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©  System  and  method  for  multi-format  data  storage  backup  of  a  computer  system. 

©  An  archive  command  detects  an  original  stor- 
age  device  density  value  from  the  device  and 
changes  the  device's  density  to  a  ROM  density 
required  by  system  ROM  to  read  a  bootstrap 
image.  The  bootstrap  image  from  the  system,  as 
well  as  the  original  density  value  stored  in  a 
density  file,  are  then  written  to  the  storage 
media  in  the  ROM  density  required  for  system 
restoration  by  the  IPL.  The  system  then  reads  its 
copy  of  the  original  density  value,  changes  the 
storage  device  parameters  to  their  original 
value,  and  writes  the  desired  additional  system 
image  or  other  software  to  the  device  media  in 
the  original  device  density.  When  restoration  of 
the  thus-archived  bootstrap  image  or  other 
software  is  required,  during  system  IPL  the 
system  ROM  will  read  the  bootstrap  file  from  the 
media  stored  in  the  correct  ROM  density  re- 
quired  by  the  system  ROM.  When  IPL  and  the 
bootstrap  program  have  completed  booting  the 
system  to  a  minimal  state,  a  restoration  prog- 
ram  built  as  part  of  the  bootstrap  image  then 
commences  restoration.  The  restoration  reads 
the  original  device  density  parameter  stored  in 
the  media  in  the  density  file,  changes  the  stor- 
age  devices  parameter  to  this  value,  and  pro- 
ceeds  to  read  into  the  system  the  remaining 
system  image  or  other  software  on  the  media, 
which  was  stored  in  the  original  density,  there- 
by  completing  restoration. 
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This  invention  relates  to  computer  system  soft- 
ware  backups  and,  more  particularly,  two  such  sys- 
tems  and  methods  wherein  the  Initial  Program  Load- 
able  (IPL)  control  program  requires  a  bootstrap  image 
to  be  written  and  read  in  a  fixed  format. 

In  modern  computer  systems  it  is  conventional  to 
provide  a  central  processor  unit  having  a  resident  on 
board  system  (ROS),  typically  in  firmware  such  as 
ROM  21  of  Fig.  1  which  starts  the  basic  machine's 
boot  procedure,  and  one  or  more  associated  non-vol- 
atile  mass  storage  devices  such  as  a  direct  access 
storage  device  (DASD). 

Due  to  the  possibility  of  power  failures,  malfunc- 
tion  of  one  or  more  system  components  which  may, 
for  example,  give  rise  to  data  corruption,  and  the  like, 
such  information  systems  further  typically  provide  for 
various  forms  of  system  backup  procedures.  These 
procedures  create  and  store,  on  the  non-volatile  stor- 
age  such  as  DASD  (10-14,  Fig.  1)  the  necessary  files 
such  as  the  bootstrap  image  40  of  Fig.  3  which,  when 
read  from  the  DASD  and  executed  as  a  result  of  exe- 
cution  of  the  IPL  control  programs  typically  stored  in 
DASD,  enables  the  system  to  resume  a  prior  state. 
The  word  "image"  is  used  here  to  denote  a  file  which 
is  a  copy  in  storage  of  data  that  exists  elsewhere.  Ini- 
tially  hardware  bootstrap  code  or  ROS  in  ROM  is  typ- 
ically  executed  to  facilitate  subsequent  reading  of  the 
bootstrap  image  on  media.  A  representative  example 
of  such  a  system  providing  general  background  on 
the  problems  associated  therewith  may  be  seen  in 
U.S.  Patent  4,623,963  entitle  "Device  Independent 
Data  Transfer". 

One  problem  with  these  systems  is  that  the  IPL 
program  typically  may  require  that  the  bootstrap  be 
written  and  read  from  the  storage  device  in  a  fixed  for- 
mat.  Because  the  IPLcode  may  itself  be  fixed  in  ROM 
hardware,  such  ROS  code  itself  cannot  easily  and 
practically  be  updated  to  allow  for  reading  the  boot- 
strap  image  off  the  media  in  formats  other  than  the 
original  one  provided  for  in  the  ROS  code  stored  in 
ROM.  One  reason  giving  rise  to  data  storage  media 
formats  in  which  the  bootstrap  IPL  code  is  stored  dif- 
fering  from  that  required  by  the  ROS  is  technology  im- 
provements  in  the  data  storage  media. 

A  serious  consequence  of  the  foregoing  results 
when  the  stored  bootstrap  IPL  code  on  media  must  be 
in  a  format  compatible  with  the  ROS  code  in  ROM. 
Other  software,  such  as  system  files,  catalogs,  appli- 
cations,  and  data,  as  well  as  future  bootstrap  images 
are  thereby  forced  to  remain  at  the  fixed  format  dic- 
tated  by  the  ROS  format.  The  aforementioned  tech- 
nology  improvements  in  the  storage  media  cannot 
therefore  be  utilized,  as  the  media  will  be  required  to 
use  the  lower  capacity  format  dictated  by  the  ROM. 

