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Description 

BACKGROUND  OF  THE  INVENTION 

FIELD  OF  THE  INVENTION 

This  invention  generally  relates  to  virtual  ma- 
chines  which  are  guest  machines  of  real  (host)  ma- 
chines.  In  particular,  this  invention  relates  to  virtu- 
al  machines  that  either  serve  the  virtual  (base)  ma- 
chines  or  that  form  a  multi-processing  configura- 
tion. 

Prior  Art 

When  a  virtual  guest  logs  on  to  either  a  real 
(host)  uniprocessor  (UP)  system  or  a  real  (host) 
multi-processor  (MP)  system,  a  virtual  machine  def- 
inition  control  block  (guest  VMDBK)  is  created  in  a 
region  of  host  storage.  This  area  contains  all  of  the 
device  information  and  control  blocks  necessary  to 
define  a  guest.  The  pointer  for  this  guest  VMDBK 
is  found  in  the  SYSGEN  common  area  in  the  re- 
served  storage  region,  i.e.  within  the  host  nucleus. 
At  any  point  during  the  operation  of  the  data 
processing  system,  the  running  guest  VMDBK  will 
be  one  of  several  types,  e.g.  IBM  System/370-XA 
or  IBM  System/370.  Its  type  is  assigned  when  the 
VMDBK  is  created  and  may  be  altered  by  definition 
commands.  The  address  of  the  virtual  CPU  which 
the  VMDBK  represents  will  be  contained  in  a  chain 
of  VMDBKs  called  the  global  cyclic  list 
(VMDCYCLE)  if  more  than  one  guest  logs  on  to  the 
system.  A  guest  VMDBK  includes:  (1)  the  guest 
state  descriptor  (SD)  which  describes  the  virtual 
guest  to  the  host  system,  (1a)  a  description  of  the 
guest's  mode  (or  type),  i.e.  System/370,  (1b)  the 
guest's  storage  size,  (1c)  the  guest  program  status 
word  (PSW),  (1d)  contents  of  the  guest's  control 
registers  0  through  15,  (2)  the  contents  of  the 
guest's  general  purpose  registers  0  through  15,  and 
(3)  the  guest's  floating  point  registers  0  through  6. 

U.S.  Patent  4,456,954  issued  to  Bullions,  III  et 
al.  and  assigned  to  the  same  assignee  as  the 
present  application  describes  a  start  interpretive 
execution  (SIE)  instruction  which  enables  a  virtual 
(guest)  uniprocessor  system  to  be  emulated  in  a  real 
UP  or  in  a  real  MP  system.  SIE  consists  of  an  oper- 
ation  code  and  an  operand  address  of  a  control 
block  in  real  main  storage  (MS).  This  control  block 
is  the  state 
descriptor  (SD)  and  is  included  with  the  guest  VMD- 
BK  as  stated  above.  The  SD  contains  a  plurality  of 
fields  which  receive  data  that  define  the  state  of  a 
virtual  system,  i.e.  a  virtual  CPU  with  a  virtual  stor- 
age,  and  certain  states  for  controlling  how  the  virtu- 
al  system  is  to  operate  on  the  real  (host)  system. 
Therefore,  one  SD,  existing  in  real  main  storage,  de- 
fines  a  virtual  UP  system,  i.e.  one  virtual  guest. 
More  than  one  SD  defines  a  plurality  of  virtual  UP 
systems,  i.e.  a  plurality  of  guests.  The  plurality  of 
virtual  guests  are  operated  on  when  the  real  (host) 
system  serially  executes  SIE  instructions  each 
specifying  a  virtual  guest  by  its  corresponding  SD. 
A  process  called  invoking  SIE  occurs  whenever  a 

SIE  instruction  is  executed  in  a  host  program's  in- 
struction  stream.  This  process  provides  for  the 
guest  to  be  emulated  by  enabling  microcode  and 
hardware  in  the  real  CPU  to  support  the  virtual 

5  guest  invoked  by  the  SIE  instruction.  After  the  SIE 
instruction  is  invoked,  the  guest  program  begins  ex- 
ecution  for  the  virtual  guest  defined  by  the  SD 
which  is  pointed  to  by  the  SIE  instruction.  Virtual 
MP  systems  may  also  be  provided  in  a  real  MP  sys- 

10  tern  which  includes  a  plurality  of  real  CPUs  which 
are  tightly  coupled  to  a  common  real  main  storage 
(see  e.g.  EP-A  0  136  666).  In  such  real  MP  sys- 
tems,  the  plurality  of  virtual  MP  systems  is  defined 
by  a  respective  plurality  of  VMDBKs  in  real  main 

15  storage  in  the  same  manner  as  described  above  for 
a  real  UP  system.  Thus,  each  of  the  plurality  of  VM- 
DBKs  defines  a  different  virtual  guest  in  the  real 
MP  system.  Any  one  or  more  of  the  plurality  of  real 
CPUs  in  an  MP  system  may,  at  any  time,  be  in  emula- 

20  tion  mode  in  which  a  guest  program  executes  under 
a  respective  SIE  instruction.  In  other  words,  a  plu- 
rality  of  virtual  MP  systems,  identified  by  different 
VMDBKs  in  the  real  MP  main  storage,  can  execute 
programs  simultaneously. 

25  A  further  description  of  interpretive  execution  is 
found  in  an  article  by  P.H.  Gum  in  the  IBM  Journal 
of  Research  and  Development,  Volume  27,  Number 
6,  November  1983,  entitled  "System/370  Extended 
Architecture:  Facilities  for  Virtual  Machines".  Ad- 

30  ditional  pertinent  information  is  found  in  co-pending *"'  EP-A  0  145  960  which  has  the  same  assignee  as  the 
present  application. 

Pertinent  art  is  also  described  in  an  article  by 
G.D.  Bagley  entitled  "The  Scout  -  An  Extended  Vir- 

35  tual  Machine",  which  was  referenced  in,  Compu- 
ter..  IEEE,  Vol.  9,  No.  2,  February  1976,  pages  38- 
42.  In  the  Scout  machine,  a  portion  of  the  guest  real 
storage,  having  a  primary  guest  operating  system, 
is  reserved  for  a  special  (secondary)  guest  operat- 

40  ing  system  which  is  capable  of  modifying  the  primary 
guest  operating  system.  A  number  of  problems 
make  the  Scout  machine  concept  generally  unac- 
ceptable.  For  example,  two  consoles  are  needed  to 
avoid  conflicts  between  the  guest  operating  sys- 

45  terns,  the  special  guest  operating  system  is  modified 
in  order  to  handle  page  zero  and  I/O  interrupts  are 
interpreted  so  that  they  are  reflected  to  the  correct 
operating  system.  Furthermore,  there  is  loss  of  real 
storage  from  the  primary  to  the  secondary  guest  op- 

50  erating  system. 

Summary  of  the  Invention 

The  invention  as  claimed  is  intended  to  make 
55  available  to  the  user  all  other  system  control  pro- 

gram  console  functions  during  the  execution  of  a 
system  control  program  console  function.  It  creates 
a  prototype  adjunct  virtual  machine  CPU  that  pro- 
vides  a  service  to  a  base  virtual  machine  CPU  and 

60  that  can  be  used  as  a  model  for  every  base  virtual 
machine  that  requires  that  service.  The  architec- 
ture  of  the  adjunct  virtual  machine  CPU  is  defined 
in  a  single  directory  for  creating  a  prototype  ad- 
junct  virtual  machine  CPU  only  once  for  use  by  any 

65  number  of  virtual  systems. 
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Fig.  3  shows  system  and  guest  VMDBKs  linked 
together  in  a  global  cyclic  list; 

Fig.  4  shows  a  guest  VMDBK  linked  with  adjunct 
VMDBKs  in  a  local  cyclic  list; 

5  Fig.  5  shows  entries  in  a  guest  VMDBK; 
Figs.  6a-b  is  a  flowchart  showing  the  creation 

and  partial  initialization  of  a  VMDBK  for  a  user  of 
the  data  processing  system  of  Fig.  2;  and 

Figs  7a-b  is  a  flowchart  showing  how  console 
10  function  processing  can  begin  after  the  virtual  MP 

is  held  at  ENDOP  and,  in  particular,  how  selected 
user  VMDBKs  share  the  same  console. 

Only  one  console  for  both  the  virtual  system  and 
its  adjunct  virtual  machines  is  necessary.  Adjunct 
virtual  machines  can  be  utilized  in  either  a  guest 
service  or  a  guest  multiprocessor  configuration. 
Adjunct  virtual  machines  can  be  created  that  pro- 
vide  services  for  either  a  V=V  or  a  V=R  guest.  The 
adjunct  virtual  service  machines  do  not  share  the 
storage  of  the  main  UP  or  MP  configuration. 

A  processor  which  serves  another  processor 
(or  several  processors)  is  known  in  the  art.  From 
the  point  of  view  of  hardware,  a  service  processor, 
e.g.  the  IBM  3082,  provides  service  and  diagnostic 
functions  for  a  real  (main)  UP  system,  e.g.  the  IBM 
3083,  or  for  a  real  (main)  MP  system,  e.g.  the  IBM 
3081.  (The  IBM  3081  includes  two  integrated  central 
processing  units,  each  having  equal  access  to  cen- 
tral  storage  and  two  sets  of  channels  that  link  it  with 
input/output  (I/O)  devices.)  The  service  processor 
shares  the  storage  of  the  UP  or  MP  systems  which 
it  services. 

