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Description 

This  invention  relates  to  a  new  system  configuration  and  method  for  operating  a  computing  apparatus. 
More  specifically,  it  relates  to  the  use  of  a  recovery  log  for  restarting  a  computing  system  following  normal 

5  or  abnormal  termination. 
In  the  operation  of  computing  systems,  it  is  the  practice  to  provide  a  programming  subsystem  which 

includes  a  plurality  of  resource  managers.  Such  resource  managers  control  the  operation  of  system 
resources  such  as  data  bases,  teleprocessing  or  other  communication  facilities,  and  the  system  itself. 
Further,  there  may  be  a  plurality  of  data  base  resource  managers  managing  separate  or  shared  data  base 

10  facilities,  a  plurality  of  teleprocessing  resource  managers,  and  a  plurality  of  system  resource  managers  — 
such  as  in  a  multi-programming,  multi-processor  environment. 

It  is,  unfortunately,  a  characteristic  of  computing  systems  that  failures  occur  which  cause  the  abnormal 
termination  of  the  system,  the  communication  links,  the  data  bases,  and/or  their  managers.  Such  failures 
may  leave,  for  example,  a  data  base  in  an  inconsistent  state,  or  require  that  other  resources  or  their 

15  managers  not  directly  affected  by  the  failure  also  suspend  operation. 
In  order  to  facilitate  the  recovery  of  resource  managers  and  the  facilities  or  objects  which  they  manage, 

it  is  known  to  provide  on  non-volatile  storage  a  system  log  containing  checkpoint  states  and  before  and 
after  images  of  changes  to  the  data  base,  system  state,  or  other  such  objects.  Examples  of  systems  using 
such  a  system  log  are  the  IBM  information  Management  System  (IMS/VS),  Program  No.  5740-XX2,  and 

20  Customer  Information  Control  System  (CICS/VS),  the  latter  being  described  in  CICS/VS  Version  1.5 
System/Application  Design  Guide,  SC33-0068,  at  pages  237  —  246.  In  these,  the  log  is  used  following  a 
system  failure,  during  an  emergency  restart  operation,  to  restore  the  data  base  to  a  consistent  state, 
reestablish  control  block  content,  and  back  out  the  effect  of  interrupted  work  unit  activity  on  resources. 
However,  there  is  no  provision  for  restarting  a  subset  of  the  resource  managers,  nor  to  defer  the  recovery 

25  of  selected  work  units  due  to  the  unavailability  of  certain  resources. 
Consequently,  there  is  a  need  in  the  art  for  the  capability  to  restart  all  or  a  subset  of  the  resource 

manager  components  of  a  subsystem,  and  all  or  a  subset  of  the  subsystem's  resources.  When  components 
or  the  resources  they  manage  are  not  available  to  the  restart  process,  and  have  been  made  inconsistent  by 
the  actions  of  interrupted  work  unit  activity,  there  is  a  need  for  mechanisms  to  remember  these 

30  outstanding  work  unit  recovery  requirements  until  the  components  or  resources  become  available. 
The  invention  as  set  forth  in  claims  1  and  4  provides  a  computing  apparatus  and  a  method  for 

operating  the  same.  The  computing  apparatus  includes  a  plurality  of  resource  managers  and  resource 
collections  including  a  recovery  log.  The  computing  apparatus  is  operated  according  to  the  method  of 
executing  work  unit  instructions  and  writing  log  records  to  the  recovery  log,  the  log  records  including 

35  checkpointed  states  and  records  of  changes  to  the  resource  collections  and  resource  managers  resulting 
from  execution  of  work  unit  instructions.  Each  log  record  is  assigned  a  relative  byte  address  within  a 
continuous  address  space.  The  method  of  the  invention  is  characterized  by  the  steps  of: 

maintaining  in  a  first  data  structure  with  respect  to  each  of  a  subset  of  resource  managers  the 
completion  state  of  its  recovery  responsibility  with  respect  to  each  interrupted  work  unit,  the  completion 

40  state  defining  whether  or  not  the  resource  manager  has  been  restarted  and,  if  restarted,  the  availability  of 
the  subset  of  resource  collections  required  to  complete  the  work  unit;  and 

maintaining  in  a  second  data  structure  with  respect  to  each  of  said  subset  of  said  resource  managers 
(1)  its  operational  state  and  (2)  the  relative  byte  addresses  in  the  recovery  log  of  the  beginning  and  ending 
of  its  interest  scope. 

45  The  invention  will  now  be  described  in  detail  with  reference  to  the  accompanying  drawings,  where 
Figure  1  is  a  diagrammatic  illustration  of  computing  system  showing  the  recovery  manager 

component  of  the  invention. 
Figure  2  is  a  diagrammatic  illustration  of  the  manner  in  which  log  records  are  linked  on  the  recovery 

log  shown  in  Figure  1. 
50  Figure  3  is  a  diagram  of  a  resource  manager  status  table  maintained  in  the  subsystem  recovery  data  set 

of  Figure  1  by  the  recovery  manager  component. 
Figure  4  is  a  diagrammatic  illustration  showing  the  relationship  between  the  resource  manager  status 

table  of  Figure  3  and  the  recovery  log  of  Figure  2. 
Figure  5  is  a  diagram  of  a  restart  unit  of  recovery  element  maintained  by  the  recovery  manager 

55  component  of  Figure  1. 
Figures  6  and  7  are  diagrammatic  illustrations  of  recovery  log  for  use  in  explaining  the  UNDO,  TODO, 

and  REDO  procedures  executed  by  the  recovery  manager  component  of  the  invention. 
Figure  8  is  a  diagrammatic  illustration  of  the  relationship  between  the  various  modules  comprising  the 

recovery  manager  component, 
go  Figure  9  is  a  diagrammatic  illustration  of  various  control  structures  maintained  or  accessed  in  main 

storage  by  the  recovery  manager  component. 
Referring  now  to  Figure  1,  there  is  illustrated  a  portion  of  a  computing  apparatus,  showing  participant 

domain  20  and  coordinating  domain  32  within  the  volatile  main  storage  address  space  of  a  central 
electronic  complex,  or  computing  apparatus,  together  with  recovery  log  40,  subsystem  recovery  data  set 

65  42,  and  data  bases  44  in  non-volatile  storage.  The  computing  apparatus  may  be  an  IBM  System/360  or 
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System/370,  described  in  U.S.  Patent  3,400,371  by  G.  M.  Amdahl,  et  al,  and  in  IBM  System/370  Principles  of 
Operation,  IBM  Publication  GA22-7000-6. 

Participant  domain,  or  subsystem  20  is  a  data  base  subsystem  22,  including  for  example,  initialization 
procedures  component  24,  recovery  log  manager  component  26,  recovery  manager  component  28,  data 

5  base  accessing  and  management  component  29,  and  connection  component  30.  Components  24,  26,  28, 
29,  and  30  are  examples  of  resource  managers  21,  and  data  base  44  is  an  example  of  recoverable  objects  or 
resources. 

Coordinating  domain  32  includes  a  transaction  management  subsystem  34,  and  one  or  more 
application  programs  36.  Application  programs  36  originate  work  units,  which  are  passed  by  transaction 

10  management  subsystem  34  to  the  participant  domain  for  execution  by  the  resource  managers  21,  for 
example,  against  resources  44. 

Recovery  manager  (RM)  28  is  responsible  for  the  coordination,  control,  and  log  record  retrieval  and 
presentation  functions  which  occur  during  the  restart  process.  When  participant  domain  20  is  cold  started, 
it  undergoes  an  initialization  process  under  the  control  of  initialization  procedures  component  24  to  bring  it 

?5  to  an  operable  cold  state  having  no  knowledge  of  a  prior  existence.  However,  when  participant  domain  20 
is  restarted,  following  either  a  normal  or  an  abnormal  termination,  it  enters  a  warm  state  by  refreshing  its 
memory  from  information  found  in  recovery  log  40.  Recovery  log  40  represents  a  chronological  record  of 
the  events  and  actions  of  work  units  originated  by,  for  example,  applications  36,  upon  the  resource 
collections  44  managed  by  domain  20.  The  contents  of  recovery  log  40  reflect  events  which  advance  the 

20  progress  states  of  work  units,  and  which  alter  the  content  of  recoverable  resources  and  change  the  state  of 
resource  collections  44. 

Recovery  manager  28  supports  the  restoration  of  recoverable  resources  44  managed  by  participant 
domain  20  resource  managers  21  to  their  most  recent  consistent  state  which  existed  prior  to  or  at  the  time 
of  the  previous  termination  of  participant  domain  20,  controls  the  use  of  recovery  log  40,  provides  a  restart 

25  environment  that  supports  both  a  total  domain  20  restart  and  the  restarting  of  a  subset  of  that  domain, 
provides  a  restart  and  operation  environment  wherein  a  subset  of  the  domain  can  be  restarted  after  the  rest 
of  the  domain  is  operational  with  the  existence  of  the  operational  subset  transparent  to  the  restarting 
subset,  and  provides  the  capability  to  cold  start  a  resource  manager  21  such  that  its  recovery 
responsibilities  are  performed  outside  of  the  participant  domain  20  environment  with  the  resource 

30  manager  started  but  its  participation  in  the  restart  process  bypassed. 

Resource  managers  21 
Resource  managers  21  are  participant  domain  20  components  which  provides  services  to  other 

components  and  to  application  programs  36.  Initialization  procedures  component  24  controls  the 
35  initialization  process,  above.  Recovery  manager  component  28  controls  the  memory  refreshing  process, 

above.  Recovery  log  manager  component  26  provides  log  40  recording  and  retrieving  services.  Data  base 
accessing  and  management  component  29  provides  databases  44  recording  and  retrieving  services. 

Resource  managers  21  participate  in  various  domain  20  events  by  providing  event  notification  exit 
routines  which  are  invoked  by  the  controllers  of  those  events  through  broadcasts,  to  be  described 

40  hereafter.  Resource  managers  21  participate  in  their  own  initialization  process  through  this  broadcast 
mechanism,  and  in  attaining  the  warm  restart  state  by  providing  routines  which  receive  event  notification 
and  log  record  presentation  broadcasts  from  recovery  manager  component  28. 

Linked  log  records 
45  Referring  now  to  Figure  2,  a  description  will  be  given  of  the  format  of  log  40  and  of  the  function 

provided  by  recovery  log  manager  component  26  to  support  the  recovery  activity  managed  by  recovery 
manager  component  28.  Recovery  log  manager  component  26,  responsive  to  a  request  from  recovery 
manager  28  to  write  a  log  record  at  the  beginning  of  a  unit  of  recovery  (begin  UR  record  60),  creates  log 
write  cursor  50,  including  unit  of  recovery  ID  (URID)  field  52  and  link  field  54.  A  log  write  cursor  50  is  created 

so  and  maintained  for  the  life  of  each  work  unit,  or  unit  of  recovery,  and  is  used  to  provide  certain  header 
information  in  UR  log  records  written  to  recovery  log  40.  In  Figure  2,  three  such  log  records  60,  61,  and  62 
are  shown,  each  having  in  its  header  U  fields  63—65  and  L  fields  66—68,  respectively.  Recovery  log 
manager  26  inserts  into  URID  field  52  the  log  relative  byte  address  (RBA)  of  the  begin  UR  record  60,  the  first 
UR  record  for  this  unit  of  recovery,  or  work  unit.  The  same  URID  52  RBA  value  will  be  inserted  into  the  U 

55  field  63,  64,  65,  ...,  of  each  log  record  60,  61,  62,  ...,  created  for  this  unit  of  recovery.  When  begin  UR 
record  60  is  created,  L  field  66  is  set  to  null,  thus  identifying  log  record  60  as  the  beginning  record  in  the 
chain.  Also,  LINK  field  54  is  set  equal  to  URID  52  RBA  to  point  to  record  60,  as  it  is  also  the  last  record  of  the 
chain  at  the  time  it  is  written  originally  to  the  log.  In  response  to  a  request  from  data  base  accessing  and 
management  component  29  to  write  a  log  record  61  for  a  unit  of  recovery  which  already  exists,  recovery 

60  log  manager  component  26  updates  the  link  field  54  with  the  RBA  value  of  record  61,  inserts  the  previous 
LINK  54  field  value  into  L  field  67,  to  point  to  the  previous  UR  log  record  60,  and  inserts  the  URID  52  value 
into  U  field  64.  UR  log  record  62  is  similarly  created,  resulting  in  the  log  record  chain  illustrated  in  Figure  2 
for  a  given  unit  of  recovery  which,  in  this  example,  includes  three  log  records,  with  the  pointer  arrows 
pointing  to  the  location  specified  by  the  RBA  values  stored  in  each  of  the  log  write  cursor  50  and  log  records 

65  60—62  fields. 
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Resource  manager  status  table  (RMST)  70 
In  order  that  recovery  manager  component  28  support  the  early  termination  and  deferred  restarting  of 

selected  resource  managers  21,  (herein  a  component  29  is  the  only  logical  candidate)  the  operational  states 
and  recovery  log  interest  scopes  of  each  resource  manager  21  are  independently  maintained.  Also,  the 

5  recovery  responsibilities  of  resource  managers  21  as  they  apply  to  interrupted  recoverable  work  units  are 
maintained  for  each  work  unit.  The  two  recovery  manager  28  structures  which  perform  this  function  are 
resource  manager  status  table  70  and  restart  unit  of  recovery  element  90. 

Relative  byte  addresses  (RBAs)  refer  to  the  continuous  log  data  addressing  range  value  assigned  to 
any  record  written  to  recovery  log  40.  An  RBA  value  is  time-ordered  and  unique  within  domain  20  and  the 

70  recovery  log  40  it  manages.  Two  such  RBA  values  are  used  to  delimit  the  upper  and  lower  bounds  of  the  log 
40  interest  scope  of  a  resource  manager  21  or  the  log  activity  scope  of  a  work  unit. 

Referring  to  Figure  3  in  connection  with  Figure  4,  a  description  will  be  given  of  the  resource  manager 
status  table  (RMST)  70.  RMST  70  includes  in  its  header  most  recent  checkpoint  RBA  field  72,  flip/flop  control 
field  74,  and  RMST  entries  changed  flag  field  76.  Then  follow  entries  for  each  resource  manager  21, 

is  including  RM  identifier  80,  operational  status  82,  beginning  log  interest  scope  RBA  84,  and  ending  log 
interest  scope  RBA  86.  Operational  status  82  fields  indicate  if  the  resource  manager  is  active  or  terminated, 
and  if  terminated,  whether  the  termination  was  normal  or  early.  For  terminated  resource  managers  only, 
fields  84  and  86  contain  RBA  values  pointing  to  recovery  log  40  records. 

An  operational  copy  of  RMST  70  is  constructed  during  recovery  manager  28  initialization  from  a  copy 
20  externalized  on  subsystem  recovery  data  set  42.  The  content  of  the  recovery  data  set  42  copy  of  RMST  70 

describes  the  last  consistent  configuration  of  the  resource  managers  21  comprising  subsystem  20  prior  to 
or  as  of  its  last  termination.  The  operational  copy  of  RMST  70,  maintained  by  recovery  manager  component 
28  in  main  storage,  is  updated  as  resource  managers  21  restart  or  terminate  and  is  externalized  to  recovery 
data  set  42  during  checkpoint  events  which  write  checkpoints  92,  94,  96,  ...,  to  recovery  log  40.  Each 

25  checkpoint  92,  94,  96  includes  one  or  more  checkpoint  records  101  —  103,  with  zero  to  'n'  checkpoint  records 
for  each  resource  manager  21  participating  in  the  checkpoint.  Header  portion  71  of  the  operational  copy  of 
RMST  70  is  externalized  to  subsystem  recovery  data  set  42  during  each  subsystem  20  checkpoint.  RMST  70 
entries  73  identifying  each  resource  manager  21  known  to  recovery  manager  28  are  only  externalized  to 
subsystem  recovery  data  set  42  in  connection  with  the  writing  of  checkpoints  92,  94,  96,  ...,  to  recovery  log 

30  40  associated  with  a  change  in  status  of  a  resource  manager  21.  Dual  copies  of  RMST  header  71  and  of 
RMST  entries  73  are  maintained  by  recovery  manager  28  on  recovery  data  set  42  using  flip/flop  control  key 
74,  the  value  of  which  alternate  with  each  successive  write  to  recovery  data  set  42.  This  procedure  assures 
that  a  prior  consistent  copy  of  RMST  entries  73  will  not  be  destroyed  as  a  result  of  a  failure  while 
externalizing  a  new  copy  of  RMST  entries  73  to  recovery  data  set  42. 