An  example  will  serve  to  illustrate  the  problem.  In 
a  typical  current  system  backup  program,  the  mass 
storage  device  may  be  implemented  in  the  form  of  a 
tape  drive  configured  to  512  bytes-per-block  during 

creation  of  the  system  backup.  This  requirement,  in 
turn,  was  dictated  by  the  fact  that  the  ROS  of  the 
computer  system  was  written  to  interface  to  devices 
in  the  512  bytes-per-block  format.  Obviously  if  the 

5  tape  was  written  in  any  format  other  than  the  512 
bytes-per-block  format,  then,  the  ROS  could  not  un- 
derstand  the  data  held  in  the  tape  such  as  the  IPL 
bootstrap  image  necessary  to  fully  bring  the  system 
up. 

10  Such  tape  drives  typically  store  data  on  8  millime- 
ter  tape  which  may  hold  two  million  blocks,  each  such 
block  in  turn  being  capable  of  holding  a  total  of  1  ,024 
bytes  of  data.  Thus,  a  typical  tape  may  have  a  maxi- 
mum  capacity  of  greater  than  two  gigabytes  of  data 

15  storage.  However,  because  the  ROS  requires  a  for- 
mat  having  a  capacity  of  half  that  of  the  tape  drive, 
e.g.  it  requires  that  the  software  to  generate  the  IPL 
stored  on  media  be  written  in  the  512  bytes  per  block 
format,  it  stands  to  reason  that  only  half  of  each  tape 

20  block  is  written  to  with  real  data,  with  the  rest  of  each 
block  being  left  blank. 

This  graphically  illustrates  one  of  the  serious 
problems  associated  with  present  systems.  The  sys- 
tem  backup  program  can  accordingly  write  one  giga- 

25  byte  of  data  per  eight  millimeter  tape  notwithstanding 
that  the  tape  and  tape  drive  have  a  capacity  of  two 
gigabytes  of  data  storage.  This  results  in  great  ineffi- 
ciencies  in  terms  of  time  and  money.  Specifically,  the 
time  taken  to  create  the  system  backup  is  effectively 

30  doubled.  Moreover,  the  cost  of  extra  tapes  adds  to  the 
user's  maintenance  cost.  Notwithstanding  this,  it  is 
nevertheless  too  expensive  and  impractical  to 
change  ROS  chips  in  the  field  to  allow  larger  bytes- 
per-block  densities  to  be  written  to  and  read  from  the 

35  storage  technology  (in  this  case  a  tape  drive)  which 
continues  to  exhibit  extremely  significant  rapid  contin- 
ual  advances  in  densities  and  formats. 

One  approach  currently  used  in  an  effort  to  solve 
the  problem  is  to  provide  for  two  separate  media.  The 

40  bootstrap  image  is  held  on  one  media  which  is  utilized 
to  boot  the  computer  system.  Once  the  system  is  up 
and  running,  yet  another  piece  of  storage  media  is 
substituted.  The  computer  operator  changes  the  con- 
figuration  of  the  storage  device  so  that  the  storage 

45  media  is  used  in  an  improved  storage  mode  for  soft- 
ware  otherthan  the  bootstrap  image  necessary  to  en- 
able  the  system  to  get  up  and  running.  Once  the  op- 
erator  has  thus  changed  the  storage  device  configur- 
ation,  the  balance  of  the  software  is  read  by  the  sys- 

50  tern  and  restored  in  that  new  mode. 
Such  an  approach  has  at  least  two  major  draw- 

backs.  The  most  obvious  is  that  two  pieces  of  storage 
media  are  required  for  every  data  store.  Moreover, 
the  user  must  be  aware  of  what  value  the  device  must 

55  be  changed  to  in  order  to  read  the  secondary  storage 
media. 

Yet  a  second  attempt  to  solve  the  problem  was  to 
have  the  bootstrap  image  and  the  other  software  to 

2 
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be  delivered  to  the  system  reside  on  the  same  media 
but  written  in  different  modes,  e.g.  the  bootstrap  im- 
age  would  be  in  the  mode  required  by  the  firmware 
whereas  the  balance  of  the  software  would  be  in  a 
different  and  presumably  higher  capacity  format.  Af- 
ter  the  IPL  control  read  in  the  bootstrap  image  to  the 
computer  system,  the  system  would  thereafter  halt 
and  wait  for  operator  intervention.  The  operator  must 
then  change  the  device  parameters  to  match  the  soft- 
ware,  manipulate  the  storage  media  so  that  it  was 
ready  to  restore  its  information,  and  thence  issue  the 
restoration  command. 

Again  there  are  serious  drawbacks  with  this  ap- 
proach.  First,  the  user  must  be  aware  of  the  new  val- 
ue  for  the  device.  Still  further,  the  user  must  also  have 
enough  knowledge  of  the  system  to  position  the  stor- 
age  media  so  that  the  correct  record  is  read. 

