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@)  Dual  addressing  arrangement  for  a  communications  interface  architecture. 

(57)  A  dual  addressing  arrangement  comprises  a 
complex  address  pointer  within  entries  of  a 
communication  queue  used  by  a  port  driver  (18) 
and  an  port  adapter  (20)  when  exchanging  in- 
formation  in  a  host  computer  (12).  The  complex 
address  pointer  comprises  a  virtual  address 
portion  and  a  physical  address  portion.  The  port 
driver  uses  the  virtual  address  portion  to  ascer- 
tain  the  location  of  entry  structures,  while  the 
port  adapter  uses  the  physical  address  portion 
to  locate  the  structures  in  a  host  memory  (14). 
The  arrangement  and  interpretation  of  the  ad- 
dress  portions  of  the  complex  pointers  within 
an  entry  depend  upon  the  direction  of  infor- 
mation  flow,  i.e.,  the  passing  of  messages  from 
the  port  driver  to  the  port  adapter  using  a 
driver-to-adapter  queue  or  the  passing  of  res- 
ponses  from  the  adapter  to  the  driver  using  an 
adapter-to-driver  queue. 
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FIELD  OF  THE  INVENTION 

This  invention  relates  generally  to  addressing 
within  a  host  computer  and,  more  specifically,  to  ad- 
dressing  of  a  communication  interface  between  a 
software  port  driver  and  a  hardware  port  adapter. 

BACKGROUND  OF  THE  INVENTION 

A  data  processing  system  typically  comprises  a 
host  computer  connected  to  one  or  more  nodes,  e.g., 
other  host  computers  or  peripheral  devices,  via  an  in- 
terconnect  medium.  The  host  computer  comprises  a 
number  of  basic  elements  including  a  central  process- 
ing  unit  (CPU),  a  host  memory  and  an  input/output 
(I/O)  port  adapter  that  physically  connects  the  com- 
puter  to  the  interconnect  medium.  In  general,  the  in- 
terconnect  medium  is  a  network  or  I/O  bus,  and  the 
peripheral  devices  are  typically  disks,  tapes  and  com- 
munications  equipment. 

The  computer  is  functionally  organized  by  an  op- 
erating  system  comprising  a  collection  of  software 
modules  that  control  the  execution  of  computer  pro- 
grams  and  manage  the  transfer  of  information  among 
the  elements  of  the  computer.  The  host  memory 
stores  computer  program  information,  i.e.,  data  and 
instructions,  in  addressable  storage  locations.  The 
CPU  then  executes  the  programs  by  fetching  and  in- 
terpreting  the  instructions,  and  processing  the  data  in 
accordance  with  the  instructions. 

Program-generated  addresses  are  called  virtual 
addresses  because  they  refer  to  the  contiguous  log- 
ical,  i.e.,  virtual,  address  space  referenced  by  a  com- 
puter  program.  In  contrast,  the  physical  address 
space  consists  of  the  actual  locations  where  informa- 
tion  is  stored  in  host  memory.  A  host  computer  with  a 
"virtual"  memory  allows  programs  to  address  more 
memory  than  is  physically  available.  In  addition,  an 
advantage  of  virtual  addressing  is  that  the  addresses 
of  the  program  appear  contiguous  even  though  they 
may  reference  non-contiguous  physical  locations  in 
host  memory.  This  facilitates  dynamic  allocation  of 
additional  addresses,  as  needed. 

The  operating  system  manages  the  virtual  mem- 
ory  so  that  the  program  operates  as  if  it  is  loaded  into 
contiguous  physical  locations.  A  common  process  for 
managing  virtual  memory  is  to  divide  the  program 
and  host  memory  into  equal-sized  blocks  or  pages  so 
that  each  program  page  fits  into  a  memory  page.  A 
system  disk  participates  in  the  implementation  of  vir- 
tual  memory  by  storing  pages  of  the  program  not  cur- 
rently  in  host  memory.  The  loading  of  pages  from  the 
disk  to  host  memory  is  managed  by  the  operating  sys- 
tem. 

When  a  program  references  an  address  in  virtual 
memory,  the  CPU  calculates  the  corresponding  host 
memory  physical  address  in  order  to  access  the  infor- 
mation  (hereinafter  referred  to  generally  as  data).  The 

CPU  typically  includes  memory  management  hard- 
ware  to  hasten  the  translation  of  the  virtual  address 
to  a  physical  address.  Specifically,  for  each  program 
there  is  a  page  table  containing  a  list  of  mapping  en- 

5  tries,  i.e.,  page  table  entries  (PTEs),  which,  in  turn, 
contain  the  physical  address  of  each  page  of  the  pro- 
gram  and  a  valid  bit  denoting  whether  the  PTE  is  val- 
id.  Each  PTE  thus  indicates  whether  the  program 
page  is  in  host  memory.  If  not,  the  PTE  typically  spe- 

10  cifies  where  to  find  a  copy  of  the  page  on  the  disk. 
The  CPU  performs  this  virtual-to-physical  address 
translation  via  specialized  hardware  which  is  not  gen- 
erally  accessed  by  software. 

