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(57)  A  method  of  transmitting  frames  of  video  data 
to  be  displayed  including  the  steps  of  receiving 
at  least  a  portion  of  a  frame  of  video  data, 
determining  whether  the  received  video  data 
can  be  stored  in  a  buffer,  storing  the  received 
video  data  in  a  buffer  if  the  received  video  data 
can  be  stored  in  the  buffer,  and  erasing  any 
video  data  of  the  frame  of  video  data  if  the 
received  video  data  cannot  be  stored  in  the 
buffer.  In  addition,  an  apparatus  for  transmit- 
ting  frames  of  video  data  to  be  displayed  includ- 
ing  an  apparatus  for  receiving  at  least  a  portion 
of  a  frame  of  video  data,  an  apparatus  for 
determining  whether  the  received  video  data 
can  be  stored  in  a  buffer,  an  apparatus  for 
storing  the  received  video  data  in  the  buffer  if 
the  received  video  data  can  be  stored  in  the 
buffer,  and  an  apparatus  for  erasing  any  video 
data  of  the  frame  of  video  data  if  the  received 
video  data  cannot  be  stored  in  the  buffer. 
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Related  patent  applications  Include  copending 
European  patent  application  No.93116427.1  (IBM 
Docket  No.  AT9-92-140),  filed  concurrently  with  the 
present  application,  entitled  "Method  and  Apparatus 
for  Enabling  Data  Paths  On  a  Remote  Bus",  hereby 
incorporated  by  reference,  and  copending  European 
patent  application  No.93116429.7  (IBM  Docket  No. 
AT9-92-144),  filed  concurrently  with  the  present  ap- 
plication,  entitled  "Method  and  Apparatus  for  Com- 
municating  Data  Across  a  Bus  Bridge",  hereby  incor- 
porated  by  reference; 

The  present  invention  relates  to  handling  data 
transmission  overloads  and  more  particularly  to 
gradual  degradation  of  a  multiframe  image. 

Computer  systems  are  now  displaying  a  greater 
variety  of  graphics,  video  and  other  forms  of  data  con- 
currently.  However,  many  computer  systems  do  not 
have  sufficient  bandwidth  resources  to  update  and 
display  all  these  types  of  data  on  a  display  at  the 
same  time. 

Some  computer  systems  solve  this  problem  by 
merely  preventing  the  user  from  requesting  more 
data  than  can  be  handled.  That  is,  a  computer  system 
will  disallow  such  overloads  in  the  first  place  by  insur- 
ing  that  the  peak  demand  caused  by  all  sources  can- 
not  exceed  the  minimum  resource  available.  For  ex- 
ample,  the  user  might  be  limited  in  the  number  of  vid- 
eo  windows  that  may  be  opened  at  any  given  time  on 
a  display.  However,  this  solution  does  not  allow  the 
user  to  decide  how  many  data  sources  to  display  in 
the  trade  off  between  the  number  of  sources  or  win- 
dows  and  the  video  display  quality.  It  does  not  also  al- 
low  efficient  use  of  the  resources  available  as  the  de- 
mand  is  not  always  at  peak  and  the  supply  is  not  al- 
ways  at  the  minimum. 

Other  systems  have  utilized  various  techniques 
to  degrade  each  frame  of  data  being  displayed  to  low- 
er  the  bandwidth  requirements.  For  example,  U.S. 
Patent  4,703,439  avoids  overloads  by  varying  the  re- 
solution  of  a  displayed  image.  However,  such  a  tech- 
nique  requires  a  large  amount  of  video  processing  to 
perform  the  lowered  resolution  in  a  visually  pleasing 
manner. 

Another  known  technique  is  to  vary  the  frame 
rate  of  an  incoming  video  source.  For  example,  a  16 
frame  per  second  video  source  might  be  modified  to 
an  8  frame  per  second  source  prior  to  transmission  for 
display.  However,  as  multiple  video  sources  with  dif- 
ferent  frame  rates  may  be  displayed  on  a  screen  at 
the  same  time,  it  may  be  difficult  to  determine  or  al- 
locate  which  video  source  should  have  an  adjusted 
frame  rate.  In  addition,  the  overload  may  be  a  very 
temporary  overload  and  the  adjustment  of  frame  rate 
may  be  unnecessary. 

The  above  drawbacks  of  the  prior  art  are  over- 
come  by  the  invention  as  claimed. 

The  present  invention  includes  a  method  of 
transmitting  frames  of  video  data  to  be  displayed  in- 

cluding  the  steps  of  receiving  at  least  a  portion  of  a 
frame  of  video  data,  determining  whether  the  re- 
ceived  video  data  can  be  stored  in  a  buffer,  storing  the 
received  video  data  in  a  buffer  if  the  received  video 

5  data  can  be  stored  in  the  buffer,  and  erasing  any  vid- 
eo  data  of  the  frame  of  video  data  if  the  received  vid- 
eo  data  cannot  be  stored  in  the  buffer.  In  addition,  the 
present  invention  includes  an  apparatus  for  transmit- 
ting  frames  of  video  data  to  be  displayed  including  an 

10  apparatus  for  receiving  at  least  a  portion  of  a  frame 
of  video  data,  an  apparatus  for  determining  whether 
the  received  video  data  can  be  stored  in  a  buffer,  an 
apparatus  for  storing  the  received  video  data  in  the 
buffer  if  the  received  video  data  can  be  stored  in  the 

15  buffer,  and  an  apparatus  for  erasing  any  video  data 
of  the  frame  of  video  data  if  the  received  video  data 
cannot  be  stored  in  the  buffer. 

Afurther  understanding  of  the  nature  and  advan- 
tages  of  the  present  invention  may  be  realized  by  ref- 

20  erence  to  the  remaining  portions  of  the  specification 
and  the  drawings. 

Fig.  1  is  a  high  level  blockdiagram  of  a  typical  dig- 
ital  computer  utilized  by  a  preferred  embodiment 
of  the  invention; 

25  Fig.  2  is  a  high  level  block  diagram  of  a  first  pre- 
ferred  embodiment  of  the  invention,  the  video 
transfer  channel  (VTC),  in  parallel  with  a  main 
processor  bus; 
Fig.  3  is  a  high  level  block  diagram  of  a  second 

30  preferred  embodiment  of  the  invention,  the  video 
transfer  channel  -  stand  alone  (VTC-SA),  with  a 
main  processor  bus; 
Fig  4  is  a  timing  diagram  illustrating  a  write  trans- 
fer  according  toa  preferred  embodiment  of  the  in- 

35  vention; 
Fig.  5  is  a  timing  diagram  of  a  read  transfer  on  a 
preferred  embodiment  of  the  invention; 
Figs.  6A-6G  are  illustrations  of  various  control 
fields  utilized  according  to  a  preferred  embodi- 

40  ment  of  the  invention; 
Fig.  7  is  a  block  diagram  of  a  preferred  graphics 
adapter  and  video  adapter  utilizing  a  preferred 
embodiment  of  the  present  invention; 
Fig.  8  is  a  flowchart  illustrating  a  preferred  meth- 

45  od  for  gradually  degrading  data  being  displayed; 
Fig.  9  is  a  block  diagram  of  a  viewing  system  ac- 
cording  to  a  preferred  embodiment  of  the  inven- 
tion; 
Figs.  10A-10B  are  flowcharts  illustrating  the  use 

so  of  a  queueing  system  according  to  a  preferred 
embodiment  of  the  invention; 
Fig.  11  is  a  flowchart  illustrating  disabling  or  ena- 
bling  data  paths  according  toa  preferred  embodi- 
ment  of  the  invention;  and 

55  Figs.  12A-12D  illustrate  data  formats  according 
to  a  preferred  embodiment  of  the  invention. 
Fig.  1  is  a  high  level  blockdiagram  of  a  typical  dig- 

ital  computer  100  utilized  by  a  preferred  embodiment 
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of  the  invention.  The  computer  includes  main  proces- 
sors)  110  coupled  to  a  main  memory  120,  input  de- 
vice^)  130  and  output  device(s)  140.  Main  proces- 
sors)  110  may  include  a  single  processor  or  multiple 
processors.  Input  device(s)  130  may  include  a  key- 
board,  mouse,  tablet  or  other  types  of  input  devices. 
Output  device(s)  140  may  include  a  text  monitor,  plot- 
ter  or  other  types  of  output  devices.  The  main  proc- 
essor  may  also  be  coupled  to  graphics  output  de- 
vice^)  150  such  as  a  graphics  display  through  a 
graphics  adapter  200.  Graphics  adapter  200  receives 
instructions  regarding  graphics  from  main  processor 
110  on  bus  160.  Bus  160  may  also  be  used  to  com- 
municate  with  other  adapters.  The  graphics  adapter 
then  executes  those  instructions  received  from  the 
main  processor  across  bus  160  with  graphics  adapter 
processor(s)  220  coupled  to  a  graphics  adapter  mem- 
ory  230.  The  graphics  processors  in  the  graphics 
adapter  then  execute  those  instructions  and  update 
frame  buffer(s)  240  based  on  those  instructions. 
Graphic  processors  220  may  also  include  specialized 
rendering  hardware  for  rendering  specific  types  of 
primitives  to  be  rendered.  Frame  buffer(s)  240  in- 
cludes  data  for  every  pixel  to  be  displayed  on  the 
graphics  output  device.  A  RAMDAC  (random  access 
memory  digital-to-analog  converter)  250  converts 
the  digital  data  stored  in  the  frame  buffers  into  RGB 
signals  to  be  provided  to  the  graphics  display  150 
thereby  rendering  the  desired  graphics  output  from 
the  main  processor.  The  graphics  adapter  may  also 
communicate  to  other  adapters  across  a  multimedia 
bus  260  not  directly  coupled  to  main  processor  bus 
160.  The  present  invention  is  directed  to  the  use  of 
multimedia  bus  260. 

There  are  two  preferred  embodiments  of  multi- 
media  bus  260.  Each  one  is  preferred  depending  on 
the  characteristics  of  a  desired  system.  These  em- 
bodiments  will  be  described  below  as  the  video  trans- 
fer  channel  (VTC)  and  the  video  transfer  channel  - 
stand  alone  (VTC-SA).  Each  of  the  channels  have 
some  common  features  and  some  differences  that 
will  also  be  described  below. 

Fig.  2  is  a  high  level  blockdiagram  of  the  VTC  300 
in  parallel  with  a  main  processor  bus  305.  The  main 
processor  bus  305  is  connected  to  the  main  proces- 
sor  31  5  as  well  as  the  graphics  adapter  31  0  and  other 
adapters  320,  330  and  possible  other  adapters.  The 
VTC  300  is  also  coupled  to  the  graphics  adapter  310 
and  the  other  adapters  320,  330  and  possible  other 
adapters.  The  adapters  320  and  330  may  be  a  video 
compressor,  a  video  digitizer  of  an  external  analog 
source,  a  video  decompressor,  or  one  of  many  other 
types  of  multimedia  adapters  (such  as  a  MIDI  music 
adapter).  In  this  embodiment,  the  main  processor  bus 
305  may  be  coupled  to  other  adapters  not  coupled  to 
the  VTC.  However,  in  this  embodiment,  the  VTC  can 
only  be  coupled  to  adapters  on  the  main  processor 
bus. 

Fig.  3  is  a  high  level  block  diagram  of  the  VTC- 
SA  350  with  a  main  processor  bus  355.  The  main 
processor  bus  355  is  connected  to  the  main  proces- 
sor  365  as  well  as  the  graphics  adapter  360.  The  main 

5  processor  bus  is  not  coupled  to  other  adapters  370 
and  380.  The  VTC-SA  is  coupled  to  the  graphics 
adapter  360  and  the  multimedia  adapters  370,  380 
and  possibly  to  other  multimedia  adapters.  The  adap- 
ters  370  and  380  may  be  a  video  compressor,  a  video 

10  digitizer  of  an  external  analog  source,  a  video  decom- 
pressor,  or  one  of  many  other  types  of  multimedia 
adapters  (such  as  a  MIDI  music  interface).  In  this  em- 
bodiment,  the  main  processor  bus  355  may  be  cou- 
pled  to  other  adapters  not  coupled  to  the  VTC.  In  ad- 

15  dition,  in  this  embodiment,  the  VTC-SA  can  be  cou- 
pled  to  multimedia  adapters  not  on  the  main  proces- 
sor  bus,  hence  the  stand  alone  nature  of  this  embodi- 
ment. 

The  VTC  and  VTC-SA  will  be  described  in  greater 
20  detail  below. 

Video  Transfer  Channel  (VTC) 

The  VTC  is  a  bus  intended  for  high  speed  com- 
25  munication  between  adapters  of  time-critical  data, 

particularly  video  display  data  and  possibly  audio 
data.  The  VTC  may  appear  as  an  adjunct  to  the  Micro 
Channel  or  other  computer  I/O  or  memory  bus,  while 
operating  with  completely  independent  clocks  and 

30  controls.  Alternatively,  the  VTC-SA  can  operate  as  a 
self-contained  bus,  including  the  communication  of 
commands,  responses,  and  compressed  multimedia 
data. 

In  implementations  other  than  VTC-SA,  the  VTC 
35  is  generally  not  a  self-contained  computer  bus.  That 

is,  it  generally  requires  adapters  to  be  initialized  and 
controlled  via  a  main  processor  bus  or  control  chan- 
nel  such  as  the  Micro  Channel  (a  trademark  of  Inter- 
national  Business  Machines  Corporation).  Other  bus- 

40  es  can  also  be  used,  such  as  the  PC  Family  1  (ISA) 
bus  or  other  locally  defined  buses.  VTC  carries  data 
and  the  minimum  information  necessary  to  transfer 
this  data  in  a  direct  path  between  adapters. 

Compatibility  using  the  VTC  comes  at  different 
45  levels.  For  plug  compatibility  of  cards,  many  aspects 

besides  the  VTC  itself  must  be  compatible:  packag- 
ing,  connectors,  power,  cooling,  software  models, 
etc.  These  can  be  guaranteed  by  specific  implemen- 
tation  details.  Chips  which  attach  to  the  VTC  can  be 

so  used  on  different  VTC-attached  cards  if  the  same 
electrical  and  I/O  models  are  followed.  Chips  which 
are  different  in  these  respects  can  use  the  same  VTC 
design  macros,  as  the  underlying  VTC  logical  archi- 
tecture  is  constant.  The  VTC  provides  a  different  spe- 

55  cific  function  from  the  Auxiliary  Video  Extension 
which  is  found  in  the  IBM  PS/2  (a  trademark  of  Inter- 
national  Business  Machines  Corporation),  and  can 
coexist  with  it. 
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The  VTC  is  primarily  oriented  towards  the  com- 
munications  within  a  machine  of  uncompressed  user 
presentation  information,  particularly  pixels.  It  is  also 
capable  of  carrying  other  data.  Typically  the  total  I/O 
requirements  of  a  video  adapter  are  on  the  order  of 
1%  of  the  uncompressed  video  requirements  of  the 
same  adapter,  so  in  general  there  should  be  sufficient 
bandwidth  on  the  VTC  for  I/O  data  and  control  sig- 
nals. 

The  VTC  is  an  architected  interface  that  can  be 
used  for  a  variety  of  presentation  features.  The  archi- 
tecture  allows  compatibility  to  be  maintained  across 
a  full  range  of  systems  and  features  and  over  a  wide 
range  of  performance  capabilities. 

In  the  preferred  embodiment,  the  VTC  is  logically 
a  32  bit  bus,  with  implicit  addressing  specified  in  mul- 
tiplexed  control  fields.  It  is  preferably  a  multi-master, 
multi-slave  bus  with  direct  support  for  concurrent 
real-time  operations.  All  signals  and  operations  on 
the  bus  are  preferably  clock-synchronous.  It  is  de- 
signed  to  require  a  minimum  numberof  signal  lines  for 
the  function  provided.  Implementations  with  16  data 
bits  and  64  data  bits  are  also  supported  in  the  prefer- 
red  embodiment. 

The  physical  and  electrical  layers  are  designed 
for  high  data  rates  consistent  with  the  characteristics 
of  the  technology  families  assumed  in  the  various 
product  families.  As  a  result  the  throughput  per  bus 
signal  line  is  higher  than  in  many  conventional  bus 
designs. 

The  VTC  is  preferably  a  bidirectional  data  chan- 
nel  that  attaches  to  a  number  of  devices,  typically  a 
display  adapter  and  some  number  of  processing  and 
I/O  features.  The  primary  data  type  for  which  the  VTC 
is  intended  is  uncompressed  digital  video  or  graphics. 
The  VTC  provides  access  to  the  display  adapter's  dis- 
play  memory  and  in  so  doing  the  timing  of  data  trans- 
fers  over  the  VTC  may  be  independent  of  all  opera- 
tional  display  parameters  such  as  monitor  scan  rates. 
The  VTC  also  provides  a  communication  path  for  vid- 
eo  between  related  devices. 

In  the  preferred  embodiment,  hardware  attached 
to  VTC  or  the  VTC-SA  can  be  either  a  master  or  a 
slave  device.  A  master  device  is  one  that  initiates 
transfers  of  data  to  or  from  another  device.  A  typical 
master  device  is  a  source  of  live  digital  video.  A  slave 
device  is  one  that  can  be  written  or  read  by  a  master 
device.  Atypical  slave  device  is  a  display  adapter. 

A  single  physical  device  can  also  operate  as  both 
a  master  and  a  slave.  Display  adapter  slaves  may  pro- 
vide  access  to  their  display  memory  via  VTC.  If  a 
slave  has  multiple  layers  such  as  RGB  and  overlay 
planes  or  graphics  and  natural  image,  in  the  prefer- 
red  embodiment,  these  should  all  be  accessible  over 
the  VTC  in  order  to  provide  maximum  functionality. 
Masters  initiate  all  transfers,  by  addressing  a  slave 
and  specifying  the  starting  addresses  and  quantity  of 
samples  to  read  or  write,  along  with  other  pertinent  in- 

formation  in  control  fields.  These  are  detailed  below 
with  reference  to  Control  Fields.  In  the  preferred  em- 
bodiment,  the  VTC  slaves  do  not  need  context  mem- 
ory  for  the  each  of  the  individual  masters  which  are 

5  interacting  with  them.  Masters  supply  the  context  in- 
formation  necessary  for  transfers  in  control  fields. 
Any  additional  context  information  needed  for  com- 
munications  between  masters  and  slaves  is  held  in 
the  masters.  Multiple  masters  can  attach  to  the  VTC 

10  simultaneously.  Multiple  masters  interleave  their  ac- 
cesses  in  time  allowing  performance  equivalent  to  si- 
multaneous  operation  of  multiple  slower  channels. 
Multiple  slaves  likewise  can  attach  to  the  VTC.  They 
are  addressed  during  VTC  transfer  operations. 