Yet  another  approach  was  attempted  in  the  art  to 
solve  the  foregoing  problems.  In  this  third  method, 
both  the  bootstrap  image  and  the  main  software  to  be 
delivered  were  stored  on  the  same  media  and  written 
in  the  same  mode.  After  the  I  PL  code  brought  the  sys- 
tem  up,  the  restoration  automatically  would  position 
the  storage  media  to  the  record  containing  the  soft- 
ware  to  be  delivered.  Then,  that  image  would  be  re- 
stored  onto  the  machine  with  no  changes  in  the  de- 
vices  mode.  However,  because  the  ROS  dictated  the 
mode  as  previously  described,  storage  of  the  main 
storage  beyond  the  bootstrap  image  was  obviously 
limited  to  the  lower  density  format  dictated  by  the 
ROS  mode. 

From  the  foregoing,  it  will  be  appreciated  that,  as 
storage  devices  improve,  it  is  becoming  desirable  that 
the  concomitant  amount  of  data  archived  to  media 
should  be  improved  without  the  need  to  change  the 
ROM  hardware. 

Preferably  the  need  for  operator  intervention  in 
controlling  device  attributes  during  system  backup 
should  be  obviated. 

Accordingly  the  present  invention  provides  a 
method  of  operating  a  data  processing  system  to 
store  data  on  a  recording  medium  of  a  multiple  format 
storage  device  the  method  comprising  the  steps  of: 
storing  a  first  image  on  said  recording  medium  in  a 
first  data  format  corresponding  to  a  first  density  val- 
ue;  storing  a  second  density  value  on  said  recording 
medium  corresponding  to  a  second  data  format  of 
said  storage  device;  and  storing  a  second  image  on 
said  recording  medium  in  said  second  data  format. 

When  restoring  the  data  processing  system,  the 
method  comprises  the  steps  of:  reading  said  first  im- 
age  from  said  recording  medium  of  said  storage  de- 
vice  in  said  first  data  format;  executing,  within  said 
system,  said  first  image  to  restore  initial  operation  of 
said  system;  reading  said  second  density  value  from 
said  recording  medium  of  said  storage  device;  switch- 
ing  the  format  of  said  storage  device  to  enable  read- 
ing  of  said  recording  medium  of  said  storage  device 

in  said  second  format;  and  reading  said  second  image 
from  said  recording  medium  of  said  storage  device  in 
said  second  data  format. 

Viewed  from  a  second  aspect  the  present  inven- 
5  tion  provides  a  data  processing  system  for  storing  a 

boot  image  and  a  second  image  of  a  computer  sys- 
tem,  comprising:  first  writing  means  for  storing  a  first 
density  value  in  a  first  non-volatile  storage,  the  first 
density  value  corresponding  to  a  first  data  format 

10  used  to  store  said  boot  image;  and  second  writing 
means  interconnected  to  said  first  writing  means  for 
storing  said  boot  image,  a  second  density  value  cor- 
responding  to  a  second  data  format  used  to  store  said 
second  image,  and  said  second  image  in  a  second 

15  non-volatile  storage. 
In  preferred  embodiments  an  archive  command 

detects  an  original  storage  device  density  value  from 
the  device  and  changes  the  device's  density  from  this 
original  value  to  a  density  required  by  the  ROS  stored 

20  in  system  ROM  to  read  a  bootstrap  image.  The  boot- 
strap  image  from  the  system,  as  well  as  the  original 
density  value  stored  in  a  density  file,  are  then  written 
to  the  storage  media  in  the  density  required  by  the 
ROS  and  ROM  for  system  completed  restoration  by 

25  the  IPL.  The  system  then  reads  its  copy  of  the  original 
density  value,  changes  the  storage  device  parame- 
ters  back  to  theiroriginal  value,  and  writes  the  desired 
additional  system  image  or  other  software  to  the  de- 
vice  media  in  the  original  device  density.  When  re- 

30  storation  of  the  thus-archived  bootstrap  image  or 
other  software  is  required,  during  system  IPL  the 
ROS  on  system  ROM  will  read  the  bootstrap  image 
file  from  the  media  stored  in  the  correct  density  re- 
quired  by  the  ROS  and  system  ROM.  When  IPL  and 

35  the  bootstrap  program  have  completed  booting  the 
system  to  a  minimal  state,  a  restoration  program  built 
as  part  of  the  bootstrap  image  then  commences  re- 
storation.  The  restoration  reads  the  original  device 
density  parameter  stored  in  the  media  in  the  density 

40  file,  changes  the  storage  device's  parameter  to  this 
value,  and  proceeds  to  read  into  the  system  the  re- 
maining  system  image  or  other  software  on  the  me- 
dia,  which  was  stored  in  the  original  density,  thereby 
completing  restoration. 

