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Description 

BACKGROUND  OF  THE  INVENTION 

Field  of  Use 

This  invention  pertains  to  data  processing  sys- 
tems  and  more  particularly  to  interrupt  apparatus 
utilized  in  conjunction  with  such  systems. 

Prior  Art 

As  well  known,  many  systems  have  processing 
units  which  employ  interrupt  apparatus  for  servic- 
ing  interrupts  from  competing  devices  on  a  priority 
basis.  Normally,  this  is  achieved  by  assigning  prior- 
ity  interrupt  levels  to  the  competing  devices  which 
are  compared  for  enabling  the  device  having  the 
higher  priority  interrupt  gain  access  to  the  system 
or  processing  unit.  After  the  device's  request  has 
been  serviced,  the  processing  unit  sends  out  a 
signal  to  the  devices  for  indicating  its  readiness  to 
service  new  interrupts  at  the  current  interrupt  level. 
An  example  of  this  type  of  system  is  disclosed  in 
U.S.  Patent  No.  3,984,820. 

While  it  is  possible  to  initiate  level  changes  in 
response  to  program  instructions  without  difficulty, 
problems  arise  when  making  changes  while  servic- 
ing  asynchronously  arriving  external  interrupts  gen- 
erated  by  devices  connected  to  an  asynchronous 
system  bus  such  as  that  described  in  U.S.  Patent 
Nos.  3,993,981  and  4,371,928,  assigned  to  the 
same  assignee  as  named  herein.  One  way  of  en- 
suring  reliable  switching  is  to  include  circuits  for 
detecting  when  system  bus  activity  has  ceased  and 
enabling  the  level  change  to  take  place  at  that 
time. 

In  U.S.  Patent  3,993,981  the  units  are  coupled 
to  the  system  bus  in  a  priority  network  and  de- 
pending  on  their  respective  priority  may  gain  ac- 
cess  to  the  bus  before  a  lower  priority  unit  is  so 
enabled.  Each  one  of  the  units  includes  apparatus 
for  responding  to  a  request  for  the  transfer  of 
information  from  another  unit  by  providing  appro- 
priate  response  signals,  i.e.,  positive  acknowledge- 
ment,  negative  or  quasi-negative  acknowledge- 
ment,  depending  upon  whether  the  said  unit  is 
available  for  processing  the  request,  or  will  be  busy 
for  an  extended  period  of  time,  or  will  probably  be 
ready  during  the  next  asynchronously  generated 
bus  transfer  cycle.  Circuitry  is  provided  which  veri- 
fies  whether  the  interrupt  level  on  the  bus  is  higher 
than  the  current  operating  level  of  such  processor 
unit.  Only  if  this  condition  is  met,  a  positive  ac- 
knowledgement  response  signal  is  generated  and 
transmitted  to  the  requesting  unit. 

It  is  the  object  of  the  present  invention  to 
provide  level  change  apparatus  which  operates  in  a 

multiprocessing  system  and  is  responsive  to  inter- 
rupt  level  change  commands  which  are  transmitted 
over  the  system  bus  and  processed  without  regard 
to  the  interrupt  level  in  which  the  respective  pro- 

5  cessor  is  just  operating. 
This  and  other  objects  are  achieved  by  an 

apparatus  as  characterized  in  claim  1  and  will 
become  more  apparent  when  taken  in  conjunction 
with  the  following  description  and  attached  draw- 

io  ings  showing  a  preferred  embodiment  of  the  inven- 
tion. 

In  operation,  the  apparatus  in  response  to  each 
command  coded  to  specify  a  level  change  con- 
ditions  the  interrupt  circuits  to  store  level  and  inter- 

75  rupt  indicator  signals  included  as  part  of  the  com- 
mand  when  it  is  applied  to  the  system  bus  when 
the  processing  unit  is  granted  a  bus  cycle.  During 
the  bus  cycle  of  operation,  the  processing  unit 
operates  to  send  out  a  notification  signal  to  the 

20  devices  within  the  system  as  part  of  the  same 
command. 

By  changing  levels  only  during  a  bus  cycle  of 
operation,  this  eliminates  interference  from  any 
asynchronously  occurring  external  events.  Addition- 

25  ally,  it  ensures  that  only  a  single  processing  unit 
makes  a  level  change  at  any  given  time  eliminating 
the  possibility  of  improper  notification. 

The  apparatus  of  the  present  invention 
achieves  the  above  with  the  introduction  of  little 

30  additional  circuits.  This  is  accomplished  by  maxi- 
mizing  the  use  of  existing  bus  interface  circuits. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

35  Figure  1  is  a  block  diagram  of  a  system  which 
includes  the  apparats  of  the  present  invention. 
Figure  2  shows  in  block  diagram  form,  the  cen- 
tral  subsystem  of  Figure  1  which  includes  the 
apparatus  of  the  present  invention. 

40  Figures  3a  and  3b  show  in  greater  detail,  the 
central  subsystem  interface  area  of  Figure  2. 
Figure  4  shows  the  format  of  requests  utilized 
by  the  apparatus  of  the  present  invention. 
Figure  5  is  a  timing  diagram  used  in  explaining 

45  the  operation  of  the  apparatus  of  the  present 
invention. 

