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(54)  Method  and  apparatus  for  software  sharing  between  multiple  controllers. 

(57)  An  apparatus  which  allows  for  software  shar- 
ing  between  multiple  controllers  includes  a 
computer  bus  and  a  plurality  of  processors 
each  having  input  and  output  ports  coupled  to 
the  bus.  Each  processor  also  has  at  least  one 
internal  storage  register.  The  apparatus  further 
includes  means,  which  are  responsive  to  a  sig- 
nal  indicating  which  one  of  the  plurality  of 
processors  is  controlling  the  computer  bus  and 
to  a  portion  of  address  data  on  the  bus,  for 
issuing  a  control  signal  to  one  of  the  plurality  of 
processors  to  permit  that  one  processor  access 
to  at  least  one  of  its  internal  storage  register 
when  that  processor  issues  a  bus  access  re- 
quest  having  an  address  which  is  within  the 
range  of  addresses  of  all  the  processors. 
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BACKGROUND  OF  THE  INVENTION 

Generally,  this  invention  relates  to  computer  sys- 
tems  and  more  particularly  to  input/output  (I/O)  devic- 
es. 

As  is  known  in  the  art,  computer  systems  include 
at  least  one  central  processing  unit  (CPU)  and  a  mem- 
ory  system.  A  computer  also  includes  a  set  of  signal 
lines  commonly  referred  to  as  a  bus.  The  bus  carries 
address,  data,  and  control  information  to  and  from  the 
CPU.  The  CPU  executes  instructions  fetched  from 
the  memory  to  provide  central  control  for  the  comput- 
er.  Generally,  the  CPU  sends  and  receives  data  via 
the  bus  from  external  devices  commonly  referred  to 
as  peripheral  devices. 

An  input/output  (I/O)  interface  device  or  module 
is  generally  coupled  to  the  bus  and  is  used  to  inter- 
face  the  bus  and  hence  the  CPU  to  the  external  de- 
vices,  thereby  facilitating  communication  between 
the  CPU  and  the  external  devices.  Examples  of  ex- 
ternal  devices  include  peripheral  devices  such  as  disk 
drives,  tape  drives,  and  printers.  The  I/O  module  in- 
cludes  circuits  to  effect  the  transfer  of  data  between 
the  CPU  and  external  devices.  Amongst  these  cir- 
cuits  are  so  called  external  device  controllers,  each  of 
which  is  responsible  for  control  ling  the  transfer  of  data 
between  the  I/O  module  and  an  external  device.  Ade- 
vice  controller  includes  inter  alia  a  processing  unit  and 
a  bank  of  storage  registers  commonly  referred  to  as 
control  and  status  registers  (CSRs)  which  are  used  by 
the  device  controller  and  the  CPU  for  data  manipula- 
tion  and,  peripheral  device  and  device  controller  sta- 
tus  reporting. 

The  individual  device  controllers  execute  soft- 
ware  instructions  stored  in  the  random  access  mem- 
ory  which  is  typically  resident  on  the  I/O  module.  The 
software  instructions  are  executed  by  the  device  con- 
trollers  to  transfer  the  data  between  the  external  de- 
vices  and  CPU  when  a  request  for  data  transfer  is  re- 
quested  by  the  CPU.  In  normal  operation,  the  CPU 
would  perform  a  read  data  or  write  data  operation  to 
an  external  device  by  addressing  a  control  and  status 
register  (CSR)  within  the  appropriate  controller  for 
the  external  device.  After  addressing  the  particular 
controller's  CSR,  the  CPU  would  write  data  into  the 
addressed  CSR  instructing  the  controller  as  to  the  lo- 
cation  in  memory  of  the  software  instructions  which 
need  to  be  executed  to  accomplish  the  read  or  write 
operation. 

In  order  to  accomplish  a  read  or  write  operation, 
it  is  often  necessary  for  a  controller  to  move  or  access 
data  within  its  own  bank  of  CSRs.  There  are  commer- 
cially  available  controllers  which  allow  for  direct  ac- 
cess  of  CSRs  via  an  internal  data  path  i.e.,  they  are 
able  to  access  their  own  CSRs  without  an  external 
bus  cycle.  However,  controllers  are  often  designed 
which  are  not  capable  of  accessing  their  own  CSRs 
directly.  For  the  latter  type  of  controller  it  is  therefore 

necessary  for  the  controller  to  address  itself  in  the 
same  manner  in  which  it  would  address  memory  lo- 
cations  not  located  within  the  controller  (i.e.  using  an 
external  bus  cycle).  For  controllers  which  require  an 

5  external  bus  cycle  to  access  their  own  CSRs,  the  con- 
troller  places  an  address  on  the  bus  including  bits  of 
address  data  indicating  which  memory  space  it  needs 
to  access,  which  controller  chip  it  needs  to  access, 
and  which  CSR  within  the  controller  chip  it  needs  to 