15  Sharing  of  the  VTC  is  preferably  accomplished 
through  a  round  robin,  non-preemptive  hardware  ar- 
bitration  which  is  modified  through  the  use  of  beha- 
vioral  parameters.  The  resulting  arbitration  behavior 
is  similar  to  that  of  hierarchical  multiple  round-robin 

20  rings.  The  behavioral  parameters  and  order  of  the 
round  robin  are  determined  by  a  scheduling  algorithm 
preferably  implemented  in  software.  The  parameters 
determined  by  the  software  are  static  for  a  given  con- 
figuration  of  devices  and  demands  (e.g.  windows), 

25  therefore  there  is  no  real-time  requirement  on  the 
software  except  possibly  during  dynamic  reconfigur- 
ation  with  concurrent  multi-master  activity. 

Once  a  master  is  granted  the  VTC  it  preferably  re- 
tains  control  until  it  explicitly  relinquishes  it,  at  which 

30  time  it  passes  control  (the  arbitration  token)  to  the 
next  master  in  the  ring.  The  behavioral  parameters 
which  modify  the  round-robin  action  are  the  maxi- 
mum  amount  of  time  each  master  may  keep  the  VTC 
once  it  is  granted  and  the  minimum  delay  since  the 

35  previous  grant  before  the  same  master  may  be  grant- 
ed  again.  Amore  complete  explanation  of  the  arbitra- 
tion  system  is  given  below.  The  registers  for  imple- 
menting  the  behavioral  parameters  in  masters  are 
also  described  below. 

40  During  transfers,  such  as  when  a  master  is  send- 
ing  data  to  a  slave,  it  may  be  possible  for  data  from 
one  master  to  "broadcast"  to  multiple  slaves  simulta- 
neously.  This  is  implemented  by  the  additional  slaves 
(other  than  the  one  which  is  directly  addressed)  re- 

45  ceiving  data  being  transferred  on  the  VTC  without 
driving  any  signals  on  the  VTC.  The  action  has  no  ef- 
fect  on  the  operation  of  the  VTC,  and  is  referred  to 
herein  as  "snooping".  A  snooping  device  is  responsi- 
ble  for  translating  pixel  start  addresses  as  necessary 

so  and  it  should  not  interfere  with  the  master  and  slave 
VTC  transfer.  That  is,  it  may  not  drive  any  lines,  in  par- 
ticular  any  pacing  lines. 

While  the  VTC  is  preferably  used  with  the  Micro 
Channel  (a  trademark  of  International  Business  Ma- 

ss  chines  Corporation)  as  the  base  I/O  bus,  its  use  can 
be  extended  to  a  wide  variety  of  I/O  buses  for  use 
without  any  I/O  bus.  In  so  doing  the  system  interface 
layer  of  the  architecture  may  change,  due  to  register 

4 



7 EP  0  597  262  A2 8 

mapping,  interrupt  usage  and  other  reasons.  For  ex- 
ample,  entry  level  PS/2s  may  choose  to  implement 
the  VTC  in  a  system  with  the  Family  1  (AT)  bus.  Guest 
cards  (on  base  cards)  which  have  no  direct  access  to 
the  Micro  Channel  or  relevant  host  I/O  bus  may  be  de- 
signed  to  implement  the  VTC  along  with  a  local  I/O 
bus,  including  the  possibility  of  a  serial  bus  (e.g.  I- 
squared-C).  In  such  cases  the  versions  implemented 
of  the  physical  and  electrical  layers  of  the  architec- 
ture  may  be  different  from  the  primary  ver-sions  spe- 
cified  here. 

Video  Transfer  Channel  -  Stand  Alone  (VTC-SA) 

VTC-SA  provides  communications  directly  to  at- 
tached  video  devices,  which  may  not  connect  to  any 
other  bus  in  the  computer.  With  VTC-SA  commands, 
responses  to  commands,  and  compressed  video  data 
are  carried  overthe  bus  as  well  as  the  normal  uncom- 
pressed  video  pixels.  The  total  bandwidth  of  this  ad- 
ditional  auxiliary  data  is  essentially  insignificant 
when  compared  to  the  video  pixel  loading.  This  con- 
figuration  decreases  pin  count  for  both  the  graphics 
adapters  and  video  features,  as  the  fewer  number  of 
pins  that  are  needed  simply  to  provide  the  video  pixel 
connections  also  provide  other  necessary  communi- 
cations.  This  additional  auxiliary  data  is  transmitted 
over  the  VTC-SA  using  the  same  control  mechanism 
defined  here  the  VTC.  The  graphics  adapter  serves 
as  a  hostforthe  other  features  and  provides  a  simple 
and  effective  communications  interface  between  the 
system  bus  and  the  VTC-SA  while  acting  as  a  VTC- 
SA  slave.  Certain  functions,  behaviors  and  com- 
mands  are  defined  for  all  VTC-SA  devices  other  than 
the  host  to  allow  consistent  initiation  activity  from  the 
CPU. 

In  the  preferred  embodiment,  at  any  given  time 
there  is  at  most  one  active  master  and  one  slave. 
However,  several  masters  and  slaves  may  be  time- 
domain  multiplexed.  A  master  is  made  the  active 
master  through  receipt  and  acceptance  of  the  arbitra- 
tion  token,  and  stops  being  the  active  master  by 
sending  out  the  arbitration  token.  Aslave  is  made  the 
active  slave  by  being  addressed  by  the  active  master. 
It  stops  being  the  active  slave  when  a  different  slave 
is  addressed  by  the  active  master  or  the  arbitration 
token  is  sent  from  the  active  master.  The  active  mas- 
ter  initiates  and  performs  data  transfers  with  one  or 
more  slaves.  All  transfers  are  initiated,  managed  and 
performed  using  the  bus  lines  defined  below. 

The  VTC-SA  is  motivated  as  a  solution  to  the 
problem  of  building  video  features  that  have  difficulty 
attaching  directly  to  a  general  purpose  I/O  bus  such 
as  the  Micro  Channel.  This  situation  can  arise  for  any 
number  of  reasons,  including  packaging,  electrical 
loading,  cost,  or  the  lack  of  such  a  bus  to  which  to  at- 
tach.  The  motivation  further  includes  the  requirement 
not  to  add  any  pins,  a  primary  determinant  of  cost,  to 

graphics  adapters,  while  minimizing  or  reducing  the 
cost  of  video  features.  Performance  is  also  a  major 
consideration,  not  only  for  the  VTC  itself  but  also  that 
of  the  system  for  I/O  buses  and  CPU  software  that 

5  may  have  to  process  communications  protocols  and 
manage  the  video  features  and  their  data  flows 
among  other  tasks. 

The  VTC  is  more  of  an  adjunct  to  an  existing  I/O 
channel  such  as  the  Micro  Channel.  The  VTC  would 

10  carry  uncompressed  or  raw  video  pixels  between 
VTC  attached  devices,  including  the  graphics  adap- 
ters).  Such  a  structure  is  appropriate  in  cases  where 
it  is  assumed  that  the  video  features  and  the  display 
adapter  attach  to  the  Micro  Channel  anyway.  In  that 

15  case  the  VTC  provides  an  optimized  path  for  raw  vid- 
eo  to  pass  between  the  adapters  while  providing  an 
architected,  consistent  interface  for  such  adapters.  In 
many  systems,  however,  packaging  and  other  archi- 
tectural  constraints  change  the  assumptions  used  in 

20  constructing  the  diagram  above. 
With  the  VTC-SA,  the  video  features  are  viewed 

as  parts  of  the  graphics  subsystem  and  do  not  attach 
to  the  MicroChannel  nor  any  other  system  or  I/O  bus. 
In  fact  the  graphics  adapter  may  not  attach  to  the  Mi- 

25  cro  Channel  but  rather  to  a  system  bus.  In  that  case, 
even  if  the  video  features  were  to  attach  to  the  Micro 
Channel,  a  relatively  long  flex  cable  would  probably 
be  required  between  the  video  features  and  the 
graphics  adapter,  causing  unreasonable  perfor- 

30  mance  problems.  This  view  of  the  video  features  as 
part  of  the  graphics  adapter  system  may  be  reflected 
in  packaging,  where  video  features  are  guest  cards 
on  the  graphics  adapter.  While  it  is  possible  to  con- 
struct  additional  buses  to  support  auxiliary  data 

35  flows  we  are  motivated  to  use  the  existing  pins  and 
interface  logic  and  the  available  bandwidth  for  this 
purpose.  Therefore  an  architecture  is  needed  that  al- 
lows  video  features  to  exist  and  operate  within  the 
graphics  adapter  system. 

40  For  a  great  many  reasons,  the  use  of  VTC  is  al- 
ready  assumed  as  the  preferred  solution  to  the  prob- 
lem  of  integrating  video  features  into  the  graphics 
hardware  environment.  The  reasons  behind  this  de- 
cision  are  readily  explained,  however  they  are  be- 

45  yond  the  scope  of  this  document. 
One  very  significant  requirement  addressed  in 

the  design  of  VTC-SA  is  that  of  keeping  the  design  of 
the  graphics  adapters  functions  needed  to  imple- 
ment  this  structure  as  simple  as  possible.  Some 

so  trade-offs  are  made  for  this  reason,  placing  some- 
what  more  than  the  minimum  possible  burden  on  vid- 
eo  features  and  software.  The  result  is  a  design  that 
is  readily  implemented  in  graphics  adapters,  appear- 
ing  as  a  buffered  direct  memory  access  (DMA)  func- 

55  tion,  and  it  is  likewise  readily  implemented  in  all  video 
features  and  in  software.  While  software  has  to  man- 
age  queues,  the  queues  are  consistently  architected 
and  software  does  not  have  to  perform  PIO  or  soft- 

5 



g EP  0  597  262  A2 10 

ware-controlled  DMA  to  the  video  features,  generally 
resulting  in  increased  performance  and  greater  sim- 
plicity  when  compared  with  I/O  mapped  or  memory 
mapped  video  features. 

Given  that  the  VTC  is  in  place  between  the  video 
features  and  the  graphics  adapter,  the  pins  for  the 
VTC  are  already  allocated,  the  VTC  interface  exists 
and  the  entire  VTC  bandwidth  is  available  for  what- 
ever  purposes  are  required  by  the  video  subsystem  in 
order  to  implement  the  VTC-SA. 

Understanding  of  the  data  flows  that  must  be 
supported  is  required  in  order  to  design  a  proper  con- 
nection  mechanism,  whether  or  not  an  additional  bus 
to  the  video  features  is  used.  Data  flows  to  and  from 
the  video  features  generally  consist  of  commands 
from  the  host  to  video  features,  responses  to  those 
commands,  compressed  data  (video)  from  the  host 
system  to  video  features,  compressed  data  (video) 
from  video  features  to  the  host,  uncompressed  pixels 
from  video  features  to  the  graphics  adapter,  uncom- 
pressed  pixels  from  the  graphics  adapter  to  video  fea- 
tures,  uncompressed  video  between  video  features, 
and  signalling  information  between  the  graphics 
adapter  and  video  features  (bidirectional). 

Not  all  of  these  are  needed  in  all  video  adapters. 
For  example,  the  compressed  data  is  obviously  only 
required  by  compressors  and  decompressors.  Sig- 
nalling  information  between  the  graphics  adapter  and 
video  features  is  for  tear-free  update  timing  and  mul- 
ti-buffer  display  management. 

The  first  two  of  these  data  flows,  however,  com- 
mands  and  responses,  are  required  by  all  features.  At 
a  minimum,  video  features  must  be  able  to  be  config- 
ured  and  perform  diagnostics  at  POR  or  configura- 
tion  time,  and  user  and  screen  management  controls 
must  be  implemented  between  the  CPU  and  all  fea- 
tures. 

It  is  helpful  to  examine  the  bandwidth  require- 
ments  of  each  of  these  data  flows.  The  main  problem 
addressed  by  the  VTC  is  the  transport  of  uncom- 
pressed  or  raw  video  pixels.  The  bandwidth  for  these 
flows  is  highly  dependent  on  the  size  of  displayed 
windows. 

The  bandwidth  required  by  any  given  video  win- 
dow  is  mostly  a  function  of  the  window  size  with  some 
exceptions.  In  the  preferred  embodiment,  the  band- 
width  is  proportional  to  the  area  of  the  window.  Band- 
width  requirements  can  therefore  be  managed  some- 
what  by  managing  window  sizes. 

Bandwidth  from  a  single  window  is  not  readily  re- 
duced  by  reducing  the  number  of  frames  per  second 
(fps).  To  do  so  would  require  buffering  entire  frames 
in  the  feature  while  also  accepting  aggravated  mo- 
tion  artifacts  caused  by  the  slow  updates.  Multiple 
windows  which  might  tend  to  overload  the  system's 
capabilities  can  benefit  from  dropping  some  frames 
or  parts  of  frames  as  needed  dynamically,  at  the  ex- 
pense  of  additional  local  memory  in  the  features  or 

degraded  image  quality. 
There  may  be  multiple  concurrent  data  flows  of 

raw  video.  For  example,  a  video  phone  CODEC  may 
display  the  remote  video  source  in  a  window  of  one 

5  size  and  the  local  video  source  in  a  different  window 
of  a  different  size.  In  some  designs  the  analog  video 
input  circuit  may  also  pass  the  digitized  local  video 
signal  to  the  compressor  over  the  VTC.  A  video  output 
adapter,  for  example  producing  NTSC  for  recording 

10  on  tape,  may  be  extracting  the  contents  of  a  window, 
including  graphic  overlays.  All  such  bandwidth  re- 
quirements  for  concurrent  operations  are  additive. 
Some  additional  bandwidth  is  required  for  command 
and  control  messages  between  the  CPU  and  device 

15  attached  to  the  VTC-SA. 
There  is  always  a  scenario  possible  which  will 

over-load  any  specific  hardware  design,  i.e.  the 
bandwidth  of  display  memory  if  not  the  VTC  itself. 
Therefore  software  must  perform  resource  manage- 

20  ment  and  ensure  that  only  activities  that  can  be  as- 
sured  to  perform  properly  are  activated.  Such  assur- 
ances  can  be  obtained  in  a  variety  of  ways,  including 
limiting  the  size  of  displayed  video  windows  and  al- 
lowing  gradual  degradation  of  displayed  (but  normal- 

25  ly  not  digital  or  analog  output)  windows.  Gradual  deg- 
radation  of  windows  while  using  the  VTC  is  described 
herein. 

Key  features  of  the  preferred  embodiment  of 
VTC-SA  structure  include  two  unidirectional  queues 

30  in  system  memory  for  auxiliary  data  OUT  to  VTC  and 
IN  from  VTC,  the  graphics  adapter  performs  first  par- 
ty  DMA  (bus  master)  to  access  these  queues,  the 
graphics  adapter  contains  small  on-chip  buffers  for 
Out  and  I  n  data  streams,  t  he  VTC  devices  access  Out 

35  and  In  buffers  as  VTC  masters  (graphics  adapter  is 
a  VTC  slave),  all  auxiliary  data  to  and  from  VTC  is  in- 
terleaved  into  the  two  system  queues  using  a  defined 
interleaving  format,  the  CPU  (or  other  devices)  write 
and  read  the  system  queues  for  all  communications 

40  with  video  features,  and  the  graphics  adapter  con- 
tains  the  pointer  registers  for  the  system  queues  and 
on-chip  buffers. 

VTC  and  VTC-SA  Bus  Line  Definition 
45 

In  the  preferred  embodiments,  the  VTC  and 
VTC-SA  include  a  32  bit  data  channel  plus  three  con- 
trol  lines  and  a  clock.  They  are  logically  32  bits  wide 
where  16  bit  electrical  versions  serialize  the  32  bit  in- 

50  formation  into  pairs  of  16  bit  short  words.  The  prefer- 
red  bit  numbering  follows  the  standard  convention, 
sometimes  referred  to  as  "big  endian". 

The  lines  of  the  bus  are  preferably  for  a  32  bit  im- 
plementation  as  follows: 

55  DATA(0  -  31):  bidirectional  data; 
CLOCK  (32):  continuously  running  master  clock,  driv- 
en  by  a  single  device.  Input  to  all  master  and  slave 
logic; 

6 
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DATA/-CTL  (33):  driven  by  the  active  master;  indi- 
cates  whether  data  being  written  over  the  VTC  are 
control  fields  or  data; 
MASTERRDY  (34):  driven  active  by  the  active  master 
to  indicate  that  it  is  presenting  valid  data  during  a  write 
transfer,  or  that  it  is  ready  to  accept  data  during  a  read 
transfer; 
SLAVERDY  (35):  driven  active  by  the  active  slave  to 
indicate  that  it  is  ready  to  accept  data  during  a  write 
transfer,  or  that  it  is  presenting  valid  data  during  a 
read  transfer. 