DESCRIPTION  OF  THE  SYSTEM  OF  FIGURE  1 

50  Figure  1  shows  a  multiprocessing  system  10 
which  includes  a  plurality  of  subsystems  14a 
through  18n.  The  illustrative  subsystems  include  a 
number  of  central  subsystems  14a  through  14n,  a 
memory  subsystem  16  and  a  number  of  peripheral 

55  subsystems  18a  through  18n.  Each  subsystem  in- 
cludes  an  interface  area  which  enables  the  unit  or 
units  associated  therewith  to  transmit  or  receive 
requests  in  the  form  of  commands,  interrupts,  data 
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or  responses/status  to  another  unit  on  system  12  in 
an  asynchronous  manner.  Each  of  the  interface 
areas  includes  bus  interface  logic  circuits  of  the 
type  disclosed  in  Figure  9  of  U.S.  Patent  No, 
3,995,258. 

As  mentioned,  each  of  the  interface  areas  14- 
1a  through  14-1n  of  the  central  subsystems  14a 
through  14n  includes  the  apparatus  of  the  present 
invention.  All  of  these  interface  areas  are  equivalent 
in  design.  Hence,  only  interface  area  14-1  will  be 
described  in  detail  with  reference  to  Figure  2. 

GENERAL  DESCRIPTION  OF  CENTRAL  SUB- 
SYSTEM  14-  fa 

Referring  to  Figure  2,  it  is  seen  that  central 
subsystem  14a  includes  CPU  area  14-2  and  inter- 
face  area  14-1.  CPU  area  14-2  includes  a  micro- 
programmed  processing  unit  which  operates  to 
generate  requests  in  the  form  of  commands  which 
are  applied  to  the  port  registers  14-10  through  14- 
14  of  interface  area  14-1  together  with  a  bus  re- 
quest  signal  BUSREQ010  which  is  applied  as  an 
input  to  the  bus  request  circuits  of  block  14-18. 

As  shown,  the  registers  14-10  through  14-14 
individually  couple  to  the  address,  data  and  com- 
mand  portions  of  system  bus  12  via  driver  circuits 
14-220  through  14-224  of  block  14-22.  When  en- 
abled  by  a  my  data  cycle,  now  signal  MYDCNN000 
from  the  bus  request  circuits  14-18,  the  driver 
circuits  apply  the  CPU  bus  request  to  system  bus 
12. 

Additionally,  block  14-22  includes  a  corre- 
sponding  number  of  receiver  circuits  14-226 
through  14-230  which  couple  in  common  with  the 
driver  circuits  to  the  address,  data  and  command 
portions  of  system  bus  12  as  shown.  These  circuits 
apply  signals  from  system  bus  12  to  the  bus  re- 
sponse  circuits  of  block  14-16  and  to  the  level 
register  and  interrupt  circuits  of  block  14-20.  Addi- 
tionally,  the  circuits  of  blocks  14-16  and  14-20  are 
coupled  as  shown  for  transmitting  and  receiving 
signals  respectively. 

Figures  3a  and  3b  respectively  show  in  greater 
detail,  the  bus  response  circuits  14-16  and  level 
register  and  interrupt  circuits  14-20  of  Figure  2 
which  include  the  apparatus  of  the  present  inven- 
tion.  Referring  first  to  Figure  3a,  the  circuits  of 
block  14-16  include  channel  decoder  circuits  14- 
160,  a  system  bus  response  PLA  14-161,  a  NAND 
gate  14-162,  a  plurality  of  AND  gates  14-166 
through  14-168,  a  9-bit  register  14-170,  an  output 
exclusive  OR  gate  circuit  14-172  and  OR  gate  14- 
174  connected  as  shown.  The  gates  and  register 
are  conventional  in  design.  For  example,  register 
14-170  may  be  constructed  from  a  74AS823  chip 
circuit  manufactured  by  Texas  Instruments  Cor- 
poration.  The  circuit  14-161  may  be  constructed 

from  a  AmP116L8B  chip  circuit  manufactured  by 
Advanced  Micro  Devices,  Inc. 

The  circuits  of  block  14-160  operate  to  detect 
when  the  unique  channel  number  assigned  to  cen- 

5  tral  subsystem  14-2  is  applied  to  system  bus  12  in 
response  to  other  than  a  memory  command  (i.e., 
signal  BSMREF000  =  1).  These  circuits  include  a 
comparison  circuit  which  compares  the  received 
channel  number  with  an  internally  stored  channel 

io  number  and  forces  CP  channel  signal  CPCHAN010 
to  a  binary  ONE  upon  detecting  an  identical  com- 
parison  therebetween. 

NAND  gate  14-162  combines  signal 
CPCHAN010,  bus  data  priority  OK  signal 

15  BSDPOK010,  bus  command  parity  OK  signal 
BSCPOK010  and  bus  address  parity  OK  signal 
BSPAOK010  to  produce  channel  OK  signal 
CHANOK000.  It  forces  signal  CHANOK000  to  a 
binary  ZERO  when  integrity  checking  circuits  14- 

20  10,  not  shown,  have  verified  that  all  of  the  specified 
parts  of  the  request  received  by  central  subsystem 
14  are  valid.  This,  in  turn,  enables  register  14-170 
for  storing  the  state  of  signals  PRSHBA010, 
PRINTA010,  PRINTN010  and  PRSCFA010  in  re- 

25  sponse  to  a  bus  data  cycle  now  delayed  signal 
BSDCND010.  Signal  BSDCN010  defines  the  inter- 
val  of  time  during  which  the  addressed  subsystem 
(slave)  will  have  been  able  to  detect  its  channel 
address.  For  further  discussion,  reference  may  be 

30  made  to  U.S.  Patent  No.  3,995,258. 
The  signals  PRSHBA010  through  PRINTN010 

identify  the  type  of  bus  cycle  being  performed  and 
are  used  to  generate  either  an  acknowledgement  or 
negative  acknowledgement  response  signal.  In 

35  greater  detail,  the  second  half  bus  cycle  is  the 
interval  during  which  previously  requested  informa- 
tion  is  transferred  to  the  requesting  subystem.  It  is 
the  second  cycle  of  the  two  cycle  operation,  such 
as  a  read  operation.  Signal  BSSHBC010  is  re- 

40  ceived  from  system  bus  12  when  the  subsystem 
(e.g.  memory  subsystem  16  is  transferring  the  data 
previously  requested  by  central  subsystem  14). 