10  access.  There  are  different  approaches  used  to  de- 
code  the  address  placed  on  the  bus  by  the  controller. 
One  approach  uses  address  decode  logic  which  is  in- 
corporated  into  the  controller.  The  address  decode 
logic  allows  the  controller  to  sense  the  address  on  the 

15  bus  as  being  one  indicating  a  destination  within  the 
range  of  its  own  CSRs.  A  second  approach  requires 
the  use  of  separate  address  decode  logic  to  decipher 
the  address  and  generate  a  chip  select  to  the  appro- 
priate  controller.  In  both  cases,  each  individual  CSR 

20  within  each  controller  must  be  assigned  a  unique  ad- 
dress  and  to  access  any  CSR  requires  placing  that 
unique  address  on  the  bus.  As  a  result,  the  software 
instructions  which  cause  a  controller  to  access  its 
own  CSRs  contains  the  full  address  of  the  CSR  in- 

25  eluding  the  address  of  the  particular  controller. 
One  problem  with  the  above  mentioned  address- 

ing  scheme  is  that  it  precludes  two  similar  controllers 
performing  similar  operations  (i.e.  accessing  the 
same  CSR  within  their  respective  bankof  CSRs)  from 

30  using  the  same  software  instruction  to  accomplish 
the  operation.  This  occurs  because  software  instruc- 
tions  executed  by  a  controller  which  cause  it  to  access 
its  own  CSRs  will  contain  the  full  address  of  the  CSR 
including  the  address  of  the  controller.  Thus,  in  order 

35  for  a  controller  to  access  its  own  CSRs  it  is  necessary 
to  imbed  the  address  of  the  controller  within  the  soft- 
ware  instruction  that  causes  the  controller  to  access 
its  own  CSRs.  Two  different  controllers  therefore  can 
not  use  that  instruction  and  hence  can  not  use  a  com- 

40  mon  set  of  instructions  for  the  same  operations. 
As  an  example  of  the  effect  of  this  problem,  a 

software  instruction  which  causes  a  first  controller  to 
access  data  located  in  a  CSR  located  within  the  first 
controller,  is  not  useable  to  cause  a  second  controller 

45  to  access  data  in  a  corresponding  CSR  located  within 
the  second  controller.  To  overcome  this  problem  re- 
quires  that  for  each  of  these  potential  disparities,  the 
affected  software  must  be  replicated  for  each  control- 
ler.  For  an  I/O  module  having  several  controllers,  this 

so  replication  requires  a  large  amount  of  random  access 
memory  to  store  the  replicated  software  instructions. 

SUMMARY  OF  THE  INVENTION 

55  In  accordance  with  the  present  invention,  an  ap- 
paratus  includes  a  plurality  of  processors  each  having 
input  and  output  ports  coupled  via  a  bus,  with  each  of 
said  processors  having  at  least  one  internal  storage 
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register.  The  apparatus  further  includes  means,  re- 
sponsive  to  a  signal  indicating  which  one  of  said  plur- 
ality  of  processors  is  controlling  said  bus  and  to  a  por- 
tion  of  address  data  on  said  bus,  for  issuing  a  control 
signal  to  one  of  said  plurality  of  processors  to  permit 
said  one  processor  access  to  said  at  least  one  internal 
storage  register  of  said  one  processor  when  said  one 
processor  issues  a  bus  access  request  having  an  ad- 
dress  which  is  within  the  range  of  addresses  of  said 
plurality  of  processors.  With  such  an  arrangement, 
apparatus  is  provided  which  permits  a  peripheral  de- 
vice  controller  to  obtain  access  to  its  internal  control 
and  status  registers  (CSRs)  without  issuing  the  com- 
plete  address  of  the  CSR  and  controller.  This  permits 
a  plurality  of  peripheral  device  controllers  or  other  de- 
vices  to  share  a  common  set  of  software  instructions 
since  the  address  of  the  controller  is  not  imbedded  in 
the  software.  Rather,  only  a  portion  of  the  address 
which  corresponds  to  the  general  address  space  of 
the  peripheral  device  controller  as  well  as  other  per- 
ipheral  device  controllers  is  used  to  determine  that  a 
particular  peripheral  device  controller  desires  to  ac- 
cess  its  own  CSRs. 

The  invention  in  its  broad  form  resides  in  appara- 
tus  as  recited  in  claim  1,  and  an  input/output  controller 
generally  as  recited  in  claim  8. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

A  more  detailed  understanding  of  the  invention 
may  be  had  from  the  following  description  of  preferred 
embodiments,  given  by  way  of  example  and  to  be  un- 
derstood  in  conjunction  with  the  accompanying  draw- 
ings  wherein: 

Figure  1  is  a  block  diagram  of  a  computer  system 
including  an  input/output  subsystem. 

Figure  2  is  a  representation  of  an  address  which 
is  asserted  on  a  computer  bus. 