45  It  will  be  apparent  that  in  preferred  embodiments 
the  need  for  a  system  operator  to  know  what  values 
the  software  itself  require  for  restoration  is  avoided. 
Further  the  operator,  at  the  time  the  back  up  and 
other  software  images  were  created  on  the  storage 

so  media,  is  permitted  to  control  the  density  with  which 
the  image  is  written  to  the  media.  By  using  the  tech- 
nique  of  preferred  embodiments  the  time  required  in 
archiving  and  restoring  the  system  is  significantly  re- 
duced  as  higher  storage  densities  become  available 

55  and  are  used  for  the  software  image. 
The  present  invention  will  be  described  further, 

by  way  of  example  only,  with  reference  to  an  embodi- 
ment  thereof  as  illustrated  in  the  accompanying  draw- 
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ings,  in  which: 
Fig.  1  is  a  block  diagram  illustrating  a  typical  com- 
puter  system  employing  the  preferred  embodi- 
ment  of  the  present  invention; 
Fig.  2  is  a  flow  diagram  illustrating  creation  of  the 
system  software  image  including  the  bootstrap 
image  utilized  by  the  IPL  control  program; 
Fig.  3  is  a  schematic  illustration  depicting  the  in- 
formation  written  to  the  storage  medium,  and, 
more  particularly,  a  preferred  implementation  il- 
lustrating  the  order  of  storage  on  the  media  of  the 
bootstrap  image,  density  setting  file,  and  soft- 
ware  to  be  archived;  and 
Fig.  4  is  a  flow  diagram  depicting  the  steps 
wherein  a  computer  system  is  booted  utilizing  the 
boot  image  stored  on  the  storage  medium  in  ac- 
cordance  with  the  preferred  embodiment  of  the 
present  invention,  and  the  IPL  controller.  It  fur- 
ther  illustrates  usage  of  the  density  setting  file  to 
provide  dynamic  change  to  the  storage  device's 
parameters. 
In  Fig.  1  a  simplified  illustration  of  a  computersys- 

tem  employing  the  technique  of  the  preferred  em- 
bodiment  of  the  present  invention  is  depicted  which 
includes  a  plurality  of  DASD  volumes  10-14,  main 
storage  16,  and  a  central  processing  unit  (CPU)  19. 
Additional  details  regarding  this  system  may  be  found 
in  U.S.  Patent  4,623,963. 

Fig.  1  illustrates  the  relation  of  a  plurality  of  such 
DASD  volumes  10-14  to  the  computer  main  storage 
16.  Although  three  DASD  volumes  are  shown  for  pur- 
poses  of  illustration,  it  will  be  readily  apparent  that, 
depending  upon  the  particular  system  configuration, 
more  or  less  could  be  provided.  Moreover,  it  will  fur- 
ther  be  understood  that  the  volumes  shown  could 
take  several  forms,  including  magnetic  disk  media, 
magnetic  cylinder  media,  optical  disk  media,  orsimilar 
direct  access  storage  media.  The  first  volume  1  0,  de- 
noted  as  volume  1,  contains  initial  program  load  (IPL) 
code  necessary  for  complete  booting  of  the  system 
11.  Data  collections  are  distributed  between  this  vol- 
ume  and  the  second  and  third  volumes  12  and  14  de- 
noted  as  volumes  2  and  3  respectively.  In  addition  to 
the  IPL  data  and  code  contained  in  volume  10  com- 
prising  the  system  initialization  program  and  data,  ad- 
ditional  data  and  program  collection  may  be  distribut- 
ed  between  this  volume  1  and  the  second  and  third 
volumes  2  and  3  as  is  well  known  in  the  art.  Such  ad- 
ditional  information  includes  other  system  and  user 
data,  including  system  catalogs  for  locating  such  ad- 
ditional  software  and  the  like,  obviously  comprising 
the  backup  system  image  as  well  as  any  additional 
software  desired  to  be  archived  and  which  provides 
the  essential  function  of  providing  program  and  data 
necessary  to  complete  booting  the  system  11  to  a 
minimal  state  during  restoration. 

The  computer  main  storage  16  contains  I/O  con- 
trol  blocks  18,  20,  and  22  for  each  respective  DASD 

volume  1-3.  Additionally,  unload  or  load  utility  pro- 
grams  are  also  loaded  into  the  computer  main  storage 
16  as  indicated  at  24.  These  programs  are  typically 
contained  within  a  single  executable  program  module 

5  in  the  system  program  libraries.  The  simplified  illus- 
tration  of  the  computer  system  11  of  Fig.  1  further  in- 
cludes  a  central  processing  unit  19  as  well  as  read 
only  memory  (ROM)  21,  comprising  resident  on-bo- 
ard  system  (ROS)  which  facilitates  the  basic  machine 

10  boot  procedure. 
Turning  now  to  Fig.  2,  a  flow  diagram  is  provided 

illustrating  the  function  of  the  bootstrap  code  con- 
tained  on  the  media  indicated  at  reference  numeral  40 
of  Fig.  3  which  serves  the  function  of  placing  the  sys- 