AND  gates  14-166  and  14-168  combine  CPU 
interrupt  signal  PRINTR010  from  PLA  circuit  14- 

45  161  and  processor  level  signals  PRLVLS010  and 
PRLVLS000  from  interrupt  circuits  14-20  of  Figure 
3b  to  produce  I/O  interrupt  acknowledgement  and 
negative  acknowledgement  signals  PRINTA010  and 
PRINTN010.  The  CPU  interrupt  signal  PRINTR010 

50  and  processor  level  signal  PRLVLS010  when  both 
binary  ONES  indicating  that  the  interrupting  sub- 
system  has  a  higher  priority  than  the  current  op- 
erating  level  (i.e.,  level  number  value  is  less) 
causes  AND  gate  14-166  to  force  acknowledge- 

55  ment  signal  PRINTA010  to  a  binary  ONE.  At  that 
time,  processor  level  signal  PRLVLS000  is  a  binary 
ZERO.  However,  when  processor  level  signal 
PRLVLS000  is  a  binary  ONE  indicating  that  the 

3 
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interrupting  subsystem  has  a  lower  priority  than  the 
current  operating  level,  AND  gate  14-168  forces 
negative  acknowledgement  signal  PRINTN010  to  a 
binary  ONE. 

The  acknowledgement  signals  PRSHBA110 
and  PRINTA110  are  combined  within  exclusive  OR 
gate  14-172  for  checking  purposes  so  that  my 
acknowledgement  signal  MYACKR010  is  generated 
when  any  one  of  the  acknowledgement  signals  is  a 
binary  ONE  The  negative  acknowledgement  signal 
PRINTN1  10  when  a  binary  ONE  causes  OR  gate 
14-174  to  force  my  negative  acknowledgement  sig- 
nal  MYNAKR010  to  a  binary  ONE.  As  seen  from 
Figure  3a,  signals  MYACKR010  and  MYNAKR010 
are  applied  to  system  bus  12  via  conventional 
driver  circuits,  not  shown. 

Acknowledgement  signal  PRSCFA010  is  gen- 
erated  by  PLA  circuit  14-161  in  response  to  bus 
signals  BSRINT1  10  and  BSSHBC010.  This  signal 
is  used  to  indicate  that  a  level  change  command 
was  sent  to  bus  12  (i.e.,  both  signals  BSRINT1  10 
and  BSSHBC010  are  ONES).  It  is  forwarded  along 
with  signal  PRINTA110  to  the  interrupt  circuits  16- 
20  of  Figure  3a. 

Also,  PLA  circuit  14-161  operates  to  force  CPU 
interrupt  signal  PRINTR010  to  force  CPU  interrupt 
signal  PRINTR010  to  a  binary  ONE  signalling  the 
presence  of  an  interrupt  as  a  result  of  an  I/O 
interrupt  command  being  applied  to  system  bus  12 
by  a  peripheral  subsystem.  Signal  PRINTR010  is  a 
generated  according  to  the  following  Boolean  equa- 
tion: 

PRINTR010  =  BSRINT1  00»BSSHBC1  00. 

Figure  3b  shows  in  greater  detail,  the  circuits 
of  block  14-20.  These  circuits  include  a  bus  input 
register  14-200,  a  level  change  command  register 
14-202,  CPU  I/O  interrupt  busy  indicator  register 
14-204  and  a  level  register  and  comparator  circuit 
14-206.  The  input  register  14-200  couples  to  bus 
12  and  enabled  by  bus  data  cycle  now  delayed 
signal  BSDCN010  for  storing  the  states  of  signals 
BSDT15010  through  BSDT10010.  The  output  sig- 
nals  CPLVL0010  through  CPLVL5010  of  register 
14-200  are  applied  as  one  set  of  inputs  (P)  to 
circuit  14-206. 

The  level  change  command  register  14-202 
couples  to  bus  12  for  receiving  signals  BSRINT110 
and  BSAD23010  and  to  response  circuits  14-16  to 
receive  acknowledgement  signal  PRSCFA110.  The 
contents  of  register  14-202  are  cleared  to  ZEROS 
when  signal  BSRINT1  10  is  a  binary  ZERO.  In  re- 
sponse  to  signal  PRSCFA110,  the  states  of  signals 
BSRINT1  10  and  BSAD23010  are  stored  in  register 
14-202  for  the  interval  of  time  that  signal 
BSRINT1  10  remains  a  binary  ONE.  The  output 
signals  PRLVCG010  and  PRLVCL000  respectively 

are  applied  as  inputs  to  an  enable  input  (PLE)  of 
comparator  circuit  14-206  and  a  data  input  of  inter- 
rupt  indicator  flip-flop  14-204  as  shown. 