The  operating  system  includes  at  least  one  port 
15  driver  that  controls  at  least  one  I/O  port  adapter  when 

performing  I/O  operations,  such  as  the  transfer  of 
data  between  the  host  computer  and  a  node.  In  order 
to  efficiently  perform  these  operations,  the  port  driv- 
er  and  port  adapter  exchange  messages,  e.g.,  com- 

20  mands  and  responses.  Specifically,  the  driver  sends 
a  command  to  the  port  adapter  to  perform  an  opera- 
tion.  The  port  adapter  interprets  the  command  and 
forwards  it  to  the  appropriate  node  of  the  medium. 
The  port  adapter  then  returns  a  response  to  the  driv- 

25  er. 
Typically,  the  commands  and  responses  are  ex- 

changed  via  linked  queues,  which  are  locations  in 
host  memory  organized  to  provide  data  structures.  A 
linked  queue  and  its  associated  entries  are  assigned 

30  virtual  addresses  within  the  virtual  address  space  of 
a  program.  This  is  convenient  for  the  port  driver  be- 
cause  the  CPU  performs  virtual  address  translations 
within  its  normal  program  execution.  However,  the 
port  adapter  may  be  required  to  perform  similar  trans- 

35  lations  in  order  to  locate  entries  in  the  queue  in  host 
memory.  This  forces  the  adapter  to  participate  in  the 
memory  management  process  by  frequently  access- 
ing  host  memory  to  reference  the  program  page  table, 
resulting  in  an  increase  in  the  time  required  to  process 

40  a  message  received  from  the  port  driver.  Alternately, 
the  driver,  as  executed  by  the  CPU,  may  translate  the 
virtual  addresses  to  physical  addresses  for  the  port 
adapter.  Yet,  such  frequent  address  translation  activ- 
ity  creates  additional  overhead  and  complexity  forthe 

45  driver  because  it  does  not  directly  access  the  special- 
ized  CPU  translation  hardware;  instead,  the  driver 
must  perform  a  more  laborious  software  procedure. 
Furthermore,  when  processing  messages  received 
from  the  port  adapter,  the  driver  must  translate  phys- 

50  ical  addresses  back  to  virtual  addresses.  This  latter 
procedure  is  an  extremely  difficult  process  involving 
searching  all  PTEs  for  a  matching  physical  address. 

To  reduce  the  overhead  burdens,  the  port  adap- 
ter  may  maintain  a  small,  high-speed  memory,  i.e.,  a 

55  translation  buffer  (TB),  that  stores  virtual  address 
translations  of  recently  accessed  queue  entries.  Yet, 
the  entries  of  a  linked  queue  or  other  communication 
data  structure  tend  to  be  scattered  throughout  virtual 
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address  space.  As  a  result,  references  to  the  TB  fre- 
quently  miss,  i.e.,  the  translations  of  requested  virtual 
addresses  are  not  contained  within  the  TB.  As  before, 
the  port  adapter  must  directly  access  the  page  table 
to  translate  the  virtual  addresses. 

SUMMARY  OF  THE  INVENTION 

Briefly,  the  invention  in  its  broad  form  resides  in 
a  dual  addressing  arrangement  comprising  a  complex 
address  pointer  contained  within  entries  of  a  commu- 
nication  queue  located  in  a  host  memory  of  a  comput- 
er  to  facilitate  access  to  other  queue  entries  when  ex- 
changing  information  between  a  port  driver  and  an 
port  adapter  as  recited  in  Claim  1.  The  complex  ad- 
dress  pointer,  in  turn,  comprises  a  virtual  address 
portion  and  a  physical  address  portion.  Specifically, 
the  port  driver  uses  the  virtual  address  portion  of  the 
complex  pointer  to  ascertain  the  location  of  the  en- 
tries,  while  the  port  adapter  uses  the  physical  ad- 
dress  portion  to  locate  the  entries  in  host  memory. 
The  arrangement  and  interpretation  of  the  address 
portions  of  the  complex  pointers  within  each  entry  de- 
pends  upon  the  direction  of  information  flow,  i.e.,  the 
passing  of  messages  between  the  port  driver  and 
port  adapter  using  a  driver-to-adapter  (D-A)  queue  or 
the  passing  of  responses  between  the  adapter  and 
driver  using  an  adapter-to-driver  (A-D)  queue.  For  ex- 
ample,  the  portions  of  the  complex  pointers  present- 
ed  to  the  port  adapter  by  the  port  driver  when  passing 
messages  on  the  D-A  queue  are  physical  addresses 
in  host  memory. 

The  communication  queue  is  a  singly-linked 
queue  comprising  a  header  element  and  a  stopper  en- 
try,  with  message  entries  linked  therebetween.  A 
message  entry  typically  includes  a  carrier  and  a 
queue  buffer,  each  of  which  is  addressed  virtually  by 
the  driver  and  physically  by  the  port  adapter.  Specif- 
ically,  each  carrier  contains  a  first  complex  pointer  in- 
cluding  addresses  that  point  to  the  queue  buffer,  i.e., 
QBUF_PTR  and  QBUF_TOKEN.  Each  carrier  also 
contains  portions  of  two  second  complex  pointers, 
i.e.,  NEXT_PTR  and  CURRENT_TOKEN.  As  descri- 
bed  further  herein,  the  NEXT_PTR  includes  an  ad- 
dress  pointing  to  the  next  entry  in  the  queue  and  the 
CURRENT_TOKEN  includes  an  address  pointing  to 
itself.  The  token  (_TOKEN)  portions  of  the  pointers 
may  be  virtual  addresses  that  are  initialized  by  the 
driver  when  the  carrier  entry  is  allocated;  the  driver 
then  translates  them  to  the  physical  addresses 
(_PTR).  Thereafter,  the  complex  pointers  are  stored 
in  the  carrier  for  use  by  the  port  adapter.  The  queue 
buffer  contains  message/response  specific  control  in- 
formation. 