A  processor  which  serves  another  processor  is 
shown  by  the  data  processing  system  of  Fig.  1.  In 
particular,  the  data  processing  system  includes  an 
MP  system  having  first  and  second  (real)  CPUs 
(CP0,  CP1),  system  controller  (SC),  main  storage 
(MS)  and  external  data  controller  (EXDC).  Each 
CPU  includes  a  buffer  control  element  (BCE),  in- 
struction  element  (IE),  execution  element  (EE)  and 
control  storage  element  (CSE).  During  system  ini- 
tialization,  the  microcode  is  loaded  into  a  buffer  and 
into  a  designated  (system)  area  in  MS.  The  CSE 
supplies  the  microcode  controls  to  the  IE.  The  IE  is 
that  portion  of  the  CPU  that,  under  microcode  con- 
trol,  receives  and  interprets  instructions  from  MS 
and  dispatches  the  operands  to  the  appropriate  exe- 
cuting  area.  Storage  operands  are  fetched  by  the 
IE  from  the  BCE.  The  BCE  controls  the  data  path 
between  the  CPU  and  the  SC,  and  the  data  paths 
within  the  CPU.  The  EE  processes  instructions  un- 
der  hardware  control.  The  EXDC  provides  the 
hardware  and  microcode  controls  to  support  I/O 
channels  for  control  units  and  I/O  devices. 

Also  included  in  the  data  processing  system  of 
Fig.  1  is  a  (real)  service  processor  (SP)  which  pro- 
vides  and  performs  functions  for  the  MP  system. 
For  example,  the  SP  provides  control-unit  functions 
for  substantially  all  consoles,  and  provides  for  the 
monitoring  and  supervising  of  all  operations  in  the 
MP  system.  The  service  processor  has  access  to 
the  real  CPUs  of  the  MP  system  and  MS  as  repre- 
sented  by  the  dotted  lines  in  Fig.  1  . 

The  solution  in  accordance  with  the  invention  is 
characterized  in  claim  1  .  Embodiments  of  the  inven- 
tion  are  defined  in  claims  2  to  1  2. 

Brief  Description  of  the  Drawings 

Description  of  Preferred  Embodiments 
15 

An  adjunct  machine  is  a  virtual  machine  that  is 
constructed  (connected)  in  parallel  with  an  existing 
virtual  machine  as  shown  in  the  data  processing 
system  of  Fig.  2.  In  this  case,  virtual  machine  1  is  r-e- 

20  ferred  to  as  the  base  virtual  machine  or  base  CPU. 
The  base  CPU  and  adjunct  machine  1a  are  guests  of 
a  host  operating  system  in  the  main  storage  of  a  da- 
ta  processing  system.  (Other  virtual  machines, 
such  as  virtual  machine  n,  can  be  constructed  as 

25  guests  of  the  host  operating  system  in  MS.)  The  ad- 
junct  virtual  machine  shares  the  virtual  machine 
console  with  its  base  machine.  Since  the  adjunct  ma- 
chine  has  an  affinity  to  a  particular  virtual  machine, 
functions  can  be  created  that  execute  in  the  adjunct 

30  machine  with  whatever  activity  is  being  processed 
in  the  base  machine.  With  all  adjunct  machine  com- 
munication  taking  place  through  the  same  console 
as  that  of  the  base  machine,  there  is  no  requirement 
to  LOGOFF  or  DISCONNECT  from  the  base  ma- 

35  chine  to  proceed  with  the  function  that  executes  in 
the  adjunct  machine.  (In  the  adjunct  machine  envi- 
ronment,  the  virtual  machine  operator's  console  is 
the  device  the  adjunct  machine  operator  uses  to 
communicate  with  SCP).  This  aspect  of  the  adjunct 

40  machine  permits  the  construction  of  host  operating 
system  control  program  (SCP)  console  functions 
that  have  sustaining  dialogs  with  a  user  (of  the  base 
machine)  and  further  permits  all  other  SCP  -func- 
tions  to  be  available  to  the  user  during  such  a  dia- 

45  log.  This  overcomes  the  usual  unavailability  (to  the 
user)  of  all  other  SCP  console  functions  during  the 
execution  of  a  console  function.  Also,  any  Targe 
process  that  performs  a  service  that  does  not  logi- 
cally  belong  within  the  SCP  can  be  provided  as  part 

50  of  (as  a  program  in)  an  adjunct  machine  where  it  can 
utilize  the  virtual  machine  system  scheduling  and 
dispatching  functions,  but  still  be  isolated  from  the 
SCP  and  accounting  processing.  Such  a  service 
function  can  be  a  spool  file  editor  program,  a  SCP 

55  EXEC-type  facility  or  a  format  program.  By  placing 
the  program  in  an  adjunct  machine,  the  service  pro- 
gram  (or  function)  is  isolated  from  the  internal  func- 
tional  areas  of  the  SCP  thereby  reducing  the  vul- 
nerability  of  the  host  SCP  to  an  error  in  the  service 

60  program.  Application  program(s)  as  well  as  operat- 
ing  system  program(s)  and  service  programs  can  be 
executed  in  each  adjunct  machine. 

An  adjunct  machine  is  constructed  by  a  call  to 
module  HCPBVM  to  create  a  VMDBK  and  by  a  call 

65  to  the  LOGON  module.  (In  particular,  module  HC- 

Fig.  1  is  a  schematic  block  diagram  of  a  data 
processing  system  with  an  MP  system  and  a  real 
service  processor; 

Fig.  2  is  a  schematic  block  diagram  of  the  MP 
system  of  Fig.  1  including  guest  virtual  machines 
and  an  adjunct  machine  which  is  the  subject  of  the 
invention  disclosed  and  claimed  herein; 
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PLOG  is  called  for  constructing  virtual  I/O  devices 
and  module  HCPBVM  for  constructing  virtual 
CPUs.  Module  HCPBVM  creates  and  partially  ini- 
tializes  VMDBKs.  Modules  HCPLOG  and  HCPLGN 
provide  the  remaining  entries  in  the  VMDBK  fields. 
Module  HCPLOG  calls  HCPUDR,  which  is  the  mod- 
ule  that  uses  the  directory  entry  for  further  VMD- 
BK  creation.  Some  of  these  modules  are  further  de- 
scribed  below.)  The  caller  (user)  identifies  the  type 
of  adjunct  machine  to  be  built.  If  LOGON  is  used  to 
construct  the  adjunct  machine,  i.e.  when  a  user  is- 
sues  a  SCP  command  that  invokes  a  module 
(HCPADJ)  that  controls  the  adjunct  machine  crea- 
tion  and  sets  up  its  storage,  a  directory  entry  is 
used  to  define  a  virtual  machine  and  its  configura- 
tion.  That  is,  the  directory  defines  the  configuration 
of  a  base  virtual  machine  and  any  initial  adjunct  ma- 
chines  that  will  form  a  guest  MP  system  with  the 
base  CPU.  At  some  later  time,  the  user  can  define 
additional  adjunct  machines  to  be  used  either  as  ad- 
ditional  processors  in  an  MP  configuration  or  as 
service  processors  running  some  service  function. 
An  adjunct  (virtual)  machine  is  created  by  building 
an  adjunct  virtual  machine  definition  block  (adjunct 
VMDBK)  having  fields  and  addresses  that  point  to 
associated  control  blocks  as  well  as  the  VMDBK 
for  the  user.  This  adjunct  VMDBK  is  similar,  in  for- 
mat  and  function,  to  a  guest  (base)  VMDBK.  Both 
VMDBKs  are  created  by  the  host  operating  sys- 
tem,  i.e.  initially  by  module  HCPBVM  (discussed  be- 
low),  to  establish  the  virtual  machine  configuration. 
The  adjunct  VMDBK  may  be  tightly  coupled  to  the 
base  VMDBK,  in  which  case  it  will  share  storage 
and  may  also  share  its  I/O,  or  it  may  create  a  loosely 
coupled  service  system  such  that  the  adjunct  VMD- 
BK  may  differ  from  the  base  VMDBK  and  have  its 
own  storage  and  I/O.  A  virtual  I/O  configuration  is 
created  by  the  host  operating  system,  i.e.  by  module 
HCPLOG,  by  providing  simulations  of  the  specified 
I/O  as  a  series  of  attachments  to  the  base  VMDBK. 
Several  of  the  fields  of  a  typical  VMDBK  are 
shown  in  Fig.  5.  The  address  of  the  adjunct  machine 
CPU,  which  the  adjunct  VMDBK  represents,  is  con- 
tained  in  a  chain  called  the  local  cyclic  list 
(VMDLCYCL).  The  adjunct  VMDBK  further  in- 
cludes  the  adjunct  machine  state  descriptor  which 
describes  the  adjunct  machine  to  the  base  CPU.  Al- 
so,  there  is  a  VMDTYPE  field  which  identifies  the 
type  of  a  VMDBK:  base  (EQU  VMDTYPUS)  or  ad- 
junct  (EQU  VMDTYPAD). 