35  Most  recent  checkpoint  RBA  72  field  gives  the  RBA  of  the  record  on  log  40  delimiting  the  start,  or 
beginning  checkpoint  (BCP)  record  98  of  most  recent  subsystem  checkpoint  96.  The  ending  checkpoint 
(ECP)  record  98  delimits  the  end  of  checkpoint  96.  The  most  recent  checkpoint  RBA  72  value  is  used  during 
recovery  manager  28  initialization  in  determining  which  of  the  dual  copies  of  RMST  header  71  represents 
the  most  recent  checkpoint  taken.  It  is  also  used  to  establish  the  beginning  log  interest  scope  of  all  resource 

40  managers  21  which,  according  to  the  copy  of  RMST  70  on  recovery  data  set  42,  were  in  an  active 
operational  state  at  the  time  of  the  prior  termination  of  subsystem  20. 

Flip/flop  control  field  74  is  the  key  suffix  used  when  externalizing  the  most  recent  copy  of  RMST  entries 
73.  This  value  is  used  during  recovery  manager  28  initialization  to  determine  which  of  the  dual  copies  of 
RMST  entries  73  on  recovery  data  set  42  represents  the  most  recent  configuration. 

45  RMST  entries  changed  flag  76  provides  an  indication  of  whether  or  not  the  status  information 
maintained  in  fields  82  of  the  operational  copy  of  RMST  70  have  changed  since  the  last  checkpoint  was 
taken.  This  field  76  is  used  to  determine  if  entries  73,  in  addition  to  header  71,  must  be  externalized  to 
recovery  data  set  42  during  the  next  checkpoint  to  recovery  log  40. 

Operational  status  fields  82  identify  the  operational  states  of  the  resource  managers  21  (RM1,  RM2,  . . . ,  
50  RMN)  as  represented  by  recovery  manager  28.  Status  fields  82  are  used  during  recovery  manager  28 

initialization  to  determine  whether  or  not  related  resource  manager  21  was  operationally  active  as  of  the 
prior  subsystem  20  termination.  Status  field  82  is  set  upon  completion  of  a  restart  or  termination  involving 
the  related  resource  manager  21,  as  well  as  during  recovery  manager  28  initialization.  Operating  states 
include  active,  terminated,  and  cold.  An  operational  status  82  of  active  state  indicates  that  the  related 

55  resource  manager  21  has  undergone  restart  and  is  currently  operational.  Terminated  state  indicates  that 
the  related  resource  manager  21  has  terminated,  with  state  subqualifiers  indicating  if  the  related  resource 
manager  21  terminated  early  or  concurrent  with  subsystem  20.  Cold  state  indicates  that  related  resource 
manager  21  is  to  be  restarted  to  an  operational  state  with  no  knowledge  of  a  prior  existence;  this  status  82 
allows  the  recovery  responsibilities  of  one  or  more  resource  managers  21  to  be  performed  outside  of 

60  participant  domain  20.  Any  outstanding  recovery  responsibilities  being  remembered  by  recovery  manager 
28  are  treated  as  completed  for  cold  starting  resource  managers  21. 

Beginning  log  interest  scope  RBA  field  84  specifies  the  RBA  of  the  log  40  checkpoint  record  delimiting 
the  start  of  the  most  recent  checkpoint  94  participated  in  by  the  related  resource  manager  21.  Its  value  is 
established  during  a  termination  checkpoint  involving  the  related  resource  manager  21,  or  during  recovery 

65  manager  28  initialization  if  the  related  resource  manager  21  was  in  an  active  operational  state  82  as  of  the 
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prior  subsystem  20  termination.  It  is  used  as  the  lower  bound  for  positioning  the  log  when  restarting  the 
related  resource  manager  21. 

Ending  log  interest  scope  RBA  field  86  specifies  the  RBA  of  the  log  40  checkpoint  record  delimiting  the 
end  of  the  most  recent  checkpoint  94  participated  in  by  the  related  resource  manager  21.  This  value  is 

5  established  during  a  termination  checkpoint  involving  the  related  resource  manager  21,  or  by  recovery 
manager  28  during  the  first  phase  of  the  next  subsystem  20  restart.  It  is  used  as  the  upper  bound  for 
positioning  recovery  log  40  when  restarting  the  related  resource  manager  73. 

Recovery  manager  28  uses  the  independent  resource  manager  beginning  and  ending  log  interest 
scope  RBA  fields  84  and  86  to  restart  with  subsystem  20  those  resource  managers  21  which  terminated 

<o  early,  or  alternatively  to  restart  them  after  the  rest  of  subsystem  20  is  operational. 

Restart  unit  of  recovery  element  (RURE) 
The  second  of  the  two  recovery  manager  28  structures  which  perform  the  function  of  independently 

maintaining  the  operational  states  and  recovery  log  interests  scopes  of  each  resource  manger  21  is  restart 
'5  unit  of  recovery  element  (RURE)  90.  The  first  such  structure,  RMST  70,  is  described  above. 

A  unit  of  recovery  (UR)  is  a  term  referring  to  the  actions  of  a  recoverable  work  unit  between  points  of 
logical  consistency;  that  is,  between  commit  points.  Generally,  the  term  "work  unit"  will  be  used  to  refer  to 
a  unit  of  recovery. 

RURE  90  is  the  recovery  manager  28  structure  representing  a  recoverable  work  unit  which  was 
20  interrupted  by  subsystem  20  termination.  The  exact  extent  of  the  effect  of  the  work  unit  on  subsystem  20 

managed  resources,  such  as  recoverable  objects  in  data  bases  44,  cannot  be  determined  without 
examining  recovery  log  40.  The  recovery  responsibilities  of  resource  managers  21  which  provide  services 
to  the  work  units  will  depend  on  the  records  106  those  resource  managers  contributed  to  log  40  on  behalf 
of  the  work  unit,  and  the  progress  state  attained  by  the  work  unit,  and  tracked  on  log  40  by  recovery 

25  manager  28.  Referring  to  Figure  5,  RURE  90  contains  unit  of  recovery  activity  scope  delimiters  110, 
including  unit  of  recovery  identifier  (which  is  the  beginning  log  activity  scope  RBA  112  of  the  work  unit)  and 
work  unit  ending  log  activity  scope  RBA  114,  progress  state  116,  resource  manager  participation  maps  120 
including  remembered  map  122  and  handled  map  124,  and  restart  completion  flag  126. 

Resource  manager  participitation  maps  120  are  provided  in  each  RURE  90  to  reflect  the  disposition  of 
30  resource  manager  28  recovery  responsibilites  on  a  per-work-unit  basis.  A  resource  manager  identifier  80 

value  is  used  as  the  bit  index  into  each  participation  map  120.  The  bit  settings  in  the  two  maps  122,  124 
indicate  the  resource  managers  21  which  have  an  interest  in  log  records  106  contributed  on  behalf  of  the 
work  unit,  and  whether  or  not  the  resource  managers  21  have  performed  the  recovery  responsibilities 
associated  with  the  work  unit. 

35 
During  creation  of  the  participation  maps  120: 

1.  A  zero  in  a  given  index  position  in  both  maps  122,  124  indicates  no  log  records  106  of  interest  to  that 
resource  manager  21  whose  identifier  80  indexes  to  the  given  index  position  have  been  encountered  in  log 
40  within  the  work  unit's  activity  scope  110.  If  the  work  unit's  entire  log  activity  scope  1  10  is  processed  and 

40  both  map  122,  124  positions  remain  zero,  the  resource  manager  had  no  recovery  responsibilities 
associated  with  the  work  unit.  That  resource  manager  will  not  be  involved  if  a  subsequent  recovery  process 
on  behalf  of  the  work  unit  is  required. 

2.  A  zero  in  a  given  index  position  in  remembered  map  122  and  a  one  in  the  same  position  in  handled 
map  124  indicates  that  the  resource  manager  has  an  interest  in  log  40  records  106  contributed  on  behalf  of 

45  the  work  unit  and  has  handled  its  recovery  responsibilities  for  all  records  thus  far  encountered  within  the 
work  unit's  log  activity  scope  110.  If  the  entire  work  unit's  log  activity  scope  110  is  processed  and  both  map 
120  positions  remain  as  described  it  indicates  the  resource  manager  had  a  recovery  responsibility 
associated  with  the  work  unit  and  completed  that  responsibility.  The  resource  manager  will  be  bypassed  if 
a  subsequent  recovery  processing  of  the  work  unit  is  required. 

so  3.  A  one  in  a  given  index  position  in  remembered  map  122  indicates  the  resource  manager  has  an 
interest  in  log  records  contributed  on  behalf  of  the  work  unit  but  for  some  reason  has  been  unable  to 
perform  its  recovery  actions.  A  resource  manager  21  may  have  contributed  log  records  106  on  behalf  of  the 
work  unit  but,  because  the  resource  manager  21  was  either  not  restarting,  or  was  restarting  but  activation 
of  a  needed  resource  within  collection  44  was  deferred,  has  not  fulfilled  its  responsibilities.  The  resource 

55  manager  21  will  participate  in  a  subsequent  work  unit  recovery  processing  when  the  resource  manager  21 
next  restarts,  or  when  the  resource  within  collection  44  is  activated. 

4.  If,  after  a  work  unit's  log  activity  scope  1  1  0  has  been  processed,  all  bit  positions  in  remembered  map 
122  are  zero,  it  indicates  that  all  resource  managers  21  have  fulfilled  their  recovery  responsibilities 
associated  with  the  work  unit.  In  this  case,  recovery  manager  28  drops  the  associated  work  unit  from  its 

so  collection  of  work  units  still  requiring  recovery  processing. 
Restart  completed  flag  126  indicates  whether  or  not  the  work  unit  has  undergone  its  restart  processing 

before.  If  it  has,  previously  created  handled  124  and  remembered  122  participation  maps  120  exist,  and  are 
used  in  determining  which  resource  managers  21  should  or  should  not  participate  in  the  recovery 
processing  of  a  given  work  unit.  If  the  work  unit  has  not  been  through  restart  processing  the  participation 

65  maps  must  be  created,  and  therefore  cannot  be  used  in  determining  resource  manager  participation. 
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Recovery  manager  28  builds  RURE's  90  from  checkpoint  records  101,  102,  ...,  103,  and  from  log 
records  106  recorded  by  resource  managers  21  outside  of  the  checkpoint  which  reflect  the  addition, 
deletion,  or  modification  of  work  units. 

5  REDO/TODO/UNDO 
Referring  now  to  Figure  6,  recovery  processes  REDO,  TODO,  and  UNDO  will  be  described.  Restarting 

following  an  unplanned  subsystem  20  termination  involves  the  restoration  of  resources  44  left  in  a 
potentially  inconsistent  state  due  to  work  unit  interruption.  The  three  work  unit  recovery  processes  are 
REDO,  TODO,  and  UNDO.  The  three  possible  points  of  interruption  are  shown  at  points  130,  132,  and  134, 

10  each  following  the  unit  of  recovery  beginning  (BUR)  112,  but  in  varying  positions  with  respect  to  log 
records  recorded  with  respect  to  end  of  commit  phase  1  (E01),  beginning  of  commit  phase  2  (B02),  and 
end  of  commit  phase  2  (E02). 

REDO  is  the  forward  recovery  process  of  insuring  recoverable  resource  44  consistency  when  a  work 
unit  is  interrupted  at  point  134  after  subsystem  20  and  all  other  interested  participant  domains  have  agreed 

15  (as  is  represented  by  B02)  to  commit  the  actions  of  the  work  unit,  but  before  completion  of  the  committed 
actions  (at  E02).  Resource  managers  21  are  expected  to  insure  that  the  most  recent  agreed-to  resource 
state  is  externalized,  for  example,  onto  data  base  44. 

TODO  is  the  forward  recovery  process  necessary  to  relock,  or  otherwise  exclusively  reallocate  the  use 
of  recoverable  resources  44  to  a  work  unit  interrupted  at  point  132  while  in  an  indoubt  state  (between  E01 

20  and  B02).  An  indoubt  state  exists  when  a  participant  domain  20,  requested  by  a  coordinating  domain  32  (a 
subsystem  connected  to  subsystem  20)  to  vote  on  continuing  a  work  unit's  commit  processing,  returns  a 
positive  vote  and  is  awaiting  the  final  commit  decision  (vote  outcome)  from  coordinating  domain  32.  The 
work  unit  affected  is  said  to  be  "indoubt"  within  participant  domain  20  until  the  final  vote  outcome  has 
been  received.  Resource  managers  21  are  expected  to  insure  the  recoverable  resources  44  altered  by  the 

25  work  unit  remain  inaccessible  to  other  work  units  until  the  indoubt  situation  has  been  resolved,  and 
resource  consistency  has  been  established. 

UNDO  is  the  backward  recovery  process  of  insuring  recoverable  resource  44  consistency  when  a  work 
unit  is  interrupted  at  point  130  before  subsystem  20  has  agreed  (E01)  to  commit  the  actions  of  the  work 
unit.  Resource  managers  are  expected  to  reverse  the  affect  of  the  work  unit's  activity  on  recoverable 

30  resources  44  such  that  the  resources  are  restored  to  their  most  recent  committed  state  BUR  112  which 
existed  prior  to  the  point  130  of  the  interruption. 

Recovery  manager  28  is  responsible  for  recording  commit  control  records  BUR,  E01,  B02,  and  E02. 
Once  E02  has  been  recorded,  the  work  unit  is  completed.  Image  records  135  on  log  40  are  recorded  by  the 

35  various  resource  managers  21,  and  are  used  to  roll  forward  and  backward  objects  44  that  are  inconsistent. 

Restart  invocation 
The  restart  process  is  requested  by  an  initialization  process  which  occurs  at  the  beginning  of  time  or 

following  some  system  interruption.  Recovery  manager  28  not  only  controls  the  entire  restart  process,  but 
40  as  a  resource  manager  21,  participates  in  the  restart  event  notification  and  log  record  presentation 

broadcasts  through  the  same  mechanisms  used  by  other  participating  resource  managers  21. 
Referring  to  Figure  7,  restart  processing  comprises  three  phases:  (1)  restart  first  phase,  including  the 

current  status  phase;  (2)  restart  second  phase,  including  an  UR  forward  recovery  and  a  RM  forward 
recovery  process;  and  (3)  restart  third  phase  including  UR  backward  recovery. 

45  Two  event  notification  broadcasts,  a  BEGIN  and  an  END,  delimit  the  entire  restart  process.  In  addition, 
each  phase  has  BEGIN  and  END  phase  delimiting  broadcasts.  These  broadcasts  are  made  to  all  resource 
managers  21  involved  in  the  current  restart  processing.  Parameter  lists  are  passed  as  input  to  the  resource 
managers  21  receiving  a  broadcast,  and  in  some  cases  include  a  feedback  area  in  which  the  resource 
managers  21  return  information  relative  to  the  broadcast.  Resource  managers  21  supporting  these 

so  broadcasts  do  any  necessary  preparatory  or  completion  work  appropriate  to  that  portion  of  the  restart 
process. 