15  tern  11  in  a  condition  whereby  it  may  be  subsequently 
restored.  First,  in  response  to  the  archiving  program 
being  executed  by  the  system  11  during  archiving,  the 
current  density  setting  of  the  storage  device  such  as 
DASD  10  is  read  by  the  CPU  through  the  correspond- 

20  ing  I/O  controller  18  and  bus  13  interconnecting  the 
storage  device  10  and  the  main  storage  16.  This  step 
is  shown  at  reference  numeral  26  of  Fig.  2.  This  den- 
sity  value,  such  as  1024  bytes-per-block  will  then  be 
stored  as  IPL  data  in  volume  1  of  the  storage  device, 

25  shown  as  step  28  in  Fig.  2.  The  system  11  will  then 
read  from  storage  10  the  density  setting  or  value  re- 
quired  by  the  ROM  21  for  IPL,  step  29  of  Fig.  2.  CPU 
19  will  then  execute  a  command  transmitted  through 
the  I/O  controller  18  and  bus  13  to  the  volume  1, 

30  thereby  changing  the  density  setting  of  the  storage 
device  10  to  this  value  just  retrieved  by  the  CPU  19 
which  is  required  by  the  ROS  in  ROM  21  for  such  IPL, 
shown  as  step  30. 

Still  continuing  with  Fig.  2,  CPU  19,  under  such 
35  archive  command  and  program  control,  will  then  cre- 

ate  a  bootstrap  image  and  write  it  to  the  DASD  10, 
step  32.  The  CPU  19  will  also  then  create  a  file  con- 
taining  the  original  storage  device  10  density,  refer- 
red  to  hereinafter  as  a  density  file  and  will  then  write 

40  this  file  to  a  record  in  volume  1  of  DASD  10,  step  34. 
The  CPU  19,  continuing  to  be  under  control  of  the 

IPL  program  retrieved  from  DASD  10,  will  then  cause 
the  system  11  to  operate  to  switch  the  density  of  the 
storage  device  represented  by  the  volume  1  DASD  1  0 

45  back  to  its  original  device  density,  again  through 
means  of  the  I/O  controller  18  and  bus  13,  shown  as 
step  36. 

Finally,  archiving  of  the  system  or  software  im- 
age  will  take  place  under  control  of  the  CPU  19  where- 

50  by  any  desired  additional  software  images  will  be 
stored  through  the  I/O  link  13  on  the  volume  1  DASD 
10  in  the  original  density  read  at  step  26  in  accor- 
dance  with  step  38. 

Fig.  3  is  an  illustrative  pictorial  example  of  the  or- 
55  der  in  which  the  bootstrap  image,  density  setting  file, 

and  software  to  be  archived  would  be  stored  on  the 
storage  medium  such  as  DASD  10,  after  the  comple- 
tion  of  the  archiving  process  just  described  with  ref- 

4 
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erence  to  Fig.  2.  More  particularly,  in  a  preferred  em- 
bodiment  the  bootstrap  image  40  of  Fig.  3  would  first 
be  written  to  the  DASD  10  as  shown  in  Fig.  3.  This 
would  in  turn  be  followed  by  storage  of  the  file  42  on 
DASD  10  which  contains  the  original  device  density 
setting  retrieved  at  step  26.  It  will  be  recalled  that  this 
original  device  density  setting  of  the  storage  devices 
10-14  would  reside  in  a  file  created  at  step  34  and 
written  during  that  step  34  out  to  DASD  10. 

Finally,  still  referring  to  Fig.  3,  any  system  soft- 
ware  desired  to  be  archived,  44,  would  then  be  placed 
on  the  DASD  10  per  step  38  of  Fig.  2.  It  will  be  appre- 
ciated  that  the  representation  of  Fig.  3  is  only  intend- 
ed  to  be  illustrative  of  the  logical  order  in  which  the  va- 
rious  data  40,  42,  44,  may  be  stored  onto  and  read 
from  the  DASD  10.  In  other  words,  physically  the  data 
40-44  may  appear  in  an  order  different  from  that 
shown  in  Fig.  3  on  the  DASD  10  but  may  be  sequen- 
tially  retrieved  logically  in  the  order  depicted  by  Fig. 
3.  In  other  words,  in  storing  the  necessary  informa- 
tion  for  restoring  the  system  11,  the  bootstrap  image 
40  would  first  be  created  and  stored  followed  by  the 
file  containing  the  original  device  density  42  and  the 
system  software  to  archive  44  although  this  is  not  es- 
sential.  Once  the  DASD  10  has  stored  the  bootstrap 
image  40  in  the  device  density  required  by  the  ROS 
and  ROM,  it  will  be  recalled  that  the  device  density 
will  then  be  changed  back  to  its  original  density  (step 
36),  whereupon  eitherthe  system  software  to  archive 
44  may  be  stored  on  DASD  10  followed  by  the  file 
containing  the  original  device  density  42  or  converse- 
ly.  In  other  words,  the  temporal  order  of  storing  of  this 
data  42,  44  is  not  crucial.  As  will  become  more  appa- 
rent  with  reference  to  Fig.  4,  however,  once  the  boot- 
strap  image  40  is  read  from  DASD  10,  although  phys- 
ically  on  the  tape  the  data  44  may  precede  the  data 
42,  this  file  containing  the  original  device  density  42 
must  thence  be  read  from  the  DASD  10  in  order  to  set 
the  storage  1  0  to  its  original  device  density  before  the 
system  software  44  to  restore  to  the  system  1  1  is  read 
from  DASD  10  and  reinstalled  in  the  system  11. 