An  adjunct  machine  is  created  for  the  purpose  of 
providing  a  service  to  the  base  CPU,  e.g.  executing 
sequences  of  control  program  commands.  Such  a 
service  adjunct  machine  needs  to  be  loaded  with  a 
program,  i.e.  a  guest  operating  system,  in  order  to 
be  enabled.  The  program  could  be  loaded  from  a  di- 
rect  access  storage  device  in  the  virtual  machine 
configuration  following  an  initial  program  loading 
(IPL)  or  the  program  could  be  loaded,  by  the  host, 
as  software  modules  from  a  number  of  host  operat- 
ing  system  resident  devices.  (In  other  words,  the 
SCP  may  have  preserved  an  image  of  a  guest  oper- 
ating  system  in  a  system  data  file  that  is  reloaded  in- 
to  guest  storage.)  The  selected  (IPLed)  SCP  can 
create  work  for  each  adjunct  machine  CPU  in  the 

guest  MP  configuration  and  the  host  operating  sys- 
tem,  in  turn,  can  dispatch  the  adjunct  machine 
CPUs.  (It  is  generally  understood  that  virtual  ma- 
chines  initially  enter  the  virtual  machine  SCP  com- 

5  mand  environment  after  the  virtual  machine  user 
has  entered  the  SCP  IPL  command.)  Adjunct  ma- 
chines  are  built  to  run  concurrently  with  the  base 
machine  or  to  alternate  with  the  base  machine.  The 
storage  of  an  adjunct  machine  is  different  from  that 

10  of  the  base  machine  (as  is  the  case  for  service  ad- 
junct  machines).  Adjunct  machines,  as  currently  im- 
plemented,  do  no  share  any  storage  with  the  real 
MP  or  UP  configuration. 

Since  each  adjunct  machine  is  associated  with  a 
15  particular  base  virtual  machine,  adjunct  machines 

linked  to  the  same  base  machine  are  chained  in  a  lo- 
cal  cyclic  list  and  not  in  the  normal  global  cyclic  list 
(GCL).  A  global  system  cyclic  list  contains  the  base 
virtual  machine  for  each  active  user  of  the  system. 

20  In  other  words,  for  each  active  user  there  is  a  base 
virtual  machine  (a  guest)  represented  by  a  virtual 
machine  definition  block  (guest  VMDBK)  as  shown 
in  Fig.  3.  Fig.  3  shows  a  guest  VMDBK  for  each  of  1 
through  n  users  (guests)  wherein  each  guest  VMD- 

25  BK  contains  a  pointer  to  one  other  guest  VMDBK. 
The  first  guest  VMDBK  is  pointed  to  by  a  pointer  in 
a  SYSTEM  VMDBK  which  represents  the  real  ma- 
chine  operating  system  (host  operating  system). 
(The  SYSTEM  VMDBK  is  a  fixed  portion  of  the 

30  SCP  and  is  created  for  use  by  the  system  at  system 
initialization  time.  All  subsequent  VMDBKs  are  add- 
ed  to  the  chain,  i.e.  global  cyclic  list,  that  starts  with 
and  is  terminated  by  the  SYSTEM  VMDBK.)  The 
chain  of  VMDBK  pointers  (VMDCYCLE)  starting 

35  at  the  SYSTEM  VMDBK,  which  points  to  the  first 
guest  VMDBK,  through  to  the  n*  guest  VMDBK, 
which  points  back  to  the  first  guest  VMDBK,  forms 
the  global  system  cyclic  list.  Since  the  cyclic  list  is 
tied  to  the  SYSTEM  VMDBK,  the  system  can  de- 

40  tect  each  active  base  virtual  machine  (for  all  active 
users)  by  searching  the  global  cyclic  list.  However, 
when  adjunct  machines  are  constructed  with  a  base 
virtual  machine,  a  local  cyclic  list  (LCL)  of  VMDBKs 
is  also  created.  In  other  words,  the  local  cyclic  list 

45  is  only  tied  to  the  base  virtual  machine  (a  single  us- 
er)  and  thus  generally  excludes  system  (host)  com- 
mands  from  detecting  adjunct  machines  while 
searching  the  global  cyclic  list  of  virtual  machines 
that  are  active  on  the  system.  Referring  to  Fig.  4,  if 

50  the  ith  guest  (i=1  through  n)  utilized  one  or  more  ad- 
junct  machines,  a  local  cyclic  list  would  be  created 
whereby  the  ith  guest  VMDBK  (base  machine)  would 
point  to  the  first  ith  guest  adjunct  machine  VMDBK. 
The  chain  of  VMDBK  pointers  starting  at  the  ith 

55  guest  VMDBK,  through  to  the  last  (k*)  i*  guest  ad- 
junct  machine  VMDBK,  which  points  (back)  to  the  ith 
guest  VMDBK,  forms  the  local  cyclic  list.  The  VM- 
DBK  representing  the  ith  base  machine  still  remains 
in  the  global  cyclic  list,  but  the  system  cannot  detect 

60  (is  isolated  from)  the  adjunct  machines  linked  to  the 
ith  base  machine.  Since  the  local  cyclic  list  pertains 
only  to  a  single  user's  system  and  is  separate  from 
the  global  cyclic  list,  a  search  of  the  global  cyclic 
list  would  only  show  each  active  base  virtual  ma- 

65  chine,  i.e.  each  guest  VMDBK,  and  not  the  adjunct 



EP  0  210  345  B1 

3.  User's  CPU  description  (System/370  or  Sys- 
tem/370-XA). 

4.  Number  of  adjunct  CPUs  that  may  be  defined. 
5.  Default  and  maximum  guest  (base  virtual  ma- 

5  chine)  real  storage  sizes. 
6.  Commands  that  connect  user  to  shared  direct 

access  storage  devices. 
7.  Definition  of  user's  own  direct  access  storage 

devices. 
10  8.  User  printer,  punch,  card  reader  and  console 

configuration. 
9.  Device  (if  any)  to  be  automatically  initial  pro- 

gram  loaded  (IPLed). 

15  The  VMDBK  contains  status  information  about 
the  virtual  machine.  Information  about  a  virtual  ma- 
chine  not  contained  in  the  VMDBK  is  pointed  to  by 
pointers  anchored  in  the  VMDBK.  For  example,  a 
VMDBK  contains  pointers  to  the  VDEVs  that  de- 

20  scribe  the  virtual  machine's  I/O  configuration.  (A 
VDEV  contains  such  information  as  the  device 
type,  queued  I/O  requests,  queued  tasks  and  point- 
ers  to  its  owner  VMDBK  and  its  associated  RDEV.) 
A  typical  VMDBK,  partially  shown  in  Fig.  5,  in- 

25  eludes  the  following  fields: 

1.  VMDCYCLE  is  a  global  cyclic  list  chain  pointer 
that  functions  as  a  forward  pointer  for  the  GCL 
chain.  All  guest  VMDBKs  in  the  system  are  linked  in 

30  a  single  threaded  chain  anchored  in  the  SYSTEM 
VMDBK  as  shown  in  Fig.  3.  The  SYSTEM  VMDBK 
is  not,  however,  in  the  cyclic  list. 

2.  VMDLCYCL  functions  as  a  forward  pointer 
for  the  local  cyclic  list  chain.  In  an  adjunct  virtual 

35  machine  configuration,  the  local  cyclic  list  is  used  to 
link  all  of  the  adjunct  virtual  CPUs  in  the  configura- 
tion.  The  local  cyclic  list  is  a  single  threaded,  for- 
ward  pointing  chain  anchored  in  a  base  VMDBK  as 
shown  in  Fig.  4. 

40  3.  VMDORIG  contains  the  address  of  the  guest 
(base)  VMDBK  which  is  established  at  LOGON  and 
is  the  anchor  for  the  local  cyclic  list.  The  adjunct 
virtual  VMDBKs  are  defined  from  the  base  VMD- 
BK.  All  of  the  adjunct  VMDBKs  use  the  VMDORIG 

45  field  to  address  the  base  VMDBK  of  the  location 
configuration. 

4.  VMDBASE  contains  the  address  of  the  VMD- 
BK  owning  the  storage  and  I/O  configuration. 
(VMDBASE  points  to  the  adjunct  VMDBK  for  all 

50  adjunct  machines.) 
5.  VMDTYPE  contains  a  code  that  identifies  the 

type  of  VMDBK,  e.g.  the  SYSTEM  VMDBK,  the 
user  VMDBK  (resulting  from  a  logon),  an  adjunct 
VMDBK,  a  defined  CPU  VMDBK  (part  of  a  virtual 

55  MP  configuration),  etc. 
6.  VMDCFREQ  is  the  console  function  entry 

flag.  This  field  indicates  when  a  base  VMDBK  has 
been  requested  to  enter  module  HCPCFM 
(discussed  below)  to  support  console  function  entry 

60  requirements.  This  field  is  used  to  ensure  that  all 
VMDBKs  enter  HCPCFM  before  any  console 
functions  are  processed.  This  is  part  of  the  tech- 
nique  to  require  all  VMDBKs  in  the  local  cyclic  list 
to  reach  ENDOP  (the  point  at  which  a  CPU  is  idle) 

65  before  processing  console  functions. 

machines,  i.e.  each  adjunct  VMDBK.  As  a  result, 
the  local  cyclic  list  for  one  active  base  virtual  ma- 
chine  can  contain  mnemonic  VMDBK  names  that  are 
duplicates  of  VMDBK  names  used  in  cyclic  lists  for 
other  active  base  virtual  machines.  This  would  not 
be  allowed  if  the  local  cyclic  lists  were  part  of  the 
global  list.  Therefore,  a  single  directory  definition 
of  an  adjunct  machine  can  serve  as  a  prototype 
(define  the  architecture  of  a  type  of  adjunct  ma- 
chine)  for  every  user  (base  virtual  machine)  who 
(issues  a  command  that)  requires  the  service  of 
that  particular  type  of  adjunct  machine.  In  other 
words,  an  adjunct  machine,  providing  service  func- 
tions  such  as  editing  spool  files  or  issuing  and  exe- 
cuting  sequences  of  host  control  program  com- 
mands,  will  be  defined  only  once  rather  than  each 
time  for  each  user  who  might  require  these  servic- 
es.  In  general,  a  directory  definition  for  an  adjunct 
machine  can  be  used  as  a  prototype  to  create  an  ar- 
bitrary  number  of  customized  adjunct  machines  dur- 
ing  a  single  system  session.  This  prototyping  can  be 
used  to  define  many  similar  adjunct  machines  for  a 
single  base  virtual  machine  or  for  any  number  of  dif- 
ferent  base  virtual  machines.  The  directory  is  a  file 
maintained  by  a  system  programmer  that  contains  a 
series  of  records  that  describe  each  initial  virtual 
machine  configuration,  i.e.  the  I/O  devices  and 
base  and  adjunct  virtual  machines,  required  by  the 
user.  (The  directory  is  a  series  of  control  blocks,  in 
a  designated  area  on  a  system  volume,  i.e.  disk 
packs,  etc.,  used  to  control  access  to  the  system 
and  to  provide  statements  describing  the  specific 
virtual  machine  configuration  for  the  user  who  is 
about  to  log  on.  The  statements  include  userid,  de- 
vice  configuration  and  initial  setup  of  the  virtual  ma- 
chine  that  will  be  created  for  the  user  at  LOGON. 
The  directory  is  also  used  to  validate  requests  to 
access  a  direct  access  storage  device  (DASD)  vol- 
ume  defined  in  the  directory  as  being  owned  by  a  us- 
er  other  than  the  one  requesting  the  access.) 