The  DATA  (0-31)  lines  are  driven  by  the  active 
master  when  it  is  performing  a  VTC  write  transfer, 
writing  control  fields,  or  sending  out  an  arbitration 
token.  The  DATA  lines  are  driven  by  the  active  slave 
when  a  VTC  read  transfer  is  in  process.  The  drivers 
in  masters  and  slaves  are  preferably  tri-state.  The 
CLOCK  (32)  line  is  preferably  a  continuously  running, 
constant  frequency  clock.  This  signal  is  used  for  all 
operations  of  the  VTC.  All  VTC  interface  logic  uses 
the  CLOCK  line  as  an  input  for  timing.  There  is  pre- 
ferably  one  active  clock  driver.  The  DATA/-CTL  (33) 
line  indicates  whether  a  master  is  driving  data  or  con- 
trol  fields  and  arbitration  tokens  on  the  DATA  lines. 
When  no  master  is  driving  the  DATA  lines,  or  the  ac- 
tive  master  is  driving  data  (e.g.  pixel)  values,  the 
DATA/-CTL  line  is  in  the  "DATA"  (high)  state.  When 
the  active  master  is  driving  control  fields  or  arbitra- 
tion  tokens  on  the  DATA  lines,  DATA/-CTL  line  is  in 
the  "CTL"  (low)  state.  Preferred  control  fields  and  the 
arbitration  token  are  described  below.  The  drivers  are 
preferably  tri-state.  There  is  at  least  one  passive  pull- 
up  on  the  DATA/-CTL  line  to  avoid  ambiguities  when 
all  masters  leave  the  line  tri-stated.  MASTERRDY, 
during  write  transfers,  is  driven  active  to  indicate  that 
during  the  current  clock  cycle  the  master  is  driving 
valid  data  on  the  DATA  lines.  This  data  is  expected  to 
be  received  by  the  active  slave.  When  the  MAS- 
TERRDY  line  is  inactive,  it  indicates  that  values  on 
the  DATA  lines  are  not  valid  and  should  be  ignored  by 
the  slave.  During  read  transfers,  the  active  state  of 
the  MASTERRDY  line  indicates  that  data  valid  during 
the  clock  cycle  after  next  will  be  accepted,  and  the  in- 
active  state  of  the  MASTERRDY  line  indicates  that 
any  data  present  two  clock  cycles  hence  will  not  be 
accepted  and  the  participating  slave  should  not  drive 
valid  data  during  that  cycle.  DATA  line  values  that  are 
not  valid  are  'don't  care'.  Preferably  the  drivers  are  tri- 
state.  There  is  at  least  one  passive  pull-up  on  MAS- 
TERRDY  to  avoid  ambiguities  when  all  masters  leave 
the  line  tri-stated.  The  SLAVERDY  line  is  similarly  de- 
fined  to  the  MASTERRDY  line,  with  read  and  write, 
and  master  and  slave  reversed.  During  read  transfers 
it  indicates  valid  data  being  driven  onto  the  DATAIines 
by  the  slave.  During  write  transfers,  the  active  state 
indicates  that  data  presented  during  the  clock  cycle 
after  next  will  be  accepted,  and  the  inactive  state  of 
the  SLAVERDY  line  indicates  that  the  active  master 

must  not  drive  valid  onto  the  DATA  lines  two  clock  cy- 
cles  hence.  Again,  preferably  the  drivers  are  tri-state. 
There  is  at  least  one  passive  pull-up  on  SLAVERDY 
to  avoid  ambiguities  when  all  slaves  leave  the  line  tri- 

5  stated. 
A  16  bit  electrical  version  of  the  VTC  would  pre- 

ferably  have  the  same  bus  line  definitions  as  indicat- 
ed  above  except  that  there  are  only  16  DATAIines.  In 
the  16  bit  version  the  32  bit  values  which  would  ap- 

10  pear  on  the  DATA  lines  of  the  full  32  bit  version  are 
serialized  into  pairs  of  16  bit  values.  In  the  preferred 
embodiment,  operations  on  the  VTC  using  16  bits  are 
serialized  versions  of  32  bit  operations.  Data  sent  to 
or  from  16  bit  devices  preferably  consists  of  an  inte- 

rs  ger  number  of  32  bit  words  sent  as  pairs  of  16  bit  short 
words.  In  such  cases  the  first  short  word  contains  the 
most  significant  16  bits  (0-15)  or  equivalently  bytes 
0  and  1  .  The  second  short  word  from  each  pair  con- 
tains  the  least  significant  bits  (16-  31),  orequivalent- 

20  ly  bytes  2  and  3. 
Interconnection  between  32  bit  and  16  bit  is  pos- 

sible  and  does  not  need  to  be  supported  in  all  32  bit 
or  16  bit  implementation  versions.  Where  16  bit  and 
32  bit  versions  are  interconnected  the  16  data  lines 

25  of  16  bit  devices  are  attached  to  the  most  significant 
bits  (0-15)  of  the  full  32  bit  VTC.  While  32  bit  devices 
serialize  all  32  bit  words  sent  to  16  bit  devices,  32  bit 
devices  may  drive  all  32  bits  when  data  is  directed 
only  to  other  32  bit  devices.  All  16  bit  masters  and 

30  slaves  note  the  values  of  the  16  MSBs  of  control 
fields  (data  sent  with  DATA/-CTL  "low")  to  determine 
whether  the  infor-  mation  or  arbitration  token  are  in- 
tended  for  them,  and  to  determine  whether  the  con- 
trol  fields  are  sent  as  32  bit  words  or  two  1  6  bit  short 

35  words.  32  bit  masters  and  slaves  use  the  16  bit  form 
when  communicating  with  16  bit  slaves  and  masters. 
As  in  other  aspects,  masters  support  the  character- 
istics  of  the  slaves  with  which  they  communicate  and 
do  not  receive  context  information  from  the  slaves  to 

40  indicate  these  characteristics.  16  bit  transfers  are  in- 
dicated  by  a  bit  in  the  control  fields. 

A  64  bit  electrical  version  of  the  VTC  preferably 
has  the  same  bus  lines  definitions  as  the  32  bit  ver- 
sion  except  that  there  are  64  DATA  lines.  Support  for 

45  interconnection  between  64  bit  and  16  bit  devices  is 
optional.  If  it  is  supported  the  requirements  are  the 
same  as  for  interconnected  likewise  16  bit  slaves  and 
masters  as  described  above.  The  64  bit  version  of  the 
VTC  communicates  control  field  information  in  the 

so  same  way  as  the  32  bit  version,  with  similar  consid- 
erations  for  interconnection  with  16  bit  devices.  32  bit 
control  words  are  sent  as  32  bit  words,  with  DATA(32 
-  63)  undefined.  Masters  and  slaves  which  both  sup- 
port  64  data  bits  transfer  data  as  pairs  of  32  bit  words 

55  in  each  clock  cycle.  The  ordering  is  such  that  the  word 
in  DATA(0  -  31)  precedes  the  word  in  DATA(32  -  63). 
Masters  must  know  which  slaves  support  64  bit  trans- 
fers.  64  bit  transfers  are  indicated  by  a  bit  in  the  con- 
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trol  fields. 

VTC  and  VTC-SA  Operations 

Described  below  are  preferred  procedures  for 
Write  Transfer,  Read  Transfer,  Data  Transfer,  and 
Pacing. 

Write  Transfer 

With  reference  to  Fig.  4,  a  write  transfer  is  per- 
formed  in  the  preferred  embodiments  as  follows.  In 
a  first  step,  when  no  transfer  is  in  progress,  MAS- 
TERRDY  and  SLAVERDY  are  inactive  (high).  In  a 
second  step,  the  previous  active  master  passes  con- 
trol  of  the  bus  to  the  next  master  by  transmitting  the 
arbitration  token  on  the  data  lines  to  the  next  master. 
The  token  is  one  of  a  reserved  set  of  values  on  the 
DATA  lines  while  DATA/-CTL  is  low,  i.e.  a  special  control 
field.  The  previous  master  transmits  the  arbitration  tok- 
en  by  driving  both  MASTERRDY  and  DATA/-CTL  low 
along  with  the  token  value  on  the  DATA  lines.  The 
next  master  receives  the  arbitration  token  by  noting 
the  'Next  Master'  sub-field  in  the  Arbitration  Token 
control  field  being  equal  to  its  own  ID.  No  device 
drives  SLAVERDY  at  this  time  and  its  value  is  ignored 
by  all  masters.  (SLAVERDY  is  typically  inactive  at 
this  time,  having  been  driven  inactive  by  the  previous 
slave.)  In  a  third  step,  the  master  receiving  the  token 
either  initiates  a  transferor  passes  the  token  on  to  the 
next  master  in  the  same  manner  as  in  the  second 
step.  In  a  fourth  step,  the  new  active  master  trans- 
mits  setup  information  to  the  chosen  slave  device  in 
the  form  of  VTC  control  field  values.  This  information 
is  transmitted  on  the  DATA  lines  with  DATA/-CTL  low 
and  MASTERRDY  active.  This  setup  information  in- 
cludes  the  address  of  the  targeted  slave.  In  a  fifth 
step,  the  slave  initially  is  not  driving  any  lines;  after  it 
has  been  addressed  via  the  first  control  field  it  drives 
SLAVERDY  active  (low),  indicating  it  is  ready  to  ac- 
cept  more  data,  assuming  that  its  input  FIFO  is  not 
full.  After  the  first  two  words  of  control  information 
sent  by  the  master  the  slave  paces  the  data  flow  us- 
ing  SLAVERDY.  In  a  sixth  step,  once  all  the  neces- 
sary  control  fields  have  been  passed  to  the  slave  the 
master  clocks  data  words  over  the  VTC.  The  master 
drives  MASTERRDY  active  for  each  clock  cycle  in 
which  it  is  driving  valid  data  on  the  DATAIines.  When 
it  does  not  have  valid  data  ready  it  drives  MASTERR- 
DY  inactive,  causing  an  idle  cycle  on  the  bus.  In  a  sev- 
enth  step,  control  and  data  words  received  by  the 
slave  are  put  into  its  VTC  input  FIFO  buffer.  If  the 
FIFO  buffer  becomes  almost  full  the  slave  drives 
SLAVERDY  inactive  (high)  which  prevents  the  mas- 
ter  from  writing  the  data  word  two  clock  cycles  later. 
In  an  eighth  step,  the  slave  stores  the  data  transfer- 
red  at  the  addresses  in  the  manner  indicated  by  the 
control  fields.  In  a  ninth  step,  once  a  transfer  is  initi- 

ated  the  master  and  slave  must  continue  processing 
the  transfer  until  the  transfer  is  complete.  In  a  tenth 
step,  when  the  transfer  is  complete  the  master  may 
either  keep  the  VTC  or  relinquish  it.  If  the  master 

5  keeps  the  VTC  it  may  make  another  transfer  by  writ- 
ing  any  necessary  control  fields  (i.e.  at  least  one,  and 
any  which  are  different  from  the  previous  transfer) 
followed  by  the  necessary  data.  It  relinquishes  the 
VTC  by  sending  an  arbitration  token  to  the  next  mas- 

10  ter.  When  the  transfer  is  complete  the  slave  drives 
SLAVERDY  inactive  and  tri-states  this  line. 

Read  Transfer 

15  With  reference  to  Fig.  5,  a  read  transfer  is  per- 
formed  in  the  preferred  embodiments  as  follows.  A 
read  transfer  is  similar  to  a  write  transfer  with  these 
exceptions.  First,  the  control  fields  written  from  the 
master  to  the  slave  indicate  that  a  read  transfer  is  re- 

20  quested.  Second,  after  the  master  has  sent  the  con- 
trol  fields  to  the  slave  it  drives  MASTERRDY  high,  tri- 
states  the  DATA  lines  and  waits  for  the  slave  to  re- 
spond  with  data.  The  master  waits  for  SLAVERDY  to 
go  inactive  for  at  least  one  cycle  before  interpreting 

25  the  values  on  DATA  as  valid  returned  data.  The  slave 
drives  SLAVERDY  inactive  for  at  least  one  cycle  be- 
fore  sending  data.  Third,  when  the  slave  has  data  to 
send  to  the  master  in  response  to  the  transfer  re- 
quest,  it  drives  data  on  the  DATA  lines  and  drives  the 

30  SLAVERDY  line  active  to  indicate  that  valid  data  is  on 
the  DATAIines.  Fourth,  when  the  master  detects  that 
SLAVERDY  is  inactive  it  begins  to  drive  MASTERR- 
DY  in  accordance  with  its  ability  to  accept  data.  The 
slave  ignores  the  value  of  MASTERRDY  for  purposes 

35  of  pacing  for  the  first  two  clock  periods  afterf  irst  driv- 
ing  SLAVERDY  inactive  after  receipt  of  the  control 
fields.  Fifth,  the  slave  drives  SLAVERDY  active 
whenever  it  is  driving  valid  data  onto  the  DATA  lines. 
When  it  does  not  have  valid  data  to  send  it  drives  SLA- 

40  VERDY  inactive.  Sixth,  the  slave  sends  a  number  of 
data  items  (e.g.  pixels)  equal  to  the  number  specified 
in  the  Length  sub-field  in  control  field  FO.  Seventh, 
afterthe  read  transfer  is  completed,  the  masterdrives 
MASTERRDY  inactive  and  the  slave  drives  SLAVER- 

45  DY  inactive.  Eighth,  the  master  must  detect  SLAVER- 
DY  inactive  before  driving  DATA,  DATA/-CTL  and  the 
associated  MASTERRDY.  Ninth,  the  master  either  re- 
linquishes  the  VTC  by  sending  out  the  arbitration  tok- 
en  to  the  next  master  or  it  begins  another  transfer  by 

so  transmitting  at  least  one  control  field. 

Data  Transfer  Procedure 

Data  passing  into  or  out  of  a  slave  is  directed  to 
55  or  from  its  local  memory  or  registers,  with  the  slave 

generating  all  local  addresses.  In  the  preferred  em- 
bodiment,  the  addressing  of  pixels  is  in  the  form  of 
horizontal  line  segments,  which  can  degenerate  to  a 
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single  pixel.  The  addressing  of  the  individual  data 
words  or  pixels  is  performed  internally  by  the  slave, 
based  on  the  start  address  and  other  information 
sent  in  control  fields  at  the  beginning  of  each  transfer. 

Before  any  data  are  transferred  the  appropriate 
control  fields  must  be  sent  to  the  slave.  These  fields 
contain  the  master  and  slave  IDs,  addressing  infor- 
mation,  the  direction  of  the  transfer  (read  or  write), 
and  other  information.  In  some  slave  implementa- 
tions  some  of  the  information  necessary  to  perform 
a  transfer  may  be  contained  in  local  memory  that  is 
indirectly  pointed  to  using  the  information  that  is 
transmitted,  i.e.  the  master  device  ID  or  from  the 
transfer  Window  ID  (WID).  This  fact  is  transparent  to 
the  VTC  and  all  other  devices. 

The  transmission  of  control  fields  is  similar  to 
data  write  operations,  using  the  same  bus  timings, 
except  that  DATA/-CTL  is  driven  low  by  the  master 
during  the  clock  cycles  that  control  fields  are  trans- 
mitted  on  the  bus. 

The  number  and  size  of  consecutive  transfers 
that  a  master  may  perform,  with  the  same  ordifferent 
slaves,  is  limited  in  the  preferred  embodiment  of  the 
architecture  only  by  the  arbitration  behavior  parame- 
ter  that  limits  the  maximum  length  of  time  (number 
of  clock  cycles)  a  master  may  be  granted  the  VTC. 
The  size  of  each  transfer  ranges  from  0  to  the  maxi- 
mum  value  specifiable  in  control  field  FO,  and  again 
is  limited  by  the  same  arbitration  behavior  parameter. 

Pacing 

All  slaves  preferably  include  an  input  FIFO  func- 
tion  in  which  data  and  control  information  are  re- 
ceived.  The  size  of  the  FIFO  is  not  specified  by  the 
VTC  architecture  and  is  specific  to  the  design  of  the 
slave.  All  slaves  should  be  able  to  support  the  speci- 
fied  pacing  mechanism  during  all  operations,  includ- 
ing  the  transmission  of  control  fields.  The  total  FIFO 
size  required  by  each  slave  depends  on  such  factors 
as  the  internal  latency  and  speed  of  servicing  VTC 
transfer  requests. 

Data  transfers  normally  occur  at  the  rate  of  one 
word  for  every  cycle  of  the  VTC  master  clock.  Either 
the  active  master  or  the  active  slave  may  reduce  the 
effective  data  rate  by  forcing  one  or  more  idle  cycles 
on  the  bus.  This  effect  is  controlled  by  the  use  of  the 
MASTERRDY  and  SLAVERDY  lines,  which  are  driv- 
en  by  the  active  master  and  slave  respectively.  This 
selection  of  which  device  drives  which  of  these  two 
lines  is  the  same  for  both  read  and  write  transfers, 
however  the  semantics  of  the  lines  changes  with  the 
direction  of  data  flow. 

During  a  write  transfer,  and  during  the  writing  of 
control  fields  by  the  master,  the  active  master  drives 
MASTERRDY  active  (low)  to  indicate  that  it  is  driving 
valid  data  on  the  DATA  lines.  Any  time  that  it  is  not 
driving  valid  data,  such  as  when  it  does  not  have  valid 

data  to  send,  it  drives  MASTERRDY  inactive.  After  it 
has  transmitted  the  arbitration  token  when  relin- 
quishing  the  VTC,  it  drives  MASTERRDY  inactive  for 
one  cycle  and  tri-states  this  line.  Once  a  slave  has 

5  been  addressed  by  a  master  via  the  transmission  of 
control  information  (field  FO),  the  slave  drives  SLA- 
VERDY  to  indicate  that  the  master  may  or  may  not 
continue  to  send  data  during  each  successive  clock 
cycle.  Avalue  of  SLAVERDY  active  (low)  during  a  bus 

10  cycle  in  a  write  transfer  indicates  that  data  transmit- 
ted  in  the  second  following  cycle  will  be  accepted.  A 
value  of  SLAVERDY  inactive  during  a  bus  cycle  indi- 
cates  that  the  second  following  bus  cycle  is  not  to 
contain  valid  data  and  the  value  on  the  DATA  lines 

15  during  that  cycle  will  be  ignored. 
VTC  read  transfers  are  similar  to  write  transfers, 

except  that  the  direction  of  data  flow  (not  control 
fields)  is  reversed,  and  the  roles  of  MASTERRDY  and 
SLAVERDY  are  likewise  reversed  during  read  data 

20  transfers.  The  slave  drives  SLAVERDY  active  to  in- 
dicate  it  is  driving  valid  data  on  the  DATA  lines,  and 
inactive  to  indicate  a  lack  of  valid  data.  The  master 
drives  MASTERRDY  active  to  indicate  that  the  sec- 
ond  following  data  word  will  be  accepted,  and  inactive 

25  to  indicate  that  the  second  following  bus  cycle  should 
be  idle  with  SLAVERDY  inactive. 