Figure  3  is  a  block  diagram  of  an  input/output 
processor  of  the  input/output  subsystem  used  in  the 
computer  system  of  FIG.  1  . 

Figure  4  is  a  block  diagram  of  a  local  bus  arbitra- 
tion  and  control  circuit  used  in  the  input/output  sub- 
system  used  in  the  computer  system  of  FIG.  1. 

Figure  5  is  schematic  diagram  of  the  combina- 
tional  logic  circuit  which  provides  the  chip  select  sig- 
nals  to  the  peripheral  device  controllers  of  a  computer 
system. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENT 

Referring  now  to  Figure  1  ,  a  computer  system  1  0 
is  shown  to  include  a  plurality  of  central  processing 
units  (CPUs)  12,  a  main  memory  bank  14  and  an  in- 
put/output  (I/O)  subsystem  20.  The  plurality  of  CPUs 
12  are  coupled  to  the  main  memory  14  and  the  in- 
put/output  subsystem  20  via  a  system  bus  16. 

In  particular,  the  I/O  subsystem  20  is  comprised 
of  an  I/O  processor  22  which  is  used  to  control  ad- 
dress,  data,  and  control  signal  transfer  between  the 
system  bus  16  and  a  local  bus  (LBUS)  28.  Here  the 

5  I/O  subsystem  20  further  includes  five  peripheral  de- 
vice  controllers  21  a-21  e  and  a  device  controller  mem- 
ory  26  coupled  via  the  LBUS  28,  as  shown.  The  five 
device  controllers  21  a-21  e  are  used  to  process  and 
format  data  transfers  between  peripheral  devices  (not 

10  shown)  and  the  CPUs  12.  Illustrative  examples  of  per- 
ipheral  devices  typically  associated  with  computer 
systems  are  disk  storage  devices,  tape  storage  devic- 
es,  optical  storage  devices  and  printers.  The  device 
controller  memory  26  is  here  resident  in  the  I/O  sub- 

is  system  20  and  is  used  as  a  storage  area  for  the  soft- 
ware  instructions  which  are  executed  by  the  periph- 
eral  device  controllers  to  effect  the  data  transfer  from 
a  peripheral  device  to  main  memory  or  some  other 
peripheral  device. 

20  The  I/O  subsystem  20  further  includes  an  LBUS 
arbitration  and  control  circuit  24  which  is  coupled  to 
the  I/O  processor  22  and  device  controllers  21a-21e 
via  the  device  control  lines  29.  The  LBUS  arbitration 
and  control  circuit  24  receives  LBUS  access  requests 

25  from  each  of  the  five  device  controllers  21a-21e  and 
the  CPUs  12.  The  LBUS  arbitration  and  control  circuit 
24  grants  one  of  the  controllers  21a-21e  or  CPUs  12 
access  to  the  LBUS  by  asserting  its  corresponding 
grant  line  (as  for  example  grant  line  43  (FIG.  5)).  Each 

30  controller  21a-21e  and  CPUs  12  has  a  unique  grant 
line  which  is  part  of  the  LBUS  control  lines  31.  Each 
controller  21  a-21  e  an  CPUs  12  also  has  an  associat- 
ed  LBUS  access  request  line  also  resident  amount 
the  LBUS  control  lines  31  .  In  order  to  grant  access  to 

35  the  LBUS,  the  LBUS  arbitration  and  control  circuit  24 
sequentially  samples  each  LBUS  access  request  sig- 
nal  line.  If  a  sampled  line  is  asserted  i.e,  a  device  is 
requesting  access  to  the  LBUS,  access  to  the  LBUS 
is  granted  to  the  requesting  device.  If  a  sampled  sig- 

40  nal  line  is  not  asserted,  the  LBUS  arbitration  and  con- 
trol  circuit  24  samples  the  next  LBUS  access  request 
signal  line.  Once  all  access  LBUS  access  request  sig- 
nal  lines  have  been  sampled,  the  LBUS  arbitration 
and  control  circuit  24  starts  over  with  the  first  sam- 

45  pled  signal  line  and  continues  sampling  and  granting 
access  in  a  sequential  fashion.  This  type  of 
query/grant  technique  is  often  referred  to  as  "round 
robin"  querying.  LBUS  access  is  granted  to  the  re- 
questing  device  via  the  LBUS  control  lines  31.  The 

so  LBUS  control  lines  31  are  comprised  of  signal  lines 
(such  as  the  LBUS  access  request  and  grant  lines) 
and  a  portion  of  the  LBUS  data  and  address  lines  28a. 

Other  techniques  could  alternatively  be  used  to 
grant  access  to  the  requesting  devices.  For  example, 

55  priority  techniques  could  be  implemented  by  the 
LBUS  arbitration  and  control  circuit  24.  In  any  event, 
the  LBUS  arbitration  and  control  circuit  24  will  assert 
a  control  signal  on  the  LBUS  control  lines  31  indicat- 

3 
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ing  to  the  requesting  device  that  it  has  been  given  ac- 
cess  to  the  LBUS. 