Interrupt  indicator  14-204  is  preset  to  a  binary 
5  ZERO  state  in  response  to  a  bus  master  clear 

signal  BSMCLR000.  It  is  forced  to  a  binary  ONE 
state  when  signal  PRLVCL000  switches  from  a 
binary  ZERO  to  a  binary  ONE  in  response  to 
interrupt  acknowledge  signal  PRINTA110  being 

io  switched  from  a  binary  ZERO  to  a  binary  ONE  by 
circuits  14-16.  The  output  interrupt  busy  signal 
PRLBSY010  is  applied  to  the  least  significant  bit 
input  of  the  second  set  of  inputs  (Q)  of  comparator 
circuit  14-206.  The  remaining  set  of  inputs  are 

is  connected  to  receive  signals  BSDT10110  through 
BSDT15110  from  bus  12. 

The  level  register  and  comparator  circuit  14- 
206  includes  a  comparator  circuit  which  operates  in 
the  manner  mentioned  to  compare  the  current  level 

20  number  stored  within  an  internal  level  register  to  a 
level  number  from  an  interrupting  subsystem. 
When  the  priority  of  the  current  interrupt  level  is 
equal  to  or  greater  than  the  interrupting  subsystem 
interrupt  level,  circuit  14-206  forces  processor  level 

25  signal  PRLVLS010  to  a  binary  ONE  and  signal 
PRLVLS000  to  a  binary  ZERO.  When  the  priority  is 
less,  comparator  circuit  14-206  forces  signal 
PRLVLS010  to  a  binary  ZERO  and  signal 
PRLVS000  to  a  binary  ONE.  When  both  levels  are 

30  equal,  comparator  circuit  14-206  forces  signals 
PRLVLS010  and  PRLVLS00  to  binary  ZEROS. 

The  circuits  of  Figures  3a  and  3b  are  con- 
structed  from  standard  integrated  circuit  chips  such 
as  those  designated  in  the  various  circuit  blocks 

35  (e.g.,  74AS823,  74S175,  74AS885,  etc.). 

DESCRIPTION  OF  OPERATION 

With  reference  to  the  timing  diagram  of  Figure 
40  5,  the  operation  of  the  apparatus  of  the  present 

invention  shown  in  Figures  3a  and  3b  will  now  be 
described.  Figure  4  shows  the  coding  of  the  com- 
mand,  address  and  data  lines  of  bus  11  for  special 
commands  generated  by  central  subsystems  14a 

45  through  14n  to  alter  the  operation  of  the  level 
register  and  interrupt  circuits  of  block  16-20. 

For  level  change  commands,  the  command 
bus  line  BSRINT  must  be  set  to  a  binary  ONE 
while  bus  line  BSMREF  and  BSSHBC  are  set  to 

50  binary  ZEROS.  By  contrast,  when  an  external  I/O 
interrupt  is  generated  by  one  of  the  subsystems  of 
Figure  1,  the  command  bus  lines  are  coded  as 
shown.  The  address  bus  lines  BSAD08  through 
BSAD17  are  coded  to  contain  the  central  sub- 

55  system's  own  channel  number  while  lines  BSAD18- 
23  are  coded  to  contain  one  of  the  function  codes 
illustrated  in  Table  I. 

As  seen  from  the  table,  the  state  of  bus  ad- 

4 
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dress  bit  23  (i.e.,  signal  BSAD23)  defines  whether 
or  not  the  CPU  I/O  interrupt  busy  indicator  flip-flop 
14-204  is  to  be  cleared  to  a  binary  ZERO.  Table  I 
also  indicates  the  conditions  for  the  normal  setting 
of  flip-flop  14-204  by  an  external  interrupting  sub- 
system.  Lastly,  the  data  bus  lines  BSTDT09 
through  BSTDT15  are  coded  as  shown  (i.e., 
BSTDT09  must  be  a  ZERO  while  BSTD10-15  con- 
tain  the  new  level  number). 

During  operation,  central  subsystem  14a  upon 
completing  the  processing  of  an  interrupt  operates 
to  generate  a  command  specifying  a  level  change 
formatted  as  shown  in  Figure  4.  That  is,  the  CPU 
area  14-2  under  microprogram  control  loads  the 
address,  data  and  command  bits  into  registers  14- 
10  through  14-14.  Additionally,  CPU  area  14-2 
forces  bus  request  signal  BSREQ010  to  a  binary 
ONE.  This  results  in  my  data  cycle  now  signal 
MYDCNN000  being  forced  to  a  binary  ZERO  by 
priority  network  circuits  included  within  interface 
area  14-1  when  central  subsystem  14a  has  been 
granted  a  bus  cycle.  These  circuits,  not  shown,  are 
conventional  in  design  and  may  take  the  form  of 
the  circuits  disclosed  in  U.S.  Patent  No.  3,995,258. 

At  that  time,  the  coded  command,  data  and 
address  bits  are  applied  to  bus  12  by  the  driver 
circuits  14-220  through  14-224.  For  the  level 
change  command,  the  command  bits  are  set  as 
follows:  BSMREF010  =  0  (not  a  memory  request); 
BSWRIT010  =  X  (don't  care);  BSLOCK  =  X  (don't 
care;  BSSHBC010  =  0  (no  second  half  bus  cycle); 
BSDBWD010  =  X  (don't  care);  BSDBPL010  =  X 
(don't  care);  BSBYTE010  =  X  (don't  care);  and 
BSRINT  =  1  (change  of  level  notification).  The  ad- 
dress  and  data  bits  are  set  as  shown  in  Table  I  of 
Figure  4.  Address  bit  BSAD23  is  set  as  a  function 
of  whether  or  not  central  subsystem  14a  wants  to 
reset  I/O  busy  flip-flop  14-204  allowing  the  sub- 
system  to  resume  normal  operation. 