To  illustrate,  the  NEXT_PTRof  a  message  carrier 
entry  on  the  D-A  queue  is  a  physical  address.  The 
port  adapter  "removes"  the  entry  from  the  queue  and 
uses  it  to  locate  the  next  entry  in  host  memory.  Sim- 

ilarly,  the  QBUF_PTR  of  the  message  carrier  is  a 
physical  address  used  by  the  port  adapter  to  locate 
a  message  in  a  queue  buffer  in  host  memory.  The 

5  CURRENTJOKEN  and  the  QBUF_TOKEN  portions 
of  the  complex  pointers  of  the  message  carrier  are 
virtual  addresses  used  by  the  port  adapter  to  provide 
virtual  address  pointers  to  an  entry  and  to  an  associ- 
ated  queue  bufferfor  use  by  the  driver.  Therefore,  the 

10  NEXT_PTR  of  a  response  carrier  inserted  by  the 
adapter  on  the  A-D  queue  is  a  virtual  address  for  use 
by  the  port  driver  to  locate  a  next  response  entry  in 
the  driver's  virtual  address  space.  Similarly,  the 
QBUF_PTRof  the  response  carrier  on  the  A-D  queue 

15  is  a  virtual  address  for  t  he  driver  to  identify  t  he  queue 
buffer  location. 

An  advantage  of  the  dual  addressing  technique 
of  the  invention  is  that  the  port  adapter  may  indepen- 
dently  access  entries  in  a  queue  without  performing 

20  virtual-to-physical  address  translations.  Moreover, 
there  is  no  dependency  by  the  port  adapter  on  the  ac- 
tual  format  of  a  virtual  address.  In  addition,  the  inven- 
tion  described  herein  enables  adapter  migration  to  a 
host  with  a  different  virtual  address  space  without 

25  any  address  translation  complications  on  the  part  of 
the  adapter.  Since  the  port  driver  is  responsible  for 
the  virtual  address  translations  during  allocation  of 
the  entries  in  a  queue,  the  port  adapter  requires  no 
knowledge  of  the  system  page  table  organization  and 

30  has  no  reason  to  access  the  system  page  table  in  host 
memory. 

Therefore,  in  accordance  with  the  invention  as 
embodied  and  broadly  described  herein,  a  dual  ad- 
dressing  arrangement  is  provided  for  locating  entries 

35  of  a  singly-linked  queue  in  a  host  memory  of  a  com- 
puter.  The  singly-linked  queue  is  configured  to  pass 
information  between  a  port  driver  operating  system 
program  executed  by  a  CPU  and  an  port  adapter.  The 
arrangmentof  the  invention  comprises:  queue  buffer 

40  means  for  storing  the  information  for  passing  be- 
tween  the  port  adapter  and  driver;  carrier  means  for 
storing  first  and  second  complex  address  pointers, 
the  first  complex  address  pointer  configured  to  point 
to  the  queue  buffer  means  and  further  comprising  (i) 

45  a  virtual  address  portion  for  use  by  the  port  driver  to 
ascertain  the  location  of  the  queue  buffer  means  in 
host  memory  and  (ii)  a  physical  address  portion  for 
use  by  the  port  adapter  to  ascertain  the  location  of 
the  queue  buffer  means  in  host  memory;  the  second 

so  complex  address  pointer  configured  to  point  to  the 
next  entry  in  the  queue  and  the  carrier  means  of  the 
next  entry,  the  second  complex  address  pointer  com- 
prising  (i)  a  virtual  address  portion  for  use  by  the  port 
driver  to  ascertain  the  location  of  the  next  entry  in 

55  host  memory  and  (ii)  a  physical  address  portion  for 
use  by  the  port  adapter  to  ascertain  the  location  of 
the  next  entry  in  host  memory.  In  accordance  with 
the  invention,  the  virtual  address  portion  and  the 
physical  address  portion  of  the  complex  pointers 
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have  a  first  arrangement  for  passing  information  in  a 
first  direction  from  the  port  driver  to  the  port  adapter 
via  the  singly-linked  queue  and  have  a  second  ar- 
rangement  for  passing  information  in  a  second  direc- 
tion  from  t  he  port  adapter  to  t  he  port  driver  via  t  he  sin- 
gly-linked  queue. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

A  more  detailed  understanding  of  the  invention 
may  be  had  from  the  following  description  of  a  prefer- 
red  embodiment  given  by  way  of  example  and  to  be 
read  in  conjunction  with  the  accompanying  drawings 
wherein: 

Fig.  1  is  a  diagram  of  a  data  processing  system 
including  a  node  connected  to  a  host  computer 
having  an  I/O  port  adapter,  a  CPU  and  a  memory 
for  storing  at  least  portions  of  a  port  driver  oper- 
ating  system  program  that  is  executed  by  the 
CPU; 
Fig.  2  is  a  diagram  of  the  I/O  port  adapter  of  Fig. 
1; 
Fig.  3  is  an  architectural  diagram  of  a  communica- 
tion  interface  used  to  pass  messages  and  re- 
sponses  between  the  port  driver  and  port  adap- 
ter; 
Fig.  4  is  a  diagram  of  a  singly-linked  queue  in  ac- 
cordance  with  the  invention; 
Fig.  5  depicts  complex  address  pointer  contents 
of  a  carrier  in  accordance  with  the  singly-linked 
queue  of  Fig.  4; 
Fig.  6Adepicts  the  various  fields  of  a  forward  link 
pointer  of  the  singly-linked  queue  of  Fig.  4; 
Fig.  6B  depicts  the  format  of  the  various  fields  of 
a  control/status  insertion  register; 
Fig.  7  depicts  a  first  embodiment  of  the  singly-lin- 
ked  queue  including  the  complex  address  poin- 
ters  of  Fig.  6  arranged  for  dual  addressing  in  ac- 
cordance  with  the  invention;  and 
Fig.  8  depicts  a  second  embodiment  of  the  singly- 
linked  queue  including  the  complex  address  poin- 
ters  of  Fig.  6  arranged  for  dual  addresssing  in  ac- 
cordance  with  the  invention. 