In  the  preferred  embodiment,  there  are  three  ex- 
ceptions  to  this  description.  First,  when  a  slave  is  first 
addressed  by  the  active  master  via  control  field  FO  it 

30  may  leave  SLAVERDY  inactive  for  two  clock  cycles 
due  to  pipeline  delays;  this  applies  to  both  write  trans- 
fers  and  the  writing  of  control  fields  for  read  trans- 
fers.  The  master  may  continue  to  transmit  control 
fields  and  data  as  if  SLAVERDY  had  been  active  dur- 

35  ing  these  two  clock  cycles,  and  the  slave  must  be  ca- 
pable  of  receiving  and  processing  this  data.  Starting 
with  the  third  cycle  pacing  is  as  described  above. 
Second,  similarly  to  the  above,  at  the  beginning  of  a 
read  transfer  after  the  control  fields  have  been  re- 

40  ceived  by  the  slave  when  the  slave  is  ready  to  return 
the  requested  data  the  slave  ignores  the  value  of 
MASTERRDY  for  two  clock  cycles  from  t  he  first  cycle 
when  SLAVERDY  is  brought  inactive.  The  master 
must  be  capable  of  receiving  and  processing  data  that 

45  may  be  transmitted  from  the  slave  accordingly.  Third, 
arbitration  tokens  are  transmitted  regardless  of  the 
value  of  SLAVERDY.  This  is  necessary  because  dur- 
ing  this  time  SLAVERDY  should  always  be  inactive 
and  tri-stated,  and  arbitration  tokens  are  received  by 

so  masters  (not  slaves). 
When  a  read  or  write  transfer  is  completed  the  ac- 

tive  slave  drives  SLAVERDY  inactive  (high)  for  one 
cycle  and  tri-states  this  line.  At  the  end  of  each  trans- 
fer  the  active  master  drives  MASTERRDY  as  descri- 

55  bed  above  under  Write  Transfer  and  Read  Transfer. 
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VTC  and  VTC-SA  Control  Fields 

The  control  information  sent  by  a  master  device 
to  a  slave  is  organized  into  words  called  VTC  Control 
Fields.  These  contain  all  of  the  information  necessary 
to  perform  a  transfer  over  the  VTC,  and  are  named 
FO,  F1,  F2,  etc.  These  control  fields  are  shown  in 
Figs.  6A-6G  and  are  described  below. 

In  the  preferred  embodiment,  arbitration  tokens 
are  transmitted  using  the  same  mechanism  as  con- 
trol  fields.  The  first  (most  significant)  four  bits  of  each 
field  specify  the  identity  of  the  field  FO  -  F14  whose 
contents  are  the  remaining  28  bits  of  contents  of  the 
word.  The  value  of  the  4  MSBs  is  equal  to  the  numer- 
ical  portion  of  the  Fn  control  field  name.  The  arbitra- 
tion  token  is  a  special  case  of  a  control  field  and  has 
a  unique  number,  15  or  '1111  'b,  indicated  in  the  4 
MSBs. 

In  the  preferred  embodiment  there  is  a  set  of 
three  fields,  FO,  F1  ,  and  F2  which  are  specified  to  de- 
termine  the  operation  of  the  VTC.  Each  time  a  master 
is  granted  the  VTC,  it  transmits  these  three  fields  to 
initiate  a  transfer  of  pixels.  (In  the  case  of  slaves 
which  require  a  start  address  of  greater  than  24  bits 
F3  must  also  be  written  in  order  to  specify  the  24 
MSBs.)  FO  must  always  be  written  first.  Itcontainsthe 
address  of  the  slave  as  well  as  the  master  and  is 
needed  to  ensure  that  the  correct  slave  receives  and 
responds  to  the  remaining  fields  and  data.  If  a  field  is 
not  needed  for  a  transfer,  e.g.,  F1  for  a  transfer  that 
does  not  contain  pixels,  it  may  be  omitted.  The  other 
fields  may  be  written  in  any  order.  When  masters  gain 
control  of  the  VTC  they  cannot  assume  anything 
about  the  contents  of  any  fields  that  they  or  another 
device  may  have  previously  written.  Any  field  values 
which  are  necessary  in  order  to  perform  a  transfer 
with  the  addressed  slave  must  be  transmitted  by  the 
master  before  any  transfers  can  be  performed. 

After  a  master  writes  the  appropriate  VTC  control 
fields  it  begins  a  data  transfer.  When  the  transfer  is 
complete  the  master  may  initiate  another  transfer.  To 
initiate  such  successive  transfers  the  master  must 
send  at  least  one  VTC  control  field.  If  the  subsequent 
transfer  is  to  a  different  slave  FO  must  precede  the 
other  control  fields.  If  it  is  to  the  same  slave  the  fields 
may  be  in  any  order.  Any  field  not  transmitted  will  im- 
plicitly  retain  its  previous  value.  For  maximum  perfor- 
mance  in  making  a  large  number  of  short  transfers 
the  master  may  choose  to  transmit  only  those  fields 
whose  values  have  changed,  e.g.  the  start  address. 

FO  Control  Field 

This  control  field  is  described  below  with  refer- 
ence  to  Fig.  6A.  The  control  field  bits  are  preferably 
as  follows: 
bits  0-3:  (4  bits)  Field  ID  =  '0000'b  for  FO.  All  bits  de- 
coded  by  all  slaves; 

bit  4:  32  bit  control  field.  If  '1'  indicates  that  this  con- 
trol  field  is  presented  on  the  VTC  as  a  single  32  bit 
word.  If  '0'  indicates  that  this  field  is  presented  as  two 
consecutive  16  bit  half-words; 

5  bit  5:  R/-W  transfer.  If  '1  '  indicates  that  a  read  transfer 
follows;  if  '0'  indicates  a  write  transfer; 
bit  6:  32  bit  transfer.  If  '1'  indicates  that  the  subse- 
quent  transfer  uses  DATAIines  0  to  31  .  If  '0'  indicates 
that  DATA  lines  0  to  15  are  used,  and  DATA  lines  16 

10  to  31  are  "don't  care".  Must  be  set  to  '0'  in  16  bit  im- 
plementations; 
bit  7:  64  bit  transfer.  If  '1'  indicates  that  the  subse- 
quent  transfer  uses  DATAIines  0  to  63.  If  '0'  indicates 
that  DATA  lines  0  to  31  or  0  to  1  5  are  used,  depending 

15  on  the  value  of  '32  bit  transfer',  and  the  remaining 
DATAIines  (16  -  63)  or  (32  -  63)  are  "don't  care".  Con- 
trol  fields  never  use  DATAIines  (32  -  63).  This  bit  must 
be  set  to  '0'  in  32  bit  and  16  bit  implementations; 
bits  8-11:  (4  bits)  Slave  ID.  Specifies  the  4  bit  address 

20  of  the  slave  device  being  addressed; 
bits  12-15:  (4  bits)  Master  ID.  Specifies  the  4  bit  ad- 
dress  of  the  master  device  writing  this  control  field 
and  performing  the  subsequent  transfer; 
bits  16,17:  Addressing  Mode:  Specifies  the  semant- 

25  ics  of  the  start  address  specified  in  F2  (and  F3): 
00:  Pixel  mode.  Start  address  is  a  pixel  offset  from 
the  base  of  the  bit  map  window  and  Length  is  a  pixel 
count.  'Bit  map'  refers  to  entire  screen  or  specific 
window  depending  on  adapter  and  windowing  envir- 

30  onment.  Relationship  between  pixel  count  and  word 
count  is  indicated  by  Format; 
01  :  Absolute  data  mode.  Start  address  is  a  byte  offset 
from  the  base  of  adapter  memory  and  Length  is  byte 
count.  There  are  4  bytes  per  data  word  (up  to  Length 

35  total).  The  MSBs  (bits  0  -  7)  are  first.  Window  ID, 
Frame  Buffer  ID,  Format,  Clip  and  Stride  are  ignored 
in  this  mode; 
10:  Reserved;  and 
11:  Register  mode.  Start  address  is  the  base  of  reg- 

40  ister  address  space  of  adapter.  Otherwise  the  same 
as  Absolute  data  mode;  and 
bits  18-31:  (14  bits)  Length.  Specifies  the  length,  in 
pixels  or  bytes,  of  the  transfer  to  follow.  See  Address- 
ing  Mode  above.  Length  is  an  unsigned  binary  inte- 

45  ger,  and  may  range  from  0  to  2**14-1  .  If  Length  =  0, 
parameters  which  describe  transferred  data  (Clip,  R/- 
W,  Address  Mode  in  F0;  64  bit  transfer,  32  bit  transfer 
in  F1;  Start  Address  in  F2  and  F3)  are  undefined  and 
their  values  are  "don't  care". 

50 
F1  Control  Field 

This  control  field  is  described  below  with  refer- 
ence  to  Fig.  6B.  The  control  field  bits  are  preferably 

55  as  follows: 
bits  0-3:  (4  bits)  Field  ID  =  '0001  'b  for  F1; 
bit  4:  32  bit  control  field.  If  '1'  indicates  that  this  con- 
trol  field  is  presented  on  the  VTC  as  a  single  32  bit 
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word.  If  '0'  indicates  that  this  field  is  presented  as  two 
consecutive  16  bit  half-words; 
bit  5:  Clip.  If  T  indicates  that  transferred  data  may 
contain  pixels  that  should  not  be  written  to  memory 
and  the  slave  should  perform  clipping  internally. 
If  '0'  master  indicates  that  any  necessary  clipping  has 
been  done  by  the  master  and  slave  need  not  perform 
any  internal  clipping.  This  bit  is  only  defined  for  Write 
transfers  in  Pixel  addressing  mode; 
bit  6:  reserved.  Masters  must  write  '0',  slaves  must  ig- 
nore; 
bit  7:  Stride.  If  T  the  slave  stores  transferred  pixels 
to  addresses  starting  with  the  Start  Address  and  in- 
crementing  by  2.  If  '0'  addresses  increment  by  1  pixel 
per  pixel  transferred.  Defined  only  for  Write  transfers 
in  Pixel  mode;  otherwise  masters  must  write  '0'; 
bits  8-15:  (8  bits)  FB  ID:  Frame  buffer  ID,  specifies 
which  buffer  at  this  pixel  address  is  being  addressed. 
Useful  for  display  adapters  with  more  than  one  buf- 
fer.  The  value  is  specific  to  the  slave; 
bits  16-23:  (8  bits)  WID:  Window  ID,  specifies  the 
window  ID  value  used  by  the  slave;  indicates  which 
window  is  being  addressed.  The  value  is  specific  to 
the  slave  and  is  not  necessarily  the  same  WID  value 
used  by  the  window  management  software.  May  be 
used  directly  or  indirectly  by  slave  to  protect  pixels  in 
this  or  other  windows;  and 
bits  24-31:  (8  bits)  Format:  data  format  for  pixels,  in- 
cluding  number  of  bits  per  pixel  and  number  of  pixels 
per  word.  Data  formats  refer  only  to  pixel  transfers, 
i.e.  with  Addr  Mode  in  F1  =  0x00.  Forotheraddressing 
modes  the  pixel  data  format  is  not  applicable.  Data 
formats  are  detailed  in  greater  detail  below. 

F2  Control  Field 

This  control  field  is  described  below  with  refer- 
ence  to  Fig.  6C.  The  control  field  bits  are  preferably 
as  follows: 
bits  0-3:  (4  bits)  Field  ID  =  '001  0'b  for  F2; 
bits  4:  32  bit  control  field.  If  '1'  indicates  that  this  con- 
trol  field  is  presented  on  the  VTC  as  a  single  32  bit 
word.  If  '0'  indicates  that  this  field  is  presented  as  two 
consecutive  16  bit  half-words; 
bits  5-7:  reserved.  Masters  must  write  '000',  slaves 
must  ignore; 
bits  8-31:  (24  bits)  Start  address.  In  pixels  or  bytes, 
according  to  the  Addressing  Mode  specified  in  F1, 
above.  If  the  start  address  needed  for  the  transfer  is 
longer  than  24  bits,  F2  contains  the  least  significant 
24  bits; 

F3  Control  Field 

In  the  preferred  embodiment,  F3  is  optional.  It  is 
only  used  when  addressing  slaves  that  require  more 
than  24  bits  to  specify  the  start  address.  This  control 
field  is  described  below  with  reference  to  Fig.  6D.  The 

control  field  bits  are  preferably  as  follows: 
bits  0-3:  (4  bits)  Field  ID  =  '0011  'b  for  F3; 
bits  4:  32  bit  control  field.  If  '1  '  indicates  that  this  con- 
trol  field  is  presented  on  the  VTC  as  a  single  32  bit 

5  word.  If  '0'  indicates  that  this  field  is  presented  as  two 
consecutive  16  bit  half-words; 
bits  5-7:  reserved.  Masters  must  write  '000',  slaves 
must  ignore;  and 
bits  8-31:  (24  bits)  Start  address  MSBs.  In  pixels  or 

10  bytes,  according  to  the  Addressing  Mode  specified  in 
F1  ,  above.  The  most  significant  24  bits,  for  a  total  of 
48  bits  of  start  address,  combined  with  the  contents 
of  F3. 

15  F4  Control  Field 

F4  is  used  to  signal  specific  status  information 
between  devices.  It  is  not  required  to  initiate  a  data 
transfer.  A  signalling  transfer  may  consist  of  as  little 

20  as  F0,  with  Length  =  0,  and  F4.  Note  that  the  master 
in  this  case  may  be  the  same  device  as  a  slave  ad- 
dressed  in  typical  data  transfers.  This  control  field  is 
described  below  with  reference  to  Fig.  6E.  The  control 
field  bits  are  preferably  as  follows: 

25  bits  0-3:  (4  bits)  Field  ID  =  '0100'b  for  F4.  All  bits  de- 
coded  by  all  slaves; 
bit  4:  32  bit  control  field.  If  '1'  indicates  that  this  con- 
trol  field  is  presented  on  the  VTC  as  a  single  32  bit 
word.  If  '0'  indicates  that  this  field  is  presented  as  two 

30  consecutive  16  bit  half-words; 
bit  5:  Command:  switch  to  FB  ID.  If  '1'  master  com- 
mands  slave  to  switch  Window  ID  specified  by  WID 
to  frame  buffer  ID  specified  by  FB  ID.  These  fields 
have  the  same  semantics  as  defined  for  field  F1. 

35  "Switch"  means  to  switch  the  FB  ID  used  for  display 
or  other  output  from  the  slave,  and  does  not  affect  ad- 
dressing  and  access  performed  by  data  transfers. 
If  '0'  no  command  is  implied; 
bit  6:  Status:  completed  switch  to  FB  ID.  If  '1'  master 

40  indicates  to  slave  that  frame  buffer  switch  has  been 
completed,  with  the  same  semantics  as  the  com- 
mand  above.  Note  that  the  master  in  this  case  may 
be  same  device  as  the  slave  addressed  in  the  com- 
mand  case  above,  and  vice  versa.  If  '0'  no  status  is 

45  implied; 
bit  7:  Status:  completed  drawing  to  FB  ID.  If  '1'  master 
indicates  that  drawing  has  been  completed  and  is 
temporarily  suspended  in  frame  buffer  FB  ID  in  area 
indicated  by  WID.  This  is  used  to  indicate  to  slave  that 

so  it  may  read  or  write  this  area  (FB  ID  and  WID)  without 
conflict.  Note  that  the  master  in  this  case  may  be  the 
slave  addressed  in  the  command  case  above,  and 
vice  versa.  If  '0'  no  status  is  implied; 
bits  8-15:  (8  bits)  FB  ID.  The  ID  number  of  the  Frame 

55  Buffer  indicated.  The  semantics  are  the  same  as  for 
field  F1; 
bits  16-23:  (8  bits)  WID.  The  Window  ID  number  indi- 
cated.  The  semantics  are  the  same  as  for  field  F1; 

11 
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and 
bits  24-31  :  (8  bits)  Reserved.  Masters  must  write  '0', 
slaves  must  ignore. 

F5  Control  Field 

F5  is  used  to  signal  specific  timing  information 
between  devices.  It  is  not  required  to  initiate  a  data 
transfer.  A  signalling  transfer  may  consist  of  as  little 
as  FO,  with  Length  =  0,  and  F5.  Note  that  the  master 
in  this  case  may  be  the  same  device  as  a  slave  ad- 
dressed  in  typical  data  transfers.  This  control  field  is 
described  below  with  reference  to  Fig.  6F.  The  control 
field  bits  are  preferably  as  follows: 
bits  0-3:  (4  bits)  Field  ID  =  '0101'b  for  F5.  All  bits  de- 
coded  by  all  slaves; 
bit  4:  32  bit  control  field.  If  '1'  indicates  that  this  con- 
trol  field  is  presented  on  the  VTC  as  a  single  32  bit 
word.  If  '0'  indicates  that  this  field  is  presented  as  two 
consecutive  16  bit  half-words; 
bits  5-16:  (12  bits)  reserved.  Masters  must  write  '0', 
slaves  must  ignore; 
bit  17:  Even/-Odd.  If  T  master  indicates  that  'VBI 
Started'  (bit  1  8)  refers  to  an  Even  field  following  in  in- 
terlaced  formats.  If  '0'  master  indicates  that  an  Odd 
field  is  referred  to.  Non-interlaced  systems  must 
write  '1'.  If  bit  18  is  '0'  this  bit  is  not  defined  and  slaves 
should  ignore; 
bit  18:  VBI  Started.  If  '1'  master  indicates  that  a  Vert- 
ical  Blanking  Interval  (VBI)  of  its  display  function  has 
recently  started.  The  Even  or  Odd  identity  of  the  fol- 
lowing  field,  in  interlaced  systems,  is  indicated  by  bit 
17.  If  '0'  no  status  is  implied; 
bit  19:  Line  started.  If  '1'  master  indicates  that  the  dis- 
play  of  a  line  has  recently  started.  The  line  referred 
to  is  indicated  in  Line  Number,  bits  (20-31).  If  '0'  no 
status  is  implied; 
bits  20-31:  (12  bits)  Line  number.  Indicates  the  line 
number  which  is  referred  to  by  bit  19  as  having  recent- 
ly  started  display.  Numbering  starts  at  '0'  for  the  first 
displayed  line  in  non-interlaced  systems; 

F6-F1  4  Control  Fields 

In  the  preferred  embodiment,  these  control  fields 
are  reserved  for  future  use.  Masters  should  not  use 
these  control  fields. 