If  a  virtual  MP  system  is  created  using  adjunct 
virtual  machines,  then  information  in  the  directory 
indicates  the  maximum  number  of  adjunct  CPUs  for 
each  active  base  virtual  machines.  For  multi-proc- 
essor  configurations,  each  adjunct  CPU  has  the 
same  architecture  as  the  base  CPU,  i.e.  either  IBM 
System/370  or  IBM  System/370  extended  architec- 
ture.  However,  as  indicated  above,  if  an  adjunct 
machine  is  being  used  for  service  functions,  e.g. 
editing  spool  files,  the  directory  will  define  the  archi- 
tecture  of  the  adjunct  machine  which  is  different 
from  the  architecture  of  the  base  CPU.  As  a  result, 
the  adjunct  machine  performing  the  service  can  uti- 
lize  IBM  System/370  architecture  while  its  base  ma- 
chine  can  utilize  IBM  System/370  extended  archi- 
tecture.  The  directory  definition  of  the  service  ad- 
junct  machine  will  be  used  as  a  prototype  to  create 
additional  adjunct  machines  to  perform  the  same 
service  if  required. 

A  typical  directory  includes  the  following  entries: 

1.  User  identification,  authority  classification  and 
accounting  data. 

2.  Kind  of  directory,  e.g.  normal  or  prototype 
(service  adjunct  machine). 
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7.  VMDCFDSP  is  the  console  function  ENDOP 
flag.  This  field  indicates  when  a  guest  is  held  at  EN- 
DOP  for  console  function  mode.  Module  HCPCFM 
sets  this  field  whenever  a  VMDBK  is  stopped  to  en- 
ter  console  function  mode.  This  field  is  reset  before 
another  VMDBK  begins  to  run. 

8.  VMDCFCPU  contains  the  address  of  the  VM- 
DBK  in  an  MP  configuration  that  is  to  receive  SCP 
commands.  An  adjunct  VMDBK  associated  with  a 
base  CPU  (having  a  base  CPU  address)  will  be  as- 
signed  to  this  field. 

9.  VMDRTERM  contains  the  user  display  station 
real  device  block  address.  This  is  the  RDEV  of  the 
terminal  that  the  user  logged  onto. 

10.  VMDVCONS  contains  the  address  of  the  vir- 
tual  device  block  (VDEV)  for  the  guest  system  con- 
sole. 

11.  VMDCPUID  identifies  the  guest  CPU  which  is 
specified  at  logon  when  the  guest  VMDBK  is  creat- 
ed. 

12.  VMDCPSER  identifies  the  guest  CPU  serial 
number  which  is  specified  at  logon  or  in  the  guest's 
directory. 

13.  VMDCPUAD  contains  the  binary  address  of 
the  virtual  CPU  which  a  VMDBK  represents. 

14.  VMDCFCNT  contains  the  console  function 
ENDOP  count.  A  positive  value  in  this  field  indi- 
cates  a  count  of  running  VMDBKs  in  a  virtual  con- 
figuration.  A  zero  value  indicates  an  idle  configura- 
tion,  i.e.  all  CPUs  in  the  virtual  configuration  are  at 
ENDOP.  A  negative  value,  i.e.  (-1),  indicates  that  a 
console  function  is  running  for  the  configuration. 
This  field  is  the  CONSOLE  FUNCTION  LOCK,  used 
to  serialize  the  processing  of  console  functions. 
Once  held  exclusively  (VMDCFCNT=0),  a  console 
function  task  is  running  and  no  second  console 
function  task  may  begin.  (This  field  will  be  changed 
by  module  HCPCFM  exit  processing.) 

15.  VMDCFPND  indicates  that  console  function 
is  pending.  This  field  controls  the  processing  of  the 
console  function  task  for  a  virtual  machine  configu- 
ration.  Once  the  CF  task  begins 
(VMDCFREQ=FFhex),  this  field  is  set  to  zero  to 
keep  the  CF  task  active  as  long  as  there  are 
(possibly)  more  console  functions  to  handle. 

16.  VMDCFPDR  is  assigned  all  ones  when  all  cur- 
rent  console  READ  requests  have  been  proc- 
essed.  This  field  is  tested  to  ensure  that  no  new 
READ  requests  are  pending.  If  the  field  contains 
zeroes,  a  CP  READ  is  scheduled  for  the  VMDBK  in 
which  the  field  is  located. 

All  console  (terminal)  operations  for  either  the  ad- 
junct  virtual  machine  or  the  base  virtual  machine 
are  administered  by  the  host  operating  system 
through  module  HCPCFM  (CP's  Console  Function 
Manager).  (A  console  is  considered  to  be  that  as- 
pect  of  the  actual  terminal  that  is  used  to  communi- 
cate  with  the  virtual  machine  operating  system.  A 
terminal  becomes  a  virtual  machine  console  after 
the  terminal  is  used  to  IPL  a  virtual  device  to  initial- 
ize  a  guest  operating  system  in  the  virtual  machine. 
However,  the  same  physical  terminal  communicates 
with  the  host  operating  system  as  well  as  a  guest  op- 
erating  system.  In  other  words,  when  a  virtual  ma- 

chine  logs  on  to  the  system,  the  virtual  operator's 
console  for  that  virtual  machine  is  the  keyboard  of 
the  actual  terminal.)  During  an  initial  program  load- 
ing  by  the  system  operator,  module  HCPCFM  is  en- 

5  tered  to  place  the  real  system  in  console  function 
mode  awaiting  commands.  The  virtual  machine  user 
of  the  guest  virtual  machine  issues  a  LOGON  com- 
mand  to  the  host  system  to  initialize  the  user's  virtu- 
al  machine.  (The  LOGON  command  uses  modules 

10  HCPLOG  and  HCPLGN.)  In  response  to  the  LOG- 
ON  command,  the  user's  directory  entry  is  read 
from  a  pre-established  file.  Using  the  information 
provided  in  the  directory  entries,  LOGON  requests 
module  HCPBVM  to  construct  the  base  VMDBK 

15  which  defines  the  base  CPU.  (The  directory  can  al- 
so  IPL  an  operating  system  to  be  run  on  the  newly 
created  base  CPU.)  If  the  directory  contains  addi- 
tional  entries  for  adjunct  machines,  module  HCPB- 
VM  repeatedly  constructs  additional  VMDBKs 

20  each  representing  an  adjunct  processor.  The  addi- 
tional  VMDBKs  are  chained  (along  the  VMDLCY- 
CL  chain)  from  the  base  VMDBK  as  shown  in  Fig.  4. 

An  adjunct  VMDBK  may  share  the  characteris- 
tics  of  the  guest  VMDBK,  in  which  case  it  may  also 

25  share  its  I/O,  or  the  adjunct  VMDBK  may  differ 
from  the  guest  VMDBK  and  have  its  own  I/O. 
Whenever  a  virtual  I/O  configuration,  as  in  the  lat- 
ter  case,  must  be  generated,  the  SCP  attaches, 
links  and  provides  simulations  of  the  specified  I/O 

30  as  a  series  of  attachments  to  the  guest  VMDBK. 
Once  virtual  machine  initialization  has  completed, 

the  host  SCP  has  created  at  least  one  VMDBK,  at 
least  one  VDEV  and  segment  tables  all  stored  in  the 
free  storage  and  dynamic  paging  areas. 