As  seen  from  Figure  5,  the  transfer  of  the 
command  results  in  signal  BSRINT110,  central 
subsystem  14a  channel  number,  level  number  and 
function  code  signals  being  applied  to  bus  12  when 
signal  BSDCNN010  is  generated,  granting  sub- 
system  14a  a  bus  cycle.  The  circuits  14-160  and 
14-161  (of  Figure  3a)  upon  detecting  its  own  chan- 
nel  number  and  that  the  command  is  a  level 
change  command  operate  to  force  signal 
CHANOK000  to  a  binary  ZERO  and  signal 
PRSCFA010  to  a  binary  ONE.  This  results  in  the 
states  of  signals  BSSHBC010,  PRSCFA010, 
PRINTA010  and  PRINTN010  being  loaded  into  reg- 
ister  14-170. 

As  seen  from  Figure  5,  signal  PRBSACK110  in 
turn  causes  the  level  change  register  14-202  of 
Figure  3b  to  switch  the  states  of  signals 
PRLVCL000  and  PRLVCG010  as  shown.  When  sig- 
nal  PRLVCG010  switches  to  a  binary  ONE,  it  en- 

ables  circuit  14-206  to  have  its  level  register  loaded 
with  the  new  level  number  previously  loaded  into 
register  14-200  from  the  bus  data  lines  BSDT10-15 
in  response  to  bus  signal  BSDCND010. 

5  Signal  PRLVCL000  upon  being  switched  to  a 
binary  ZERO  when  signal  BSAD23010  is  a  binary 
ONE,  forces  CPU  I/O  interrupt  busy  flip-flop  to  a 
binary  ZERO  state.  At  the  end  of  the  bus  cycle, 
signals  PRLVCL000  and  PRLVCG010  return  to 

io  their  initial  states.  If  no  change  is  desired,  signal 
BSAD23010  is  set  to  a  binary  ZERO.  At  this  time, 
central  subsystem  14a  is  ready  to  process  further 
external  interrupts  received  from  bus  12  which 
have  a  priority  higher  than  the  current  level  stored 

is  in  the  circuit  14-206. 
As  seen  from  Figure  5,  during  a  subsequent 

bus  cycle,  the  central  subsystem  14a  operates  to 
perform  an  interrupt  cycle  of  operation  upon  re- 
ceipt  of  an  interrupt  from  another  one  of  the  sub- 

20  systems  of  Figure  1  .  At  that  time,  CPU  I/O  interrupt 
busy  flip-flop  14-204  will  be  set  to  a  binary  ONE  as 
shown  in  Figure  5. 

From  the  above,  it  is  seen  how  the  apparatus 
of  the  present  invention  is  able  to  ensure  that  CPU 

25  level  changes  can  be  made  in  a  reliable  manner 
with  the  addition  of  very  little  hardware  to  the 
normal  bus  interface  circuits.  By  using  the  priority 
circuits  associated  with  the  system  bus,  each  cen- 
tral  subsystem  can  perform  level  changes  without 

30  interference  from  any  external  or  internal  events.  At 
that  time,  the  subsystem  is  able  to  notify  the  other 
subsystems  of  the  level  change  in  a  reliable  syn- 
chronized  manner. 

For  reasons  of  simplification,  the  RINT  signal 
35  was  used  both  to  define  the  level  change  com- 

mand  and  provide  notification.  It  is  obvious  that 
other  bits  of  the  command  could  have  been  used 
to  define  the  level  change  or  status  change  opera- 
tion  to  be  performed  without  interference  from  the 

40  units  competing  for  access  to  the  particular  shared 
resource  (e.g.  processing  unit,  memory,  etc.).  Also, 
the  present  invention  is  not  limited  to  having  a 
processing  unit  specify  its  own  channel  number.  It 
can  be  used  by  one  processing  unit  to  present  or 

45  cause  a  level  change  or  status  change  in  another 
processing  unit. 

Additionally,  it  will  be  appreciated  by  those 
skilled  in  the  art  that  the  teachings  of  the  present 
invention  are  also  applicable  to  other  devices  (e.g. 

50  memory  subsystems)  whose  operations  (e.g.  mem- 
ory  locking)  also  can  be  adversely  affected  by 
competing  processing  units  in  a  similar  way.  Thus, 
the  term  processing  unit  can  include  any  unit  ca- 
pable  of  accepting  and  generating  level  change  or 

55  status  change  commands. 
It  will  be  noted  that  many  other  changes  may 

be  made  to  the  preferred  embodiment  without  de- 
parting  from  the  teachings  of  the  present  invention. 

5 
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For  example,  the  present  invention  is  in  no  way 
limited  to  any  particular  command  format  or  to  the 
number  or  type  of  indicators,  etc. 