Arbitration  Token  (F15) 

This  control  field  is  described  below  with  refer- 
ence  to  Fig.  6  G.  The  control  field  bits  are  preferably 
as  follows: 

bits  0-3:  (4  bits)  Field  ID  =  '1111'b  for  Arbitra- 
tion  Token  (F15); 
bits  4:  32  bit  control  field.  If  '1'  indicates  that  this  con- 
trol  field  is  presented  on  the  VTC  as  a  single  32  bit 

word.  If  '0'  indicates  that  this  field  is  presented  as  two 
consecutive  16  bit  half-words; 
bits  5-7:  reserved.  Masters  must  write  '000',  slaves 
must  ignore; 

5  bits  8-15:  (8  bits)  Next  Master  ID.  Bits  (12-15)  are 
the  ID  of  master  to  which  the  arbitration  token  is  sent. 
Bits  (8  -  11)  are  reserved  and  must  be  0.  Devices  must 
decode  all  8  bits  including  bits  (8-11)  =  '0000'; 
bits  16-23:  (8  bits)  Previous  Master  ID.  Bits  (20  -  23) 

10  are  the  ID  of  the  master  sending  the  arbitration  token. 
Bits  (16  -  19)  are  reserved  and  must  be  0.  Devices 
must  decode  all  8  bits  including  bits  (16-19)  =  '0000'; 
and 
bits  24-31  :  reserved,  masters  must  send  0,  slaves 

15  should  ignore. 

VTC  and  VTC-SA  Arbitration 

The  arbitration  function  of  the  VTC  is  a  round  ro- 
20  bin  that  is  modified  by  behavioral  parameters.  The 

round  robin  is  performed  by  a  token-passing  mecha- 
nism.  Whenever  the  currently  active  VTC  master  de- 
vice  relinquishes  the  bus  it  transmits  the  arbitration 
token  to  another  master  called  Next  Ready  in  this 

25  document.  The  recipient,  or  destination,  of  the  token 
is  a  master  whose  ID  is  specified  by  the  master  pass- 
ing  the  token.  The  value  of  the  token  destinations  in 
each  of  the  masters  is  arranged,  by  software,  such 
that  all  masters  which  are  operational  are  in  a  logical 

30  ring,  and  the  token  passes  through  all  such  masters 
once  each  cycle  through  the  ring.  In  alternative  im- 
plementations  the  token  may  be  passed  to  different 
masters  according  to  the  scheduling  algorithm  imple- 
mented. 

35  If  a  master  receiving  the  token  does  not  need  to 
use  the  VTC,  or  it  has  been  prohibited  from  using  it 
at  that  moment  (via  arbitration  behavior  parameters), 
then  it  passes  the  token  to  the  next  master  in  the  log- 
ical  ring.  Initialization  of  the  arbitration  token  is  ac- 

40  complished  after  each  device  is  tested  and  program- 
med  with  its  token  destination  and  scheduling  behav- 
ior.  At  that  time,  with  no  token  in  the  system,  any  mas- 
ter  device  can  be  directed  by  software  to  transmit  the 
arbitration  token,  thereby  initializing  the  arbitration 

45  token  logical  ring  mechanism.  Any  time-out  exception 
condition  detection  functions  in  VTC  devices  are  dis- 
abled  prior  to  initialization. 

In  VTC-SA,  the  host  (graphics)  adapter  initiates 
sending  the  token  to  each  of  the  possible  VTC  devic- 

50  es  to  allow  each  device  to  respond  with  initialization 
confirmation.  Further  initialization  activity  in  each 
device  requires  the  device  to  receive  data  directed  to 
it  from  the  CPU  over  the  VTC,  and  responses  are  re- 
turned  using  the  same  mechanism  over  the  VTC. 

55  The  behavioral  parameters  which  modify  the 
round-robin  action  are  the  maximum  amount  of  time 
each  master  may  keep  the  VTC  once  it  is  granted  and 
the  minimum  delay  since  the  previous  grant  before 
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the  same  master  may  be  granted  again.  These 
amounts  of  time  are  specified  in  terms  of  numbers  of 
cycles  of  the  VTC  Clock  signal.  They  are  specified  in 
registers  in  each  master  device. 

Limitations  on  arbitration  behavior  are  imposed 
by  behavioral  rules  established  by  software  or  by  de- 
vice  design.  There  is  no  inherent  electrical  or  physical 
limit  in  the  VTC  as  to  how  long  a  master  device  may 
retain  control  of  the  VTC. 

In  the  preferred  embodiment,  active  masters  and 
slaves  must  take  certain  actions  within  specified 
time  limits  of  certain  events  occurring.  All  limitations 
are  in  units  of  cycles  of  the  Clock  signal.  First,  upon 
receipt  of  an  arbitration  token  a  master  must  either 
initiate  a  transfer  within  for  example  (2)  cycles  or  pass 
the  token  to  the  next  master  within  e.g.  (2)  cycles. 
Second,  upon  completion  of  a  transfer  the  active 
master  must  transmit  the  token  or  begin  another 
transfer  within  e.g.  (2)  cycles.  Third,  upon  being  ad- 
dressed  via  field  FO  the  active  slave  must  respond 
with  SLAVERDY  active  within  e.g.  (10)  cycles. 

Some  possible  exception  conditions  may  require 
attention.  First,  a  master  not  initiating  a  transfer  or 
passing  the  token  upon  receipt  of  the  token.  Second, 
a  master  failing  to  transmit  the  token  when  it  has  com- 
pleted  a  transfer.  Third,  a  master  sending  a  token 
when  a  transfer  has  not  been  completed.  Fourth,  a 
master  sending  a  token  when  it  is  not  the  active  mas- 
ter.  Fifth,  a  slave  not  responding  to  being  addressed 
via  FO  in  either  a  read  or  write  transfer.  Sixth,  incor- 
rect  data  or  control  field  values  being  received  by  a 
slave.  Seventh,  actual  transfer  length  not  in  agree- 
ment  with  the  Length  field  of  FO.  Eighth,  values  re- 
ceived  on  the  VTC  bus  not  the  same  as  were  trans- 
mitted. 

Any  master  or  slave  may  implement  detection  of 
some  exception  conditions.  Conditions  which  can  be 
detected  by  devices  which  may  not  be  participating  in 
a  transfer  or  token-passing  include  the  following. 
First,  an  arbitration  token  being  transmitted  and  the 
next  master  not  responding  within  the  preferred  time 
limit  of  clock  cycles.  Second,  no  arbitration  token  be- 
ing  transmitted  while  MASTERRDY  is  inactive  for 
more  than  the  preferred  limit  of  clock  cycles.  Third, 
data  transmitted  before  control  fields  are  transmitted 
after  an  arbitration  token  is  transmitted.  Fourth,  any 
arbitration  token  being  transmitted  where  the  'Pre- 
vious'  master  is  not  the  same  as  the  previ- 
ous  'Next'  master.  Fifth,  a  slave  not  driving  SLAVER- 
DY  active  within  the  preferred  time  limit  of  clock  cy- 
cles  after  it  was  addressed  via  FO.  Sixth,  SLAVERDY 
inactive  for  more  than  the  preferred  limit  of  clock  cy- 
cles  during  a  transfer  (before  'Length'  items  have 
been  transferred).  Seventh,  more  than  'Length'  data 
items  produced  (with  SLAVERDY  active)  during  any 
one  transfer. 

Graphics  Adapter 

Graphics  adapters  which  act  as  hosts  to  VTC-SA 
attached  devices  must  perform  certain  functions  in 

5  specified  ways  in  order  to  implement  the  preferred 
embodiment  of  VTC-SA.  The  graphics  adapter  must 
provide  access  to  its  display  buffer  via  the  VTC  in  ad- 
dition  to  the  function  specified.  The  function  of  ac- 
cessing  the  display  buffer  is  not  described  here.  Typ- 

10  ically  the  graphics  adapter  acts  as  a  VTC  slave  for  ac- 
cessing  the  display  buffer. 

Local  Buffers 

15  The  Out  buffer  in  main  memory  serves  to  store 
data  obtained  from  system  memory  over  the  system 
bus  before  the  data  is  obtained  by  VTC  devices  over 
the  VTC.  The  In  buffer  in  main  memory  serves  to 
store  data  sent  from  VTC  devices  over  the  VTC  be- 

20  fore  it  is  written  to  system  memory  over  the  system 
bus.  Each  of  these  buffers  is  preferably  at  least  32 
bytes  (8  words)  in  length.  In  principal  smaller  buffers 
are  possible,  however  system  performance  would 
suffer  with  smaller  buffers,  so  they  are  not  recom- 

25  mended.  While  the  In  and  Out  buffers  can  each  be 
accessed  by  two  different  processes,  the  bus  inter- 
face  and  the  VTC  interface,  they  are  not  required  to 
support  simultaneous  dual  port  read-write  access. 

Each  of  these  two  buffers  has  a  Count  register 
30  associated  with  it.  The  Out  Count  register  indicates 

the  amount  of  data  available  in  the  Out  buffer.  The  In 
Count  register  indicates  the  amount  of  space  avail- 
able  for  data  in  the  In  buffer.  Both  of  these  registers 
are  readable  via  the  VTC.  The  buffer  addressing  may 

35  be  implemented  in  a  number  of  ways.  The  Count  reg- 
ister  may  be  implemented  to  contain  the  actual  cur- 
rent  address  in  a  single  ported  buffer,  or  it  may  con- 
tain  the  difference  between  independent  Read  and 
Write  pointers. 

40 
System  Bus  Interface 

In  the  intended  applications  of  VTC-SA,  the 
graphics  adapter  is  a  bus  masteron  the  CPU  bus.  The 

45  graphics  adapter  has  access  to  the  two  system 
queues  dedicated  to  supporting  VTC-SA.  As  such, 
the  graphics  adapter  has  two  sets  of  pointers  on 
board  which  point  to  the  queues.  Typically  these  poin- 
ters  are  for  the  Top,  Bottom,  Read,  and  Write  posi- 

50  tions  of  each  queue,  requiring  four  registers  per 
queue.  The  register  sizes  depend  on  the  system  de- 
sign.  The  pointers  use  real  memory  addresses. 

With  the  system  queue  pointers  on  the  graphics 
adapter,  the  graphics  adapter  can  readily  identify  the 

55  amount  of  data  and  space  available  in  each  queue. 
Software  can  also  determine  the  amount  of  space 
and  data  available  in  each  queue  by  examining  these 
pointer  registers. 

13 
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The  graphics  adapter  should  have  a  programma- 
ble  capability  of  disabling  queue  bus  master  activity. 
This  is  needed  so  that  the  system  can  redirect  the 
system  queue  pointers  without  inadvertently  indicat- 
ing  to  the  graphics  adapter  that  bus  master  activity  is 
required,  which  could  potentially  access  an  incorrect 
address  range. 

In  the  preferred  embodiment,  the  implementa- 
tion  is  simplified  if  all  data  in  queues  to  support  VTC- 
SA  consist  of  integral  multiples  of  32  bits  (one  word) 
and  are  aligned  on  whole  word  boundaries,  equiva- 
lent^  on  byte  addresses  which  are  integral  multiples 
of  4.  The  graphics  adapter  can  rely  on  data  following 
this  constraint  in  both  system  queues  for  VTC-SA, 
and  therefore  does  not  need  to  perform  byte  rota- 
tions,  etc.,  which  might  otherwise  be  needed  if  arbi- 
trary  addresses  were  allowed. 

With  the  graphics  adapter  being  a  system  bus 
master  and  using  bus  mastership  to  maintain  the 
VTC-SAqueues  and  buffers,  it  supports  two  process- 
es  for  the  purposes  of  VTC-SA  in  addition  to  whatever 
other  processes  it  may  be  designed  to  support.  These 
include  attempting  to  keep  the  Out  bufferfull  and  the 
associated  Out  queue  empty  and  attempting  to  keep 
the  In  buffer  empty  and  the  associated  In  queue  full. 

Procedurally,  the  graphics  adapter  manages  the 
system  queues  and  VTC-SA  on-board  buffers  as  fol- 
lows.  Whenever  the  Out  buffer  has  space  available 
and  the  Out  queue  has  data  available,  the  graphics 
adapter  attempts  to  arbitrate  for  the  system  bus. 
When  arbitration  is  granted,  the  graphics  adapter 
transfers  from  the  queue  to  the  buffer  the  lesser  of 
the  amount  of  space  in  the  buffer  and  the  amount  of 
data  in  the  queue,  up  to  the  limits  of  the  bus  grant  per- 
iod. 

Whenever  the  In  buffer  has  data  available  and 
the  In  queue  has  space  available,  the  graphics  adap- 
ter  attempts  to  arbitrate  for  the  system  bus.  When  ar- 
bitration  is  granted,  the  graphics  adapter  transfers 
from  the  buffer  to  the  queue  the  lesser  of  the  amount 
of  data  in  the  buffer  and  the  amount  of  space  in  the 
queue,  up  to  the  limits  of  the  bus  grant  period. 

If  the  buffers  are  single  ported,  then  at  the  time 
the  system  bus  is  granted  if  the  desired  buffer  is  busy 
with  VTC  activity  the  graphics  adapter  may  have  to 
terminate  or  pace  the  bus  activity,  depending  on  the 
design  of  the  bus  and  the  bus  interface  circuitry. 

Upon  the  completion  of  reading  data  from  the 
Out  queue,  the  Out  queue's  Read  pointer  is  updated 
by  the  graphics  adapter.  The  CPU  can  thereby  deter- 
mine  the  new  amount  of  space  available  in  the  Out 
queue.  Simultaneously,  the  graphics  adapter  up- 
dates  the  count  of  data  available  associated  with  the 
Out  buffer,  allowing  VTC  devices  to  determine  the 
amount  of  data  available  in  this  buffer. 

Upon  the  completion  of  writing  data  to  the  In 
queue,  the  In  queue's  Write  pointer  is  updated  by  the 
graphics  adapter.  The  CPU  can  thereby  determine 

the  new  amount  of  data  available  in  the  In  queue.  Si- 
multaneously,  the  graphics  adapter  updates  the 
count  of  space  available  associated  with  the  In  buffer, 
allowing  VTC  devices  to  determine  the  amount  of 

5  space  available  in  this  buffer. 
Determination  of  whether  there  is  data  available 

in  the  In  buffer  or  space  available  in  the  Out  buffer, 
such  that  system  bus  activity  is  required,  is  based  on 
the  Count  register  or  other  circuit  providing  a  similar 

10  function.  This  determination  should  be  made  after 
the  completion  of  any  active  VTC  transfers  to  orfrom 
the  In  or  Out  buffers  respectively.  The  reason  for  this 
is  that  otherwise  the  system  bus  master  may  transfer 
an  amount  of  data  less  than  a  normal  burst  because 

15  the  estimate  of  the  amount  to  transfer  was  made  pre- 
maturely,  resulting  in  inefficient  use  of  the  system 
bus,  and  possibly  inefficient  use  of  the  VTC  and  in- 
creased  latency  as  well. 

For  example,  if  the  In  buffer  is  initially  empty  and 
20  a  VTC  device  begins  a  transfer  of  32  bytes  (8  words) 

the  graphics  adapter's  bus  master  should  not  start  a 
transfer  until  the  all  8  words  are  in  the  In  buffer.  This 
result  is  assured  if  the  bus  arbitration  does  not  begin 
until  the  VTC  transfer  is  complete. 

25  At  the  same  time  there  are  important  cases 
where  the  amount  of  data  to  be  transferred  over  the 
system  bus  or  over  the  VTC  is  less  than  8  words  ~ 
data  streams  in  multiples  of  e.g.  32  bytes  cannot  be 
guaranteed.  When  current  VTC  transfers  to  and  from 

30  the  buffers  have  been  completed  the  system  bus  in- 
terface  must  process  the  complete  contents  of  the 
buffers  without  waiting  for  further  VTC  transfers 
even  if  that  results  in  system  bus  transfers  that  are 
shorter  than  normal  bursts.  Otherwise  unacceptable 

35  latencies  of  small  amounts  of  important  data  could 
occur. 

The  graphics  adapter  may  have  multiple  internal 
tasks  vying  for  use  of  the  bus  mastership  capability, 
and  therefore  an  arbitration  scheme  is  needed.  The 

40  VTC-SA  queue  and  buffer  management  processes 
should  be  the  highest  priority  tasks  within  the  graph- 
ics  adapter's  bus  mastership.  This  is  a  result  of  the 
fact  that  the  VTC  auxiliary  data  are  normally  real- 
time  with  deadlines  that  must  be  met  in  order  to  avoid 

45  buffer  overflows  or  underflows  and  frequent  servic- 
ing  is  necessary.  Likewise,  the  graphics  adapter 
should  have  a  high  priority  on  the  CPU  bus  or  Micro 
Channel  to  support  guaranteed  timely  servicing. 
Again,  this  is  a  result  of  the  need  for  frequent  servic- 

50  ing. 
Similarly,  software  that  manages  the  system 

queues  must  execute  frequently  and  have  a  high  pri- 
ority  or  frequent  guaranteed  scheduling. 

The  need  for  interrupts  from  the  graphics  adap- 
55  ter  to  the  CPU  is  not  generally  established.  This  is  a 

system-dependent  performance  issue  and  is  beyond 
the  scope  of  this  general  architecture.  Interrupts,  e.g. 
signalling  that  the  Out  queue  is  empty  or  that  the  In 
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queue  is  full,  may  be  useful  in  some  software  archi- 
tectures  in  order  to  guarantee  timely  servicing  of 
queues. 

Queues  which  utilize  a  level  of  indirection  by  con- 
taining  pointers  to  system  data  buffers  may  be  imple- 
mented.  This  has  no  effect  on  the  VTC  interface. 