35  As  soon  as  the  virtual  machine  references  an  ad- 
dress  in  its  virtual  storage,  CP  builds  page  and 
swap  tables.  CP  takes  storage  from  the  dynamic 
paging  area  for  the  page  and  swap  tables,  one  page 
for  each  megabyte  of  virtual  storage  the  virtual  ma- 

40  chine  occupies. 
The  module  HCPCFM  is  that  part  of  the  SCP  that 

determines  which  of  the  VMDBKs  in  the  guest  virtu- 
al  machine  configuration  is  to  be  run  and  that  manag- 
es  and  controls  all  requests  by  the  guest  machines 

45  to  read  or  write  information  on  the  user's  terminal 
(terminal  I/O).  Requests  for  terminal  I/O  can  be  initi- 
ated  by  a  guest  SCP  (running  on  either  a  base  or  its 
adjunct  CPU),  by  a  service  SCP  running  in  service 
adjunct,  from  the  host  system  and/or  from  the  sys- 

50  tern  operator.  If  data,  e.g.  messages,  could  be  writ- 
ten  (displayed)  a  line  at  a  time  on  the  terminal's  dis- 
play,  there  would  be  no  problem  of  mixed  and/or  par- 
tially  completed  messages.  However,  terminal  video 
displays  provide  a  full  screen  of  data  at  a  time  such 

55  that  permitting  all  of  the  above  requests  to  occur  si- 
multaneously  for  a  single  terminal,  i.e.  requests  to 
write  to  a  single  terminal  display,  would  result  in  in- 
complete  and  jumbled  messages,  e.g.  incomplete  us- 
er-system  dialog.  Module  HCPCFM  prevents  this 

60  problem  from  occurring  by  assigning  "ownership"  of 
the  console  to  the  VMDBK  which  represents  the 
guest  (base  machine  or  adjunct  machine)  that  made 
a  request  to,  for  example,  perform  I/O.  The  guest, 
whose  request  to  perform  I/O  was  granted,  writes 

65  messages  to  the  terminal  display  as  though  it 
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owning  the  storage  and  I/O  configuration  for  the 
guest  MP  configuration  is  provided  in  field  VMD- 
BASEofthenewVMDBK. 

Block  120  indicates  that  channel-command  work 
5  (CCW)  translation  will  be  in  effect.  The  CCW  speci- 

fies  the  command  to  be  executed  and,  for  commands 
initiating  I/O  operations,  designates  the  storage  ar- 
ea  associated  with  the  operation  and  the  action  to 
be  taken  whenever  transfer  to  or  from  the  area  is 

10  completed  (as  well  as  other  options  that  are  general- 
ly  known  in  the  art). 

Block  130  provides  for  other  fields  in  the  VMD- 
BK  to  be  initialized  depending  upon  the  type  of  VM- 
DBK  being  created.  The  type  of  VMDBK  is  coded  in 

15  field  VMDTYPE  in  the  new  VMDBK.  (Other  initiali- 
zation  involves  scheduler  fields  and  frame  table 
pointers.  The  frame  table  pointers  are  initialized  so 
that  the  user  does  not  currently  own  frame  table  en- 
tries.)  Block  130  also  provides  for  the  setting  of  dis- 

20  patching  status  to  console  function  wait.  Default 
message  levels  are  set  and  the  user  is  flagged  as 
not  yet  being  logged  on  to  the  system.  The  user's 
page  zero  is  flagged  as  being  unavailable  and 
placed  in  the  "stop"  state.  A  flag  is  set  to  indicate 

25  that  the  VMDBK  will  be  dispatched  on  the  master 
CPU  only  and  a  flag  will  be  set  to  indicate  that  no 
shadow  tables  are  present.  The  guest  CPU  ID  is  ini- 
tialized  to  a  default  value,  i.e.  to  host  CPU  ID,  and 
all  external  interrupts  will  be  set  as  pending  and  ena- 

30  bled  (which  the  dispatcher  will  correct  later.) 
Block  140  initializes  the  VMDBK  free  storage  ar- 

ea. 
Block  150  allocates  storage  for  control  blocks 

such  as  a  channel  interrupt  block,  a  save  area 
35  block  and  a  timer  request  block  for  the  virtual  CPU 

timer.  An  instruction  operand  buffer  is  also  allocat- 
ed. 

Block  1  60  provides  for  the  system/370  mode  de- 
fault  to  be  set. 

40  Block  165  provides  a  test  to  determine  whether 
the  VMDBK  being  created  is  for  a  base  machine  or 
for  an  adjunct  machine  in  a  virtual  MP  configura- 
tion.  (If  the  VMDBK  being  created  is  for  either  an 
adjunct  machine  or  a  base  machine,  then  space  will 

45  be  allocated  for  the  processor  controller  date  block 
(FINBK)  in  the  new  VMDBK.) 

Block  170  provides  for  the  allocation  of  free  stor- 
age  for  a  FINBK  if  the  VMDBK  being  created  is  for 
a  base  or  an  adjunct  machine.  Otherwise,  block  180 

50  provides  for  the  address  of  the  FINBK  to  be  ob- 
tained  from  the  (previously  created)  base  VMDBK 
and  stored  in  a  field  of  the  new  VMDBK. 

Block  185  initializes  the  guest's  segment  table  en- 
tries  to  indicate  that  the  segment  is  null,  i.e.  not  nor- 

55  mally  addressable  to  the  guest  unless  the  segment 
has  been  attached,  and  invalid  (no  pages  in  core). 
Also  initialized  is  the  pointer  to  the  guest's  segment 
table  origin. 

Block  190  provides  for  the  new  VMDBK  to  inter- 
60  cept  supervisor-call  (SVC)  interruptions.  The  SVC 

interruption  occurs  when  the  instruction  SUPERVI- 
SOR  CALL  is  executed.  The  SVC  interruption  caus- 
es  the  old  program  status  word  (PSW)  to  be  stored 
at  a  predetermined  real  location  and  a  new  PSW  to 

65  be  fetched  from  a  predetermined  real  location. 

"owned"  the  terminal  when,  in  actuality,  the  messag- 
es  are  grouped  on  separate  display  images.  The 
guest  SCP  writes  to  and  reads  from  the  terminal  un- 
til  the  user  presses  a  key  to  clear  the  system.  If  no 
messages  are  generated  by  the  system,  e.g.  by  a 
service  adjunct  machine,  by  host  SCP  communica- 
tion  to  the  guest,  by  (warning)  messages  from  the 
operator  of  the  host  operating  system  or  by  other 
users,  HCPCFM  provides  a  "clear"  interrupt  to  the 
guest  SCP  thereby  blanking  the  terminal  video  dis- 
play.  This  interrupt  is  received  as  though  the  guest 
has  actually  managed  the  (real)  terminal,  i.e.  as 
though  the  user  had  pressed  a  CLEAR  DISPLAY 
key  on  the  terminal.  If  the  system  did  generate  mes- 
sages,  HCPCFM  permits  all  of  these  messages  to 
be  written  (and  possibly  responded  to)  before  pass- 
ing  (reflecting)  a  "CLEAR  DISPLAY"  interrupt  to 
the  guest  SCP.  If  the  guest  attempts  to  write  to  or 
read  from  the  terminal  while  the  system  has  been  as- 
signed  to  the  terminal,  HCPCFM  causes  the  guest 
to  receive  a  busy  status  until  the  system  no  longer 
"owns"  the  terminal.  If  a  user  does  not  clear  the  ter- 
minal  within  a  predetermined  reasonable  time 
(depending  on  the  urgency  of  the  message  being 
displayed  on  the  terminal  display),  HCPCFM  will 
clear  the  terminal  itself.  This  module  will  also  sus- 
pend  the  guest  that  is  surrendering  the  terminal  if  it 
is  not  to  execute  simultaneously  with  the  other 
guest.  The  terminal  can  be  "swapped"  back  and 
forth  between  the  base  virtual  machine  and  the  ad- 
junct  virtual  machine. 

A  service  adjunct  machine  providing  services  to 
a  main  MP  or  UP  configuration  can  be  loaded  with  a 
program  that  is  used  to  examine  the  main  configura- 
tion.  For  example,  the  program  could  provide  a  de- 
bugging  service  such  that  the  debugging  service 
adjunct  machine  would  examine,  test,  change  or  oth- 
erwise  debug  an  SCP  running  in  the  main  configura- 
tion. 

When  a  fatal  error  occurs  in  an  adjunct  machine, 
the  error  is  treated  the  same  way  as  an  application 
program  running  in  a  virtual  machine.  Depending  on 
the  function  in  the  adjunct  machine,  the  function 
may  be  terminated  or  the  virtual  machine  may  be  re- 
set,  and  storage  may  be  cleared. 

Figs.  6a  and  6b  represent  a  flow  chart  showing 
how  module  HCPBVM  builds  a  VMDBK. 

Block  100  provides  input  parameters  from  sever- 
al  general  purpose  registers  (GPRs).  The  parame- 
ters  include  the  virtual  machine  type,  the  address 
of  the  terminal  RDEV  (if  the  user  is  identified  this 
way)  the  address  of  the  user's  (requestor's)  VMD- 
BK,  the  address  of  the  entry  point  to  the  module 
(HCPBVMBK)  and  the  address  of  the  save  area. 
(When  the  module  is  exited,  the  address  of  the  VM- 
DBK  created  by  the  module  is  loaded  into  a  prede- 
termined  GPR.  See  below.) 

At  block  110,  a  frame  of  real  storage  is  obtained 
for  the  new  VMDBK.  The  frame  will  contain  the  new 
VMDBK  and  will  be  flagged  "CP"  and  locked.  (A 
frame  in  storage  is  reserved  for  the  new  VMDBK  if 
no  request  was  made  to  establish  a  V  =  R  (preferred 
guest)  VMDBK.)  The  address  of  the  VMDBK  es- 
tablished  at  logon  is  provided  in  field  VMDORIG  in 
the  new  VMDBK  and  the  address  of  the  VMDBK 
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Block  200  provides  a  test  to  determine  if  the  user 
is  an  AUTOLOGGED  user  or  if  the  user  is  logging 
on  to  a  type  of  terminal.  In  the  former  case,  the  new 
VMDBK  is  substantially  created.  Otherwise,  the 
new  VMDBK  is  further  initialized  on  the  basis  of  the  5 
type  of  terminal  which  is  being  used  to  log  on.  (An 
AUTOLOGGED  user  is  a  primary  system  operator 
whose  virtual  machine  is  automatically  logged  on 
during  the  SCP  initialization  process  or  is  specified 
in  a  user's  directory  entry  to  be  autologged.)  Block  10 
210  provides  for  the  continuation  of  the  initialization 
of  the  new  VMDBK  based  on  the  type  of  user's  ter- 
minal.  The  user  will  now  be  identified  via  a  real  de- 
vice  control  block  (RDEV). 