During  normal  operation  of  the  computer  system 
10,  the  CPUs  12  will  need  to  send  or  retrieve  data 
from  a  peripheral  devices  (not  shown).  In  order  to  do 
so,  the  CPUs  will  write  the  starting  address  of  soft- 
ware  instructions  stored  in  the  random  access  mem- 
ory  26  to  a  CSR  within  the  appropriate  peripheral  de- 
vice  controller  21  a-21  e.  The  peripheral  device  con- 
troller  will  then  read  and  execute  the  software  in- 
structions  until  the  data  has  been  read  from  or  sent 
to  the  peripheral  device.  During  the  course  of  execut- 
ing  the  software  instructions  and  transferring  data, 
the  peripheral  device  controller  may  need  to  access 
its  own  CSRs  for  temporary  storage  and  manipulation 
of  data.  Certain  peripheral  device  controllers  such  as 
the  NCR53C710  Small  Computer  System  Interface 
(SCSI)  controller  are  incapable  of  accessing  theirown 
internal  CSRs  directly  without  an  external  bus  cycle. 
As  a  result,  the  peripheral  device  controllers  must  ad- 
dress  theirown  CSRs  in  the  same  manner  as  if  they 
were  addressing  some  other  memory  location  such 
as  main  memory  14.  This  addressing  requirement 
usually  dictates  that  the  software  instructions  which 
cause  a  peripheral  device  controller  to  access  its  own 
CSRs  contain  the  full  address  of  the  particular  con- 
troller  thereby  precluding  its  use  to  perform  a  similar 
operation  on  a  different  peripheral  device  controller. 

Referring  now  also  to  Figure  2,  a  typical  address 
format  80  for  peripheral  device  controller  i.e.,  21  a-21  e 
(FIG.  1),  which  has  no  direct  internal  access  to  its 
CSRs  is  shown.  The  peripheral  device  controller  will 
place  the  address  80,  which  includes  high  order  bits 
82  to  indicate  the  general  memory  space  (i.e.,  main 
memory,  device  controller  memory,  or  CSR  memory) 
middle  order  bits  84  which  indicate  the  general  con- 
troller  address  space,  and  low  order  bits  86  which  typ- 
ically  are  reserved  for  register  space,  onto  the  LBUS 
28  (FIG.  1).  Address  bits  82a  of  higher  order  bits  82 
are  used  to  indicate  which  general  memory  area  is  go- 
ing  to  be  accessed.  Address  bits  84a  of  space  84  in- 
dicate  which  controller  is  going  to  be  accessed.  When 
address  bits  82a  indicate  an  access  to  CSR  memory, 
the  address  bits  84  are  relevant  to  designate  the  par- 
ticular  controller  21  a-21  e  (FIG.  1)  and  address  bits  86 
indicate  which  particular  CSR  within  a  selected  con- 
troller  is  going  to  be  accessed.  That  is,  like  address 
bits  84,  address  bits  86  are  relevant  when  the  high  or- 
der  bits  82  indicate  an  access  to  CSR  memory. 

In  prior  approaches,  as  mentioned  above,  since 
the  address  of  the  controller  needs  to  be  included  in 
the  address  asserted  by  a  controller  seeking  to  ac- 
cess  its  own  CSRs,  this  address  must  be  imbedded 
into  the  software  instruction  which  causes  the  con- 
troller  to  access  its  own  CSRs.  As  a  result,  this  in- 
struction  is  not  useable  by  any  other  controller  seek- 
ing  to  perform  the  same  access  within  its  own  bank 
of  CSRs.  As  described  below,  the  invention  alleviates 

this  problem  by  providing  a  means  of  generating  a 
chip  select  signal  to  the  proper  peripheral  device  con- 
troller  which  is  independent  of  the  peripheral  device 
controlleraddressing  signals  when  that  peripheral  de- 

5  vice  controller  is  seeking  access  to  its  own  internal 
CSRs, 

Referring  now  to  Figure  3,  the  I/O  processor  22 
(FIG.  1  )  is  shown  to  include  inter  alia  a  dual  cache  line 
buffer  66,  local  control  and  status  registers  (CSRs) 

10  62,  and  a  system  bus  control  circuit  68.  The  dual 
cache  line  buffer  66  and  the  local  CSRs  62  are  cou- 
pled  by  an  internal  bus  64.  The  I/O  processor  22  is 
coupled  to  the  other  I/O  subsystem  components  via 
the  LBUS  28.  The  I/O  processor  22  provides  signals 

15  and  proper  data  formats  to  interface  the  CPUs  and 
main  memory  of  the  computer  system  to  the  periph- 
eral  device  controllers.  Data  transfer  between  the 
system  bus  and  the  peripheral  device  controllers 
passes  through  the  I/O  processor  22.  The  local  CSRs 