DETAILED  DESCRIPTION  OF  ILLUSTRATIVE 
EMBODIMENTS 

Referring  to  Fig.  1,  a  data  processing  system  10 
includes  a  host  computer  1  2  connected  to  at  least  one 
node  28  via  an  interconnect  medium  25.  Node  28  may 
be  anot  her  host  computer  or  a  peripheral  device,  such 
as  a  disk  drive,  whereas  the  interconnect  medium  25 
is  typically  a  network  or  an  input/output  (I/O)  bus.  The 
host  computer  12  may  comprise  a  central  processing 
unit  (CPU)  15,  a  host  memory  14  and  an  I/O  port 
adapter  20  interconnected  by  a  system  bus  16.  The 
host  memory  14  may  comprise  storage  locations  typ- 
ically  composed  of  random  access  memory  (RAM) 

devices,  which  are  addressable  by  the  CPU  and  port 
adapter.  An  operating  system,  portions  of  which  are 
typically  resident  in  memory  14  and  executed  by  CPU 

5  15,  functionally  organizes  the  computer  12.  The  op- 
erating  system  includes,  inter  alia,  a  port  driver  18 
executed  by  the  CPU  15  to  control  the  port  adapter 
20.  The  driver  18  is  responsible  for  invoking  I/O  oper- 
ations  in  support  of  programs  executing  in  the  CPU 

10  15.  The  driver  18  and  port  adapter  20  communicate 
by  "reading"  and  "writing"  various  data  structures  res- 
ident  in  the  host  memory  14.  It  is  to  be  understood 
that  the  CPU  15  performs  the  actual  read  and  write 
operations  on  behalf  of  the  driver,  whereas  the  port 

15  adapter  20  incorporates  the  necessary  "intelligence" 
to  perform  similar  operations  itself. 

If,  for  any  reason,  the  host  computer  12  desires 
to  commu  nicate  wit  h  t  he  node  28,  t  he  port  driver  soft- 
ware  issues  an  appropriate  message,  e.g.,  a  com- 

20  mand,  to  the  port  adapter  20.  The  port  adapter  20  in- 
terprets  the  message  received  from  the  driver  18, 
executes  it  by,  for  example,  forwarding  it  to  the  appro- 
priate  node  on  the  medium  25,  and  then  responds  to 
the  port  driver  18,  if  necessary.  Later,  the  port  adap- 

25  ter  20  may  receive  a  message  from  node  28  specify- 
ing,  forinstance,  data  requested  by  the  host  computer 
12.  Because  the  message  contains  information  nec- 
essary  to  locate  a  data  buffer  in  host  memory  14,  the 
port  adapter  20  transfers  the  data  to  the  appropriate 

30  buffer  location  and  notifies  the  port  driver  18.  The 
port  adapter  20  may  also  receive  unsolicited  mes- 
sage  packets  from  other  nodes  connected  to  the  in- 
terconnect  medium  25.  The  port  adapter  20  may  treat 
the  incoming  packets  as  messages  to  itself  or  pass 

35  them  to  the  driver. 
As  shown  in  Fig.  2,  the  port  adapter  20  may  in- 

clude  a  processor  22,  a  buffer  memory  24  and  a  link 
26.  The  processor  22  performs  read  and  write  oper- 
ations  in  data  structures  in  the  host  memory  14  (Fig. 

40  1)  that  are  used  to  exchange  information  with  the 
driver  18.  Accordingly,  to  perform  its  operations,  the 
processor  22  communicates  with  the  host  memory 
14,  and  controls  the  buffer  24  and  link  26.  The  buffer 
memory  24  functions  as  a  "cache"  to  provide  tempor- 

45  ary  storage  of  information  normally  resident  in  host 
memory  14;  that  information  may  then  be  quickly  ac- 
cessed  by  the  processor  22  without  referencing  the 
host  memory  14.  The  link  26  typically  comprises  state 
devices  and  transceivers  that  physically  connect  the 

so  adapter  to  the  interconnect  medium  25.  In  addition, 
the  link  is  typically  responsible  for  implementing  the 
lower  levels  of  the  interconnect  medium  protocol  and 
moving  information  between  the  medium  25  and  buf- 
fer  memory  24. 

55  Fig.  3  depicts  a  logical  interface  for  exchanging 
information  between  the  driver  1  8  and  the  port  adap- 
ter  20.  As  can  be  seen,  the  interface  may  comprise 
various  data  structures  in  the  host  memory  14  and 
may  include  registers  located  in  the  port  adapter  20. 
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Specifically,  the  structures  include: 
(i)  at  least  one  driver-adapter  (D-A)  queue  40DA 
used  by  the  port  driver  to  pass  messages  to  the 
adapter; 
(ii)  at  least  one  adapter-driver  (A-D)  queue  40AD 
used  by  the  adapter  to  pass  responses  to  the  port 
driver; 
(ii)  an  adapter  block  (ADAPTER  BLOCK)  36  com- 
prising  a  data  structure  used  by  the  port  adapter 
and  port  driver  to  locate  all  structures  and  con- 
taining  D-A  and  A-D  queue  headers  and  other 
control  information; 
(iv)  an  adapter  block  base  register  (ABBR)  34 
comprising  a  register  containing  the  host  memory 
physical  address  of  the  adapter  block  36;  and  (v) 
control/status  registers  (CSR)  38  used  by  the 
port  driver  to  convey  initialization  and  control  in- 
formation  to  the  port  adapter,  and  used  by  the 
adapter  to  convey  interrupt  and  error  status  infor- 
mation  to  the  port  driver. 
Portions  of  the  adapter  block  36  and  queues  are 

preferably  resident  in  host  memory  14,  but  they  may 
be  copied  to  the  port  adapter  buffer  memory  24  (Fig. 
2).  The  addresses  of  the  ABBR  34  and  CSR  registers 
38  are  preferably  in  the  port  adapter's  I/O  address 
space.  In  accordance  with  the  invention,  a  dual  ad- 
dressing  arrangement  is  provided  whereby  the  ele- 
ments  of  the  D-A  and  A-D  queues  40DA  and  40AD,  re- 
spectively,  are  addressed  virtually  by  the  port  driver 
18  and  physically  by  the  port  adapter  20. 