Block  220  provides  for  the  creation  of  a  tempo-  15 
rary  logon  ID  for  the  new  VMDBK. 

Block  230  provides  for  the  new  VMDBK  to  be 
patched  into  the  cyclic  list  of  VMDBKs  currently 
active  on  the  data  processing  system. 

Once  module  HCPBVM  has  completed,  a  new  20 
VMDBK  has  been  created,  cleared,  (partially)  ini- 
tialized  and  chained  to  other  VMDBKs.  General 
purpose  register  1  1  contains  the  address  of  the  VM- 
DBK  just  created. 

Figs.  7a  -  7b  show  the  flow  chart  representing  25 
the  operation  of  module  HCPCFM.  The  module  gen- 
erally  handles  CP  READ  (control  program)  re- 
quests  from  the  user's  terminal  and  directs  them  to 
the  appropriate  console  function  routine  for 
processing  and  initiates  CP  function  with  the  virtual  30 
MP  held  at  ENDOP.  (Console  functions  are  those 
tasks  that  a  system  operator  performs  at  the  actual 
terminal.  When  all  virtual  MPs  have  stopped,  HCP- 
CFM  determines  which  VMDBK  has  a  special  con- 
sole  function  operation  pending  and  passes  control  35 
to  that  console  function  task.) 

Block  300  provides  for  the  input  parameters  re- 
quired  in  order  to  read  and  process  a  command  line. 
One  of  the  most  important  input  parameters  is  the 
user's  VMDBK  address.  40 

Block  310  requires  that  each  VMDBK  in  the  local 
cyclic  list  (virtual  MP  system)  must  be  at  ENDOP 
(instruction  end-of-operation)  before  console  func- 
tion  processing  can  begin.  (ENDOP  indicates  that 
no  instruction  simulation  is  active,  i.e.  that  execu-  45 
tion  of  the  guest  instruction  stream  is  between  in- 
structions.)  The  cyclic  list  hold  lock  is  obtained. 
Each  VMDBK  in  the  local  cyclic  list  is  scanned,  the 
local  cyclic  list  lock  is  released  and  each  VMDBK  is 
brought  to  ENDOP.  (HCPCFM  sets  a  flag  in  the  50 
VMDBK  that  tells  the  virtual  processor  to  stop  at 
ENDOP  when  the  SCP  recognizes  that  a  console 
function  task  is  queued  to  be  executed  by  HCP- 
CFM.)  The  user  exits  the  module  to  the  dispatcher 
when  an  entry  to  console  function  mode  (CFM)  is  55 
requested  and  transfer  is  made  to  another  VMDBK 
in  the  local  cyclic  list.  The  user  also  exits  the  module 
to  the  dispatcher  when  an  entry  to  CFM  is  request- 
ed  and  not  all  VMDBKs  except  the  user's  VMDBK) 
are  at  ENDOP.  The  user  also  exits  the  module  when  60 
no  more  console  function  operations  remain  to  be 
performed  and  the  virtual  machine(s)  in  the  local  cy- 
clic  list  are  set  to  run  (unless  a  virtual  machine  is 
waiting  for  a  response  from  a  real  device  if  a  VMD- 
BK  is  fogging  off).  The  user  also  exits  the  module  65 

when  a  higher  priority  function,  other  than  entry  to 
CFM,  must  be  performed.  (An  error  is  produced, 
and  the  user  exits  the  module,  when  the  contents  of 
field  VMDCFDSP  is  not  synchronized  with  the  con- 
tents  of  field  VMDCFCNT  in  the  VMDBK.  These 
fields  are  explained  above.) 

Block  320  provides  for  console  function 
processing,  e.g.  CF  READ  requests,  to  begin 
(prompting  the  user  for  input  data).  At  this  point,  all 
VMDBKs  in  the  local  cyclic  list  must  be  at  ENDOP 
and  any  I/O  response  requests  from  VMDBKs 
logging  off  must  be  eliminated.  (The  SCP  can  simu- 
late  some  functions  for  virtual  CPUs  only  when  all 
processors  in  the  configuration  have  reached 
ENDOP.) 

Block  330  examines  the  VMDFORCE  bit  in  each 
VMDBK  in  the  local  cyclic  list  to  determine  whether 
any  VMDBK  is  logging  off.  (The  highest  priority 
console  function  is  the  log  off  function.)  If  the  VM- 
DBK  due  to  be  logged  off  is  not  the  user's  VMDBK, 
then  the  module  swaps  to  the  logging  off  VMDBK.  If 
the  VMDBK  that  is  logging  off  is  not  the  base  VMD- 
BK,  the  module  determines  if  the  logging  off  VMD- 
BK  has  ownership  of  the  user's  console.  If  it  does, 
the  ownership  must  be  relinquished.  The  base  VMD- 
BK  is  dispatched.  The  LOGOFF  procedure  is  then 
invoked  and  the  non-base  VMDBK  is  removed  from 
the  system. 

Block  340  provides  for  the  VMDBK  containing 
the  highest  priority  console  function  to  be  selected. 
If  this  VMDBK  is  the  current  VMDBK,  then  CFM 
proceeds.  Otherwise,  a  switch  is  made  to  the  select- 
ed  (highest  priority)  VMDBK  and  HCPCFM  is  re- 
entered  at  a  point  following  the  already-completed 
ENDOP  synchronization.  The  console  is  then  used 
by  this  (highest  priority)  VMDBK.  (In  Fig.  7a,  re-en- 
try  of  HCPCFM  is  shown  by  line  345  which  shows 
that  module  HCPCFM  is  re-entered  just  prior  to  the 
start  of  CF  processing.)  The  following  (highest  to 
lowest)  hierarchy  establishes  the  preference  of  re- 
maining  CP  function  operations  that  can  be  per- 
formed: 

1  .  process  stacked  console  function  output. 
2.  perform  trace  display  if  pending. 
3.  issue  CFM  call  if  pending  (by  examining  the 

CPEBK). 
4.  execute  command  in  a  console  function  buffer. 
5.  issue  pending  console  function  read  (lowest 

priority). 

Notice  that  when  the  highest  priority  VMDBK  is 
selected,  the  prior  VMDBK,  from  which  the  switch 
(to  the  highest  priority  VMDBK)  was  made,  is  not 
logged  off  the  system  and  the  current  VMDBK  is 
not  logged  on  to  the  system.  In  this  way,  one  con- 
sole  is  shared  by  each  of  the  VMDBKs. 

The  "process  stacked  console  function  output" 
operation  provides  for  console  function  output  to 
be  displayed.  However,  this  operation  will  not  pro- 
vide  CF  output  if  the  user  is  in  the  process  of  log- 
ging  off  or  if  the  user  has  intervened  and  stopped 
the  display  of  the  line  output. 

If  a  pending  CFM  call  originates  on  one  VMDBK, 
but  must  execute  on  a  different  VMDBK,  the  "issue 
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er  is  entered.  Otherwise,  the  VDEV  lock  is  held  and 
the  real  device  (RDEV)  lock  is  acquired. 

3.  The  pointers  between  an  already  linked  virtual 
device  block  and  the  console  real  device  block  are 

5  cleared. 
4.  The  RDEV  and  VDEV  locks  are  released. 
5.  The  real  device  block  is  attached  to  the  virtual 

console  device  block  for  the  base/adjunct  VMDBK. 
6.  The  RDEV  and  VDEV  locks  are  then  acquired 

10  and  released.  (The  VDEV  is  a  virtual  device  block 
which  contains  the  description  of  a  virtual  device 
that  is  part  of  a  virtual  machine  device  configura- 
tion.  It  contains  simulation  and  status  information  as 
well  as  other  device  characteristics.  There  is  one 

15  VDEV  for  each  virtual  device  in  the  configuration. 
The  SCP  uses  the  information  in  the  directory  to 
create  the  initial  virtual  device  configuration.  The 
RDEV  is  a  real  device  block  which  contains  the  de- 
scription  of  a  real  device  that  is  part  of  the  real  de- 

20  vice  configuration  of  the  real  system.  The  RDEV  al- 
so  contains  status  information  in  addition  to  the  de- 
vice  description.) 

CFM  call  if  pending"  operation  moves  the  pending 
CFM  call  from  the  VMDBK  that  originated  it  to  the 
VMDBK  which  is  meant  to  execute  the  CF.  This  may 
occur  when  the  virtual  machine  operator  uses  the 
CPU  command  to  direct  a  command  to  a  CPU  in  a 
virtual  configuration.  If  there  is  no  CFM  call,  this 
operation  will  look  for  a  console  read. 

Block  350  (shown  in  Figs  7a  and  7b)  indicates  that 
console  function  processing  is  ended.  All  console 
functions  are  complete  for  the  virtual  configura- 
tion.  The  local  cyclic  list  is  scanned  to  determine 
whether  there  is  any  runnable  adjunct  machine.  If 
there  is  a  runnable  adjunct  machine,  then  a  swap  is 
made  to  the  runnable  adjunct  machine  which  is  linked 
to  the  console.  If  there  is  no  runnable  adjunct  ma- 
chine,  the  base  virtual  machine  is  linked  to  the  con- 
sole  and  a  swap  is  made  to  the  base  machine. 