Claims 

1.  Multiprocessor  level  change  synchronization 
apparatus  for  use  in  each  data  processing  unit 
(14i)  of  a  data  system  in  which  data  processing 
units  (14i)  and  peripheral  subsystem  units  (18i) 
are  coupled  to  a  system  bus  (12)  to  enable 
communication  between  any  two  of  said  units, 
wherein  each  processing  unit  performs  a  pro- 
cessing  task  at  a  level  of  interrupt  defined  by 
an  interrupt  level  held  in  a  register  (14-206 
LEVEL  REG)  of  said  processing  unit,  wherein 
each  peripheral  subsystem  unit  requests  a  pro- 
cessing  unit  to  perform  a  processing  task  by 
placing  an  interrupt  request  directed  to  said 
processing  unit  and  an  associated  interrupt 
level  on  said  bus,  and  wherein  each  process- 
ing  unit  is  enabled  to  place  requests  on  said 
bus  to  any  unit  on  said  bus  by  applying  (14- 
10,  12,  14,  220,  222,  224)  to  said  bus  a  plural- 
ity  of  control  signals  whose  state  defines  a 
command  to  the  addressed  unit  which  is  iden- 
tified  by  a  channel  number,  and  accompanying 
information  signals;  said  apparatus  which  com- 
prises  channel  decoder  means  (14-160)  for 
detecting  whether  the  channel  number  on  the 
bus  is  the  receiving  processor's  channel  num- 
ber,  being  further  characterized  by: 

-  first  receiving  circuits  (14-161)  coupled  to 
said  bus  for  receiving  said  control  signals 
and  responsive  to  predetermined  states 
of  said  control  signals  to  generate  an 
output  signal  (PRSCFA010), 

-  second  receiving  circuits  (14-200)  coup- 
led  to  said  bus  for  receiving  a  subset  of 
said  accompanying  information  signals 
which  define  a  new  interrupt  level  for  one 
of  said  processing  units,  and 

-  a  control  circuit  (14-170,  202,  206)  re- 
sponsive  to  said  output  signal  for  causing 
the  transfer  of  the  new  interrupt  level 
from  said  second  receiving  circuits  to 
said  register. 

2.  The  apparatus  according  to  claim  1  ,  character- 
ized  in  that  a  subset  of  said  control  signals 
(BSRINT)  which  is  received  by  said  first  re- 
ceiving  circuits  (14-161)  is  encoded  to  com- 
mand  an  interrupt  level  change. 

3.  The  apparatus  according  to  claim  1  ,  character- 
ized  in  that  the  channel  decoder  means  (14- 
160)  is  provided  for  generating  a  channel  sig- 
nal  (CPCHAN)  upon  detecting  that  the  channel 

number  on  the  bus  is  the  receiving  processor's 
channel  number,  which  channel  signal  enables 
a  first  register  (14-170)  of  said  control  circuit  to 
be  responsive  to  said  output  signal  (PRSCFA). 

5 
4.  The  apparatus  according  to  any  one  of  the 

preceding  claims  1  -  3,  characterized  in  that 
said  control  circuit  includes  a  second  register 
(14-202)  coupled  to  said  bus  (12)  and  said 

io  level  register  (14-206)  and  being  conditioned 
by  said  output  signal  (PRSCFA)  to  change 
state  according  to  said  interrupt  level  change 
command,  the  state  of  said  second  register 
(14-202)  selectively  controlling  (PRLVCG)  said 

is  level  register  (14-206)  from  accepting  or  not 
accepting  a  new  interrupt  level. 

5.  The  apparatus  according  to  any  one  of  the 
preceding  claims  1  -  4,  characterized  in  that 

20  the  second  receiving  circuits  include  a  bus 
input  register  (14-200)  coupled  between  said 
bus  (12)  and  said  level  register  (14-206)  for 
storing  said  subset  of  accompanying  informa- 
tion  signals  (BSDT  10  -  15)  as  they  are  made 

25  available  by  said  bus  (12). 

Revendications 

1.  Dispositif  de  synchronisation  de  changement 
30  de  niveau  d'interruption  pour  multiprocesseur 

destine  a  servir  dans  chaque  unite  de  traite- 
ment  de  donnees  (14i)  d'un  systeme  de  traite- 
ment  de  donnees  dans  lequel  des  unites  de 
traitement  de  donnees  (14i)  et  des  unites  de 

35  sous-systemes  peripheriques  (18i)  sont  cou- 
plees  a  un  bus  de  systeme  (12)  pour  permet- 
tre  une  communication  entre  deux  quelcon- 
ques  desdites  unites,  ou  chaque  unite  de  trai- 
tement  execute  une  tache  de  traitement  a  un 

40  niveau  d'interruption  defini  par  un  niveau  d'in- 
terruption  contenu  dans  un  registre  (REG.DE 
NIVEAU  14-206)  de  ladite  unite  de  traitement, 
ou  chaque  unite  de  soussysteme  peripherique 
demande  a  une  unite  de  traitement  d'executer 

45  une  tache  de  traitement  en  plagant  sur  ledit 
bus  une  demande  d'interruption  adressee  a 
ladite  unite  de  traitement  et  un  niveau  d'inter- 
ruption  associe,  et  ou  chaque  unite  de  traite- 
ment  est  validee  pour  placer  des  demandes 

50  sur  ledit  tus  pour  n'importe  quelle  unite  sur 
ledit  bus  en  appliquant  (14- 
10,12,14,220,222,224)  audit  bus  une  pluralite 
de  signaux  de  commande  dont  I'etat  definit 
une  commande  pour  I'unite  adressee  qui  est 