Other  restart  broadcasts  for  each  phase  are  directed  to  participating  resource  managers  21,  as  will  be 
described  hereafter. 

55  Current  status  phase 
Referring  to  Figure  7,  the  objective  of  the  current  status  phase  is  to  reestablish  the  representation  of  the 

states  of  resources  44  as  of  the  point  of  prior  termination  136.  During  normal  processing,  subsystem  20 
uses  a  checkpoint  technique  to  periodically  record  summary  resource  status  information  101,  102,  ...,  103 
on  recovery  log  40.  The  identity  of  the  most  recent  checkpoint  96  is  retained  by  subsystem  20  across  any 

60  termination  136  by  recording  it  in  the  subsystem  recovery  data  set  42  and/or  recovery  log  40.  During  the 
current  status  phase,  that  checkpoint's  96  content  is  used  by  the  contributing  resource  managers  21  (RM1, 
RM2,  ...,  RMN)  as  a  base  representation  of  their  resource  collection  44  states.  Examples  of  these  resources 
44  and  their  checkpointed  states  are:  (1)  all  defined  data  bases  44  and  the  identity  of  those  on-line  or  off-line 
at  the  time  of  the  termination  136;  (2)  the  identity  and  progress  state  of  all  recoverable  work  units  (such  as 

65  those  originated  by  applications  36)  interrupted  by  the  termination  136;  (3)  the  identity  of  external  media 
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collections  44  whose  content  is  potentially  older  than  one  committed  version,  or  internally  maintamea 
queues,  and  the  log  positioning  information  needed  to  rebuild  their  content. 

During  the  current  status  phase,  recovery  manager  28  requests  positioning  of  the  log  40  at  the  start  98 
of  the  most  recently  completed  checkpoint  96.  It  then  reads  log  40  in  a  forward  direction  making  the  records 

5  of  interest  available  to  their  contributing  resource  managers  21  .  A  multiple  pass  operation  will  be  required 
if  different  resource  managers  21  last  participated  in  different  checkpoints  96,  94,  The  first  pass  starts 
reading  at  the  most  recent  checkpoint  96  and  goes  foward  through  the  log  40  to  the  end  of  file  136. 
Subsequent  passes  for  those  resource  managers  which  did  not  participate  in  the  most  recent  checkpoint 
start  with  the  last  checkpoint  they  did  participate  in  (such  as  94  or  92)  and  go  forward  to  the  end  of  their 

to  respective  log  interest  scopes  86. 
During  this  restart  phase  all  non-cold  starting  resource  managers  21  are  eligible  to  receive  the  records 

they  contributed,  via  log  record  presentation  broadcasts  from  recovery  manager  28.  Typically,  resource 
managers  21  which  record  summary  information  during  a  checkpoint  96  also  log  event  records  106 
indicating  a  change  in  the  status  of  a  resource  44  during  normal  processing.  As  an  example,  the  transition 

'5  of  a  recoverable  work  unit  to  a  committing  state  is  logged.  Records  of  this  type  supplement  the  checkpoint 
records  of  the  states  of  active  recoverable  work  units.  Records  which  represent  additions  to,  or  deletions 
from,  an  internal  queue  supplement  checkpoint  records  which  list  the  log  positions  of  other  elements  on 
the  queue  as  of  the  checkpoint  event.  Therefore,  during  this  phase,  in  addition  to  their  checkpoint  records, 
resource  managers  21  will  also  be  interested  in  the  individual  event  records  106  which  follow  the 

20  checkpoint  records  96  and  signify  resource  44  state  changes. 
Recovery  manager  28  provides  resource  managers  21  with  the  ability  to  establish  record  selection 

criteria  for  restart  log  record  presentation  broadcasts.  The  header  portion  of  all  recovery  log  40  records  60, 
61,  62,  ...  (Figure  2)  contains  the  contributing  resource  manager's  21  identifier  80,  generic  record  type,  and 
where  applicable  a  work  unit  identifier  63,  64,  65,  ...  Recovery  manager  28  uses  this  information  in 

25  determining  the  interest  of  a  given  resource  manager  21  in  a  record. 
Upon  completion  of  the  current  status  phase  of  restart  each  resource  manager  21  is  expected  to  have 

reconstructed  the  internal  representation  of  the  state  of  the  resources  44  they  manage.  They  also  may  have 
collected  log  40  positioning  information  needed  to  retrieve  and  reconstruct  obsolete  data  base  media 
content,  internal  queues,  and  so  forth,  during  the  subsequent  restart  phases.  As  an  example,  recovery 

30  manager  28  as  a  participating  resource  manager  21,  has  reconstructed  restart  unit  of  recovery  elements  90 
representing  all  recoverable  work  units  interrupted  by  a  prior  subsystem  20  termination  136,  identified  the 
type  of  work  unit  recovery  (REDO,  TODO,  or  UNDO)  each  must  undergo  based  on  its  interrupted  progress 
state,  and  established  log  positioning  boundaries  for  each. 

35  Unit  of  recovery  (UR)  forward  recovery  phase 
Referring  still  to  Figure  7,  the  forward  recovery  phase  includes  work  unit  UR  forward  recovery  and 

resource  manager  RM  forward  recovery.  The  UR  forward  recovery  phase  deals  with  those  work  units  which 
were  interrupted  by  an  unplanned  subsystem  20  termination  136  after  the  subsystem  domain  20  had 
agreed  to  commit  the  work  unit  sanctions,  but  before  the  completion  of  those  actions  was  guaranteed  by 

40  resource  managers  21.  Two  types  of  interrupted  work  units  are  addressed:  (1)  Work  units  whose  actions 
have  been  committed  by  all  domains  20,  32,  ...  These  are  identifiable  by  the  presence  of  logged  events.  By 
participating  in  REDO  work  unit  recovery  processes  resource  managers  repeat  the  committed  actions  and 
insure  externalization  of  those  actions.  (2)  A  subset  of  the  work  units  may  be  "in-doubt",  where  the  commit 
decision  of  coordinating  domain  32  is  unknown.  The  work  units  in  this  subset  are  identifiable  by  the 

45  absence  of  events  logged  to  recovery  log  40.  Resource  managers  21  participate  in  TODO  work  unit  recovery 
processes,  and  make  the  resources  44  affected  inaccessible  to  further  activity  until  the  decision  is  known 
and  acted  upon. 

Resource  manager  (RM)  forward  recovery  phase 
so  Referring  still  to  Figure  7  in  connection  with  Figure  6,  the  second  purpose  of  the  forward  recovery 

phase  is  to  provide  resource  managers  21  with  the  means  of  collecting  information  from  log  40  which  is  not 
associated  with  interrupted  work  units.  This  information  is  typically  used  when  the  data  base  44  media 
contains  objects  potentially  older  than  one  committed  version.  Segments  of  the  media  must  be  updated  to 
reflect  the  actions  of  completed  (not  interrupted)  work  units.  Another  use  is  to  rebuild  the  contents  of  a 

55  queue  whose  elements  only  exist  on  log  40.  When  establishing  their  record  selection  criteria  for  this  phase, 
resource  managers  can  provide  recovery  manager  28  with  a  beginning  interest  scope  log  position,  or  a  list 
of  log  positions. 

Recovery  manager  28  requests  the  log  be  positioned  at  the  earliest  log  position  of  interest  to  any 
resource  manager.  As  shown  in  Figure  7,  this  may  be  before,  at,  or  after  BUR  1  12.  It  then  reads  log  40  in  a 

60  forward  direction.  All  non-COLD  starting  resource  managers  are  eligible  to  participate  in  the  forward 
recovery  phase  of  restart.  This  RM  forward  recovery  phase  then  proceeds  as  follows: 

(1)  Records  of  interest  within  a  resource  manager's  specified  interest  scope  or  list  are  passed  to  the 
resource  manager  by  way  of  log  record  presentation  broadcasts. 

(2)  Each  resource  manager  21  which  may  have  recovery  responsibilities  associated  with  a  work  unit 
65  receives  an  appropriate  BEGIN  REDO  or  TODO  event  notification  broadcast  on  a  per-work-unit  basis. 
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(3)  Participating  resource  managers  21  receive  their  records  of  interest  for  REDO  or  TODO  work  unit 
recovery  processing  via  log  record  presentation  broadcasts.  Typically  they  would  be  interested  in  the  log 
records  containing  the  after-update  images  of  altered  recoverable  objects.  For  REDO  processes,  resource 
managers  21  can  indicate  whether  or  not  they  handled  the  recovery  responsibilities  when  responding  to 

5  the  broadcasts.  A  not-handled  situation  would  exist  if  the  activation  of  a  subset  of  the  resources  44 
managed  by  the  resource  manager  21  and  needed  for  work  unit  recovery  was  being  deferred.  For  TODO 
processes,  recovery  manager  28  remembers  resource  managers  as  having  outstanding  recovery 
responsibilities  based  on  the  existence  of,  and  their  interest  in,  records  contributed  on  behalf  of  those  work 
units. 

10  (4)  Each  resource  manager  which  received  a  BEGIN  REDO  or  TODO  broadcast  also  receives  a  log 
record  presentation  broadcast  indicating  the  end  of  the  work  unit's  logged  activity  has  been  reached. 

(5)  Recovery  manager  28  recognizes  those  resource  managers  21  which  have  completed  their  recovery 
responsibilities  associated  with  a  given  work  unit,  and  bypasses  them  if  other  resource  managers  21 
having  outstanding  responsibilities  necessitates  subsequent  REDO  or  TODO  processing  of  the  work  unit. 

15  (6)  Recovery  manager  28  remembers  the  outstanding  work  unit  recovery  responsibilities  of 
non-restarting  resource  managers  21  based  on  the  existence  of  log  40  records  contributed  by  them  on 
behalf  of  interrupted  work  units. 

(7)  Recovery  manager  28  remembers  the  implied  completion  of  work  unit  recovery  responsibilities  for 
all  COLD  starting  resource  managers  21. 

20 
Backward  recovery  phase 

Referring  to  Figure  7,  during  the  backward  recovery  phase  the  processes  necessary  to  recover  those 
work  units  which  were  interrupted  by  an  unplanned  subsystem  20  termination  136  before  they  reached  a 
new  point  of  consistency  are  performed.  By  participating  in  UNDO  work  unit  recovery  processes,  resource 

25  managers  21  reverse  the  actions  of  each  interrupted  work  unit  such  that  resources  44  altered  by  the  work 
unit  are  restored  to  their  prior  consistent  state. 

To  start  the  phase,  recovery  manager  28  requests  log  positioning  at  the  end  of  the  most  recent 
interrupted  log  activity  scope  136.  It  then  reads  log  40  in  a  backward  direction  until  the  log  activity  scopes  of 
all  work  units  requiring  UNDO  processing  have  been  read.  All  non-COLD  starting  resource  managers  21  are 

30  eligible  to  participitate  in  this  backward  recovery  phase  of  restart  which  proceeds  as  follows: 
(1)  Each  resource  manager  21  which  may  have  recovery  responsibilities  associated  with  a  work  unit 

receives  a  BEGIN  UNDO  event  notification  broadcast  on  a  "per-work-unit"  basis. 
(2)  Participating  resource  managers  21  receive  their  records  of  interest  for  UNDO  work  unit  recovery 

processing  via  log  record  presentation  broadcasts.  Resource  managers  21  are  typically  interested  in  the  log 
35  records  containing  the  before-update  images  of  altered  recoverable  objects  44.  Resource  managers  21  can 

indicate  whether  or  not  they  handled  the  recovery  responsibilities  when  responding  to  the  broadcasts. 
Deferred  activation  of  a  resource  44  subset  could  result  in  a  non-handled  response. 

(3)  Each  resource  manager  21  which  received  a  BEGIN  UNDO  broadcast  also  receives  a  log  record 
presentation  broadcast  indicating  the  end  of  the  work  unit's  logged  activity  when  it  is  reached. 

40  (4)  Recovery  manager  28  recognizes  those  resource  managers  21  which  have  completed  their  recovery 
responsibilities  associated  with  a  given  work  unit,  and  bypasses  them  if  other  resource  managers  having 
outstanding  responsibilities  necessitate  subsequent  UNDO  work  unit  processing. 

(5)  Recovery  manager  28  remembers  the  outstanding  work  unit  recovery  responsibilities  of 
non-restarting  resource  managers  21  based  on  the  existence  of  log  records  contributed  by  them  on  behalf 

45  of  interrupted  work  units. 
(6)  Recovery  manager  28  remembers  the  implied  completion  of  work  unit  recovery  responsibilities  for 

all  COLD  starting  resource  managers  21. 

Restart  completion 
so  Prior  to  returning  to  the  invoker,  restart  recovery  manager  28,  in  its  own  control  structure,  indicates  as 

active  the  resource  managers  21  that  were  involved  in  the  restart  process.  Control  then  returns  to  the 
initialization  process.  The  initialization  process  invokes  a  checkpoint  to  record  on  recovery  log  40  the 
completion  of  the  startup  and  restart  process.  The  resource  manager  status  table  70  containing  the 
operational  states  of  the  resource  managers  21  is  externalized  to  subsystem  recovery  data  set  42  during  the 

55  checkpoint  event.  Upon  completion  of  the  checkpoint  the  initialization  process  causes  activation  of  the 
resource  managers  21  and  they  become  part  of  the  operational  subsystem  20. 

Restart  process  modules 
Referring  now  to  Figure  8,  an  introduction  will  be  given  to  the  procedures  executed  by  recovery 

60  manager  component  28.  These  procedures  include  recovery  manager  initialization  (RIT)  T1,  restart 
processor  (PRC)  T2,  current  status  controller  (CSC)  T3,  RMC  participate  begin  current  status  (PBC)  T4,  RMC 
participate  end  current  status  (PEC)  T5,  current  status  phase  log  read  (CSL)  T6,  RMC  participate  log  record 
current  status  (PLC)  T7,  forward  recovery  controller  (FRC)  T8,  UR  forward  recovery  processor  (URF)  T9,  RM 
forward  recovery  processor  (RMF)  T10,  participation  maps  update  (PMU)  T11,  backward  recovery 

65  controller  (BRC)  T12,  and  UR  backward  recovery  processor  (URB)  T13.  These  procedures  are  each 

8 
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implemented  in  code  modules  in  the  Tables  which  toiiow,  ana  are  interreiatea  as  snown  in  nyure  o.  me 
reference  numbers  T1,  T2,  ...  refer  to  the  table  number  designations.  The  code  of  the  tables  is  in  pseudo 
code,  selected  for  its  clarity  of  presentation,  and  readily  converted  to  executable  code  by  those  skilled  in  the 
art  without  undue  experimentation. 

3 
Restart  process  storage  map 

The  code  in  the  following  tables  references  certain  work  areas  and  control  blocks,  including  these 
already  described  and  others  set  forth  in  Figure  9.  Figure  9  is  a  diagrammatic  view  of  the  virtual  storage  of 
domain  20,  and  the  various  areas  should  not  be  considered  to  be  contiguous  as  shown.  Log  input/output 

o  buffers  interface  recovery  log  40  to  recovery  manager  component  28,  and  are  pointed  to  by  one  of  common 
restart  control  structures  154,  others  of  which  anchor  sort  elements  156  forward  and  backward  recovery 
chains,  restart  unit  of  recovery  elements  chain  90,  and  resource  manager  status  table  70.  Broadcast 
parameter  lists  1  52  point  to  feedback  areas  1  60,  and  the  various  RURE  chain  90  elements  point  to  maps  1  22, 
124  pairs  for  each  RURE.  Also  shown  is  temporary  remembered  skip  map  158,  the  use  of  which  will  be 

5  described  in  the  Tables. 