Referring  now  to  Fig.  4  in  more  detail,  once  the 
appropriate  data  schematically  represented  in  Fig.  3 
has  been  generated  and  stored  on  the  DASD  10,  at 
some  point  in  time  thereafter  it  may  be  desired  to  re- 
boot  the  system  11  and  bring  it  back  into  a  state  de- 
fined  by  the  data  stored  in  accordance  with  the  dis- 
cussion  accompanying  Fig.  3.  Fig.  4  depicts  a  simpli- 
fied  flow  diagram  indicating  the  order  of  steps  imple- 
mented  by  the  system  11  under  initial  control  of  the 
restoring  ROS  program  on  ROM  21  to  restore  the  sys- 
tem  11  to  a  desired  state.  The  CPU  19  will  execute  this 
restoring  program  to  implement  the  steps  of  Fig.  4  in 
the  following  manner.  First,  this  restoring  ROS  code 
will  cause  the  IPL  controller  to  initiate  a  read  of  the 
bootstrap  image  40  of  Fig.  3  off  of  the  storage  media 
such  as  DASD  10.  This  bootstrap  image,  once  it  has 
been  thereby  read  into  the  main  storage  16  according 

to  step  46  may  then  be  executed  to  complete  boot  of 
the  system  11  whereupon  step  48  is  then  caused  to 
be  executed  in  Fig.  4.  In  other  words  after  the  IPLcon- 
troller  has  read  the  bootstrap  image  40  off  of  the 

5  DASD  10  and  the  system  11  has  thus  executed  the 
code  of  the  bootstrap  image  40,  the  system  11  is  thus 
booted  and  under  control  of  the  restoring  program. 
This  will  cause  the  system  11  toreadthe  next  logically 
sequential  record  on  the  DASD  10,  namely  the  file  42 

10  containing  the  original  device  density  of  the  DASD 
1  0,  shown  as  step  48  of  Fig.  4.  The  system  11  ,  having 
thus  obtained  this  original  device  density  data  42,  will 
utilize  this  information  in  accordance  with  execution 
of  the  IPL  code  to  cause  the  bootstrap  system  11  re- 

15  cently  booted  to  execute  commands  through  the  I/O 
controller  18  and  I/O  bus  13  to  change  the  density  of 
the  storage  device  10  back  to  its  original  density  in 
which  the  additional  archived  software  is  stored  on 
the  DASD  10.  This  step  is  illustrated  as  step  50  in  Fig. 

20  4. 
Once  the  storage  device  10  has  been  reinitialized 

to  operate  in  accordance  with  its  original  density  per 
step  50,  the  bootstrap  system  11  ,  in  response  to  exe- 
cution  of  the  further  steps  of  the  IPL  code  will  cause 

25  positioning  of  the  storage  device  10  at  the  appropriate 
logical  location  containing  the  additional  archived 
software  shown  as  system  software  44  of  Fig.  3.  This 
step  may  be  seen  illustrated  as  step  52  in  Fig.  4.  Fi- 
nally,  under  control  of  the  restoring  program,  the 

30  bootstrap  system  11  will  then  issue  commands 
through  the  I/O  controller  18  and  I/O  link  13  to  cause 
the  loading  of  the  balance  of  the  software  on  DASD 
1  0  to  the  main  storage  16  to  complete  the  restoration 
shown  as  step  54  of  Fig.  4.  Because  of  the  change  of 

35  density  in  the  storage  device  10  caused  by  step  50, 
it  will  be  noted  that  this  downloading  of  the  remaining 
software  image  on  DASD  1  0  per  step  54  will  be  at  the 
correct  density  that  such  software  was  stored  at  ini- 
tially. 

40  Now  that  the  overall  operation  has  been  descri- 
bed,  in  a  brief  summary  a  key  feature  of  the  invention 
is  to  change  a  portion  of  the  command  causing  sys- 
tem  backup  so  that  a  small  section  of  the  system 
backup  is  written,  for  example,  in  a  bytes-per-block 

45  format  dictated  by  the  ROS  and  ROM  while  the  rest 
of  the  system  to  be  archived  may  be  archived  in  an- 
otherformat  designated  by  the  user.  This  designation 
in  turn  originates  from  the  command  to  make  a  sys- 
tem  backup,  causing  the  reading  of  the  particular 

so  configuration,  e.g.  density  parameters  of  the  tape 
drive  or  other  storage  at  the  time  the  command  to 
make  a  system  backup  is  started. 