VTC  Interface 

In  the  preferred  embodiment,  in  transfers  where 
auxiliary  data  are  passed  between  the  graphics 
adapter  and  VTC  devices  the  graphics  adapter  acts 
as  a  VTC  slave. 

To  retrieve  data  from  the  Out  buffer,  VTC  devices 
act  as  masters.  Before  retrieving  data,  the  VTC  de- 
vice  reads  the  Out  Count  register  via  the  VTC  to  de- 
termine  how  much  data  is  available  in  the  Out  buffer. 
It  may  then  (or  later)  perform  a  Read  transfer  over  the 
VTC,  from  the  graphics  adapter,  of  up  the  amount  of 
data  specified  by  the  Out  Count  register  value  re- 
ceived.  The  Out  buffer  is  treated  as  a  FIFO  by  the 
VTC  device,  i.e.  a  fixed  start  address  is  used  for  such 
transfers. 

Sending  inbound  data  is  similar.  That  is,  the  VTC 
device  masters  the  VTC  and  reads  In  Count  register 
from  the  graphics  adapter.  It  may  subsequently  per- 
form  a  Write  transfer  to  the  graphics  adapter  of  up  to 
the  amount  data  space  indicated  in  the  In  Count  value 
received.  As  in  Out  transfers,  a  fixed  address  is  used 
for  In  buffer  Write  transfers. 

The  Count  registers  for  the  In  and  Out  buffers  are 
unsigned  binary  integers  which  indicate  a  number  of 
32-bit  words  or  data  or  space  as  appropriate.  They 
each  occupy  a  16-bit  field  within  a  single  VTC  word. 

Typically  the  graphics  adapter  will  require  only  4 
to  6  bits  for  significant  information  in  the  Count  reg- 
isters.  The  more  significant,  constant  bits  should  be 
filled  with  zeros.  Note  that  for  e.g.  an  8  word  buffer 
there  are  9  possible  values,  0  through  8,  requiring  4 
bits. 

Note  that  while  the  Count  fields  indicate  a  num- 
ber  of  32-bit  words,  the  VTC  transfers  in  Memory  and 
Register  addressing  modes  specify  the  length  as  a 
count  of  bytes.  The  byte  count  of  VTC  may  be  useful 
for  other  applications.  VTC  devices  performing  aux- 
iliary  data  transfers  account  for  the  difference  here, 
a  factor  of  4,  when  converting  from  the  Length  fields 
above  to  the  length  field  in  the  VTC  FO  control  word. 

Two  addresses  are  specified  over  the  VTC  to 
perform  the  above  functions  of  In  and  Out  Count  reg- 
isters  and  In  and  Out  buffers.  The  In  Count  and  Out 
Count  registers  are  accessed  as  one  Read  transfer  of 
the  Count  field  as  above.  One  embodiment  is  to  map 
the  Count  registers  at  address  mode  '10',  currently 
reserved,  and  start  address  '0'.  The  In  and  Out  buf- 
fers  are  accessed  using  the  same  address.  Out  uses 
a  Read  transfer  and  In  uses  a  Write  transfer.  Another 
embodiment  is  to  map  the  In  and  Out  buffers  to  ad- 

dress  mode  '11',  Register  mode,  and  start  ad- 
dress  '0'.  If  both  of  the  above  embodiments  are  used 
then  it  would  be  possible  to  ignore  the  start  address 
field  (F2)  of  the  VTC  altogether  during  such  transfers, 

5  minimizing  overhead  on  the  VTC. 
The  graphics  adapter  requires  very  rudimentary 

VTC  master  capabili-ties  to  implement  a  VTC-SA 
host  adapter.  These  are:  send  the  Arbitration  Token 
to  a  designated  VTC  ID,  continually  resend  the  Arb 

10  token,  when  received,  to  the  same  VTC  ID,  orstop  the 
VTC  Arb  token  when  it  is  received  and  indicate  to  the 
system  that  the  token  has  been  received.  These  ca- 
pabilities  allow  the  system  to  determine  which  VTC 
IDs  have  installed  devices,  and  allows  initializing  all 

15  VTC  devices.  In  steady  state  operation,  after  initiali- 
zation,  the  graphics  adapter  continually  resends  the 
token  to  a  designated  ID  every  time  the  token  is  re- 
ceived,  without  performing  any  other  VTC  master  ac- 
tivity.  VTC  master  capabilities  may  be  included  in 

20  graphics  adapters  if  they  are  needed  for  other  rea- 
sons  beyond  the  requirements  of  VTC-SA. 

While  the  VTC  inherently  allows  pacing  of  all 
transfers  by  both  masters  and  slaves,  specific  per- 
formance  requirements  are  included  for  auxiliary 

25  data  transfers  in  order  to  maintain  bus  efficiency  and 
system  performance. 

Reads  of  the  Count  registers  should  be  complet- 
ed  as  quickly  as  practical.  VTC  clock  cycles  may  pass 
with  the  graphics  adapter  holding  the  VTC  line  SLA- 

30  VERDY  in  the  non-ready  state  before  the  Count  data 
value  is  actively  placed  on  the  VTC.  Read  transfers 
from  the  Out  buffer  may  have  not-ready  VTC  clock 
cycles  before  beginning  to  place  active  returned  data 
on  the  VTC.  Subsequently  the  requested  Read  trans- 

35  fer  data  should  be  transferred  at  the  rate  of  one  word 
per  two  clock  cycles  or  faster.  For  16  bit  VTC  this 
means  one  half-word  every  clock  cycle.  For  32  bit 
VTC  this  means  one  word  on  cycles  than  may  alter- 
nate  with  at  most  one  non  ready  cycle.  Write  transfer 

40  to  the  In  buffer  timing  requirements  are  similar:  The 
VTC  master  device  may  begin  writing  data  imme- 
diately  after  writing  the  VTC  control  fields.  The  graph- 
ics  adapter  (VTC  slave)  may  cause  a  number  of  not 
ready  cycles;  these  should  be  limited  to  the  number 

45  of  words  to  be  transferred  plus  e.g.  3  during  each 
such  transfer.  Exceptions  to  the  above  may  have  to 
be  made  in  cases  where  the  graphics  adapter's  VTC 
FIFO  or  FIFOs  are  already  occupied  with  recent  pre- 
vious  VTC  transfers  which  access  the  display  buffer. 

so  The  graphics  adapter  can  assume  an  interval  exists 
between  successive  reads  of  the  Count  registers  that 
is  greater  than  or  equal  to  a  specified  value. 

Video  Feature  Functions 
55 

VTC  attached  video  features  perform  all  data 
communications  with  the  host  system  via  the  out- 
bound  and  inbound  data  paths,  consisting  of  the  Out 

15 
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queue  and  buffer  and  the  In  queue  and  buffer.  In  the 
following  there  is  reference  to  and  dependency  on 
data  formats  which  apply  to  the  auxiliary  data 
streamed  to  and  from  the  VTC  devices. 

The  VTC-SA  architecture  performs  well  for  con- 
figurations  with  one  or  more  VTC  devices  attached. 
To  simplify  the  explanation  the  situation  with  only 
one  device  is  described  first.  A  later  section  specifies 
the  device  requirements  and  behavior  for  use  with 
multiple  devices. 

The  VTC  device  polls  the  graphics  adapter  to  de- 
termine  the  amount  of  data  in  the  Out  buffer  and  the 
amount  of  space  in  the  In  buffer.  If  there  is  data  avail- 
able  in  the  Out  buffer  and  the  VTC  device  has  space 
to  accept  this  data  it  performs  a  VTC  Read  transfer 
and  reads  this  data.  The  device  may  read  less  than 
the  available  amount  of  data  if  less  space  is  available 
in  internal  buffers.  Good  system  design  should  en- 
sure  that  the  VTC  device  will  always  have  space 
available  for  the  data,  but  that  fact  is  not  guaranteed 
by  this  architecture  as  it  depends  on  a  large  variety 
of  factors  beyond  the  scope  of  this  architecture. 

The  VTC  device  processes  the  received  data  as 
appropriate  according  to  the  data  type.  This  includes 
determining  which  data  constitutes  commands  and 
which  is  compressed  data,  such  as  video,  and  then 
processing  the  command  or  compressed  data  ac- 
cordingly. 

If  the  VTC  device  has  data  to  send  to  the  system 
it  polls  the  graphics  adapter  to  determine  the  amount 
of  space  available  in  the  In  buffer.  It  subsequently 
transfers  the  lesser  of  the  amount  of  data  waiting  to 
be  sent  and  the  amount  of  space  available  in  the  In 
buffer  to  the  In  buffer  via  the  VTC,  using  a  VTC  Write 
transfer. 

In  many  cases  it  should  not  be  necessary  to  sup- 
port  more  than  one  VTC  attached  feature  simultane- 
ously.  Therefore  the  functions  listed  below  for  multi- 
ple  VTC  devices  may  not  need  to  be  implemented  for 
adapters  intended  for  such  systems. 

If  there  is  more  than  one  VTC  feature  attached, 
one  is  designated  during  initialization  as  the  Distrib- 
utor,  and  all  other  devices  are  referred  to  as  Alter- 
nates.  The  Distributor  handles  all  outbound  data, 
which  is  passed  on  to  the  Alternates  as  appropriate. 
Alternates  move  inbound  data  directly  into  the  In  buf- 
fer  (and  therefore  to  the  In  queue)  under  the  control 
of  the  Distributor.  The  Distributor  behaves  exactly  as 
a  sole  VTC  device  with  the  additions  of  routing  out- 
bound  data  to  Alternate  devices  and  controlling  in- 
bound  data  transfers  from  Alternate  devices  when 
necessary. 

All  VTC  devices  initially  operate  as  if  they  are 
sole  VTC  devices  when  they  are  first  initialized. 
Indeed  in  the  preferred  embodiment,  this  is  neces- 
sary  as  such  devices  cannot  be  told  to  operate  differ- 
ently  until  they  have  received  commands  from  the 
CPU. 

If  some  of  the  outbound  data  received  by  the  Dis- 
tributor  in  a  read  transfer  is  the  header  of  a  packet  in- 
tended  for  a  different  (Alternate)  device  the  protocol 
is  as  follows.  First,  the  Distributor  passes  a  message 

5  to  the  target  Alternate  device,  indicating  the  exis- 
tence  and  length  of  the  packet  to  be  retrieved  (it  is  not 
necessary  for  the  entire  packet  to  be  held  by  the  Dis- 
tributor  initially).  Second,  the  Alternate  device  reads 
the  data  from  the  Distributor.  Repeated  reads  occur 

10  as  needed  until  the  complete  packet  has  been  read. 
Third,  the  Alternate  sends  a  message  to  the  Distrib- 
utor  indicating  completion  of  receiving  the  packet. 

In  transferring  the  packet  from  the  Distributor  to 
the  Alternate  the  Distributor  behaves  the  same  way 

15  as  the  graphics  adapter  does  for  transferring  auxili- 
ary  data  to  VTC  devices.  By  examining  the  destina- 
tion  and  length  fields  encoded  in  the  data  stream, 
however,  the  Distributor  ensures  that  only  data  in- 
tended  for  the  Alternate  is  sent  to  it,  and  likewise  the 

20  Alternate  is  ensured  to  read  only  the  amount  of  data 
that  is  intended  for  it.  Typically  the  Distributor  will  in- 
clude  a  separate  data  buffer  for  use  in  resending  aux- 
iliary  data  to  other  VTC  devices. 

Redirecting  packets  to  alternate  devices  may  in- 
25  volve  some  latency  in  the  Distributor.  That  is,  the 

parsing  and  redirection  could  involve  the  assistance 
of  an  on-board  processor  as  long  as  there  is  sufficient 
buffer  capability  and  the  total  latency  does  not  cause 
any  system-level  problems.  Processor-assisted  redir- 

30  ection  should  normally  not  incur  more  than  about 
10|xs  additional  latency  with  a  simple  design.  Addi- 
tional  latency  on  the  order  of  lOO ŝ  to  1ms  should  not 
normally  cause  a  problem. 

If  there  are  multiple  VTC  devices  installed  and  a 
35  device  (Alternate)  other  than  the  Distributor  has  data 

to  send  to  the  system  the  protocol  is  as  follows.  First, 
the  Alternate  device  sends  a  message  to  the  Distrib- 
utor  requesting  use  of  the  In  buffer.  Second,  afterthe 
Distributor  has  completed  sending  its  current  packet 

40  the  Distributor  returns  a  message  to  the  Alternate  in- 
dicating  that  the  In  buffer  is  now  owned  by  the  Alter- 
nate  device.  Third,  the  Alternate  device  then  behaves 
exactly  as  the  distributor  and  writes  data  to  the  In  buf- 
fer  according  to  the  amount  of  data  and  space  that  is 

45  available.  Fourth,  upon  completion  of  the  Alternate 
device's  writing  of  data  to  the  In  buffer  the  Alternate 
sends  message  to  the  Distributor  returning  control  of 
the  In  buffer.  While  the  Alternate  is  using  the  In  buffer 
no  other  device,  including  the  Distributor,  may  write 

so  data  to  the  In  buffer.  The  exception  to  this  rule  is 
when  the  error  condition  occurs  of  the  Alternate  vio- 
lating  the  time  limit  for  ownership  of  the  In  queue.  In 
that  case  the  Distributor  sends  a  Preempt  message 
to  the  Alternate  and  then  begins  writing  packets  to 

55  the  In  buffer.  Presumably  such  packets  indicate  the 
fact  that  the  error  was  detected.  When  such  an  error 
and  recovery  occur,  the  system's  In  queue  will  prob- 
ably  have  the  next  packet  Flag  in  a  location  not  point- 

16 
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ed  to  by  the  previous  Length  field  in  the  Descriptor 
word.  The  parsing  software  will  have  to  recover  by 
finding  the  new  Flag  word  and  verifying  via  the 
Length  and  the  subsequent  Flag  word. 

Note  that  the  Distributor  cannot  give  ownership 
of  the  In  buffer  to  the  requesting  Alternate  until  it  has 
completed  sending  its  current  packet.  The  amount  of 
time  this  requires  depends  on  the  packet  size,  fre- 
quency  and  latency  of  accessing  the  In  buffer,  latency 
of  emptying  the  In  buffer  tothe  In  queue  by  thegraph- 
ics  adapter,  and  whether  there  is  space  in  the  In 
queue.  Also,  if  more  than  one  Alternate  requests  use 
of  the  In  bufferthey  must  be  given  access  in  some  or- 
der,  so  some  Alternates  may  have  an  additional  wait. 
For  all  these  reasons,  guarantees  as  to  the  latency  of 
Alternates  obtaining  the  In  buffer  are  beyond  the 
scope  of  this  specification  unless  performance  of  the 
entire  system  is  covered,  including  the  software 
which  parses  the  In  queue. 

Data  communicated  between  the  system  and  any 
VTC  device  (not  just  the  Distributor)  are  in  packets. 
The  packet  sizes  are  not  necessarily  related  to  the  si- 
zes  of  the  system  queues  or  the  In  and  Out  buffers, 
and  therefore  are  not  necessarily  related  to  the  sizes 
of  VTC  data  transfers.  In  the  descriptions  above  for 
distributing  data  to  alternate  devices  and  concentrat- 
ing  data  from  alternate  devices  these  data  packets 
determine  the  amount  of  data  to  be  retrieved  from  the 
Distributor  or  sent  from  the  Alternate  to  the  graphics 
adapter,  respectively.  When  there  are  multiple  VTC 
devices,  Alternate  devices  are  directed  to  retrieve 
only  whole  packets.  Likewise,  when  Alternate  devic- 
es  are  writing  data  tothe  In  queue  only  whole  packets 
may  be  written  during  the  interval  that  the  Alternate 
device  controls  the  In  queue.  It  is  not  necessary,  how- 
ever,  and  generally  not  practical  for  packets  to  be 
communicated  in  a  single  VTC  transfer. 

Bus  Initialization 

In  the  preferred  embodiment  VTC  and  VTC-SA 
devices  power  up  in  a  quiescent  state  on  the  VTC.  De- 
vices  power  u  p  wit  h  a  VTC  device  I  D  t  hat  is  a  fu  net  ion 
of  design  and  the  slot  wiring.  For  example,  a  class  of 
systems  may  exist  for  which  there  is  a  maximum  pos- 
sible  of  4  VTC  devices  installed.  Each  device  would 
then  be  designed  via  either  chip  design  or  card  wiring 
to  have  all  but  2  ID  bits  fixed,  and  those  two  other  bits 
wired  to  the  VTC  connector.  Each  connector,  up  to  a 
maximum  of  4,  would  have  a  unique  setting  for  those 
two  bits. 

The  graphics  adapter  which  hosts  the  VTC  devic- 
es  is  preferably  hard  wired  to  a  fixed  VTC  ID.  The  ID 
of  the  graphics  adapter  is  designed  into  all  VTC-SA 
devices  as  the  device  which  they  communicate  with 
upon  power-up.  The  CPU  tells  the  graphics  adapter 
to  send  the  VTC  token  to  each  possible  VTC  ID  in  turn 
to  see  whether  the  token  is  returned,  thereby  detect- 

ing  the  presence  of  VTC  devices.  To  initialize  a  device 
the  CPU  puts  initialization  commands  in  the  Out 
queue,  sets  up  the  Out  queue  in  the  GA,  enables  the 
Out  queue,  and  tells  the  graphics  adapter  to  send  the 

5  token  to  that  specific  VTC  device  continually.  All  VTC 
devices  power  up  with  a  fixed  initial  Next  Master  ID 
for  use  in  sending  the  token,  and  that  ID  is  the  same 
as  is  used  by  all  hosting  graphics  adapters.  The  indi- 
cated  VTC  device  then  polls  the  graphics  adapter  for 

10  the  presence  of  data  in  the  Out  buffer  and  subse- 
quently  reads  the  packets  of  data  from  the  CPU  via 
the  Out  buffer.  When  it  has  a  response  available  it  re- 
turns  the  response  via  the  In  buffer.  To  initialize  other 
devices  the  CPU  tells  the  graphics  adapter  to  cease 

15  sending  the  token  to  the  first  device  and  the  opera- 
tion  above  is  repeated  with  the  each  additional  de- 
vice. 