Recovery  manager  initialization 
Recovery  manager  initialization,  Table  1,  performs  the  initial  loading  of  the  resource  manager  status 

table  RMST  70  from  subsystem  recovery  data  set  42.  This  module  RIT  is  entered  as  part  of  the  subsystem 
o  20  startup  process,  wherein  each  resource  manager  RM  21  participates  in  its  own  initialization.  The  RMST 

70  as  recorded  in  recovery  data  set  42  represents  the  latest  existing  copy  of  the  RMST  70  as  of  the  most 
recent  checkpoint  96  taken  prior  to  the  subsystem  terminating  136.  The  RMST  entries  73  as  recorded 
indicate  the  status  of  all  resource  managers  21  known  to  the  system  20  at  the  time  of  the  checkpoint  96.  The 
RMST  header  71  is  written  at  the  completion  of  each  checkpoint  and  contains  the  log  RBA  72  of  the  start  of 

!5  that  checkpoint.  The  RMST  entries  73  are  only  written  when  one  or  more  RMs  21  either  start  up  or  shut 
down.  A  TERMINATED  status  82,  and  the  BEGIN-SCOPE  84  and  END-SCOPE  86  values  delimiting  an  RM's 
21  normal  termination  checkpoint  are  indicated  in  the  RMs  21  RMST  entry  73  during  the  checkpoint  96. 

If  an  RMST  70  does  not  exist  (and  other  appropriate  checks  are  met)  an  initial  RMST  70  is  formatted  and 
recorded  to  recovery  data  set  42. 
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TABLE  1 
Recovery  manager  initialization 

*PSEUDOCODE* 
RIT:  PROCEDURE  RECOVERY  MANAGER  INITIALIZATION. 

OBTAIN  STORAGE  FOR  THE  RMST  AND  AN  I/O  BUFFER. 
READ  THE  RMST  HEADER  INTO  THE  RMST  HEADER  AREA. 
IF  NO  RECORD  IS  FOUND  (ASSUMES  1ST  TIME 

AND  A  RMST  MUST  BE  BUILT)  THEN 
DO. 
.  INITIALIZE  THE  RMST  HEADER. 
.  INITIALIZE  ALL  RMST  ENTRIES  AS  UNDEFINED. 
.  DO  FOR  ALL  RMST  ENTRY  RECORDS. 

MOVE  THE  RMST  ENTRIES  TO  THE  I/O  BUFFER. 
WRITE  THE  RMST  ENTRY  RECORDS. 

.  END. 
END. 

ELSE 
DO. 
.  DO  UNTIL  ALL  RMST  ENTRY  RECORDS  ARE  READ. 

READ  THE  RMST  INTO  THE  I/O  BUFFER. 
MOVE  THE  RMST  ENTRY  TO  THE  RMST  ENTRY  AREA. 

.  END. 

.  DO  FOR  ALL  RMST  ENTRIES. 
IF  THE  RM  IS  KNOWN  TO  BE  COLD  STARTING  THEN 
.  DO. 

SET  THE  RMST  STATUS  TO  'COLD  .STARTING'. 
SET  BEGIN_SCOPE=END_SCOPE=MINIMUM  LOG  RBA  VALUE 
(ABSOLUTE  BEGINNING  OF  THE  LOG). 

.  END. 
ELSE. 
IF  THE  RMST  SHOWS  THE  RM  WAS  'ACTIVE'  THEN 
.  DO. 

SET  THE  RMST  STATUS  TO  TERMINATED_WITH_SUBSYSTEM'. 
SET  BEGIN_SCOPE=MOST_RECENT_CHECKPOINT_RBA 
FROM  THE  RMST  HEADER. 
SET  END_SCOPE=MAXIMUM  LOG  RBA  VALUE 
(ABSOLUTE  END  OF  THE  LOG). 

.  END. 
ELSE. 

.  END. 
END. 

RELEASE  STORAGE  FOR  I/O  BUFFER. 
RETURN  TO  CALLER. 

*ENDPCODE: 

Recovery  manager  restart  processor 
Recovery  manager  restart  processor  (PRC)  12  is  the  high  level  module  that  controls  the  entire  restart 

process.  It  is  called  by  the  subsystem  component  which  controls  the  starting  of  all  or  a  subset  of  the 
resource  managers  RM  21  that  make  up  subsystem  20.  It  is  called  as  part  of  a  total  subsystem  20  restart, 
and  also  when  any  subset  of  subsystem  20  is  restarting  after  the  rest  of  subsystem  20  is  operational.  An 
input  parameter  to  this  function  is  a  256  bit  map,  whose  bit  positions  represent  RM  21  identifiers.  A  '1'  in  a 
given  bit  position  indicates  the  corresponding  RM  21  is  restarting.  A  '0'  indicates  the  corresponding  RM  21 
is  either  undefined  (not  known  to  subsystem  20),  or  not  restarting.  Bit  position  '0'  (i.e.  RM  21  identifier  '0')  is 
reserved  as  unused.  This  format  is  also  used  in  the  participation  maps  120  which  indicate  resource 
managers  21  completed  or  uncompleted  recovery  responsibilities  associated  with  interrupted  work  unit 
activity  as  well  as  several  other  restart  control  maps. 

Restart  processor  T2  calls  the  modules  T3,  T8,  T1  2  that  control  the  three  restart  phases.  When  the  three 
phases  complete,  it  insures  that  the  RMST  70  entries  representing  the  restarting  RMs  21  now  reflect  them 
as  being  active  (status  field  82).  It  insures  that  the  proper  end  of  log  interest  scope  86  is  reflected  in  the 
RMST  entries  73  for  RMs  21  which  previously  terminated  with  subsystem  20  but  which  are  not  restarting 
now. 

After  restart  processor  T2  returns  control  to  its  caller,  the  checkpoint  function  in  initiated.  This  in  turn 
causes  RMST  70  to  be  externalized  to  recovery  data  set  42,  thereby  establishing  a  new  point  from  which 
any  subsequent  restart  processing  would  begin,  (Table  2). 

10 
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TABLE  2 
Recovery  manager  restart  processor 

PSEUDOCODE* 
PRC:  PROCEDURE  RESTART  PROCESSOR. 

OBTAIN  CONTROL  STRUCTURE,  PARAMETER  LISTS,  LOG  I/O  BUFFER, 
AND  WORKING  STORAGE. 
SAVE  THE  INPUT  BIT  MAP  AS  THE  RESTARTI  N  G  _  R  M  _  MAP. 
DO  FOR  ALL  RESTARTING  RMS. 

NOTIFY  THE  RM  OF  THE  START  OF  RESTART. 
IF  FEEDBACK  INDICATES  THE  RM  IS  COLD  STARTING  THEN 
.  DO. 

SET  THE  RMST  STATUS  AS  'COLD_STARTING'. 
SET  BEGIN_SCOPE=END_SCOPE=MINIMUM  LOG  RBA  VALUE. 

.  END. 
ELSE. 
IF  THE  RMST  STATUS  IS  'COLD  STARTING'  THEN 
.  INDICATE  THE  RM  IN  A  COLD_STARTING_BIT_MAP. 
ELSE. 

END. 
CALL  THE  CURRENT  STATUS  CONTROLLER  (CSC). 
CALL  THE  FORWARD  RECOVERY  CONTROLLER  (FRC). 
CALL  THE  BACKWARD  RECOVERY  CONTROLLER  (BRC). 
DO  FOR  ALL  RMST  ENTRIES. 

IF  THE  RM  IS  RESTARTING  THEN 
.  DO. 

SET  THE  RMST  STATUS  TO  'ACTIVE'. 
NOTIFY  THE  RM  OF  THE  END  OF  RESTART. 

.  END. 
ELSE 
.  DO. 

IF  THE  RMST  END_SCOPE=MAXIMUM  LOG  RBA  VALUE  THEN 
.  SET  END_SCOPE=CURRENT  END  OF  LOG  RBA. 
ELSE. 
IF  THE  RMST  STATUS  IS  TERMINATED'  then 
.  SET  THE  RMST  STATUS  AS  TERMINATED_EARLY'. 
ELSE. 

.  END. 
END. 
RELEASE  ALL  STORAGE. 
RETURN  TO  CALLER. 

*ENDPCODE: 

Recovery  manager  current  status  controller 
Recovery  manager  current  status  controller  (CSC)  T3  controls  the  current  status  phase  of  restart.  It  is 

called  by  restart  processor  T2  and  is  passed  pointers  to  the  bit  maps  and  other  common  restart  control 
structures  152.  This  module  performs  the  notification  broadcasts  that  delimit  this  restart  phase.  It  performs 
the  phase  for  each  group  of  RMs  21  which  previously  terminated  as  a  group  and  are  restarting  as  a  group  at 
this  time  (i.e.  those  having  common  beginning  log  scopes  of  interest  84).  When  restarting  after  a  complete 
subsystem  20  termination,  those  RMs  21  which  terminated  with  subsystem  20  and  are  restarting  as  a  group 
this  time  will  be  processed  through  the  current  status  phase  first.  If  one  or  more  RMs  21  are  restarting  with 
subsystem  20,  but  terminated  as  a  group  prior  the  termination  of  subsystem  20,  they  will  be  processed  as  a 
subsequent  group,  (Table  3). 

The  same  process  occurs  when  one  or  more  RMs  21,  or  RM  21  groups,  are  being  activated  after 
subsystem  20  is  operational. 
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TABLE  3 
Recovery  manager  current  status  controller 

^PSEUDOCODE* 
CSC:  PROCEDURE  CURRENT  STATUS  CONTROLLER. 

DO  FOR  ALL  RESTARTING  RMS. 
DO  FOR  ALL  RMS  HAVING  A  COMMON  BEGIN_SCOPE. 
.  IF  THE  RM  IS  NOT  COLD  STARTING  THEN 

SET  TO  BEGIN  READING  THE  LOG  AT  THE  BEGIN_SCOPE  RBA. 
.  ELSE. 
.  NOTIFY  THE  RESTARTING  RM  OF  THE  START  OF  THE 
.  CURRENT  STATUS  PHASE. 
.  IF  THE  RM  IS  NOT  COLD  STARTING  THEN 

SAVE  RECORD_SELECTION_CRITERIA  FEEDBACK  FROM  THE  RM. 
.  ELSE. 
.  CALL  THE  CURRENT  STATUS  PHASE  LOG  READ  (CSL). 
END. 
NOTIFY  THE  RESTARTING  RM  OF  THE  END  OF  THE 
CURRENT  STATUS  PHASE. 
IF  THE  RM  IS  NOT  COLD  STARTING  THEN 
.  IF  THE  RM  RETURNED  ANY  FEEDBACK  TO  THE 

END  PHASE  NOTIFICATION  THEN 
SAVE  THE  RM'S  NEXT  PHASE  LOG  POSITIONING  RBAS 
AND  RECORD_SELECTION_CRITERIA  RETURNED  AS  FEEDBACK. 

.  ELSE. 
ELSE. 

END. 
RETURN  TO  CALLER. 

*ENDPCODE: 

Recovery  manager  participate  begin  current  status  broadcast 
Recovery  manager  participate  begin  current  status  broadcast  (PBC)  T5  receives  the  begin  current 

status  phase  event  notification  broadcast  from  current  status  controller  T3.  It  is  passed  a  broadcast 
parameter  list  152  and  a  feedback  area  160  as  input.  Recovery  manager  28  as  a  subsystem  component 
participates  in  this  event  notification  broadcast  just  like  other  RMs  21  of  subsystem  20.  This  module 
performs  the  phase  initializing  functions  on  behalf  of  recovery  manager  component  28,  including  declaring 
interest  in  certain  log  40  records  during  the  phase.  It  then  returns  control  to  the  broadcasting  module, 
current  status  controller  T3,  see  Table  4. 

TABLE  4 
Recovery  manager  participate  begin  current  status  broadcast 

♦PSEUDOCODE* 
PBC:  PROCEDURE  RMC  PARTICIPATE  BEGIN  CURRENT  STATUS. 

OBTAIN  WORK  AREA  STORAGE. 
PROVIDE  FEEDBACK  DECLARING  INTEREST  IN  CHECKPOINT 
AND  UR  CONTROL  RECORD  TYPES  DURING  THE  CURRENT  STATUS  PHASE. 
RETURN  TO  BROADCASTER. 

*ENDPCODE: 

Recovery  manager  participate  end  current  status  broadcast 
Recovery  manager  participate  end  current  status  broadcast  (PEC)  T5  receives  the  end  current  status 

phase  event  notification  broadcast  from  current  status  controller  T3.  It  is  passed  a  broadcast  parameter  list 
152  and  a  feedback  area  160  as  input.  It  performs  the  phase  cleanup  functions  on  behalf  of  recovery 
manager  component  28,  and  declares  that  recovery  manager  28  has  no  interest  in  log  40  records  during  the 
next  phase.  The  module  then  returns  control  to  the  broadcasting  module,  see  Table  5. 

12 
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o 

TAB  Lb  b 
Recovery  manager  participate  end  current  status  broadcast 

PSEUDOCODE* 
PEC:  PROCEDURE  RMC  PARTICIPATE  END  CURRENT  STATUS. 

RELEASE  WORK  AREA  STORAGE. 
PROVIDE  FEEDBACK  DECLARING  NO  INTEREST  IN  LOG  RECORDS 
DURING  THE  NEXT  RESTART  PHASE. 
RETURN  TO  BROADCASTER. 

fENDPCODE: 

5 

20 

Recovery  manager  circuit  status  phase  log  read 
Recovery  manager  current  status  phase  log  read  (CSL)  T6  performs  the  functions  of  reading  log  40 

orward  from  a  RM  21  group's  common  beginning  log  interest  scope  84,  and  passing  each  record  to  those 
^Ms  21  whose  record  selection  criteria  the  record  meets.  One  selection  criteria  is  that  it  must  be  within  the 
=lM's  log  interest  scope  84,  86.  Except  for  certain  subsystem  20  records,  a  record  on  log  40  can  only  be 
/iewed  by  its  contributing  RM  21. 

This  module  returns  to  its  caller,  the  current  status  controller  T3,  when  either  the  end  of  log  40  is 
•eached,  or  the  log  is  read  beyond  the  ending  interest  scope  86  of  all  the  RMs  21  in  the  group. 

This  module  also  recognizes  log  records  representing  work  unit  activity  and  advances  the  end  of 
activity  scope  RBA  1  14  in  RUREs  90  representing  work  units  which  may  require  UNDO  recovery  processing, 
see  Table  6. 
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TABLb  6 
Recovery  manager  current  status  phase  log  read 

^PSEUDOCODE* 
CSL:  PROCEDURE  CURRENT  STATUS  LOG  READ. 

DO  FOR  ALL  RMS  HAVING  A  COMMON  BEGIN_SCOPE  AND  NOT  COLD  STARTING. 
DO  UNTIL  THE  END_SCOPE  RBAS  FOR  ALL  RMS  HAVE  BEEN  REACHED, 
.  OR  THE  END  OF  LOG  IS  REACHED. 
.  DO  UNTIL  A  RECORD  IS  READ  OR  THE  END  OF  LOG  IS  REACHED. 

READ  THE  LOG  FORWARD. 
.  END. 
.  IF  THE  END  OF  LOG  IS  NOT  REACHED  THEN 

DO. 
.  DO  FOR  EACH  RM  WHERE  THE  RECORD  MEETS  THE  RM'S 

RECORD_SELECTION  .CRITERIA. 
PASS  THE  RECORD  TO  THE  RM. 

.  END. 

.  IF  THE  RECORD  IS  FOR  A  UNIT  OF  RECOVERY  (UR)  THEN 
DO 
.  LOCATE  THE  RURE  USING  THE  LOG  RECORD'S  UR  IDENTIFIER. 
.  IF  A  MATCHING  RURE  IS  FOUND 

AND  THE  STATUS  INDICATES  'UNDO'  PROCESSING  IS 
NEEDED 
AND  THE  RECORD'S  RBA  IS  GREATER  THAN  THE  RURE 
'END_ACTIVITY_SCOPE'  THEN 
SAVE  RECORD'S  RBA  IN  RURE  AS  'END_ACTIVITY_SCOPE'. 