From  such  configuration  or  parameters,  the  sys- 
tem  backup  command  has  determined  what  different 

55  density  the  user  desires  to  employ  to  archive  the  re- 
maining  majority  of  the  system.  Consequently,  the 
system  backup  program  will  set  the  tape  drive  or 
other  storage  device  to  a  number  of  bytes  per  block 

5 
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format  during  the  beginning  of  the  backup  required  by 
the  ROS  and  ROM  and  will  stop  outputting  the  boot 
code  to  tape  or  other  storage  once  the  minimum  op- 
erating  system  necessary  to  boot  the  system  has 
been  transferred  to  such  storage. 

At  this  time,  the  system  backup  program  then 
executes  commands  causing  the  switching  over  of 
the  storage  device  to  the  next  block  size  which  the 
user  has  requested  which,  for  example,  may  now  be 
1  ,024  bytes  of  data  rather  than  a  representative  512 
bytes-per-block  format  utilized  in  some  systems  for 
initial  basic  machine  boot  procedures.  Also  in  re- 
sponse  to  this  system  backup  program,  the  system 
will  then  continue  archiving  the  rest  of  the  data  in  the 
new  denser  format. 

When  the  system  is  unpacking  itself  in  response 
to  the  ROS  from  the  storage  device  10  during  the  re- 
storation  procedure,  the  system  backup  program  will 
change  t  he  block  size  of  t  he  8  mill  imeter  or  ot  her  tape 
drive  being  utilized  to  the  user-specified  bytes-per- 
block  format  which  was  encountered  during  the  mak- 
ing  of  the  backup  tape.  After  this  change  takes  effect, 
the  remaining  system  data  archived  on  the  storage 
device  1  0  is  unpacked  by  the  system  backup  program 
in  the  new  denser  data  density  format  of  1  ,024  bytes 
of  data  for  example.  It  will  be  noted  that  this  system 
and  method  will  also  work  if  the  user  simply  chooses 
to  leave  the  storage  device  such  as  the  tape  drive  in 
the  original  mode  required  for  basic  machine  boot 
procedures  such  as  the  512  bytes  per  block  mode. 

It  will  be  appreciated  from  the  foregoing  that  the 
systems  and  methods  provided  by  the  preferred  em- 
bodiment  of  the  invention  solve  the  problem  of  how  to 
increase  the  amount  of  data  which  may  be  archived 
onto  a  tape.  It  will  further  be  appreciated  that  this  im- 
provement  over  prior  systems  may  be  implemented 
easily  without  incurring  costs  associated  with  hard- 
ware  changes  to  the  ROS/ROM.  Moreover,  the  inven- 
tion  allows  for  quicker  and  cheaper  methods  of  creat- 
ing  a  system  backup  forthe  system,  and  finally  will  al- 
low  for  flexibility  in  the  system  backup  procedure  and 
command  to  remain  compatible  with  the  arrival  of 
tape  systems  capable  of  higher  density  storage. 

Whereas  in  the  embodiment  just  described,  a 
density  file  has  been  included  which  includes  the 
data  defining  the  density  at  which  the  user  desires 
the  storage  device  to  operate,  inclusion  of  such  a  den- 
sity  file  is  not  necessarily  required  in  an  alternate  em- 
bodiment.  In  such  an  embodiment,  the  system  image 
or  software  could  still  be  written  to  the  media  of  the 
storage  device  in  the  device's  original  density,  how- 
ever  no  density  file  would  be  included  onto  the  media. 
Instead  during  the  restoration  of  the  image  wherein 
the  boot  code  and  other  software  resident  on  the 
storage  device  is  read  off  the  drive  and  into  the  sys- 
tem,  the  restoration  program  could  be  implemented 
so  as  to  attempt  reading  of  the  main  body  of  the  ar- 
chived  software  beyond  the  system  boot  code  at  nu- 

merous  different  common  density  settings,  e.g.  the 
data  storage  device  could  essentially  be  interrogated 
in  a  seek  routine  to  discover  an  appropriate  density 
setting  for  retrieving  the  rest  of  the  software  from  the 

5  storage  device.  The  system  would  thus  attempt  differ- 
ent  density  settings  until  it  received  a  successful  read 
and  restore  or,  in  the  alternative,  for  example,  until  a 
preselected  number  of  density  choices  were  exhaust- 
ed. 

10 

Claims 

1  .  A  method  of  operating  a  data  processing  system 
15  to  store  data  on  a  recording  medium  of  a  multiple 

format  storage  device,  the  method  comprising 
the  steps  of: 
storing  a  first  image  on  said  recording  medium  in 
a  first  data  format  corresponding  to  a  first  density 

20  value; 
storing  a  second  density  value  on  said  recording 
medium  corresponding  to  a  second  data  format 
of  said  storage  device;  and 
storing  a  second  image  on  said  recording  medium 

25  in  said  second  data  format. 