Once  all  devices  are  initialized,  if  there  are  more 
than  one,  one  device  is  designated  as  the  Distributor 

20  and  all  other  devices  are  designated  as  Alternates. 
Each  device  is  set  via  its  Next  Master  value  to  send 
the  arbitration  token  to  a  designated  device,  thereby 
configuring  all  devices  in  a  round-robin. 

If  there  are  multiple  devices,  the  Alternates  are 
25  commanded  not  to  query  the  Out  queue  or  send  data 

to  the  In  queue  except  as  described  herein.  For  de- 
vices  other  than  the  Distributor  the  Out  queue  exists 
in  the  Distributor,  and  the  In  queue  may  only  be  used 
when  it  is  granted  by  the  Distributor. 

30 
Gradual  Degradation 

The  present  invention  is  directed  to  gradual  deg- 
radation  that  operates  as  needed  in  overload  situa- 

35  tions  providing  effective  utilization  of  the  bandwidth 
of  the  VTC  or  VTC-SA  while  allowing  the  user  to  de- 
termine  the  balance  between  number  and  type  of 
sources  and  the  display  quality.  Fig.  7  illustrates  a 
video  adapter  utilizing  a  preferred  embodiment  of  the 

40  present  invention  in  combination  with  a  graphics 
adapter  for  displaying  the  video.  Video  adapter  600 
receives  a  video  input  signal  on  video  input  bus  605 
which  may  be  a  NTSC  analog  signal  orthe  like.  Video 
adapter  processor61  5  receives  and  digitizes  the  ana- 

45  log  video  input  signal  and  stores  the  results  of  the 
digitization  in  a  frame  buffer  620  prior  to  transmitting 
the  data  on  bus  61  0  which  may  be  the  VTC,  VTC-SA 
or  other  type  of  bus.  In  a  preferred  embodiment,  the 
buffer  is  a  circular  buffer  with  a  head  pointer  625  and 

so  a  tail  pointer  630  to  indicate  where  the  video  data  is 
stored  in  the  buffer.  As  the  incoming  analog  data  is 
digitized,  the  data  is  stored  in  buffer  620  and  updates 
the  head  pointer  625.  As  the  bus  allows,  the  adapter 
processor  reads  data  from  buffer  620,  updates  tail 

55  pointer  630  and  transmits  the  data  to  the  graphics 
processor  on  bus  610.  In  the  preferred  embodiment, 
the  buffer  is  a  circular  memory  and  will  hold  approx- 
imately  one  frame  of  video  data.  Graphics  adapter 
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650  includes  a  graphics  processor  655  which  re- 
ceives  the  data  from  video  adapter  600  plus  from 
other  sources  on  the  video  bus  and  loads  that  video 
data  into  frame  buffer  660  for  display  on  display  665. 

Fig.  8  is  a  flowchart  illustrating  a  preferred  meth- 
od  of  gradually  degrading  data  being  displayed.  In  a 
first  step  700,  adapter  processor  615  receives  analog 
video  input  data  on  video  input  bus  605  and  digitizes 
that  data  for  eventual  display.  In  step  705,  the  video 
adapter  determines  whether  the  buffer  620  is  full  by 
comparing  the  head  and  tail  pointers  to  see  if  the 
head  pointer  has  wrapped  around  to  the  tail  pointer. 
If  the  frame  buffer  is  not  full,  then  in  step  710,  the 
adapter  processor  loads  the  digitized  data  into  the 
frame  buffer  620  and  then  updates  the  tail  pointer 
630.  This  process  continues  between  steps  700,  705 
and  710  while  the  adapter  processor  is  also  transmit- 
ting  data  from  the  buffer  to  the  graphics  adapter 
across  bus  610. 

If  the  frame  buffer  620  is  full  indicating  that  the 
video  adapter  has  been  unable  to  transmit  previously 
stored  digitized  data  to  the  graphics  adapter,  then 
processing  continues  to  step  715.  In  step  715,  the 
adapter  processor  erases  the  current  frame  being 
stored  in  the  buffer.  The  adapter  processor  accom- 
plishes  this  by  merely  moving  the  tail  pointer  to  the 
end  of  the  previous  frame  or  portion  thereof  stored  in 
the  buffer.  In  step  720,  the  adapter  processor  then 
throws  away  the  data  just  digitized.  In  step  725,  the 
adapter  processor  then  receives  more  analog  data 
and  may  digitize  that  data.  In  step  730,  if  the  latest 
digitized  data  is  from  the  same  frame  that  has  been 
thrown  away,  then  processing  continues  to  720 
where  that  new  frame  data  is  then  again  thrown 
away.  However,  if  the  recently  digitized  data  is  from 
a  new  frame,  then  processing  returns  to  step  705 
where  the  adapter  processor  again  determines 
whether  the  buffer  is  full.  Under  most  circumstances, 
the  buffer  should  have  plenty  of  room  for  starting  to 
enter  another  video  frame. 

One  of  the  advantages  to  the  preferred  gradual 
degradation  technique  is  that  the  video  frames  or 
othertypes  of  groups  of  data  are  thrown  away  only  as 
needed.  That  is,  it  is  only  when  the  video  adapter  is 
unable  to  store  and  transmit  all  incoming  data  that  any 
frames  are  thrown  away.  In  addition,  if  there  is  any 
sort  of  prioritization  scheme  wherein  various  adap- 
ters  may  have  greater  priority,  a  video  adapter  having 
less  priority  will  generally  have  more  frames  thrown 
away  should  an  overload  condition  occur. 

System  Queues 

In  the  preferred  embodiment  there  are  two  sys- 
tem  queues  for  VTC-SA,  the  Out  queue  and  the  In 
queue.  More  queues  may  be  implemented.  The  ac- 
tual  addresses  of  these  queues  as  seen  by  hardware 
may  be  changed  dynamically  under  software  control. 

However,  there  is  still  one  queue  in  each  direction. 
Dynamic  positioning  of  the  queue  pointers  may  pro- 
vide  data  gathering  capabilities.  The  two  queues  are 
illustrated  in  main  memory  in  Fig.  9.  All  addresses  are 

5  preferably  on  whole  word  (32  bit)  boundaries,  or 
equivalently,  at  integer  multiples  of  4.  In  the  preferred 
embodiment,  fractions  of  words  are  not  transmitted 
or  received  for  simplicity. 

The  Top  and  Bottom  pointers  are  fixed  while 
10  each  queue  is  active,  although  they  may  be  changed 

under  some  circumstances  while  the  queues  are  dis- 
abled.  The  Read  and  Write  pointers  are  used  and  up- 
dated  by  the  process  (system  or  graphics  adapter) 
that  is  reading  or  writing  data  from  or  to  the  queues, 

15  respectively. 
Data  in  the  queues  is  organized  into  packets.  For 

outgoing  data,  the  system  builds  complete  packets, 
one  following  the  other,  and  places  them  in  the  Out 
queue.  Each  packet  begins  with  a  Flag  word  to  aid 

20  parsing  and  a  Descriptor  word  containing  the  length 
and  destination  (VTC  device  ID)  of  the  packet  as  well 
as  an  indicator  that  the  data  contents  are  a  command 
or  data.  The  details  of  these  words  are  contained  un- 
der  "Data  Formats".  Any  mixture  of  data  and  com- 

25  mands  to  any  VTC  device  may  be  interleaved  in  the 
single  Out  queue  using  this  mechanism. 

All  data  in  the  Out  queue  are  in  complete  packets, 
with  the  Flag  word  and  correctly-valued  Descriptor 
word.  This  restriction  applies  to  all  data  including  the 

30  first  data  placed  in  the  Out  queue  during  initialization. 
This  allows  reliable  and  fault  tolerant  parsing  of  the 
data  by  VTC  devices.  This  restriction  does  not  mean 
that  complete  packets  must  be  placed  in  the  queue 
atone  time.  Portions  of  a  packet  may  be  added  until 

35  the  packet  is  complete. 
All  data  in  the  In  queue  is  constrained  similarly 

to  that  of  the  Out  queue.  It  consists  of  complete  pack- 
ets.  Each  packet  starts  with  a  Flag  word  followed  by 
a  Descriptor  word,  which  indicates  length,  VTC 

40  source  device,  and  Response  or  Data. 
All  data  placed  in  the  In  queue  by  any  VTC  device 

consists  of  complete  packets.  This  restriction  applies 
to  all  data,  including  the  first  data  placed  in  the  queue 
during  initialization,  and  even  if  data  originate  from 

45  multiple  VTC  devices.  This  restriction  supports  reli- 
able  and  fault-tolerant  parsing  of  the  In  queue  by  soft- 
ware.  As  with  the  Out  queue,  this  restriction  does  not 
require  complete  packets  to  be  placed  in  the  queue 
atone  time.  Portions  of  a  packet  may  be  added  until 

so  the  packet  is  complete. 
The  parsing  task  will  find  the  Flag  as  the  very 

first  word  in  the  In  queue,  and  the  Length  is  an  offset 
pointing  to  the  next  Flag.  In  this  way  reliable  parsing 
is  assured.  The  source  ID  and  response  or  data  indi- 

55  cator  may  be  used  to  direct  the  data  to  any  other  task 
or  routine  that  must  process  the  data  in  the  In  queue. 
Data  may  be  directed  by  reference  through  the  use  of 
pointers  if  multiple  areas  of  memory  are  used  for  the 
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In  queue. 
In  systems  that  are  virtual  memory  with  e.g.  4  kB 

pages,  each  queue  can  be  larger  than  one  page  by  in- 
cluding  in  the  design  a  separate  table  of  the  page 
base  addresses  in  order.  The  table  should  be  acces- 
sible  by  both  the  graphics  adapter  and  the  CPU,  and 
its  values  should  be  fixed. 

The  In  queue  can  be  remapped  at  any  time  with 
the  queue  temporarily  disabled  as  long  as  the  data 
which  is  not  parsed  yet  is  retained  and  the  parsing 
task  completes  parsing  of  all  data  in  order. 

Unlike  the  Out  queue,  if  the  In  queue  is  dynami- 
cally  moved  using  the  queue  pointers,  in  general  it  is 
not  possible  to  guarantee  complete  packets  in  each 
distinct  region  of  memory.  VTC  devices  and  the 
graphics  adapter  will  put  data  in  the  In  queue  as  need- 
ed  and  in  general  memory  accesses  by  the  graphics 
adapter  will  not  align  with  packet  end  points.  Ensuring 
that  each  distinct  region  of  memory  used  for  the  In 
queue  contains  only  complete  packets  can  be  accom- 
plished  if  the  software  moves  data  between  regions 
of  memory  as  necessary  after  the  data  has  been  re- 
ceived  from  the  graphics  adapter. 

Queues  may  be  implemented  as  sets  of  pointers 
to  additional  data  buffers  in  system  memory.  There 
may  be  advantages  in  terms  of  flexibility  and  system 
performance.  Whether  or  not  indirect  queues  are  im- 
plemented  has  no  effect  on  the  VTC  interface.  Indir- 
ect  queues  constitute  a  system-dependent  option. 

Queues  may  also  be  implemented  as  a  mixture 
of  indirect  and  immediate  data,  e.g.  the  main  queue 
contains  packets  consisting  of  a  command  word,  in- 
dicating  immediate  or  indirect  (it  also  serves  for  fault- 
tolerant  parsing),  a  pointer  word  (this  exists  only  for 
indirect  data),  a  length  word,  indicating  the  length  of 
the  actual  data,  whether  indirect  or  immediate,  and 
immediate  data,  in  the  case  that  immediate  mode  is 
used  for  this  packet. 

Fig  9,  illustrates  a  preferred  embodiment  of  a 
queueing  system  for  bridging  messages  or  data  be- 
tween  the  main  processor  and  adapters  on  the  VTC- 
SA  bus.  Main  processor  400  is  coupled  to  main  mem- 
ory  410  which  includes  an  In  queue  412  and  an  Out 
queue  414.  The  main  processor  is  also  coupled  to  the 
graphics  processor  425  of  graphics  adapter  420 
across  system  bus  418.  The  graphics  processor  is 
coupled  to  graphics  memory  430  which  includes  sev- 
eral  bridge  registers  including  top,  bottom,  head  and 
tail  of  the  In  queue,  top,  bottom,  head  and  tail  of  the 
Out  queue,  and  an  In  buffer  and  an  Out  buffer  with 
counts  for  each  buffer.  The  graphics  processor  is  also 
coupled  to  adapter  1  440  and  adapter  2  445  across 
VTC-SA  450. 

The  Out  queue  in  main  memory  contains  mes- 
sages  or  data  being  sent  from  the  main  processor  to 
one  of  the  adapters  on  the  VTC-SA.  The  In  queue 
contains  messages  to  the  main  processor  being  sent 
from  one  of  the  adapters  on  the  VTC-SA.  The  bridge 

registers  in  graphics  memory  include  pointers  to  the 
In  queue  and  Out  queue  in  main  memory.  The  In  buf- 
fer  and  Out  buffer  in  graphics  memory  are  for  ship- 
ment  of  packets  of  a  message  between  the  main 

5  processor  on  the  adapters. 
Fig.  10A  is  a  flowchart  illustrating  the  use  of  the 

queueing  system  to  provide  messages  or  data  from 
the  main  processor  to  one  of  the  adapters.  In  a  first 
step  500,  the  main  processor  loads  a  message  into 

10  the  Out  queue  in  main  memory  and  then  sends  a 
message  directly  to  the  graphics  adapter  to  update 
the  head  register  for  the  Out  queue  signifying  that  a 
message  has  been  added  to  the  Out  queue.  In  step 
505,  the  graphics  adapter  will  periodically  determine 

15  whether  the  Out  buffer  in  graphics  memory  is  full  by 
checking  the  Out  buffer  count.  If  it  is  full,  then  the 
graphics  adapter  processor  will  again  periodically  poll 
the  buffer  periodically  to  determine  whether  data  can 
be  entered  into  the  Out  buffer.  If  the  Out  buffer  is  not 

20  full,  then  at  step  510  the  graphics  processor  will  de- 
termine  whether  there  is  more  data  in  the  Out  queue 
in  main  memory  by  determining  whether  the  head 
pointer  for  the  Out  queue  is  equal  to  the  tail  pointer 
address  plus  one.  If  yes,  then  there  is  no  message  re- 

25  maining  in  the  Out  queue  in  main  memory  and  the 
process  returns  to  step  500.  If  there  is  remaining  data 
in  the  Out  queue,  then  the  graphics  adapter  can  at 
step  515  read  via  the  system  bus  the  data  from  the 
Out  queue  and  load  it  into  the  Out  buffer  thereby  in- 

30  creasing  the  Out  buffer  count.  In  addition,  the  graph- 
ics  adapter  will  update  the  tail  register  for  the  Out 
queue  to  indicate  that  that  portion  of  the  Out  queue 
has  been  read. 

In  step  520,  an  adapter  will  periodically  query  the 
35  graphics  processor  as  to  whether  there  is  any  mes- 

sages  or  data  in  the  Out  buffer.  If  there  is  data  in  the 
Out  buffer,  then  in  step  525  the  adapter  will  read  the 
Out  buffer  via  the  graphics  processor.  If  the  data  in 
the  Out  buffer  was  for  the  adapter  that  read  the  Out 

40  buffer,  then  the  adapter  has  completed  its  processing 
for  that  parcel  of  data.  Otherwise,  at  step  530,  the 
adapter  will  send  that  data  to  the  appropriate  adapter 
or  will  notify  the  appropriate  adapter  that  the  data  is 
available  and  will  provide  that  data  to  the  appropriate 

45  adapter  upon  request.  In  either  case,  processing  re- 
turns  to  step  520  where  the  adapter  will  continue  to 
query  to  the  graphics  processor  to  determine  wheth- 
er  there  is  more  data  in  the  Out  buffer. 

Fig.  10B  is  a  flowchart  illustrating  an  adapter 
so  sending  a  message  or  data  to  the  main  processor  us- 

ing  the  queueing  system.  In  a  first  step  550,  the  adap- 
ter  loads  a  message  or  data  intothe  In  buffer  in  graph- 
ics  memory  via  graphics  processor  425.  The  count  of 
space  available  for  the  In  buffer  is  then  decreased 

55  appropriately.  In  step  560,  the  graphics  adapter  will 
then  load  the  message  from  the  In  buffer  into  the  In 
queue  in  main  memory  via  main  processor  400.  The 
graphics  processor  will  then  update  the  head  pointer 

19 



37 EP  0  597  262  A2 38 

for  the  In  register  as  well  as  the  count  for  the  In  buffer. 
In  step  570,  the  main  processor  will  periodically 

poll  the  graphics  adapter  to  determine  whether  a 
message  is  waiting  in  the  In  queue.  If  there  is  not  a 
message  waiting  in  the  In  queue,  then  the  main  proc- 
essor  will  continue  to  periodically  poll  the  graphics 
processor  In  pointers  to  determine  whether  such  a 
message  may  be  waiting.  In  an  alternate  embodi- 
ment,  the  main  processor  may  simply  wait  for  a  mes- 
sage  or  an  interrupt  from  the  graphics  processor  in- 
dicating  that  a  message  is  waiting.  If  a  message  is 
waiting,  then  in  step  580  the  main  processor  will  read 
the  message  from  the  In  queue  and  then  request  that 
the  graphics  processor  update  the  appropriate  tail 
register  for  the  In  queue  in  graphics  memory. 

In  alternative  embodiments,  the  bridge  registers 
may  include  multiple  In  and  Out  buffers,  perhaps  one 
or  more  for  each  adapter  on  the  bus.  In  addition,  mul- 
tiple  In  and  Out  queues  may  be  maintained  in  main 
memory,  again  perhaps  one  or  more  for  each  adap- 
ter.  Furthermore,  a  separate  register  may  be  included 
in  graphics  memory  to  indicate  the  address  to  which 
the  data  is  being  sent.  In  addition,  the  bridge  registers 
and  a  processor  for  other  processing  capabilities  may 
be  located  in  another  adapter  on  the  VTC-SA.  In  ad- 
dition,  the  bridge  itself  may  be  a  separate  adapter  on 
the  VTC-SA. 