20  62  and  the  dual  cache  line  buffer  66  are  used  for  tem- 
porary  storage  and  manipulation  of  data  going  to  or 
coming  from  the  peripheral  device  controllers.  The 
main  function  of  the  dual  cache  line  buffer  is  to  re- 
solve  differences  in  data  formats  which  occurs  as  a 

25  result  of  the  system  bus  16  (FIG.  1)  and  the  LBUS  28 
using  different  data  formats  during  transmission.  In 
addition,  by  using  the  I/O  processor's  buffering  capa- 
bility,  the  CPUs  12  (FIG.  1)  are  free  to  perform  other 
operations  while  the  peripheral  device  controllers  are 

30  filling  the  I/O  processor's  buffer  with  data  to  be  trans- 
ferred  or  while  the  peripheral  device  controllers  are 
reading  the  data  supplied  to  the  I/O  processor  by  the 
CPUs. 

Referring  now  to  Figure  4,  the  LBUS  arbitration 
35  and  control  circuit  24  (FIG.  1)  is  shown  to  further  in- 

clude  an  LBUS  master  control  circuit  32,  a  data  buffer 
control  circuit  36,  an  LBUS  arbiter  38,  and  a  device 
controller  interface  34.  These  circuits  are  coupled  to- 
gether  via  LBUS  control  lines  31  as  shown.  To  initiate 

40  a  read  or  write  operation  to  a  peripheral  device,  one 
of  the  CPUs  12  (FIG.  1)  generates  an  LBUS  access 
request.  In  response  to  an  LBUS  access  requestfrom 
the  CPUs  12,  the  LBUS  master  control  circuit  32  and 
the  LBUS  arbiter  circuit  38  work  to  provide  the  CPUs 

45  access  to  the  LBUS  28  allowing  the  requesting  CPU 
to  communicate  with  an  external  device  via  one  of  the 
peripheral  device  controllers. 

After  being  given  control  of  the  LBUS  28  (FIG.  1), 
the  CPUs  12  (FIG.  1)  provide  a  peripheral  device  con- 

so  trailer  with  the  address  of  a  storage  location  within 
the  device  controller  memory  26  which  corresponds 
to  the  starting  address  of  the  instructions  which  will 
be  executed  by  the  peripheral  device  controller  to  ef- 
fect  the  read  or  write  operation  requested  by  the 

55  CPUs.  Once  the  starting  address  of  the  instructions 
is  received,  the  peripheral  device  controller  will  begin 
executing  the  instructions  until  the  read  or  write  op- 
eration  is  complete. 

4 
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While  performing  a  read  or  write  operation  a  per- 
ipheral  device  controller  may  need  to  access  its  inter- 
nal  control  and  status  registers  (CSRs)  for  temporary 
storage  and  manipulation  of  data.  Often,  peripheral 
device  controllers  such  as  the  NCR53C710  SCSI 
controller  are  designed  in  a  manner  which  precludes 
the  controller  from  accessing  its  own  CSRs  directly. 
As  a  result,  a  controller  which  requires  access  to  its 
own  CSRs  addresses  its  own  CSRs  as  if  it  were  ad- 
dressing  some  other  memory  location  such  as  the  de- 
vice  controller  memory  26.  That  is,  the  controller  re- 
quests  access  to  the  LBUS,  places  an  address  on  the 
bus  which  represents  the  CSR  it  desires  to  access, 
and  writes  (or  reads)  data  over  the  LBUS  to  (or  from) 
its  CSR. 

Referring  now  to  Figure  5,  the  device  controller 
interface  34  is  shown  to  include  a  plurality  of  combi- 
national  logic  circuits  34a-34e  which  are  used  to  gen- 
erate  any  one  of  a  corresponding  plurality  of  chip  se- 
lect  signals  52a-52e.  Each  one  of  the  chip  select  sig- 
nals  52a-52e  is  coupled  to  a  corresponding  one  of 
said  peripheral  device  controller  21  a-21  e  (FIG.  1).  A 
particular  one  of  the  chip  select  signals  52a-52e  is  as- 
serted  for  the  corresponding  peripheral  device  con- 
troller  when  that  corresponding  peripheral  device 
controller  or  some  other  device  is  requesting  access 
to  the  corresponding  peripheral  device  controller's 
CSRs.  Each  chip  select  signal  52a-52e  is  coupled  to 
a  separate  peripheral  device  controller  and  is  gener- 
ated  by  a  one  of  the  logic  circuits  34a-34e.  Here  each 
of  said  circuits  34a-34e  is  identical.  Thus,  to  accom- 
modate  differences  resulting  from  different  controller 
addresses,  address  decoder  circuits  35a-35e  are  pro- 
vided  between  the  inputs  of  the  networks  34a-34e 
and  the  signals  used  as  inputs  thereto.  Address  de- 
coder  circuits  35a-35e  are  selectively  comprised  of  in- 
verters  (as  shown  for  circuit  35e).  Depending  on  the 
address  of  the  controller,  none,  some,  or  all  of  lines 
44-48  will  be  inverted  prior  to  being  fed  to  the  respec- 
tive  networks  34a-34e.  For  example,  chip  select  sig- 
nal  52e  is  generated  by  the  logic  circuit  34e.  Logic  cir- 
cuit  34e  and  chip  select  signal  52e  are  specific  to  per- 
ipheral  device  controller  21a  (FIG.  1)  whereas,  logic 
circuits  34a-34d  and  chip  select  signals  52a-52d  are 
specific  to  peripheral  device  controllers  21b-21e 
(FIG.  1). 