2.  Amethod  as  claimed  in  Claim  1  wherein  said  data 
processing  system  includes  a  subsystem  for  ini- 
tializing  said  system  to  an  initial  state  by  execu- 

30  tion  of  a  boot  image  stored  in  a  preselected  data 
format,  said  first  data  format  being  said  prese- 
lected  data  format,  and  said  first  image  being 
said  boot  image. 

35  3.  Amethod  as  claimed  in  Claim  1  or  claim  2,  further 
including  the  initial  steps,  prior  to  storing  said  first 
image,  of: 
detecting  said  first  density  value  from  information 
stored  on  said  storage  device;  and 

40  in  response  to  detecting  said  first  density  value, 
changing  the  mode  of  said  storage  device  to  en- 
able  the  storing  of  data  in  said  first  data  format. 

4.  A  method  as  claimed  in  any  preceding  claim, 
45  futher  including,  prior  to  storing  said  second  im- 

age,  the  steps  of: 
reading  said  second  density  value  from  said  stor- 
age  device;  and 
in  response  to  reading  said  second  density  value, 

so  changing  the  mode  of  said  storage  device  to  en- 
able  the  storing  of  data  in  said  second  data  for- 
mat. 

5.  A  method  of  as  claimed  in  any  preceding  claim 
55  wherein  said  first  density  value  is  defined  by  non- 

volatile  storage  in  said  subsystem. 

6.  A  method  as  claimed  in  any  preceding  claim, 

6 



11 EP  0  597  654  A1 12 

wherein  the  data  processing  system  is  restored 
by  the  steps  of: 
reading  said  first  image  from  said  recording  me- 
dium  of  said  storage  device  in  said  first  data  for- 
mat; 
executing,  within  said  system,  said  first  image  to 
restore  initial  operation  of  said  system; 
reading  said  second  density  value  from  said  re- 
cording  medium  of  said  storage  device; 
switching  the  format  of  said  storage  device  to  en- 
able  reading  of  said  recording  medium  of  said 
storage  device  in  said  second  format;  and 
reading  said  second  image  from  said  recording 
medium  of  said  storage  device  in  said  second 
data  format. 

7.  Amethod  as  claimed  in  Claim  6,  further  including, 
prior  to  reading  said  first  image,  the  steps  of: 
reading  said  first  density  value  from  non-volatile 
read-only  memory;  and 
switching  the  format  of  said  storage  device  to  en- 
able  reading  of  said  recording  medium  on  said 
storage  device  in  said  first  data  format. 

8.  Adata  processing  system  for  storing  a  boot  image 
and  a  second  image  of  a  computer  system,  com- 
prising: 
first  writing  means  for  storing  a  first  density  value 
in  a  first  non-volatile  storage,  the  first  density  val- 
ue  corresponding  to  a  first  data  format  used  to 
store  said  boot  image;  and 
second  writing  means  interconnected  to  said  first 
writing  means  for  storing  said  boot  image,  a  sec- 
ond  density  value  corresponding  to  a  second 
data  format  used  to  store  said  second  image,  and 
said  second  image  in  a  second  non-volatile  stor- 
age. 

9.  A  system  as  claimed  in  claim  8  wherein  said  first 
non-volatile  storage  is  a  read-only  memory,  and 
said  read-only  memory  contains  stored  resident 
on  board  system  code. 

10.  Asystem  as  claimed  in  Claim  8  or  Claim  9,  where- 
in  said  second  non-volatile  storage  comprises  a 
multi-format  tape  drive  and  a  recording  medium 
responsive  to  said  tape  drive,  said  boot  image, 
said  second  density  value,  and  said  second  im- 
age  being  stored  in  said  recording  medium. 

11.  A  system  as  claimed  in  Claim  10  wherein  said 
second  writing  means  stores  said  boot  image  and 
said  second  image  on  said  recording  medium  in 
first  and  second  data  formats  respectively. 

12.  Asystem  as  claimed  in  Claim  10  or  11,  further  in- 
cluding  switching  means  interconnected  to  said 
multi-format  tape  drive  for  switching  said  tape 

drive  between  said  first  and  said  second  data  for- 
mats. 

13.  A  system  as  claimed  in  Claim  12  wherein  said 
5  switching  means  switches  said  tape  drive  to  said 

first  data  format  to  write  or  read  said  boot  image 
to  or  from  said  recording  medium,  and  switches 
said  tape  drive  to  said  second  data  format  to  write 
or  read  said  second  image  to  or  from  said  record- 

10  ing  medium. 

14.  A  system  as  claimed  in  Claim  13,  wherein  said 
second  density  value  is  read  from  said  recording 
medium,  in  response  to  which  the  switching 

15  means  switches  said  tape  drive  from  said  first  to 
said  second  format  to  enable  reading  of  said  sec- 
ond  image. 
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