.  ELSE. 
END. 

.  ELSE. 
END. 

.  ELSE. 
END. 

END. 
RETURN  TO  CALLER. 

*ENDPCODE: 

60 

65 

Recovery  manager  participate  log  record  current  status  Droaacasx 
Recovery  manager  participate  log  record  current  status  broadcast  (PLC)  T7  creates  recovery  manager's 

28  structural  representation  of  a  unit  of  recovery  (UR)  for  which  recovery  actions  are  required.  The 
structures  are  known  as  restart  unit  of  recovery  elements  90  (RUREs).  They  may  represent  those  URs  which 
were  active  at  the  most  recent  subsystem  20  termination  136,  or  may  be  URs  carried  over  from  a  previous 
restart  process  because  all  recovery  actions  had  not  been  completed  on  their  behalf.  The  module  is  passed 

Id 
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log  40  records  which  are  of  interest  to  recovery  manager  28  from  the  current  status  phase  log  read  module 
T6.  The  records  it  receives  are  recovery  manager's  28  contributed  checkpoint  type  records  and  UR  control 
type  records.  A  broadcast  parameter  list  152  and  a  feedback  area  160  are  also  provided  as  input. 

From  the  checkpoint  records  101,  ...,  PLC  T7  builds  new  RUREs  90  representing  URs  which  were  active 
5  at  the  time  of  checkpoint  96.  It  also  builds  RUREs  90  from  checkpoint  records  representing  previously 

interrupted  URs  which  have  been  remembered  and  carried  forward  by  recovery  manager  28  because 
recovery  responsibilities  have  not  yet  been  completed. 

Using  UR  control  log  records  106,  PLC  T7  advances  the  progress  states  of  the  URs  as  represented  by 
RUREs  90.  It  builds  new  RUREs  90  when  'begin-UR'  log  records  are  encountered,  and  deletes  RUREs  when 

10  they  reach  a  'UR  completed'  state.  The  module  returns  control  to  the  broadcasting  module  after  processing 
each  record  of  interest,  see  Table  7. 
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TABLe  / 
RMC  participate  log  record  current  status 

'SEUDOCODE* 
•LC:  PROCEDURE  RMC  PARTICIPATE  LOGREC  CURRENT  STATUS. 

IF  THE  RECORD  TYPE  IS  CHECKPOINT  THEN 
IF  THE  RECORD  SUBTYPE  IS  FOR  CHECKPOINTED  ACTIVE  URS  THEN 

DO  FOR  ALL  URS  IN  THE  RECORD. 
CREATE  A  NEW  RURE  WITH  NULL  RM  PARTICIPATION  MAPS. 
IF  THE  UR  STATUS  IS  INSURE-COMMIT  OR  COMMIT-INDOUBT  THEN 
.  SET  THE  RURE  END_ACTIVITY_SCOPE  FROM  THE  CONTENTS  OF 
.  THE  RECORD. 
ELSE 
.  SET  THE  RURE  END_ACTIVITY_SCOPE  TO  BE  THE  CHECKPOINT 
RECORD  RBA. 
CHAIN  THE  RURE. 

.  END. 
ELSE  (THE  RECORD  IS  A  CARRYOVER  RURE  CHECKPOINT  RECORD) 
.  DO  FOR  ALL  THE  RURES  IN  THE  RECORD. 

CREATE  A  RURE  WITH  THE  PRIOR  PARTICIPATION  MAPS'  CONTENTS. 
IF  THE  RURE  END_ACTIVITY_SCOPE  IS  NOT  PREVIOUSLY  KNOWN 
.  THEN 
.  SET  THE  RURE  END_ACTIVITY_SCOPE  TO  BE  THE  CHECKPOINT 
.  RECORD  RBA. 
ELSE. 
CHAIN  THE  RURE. 

.  END. 
ELSE  (THE  RECORD  IS  A  UR  CONTROL  TYPE) 

IF  THE  RECORD  SUBTYPE  IS  EITHER  END_REDO,  END_TODO 
.  RO  END_UNDO  THEN 
.  DO. 
.  LOCATE  THE  UR'S  RURE  USING  THE  UR  IDENTIFIER  FROM  THE 

RECORD. 
IF  A  MATCHING  RURE  IS  FOUND  THEN 
.  DO. 

UPDATE  THE  RURE  PARTICIPATION  MAPS  WITH  THE  RECORD 
CONTENT. 
IF  THE  RURE_REMEMBERED_MAP  IS  ALL  ZEROS 
.  (RM  RESPONSIBILITIES  HAVE  BEEN  COMPLETED)  THEN 
.  UNCHAIN  AND  FREE  THE  RURE. 
ELSE. 

.  END. 
ELSE. 

.  END. 
ELSE  (THE  RECORD  IS  SOME  OTHER  UR  CONTROL  SUBTYPE) 
.  IF  THE  RECORD  SUBTYPE  IS  'BEGIN_UR'  THEN 

DO. 
.  CREATE  A  NEW  RURE  WITH  NULL  RIM  PARTICIPATION  MAPS. 
.  CHAIN  THE  RURE. 
END. 

.  ELSE. 
IF  THE  RECORD  HAS  A  MATCHING  RURE,  USING  THE  UR 

. .   IDENTIFIER,  THEN 
.  DO. 

ADVANCE  THE  UR  STATE  IN  THE  RURE  BASED  ON  THE  UR 
CONTROL  RECORD  SUBTYPE. 
IF  THE  UR  IS  IN  A  COMPLETED  STATE  (I.E.  END_COMMIT 
.  OR  END_ABORT)  THEN 
.  UNCHAIN  AND  FREE  THE  RURE. 
ELSE. 

.  END. 
ELSE. 

RETURN  TO  BROADCASTER. 
ENDPCODE: 
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Recovery  manager  forward  recovery  controller 
Recovery  manager  forward  recovery  controller  (FRC)  T8  controls  all  of  the  forward  recovery  functions 

of  the  restart  process,  and  sets  up  for  the  backward  recovery  functions.  It  is  called  by  restart  processor  12 
and  is  passed  pointers  to  the  common  restart  control  structures  154.  Log  positioning  information  optionally 

s  returned  by  an  RM  21  as  feedback  to  the  end  of  the  current  status  phase  broadcast  together  with  the  RM's 
21  end  of  log  interest  scope  86  as  contained  in  its  RMST  entry  73  are  placed  in  sort  elements  156.  Sort 
elements  containing  the  beginning  and  ending  log  activity  scope  values  110  for  RUREs  90  requiring 
recovery  actions  are  also  created  by  this  module. 

The  RM  21  log  positioning  and  end  of  log  interest  scope  sort  elements  are  combined  with  the  sort 
io  elements  created  for  URs  requiring  forward  recovery  (REDO  or  TODO)  processing  and  sorted  in  ascending 

RBA  sequence. 
The  sort  elements  created  for  URs  requiring  backward  recovery  (UNDO)  processing  are  sorted  in 

descending  RBA  sequence  and  are  processed  later  by  backward  recovery  controller  T12. 
Forward  recovery  controller  T8  notifies  RMs  21  of  the  start  of  the  phase.  Using  the  ascending 

J5  sequenced  sort  elements  module  T8  then  positions  the  log,  bypassing  the  gaps  where  the  records  are 
outside  any  scope  of  interest  84,  86  or  UR  activity  scope  110.  Records  within  scopes  of  interest  or  UR 
activity  are  read  in  a  forward  direction.  As  each  record  is  read,  it  is  passed  to  two  routines:  UR  forward 
recovery  processor  (URF)  T9  passes  the  log  records  associated  with  URs  requiring  REDO  or  TODO 
processing  to  the  RMs  21  having  an  interest  in  those  records;  and  RM  forward  recovery  processor  (RMF) 

20  T10  passes  to  RMs  21  the  records  which  meet  their  specific  forward  recovery  selection  criteria. 
When  all  records  required  for  forward  recovery  have  been  read  and  processed,  this  module  calls 

participation  maps  update  (PMU)  T1  1  .  PMU  T1  1  determines  whether  or  not  the  recovery  responsibilities  of 
all  RMs  21  have  been  handled  on  behalf  of  the  work  units  requiring  REDO  or  TODO  forward  recovery 
processing. 

25  The  forward  recovery  controller  T8  broadcasts  the  end  of  the  phase  to  the  restarting  RMs  21  and 
returns  control  to  its  caller,  restart  processor  T2,  see  Table  8. 

TABLE  8 
Recovery  manager  forward  recovery  controller 

30 
♦PSEUDOCODE* 

FRC:  PROCEDURE  FORWARD  RECOVERY  CONTROLLER. 
DO  FOR  ALL  RESTARTING  RMS. 

DO  FOR  ALL  NON-COLD  STARTING  RMS. 
35  .  DO  FOR  ALL  RMS  WHICH  NOMINATED  A  LOG  POSITIONING  RBA  FOR 

THIS  PHASE 
BUILD  ONE  SORT  ELEMENT  WITH  THE  RM'S  END_SCOPE  RBA 
(FROM  THE  RMST). 
BUILD  ONE  SORT  ELEMENT  FOR  THE  RM'S  NOMINATED  RBA. 

40  .  SORT  IN  ASCENDING  RBA  SEQUENCE  FOR  FORWARD  RECOVERY. 
.  END. 
END. 

END. 
DO  FOR  ALL  RURES  REPRESENTING  URS  REQUIRING  RECOVERY  ACTIONS. 

45  INDICATE  'CURRENTLY_IN_RECOVERY'  IN  THE  RURE. 
BUILD  ONE  SORT  ELEMENT  WITH  BEGIN_ACTIVITY_SCOPE  RBA  FOR  EACH 
UR. 
BUILD  ONE  SORT  ELEMENT  WITH  END_ACTIVITY_SCOPE  RBA  FOR  EACH 
UR. 

so  OBTAIN  STORAGE  FOR  TWO  CURRENT  PARTICIPATION  BIT  MAPS  FOR 
EACH  UR. 
DO. 
.  INDICATE  IN  THE  UR'S  CURRENT_HANDLED_MAP  ANY  COLD 
.  STARTING  RMS  WHICH  HAD  RECOVERY  RESPONSIBILITIES  CARRIED 

55  .  OVER  AS  OUTSTANDING  IN  THE  UR'S  RURE_REMEMBERED_MAP. 
END. 
IF  THE  RURE  STATUS  INDICATES  'REDO'  OR  'TODO'  PROCESSING  THEN 
.  DO. 

MERGE  THE  SORT  ELEMENTS  WITH  THE  RM  SORT  ELEMENTS 
60  IN  ASCENDING  RBA  SEQUENCE  FOR  FORWARD  RECOVERY. 

.  END. 

ELSE  (THE  RURE  STATUS  MUST  INDICATE  'UNDO'  PROCESSING) 
.  DO. 

65  SORT  THE  SORT  ELEMENTS  IN  DESCENDING  RBA  SEQUENCE 

16 
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T^LE  8  Jcpntd.)__ 
Recovery  manager  forward  recovery  controller 

FOR  BACKWARD  RECOVERY. 
.  END. 

END. 
DO  FOR  ALL  RESTARTING  RMS. 

NOTIFY  THE  RM  OF  THE  START  OF  THE  FORWARD  RECOVERY  PHASE. 
SAVE  THE  'REDO'  AND  'TODO'  RECORD_SELECTION_CRITERIA  FEEDBACK. 

END. 
OBTAIN  THE  FIRST  FORWARD  RECOVERY  SORT  ELEMENT. 
DO  FOR  ALL  FORWARD  RECOVERY  SORT  ELEMENTS 

OR  UNTIL  THE  END  OF  THE  LOG  IS  REACHED. 
IF  THE  SORT  ELEMENTS  INDICATE  THE  LOG  IS  POSITIONED  OUTSIDE 
.  AN  INTEREST  OR  ACTIVITY  SCOPE  THEN 
.  SET  TO  BEGIN  LOG  READING  AT  THE  BEGINNING  OF  THE  NEXT  SCOPE. 
ELSE.  (THE  LOG  IS  POSITIONED  WITHIN  A  SCOPE) 
DO  UNTIL  A  RECORD  IS  READ  OR  THE  END  OF  LOG  IS  REACHED. 
.  READ  THE  LOG  FORWARD. 
END. 
IF  THE  END  OF  THE  LOG  HAS  NOT  BEEN  REACHED  THEN 
.  DO. 

CALL  THE  UR  FORWARD  RECOVERY  PROCESSOR  (URF). 
CALL  THE  RM  FORWARD  RECOVERY  PROCESSOR  (RMF). 
IF  JUST  PROCESSED  A  RECORD  REPRESENTED  BY  THE  RBA  IN  THE 
.  CURRENT  SORT  ELEMENT  THEN 
.  OBTAIN  THE  NEXT  SORT  ELEMENT  IN  SEQUENCE. 
ELSE. 

.  END. 
ELSE. 

END. 
DO  FOR  ALL  RURES  REPRESENTING  URS  REQUIRING  RECOVERY  ACTIONS. 

IF  THE  RURE  STATUS  INDICATES  'REDO'  or  'TODO'  PROCESSING 
.  AND  THE  RURE  IS  'CURRENTLY_  I  N  _  RECOVERY'  THEN 
.  CALL  THE  PARTICIPATION  MAPS  UPDATE  ROUTINE  (PMU). 
ELSE. 

END. 
DO  FOR  ALL  RESTARTING  RMS. 

NOTIFY  THE  RM  OF  THE  END  OF  THE  FORWARD  RECOVERY  PHASE. 
END. 
RETURN  TO  CALLER. 

*ENDPCODE: 

Recovery  Manager  UR  forward  recovery  processor 
Recovery  manager  UR  forward  recovery  processor  (URF)  T9  is  called  by  FRC  T8  and  is  passed  pointers 

to  the  common  restart  control  structures  154,  and  to  a  log  40  record.  The  module  determines  whether  or 
not  the  record  is  part  of  the  log  activity  scope  110  of  a  UR  requiring  REDO  or  TODO  forward  recovery 
actions. 

If  forward  recovery  actions  are  required  for  the  UR,  each  restarting  RM  21  which  has  unfulfilled 
recovery  responsibilities  associated  with  the  UR  and  is  interested  in  the  record  type  is  first  notified  that 
recovery  actions  are  beginning  for  the  UR,  and  is  then  passed  the  record.  For  URs  requiring  REDO  recovery 
processing,  the  RMs  21  can  respond  and  indicate  whether  or  not  they  handled  the  record.  This  is  retained 
by  the  module  in  participation  maps  120  associated  with  the  UR.  If  the  UR  requires  TODO  recovery 
processing,  or  for  the  non-restarting  RM  which  contributed  the  log  record  and  has  not  fulfilled  its  recovery 
responsibilities,  the  module  remembers  the  RM's  21  outstanding  responsibilities  in  participation  maps  120 
associated  with  the  UR.  The  module  returns  control  to  its  caller  FRC  T8,  after  processing  a  single  record, 
(Table  9). 

17 
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TABLE  9 
Recovery  manage  UR  forward  recovery  processor 

♦PSEUDOCODE* 
URF:  PROCEDURE  UR  FORWARD  RECOVERY  PROCESSOR. 

IF  THE  RECORD  REPRESENTS  UR  ACTIVITY  (HAS  A  UR  IDENTIFIER)  THEN 
DO. 
.  LOCATE  ITS  MATCHING  RURE  USING  THE  RECORD'S  UR  IDENTIFIER. 
.  IF  A  MATCHING  RURE  IS  FOUND 

AND  THE  RURE  STATUS  INDICATES  'REDO'  OR  'TODO'  PROCESSING 
AND  THE  RURE  IS  'CURRENTLY_IN_RECOVERY'  THEN 
DO. 
.  IF  IT  IS  THE  1ST  RECORD  READ  FOR  THE  UR  THEN 

NOTIFY  RESTARTING  RMS  HAVING  UNFULFILLED 
RESPONSIBILITIES  THAT  A  NEW  UR  IS  BEING  RECOVERED. 