Communication  between  the  port  driver  18  and 
port  adapter  20  is  primarily  accomplished  via  a  singly- 
linked  queue  used  to  exchange  information  between 
the  driver  and  port  adapter.  Fig.  9  is  a  diagram  of  a 
singly-linked  queue,  designated  generally  at  40,  that 
may  be  implemented  as  a  D-A  queue,  an  A-D  queue 
or  any  other  type  of  queue,  such  as  an  adapter-to- 
adapter  (A-A)  queue  that  is  used  by  the  port  adapter 
20  for  internal  message  entry  storage.  In  general, 
each  queue  40  may  comprise  a  queue  header  42, 
message  entries  50,  50i  and  a  stopper  entry  46.  The 
queue  header  42  preferably  contains  a  first  pointer, 
TAIL_PTR  44,  referencing  the  stopper  located  at  the 
end  of  the  queue  and  a  second  pointer,  HEAD_PTR 
45,  referencing  the  first  entry  located  at  the  beginning 
of  the  queue. 

A  message  entry  50,  50i  may  comprise  address- 
able  storage  locations  in  host  memory  14  used  to 
identify  and  organize  information  exchanged  be- 
tween  the  port  driver  and  port  adapter.  Each  mes- 
sage  entry,  generally  designated  50,  contains  a  car- 
rier  52,  52i  and  may  contain  a  queue  buffer,  Q_BUF- 
FER,  56,  56i.  Each  carrier,  generally  designated  52, 
may  comprise  addressable  storage  locations  in  host 
memory  14  that  provide  a  means  for  storing  a  forward 
link  pointer,  NEXT_PTR  54,  which  references  the 
next  entry  50i  in  the  queue  40.  Each  Q_BUFFER, 
generally  designated  56,  may  also  comprise  address- 

able  storage  locations  in  host  memory  14  that  store 
the  control  information  relating  to  a  specific  message 
or  response  that  is  transferred  between  the  port 

5  adapter  and  driver.  In  one  embodiment,  the  Q_BUF- 
FER  may  be  integrated  into  the  carrier  structure;  al- 
ternately,  each  carrier  52  may  also  contain  an  infor- 
mation  pointer,  QBUF_PTR  55,  which  points  to  the 
Q_BUFFER  56.  In  this  alternate  embodiment,  the 

10  carrier  and  Q_BUFFER  are  separate  structures  to 
permit  independent  reuse;  the  carrier  52  thus  pro- 
vides  a  singly-linked  structure  that  also  links  the  in- 
formation  contained  in  the  Q_BUFFER  56  into  the 
queue  40. 

15  The  stopper  entry  46  identifies  the  end  of  the 
queue  40.  Functionally,  the  stopper  46  allows  the  port 
driver  18  and  port  adapter  20  to  concurrently  insert 
and  remove  message  entries  of  the  singly-linked 
queue  40  in  a  reliable  manner  without  the  use  of  any 

20  external  synchronization  mechanism,  such  as  an  in- 
terlock.  This  is  possible,  in  part,  because  the  stopper 
46  is  one  entry  beyond  the  last  message  entry  50i. 
The  stopper  46  is  required  because  the  forward  link 
pointers  in  each  carrier  52  contain  the  address  of  the 

25  next  entry  in  the  queue.  Thus,  a  stopper  entry  46  is 
included  on  every  queue  40,  even  if  there  are  no  mes- 
sage  entries  currently  in  the  queue.  In  this  latter  case, 
the  HEAD_PTR  45  and  TAIL_PTR  44  have  some- 
place  to  point,  i.e.,  to  the  stopper  entry  46,  even  when 

30  the  queue  is  empty. 
As  will  be  described  in  detail  herein,  the  dual  ad- 

dressing  arrangement  comprises  a  complex  pointer 
structure  for  each  of  the  NEXT_PTR  54  and  the 
QBUF_PTR  55  within  a  carrier  52.  The  complex  poin- 

35  ter  may  consist  of  a  physical  address  portion  and  a 
corresponding  "token"  virtual  address  portion.  The 
physical  address  portion  identifies  the  location  of  a 
structure  in  host  memory  14,  i.e.,  physical  address 
space,  while  the  virtual  address  portion  contains  the 

40  address  of  that  structure  in  the  driver's  virtual  ad- 
dress  space. 

The  token  virtual  address  is  initialized  by  the  driv- 
er  18  to  the  virtual  address  of  the  carrier  52  when  it 
is  allocated,  either  during  system  initialization  or  dy- 

45  namically  thereafter.  The  driver  then  translates  the 
virtual  address  to  a  physical  address.  Thereafter, 
both  the  physical  and  virtual  addresses  are  stored  as 
a  complex  pointer  in  the  carrier  52  for  use  by  the  port 
adapter  20.  As  described  below,  the  port  adapter  20 

so  uses  the  physical  address  to  access  other  entry 
structures,  such  as  a  carrier  52  or  a  Q_BUFFER  56, 
in  host  memory  14.  The  token  is  then  used  by  the 
adapter  to  construct  a  pointer  to  that  structure  when 
the  port  adapter  "returns"  the  structure  to  the  driver 

55  1  8.  The  port  adapter  20  has  "read-only"  access  to  the 
token,  i.e.,  the  adapter  may  copy,  but  never  alter,  the 
token. 