Fig.  7b  shows  the  events  that  occur  when  con- 
sole  function  processing  ends  and  the  local  cyclic 
list  is  scanned  to  determine  whether  there  are  any 
VMDBKs  which  are  running  (see  block  350  above). 
Block  400  determines  whether  any  adjunct  ma- 
chines,  in  the  local  cyclic  list,  are  runnable.  If  there 
are  no  runnable  adjunct  machines,  a  swap  (of  the 
contents  of  GPR  1  1  )  is  made  such  that  GPR  1  1  points 
to  the  base  machine  VMDBK  (block  410).  The  con- 
sole  ownership  is  given  to  the  base  machine  (block 
420)  in  a  manner  that  is  discussed  below.  (GPR  9 
contains  the  return  code.)  If  there  is  outstanding 
CP  guest  I/O,  the  full  screen  for  an  idle  guest  must 
be  suspended  to  permit  the  presentation  of  the  I/O 
(block  425).  Otherwise,  if  there  is  a  runnable  ad- 
junct  machine,  a  swap  (block  430)  is  made  such  that 
GPR  1  1  points  to  the  adjunct  machine  VMDBK  that  is 
running.  The  console  is  then  owned  by  this  adjunct 
machine  (block  440).  A  control  program  execution 
block,  i.e.  a  CPEX  block  (or  CPEBK),  along  with  a 
save  area  are  created  in  order  for  the  adjunct  ma- 
chine  to  run  (block  450). 

In  any  case,  if  a  CPU  is  runnable  (block  460) 
then  the  virtual  machine  VMDBK  is  run  (block  480) 
unless  a  CF  READ  is  pending  (block  470).  If  a  CF 
READ  is  pending  (see  discussion  of  VMDCFPDR 
field  in  VMDBK),  command  processing  occurs 
(block  475)  and  the  CFM  task  is  re-initiated  (go  to 
block  310).  (In  effect,  module  HCPCFM  keeps  loop- 
ing  until  there  are  no  more  requests  to  process  for 
the  virtual  configuration.) 

If  a  CPU  is  not  runnable  (block  460),  a  console 
function  READ  is  requested  when  "set  run  off"  is  in 
effect  (block  467).  If  all  CPUs  are  stopped,  the 
task  that  was  to  be  run  is  stacked  (block  463)  and  a 
CF  READ  is  made  pending.  (When  the  post  console 
function  READ  is  completed  (see  the  explanation 
for  the  VMDCFPDR  field  above),  GPR  1  will  contain 
the  address  of  the  console  read  general  system  da- 
ta  block  (GSDBK).) 

The  linking  of  the  console  to  a  specified  VMDBK 
occurs  in  substantially  the  following  manner. 

1.  The  virtual  device  (VDEV)  lock  is  acquired. 
(This  is  done  after  the  output  to  the  virtual  console 
is  quiesced.) 

2.  If  a  "wait"  is  required  after  the  lock  is  ac- 
quired,  the  VDEV  lock  is  dropped  and  the  dispatch- 

Claims 
25 

1  .  Data  processing  system  including  at  least  one 
real  machine  having  a  real  CPU,  (CP0,  CP1),  main 
storage  (MS),  I/O  devices  and  a  host  operating 
system  program  (HOST  SCP)  running  in  said  real 

30  CPU  for  controlling  said  I/O  devices,  and  a  base 
virtual  machine  (1)  having  a  base  virtual  CPU  and  a 
guest  operating  system  running  in  said  base  virtual 
CPU,  the  system  further  comprising  a  plurality  of 
adjunct  virtual  machines  (1a),  having  adjunct  virtual 

35  CPUs  coupled  to  said  base  virtual  CPU  for  provid- 
ing  for  a  host  operating  system  program  to  be  exe- 
cuted  in  said  real  CPU  with  a  guest  operating  sys- 
tem  program  executed  in  said  base  virtual  machine 
and  at  least  one  program  executed  in  each  of  said 

40  plurality  of  adjunct  virtual  machines,  and  in  which  at 
least  one  program  executed  in  each  of  said  plurality 
of  adjuct  virtual  machines,  and  in  which  at  least  one 
of  said  plurality  of  adjunct  virtual  machines  is  a  sim- 
ulated  service  processor  for  providing  a  service 

45  function  to  said  base  virtual  machine,  whereby  all 
other  system  control  program  console  functions  are 
made  available  to  the  user  during  the  execution  of  a 
system  control  program  console  function,  and  a  pro- 
totype  adjuct  virtual  machine  CPU  that  provides  a 

50  service  to  said  base  virtual  machine  and  that  can  be 
used  as  a  model  for  every  base  virtual  machine  that 
requires  that  service  is  created,  the  architecture 
of  the  adjuct  virtual  machine  CPU  being  defined  in  a 
single  directory  for  creating  a  prototype  adjuct  vir- 

55  tual  machine  CPU  only  once  for  use  by  any  number 
of  virtual  systems. 

2.  Data  processing  system  of  Claim  1  in  which 
said  base  virtual  machine  and  at  least  one  of  said 
plurality  of  adjunct  virtual  machines  share  the  same 

60  console  for  sustaining  a  dialog  between  said  base 
virtual  machine  and  at  least  one  of  said  plurality  of 
adjunct  virtual  machines  without  loss  of  any  console 
functions. 

3.  Data  processing  system  of  Claims  1  or  2  in 
65  which  said  base  virtual  machine  and  said  plurality  of 
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adjunct  virtual  machines  are  created  from  one  di- 
rectory  and  the  virtual  machine  definition  control 
block  (VMDBK)  of  said  base  virtual  machine. 

4.  Data  processing  system  of  one  of  the  Claims  1 
to  3  in  which  a  single  directory  entry  defines  the  ar- 
chitecture  of  an  adjunct  virtual  machine  that  servic- 
es  said  base  virtual  machine  and  is  different  from 
the  architecture  of  said  base  virtual  CPU. 

5.  Data  processing  system  of  one  of  the  Claims  1 
to  4  in  which  an  adjunct  machine  that  services  said 
base  virtual  machine  is  defined  only  once  by  said 
single  directory  as  a  prototype  adjunct  machine  that 
is  usable  by  any  other  base  virtual  machine. 

6.  Data  processing  system  of  one  of  the  Claims  1 
to  5  in  which  said  at  least  one  program  is  an  applica- 
tion  program. 

7.  Data  processing  system  of  one  of  the  Claims  1 
to  5  in  which  said  at  least  one  program  is  an  operat- 
ing  system  program. 

8.  Data  processing  system  of  one  of  the  Claims  1 
to  7  in  which  at  least  one  of  said  adjunct  virtual  ma- 
chines  runs  concurrently  with  said  base  virtual 
CPU. 

9.  Data  processing  system  of  one  of  the  Claims  1 
to  7  in  which  at  least  one  of  said  adjunct  virtual  ma- 
chines  alternately  runs  with  said  base  virtual  ma- 
chine. 

10.  Data  processing  system  of  one  of  the  Claims  1 
to  9  in  which  said  plurality  of  adjunct  machines  have 
storage  and  I/O  separate  from  said  real  machine. 

1  1  .  Data  processing  system  of  one  of  the  Claims  1 
to  10  in  which  said  adjunct  virtual  CPUs  are  loosely 
coupled  to  said  base  virtual  CPU. 

Patentanspriiche 

1.  Datenverarbeitungssystem  mit  mindestens  ei- 
ner  realen  Maschine  mit  einer  echten  Zentralein- 
heit/CPU  (CPO,  CP1),  einem  Hauptspeicher  (MS), 
E/A-Vorrichtungen  und  einem  Hauptbetriebssy- 
stemprogramm  (HOST  SCP)  fur  die  reale  CPU  zum 
Steuern  der  E/A-Vorrichtungen,  sowie  eine  virtuel- 
le  Basismaschine  (1)  mit  einer  virtuellen  Basis-CPU 
und  ein  Nebenbetriebssystem  in  der  virtuellen  Ba- 
sis-CPU,  wobei  das  System  auBerdem  mehrere  vir- 
tuelle  Zusatz-CPUs  aufweist,  die  mit  der  virtuellen 
Basis-CPU  fur  das  Ausfuhren  eines  Hauptbe- 
triebssystemprogramms  in  der  realen  CPU  verbun- 
den  ist,  wobei  ein  Nebenbetriebssystemprogramm  in 
der  virtuellen  Basismaschine  und  mindestens  ein 
Programm  in  jeder  der  virtuellen  Zusatzmaschinen 
ausgefiihrt  wird,  und  wo  mindestens  eine  der  virtu- 
ellen  Zusatzmaschinen  ein  simulierter  Service-Pro- 
zessor  zum  Vorsehen  einer  Servicefunktion  fur  die 
virtuelle  Basismaschine  ist,  wobei  alle  anderen  Sy- 
stemsteuerungsprogramm-Konsolfunktionen  dem 
Anwender  wahrend  des  Ausfuhrens  einer  System- 
steuerungsprogramm-Konsolfunktion  zuganglich 
gemacht  werden,  und  mit  einer  virtuellen  zusatzli- 
chen  Prototypmaschinen-CPU,  welche  fur  die  virtu- 
elle  Basismaschine  einen  Service  vorsieht  und  als 
Modell  fur  jede  virtuelle  Basis-Maschine  verwen- 
det  werden  kann,  die  einen  Service  erforderlich 
macht,  wobei  die  Architektur  der  virtuellen  Zusatz- 
maschinen-CPU  in  einem  einzigen  Verzeichnis  fur 

das  nur  einmalige  Erstellen  einer  virtuellen  zusatzli- 
chen  Prototypmaschinen-CPU  zur  Verwendung 
durch  eine  beliebige  Anzahl  virtueller  Systeme  defi- 
niert  ist. 