.  ELSE. 

.  DO  FOR  ALL  RMS. 
IF  THE  RM  IS  RESTARTING  THEN 
.  IF  THE  RM  IS  NOT  COLD  STARTING 

AND  THE  RECORD  MEETS  THE  RM'S  SELECTION  CRITERIA 
AND  THE  RM  HAS  NOT  PREVIOUSLY  FULFILLED  ITS 
RECOVERY  RESPONSIBILITIES  FOR  THIS  UR  THEN 
IF  THE  RURE  STATUS  INDICATES  'REDO' 
.  PROCESSING  THEN 
.  DO. 

PASS  THE  RECORD  TO  THE  RM. 
SAVE  THE  'REMEMBERED/HANDLED'  FEEDBACK  IN  THE 
UR'S  CURRENT  PARTICIPATION  MAPS 

.  END. 
ELSE  (MUST  BE  TODO'  PROCESSING) 
.  DO. 

PASS  THE  RECORD  TO  THE  RM. 
INDICATE  THE  OUTSTANDING  RECOVERY 
RESPONSIBILITY  IN  THE  UR'S 
CURRENT_REMEMBERED_MAP. 

.  END. 
.  ELSE 

IF  THE  RM  IS  COLD  STARTING 
.  AND  THE  RECORD  MEETS  THE  RM'S  SELECTION 
.  CRITERIA  THEN 
.  INDICATE  THE  RM  HAS  COMPLETED  ITS 
.  RESPONSIBILITIES  IN  THE  CURRENT_HANDLED_MAP. 
ELSE. 

ELSE 
.  DO  (THE  RM  IS  EITHER  NOT  RESTARTING  OR  IS  UNDEFINED 

IN  THE  RMST). 
IF  THE  RM  WHICH  CONTRIBUTED  THE  LOG  RECORD  IS  NOT 
.  RESTARTING 
.  AND  THE  RM  HAS  NOT  PREVIOUSLY  FULFILLED  ITS 
.  RECOVERY  RESPONSIBILITIES  FOR  THIS  UR  THEN 
.  DO. 

INDICATE  THE  OUTSTANDING  RECOVERY 
RESPONSIBILITY  IN  THE  UR'S 
CURRENT_REMEMBERED_MAP. 

.  END. 
ELSE. 

.  END. 
.  END. 
END. 

.  ELSE. 

.  (RURE  WASN'T  FOUND  OR  ITS  STATUS  WASN'T  FOR  THIS  PHASE) 
END. 

ELSE.  (RECORD  DOESN'T  REPRESENT  UR  ACTIVITY) 
RETURN  TO  CALLER. 

*ENDPCODE: 
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Recovery  manager  RM  forward  recovery  processor 
Recovery  manager  RM  forward  recovery  processor  (RMF)  T10  is  called  by  forward  recovery  controller 

T8  and  is  passed  pointers  to  the  common  restart  control  structures  154,  and  to  a  log  40  record.  It  passes  to 
restarting  RMs  21,  other  than  those  that  are  cold  starting,  a  record  which  is  within  the  RMs'  scopes  of 

?  interest  and  meets  the  RMs'  record  selection  criteria.  The  module  returns  control  to  its  caller  after 
processing  each  record,  (Table  10). 

TABLE  10 
Recovery  manager  RM  forward  recovery  processor 

o 
♦PSEUDOCODE* 

RMF:  PROCEDURE  RM  FORWARD  RECOVERY  PROCESSOR 
DO  FOR  ALL  RESTARTING  RMS  THAT  ARE  NOT  'COLD_STARTING'. 

IF  THE  RECORD  IS 
5  WITHIN  THE  RM'S  LOG  POSITIONING  AND  'END-SCOPE'  RBA  RANGE 

.  AND  MEETS  THE  RM'S  RECORD_SELECTION  .CRITERIA  THEN 

.  PASS  THE  RECORD  TO  THE  RM. 
ELSE. 

END. 
<o  RETURN  TO  CALLER. 

*ENDPCODE: 

Recovery  manager  participation  maps  update  routine 
Recovery  manager  participation  maps  update  routine  (PMU)  T11  is  called  by  forward  recovery 

'.5  controller  T8  and  backward  recovery  controller  T1  2  to  establish  the  final  settings  of  the  participation  maps 
120  of  a  RURE  90.  The  module  receives  as  input  pointers  to  common  restart  control  areas  154  and  to  a 
single  RURE  90.  After  updating  the  maps,  it  unchains  and  frees  any  RUREs  90  whose  maps  120  indicate  that 
all  recovery  responsibilities  have  been  completed.  It  returns  control  to  its  caller  after  processing  each  RURE 
90,  see  Table  11. 

?5 

iO 
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50 

55 

60 

65 
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TABLE  11 
Recovery  manager  participation  maps  update 

♦PSEUDOCODE* 
PMU:  PROCEDURE  PARTICIPATION  MAPS  UPDATE  ROUTINE 

TEMP_REMEM_SKIP_MAP=CURRENT_REMEMBERED_MAP 
&  CURRENT_HANDLED_MAP. 
(A  REMEMBER/SKIP  FEEDBACK  OPTION  IS  AVAILABLE  TO  RMS 
WHEN  PASSED  RECORDS  DURING  UR  RECOVERY.  THE 
OPTION  IS  TEMPORARILY  RETAINED  IN  THE  CURRENT  MAPS 
AS  A  BIT  SET  IN  BOTH  MAPS.  THE  ABOVE  STEP  OBTAINS 
A  MAP  OF  ALL  RMS  WHICH  SELECTED  THIS  OPTION.) 
IF  THIS  IS  THE  1ST  TIME  THE  RURE  HAS  BEEN  THROUGH  RESTART 

(DOES  NOT  HAVE  A  PRIOR  SET  OF  PARTICIPATION  MAPS)  THEN 
DO.  (THE  SPACE  IN  THE  RURE  FOR  MAPS  IS  USED  FOR 
.  THE  CURRENT  PARTICIPATION  MAPS) 
.  RURE_REMEMBERED_MAP  IS  THE  CURRENT_REMEMBERED_MAP. 
.  RURE_HANDLED_MAP=CURRENT_HANDLED_MAP 
.  &&  TEMP_REMEM_SKIP_MAP. 
.  (THE  ABOVE  STEP  CLEARS  THE  BIT  SETTINGS  IN  THE 
.  'HANDLED'  MAP  FOR  RMS  WHICH  SELECTED  THE  REMEMBER/SKIP 
.  OPTION.) 
END. 

ELSE  (THE  RURE  IS  A  CARRY-OVER  RURE) 
DO.  (UPDATE  THE  RURE  PARTICIPATION  MAPS  WITH  THE 
.  CONTENTS  OF  THE  CURRENT  MAPS) 
.  RURE_HANDLED_MAP=PREV_RURE_HANDLED_  MAP 
.  |  (CURRENT_HANDLED_MAP  &&  (TEMP_REMEM_SKIP_MAP)). 
.  (THE  ABOVE  STEP  COMBINES  THE  SETTINGS  OF  THE  PREVIOUS 
.  AND  CURRENT  'HANDLED'  MAPS  AND  INSURES  THAT  THE 
.  REMEMBER/SKIP  OPTION  SETTINGS  ARE  CLEARED.) 
.  RESULT_A=RESTARTING_RM_MAP 
.  &&  CURRENT_REMEMBERED_MAP 
.  (THE  ABOVE  STEP  CREATES  A  MAP  OF  RESTARTING  RMS  THAT 
.  EITHER  HANDLED  ALL  THEIR  LOG  RECORDS  THIS  TIME,  OR 
.  DID  NOT  RECEIVE  ANY  LOG  RECORDS  THIS  TIME.) 
.  RESULT_B=PREV_RURE_REMEMBERED_MAP 
.  &  RESULT_A. 
.  (THE  ABOVE  STEP  CREATES  A  MAP  OF  RMS  THAT  RECEIVED 
.  RECORDS  WHICH  MET  THEIR  SELECTION  CRITERIA  PREVIOUSLY, 
.  AND  HAD  NOT  COMPLETED  THEIR  RESPONSIBILITIES  PREVIOUSLY, 
.  BUT  EITHER  HANDLED  ALL  THEIR  RESPONSIBILITIES  THIS 
.  TIME,  OR  CHANGED  THEIR  RECORD  SELECTION  CRITERIA  SUCH 
.  THAT  THEY  RECEIVED  NO  RECORDS  THIS  TIME.) 
.  RURE_REMEMBERED_MAP=PREV_RURE  REMEMBERED_MAP 
.  &&  RESULT_B. 
.  (THE  ABOVE  STEP  CLEARS  THE  BITS  IN  THE  'REMEMBERED' 
.  MAP  FOR  THOSE  RMS  WHICH  EITHER  HANDLED  THEIR 
.  RESPONSIBILITIES  THIS  TIME,  OR  RECEIVED  NO  RECORDS 
.  OF  INTEREST  THIS  TIME.) 
.  FREE  THE  CURRENT  PARTICIPATION  MAP  STORAGE. 
END. 

BUILD  THE  APPROPRIATE  END_REDO,  END_TODO  OR  ENDO_UNDO  LOG  RECORD 
WITH  THE  CONTENTS  OF  THE  RURE  PARTICIPATION  MAPS. 
WRITE  THE  RECORD  TO  THE  LOG. 
IF  THE  RURE_REMEMBERED_MAP  IS  ALL  ZEROS 

(RM  RESPONSIBILITIES  HAVE  BEEN  COMPLETED)  THEN 
UNCHAIN  AND  FREE  THE  RURE. 

ELSE. 
RETURN  TO  CALLER. 

*ENDPCODE: 

Recovery  manager  backward  recovery  controller 
Recovery  manager  backward  recovery  controller  (BRC)  T12  is  called  by  restart  processor  T2  and  is 

passed  pointers  to  the  common  restart  control  structures  154.  It  controls  all  of  the  backward  recovery 

20 
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functions  of  the  restart  process.  During  the  forward  recovery  restart  phase,  torwara  recovery  controller  i  o 
created  and  sorted  sort  elements  156  for  those  work  units  requiring  backward  recovery  actions.  These  are 
now  processed  by  this  module. 

Backward  recovery  controller  T12  notifies  RMs  21  of  the  start  of  the  phase.  It  then  positions  the  log  40, 
5  bypassing  the  gaps  where  the  records  are  outside  of  UR's  activity  scope  110.  Records  within  the  URs' 

activity  scopes  1  10  are  read  in  a  backward  direction  and  are  passed  to  the  UR  backward  recovery  processor 
T13.  UR  backward  recovery  processor  T13  performs  the  backward  recovery  control  functions  associated 
with  interrupted  work  units. 

When  all  records  required  for  backward  recovery  have  been  read  and  processed  this  module  calls  the 
o  participation  maps  update  routine  T1  1,  which  determine  whether  or  not  the  recovery  responsibilities  of  all 

RMs  21  have  been  handled  on  behalf  of  the  work  units  requiring  UNDO  backward  recovery  processing. 
Backward  recovery  controller  T1  2  broadcasts  the  end  of  the  phase  to  the  restarting  RMs  21  and  returns 

control  to  its  caller,  PRC  T2,  (Table  12). 

<5  TABLE  12 
Recovery  manager  backward  recovery  controller 

♦PSEUDOCODE* 
BRC:  PROCEDURE  BACKWARD  RECOVERY  CONTROLLER. 

20  DO  FOR  ALL  RESTARTING  RMS. 
NOTIFY  THE  RM  OF  THE  START  OF  THE  BACKWARD  RECOVERY  PHASE. 
SAVE  THE  'UNDO'  RECORD_SELECTION_CRITERIA  FEEDBACK. 

END. 
OBTAIN  THE  FIRST  BACKWARD  RECOVERY  SORT  ELEMENT. 

25  DO  FOR  ALL  BACKWARD  RECOVERY  SORT  ELEMENTS. 
IF  THE  SORT  ELEMENTS  INDICATE  THE  LOG  IS  POSITIONED  OUTSIDE 
.  ANY  UR  ACTIVITY  SCOPE  THEN 
.  SET  TO  BEGIN  LOG  READING  AT  THE  END  OF  THE  NEXT  SCOPE. 
ELSE. 

30  DO  UNTIL  A  RECORD  IS  READ. 
.  READ  THE  LOG  BACKWARD. 
END. 
CALL  THE  UR  BACKWARD  RECOVERY  PROCESSOR  (URB). 
IF  JUST  PROCESSED  A  RECORD  REPRESENTED  BY  THE  RBA  IN  THE 

35  .  CURRENT  SORT  ELEMENT  THEN 
.  OBTAIN  THE  NEXT  SORT  ELEMENT  IN  SEQUENCE. 
ELSE. 

END. 
DO  FOR  ALL  RURES  REPRESENTING  URS  REQUIRING  RECOVERY  ACTIONS. 

40  IF  THE  RURE  STATUS  INDICATES  'UNDO'  PROCESSING 
.  AND  THE  RURE  IS  'CURRENTLY_IN_RECOVERY'  THEN 
.  CALL  THE  PARTICIPATION  MAPS  UPDATE  ROUTINE  (PMU). 
ELSE. 

END. 
45  DO  FOR  ALL  RESTARTING  RMS. 

NOTIFY  THE  RM  OF  THE  END  OF  THE  BACKWARD  RECOVERY  PHASE. 
END. 
RETURN  TO  CALLER. 

*ENDPCODE: 
50 

Recovery  manager  UR  backward  recovery  processor 
Recovery  manager  UR  backward  recovery  processor  (URB)  T13  is  called  by  backward  recovery 

controller  T12  and  is  passed  pointers  to  the  common  restart  control  structures  154,  and  to  a  log  40  record. 
The  module  determines  whether  or  not  the  record  is  part  of  the  log  activity  scope  110  of  a  UR  requiring 

55  UNDO  backward  recovery  actions. 
If  backward  recovery  actions  are  required  for  the  UR,  each  restarting  RM  21  which  has  not  previously 

fulfilled  its  recovery  responsibilities  associated  with  the  UR  and  is  interested  in  the  record  type  is  first 
notified  that  recovery  actions  are  beginning  for  the  UR,  and  is  then  passed  the  record.  The  RMs  21  respond 
indicating  whether  or  not  they  handled  the  record.  This  is  retained  by  the  module  in  participation  maps  1  20 

so  associated  with  the  RURE.  For  the  non-restarting  RM  21  which  contributed  the  log  record  and  has  not 
fulfilled  its  recovery  responsibilities,  this  module  remembers  the  RM's  outstanding  responsibilities  in  the 
participation  maps  120  associated  with  the  UR.  The  module  returns  control  to  its  caller,  BRC  T12,  after 
processing  each  record,  (Table  13). 
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TABLE  13 
Recovery  manager  UR  backward  recovery  processor 

♦PSEUDOCODE* 
URB:  PROCEDURE  UR  BACKWARD  RECOVERY  PROCESSOR. 

IF  THE  RECORD  REPRESENTS  UR  ACTIVITY  (HAS  A  UR  IDENTIFIER)  THEN 
DO. 
.  LOCATE  ITS  MATCHING  RURE  USING  THE  RECORD'S  UR  IDENTIFIER. 
.  IF  A  MATCHING  RURE  IS  FOUND 

AND  THE  RURE  STATUS  INDICATES  'UNDO'  PROCESSING 
AND  THE  RURE  IS  'CURRENTLY_IN_RECOVERY'  THEN 
DO. 
.  IF  IT  IS  THE  1ST  RECORD  READ  FOR  THE  UR  THEN 

NOTIFY  RESTARTING  RMS  HAVING  UNFULFILLED 
RESPONSIBILITIES  THAT  A  NEW  UR  IS  BEING  RECOVERED. 