Fig.  5  depicts  preferred  complex  address  pointer 
contents  of  the  carriers  52,  52i.  In  accordance  with 

5 
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the  invention,  the  carrier  52  contains  a  first  complex 
pointer  55c  including  addresses  pointing  to  the  queue 
buffer,  i.e.,  QBUF_PTR  55P  and  QBUF_TOKEN  55T. 
The  carrier  52  also  contains  a  first  portion  of  a  second 
complex  pointer  54c  that  includes  an  address  pointing 
to  the  next  entry  (carrier  52i)  in  the  queue,  i.e., 
NEXT_PTR  54P.  The  second  portion  of  that  second 
complex  pointer  54c  is  located  in  the  carrier  52i  and 
includes  an  address  pointing  to  the  carrier  52i,  i.e., 
CURRENTJOKEN  54T.  It  should  be  noted  that 
QBUF_PTR  55P  is  an  element  of  QBUF_PTR  55;  sim- 
ilarly,  the  NEXT_PTR  54P  is  an  element  of 
NEXT_PTR  54.  In  general,  the  pointers  are  arranged 
such  that  the  driver  18  presents  physical  addresses, 
NEXT_PTR  54P  and  QBUF_PTR  55P,  to  the  port 
adapter  20  of  the  location  of  an  entry  in  host  memory 
14  containing  a  message.  Similarly,  the  port  adapter 
20  presents  virtual  addresses,  NEXT_PTR  54P  and 
QBUF_PTR  55P,  to  the  driver  18  of  the  location  of  an 
entry  in  host  memory  14  containing  a  message. 

For  example,  the  driver  18  inserts  a  message  en- 
try  onto  a  D-A  queue  with  the  NEXT_PTR  54P  and 
QBUF_PTR  55p  of  the  carrier  52  containing  physical 
addresses.  Fig.  6A  illustrates  the  contents  of  a  carrier 
address  pointer,  such  as  NEXT_PTR  54P.  The  port 
adapter  20  "removes"  the  entry  from  the  queue  and 
uses  the  contents  of  the  NEXT_PTR  54P  to  locate  the 
next  entry.  Similarly,  the  contents  of  the  QBUF_PTR 
55P  are  used  by  the  port  adapter  to  locate  the  mes- 
sage  contained  in  a  Q_BUFFER  in  host  memory  14. 
The  CURRENT_TOKEN  54T  and  the  QBUF_TOKEN 
55T  of  the  message  carrier  52  are  virtual  addresses 
used  by  the  port  adapter  20  to  provide  virtual  address 
pointers  to  the  entries  for  use  by  the  driver  18.  When 
responding  to  receipt  of  a  message,  the  port  adapter 
"moves"  the  pointers  to  the  Q_BUFFER  onto  the  the 
A-D  queue  40AD  in  reverse  order.  That  is,  the 
QBUF_PTR  55Pon  the  D-A  queue  40DA  becomes  the 
QBUF_TOKEN  55T  on  the  A-D  queue  40AD,  while  the 
QBUF_TOKEN  55T  on  the  D-A  queue  becomes  the 
QBUF_PTR  55P  on  the  A-D  queue. 

Referring  again  to  Figs.  3  and  4,  each  queue  40 
is  shared  by  the  port  adapter  20  and  port  driver  18; 
however,  only  one  can  remove  entries  from  a  queue; 
the  other  only  inserts  entries.  Moreover,  the  remover 
and  inserter  can  preferably  access  the  queue  40  only 
at  designated  points,  i.e.,  the  inserter  accesses  only 
by  means  of  the  TAIL_PTR  44  and  the  remover  ac- 
cesses  only  by  means  of  the  HEAD_PTR  45.  Specif- 
ically,  the  port  adapter  20  is  the  remover  for  the  D-A 
queue  40DA  and  the  inserter  for  the  A-D  queue  40AD. 
The  port  driver  18  is  thus  the  inserter  for  the  D-A 
queue  40DAand  the  remover  for  the  A-D  queue  40AD. 
After  initialization  of  the  port  adapter  20,  the  driver  18 
and  adapter  may  keep  separate,  designated  copies  of 
the  queue  header  pointers  44  and  45.  In  other  words, 
the  port  adapter  20  may  "cache",  i.e.,  maintain,  the  D- 
Aqueue  HEAD_PTRand  the  A-D  queue  TAIL_PTR  in 

its  local  buffer  memory  24.  The  use  of  separate,  des- 
ignated  pointers  directly  reduces  the  frequency  of 
host  memory  references  by  the  port  adapter  to  up- 

5  date  the  TAIL_PTR,  while  also  reducing  possible 
CPU-adapter  cache  contention  for  a  shared  resource. 

The  arrangement  and  interpretation  of  the  ad- 
dress  portions  of  the  complex  pointer,  e.g.,  whether 
the  (_PTR)  portion  of  the  pointer  is  a  physical  ad- 

10  dress  or  a  virtual  address,  within  a  carrier  52  depends 
upon  the  direction  of  information  flow  in  a  queue,  i.e. 
a  D-A  queue  or  an  A-D  queue.  Fig.  7  depicts  the  D-A 
queue  40DA  of  Fig.  3  including  the  complex  pointers 
of  Fig.  5  arranged  for  dual  addressing  in  accordance 

15  with  the  invention.  An  entry  50  is  inserted  by  the  driv- 
er  18  and  eventually  removed  by  the  port  adapter  20. 
Therefore,  the  HEAD_PTR  45DA  and  all  NEXT_PTRs 
54P  are  physical  addresses;  the  TAIL_PTR  44DA  is  a 
virtual  address.  In  addition,  the  QBUF_PTR  55P  is  a 

20  physical  address  pointer.  The  stored  tokens,  i.e., 
QBUF_TOKEN  55T  and  CURRENTJOKEN  54T,  are 
virtual  addresses  for  use  by  the  port  adapter  when 
presenting  the  carrier  52  to  the  driver.  In  one  embodi- 
ment,  when  the  driver  18  inserts  a  message  entry 

25  onto  the  queue  40DA,  the  port  adapter  20  may  be  no- 
tified  via  an  insertion  register  130.  Fig.  6B  depicts  the 
format  of  the  various  fields  of  the  register  130,  which 
is  one  of  the  CSRs  38  located  in  port  adapter  20. 