55  identifiee  par  un  numero  de  canal,  et  des  si- 
gnaux  d'information  joints;  ledit  dispositif  qui 
comprend  un  moyen  decodeur  de  canal  (14- 
160)  pour  detecter  si  le  numero  de  canal  sur  le 
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bus  est  le  numero  de  canal  du  processeur 
recepteur,  etant  en  outre  caracterise  par: 

des  premiers  circuits  recepteurs  (14-161) 
couples  audit  bus  pour  recevoir  lesdits  signaux 
de  commande  et  reagissant  a  des  etats  prede- 
termines  desdits  signaux  de  commande  pour 
engendrer  un  signal  de  sortie  (PRSCFA010), 

des  seconds  circuits  recepteurs  (14-200) 
couples  audit  bus  pour  recevoir  un  sous-en- 
semble  desdits  signaux  d'information  joints  qui 
definissent  un  nouveau  niveau  d'interruption 
pour  une  desdites  unites  de  traitement,  et 

un  circuit  de  commande  (14-170,202,206) 
reagissant  audit  signal  de  sortie  pour  produire 
le  transfert  du  nouveau  niveau  d'interruption 
desdits  seconds  circuits  recepteurs  audit  regis- 
tre. 

2.  Dispositif  selon  la  revendication  1,  caracterise 
en  ce  qu'un  sous-ensemble  desdits  signaux  de 
commande  (BSRINT)  qui  est  regu  par  lesdits 
premiers  circuits  recepteurs  (14-161)  est  code 
pour  commander  un  changement  de  niveau 
d'interruption. 

3.  Dispositif  selon  la  ravendication  1,  caracterise 
en  ce  que  le  moyen  decodeur  de  canal  (14- 
160)  est  prevu  pour  engendrer  un  signal  de 
canal  (CPCHAN)  lors  de  la  detection  que  le 
numero  de  canal  present  sur  le  bus  est  le 
numero  de  canal  du  processeur  recepteur,  ce 
signal  de  canal  validant  un  premier  registre 
(14-170)  dudit  circuit  de  commande  devant 
reagir  audit  signal  de  sortie  (PRSCFA). 

4.  Dispositif  selon  I'une  quelconque  des  revendi- 
cations  1  a  3,  caracterise  en  ce  que  ledit 
circuit  de  commande  comprend  un  second  re- 
gistre  (14-202)  couple  audit  bus  (12)  et  audit 
registre  de  niveau  (14-206)  et  etant  conditionne 
par  ledit  signal  de  sortie  (PRSCFA)  pour  chan- 
ger  d'etat  conformement  a  ladite  commande 
de  changement  de  niveau  d'interruption,  I'etat 
dudit  second  registre  (14-202)  commandant 
selectivement  (PRLVCG)  ledit  registre  de  ni- 
veau  (14-206)  pour  qu'il  accepte  ou  n'accepte 
pas  un  nouveau  niveau  d'interruption. 

5.  Dispositif  selon  I'une  quelconque  des  revendi- 
cations  1  a  4,  caracterise  en  ce  que  les  se- 
conds  circuits  recepteurs  comprennent  un  re- 
gistre  d'entree  de  bus  (14-200)  couple  entre 
ledit  bus  (12)  et  ledit  registre  de  niveau  (14- 
206)  pour  memoriser  ledit  sousensemble  de 
signaux  d'information  joints  (BSDT10-15)  tels 
qu'ils  sont  rendus  disponibles  par  ledit  bus 
(12). 

Patentanspruche 

1.  Multiprozessor-Pegelanderungs- 
Synchronisiergerat  zur  Anwendung  in  jeder 

5  Datenverarbeitungseinheit  (14i)  eines  Datenver- 
arbeitungssystems,  in  dem  Datenverarbei- 
tungseinheiten  (14i)  und  periphere  Untersy- 
stemeinheiten  (18i)  mit  einem  Systembus  (12) 
gekoppelt  sind,  urn  eine  Kommunikation  zwi- 

io  schen  irgendwelchen  zwei  der  Einheiten  zu 
ermoglichen,  wobei  jede  Verarbeitungseinheit 
eine  Verarbeitungsaufgabe  bei  einem  Interrupt- 
Pegel  durchfuhrt,  der  durch  einen  Interrupt- 
Pegel  definiert  ist,  der  in  einem  Register  (14- 

15  206  PEGEL  REG)  der  Verarbeitungseinheit  ge- 
halten  ist,  wobei  jede  periphere  Untersystem- 
einheit  bei  einer  Verarbeitungseinheit  anfragt, 
eine  Verarbeitungsaufgabe  durch  Plazieren  ei- 
ner  Interrupt-Anfrage  durchzufuhren,  die  an  die 

20  Verarbeitungseinheit  und  einen  zugehorigen 
Interrupt-Pegel  auf  dem  Bus  gerichtet  ist,  und 
wobei  jeder  Verarbeitungseinheit  ermoglicht 
wird,  Anfragen  auf  dem  Bus  zu  irgendeiner 
Einheit  auf  dem  Bus  durch  Anlegen  (14-10,  12, 

25  14,  220,  222,  224)  einer  Vielzahl  von  Steuersi- 
gnalen  an  den  Bus  zu  plazieren,  deren  Zu- 
stand  einen  Befehl  zu  der  adressierten  Einheit 
definiert,  die  durch  eine  Kanalnummer  be- 
zeichnet  ist,  und  begleitet  von  Informationssi- 

30  gnalen;  wobei  das  Gerat,  das  eine  Kanal-Deco- 
diereinrichtung  (14-160)  zum  Detektieren,  ob 
die  Kanalnummer  auf  dem  Bus  die  Kanalnum- 
mer  des  empfangenden  Prozessors  ist,  umfa/St, 
weiterhin  gekennzeichnet  ist  durch: 

