provision of windowing which 
allows to vary the amount of data 
which is communicated between the 
file server and its clients 
depending on configuration param­
eters .
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