When  the  port  adapter  20  removes  an  entry  50 
30  from  the  D-A  queue  40DA,  the  carrier  pointers  may  be 

stored  in  the  port  adapter's  buffer  memory  24.  More- 
over,  the  NEXT_PTR  54P  and  CURRENTJOKEN 
54T  pointers  are  separated  from  the  QBUFJJTR  55P 
and  QBUF_TOKEN  55T  pointers.  Separation  of  the 

35  pointers  allows  the  Q_BUFFER  56  to  be  linked  to  a 
different  carrier  when  returned  to  the  driver. 

Fig.  8  depicts  the  A-D  queue  40AD  of  Fig.  3  includ- 
ing  the  complex  pointers  of  Fig.  6  arranged  for  dual 
addressing  in  accordance  with  the  invention.  Here, 

40  an  entry  50  is  inserted  by  the  port  adapter  20  and  lat- 
er  removed  by  the  driver  18.  Therefore,  the 
HEAD_PTR  45AD  and  all  NEXTJ-TRs  54P  are  virtual 
addresses;  the  TAILJJTR44AD  is  a  physical  address. 
In  addition,  the  QBUF_PTR  55P  is  a  virtual  address 

45  pointer.  The  stored  tokens  QBUF_TOKEN  55T  and 
CURRENT_TOKEN  54T  are  virtual  addresses  used 
by  the  port  adapter  to  construct  the  virtual  pointers. 
That  is,  when  inserting  an  entry  50  on  the  A-D  queue 
40AD  in  response  to  a  message  received  from  the  driv- 

50  er,  the  port  adapter  modifies  the  Q_BUFFER  com- 
plex  pointer  addresses  of  the  carrier  52.  Specifically, 
the  port  adapter  20  alters  the  contents  of  the 
QBUF_PTR  55P  with  the  contents  of  the 
QBUF_TOKEN  55T  while  they  are  stored  in  the  adap- 

55  ter's  buffer  memory  24.  The  Q_BUFFER  56  may  then 
be  linked  to  a  carrier  on  the  A-D  queue  40AD  that  is 
different  from  that  of  the  D-A  queue  40DA,  i.e.,  the  port 
adapter  copies  the  pointers  via  a  write  operation  into 
the  appropriate  response  entry  location  in  host  mem- 

6 
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ory  14. 
In  accordance  with  the  invention,  the  port  adap- 

ter  preferably  does  not  perform  virtual-to-physical  ad- 
dress  translations  in  order  to  manipulate  the  singly-  5 
linked  queue.  Furthermore,  after  initialization  of  the 
_PTR  and  _TOKEN  address  fields,  neither  the  driver 
nor  the  adapter  need  translate  addresses  since  the 
address  of  an  exchanged  entry  is  presented  in  a  form 
most  convenient  for  the  parties.  In  contrast  to  the  in-  10 
vention,  previously  known  addressing  techniques 
typically  employed  virtual  addresses  to  access  the 
queues.  Accordingly,  either  the  port  adapter  was 
forced  to  access  the  system  page  table  directly  to  in- 
dependently  translate  each  address  orthe  driverwas  15 
forced  to  translate  each  address  for  the  port  adapter, 
which  resulted  in  an  increase  in  processing  time  and 
overhead. 

The  dual  addressing  arrangement  of  the  inven- 
tion  obviates  the  port  adapter's  participation  in  the  20 
memory  management  process,  thus  alleviating  soft- 
ware/firmware  compatibility  problems  when  chang- 
ing  the  page  size,  address  size  or  software  page  table 
organization  of  the  host  computer.  Also,  the  number 
of  host  memory  accesses  by  the  port  adapter  is  re-  25 
duced;  the  adapter  is  not  required  to  perform  read  op- 
erations  of  address  translation  information  in  host 
memory.  Elimination  of  those  read  operations  reduc- 
es  the  time  required  to  process  a  message  because 
the  operations  tend  to  be  serial,  i.e.,  the  port  adapter  30 
must  follow  a  series  of  pointers.  Moreover,  the  port 
driver  need  not  perform  time-consuming  reverse,  i.e., 
physical-to-virtual,  address  translation;  once  a  carrier 
is  allocated  and  initialized,  no  further  translation  is  re- 
quired.  As  a  result,  the  invention  affords  substantially  35 
improved  message  processing  performance  by  re- 
ducing  the  port  driver  (software)  and  port  adapter 
processing  overhead  service  time. 

The  foregoing  description  has  been  directed  to 
specific  embodiments  of  this  invention.  It  will  be  ap-  40 
parent,  however,  that  variations  and  modifications 
may  be  made  to  the  described  embodiments,  with  the 
attainment  of  some  or  all  of  its  advantages.  Therefore, 
it  is  the  object  of  the  appended  claims  to  cover  all 
such  variations  and  modifications  as  come  within  the  45 
true  spirit  and  scope  of  the  invention. 

Claims 
50 

1.  A  complex  address  pointer  contained  within  a 
data  structure  located  in  a  host  memory  (14)  of  a 
computer  (12)  to  facilitate  access  to  other  data 
structures  when  exchanging  information  be- 
tween  a  central  processing  unit  (CPU)  (15)  and  a  55 
port  adapter  (20),  said  complex  address  pointer 
comprising: 

a  virtual  address  portion  for  use  by  said 
CPU  to  ascertain  the  location  of  said  entries  in 

said  host  memory;  and 
a  physical  address  portion  for  use  by  said 

port  adapter  to  ascertain  the  location  of  said  en- 
tries  in  said  host  memory, 

wherein  said  virtual  address  portion  and 
said  physical  address  portion  have  a  first  ar- 
rangement  for  passing  information  in  a  first  direc- 
tion  from  said  CPU  to  said  port  adapter  and 
wherein  said  address  portions  have  a  second  ar- 
rangement  for  passing  information  in  a  second  di- 
rection  from  said  port  adapter  to  said  CPU. 