The  chip  select  signals  52a-52e  are  provided  by 
decoding  a  portion  of  the  LBUS  signal  lines  thereby 
eliminating  the  need  to  imbed  the  address  of  the  con- 
troller  into  the  software  instructions  which  cause  the 
peripheral  device  controllers  to  access  their  own 
CSRs.  The  general  address  space  of  all  controller 
CSRs  is  included  in  the  particular  software  instruc- 
tions  ratherthan  an  entire  controller  address  of  a  par- 
ticular  peripheral  device  controller.  By  utilizing  the 
combinational  logic  circuits  34a-34e,  the  same  soft- 
ware  instructions  which  cause  one  peripheral  device 
controller  to  access  its  own  CSRs  can  be  used  by  all 

of  the  other  peripheral  device  controllers.  As  a  result, 
the  number  of  software  instructions  required  for  all 
peripheral  devices  is  greatly  reduced  and  conse- 
quently,  the  amount  of  memory  needed  to  store  those 

5  software  instructions  is  also  greatly  reduced. 
A  chip  select  signal  is  generated  via  logic  circuits 

34a-34e  to  the  proper  device  controller  as  a  result  of 
analyzing  signal  lines  41  -49  of  the  LBUS  control  lines 
31.  For  example,  here,  signal  lines  41  and  42  corre- 

w  spond  to  LBUS  address  bits  A30  and  A31  (FIG.  2). 
These  two  bits  are  part  of  the  general  address  space 
82  (FIG.  2)  and  are  used  during  addressing  to  indicate 
the  general  memory  area  which  is  to  be  accessed 
e.g.,  main  memory,  device  controller  memory,  or 

15  CSR  space.  When  a  device  controller  is  trying  to  ac- 
cess  CSR  space,  here  illustratively,  bits  A30  and  A31 
will  be  asserted.  Signal  line  43  caries  a  bus  access 
grant  signal.  The  bus  access  grant  signal  on  line  43 
is  asserted  by  the  LBUS  arbitration  and  control  circuit 

20  24  (FIG.  4)  to  give  a  particular  peripheral  device  con- 
troller  access  to  (i.e.  control  of)  the  LBUS  28  (FIG.  1). 
Each  peripheral  device  controller  is  coupled  to  a  sep- 
arate  grant  line.  The  grant  line  43  is  unique  or  specific 
to  a  particular  peripheral  device  controller,  here  21a 

25  (FIG.  1).  Signal  line  44  is  a  master/slave  indicator  sig- 
nal  line  also  generated  by  the  LBUS  arbitration  and 
control  circuit  24  (FIG.  1).  This  signal  line  is  asserted 
when  the  CPUs  12  (FIG.  1)  or  some  other  device  is 
controlling  the  LBUS  28  (FIG.  1)  and  is  de-asserted 

30  when  one  of  the  five  peripheral  device  controllers 
21a-21e  (FIG.  1)  is  controlling  the  LBUS.  Signal  line 
45  is  a  so  called  "address  strobe"  signal  line  which  is 
asserted  by  the  particular  peripheral  device  controller 
which  is  accessing  its  CSRs  (or  having  its  CSRs  ac- 

35  cessed).  When  a  peripheral  device  controller  is  seek- 
ing  to  access  its  own  CSRs,  it  will  request  control  of 
the  LBUS  from  the  LBUS  arbitration  and  control  cir- 
cuit  24  (FIG.  1).  Once  it  has  been  granted  control  of 
the  LBUS,  (indicated  by  signal  line  43  being  asserted) 

40  the  controller  will  place  an  address  on  the  LBUS 
wherein  signal  lines  41  and  42  are  asserted.  Having 
signal  lines  41  ,  42,  and  43  asserted  will  cause  the  out- 
put  of  AND  gate  71  to  be  "TRUE"  or  asserted.  Addi- 
tionally,  since  the  peripheral  device  controller  is  the 

45  device  controlling  the  bus,  signal  line  44  will  be  de-as- 
serted.  Also,  the  peripheral  device  will  assert  its  so 
called  "address  strobe"  line  on  signal  line  45.  Having 
signal  line  44  de-asserted  and  signal  line  45  asserted 
will  result  in  an  output  of  "TRUE"  from  AND  gate  72 