5  2.  Datenverarbeitungssystem  nach  Anspruch  1, 
bei  welchem  sich  die  virtuelle  Basismaschine  und 
mindestens  eine  der  virtuellen  Zusatzmaschinen 
dieselbe  Konsole  zum  Aufrechterhalten  eines  Dia- 
logs  zwischen  der  virtuellen  Maschine  und  minde- 

10  stens  einer  der  Zusatzmaschinen  ohne  Verlust  von 
Konsolfunktionen  teilen. 

3.  Datenverarbeitungssystem  nach  den  Ansprij- 
chen  1  Oder  2,  in  welchem  die  virtuelle  Basismaschi- 
ne  und  die  virtuellen  Zusatzmaschinen  aus  einem 

15  Verzeichnis  und  dem  virtuellen  Maschinendefiniti- 
onssteuerblock  (VMDBK)  der  virtuellen  Basisma- 
schine  erstellt  werden. 

4.  Datenverarbeitungssystem  nach  einem  der 
Anspriiche  1  bis  3,  in  welchem  eine  einzelne  Ver- 

20  zeichniseintragung  die  Architektur  einer  virtuellen 
Zusatzmaschine  definiert,  welche  fur  die  virtuelle 
Basismaschine  einen  Service  vorsieht  und  sich  von 
der  Architektur  der  virtuellen  Basis-CPU  unter- 
scheidet. 

25  5.  Datenverarbeitungssystem  nach  einem  der 
Anspruche  1  bis  4,  in  welchem  die  fur  die  virtuelle 
Basismaschine  einen  Service  vorsehende  Zusatz- 
maschine  von  dem  einzelnen  Verzeichnis  nur  einmal 
als  eine  zusatzliche  Prototypmaschine  definiert 

30  wird,  die  von  jeder  anderen  virtuellen  Basismaschi- 
ne  verwendet  werden  kann. 

6.  Datenverarbeitungssystem  nach  einem  der 
Anspruche  1  bis  5,  in  welchem  das  mindestens  eine 
Programm  ein  Anwendungsprogramm  ist. 

35  7.  Datenverarbeitungssystem  nach  einem  der 
Anspruche  1  bis  5,  in  welchem  das  mindestens  eine 
Programm  ein  Betriebssystemprogramm  ist. 

8.  Datenverarbeitungssystem  nach  einem  der 
Anspruche  1  bis  7,  in  welchem  mindestens  eine  der 

40  virtuellen  Zusatzmaschinen  gleichzeitig  mit  der  vir- 
tuellen  Basis-CPU  in  Betrieb  ist. 

g.  Datenverarbeitungssystem  nach  einem  der 
Anspruche  1  bis  7,  in  welchem  mindestens  eine  der 
virtuellen  Zusatzmaschinen  alternierend  mit  der  vir- 

45  tuellen  Basismaschine  in  Betrieb  ist. 
10.  Datenverarbeitungssystem  nach  einem  der 

Anspruche  1  bis  9,  in  welchem  in  den  Zusatzmaschi- 
nen  Speicher  und  E/A  getrennt  von  der  realen  Ma- 
schine  vorgesehen  sind. 

50  11.  Datenverarbeitungssystem  nach  einem  der 
Anspruche  1  bis  10,  in  welchem  die  zusatzlichen  vir- 
tuellen  CPUs  lose  mit  der  virtuellen  Basis-CPU  ver- 
bunden  sind. 

55  Revendications 

1  .  Systeme  de  traitement  de  donnees  comprenant 
au  moins  une  machine  reelle  ayant  un  CPU  reel 
(CPO,  CP1),  une  memoire  principale  (MS),  des  dispo- 

60  sitifs  d'entree/sortie  (I/O)  et  un  programme  de  sys- 
teme  d'exploitation  d'hote  (HOST  SCP)  fonctionnant 
dans  ledit  CPU  reel  pour  commander  lesdits  disposi- 
tifs  I/O,  et  une  machine  virtuelle  de  base  (1)  ayant 
un  CPU  virtuel  de  base  et  un  systeme  d'exploitation 

65  de  convive  fonctionnant  dans  ledit  CPU  virtuel  de 

10 
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Tune  desdites  machines  virtuelles  complementaires 
fonctionne  simultanement  audit  CPU  virtuel  de  base. 

9.  Systeme  de  traitement  de  donnees  suivant 
I'une  des  revendications  1  a  7,  dans  lequel  au  moins 
I'une  desdites  machines  virtuelles  complementaires 
fonctionne  en  alternance  avec  ladite  machine  vir- 
tuelle  de  base. 

10.  Systeme  de  traitement  de  donn§es  suivant 
Tune  des  revendications  1  a  9,  dans  lequel  ladite  plu- 
ralite  de  machines  complementaires  possede  une 
memoire  et  des  entrees/sorties  distinctes  de  la  ma- 
chine  reelle. 

11.  Systeme  de  traitement  de  donnees  suivant 
I'une  des  revendications  1  a  10,  caracterise  en  ce 
que  lesdits  CPU  virtuels  complementaires  sont  re- 
lies  en  configuration  dispersed  audit  CPU  virtuel  de 
base. 

base,  le  systeme  comprenant  en  outre  une  pluralite 
de  machines  virtuelles  complementaires  (1a),  ayant 
des  CPU  virtuels  complementaires  couples  audit 
CPU  virtuel  de  base  pour  assurer  ['execution  d'un 
programme  de  systeme  d'exploitation  d'hote  dans  le-  5 
dit  CPU  r£el  avec  un  programme  de  systeme  d'ex- 
ploitation  de  convive  execute  dans  ladite  machine 
virtuelle  de  base  et  au  moins  un  programme  execute 
dans  chacune  de  ladite  pluralite  de  machines  virtuel- 
les  complementaires,  et  dans  lequel  au  moins  I'une  10 
de  ladite  pluralite  de  machines  virtuelles  complemen- 
taires  est  un  processeur  de  service  simule  pour 
fournir  une  fonction  de  service  a  ladite  machine  vir- 
tuelle  de  base,  de  sorte  que  toutes  les  autres  fonc- 
tions  de  console  de  programme  de  commande  de  15 
systeme  sont  rendues  disponibles  pour  I'utilisateur 
pendant  I'execution  d'une  fonction  de  console  de 
programme  de  commande  de  systeme,  et  un  CPU  de 
machine  virtuelle  complementaire  prototype  qui 
fournit  un  service  a  ladite  machine  virtuelle  de  base  20 
et  qu'on  peut  utiliser  comme  modele  pour  toute  ma- 
chine  virtuelle  de  base  qui  demande  ce  service  est 
cree,  I'architecture  du  CPU  de  machine  virtuelle 
complementaire  etant  definie  dans  un  repertoire  uni- 
que  pour  creer  un  CPU  de  machine  virtuelle  comple-  25 
mentaire  prototype  seulement  une  fois  pour  I'utilisa- 
tion  par  un  nombre  quelconque  de  systemes  vir- 
tuels. 

2.  Systeme  de  traitement  de  donnees  suivant  la 
revendication  1,  dans  lequel  ladite  machine  virtuelle  30 
de  base  et  au  moins  I'une  de  ladite  pluralite  de  machi- 
nes  virtuelles  complementaires  partagent  la  meme 
console  pour  supporter  un  dialogue  entre  ladite  ma- 
chine  virtuelle  de  base  et  au  moins  I'une  de  ladite 
pluralite  de  machines  virtuelles  complementaires,  35 
sans  perte  de  fonctions  de  console. 

3.  Systeme  de  traitement  de  donnees  suivant  les 
revendications  1  ou  2,  dans  lequel  ladite  machine 
virtuelle  de  base  et  ladite  pluralite  de  machines  vir- 
tuelles  complementaires  sont  creees  a  partir  d'un  40 
seul  repertoire  et  du  bloc  de  commande  de  definition 
de  machine  virtuelle  (VMDBK)  de  ladite  machine  vir- 
tuelle  de  base. 

4.  Systeme  de  traitement  de  donnees  suivant 
I'une  des  revendications  1  a  3,  dans  lequel  une  en-  45 
tree  de  repertoire  unique  definit  I'architecture  d'une 
machine  virtuelle  complementaire  qui  dessert  ladite 
machine  virtuelle  de  base  et  est  differente  de  I'ar- 
chitecture  dudit  CPU  virtuel  de  base. 

5.  Systeme  de  traitement  de  donnees  suivant  50 
I'une  des  revendications  1  a  4,  dans  lequel  une  ma- 
chine  complementaire  qui  dessert  ladite  machine  vir- 
tuelle  de  base  est  definie  seulement  une  fois  par  le- 
dit  repertoire  unique,  comme  machine  complementai- 
re  prototype  qui  est  utilisable  par  toute  autre  55 
machine  virtuelle  de  base. 

6.  Systeme  de  traitement  de  donnees  suivant 
I'une  des  revendications  1  a  5,  dans  lequel  ledit  au 
moins  un  programme  est  un  programme  d'application. 

7.  Systeme  de  traitement  de  donnees  suivant  60 
I'une  des  revendications  1  a  5,  dans  lequel  ledit  au 
moins  un  est  un  programme  de  systeme  d'exploita- 
tion. 

8.  Systeme  de  traitement  de  donnees  suivant 
I'une  des  revendications  1  a  7,  dans  lequel  au  moins  65 
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