2.  In  a  host  computer  (12)  including  a  central  proc- 
essing  unit  (CPU)  (15),  a  host  memory  (14)  and 
an  port  adapter  (20),  a  dual  addressing  arrange- 
ment  for  locating  entries  of  a  singly-linked  queue 
(40)  in  said  host  memory,  said  singly-linked 
queue  configured  to  pass  information  between  a 
port  driver  operating  system  program  executed 
by  said  CPU  and  said  port  adapter,  said  dual  ad- 
dressing  arrangement  comprising: 

queue  buffer  means  (56)  for  storing  said 
information  for  passing  between  said  port  adap- 
ter  and  said  driver; 

carrier  means  (52)  for  storing  first  and  sec- 
ond  complex  address  pointers,  said  first  complex 
address  pointer  (55)  configured  to  point  to  said 
queue  buffer  means  and  comprising: 

a  virtual  address  portion  for  use  by  said 
port  driver  to  ascertain  the  location  of  said  queue 
buffer  means  in  said  host  memory;  and 

a  physical  address  portion  for  use  by  said 
port  adapter  to  ascertain  the  location  of  said 
queue  buffer  means  in  said  host  memory;  and 

said  second  complex  address  pointer  (54) 
configured  to  point  to  said  next  entry  in  said 
queue  and  said  carrier  means  of  said  next  entry, 
said  second  complex  address  pointer  comprising: 

a  virtual  address  portion  for  use  by  said 
port  driver  to  ascertain  the  location  of  said  next 
entry  in  said  host  memory;  and 

a  physical  address  portion  for  use  by  said 
port  adapter  to  ascertain  the  location  of  said  next 
entry  in  said  host  memory; 

wherein  said  virtual  address  portion  and 
said  physical  address  portion  of  said  complex 
pointers  have  a  first  arrangement  for  passing  in- 
formation  in  a  first  direction  from  said  port  driver 
to  said  port  adapter  via  said  singly-linked  queue 
and  wherein  said  address  portions  of  said  poin- 
ters  have  a  second  arrangement  for  passing  in- 
formation  in  a  second  direction  from  said  port 
adapter  to  said  port  driver  via  said  singly-linked 
queue. 

3.  The  apparatus  of  claim  2  wherein  said  carrier 
means  comprises  a  carrier  having  addressable 
storage  locations  in  said  host  memory,  said  car- 
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rier  contained  within  each  of  said  entries  of  said 
singly-linked  queue. 

adapter  to  said  port  driver  via  said  singly-linked 
queue. 

4.  The  apparatus  of  claim  3  wherein  said  queue  buf-  5 
fer  means  comprises  a  queue  buffer  having  ad- 
dressable  storage  locations  in  said  host  memory. 

5.  The  apparatus  of  claim  4  wherein  said  first  ar- 
rangement  comprises  said  port  driver  presenting  10 
said  physical  address  portions  to  said  port  adap- 
ter. 

6.  The  apparatus  of  claim  5  wherein  said  second  ar- 
rangement  comprises  said  port  adapter  present-  15 
ing  said  virtual  address  portions  to  said  port  driv- 
er. 

7.  In  a  host  computer  including  a  central  processing 
unit  (CPU)(15),  a  host  memory  (14)  and  an  port  20 
adapter  (20),  a  method  for  locating  entries  of  a 
singly-linked  queue  (40)  including  a  stopper  entry 
(46)  in  said  host  memory,  said  singly-linked 
queue  configured  to  pass  information  between  a 
port  driver  operating  system  program  executed  25 
by  said  CPU  and  said  port  adapter,  said  method 
comprising  the  steps  of: 

storing  in  a  queue  buffer  (56)  said  informa- 
tion  for  passing  between  said  port  adapter  and 
said  driver;  30 

storing  in  a  first  carrier  (52)  a  first  complex 
address  pointer  (55)  configured  to  point  to  said 
queue  buffer  means,  said  first  complex  address 
pointer  comprising  a  virtual  address  portion  for 
use  by  said  port  driver  to  ascertain  the  location  35 
of  said  queue  buffer  means  in  said  host  memory 
and  a  physical  address  portion  for  use  by  said 
port  adapter  to  ascertain  the  location  of  said 
queue  buffer  means  in  said  host  memory;  and 

storing  in  said  first  carrier  a  first  portion  of  40 
a  second  complex  address  pointer  (54)  config- 
ured  to  point  to  said  next  entry  in  said  queue  and 
storing  in  a  second  carrier  (52i)  a  second  portion 
of  said  second  complex  address  pointer  config- 
ured  to  point  to  said  second  carrier,  said  second  45 
complex  address  pointer  comprising  a  virtual  ad- 
dress  portion  for  use  by  said  port  driver  to  ascer- 
tain  the  location  of  said  next  entry  in  said  host 
memory  and  a  physical  address  portion  for  use 
by  said  port  adapter  to  ascertain  the  location  of  50 
said  next  entry  in  said  host  memory, 

wherein  said  virtual  address  portion  and 
said  physical  address  portion  of  said  complex 
pointers  have  a  first  arrangement  for  passing  in- 
formation  in  a  first  direction  from  said  port  driver  55 
to  said  port  adapter  via  said  singly-linked  queue 
and  wherein  said  address  portions  of  said  poin- 
ters  have  a  second  arrangement  for  passing  in- 
formation  in  a  second  direction  from  said  port 
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