50  (as  well  as  an  output  of  "FALSE"  from  AND  gate  74). 
Now,  having  the  outputs  of  AND  gates  71  and  72  be 
"TRUE"  will  cause  the  output  of  AND  gate  76  to  be 
"TRUE".  At  this  point,  since  the  output  of  AND  gate  76 
serves  as  an  input  to  the  OR  gate  77  and  is  "TRUE", 

55  the  output  of  the  OR  gate  77  will  become  "TRUE"  re- 
gardless  of  the  output  of  AND  gate  75  (the  other  input 
to  OR  gate  77).  Since  the  output  of  the  OR  gate  77  is 
the  chip  select  signal  52e,  a  chip  select  signal  is  gen- 

5 
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erated  to  the  proper  peripheral  device  controller  in- 
dependent  of  the  peripheral  device  controller  address 
bits  A6,  A7,  and  A8  (FIG.  2).  As  a  result,  the  use  of  log- 
ic  circuits  34a-34e  to  generate  chip  select  signals 
52a-52e  alleviates  the  need  to  imbed  the  controller 
address  into  the  software  instructions  which  cause  a 
peripheral  device  controller  to  access  its  own  CSRs. 
As  an  illustration,  the  middle  order  bits  84  (FIG.  2)  of 
an  address  imbedded  into  a  software  instruction 
which  causes  the  controller  to  access  its  own  CSRs 
would  be  so  called  "don't  care"  bits.  When  the  ad- 
dress  80  (FIG.  2)  is  asserted  on  the  bus  and  the  sig- 
nal  lines  41-45  are  in  the  state  which  indicates  a  con- 
troller  is  seeking  to  access  its  own  CSRs,  middle  order 
bits  84  (FIG.  2)  are  ignored  by  the  logic  circuit  34 
which  is  still  able  to  generate  a  chip  select  signal  to 
the  proper  controller.  Consequently,  a  common  set  of 
software  instructions  can  be  used  for  all  controllers  to 
perform  operations  which  cause  them  to  access  their 
own  internal  CSRs. 

Signal  lines  46,  47,  and  48  are  address  bits  A6, 
A7,  and  A8  respectively  of  the  LBUS  28  (FIG.  1). 
These  address  bits  are  used  by  the  logic  circuit  34e 
to  generate  a  chip  select  to  a  peripheral  device  con- 
troller  when  a  device  otherthan  the  peripheral  device 
controller  itself  is  seeking  to  access  the  internal 
CSRs.  For  example,  when  the  signal  lines  46,  47,  and 
48  are  all  de-asserted  (or  address  bits  A6,  A7,  and  A8 
evaluate  to  zero),  peripheral  device  controller  21a 
(FIG.  1)  is  being  addressed.  In  general,  when  a  device 
other  than  the  peripheral  device  controller  itself  ac- 
cesses  the  controller's  CSRs,  addressing  of  the  con- 
troller  is  accomplished  via  signal  lines  46,  47,  and  48. 
These  signal  lines  are  coupled  to  each  logic  circuit  in 
a  similar  manner  as  shown  in  logic  circuit  34e.  The 
only  difference  between  logic  circuits  34a-34e  is  the 
configuration  of  circuits  35a-35e.  The  differences  in 
configuration  of  circuits  35a-35e  are  determined  by 
presence  or  absence  of  inverters  between  signal 
lines  46-48  and  the  AND  gate  73.  As  an  illustration, 
consider  logic  circuit  34a.  Within  logic  circuit  34a, 
there  would  not  be  an  inverter  between  signal  line  48 
and  the  AND  gate  73.  Therefore,  to  address  periph- 
eral  device  controller  number  4  (shown  as  item  21  e  in 
Figure  1),  address  lines  46  and  47  would  be  de-as- 
serted  while  address  line  48  would  be  asserted  (i.e., 
address  bits  A6,  A7,  and  A8  would  evaluate  to  4).  The 
same  principle  is  used  in  addressing  peripheral  de- 
vice  controllers  21b,  21c,  and  21d  (FIG.  1).  Signal  line 
49  is  a  so  called  "controller  cycle"  signal  line.  This  sig- 
nal  line  is  asserted  when  the  address  placed  on  the 
LBUS  28  (FIG.  1  )  is  a  device  otherthan  the  peripheral 
device  controller  itself. 

Having  described  a  preferred  embodiment  of  the 
invention,  it  will  now  become  apparent,  to  one  of  skill 
in  the  art  that  other  embodiments  incorporating  its 
concepts  may  be  used. 

Claims 

1.  Control  apparatus  for  controlling  sharing  soft- 
ware  amongst  multiple  controllers,  comprising: 

5  a  bus  (16); 
a  processor  (22)  having  input  and  output 

ports  coupled  to  said  bus  (16),  said  processor 
having  at  least  one  internal  storage  register;  (62) 
and 

10  means  (31),  responsive  to  a  signal  (49)  in- 
dicating  that  said  processor  is  controlling  said 
bus  and  to  a  portion  of  address  data  on  said  bus, 
for  issuing  a  control  signal  (49)  to  select  said  proc- 
essor  when  said  processor  issues  a  bus  access 

15  request  to  access  (43)  said  at  least  one  internal 
storage  register  (62)  of  said  processor. 