35  -  erste  Empfangsschaltkreise  (14-161),  die 
mit  dem  Bus  gekoppelt  sind,  zum  Emp- 
fangen  der  Sleuersignale  und  in  Antwort 
auf  vorbestimmte  Zustande  der  Steuersi- 
gnale,  urn  ein  Ansgangssignal 

40  (PRSCFA010)  zu  erzeugen, 
-  zweite  Empfangsschaltkreise  (14-200), 

die  mit  dem  Bus  gekoppelt  sind,  zum 
Empfangen  eines  untergeordneten  Sat- 
zes  der  beigefugten  Informationssignale, 

45  die  einen  neuen  Interrupt-Pegel  fur  eine 
der  Verarbeitungseinheiten  definieren, 
und 

-  einen  Steuerschaltkreis  (14-170,  202, 
206),  antwortend  auf  das  Ausgangssignal 

50  zum  Veranlassen  der  Ubertragung  des 
neuen  Interrupt-Pegels  von  den  zweiten 
Empfangsschaltkreisen  zu  dem  Register. 

2.  Das  Gerat  nach  Anspruch  1,  dadurch  gekenn- 
55  zeichnet,  da/S  ein  untergeordneter  Satz  der 

Steuersignale  (BSRINT),  der  durch  die  ersten 
Empfangsschaltkreise  (14-161)  empfangen  ist, 
zu  einem  Befehl  einer  Interrupt-Pegelanderung 
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codiert  ist. 

3.  Das  Gerat  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  da/S  die  Kanal-Decodiereinrichtung 
(14-160)  zum  Erzeugen  eines  Kanalsignals  5 
(CPCHAN)  vorgesehen  ist,  und  zwar  auf  ein 
Detektieren  hin,  da/S  die  Kanalnummer  auf  dem 
Bus  die  Kanalnummer  des  empfangenden  Pro- 
zessors  ist,  wobei  das  Kanalsignal  einem  er- 
sten  Register  (14-170)  des  Steuerschaltkreises  10 
ermoglicht,  auf  das  Ausgangssignal  (PRSCFA) 
zu  antworten. 

4.  Das  Gerat  nach  einem  der  vorangehenden  An- 
spruche  1  bis  3,  dadurch  gekennzeichnet,  da/S  is 
der  Steuerschaltkreis  ein  zweites  Register  (14- 
202)  enthalt,  das  mit  dem  Bus  (12)  und  dem 
Pegelregister  (14-206)  gekoppelt  ist,  und  be- 
dingt  ist  durch  das  Ansgangssignal  (PRSCFA), 
urn  einen  Zustand  gema/S  dem  Interrupt-Pegel-  20 
anderungsbefehl  zu  andern,  wobei  der  Zu- 
stand  des  zweiten  Registers  (14-202)  das  Pe- 
gelregister  (14-206)  vom  Annehmen  oder 
Nichtannehmen  eines  neuen  Interrupt-Pegels 
selektiv  steuert  (PRLVCG).  25 

5.  Das  Gerat  nach  einem  der  vorangehenden  An- 
spruche  1  bis  4,  dadurch  gekennzeichnet,  da/S 
die  empfangenden  Schaltkreise  ein  Bus-Ein- 
gangsregister  (14-200)  enthalten,  das  zwischen  30 
dem  Bus  (12)  und  dem  Pegelregister  (14-206) 
gekoppelt  ist,  zum  Speichern  des  untergeord- 
neten  Satzes  von  beigefugten  Informationssi- 
gnalen  (BSDT10-15),  wie  sie  durch  den  Bus 
(12)  verfugbar  gemacht  sind.  35 
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LINES  COOING 

B  B  B  B  B  B  B  B 
S  S  S  S  S  S  S  S 
M W L S D D B R  
R R O H B B Y I  
E I C B W P T N  
F T K C D L E T  
0  X  X  0  X  X  X  0  NORMAL  I/O  INTERRUPT 
0  X  X  0  X  X  X  1  CPU  LEVEL  CHANGE  INTERRUPT 

AUUKtbb  BUi 
LINES  CODING  " 

35ADQA-OH  —  DON  T  CARE  WITH  GOOD  PARITY 
iSADOO-07  —  DON'T  CARE  WITH  GOOD  PARITY 
1SAD08-17  —  CPU  CHANNEL  NO.  (OWN) 
1SA0  18  -  23  —  FUNCTION  CODE  (  SEE  TABLE  I  ) 

UAIA  BUS 
LINES  CODING  '  

isuiuu-uo 
ISDT09 
ISDT10-15 
ISDT16-31 

is  —  I )ON'T  CARE  WITH  GOOD  PARITY 
JOM'T  CARE 
IEW  LEVEL  NO. 
)0N'T  CARE  WITH  GOOD  PARITY 

TABLE  I 
BUS  ADDRESS  18  19  20  21  22  23  BSDT09  LEVEL  REG  I/O  INTR  BUSY  FLIP-FLOP 

CHANĜ NTERRUPT  °  °  °  °  0  °  X  BS0T10-15-REG  NO  CHANGE 

SnGE^NTERRUPT  0  0  0  0  0  1  *  BSDT10-15-REG  CLEARED 

l5o  INTERRUPT  X  X  X  X  X  X  X  BSOTIO-ISsgEL  SET  BUSY 
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