.  ELSE. 

.  DO  FOR  ALL  RMS. 
IF  THE  RM  IS  RESTARTING  THEN 
.  IF  THE  RM  IS  NOT  COLD  STARTING 

AND  THE  RECORD  MEETS  THE  RM'S  SELECTION  CRITERIA 
AND  THE  RM  HAS  NOT  PREVIOUSLY  FULFILLED  ITS 
RECOVERY  RESPONSIBILITIES  FOR  THIS  UR  THEN 
DO. 
.  PASS  THE  RECORD  TO  THE  RM. 
.  SAVE  THE  'REMEMBERED/HANDLED'  FEEDBACK  IN  THE 
.  UR'S  CURRENT  PARTICIPATION  MAPS 
END. 

.  ELSE 
IF  THE  RM  IS  COLD  STARTING 
.  AND  THE  RECORD  MEETS  THE  RM'S  SELECTION 
.  CRITERIA  THEN 
.  INDICATE  THE  RM  HAS  COMPLETED  ITS 
.  RESPONSIBILITIES  IN  THE  CURRENT_  HANDLED_  MAP. 
ELSE. 

ELSE 
.  DO  (THE  RM  IS  EITHER  NOT  RESTARTING  OR  IS  UNDEFINED 

IN  THE  RMST). 
IF  THE  RM  WHICH  CONTRIBUTED  THE  LOG  RECORD  IS  NOT 
.  RESTARTING  AND  THE  RM  HAS  NOT  PREVIOUSLY 
.  FULFILLED  ITS  RECOVERY  RESPONSIBILITIES 
.  FOR  THIS  UR  THEN 
.  DO. 

INDICATE  THE  OUTSTANDING  RECOVERY 
RESPONSIBILITY  IN  THE  UR'S 
CURRENT_REMEMBERED_MAP. 

.  END. 
ELSE. 

.  END. 
.  END. 
END. 

.  ELSE. 

.  (RURE  WASN'T  FOUND  OR  ITS  STATUS  WASN'T  FOR  THIS  PHASE) 
END. 

ELSE.  (RECORD  DOESN'T  REPRESENT  UR  ACTIVITY) 
RETURN  TO  CALLER. 

♦ENDPCODE: 
Claims 

1.  A  method  for  operating  a  computing  apparatus  including  a  plurality  of  resource  managers  (21)  and 
resource  collections  (44),  and  further  including  a  recovery  log  (40),  the  computing  apparatus  (20)  being 
operated  according  to  the  method  of  executing  work  unit  (36)  instructions,  and  writing  log  records  (135)  to 
said  recovery  log,  said  log  records  including  checkpointed  states  (92  —  96)  and  records  (135)  of  changes 
resulting  from  execution  of  work  unit  instructions  to  said  resource  collections  and  resource  managers,  with 
each  log  record  assigned  a  relative  byte  address  within  a  continuous  address  space,  the  method 
characterized  by  the  steps  of: 
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maintaining  in  a  first  data  structure  means  (90)  with  respect  to  each  of  a  subset  of  resource  managers 
[21  )  the  completion  state  (120)  of  its  recovery  responsibility  with  respect  to  each  interrupted  work  unit  (36), 
the  completion  state  defining  whether  or  not  the  resource  manager  has  been  restarted  and,  if  restarted,  the 
availability  of  the  subset  of  resource  collections  required  to  complete  the  work  unit;  and 

maintaining  in  a  second  data  structure  means  (70)  with  respect  to  each  of  said  subset  of  said  resource 
managers  (21)  (1)  its  operational  state  (82)  and  (2)  the  relative  byte  addresses  in  said  recovery  log  of  the 
beginning  (84)  and  ending  (86)  of  its  interest  scope. 

2.  The  method  of  claim  1,  further  characterized  by  the  steps  of: 
restarting  a  plurality  of  resource  managers  following  an  interruption  by 
(1)  reestablishing  during  a  current  status  phase  the  state  of  the  resource  collections  managed  by  each 

resource  manager  being  restarted,  starting  with  the  most  recent  check-pointed  state  advanced  by 
subsequent  records  of  changes  in  the  log  to  the  point  of  interruption; 

(2)  for  each  resource  manager  being  restarted,  extending  during  a  forward  recovery  phase  the  state  of 
resource  collections  it  manages  to  include  the  information  from  records  of  changes  within  its  interest 
scope;  exclusively  reallocating  resource  collections  to  work  units  interrupted  while  in  a  commit-in-doubt 
state;  and  externalizing  the  most  recent  committed  resource  state  of  work  units  interrupted  after  a  new 
point  of  consistency  has  been  committed;  and 

(3)  for  each  resource  manager  being  restarted,  restoring  during  a  backward  recovery  phase  the 
resource  collections  altered  by  interrupted  work  units  between  points  of  consistency. 

3.  Method  of  claims  1  and  2  for  restarting  a  computing  system  following  termination,  the  computing 
system  including  a  plurality  of  recoverable  resources,  a  plurality  of  resource  managers,  and  non-volatile 
storage  on  which  to  record  a  log  of  checkpoint  states  and  images  of  changes  made  on  behalf  of  work  units 
to  recoverable  resources,  the  improved  method  characterized  by  the  steps  of: 

recording  in  said  first  data  structure  means  (90)  for  an  interrupted  work  unit  (36)  its  log  activity  scope 
and  the  recovery  responsibilities  of  said  resource  managers; 

recording  in  said  second  data  structure  means  (70)  for  each  resource  manager  its  operational  state  and 
its  log  scope  of  interest;  and 

responsive  to  information  recorded  in  said  first  and  second  data  structures  means  (90,  70),  restarting 
selected  resource  managers  following  termination  while  deferring  the  restarting  of  other  resource 
managers. 

4.  Apparatus  for  restarting  a  computing  system  following  termination,  the  computing  system  (20) 
including  a  plurality  of  recoverable  resources  (44),  a  plurality  of  resource  managers  (21),  and  non-volatile 
storage  (42)  on  which  to  record  a  log  of  checkpoint  states  and  images  of  changes  made  on  behalf  of  work 
units  (36)  to  recoverable  resources  (44),  the  improved  apparatus  characterized  by: 

first  data  structure  means  (90)  for  recording  for  an  interrupted  work  unit  (36)  its  log  activity  scope  and 
the  recovery  responsibilities  of  said  resource  managers; 

second  data  structure  means  (70)  for  recording  for  each  resource  manager  its  operational  state  and  its 
log  scope  of  interest;  and 

recovery  means  (28)  responsive  to  information  recorded  in  said  first  and  second  data  structures  means 
(90,  70)  for  warm  and  cold  restarting  of  selected  resource  managers  following  termination  and  for  deferring 
the  restarting  of  other  resource  managers  or  resources  managed  by  restarting  resource  managers. 

5.  The  apparatus  of  claim  4  wherein  said  recovery  means  (28)  further  includes  means  (94,  96)  for 
periodically  recording  on  non-volatile  storage  (40,  42)  a  copy  of  the  first  data  structure  when,  at  the 
conclusion  (136)  of  a  restart  operation,  the  recovery  responsibilities  of  at  least  one  resource  manager  have 
not  been  completed. 

6.  The  apparatus  of  claim  5  wherein  said  recovery  means  (28)  further  includes  means  (71—73)  for 
periodically  recording  on  non-volatile  storage  (40,  42)  a  copy  of  said  second  data  structure  means  and  of 
changes  thereto. 

7.  The  apparatus  of  claim  6  wherein  said  recovery  means  (28)  further  includes  means  for  reading  log 
records  during  a  recovery  operation  to  build  from  information  therein  said  first  data  structure  means  (Fig. 
7). 

8.  The  apparatus  of  claim  7  wherein  said  recovery  means  (28)  further  includes  means  for  reestablishing 
during  a  current  status  phase  the  state  of  recoverable  resources  managed  by  each  resource  manager  being 
restarted,  starting  with  the  most  recent  checkpointed  state  advanced  by  subsequent  records  of  changes  in 
the  log  to  the  point  of  interruption  (Fig.  7). 

9.  The  apparatus  of  claim  8  wherein  said  recovery  means  (28)  further  includes  means  for  extending 
during  a  forward  recovery  phase  for  each  resource  manager  being  restarted  the  state  of  the  resources  it 
manages  to  include  the  information  for  records  of  changes  within  its  scope  of  interest,  for  exclusively 
reallocating  resources  to  work  units  interrupted  while  in  a  commit-in-doubt  state,  and  for  externalizing  to 
said  non-volatile  storage  the  most  recent  committed  resource  state  of  work  units  interrupted  after  a  new 
point  of  consistency  has  been  committed  (Fig.  7). 

10.  The  apparatus  of  claim  9  wherein  said  recovery  means  (28)  further  includes  means  for  restoring 
during  a  backward  recovery  phase  the  resource  collections  altered  by  each  resource  manager  being 
restarted  on  behalf  of  interrupted  work  units  between  points  of  consistency  (Fig.  7). 
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Patentanspruche 

1.  Verfahren  zum  Betreiben  einer  Rechenvorrichtung  mit  einer  Vielzahl  von  Betriebsmittel- 
verwaltungen  (21)  und  Betriebsmittelsammlungen  (44)  und  weiterhin  mit  einem  Wiederherstellungs- 

5  protokoll  (40),  wobei  die  Rechenvorrichtung  (20)  nach  dem  Verfahren  der  Ausfuhrungen  von  Anweisungen 
einer  Arbeitseinheit  (36)  und  des  Schreibens  von  Protokollaufzeichnungen  (135)  in  das  Wiederherstellungs- 
protokoll  betrieben  wird,  die  Protokollaufzeichnungen  durch  Fixpunkte  festgehaitene  Zustande  (92  —  96) 
und  Aufzeichnungen  (135)  von  Anderungen  fur  die  Betriebsmittelverwaltungen  und  Betriebsmittelsamm- 
lungen  enthalten,  die  eine  Folge  der  Ausfiihrung  der  Anweisungen  der  Arbeitseinheit  sind,  und  jede 

10  Protokollaufzeichnung  einer  relativen  Byteadresse  innerhalb  eines  kontinuierlichen  AdrelSraumes 
zugeordnet  ist,  welches  Verfahren  durch  die  Schritte  gekennzeichnet  ist; 

Beibehalten  in  einer  ersten  Datenstruktureinrichtung  (90)  bezuglich  jeder  Untergruppe  von  Betriebs- 
mittelverwaltungen  (21),  den  AbschluSzustand  (120)  ihrer  Wiederherstellungsverantwortlichkeit  bezuglich 
jeder  unterbrochenen  Arbeitseinheit  (36),  wobei  der  AbschlulSzustand  angibt,  ob  die  Betriebsmittelver- 

15  waltung  wiedergestartet  wurde  oder  nicht  und  dann,  wenn  sie  wiedergestartet  wurde,  die  Verfiigbarkeit 
der  Untergruppe  von  Betriebsmittelsammlungen  angibt,  die  erforderlich  sind,  um  die  Arbeitseinheit  zu 
vollenden,  und 

Beibehalten  in  einer  zweiten  Datenstruktureinrichtung  (70)  bezuglich  jeder  Untergruppe  von  Betriebs- 
mittelverwaltungen  (21)  (1)  ihren  Betriebszustand  (82)  und  (2)  die  relativen  Byteadressen  im  Wiederher- 

20  stellungsprotokoll  des  Anfangs  (84)  und  des  Endes  (86)  ihres  Interessenbereiches. 
2.  Verfahren  nach  Anspruch  1,  das  weiterhin  durch  die  Schritte  gekennzeichnet  ist: 
Wiederstarten  einer  Vielzahl  von  Betriebsmittelverwaltungen  anschlieBend  an  eine  Unterbrechung, 

indem 
(1)  wahrend  einer  Phase  eines  aktuellen  Zustands  der  Zustand  der  Betriebsmittelsammlungen,  die  von 

25  jeder  wiedergestarteten  Betriebsmittelverwaltung  verwaltet  werden,  wiederhergestellt  wird,  wobei  mit 
dem  jungsten  durch  einen  Fixpunkt  festgehaltenen  Zustand  begonnen  wird,  der  durch  folgende 
Aufzeichnungen  von  Anderungen  in  Protokoll  bis  zur  Stelle  der  Unterbrechung  fortgeschritten  ist, 

(2)  fur  jede  wiedergestartete  Betriebsmittelverwaltung  wahrend  einer  Vorwarts- 
wiederherstellungsphase  der  Zustand  der  Betriebsmittelsammlungen,  die  sie  verwaltet,  so 

30  ausgedehnt  wird,  daS  er  die  Information  von  den  Aufzeichnungen  der  Anderungen  im  Interessenbereich 
enthalt,  wobei  in  einem  zweifelhaften  Zustand  Betriebsmittelsammlungen  den  unterbrochenen 
Arbeitseinheiten  exklusiv  wieder  zugeordnet  werden  und  derzuletzt  uberlassene  Betriebsmittelzustand  der 
unterbrochenen  Arbeitseinheiten  externalisiert  wird,  nachdem  ein  neuer  Punkt  von  Konsistenz  erreicht  ist, 
und 

35  (3)  fur  jede  wiedergestartete  Betriebsmittelverwaltung  wahrend  einer  Ruckwartswiederherstellungs- 
phase  die  Betriebsmittelsammlungen  rekonstruiert  werden,  die  durch  die  unterbrochenen  Arbeitseinheiten 
zwischen  den  Konsistenzpunkten  geandert  wurden. 

3.  Verfahren  nach  Anspruch  1  und  2  zum  Wiederstarten  eines  Rechensystems  anschlielSend  an  eine 
Unterbrechung,  wobei  das  Rechensystem  eine  Vielzahl  von  wiederherstellbaren  Betriebsmitteln,  eine 

40  Vielzahl  von  Betriebsmittelverwaltungen  und  einen  nicht  loschbaren  Speicher  aufweist,  in  den  ein  Protokoll 
von  durch  Fixpunkte  festgehaltenen  Zustanden  und  Bilder  von  Anderungen  aufgezeichnet  wird,  die  auf 
Seiten  der  Arbeitseinheiten  an  den  wiederherstellbaren  Betriebsmitteln  vorgenommen  werden,  welches 
verbessertes  Verfahren  durch  die  Schritte  gekennzeichnet  ist: 

Aufzeichnen  in  der  ersten  Datenstruktureinrichtung  (90)  fur  eine  unterbrochene  Arbeitseinheit  (36), 
45  ihren  Protokollaktivitatsbereich  und  die  Wiederherstellungsverantwortlichkeiten  der  Betriebsmittel- 

verwaltungen, 
Aufzeichnen  in  einer  zweiten  Datenstruktureinrichtung  (70)  fur  jede  Betriebsmittelverwaltung  ihren 

Betriebszustand  und  ihren  Protokollbereich,  der  von  Interesse  ist,  und 
auf  die  in  die  erste  und  die  zweite  Datenstruktureinrichtung  (90,  70)  aufgezeichnete  Information 

so  ansprechendes  Wiederstarten  gewahlter  Betriebsmittelverwaltungen  anschliefiend  an  die  Unterbrechung, 
wahrend  das  Wiederstarten  anderer  Betriebsmittelverwaltungen  zuruckgestellt  wird. 