2.  The  apparatus  of  claim  1  further  comprising  a 
computer  (12)  and  a  peripheral  device  coupled  to 

20  said  bus  (16)  wherein  said  processor  controls 
communication  between  said  computer  and  said 
peripheral  device. 

3.  The  apparatus  of  claim  1  furthercomprising  a  bus 
25  arbiter  circuit  (24)  wherein  said  signal  indicating 

which  processor  is  controlling  said  bus  is  gener- 
ated  by  said  bus  arbiter  circuit. 

4.  The  apparatus  of  claim  1  wherein  said  means  for 
30  issuing  a  control  signal  comprises  a  combination- 

al  logic  circuit  coupled  to  said  bus  and  to  said 
processor. 

5.  Control  apparatus  for  controlling  sharing  soft- 
35  ware  amongst  multiple  controllers,  comprising: 

a  bus  (16); 
a  plurality  of  processors  (22)  each  having 

input  and  output  ports  coupled  to  said  bus,  each 
of  said  processors  having  at  least  one  internal 

40  storage  register  (62);  and 
means,  (31)  responsive  to  a  signal  indicat- 

ing  which  one  of  said  plurality  of  processors  is 
controlling  said  bus  and  to  a  portion  of  address 
data  on  said  bus,  for  issuing  a  control  signal  to 

45  one  of  said  plurality  of  processors  to  give  said  one 
processor  access  to  said  at  least  one  internal 
storage  register  of  said  one  processor  when  said 
one  processor  issues  a  bus  access  request  hav- 
ing  an  address  which  is  within  the  range  of  ad- 

50  dresses  of  said  plurality  of  processors. 

6.  The  apparatus  of  claim  5  further  comprising  a 
computer  and  a  plurality  of  peripheral  devices 
wherein  said  plurality  of  processors  control  com- 

55  munication  between  said  computer  and  said  plur- 
ality  of  peripheral  devices. 

7.  The  apparatus  of  claim  5  wherein  said  means  for 

10 

40 

45 
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issuing  a  control  signal  comprises  a  plurality  of 
combinational  logic  circuits  coupled  to  said  bus 
and  to  said  plurality  of  processors. 

8.  An  input/output  controller  device  comprising:  5 
an  internal  computer  bus  (28); 
means  for  interfacing  said  internal  com- 

puter  bus  to  an  external  computer  bus  (16); 
a  random  access  memory  (14); 
a  plurality  of  processors  (22)  each  having  10 

input  and  output  ports  coupled  to  said  internal 
computer  bus  (28),  each  of  said  processors  hav- 
ing  at-leastone  internal  storage  register  (62),  and 
each  of  said  processors  capable  of  executing  in- 
structions  stored  in  said  random  access  memory;  15 
and 

means  (31),  responsive  to  a  signal  indicat- 
ing  which  one  of  said  plurality  of  processors  is 
controlling  said  bus  and  to  a  portion  of  address 
data  on  said  bus,  for  issuing  a  control  signal  to  20 
one  of  said  plurality  of  processors  to  give  said  one 
processor  access  to  said  at  least  one  internal 
storage  register  of  said  one  processor  when  said 
one  processor  executes  an  instruction  causing 
said  one  processor  to  generate  a  bus  access  re-  25 
quest  having  an  address  which  is  within  a  range 
of  addresses  of  said  plurality  of  processors. 

9.  The  apparatus  of  claim  8  wherein  said  means  for 
issuing  a  control  signal  to  one  of  said  plurality  of  30 
processors  comprises  a  plurality  of  control  sig- 
nals  wherein  said  means  for  issuing  said  plurality 
of  control  signals  comprises  a  combinational  logic 
circuit  coupled  to  said  bus  and  to  said  plurality  of 
processors.  35 

10.  A  method  for  addressing  internal  storage  regis- 
ters  of  a  plurality  of  processor  devices,  said  meth- 
od  comprising: 

providing  an  address  in  a  range  of  ad-  40 
dresses  (82,  84,  86)  reserved  for  any  one  of  a 
plurality  of  processor  devices  (22)  on  a  processor 
bus  (28); 

examining  a  portion  of  said  address  to  as- 
certain  whether  said  address  is  within  said  range  45 
of  said  plurality  of  processor  devices; 

determining  which  one  of  said  plurality  of 
processors  devices  is  providing  said  address  on 
said  processor  bus;  and 

generating  in  response  to  said  determin-  50 
ing  step  and  said  examining  step  a  chip  select  sig- 
nal  (52  e)  to  said  one  of  said  plurality  of  processor 
devices  when  said  one  processor  provided  said 
address. 

7 
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