In  the  preferred  embodiment,  one  of  the  adap- 
ters  on  the  VTC-SA  bus  is  designated  as  a  bus  dis- 
tributor  which  periodically  queries  the  graphics  adap- 
ter  to  determine  whether  any  messages  are  awaiting 
any  of  the  adapters  on  the  VTC-SA.  This  is  preferably 
set  up  during  initialization  of  the  VTC-SA  bus.  How- 
ever,  the  main  processor  may  periodically  request 
that  a  different  adapter  become  the  bus  distributor.  In 
addition,  a  multi-distributor  situation  may  be  utilized 
where  each  adapter  periodically  queries  whether  any 
messages  are  awaiting  in  the  Out  buffer  and  then  no- 
tifies  the  appropriate  adapter  that  such  a  message  is 
awaiting. 

Establishing  Bus  Data  Paths 

In  the  preferred  embodiment,  the  main  processor 
controls  what  data  paths  are  set  up  on  the  remote 
VTC  or  VTC-SA  video  buses.  The  VTC  and  VTC-SA 
buses  are  remote  from  the  main  processor  because 
neitherthe  main  processor  nor  the  system  bus  are  on 
the  remote  bus.  That  is,  the  main  processor  must  util- 
ize  a  bus  bridge  or  the  like  to  communicate  to  the  re- 
mote  bus.  The  main  processor  responds  to  user  or  ap- 
plication  request  for  each  connection  between  adap- 
ters  on  the  video  bus  thereby  maintaining  a  central 
control  system  which  is  under  control  of  the  user  ap- 
plications. 

Fig.  11  is  a  flowchart  illustrating  how  these  data 
paths  are  set  up  using  the  preferred  embodiment  of 
the  invention.  In  a  first  step  800,  the  main  processor 

builds  a  list  of  adapters  on  the  video  bus  during  ini- 
tialization.  In  step  810,  the  main  processor  then  sets 
up  addresses  for  the  various  adapters  on  the  video 
(VTC  or  VTC-SA)  bus  which  may  also  occur  during 

5  initialization.  The  various  adapters  on  the  video  bus 
will  then  use  these  addresses  in  communicating  with 
each  other.  More  details  of  the  initialization  process 
are  described  above.  In  step  820,  the  main  processor 
receives  request  from  a  user  or  application  to  enable 

10  or  disable  a  desired  data  path  on  the  bus.  The  main 
processor  may  also  receive  this  request  from  one  of 
the  adapters  on  the  VTC  or  VTC-SA  bus  using  the 
above  described  process  for  sending  messages.  In 
step  830,  the  main  processor  then  determines  wheth- 

15  er  or  not  to  enable  or  disable  the  desired  data  path  re- 
quested.  Various  criteria  may  be  used.  For  example, 
the  VTC  or  VTC-SA  bus  may  simply  not  have  suffi- 
cient  bandwidth  to  handle  the  requests.  The  proces- 
sor  may  also  establish  a  prioritization  scheme  be- 

20  tween  the  various  data  streams  that  are  enabled.  If 
the  main  processor  determines  not  to  enable  or  dis- 
able  the  data  path,  then  the  main  processor  may 
communicate  that  back  to  the  user  or  application  and 
then  processing  returns  to  step  820  forthe  main  proc- 

25  essor  to  await  further  requests  for  enabling  or  dis- 
abling  requests. 

If  the  processor  determines  that  it  will  enable  or 
disable  a  data  path,  then  the  main  processor  notifies 
at  step  840  the  adapter  or  adapters  on  the  video  bus 

30  to  begin  or  end  their  data  path  using  the  above  descri- 
bed  process  for  sending  messages.  The  main  proces- 
sor  may  provide  only  a  limited  time  length  or  other 
limitation  on  the  enabled  data  path.  For  example,  the 
main  processor  may  request  that  a  video  adapter  pro- 

35  vide  a  ten  second  video  display  of  an  incoming  video 
signal.  In  addition,  the  main  processor  may  request  a 
video  adapter  to  freeze  an  incoming  video  signal  onto 
a  given  frame  until  the  adapter  receives  further  in- 
structions.  In  step  850,  the  main  processor  may  then 

40  notify  the  graphics  adapter  that  the  data  stream  is  in- 
coming.  If  the  graphics  adapter  is  always  a  slave  on 
the  video  bus,  then  such  a  notification  may  not  be 
necessary.  However,  such  a  notification  may  allow 
the  graphics  adapter  to  anticipate  the  incoming  data 

45  stream  and  make  any  appropriate  actions  that  would 
assist  such  a  data  stream  to  occur. 

The  video  adapters  then  continue  processing 
data  and  providing  data  streams  to  the  graphics 
adapter  or  to  each  other  until  such  time  as  the  incom- 

50  ing  data  comes  to  an  end,  or  until  the  processor  re- 
quests  that  they  suspend  or  end  data  processing. 

Data  Formats 

55  This  specifies  the  data  format  layer  of  the  VTC 
and  VTC-SA  architectures.  The  method  for  determin- 
ing  the  Field  F1  bits  to  identify  a  specific  format  is 
bits  (24-27)  indicate  the  number  of  bits  per  pixel,  from 
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a  list  beginning  (1  ,  2,  4,  8,  1  2,  1  6,  24,  32)  and  the  value 
of  bits  (24-27)  starting  with  1  .  Therefore  RGBa32  has 
an  '8'  or  '1000'b.  Larger  pixel  sizes  may  be  allocated. 
Bits  (28-31)  indicate  the  type  of  pixel  format,  where 
RGB  is  type  '0'  and  Index  is  type  '1'.  Other  types  may 
be  allocated.  The  before  described  formats  are  illu- 
strated  in  Figs.  12A-12B. 

RGBalpha32 

This  data  format  is  described  below  with  refer- 
ence  to  Fig.  12A.  The  field  bits  are  preferably  as  field 
F1  bits  (24-31)  =  '1000  0000'  with  8  bits  each  of  Red, 
Green,  Blue,  and  alpha.  32  bit  words  contain  one 
RGBa  pixel  as  shown.  Red,  Green  and  Blue  are  gam- 
ma  corrected  (non-linear)  values  expressed  as  8  bit 
binary  unsigned  integers  ranging  from  0  to  255.  Alpha 
is  a  blending  parameter,  such  that  on  completion  of  a 
write  transfer  the  destination  pixel  contains 
alpha*(transferred  data  value)  +  (1  -  alpha)*(value 
in  'other'  buffer) 
where  the  'other'  buffer  is  a  different  frame  buffer  as- 
sumed  by  the  slave  and  the  pixel  address  in  this  other 
buffer  is  the  same  as  that  used  for  the  write  transfer. 
Slaves  need  not  perform  alpha  blending.  In  read 
transfers  alpha  is  not  defined  and  slaves  must 
write  '0'. 

RGB  16 

This  data  format  is  described  below  with  refer- 
ence  to  Fig.  12B.  The  field  bits  are  preferably  field  F1 
bits  (24-31)  =  '0110  0000'  with  5  bits  Red,  6  bits 
Green,  5  bits  Blue.  32  bit  words  contain  two  RGB16 
pixels.  The  two  pixels  in  one  32-bit  word  are  in  the  or- 
der  that  they  would  appear  on  a  display  from  left  to 
right,  with  the  left-more  pixel  starting  at  bit  0  in  the 
VTC  data  word  and  the  right-more  pixel  starting  at  bit 
16. 

RGB8 

This  data  format  is  described  below  with  refer- 
ence  to  Fig.  12C.  The  field  bits  are  preferably  field  F1 
bits  (24-31)  =  '0100  0000'  with  3  bits  Red,  3  bits 
Green,  2  bits  Blue.  32  bit  words  contain  four  RGB8 
pixels  as  shown.  The  four  pixels  in  one  32-bit  word  are 
in  the  order  that  they  would  appear  on  a  display  from 
left  to  right,  with  the  left-most  pixel  starting  at  bit  0  in 
the  VTC  data  word  and  the  right-most  pixel  starting 
at  bit  24. 

Index8 

This  data  format  is  described  below  with  refer- 
ence  to  Fig.  12D.  The  field  bits  are  preferably  field  F1 
bits  (24-31)  =  '0100  0001'  with  8  bits  of  palette  index. 
Palette  contents  are  not  specified  by  the  VTC.  They 

should  be  specified  or  agreed  to  by  other  means.  32 
bit  words  contain  four  Index8  pixels.  The  order  of  pix- 
els  (0,  1  ,  2,  4)  above  is  the  order  in  which  they  would 
appear  on  a  display  from  left  to  right.  While  RGB8 

5  may  in  fact  be  implemented  as  a  specific  value  of  In- 
dex8  in  a  graphics  adapter,  RGB8  defines  a  specific 
encoding  of  the  bits,  and  a  specific  setting  of  the  pa- 
lette  if  a  palette  is  used.  Index8,  on  the  other  hand, 
does  not  inherently  imply  any  particular  palette  set- 

10  ting.  Therefore  use  Index8  does  not  by  itself  ensure 
proper  interpretation  of  data  values  when  presented 
on  screen. 

Data  formats,  that  is,  syntax  and  semantics,  are 
necessary  for  consistent  operation  in  three  areas  of 

15  VTC-SA  operation.  First,  in  packets  including  Flag 
and  Descriptor  words,  length  and  other  constraints. 
Second,  in  commands  to  VTC  devices  and  their  re- 
sponses.  Third,  in  messages  between  multiple  VTC 
devices.  The  compressed  data  to  VTC  devices  need 

20  not  be  specified  here.  Such  formats  are  dependent 
on  the  standard  being  coded  or  decoded  and  in  some 
cases  on  the  way  in  which  the  CODEC  system  is  con- 
structed  and  configured. 

25  PACKETS 

Packets  preferably  consist  of  two  header  words, 
Flag  and  Descriptor,  followed  by  a  number  of  data 
words.  The  number  of  words  contained  is  indicated  in 

30  the  Descriptor  word.  A  word,  for  purposes  of  this 
specification,  is  32  bits.  APacket  contains  either  data 
or  one  or  more  commands  or  responses.  Data  are  not 
mixed  in  the  same  packet  with  commands  and  re- 
sponses. 

35  The  syntax  of  a  packet  is  flag,  descriptor,  and 
data  contents  (the  number  of  words  specified  by  the 
Length  field  of  Descriptor).  The  Flag,  Descriptor,  and 
Data  portions  of  packets  are  defined  as  follows.  The 
value  of  the  Flag  word  may  be  0x000001  FF.  The  de- 

40  scriptor  bits  are: 
bit  0:  Data/-Command:  A  value  of  T  indicates  that 
the  following  packet  contains  data,  e.g.  compressed 
video.  A  value  of  '0'  indicates  that  the  packet  contains 
a  command  or  sequence  of  commands  if  the  packet 

45  is  being  sent  out  to  a  VTC  device.  A  value  of  '0'  indi- 
cates  that  the  packet  contains  a  message  or  a  re- 
sponse  to  a  previously  issued  command  if  the  packet 
is  being  sent  in  from  a  VTC  device, 
bits  1-3  and  8-15  reserved:  devices  and  tasks  pro- 

50  ducing  packets  write  '0'.  Receivers  of  data  ignore  the 
value. 
bits  16-31:  Length:  This  field  contains  an  unsigned  in- 
teger  specifying  the  number  of  words  (32  bits  each) 
of  data  following  this  word  before  the  next  Flag  word. 

55  A  value  of  zero  indicates  that  the  next  word  is  a  Flag 
word. 

Packet  data  consists  of  a  number  of  words  of  data 
as  specified  in  the  Length  field.  From  the  VTC  inter- 

21 
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face  the  first  byte  in  each  word  is  left-most,  starting 
at  bit  0.  I.e.  if  the  queue  start  is  at  a  lower  address 
than  the  queue  end  and  the  bytes  of  data  are  added 
at  incrementally  higher  addresses,  then  the  lower  ad- 
dress  bytes  within  each  word  are  mapped  to  the  left 
part  of  VTC  words.  In  16  bit  VTC  implementations  the 
left  half-word  is  transmitted  before  the  right  half. 

A  limit  on  the  size  of  packets  to  be  transmitted  is 
needed  in  most  applications  for  such  reasons  as  buf- 
fer  management  in  the  coding  and  decoding  process- 
es  and  latency  of  multiple  enqueued  processes.  Lon- 
ger  packets  in  one  process  mean  more  time  without 
packets  in  all  other  processes,  increasing  buffer  de- 
mands  and  latency.  On  the  other  hand,  shorter  pack- 
ets  increase  overhead.  Overhead  is  most  likely  to  be 
noticed  in  the  software  which  parses  and  constructs 
the  system  queues.  VTC  overhead  due  to  the  2-word 
packet  header  is  negligible  unless  most  packets  ap- 
proach  very  small  sizes.  The  optimum  packet  size  for 
the  largest  bandwidth  streams  will  depend  on  the 
complete  software  architecture  and  network  and 
DASD  protocols  used,  including  their  packet  sizes. 

Whether  absolute  packet  size  limitations,  or  a 
formula  for  producing  application  dependent  limita- 
tions,  is  needed  in  this  architecture  is  TBD.  Whether 
specified  as  part  of  VTC-SA  or  not,  careful  attention 
must  be  paid  to  packet  sizes  for  reasons  of  latency. 

Although  the  present  invention  has  been  fully  de- 
scribed  above  with  reference  to  specific  embodi- 
ments,  other  alternative  embodiments  will  be  appa- 
rent  to  those  of  ordinary  skill  in  the  art.  Future  re- 
quirements  may  dictate  the  need  for  greater  band- 
width  and  more  devices,  with  perhaps  more  or  less  in- 
ter-device  communications.  Simultaneously  different 
technologies  may  become  available  which  would  al- 
low  i.e.  greater  clock  speeds  for  more  bandwidth  for 
a  given  number  of  data  lines.  Multiple  VTCs  with 
bridges  may  be  implementable,  giving  effective 
throughput  multiplied  by  a  factor  equivalent  to  the 
number  of  VTCs.  Abridge  to  an  inter-box  bus,  e.g.  us- 
ing  optics,  may  be  produced.  The  logical  definition 
contained  here  is  suitable,  as  far  as  we  know,  for  such 
an  extension.  As  technology  progresses,  in  parallel 
with  the  demands  on  VTC  or  VTC-SA,  the  use  of  elec- 
trical  logic  levels  common  today  may  become  obso- 
lete.  Future  low-voltage  electrical  signal  levels  or  opt- 
ical  signals  are  clearly  possible,  yet  clearly  not  plug- 
compatible  with  today's  signal  levels  and  therefore 
the  early  implementations.  Therefore,  the  above  de- 
scription  should  not  be  taken  as  limiting  the  scope  of 
the  present  invention  which  is  defined  by  the  append- 
ed  claims. 

Claims 

1.  A  method  of  transmitting  frames  of  video  data  to 
be  displayed  comprising  the  steps  of: 

a)  receiving  at  least  a  portion  of  a  frame  of  vid- 
eo  data; 
b)  determining  whether  the  received  video 
data  can  be  stored  in  a  buffer; 

5  c)  storing  the  received  video  data  in  a  buffer 
if  the  received  video  data  can  be  stored  in  the 
buffer;  and 
d)  erasing  any  video  data  of  the  frame  of  video 
data  if  the  received  video  data  cannot  be  stor- 

10  ed  in  the  buffer. 

2.  The  method  of  Claim  1  wherein  the  step  of  storing 
includes  storing  the  received  video  data  in  a 
queued  buffer  and  updating  a  pointer  to  the 

15  queued  buffer. 

3.  The  method  of  Claim  2  wherein  the  step  of  eras- 
ing  includes  moving  the  pointer  to  a  location  in 
the  queued  buffer  prior  to  the  erased  frame  of 

20  data. 

4.  The  method  ofany  Claim  from  1  to3furthercom- 
prising  a  step  of  displaying  the  stored  video  data. 

25  5.  The  method  of  Claim  4  further  comprising  a  step 
of  transmitting  the  stored  video  data  to  a  display 
adapter  prior  to  display  of  the  video  data. 

6.  The  method  ofany  Claim  from  1  to5furthercom- 
30  prising  a  step  of  digitizing  the  received  video 

data. 

7.  An  apparatus  for  transmitting  frames  of  video 
data  to  be  displayed  comprising: 

35  a)  means  for  receiving  at  least  a  portion  of  a 
frame  of  video  data; 
b)  means  for  determining  whether  the  re- 
ceived  video  data  can  be  stored  in  a  buffer; 
c)  means  for  storing  the  received  video  data 

40  in  the  buffer  if  the  received  video  data  can  be 
stored  in  the  buffer;  and 
d)  means  for  erasing  any  video  data  of  the 
frame  of  video  data  if  the  received  video  data 
cannot  be  stored  in  the  buffer. 

45 
8.  The  apparatus  of  Claim  7  wherein  the  means  for 

storing  includes  means  for  storing  the  received 
video  data  in  a  queued  buffer  and  means  for  up- 
dating  a  pointer  to  the  queued  buffer. 

50 
9.  The  apparatus  of  Claim  8  wherein  the  means  for 

erasing  includes  means  for  moving  the  pointer  to 
a  location  in  the  queued  buffer  prior  tothe  erased 
frame  of  data. 

55 
10.  The  apparatus  of  any  Claim  from  7  to  9  further 

comprising  means  for  displaying  the  stored  video 
data. 

22 
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11.  The  apparatus  of  Claim  10  further  comprising 
means  for  transmitting  the  the  stored  video  data 
to  a  display  adapter  prior  to  display  of  the  video 
data. 

5 
12.  The  apparatus  ofany  Claim  from  7  to  11  further 

comprising  means  for  digitizing  the  received  vid- 
eo  data. 

13.  Adata  processing  system  fortransmitting  frames  10 
of  video  data  to  be  displayed  comprising: 

a)  a  processor  for  processing  data; 
b)  a  memory  for  storing  data  to  be  processed; 
c)  a  video  adapter  coupled  to  said  processor; 
d)  a  display  for  displaying  the  stored  video  15 
data  from  said  video  adapter  under  direction 
of  said  processor; 

the  video  adapter  including  the  apparatus  descri- 
bed  in  any  of  Claims  7,8,9,11,12. 
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