4.  Vorrichtung  zum  Wiederstarten  eines  Rechensystems  anschlielSend  an  eine  Unterbrechung,  wobei 
das  Rechensystem  (20)  eine  Vielzahl  zon  wiederherstellbaren  Betriebsmitteln  (44),  eine  Vielzahl  von 
Betriebsmittelverwaltungen  (21)  und  einen  nichtloschbaren  Speicher  (42)  aufweist,  in  den  ein  Protokoll  von 

55  durch  Fixpunkte  festgehaltenen  Zustanden  und  Bildern  von  Anderungen  aufgezeichnet  wird,  die  der 
Arbeitseinheiten  (36)  wegen  an  den  wiederherstellbaren  Betriebsmitteln  (44)  vorgenommen  werden, 
wobei  die  verbesserte  Vorrichtung  gekennzeichnet  ist  durch 

eine  erste  Datenstruktureinrichtung  (90)  zum  Aufzeichnen  fur  jede  unterbrochene  Arbeitseinheit  (36) 
ihres  Protokollaktivitatsbereiches  und  der  Wiederherstellungsverantwortlichkeiten  der  Betriebsmittelver- 

60  waltungen, 
eine  zweite  Datenstruktureinrichtung  (70)  zum  Aufzeichnen  fur  jede  Betriebsmittelverwaltung  ihres 

Betriebszustandes  und  ihres  Protokollbereiches,  der  von  Interesse  ist,  und 
eine  Wiederherstellungseinrichtung  (28),  die  auf  die  in  der  ersten  und  der  zweiten  Datenstrukturein- 

richtung  (90,  70)  aufgezeichnete  Information  anspricht,  um  gewahlte  Betriebsmittelverwaltungen 
65  anschlielSend  an  die  Unterbrechung  vom  letzten  Fixpunkt  oder  nicht  vom  letzten  Fixpunkt  wieder  zu  starten 
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und  den  Wiederstart  anderer  Betriebsmittelverwaltungen  oder  Betriebsmittel,  die  durch  wiederstartenae 
Betriebsmittelverwaltungen  verwaltet  werden,  auszusetzen. 

5.  Vorrichtung  nach  Anspruch  4,  bei  der  die  Wiederherstellungseinrichtung  (28)  weiterhin  Einrichtunge 
(94,  96)  enthalt,  um  periodisch  im  nichtloschbaren  Speicher  (40,  42)  eine  Kopie  der  ersten  Datenstruktur 

J  aufzuzeichnen,  wenn  am  AbschlulS  (136)  einer  Wiederstartoperation  die  Weiderherstellungsverantwort- 
lichkeiten  wenigstens  einer  Betriebsmittelverwaltung  nicht  abgeschlossen  sind. 

6.  Vorrichtung  nach  Anspruch  5,  bei  der  die  Wiederherstellungseinrichtung  (28)  weiterhin 
Einrichtungen  (71—73)  enthalt,  um  periodisch  im  nichtloschbaren  Speicher  (40,  42)  eine  Kopie  der  zweiten 
Datenstruktureinrichtung  und  deren  Anderungen  aufzuzeichnen. 

o  7.  Vorrichtung  nach  Anspruch  6,  bei  der  die  Wiederherstellungseinrichtung  (28)  weiterhin  eine 
Einrichtung  enthalt,  um  Protokollaufzeichnungen  wahrend  einer  Wiederherstellungsoperation  zu  lesen,  um 
dadurch  aus  der  darin  enthaltenen  Information  die  erste  Datenstruktureinrichtung  aufzubauen  (Fig.  7). 

8.  Vorrichtung  nach  Anspruch  7,  bei  der  die  Wiederherstellungseinrichtung  (28)  weiterhin  eine 
Einrichtung  aufweist,  um  wahrend  einer  Phase  eines  aktuellen  Zustandes  den  Zustand  der  wiederherstell- 

5  baren  Betriebsmittel,  die  von  jeder  wiedergestarteten  Betriebsmittelverwaltung  verwaltet  werden, 
wiederherzustellen,  wobei  mit  dem  jungsten  durch  einen  Fixpunkt  festgehaltenen  Zustand  begonnen  wird, 
der  durch  anschlieBende  Aufzeichnungen  von  Anderungen  im  Protokoll  bis  zur  Stelle  der  Unterbrechung 
fortgeschritten  ist  (Fig.  7). 

9.  Vorrichtung  nach  Anspruch  8,  bei  der  die  Wiederherstellungseinrichtung  (28)  weiterhin  eine 
20  Einrichtung  enthalt,  um  wahrend  einer  Vorwaftsweiderherstellungsphase  fur  jede  wiedergestartete 

Betriebsmittelverwaltung  den  Zustand  der  Betriebsmittel,  die  sie  verwaltet,  so  auszudehnen,  daB  die 
Information  fur  Aufzeichnungen  von  Anderungen  innerhalb  ihres  Bereiches,  der  von  Interesse  ist, 
enthalten  ist,  um  wahrend  eines  zweifelhaften  Zustandes  Betriebsmittel  den  unterbrochenen  Arbeits- 
einheiten  exklusiv  wieder  zuzuordnen  und  den  nichtloschbaren  Speicher  den  jungsten  ubergebenen 

25  Betriebsmittelzustand  der  unterbrochenen  Arbeitseinheiten  zu  externalisieren,  nachdem  ein  neuer  Punkt 
von  Konsistenz  erreicht  ist  (Fig.  7). 

10.  Vorrichtung  nach  Anspruch  9,  bei  der  die  Wiederherstellungseinrichtung  (28)  weiterhin  eine 
Einrichtung  enthalt,  um  wahrend  einer  Ruckwartswiederherstellungsphase  die  Betriebsmittelsammlungen 
zu  rekonstruieren,  die  von  jeder  Betriebsmittelverwaltung  geandert  wurden,  die  wegen  der  unter- 

30  brochenen  Arbeitseinheiten  zwischen  den  Konsistenzstellen  wiedergestartet  wurden  (Fig.  7). 

Ftevendications 

1.  Un  procede  pourfairefonctionnerun  appareil  calculateurcomprenant  une  pluralite  de  gestionnaires 
de  ressources  (21)  et  de  collections  de  ressources  (44)  et  comprenant  egalement  un  journal  de  reprise  (40), 
cet  appareil  calculateur  (20)  etant  actionne  suivant  le  procede  selon  lequel  on  execute  des  instructions  de 
tache  elementaire  (36)  et  on  ecrit  des  enregistrements  de  journal  (135)  dans  le  journal  de  reprise,  ces 
enregistrements  de  journal  comprenant  des  etats  verifies  (92  a  96)  et  des  enregistrements  (135)  des 
modifications  apportees  aux  collections  de  ressources  et  aux  gestionnaires  de  ressources  a  la  suite  de 
I'execution  des  instructions  de  tache  elementaire,  chaque  enregistrement  de  journal  ayant  une  adresse 
relative  d'octet  qui  lui  est  affectee  a  I'interieur  d'un  espace  adressable  continu,  ce  procede  etant  caracterise 
par  les  etapes  consistant  a: 

—  maintenir  dans  des  moyens  formant  premiere  structure  de  donnees  (90),  pour  chaque  gestionnaire  de 
ressources  (21)  d'un  sous-ensemble  des  gestionnaires  de  ressources,  I'etat  d'achevement  (120)  de  sa 
responsabilite  de  reprise  a  1'egard  de  chaque  tache  elementaire  interrompue  (36),  I'etat  d'achevement 
definissant  si  le  gestionnaire  de  ressources  a  ou  non  ete  relance  et,  s'il  a  ete  relance,  la  disponibilite  du 
sous-ensemble  de  collections  de  ressources  necessaire  pour  achever  la  tache  elementaire,  et 

—  maintenir  dans  des  moyens  formant  seconde  structure  de  donnees  (70),  pour  chacun  des 
gestionnaires  de  ressources  dudit  sous-ensemble  de  gestionnaire  de  ressources  (21):  1°)  son  etat 
operationnel  (82)  et  2°)  les  adresses  relatives  d'octet  du  debut  (84)  et  de  la  fin  (86)  du  domaine  qui  le 
concerne  dans  le  journal  de  reprise. 

2.  Le  procede  de  la  revendication  1,  caracterise  en  outre  par  I'etape  consistant  a: 
—  relancer  une  pluralite  de  gestionnaires  de  ressources  a  la  suite  d'une  interruption: 
(1)  en  retablissant,  au  cours  d'une  phase  de  statut  courant,  I'etat  des  collections  de  ressources  gerees 

par  chaque  gestionnaire  de  ressources  que  Ton  relance,  en  commengant  par  I'etat  verifie  le  plus  recent,  que 
Ton  fait  progresser  par  les  enregistrements  des  modifications  du  journal  qui  suivent,  jusqu'au  point 
d'interruption; 

(2)  en  etendant,  au  cours  d'une  phase  de  reprise  avant,  pour  chaque  gestionnaire  de  ressources  que 
Ton  relance  i'etat  des  collections  de  ressources  qu'il  gere  de  maniere  a  y  inclure  les  informations  provenant 
des  enregistrements  des  modifications  comprises  dans  le  domaine  qui  le  concerne;  en  reallouant  les 
collections  de  ressources  exclusivement  aux  taches  elementaires  interrompues  lorsque  Ton  se  trouvait 
engage  de  fagon  incertaine  dans  un  etat;  et  en  exteriorisant  I'etat  le  plus  recent  des  ressources  engagees 
des  taches  elementaires  interrompues  apres  que  I'on  se  soit  engage  sur  un  nouveau  point  de  coherence;  et 

(3)  en  restaurant,  au  cours  d'une  phase  de  reprise  arriere,  pour  chaque  gestionnaire  de  ressources  que 

25 
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Ton  relance  les  collections  de  ressources  alterees  par  les  taches  elementaires  interrompues  entre  les  points 
de  coherence. 

3.  Le  procede  des  revendications  1  et  2,  pour  relancer  un  systeme  de  calcul  a  la  suite  d'un  achievement, 
le  systeme  calculateur  comprenant  une  pluralite  de  ressources  recuperables,  une  pluralite  de  gestionnaires 

5  de  ressources,  et  une  memoire  non  volatile  sur  laquelle  on  peut  enregistrer  un  journal  des  etats  verifies  et 
des  images  des  modifications  apportees  a  ces  ressources  recuperables  en  fonction  des  taches 
elementaires,  le  procede  ameliore  etant  caracterise  par  les  etapes  consistant  a: 

—  enregistrer  dans  lesdits  moyens  formant  premiere  structure  de  donnees  (90),  pour  une  tache 
elementaire  interrompue  (36),  son  domaine  d'activite  sur  le  journal  et  les  responsabilites  de  reprise  des 

10  gestionnaires  de  ressources,  et 
—  enregistrer  dans  lesdits  moyens  formant  seconde  structure  de  donnees  (70),  pour  chaque 

gestionnaire  de  ressources,  son  etat  operationnel  et  le  domaine  du  journal  qui  le  concerne,  et 
—  en  reponse  aux  informations  enregistrees  dans  ces  moyens  formant  premiere  et  seconde  structure 

de  donnees  (90,  70),  faire  redemarrer  selectivement  les  gestionnaires  de  ressources  a  la  suite  de 
is  I'achevement,  tout  en  different  le  redemarrage  des  autres  gestionnaires  de  ressources. 

4.  Un  dispositif  pour  relancer  un  systeme  de  calcul  a  la  suite  d'un  achievement,  le  systeme  calculateur 
(20)  comprenant  une  pluralite  de  ressources  recuperables  (44),  une  pluralite  de  gestionnaires  de  ressources 
(21)  ,  et  une  memoire  non  volatile  (42)  sur  laquelle  on  peut  enregistrer  un  journal  des  etats  verifies  et  des 
images  des  modifications  apportees  a  ces  ressources  recuperables  (44)  en  fonction  des  taches 

20  elementaires  (36),  le  dispositif  ameliore  etant  caracterise  par: 
—  des  moyens  formant  premiere  structure  de  donnees  (90),  destines  a  enregistrer,  pour  une  tache 

elementaire  interrompue  (36),  son  domaine  d'activite  sur  le  journal  et  les  responsabilites  de  reprise  des 
gestionnaires  de  ressources,  et 

—  des  moyens  formant  seconde  structure  de  donnees  (70),  destines  a  enregistrer,  pour  chaque 
25  gestionnaire  de  ressources,  son  etat  operationnel  et  le  domaine  du  journal  qui  le  concerne,  et 

—  des  moyens  de  reprises  (28),  fonctionnant  en  reponse  aux  informations  enregistrees  dans  ces 
moyens  formant  premiere  et  seconde  structure  de  donnees  (90,  70),  pour  faire  redemarrer  a  chaud  et  a 
froid,  a  la  suite  de  I'achevement,  des  gestionnaires  de  ressources  selectionnes  et  pour  differer  le 
redemarrage  des  autres  gestionnaires  de  ressources  ou  des  ressources  gerees  par  les  gestionnaires  de 

30  ressources  en  cours  de  redemarrage. 
5.  Le  dispositif  de  la  revendication  4,  dans  lequel  les  moyens  de  reprise  (28)  comprennent  en  outre  des 

moyens  (94,  96)  pour  enregistrer  periodiquement  dans  une  memoire  non  volatile  (40,  42)  une  copie  des 
moyens  formant  premiere  structure  de  donnees  lorsque,  a  la  conclusion  (136)  d'une  operation  de 
redemarrage,  les  responsibilites  de  reprise  d'au  moins  I'un  des  gestionnaires  de  ressources  n'ont  pas  ete 

35  assumees. 
6.  Le  dispositif  de  la  revendication  5,  dans  lequel  les  moyens  de  reprise  (28)  comprennent  en  outre  des 

moyens  (71  a  73)  pour  enregistrer  periodiquement  dans  une  memoire  non  volatile  (40,  42)  une  copie  des 
moyens  formant  seconde  structure  de  donnees  et  des  modifications  qui  y  ont  ete  apportees. 

7.  Le  dispositif  de  la  revendication  6,  dans  lequel  les  moyens  de  reprise  (28)  comprennent  en  outre  des 
40  moyens  pour  lire  des  enregistrements  du  journal  pendant  une  operation  de  reprise  de  maniere  a 

reconstruire,  a  partir  des  informations  qui  s'y  trouvent,  les  moyens  formant  premiere  structure  de  donnees 
(Figure  7). 

8.  Le  dispositif  de  la  revendication  7,  dans  lequel  les  moyens  de  reprise  (28)  comprennent  en  outre  des 
moyens  pour  retablir,  au  cours  d'une  phase  de  statut  courant,  I'etat  des  ressources  recuperables  gerees  par 

45  chaque  gestionnaire  de  ressources  que  I'on  relance,  en  commengant  par  I'etat  verifie  le  plus  recent,  que 
Ton  fait  progresser  par  les  enregistrements  des  modifications  du  journal  qui  suivent,  jusqu'au  point 
d'interruption  (Figure  7). 

9.  Le  dispositif  de  la  revendication  8,  dans  lequel  les  moyens  de  reprise  (28)  comprennent  en  outre  des 
moyens  pour  etendre,  au  cours  d'une  phase  de  reprise  avant,  pour  chaque  gestionnaire  de  ressources  que 

so  Ton  relance  I'etat  des  collections  de  ressources  qu'il  gere  de  maniere  a  y  inclure  les  informations  provenant 
des  enregistrements  des  modifications  comprises  dans  le  domaine  qui  le  concerne,  pour  reallouer  les 
collections  de  ressources  exclusivement  aux  taches  elementaires  interrompues  lorsque  I'on  se  trouvait 
engage  de  fagon  incertaine  dans  un  etat,  et  pour  exterioriser  I'etat  le  plus  recent  des  ressources  engagees 
des  taches  elementaires  interrompues  apres  que  I'on  se  soit  engage  sur  un  nouveau  point  de  coherence 

55  (Figure  7). 
10.  Le  dispositif  de  la  revendication  9,  dans  lequel  les  moyens  de  reprise  (28)  comprennent  en  outre 

des  moyens  pour  restaurer,  au  cours  d'une  phase  de  reprise  arriere,  les  collections  de  ressources  alterees 
par  chaque  gestionnaire  de  ressources  que  I'on  relance  en  fonction  des  taches  elementaire  interrompues 
entre  les  points  de  coherence  (Figure  7). 
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