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order  is  required  in  an  interruption  control 
apparatus  used  in  a  data  processing  system.  If  an 
interruption  having  a  higher  priority  occurs  dur- 
ing  the  period  when  one  interruption  is  being 

5  processed,  the  construction  has  to  be  made  such 
that  the  interruption  processing  program  of  the 
higher  priority  can  be  executed. 

Moreover,  it  is  also  desired  to  provide  an 
interruption  control  by  which  a  plurality  of 

10  interruptions  with  the  same  priority  level  each 
other  can  be  processed. 

In  the  prior  art,  an  interruption  control 
apparatus  having  the  aforementioned  control 
functions  needs  a  very  complex  hardware 

15  mechanism  or  needs  many  steps  in  a  software 
processing.  The  complex  hardware  mechanism  is 
very  expensive,  and  has  a  defect  that  the  system 
application  is  limited,  because  the  priority  is  fixed 
by  a  hardware  design.  While,  the  software  pro- 

20  cessing  has  a  defect  that  a  long  period  of  time  is 
required  in  the  interruption  control. 

An  object  of  the  present  invention  is  to  provide 
an  interruption  control  apparatus  in  which  the 
priority  order  of  a  plurality  of  interruptions  can  be 

25  easily  changed  by  use  of  a  simple  hardware 
circuit. 

Another  object  of  the  present  invention  is  to 
provide  an  interruption  control  apparatus  which 
can  easily  control  a  multi-interruption  mode  and 

30  can  search  an  interruption  request  having  a 
higher  priority  level  than  that  of  the  interruption 
which  is  being  now  processed. 

Still  another  object  of  the  present  invention  is  to 
provide  an  interruption  control  apparatus  in 

35  which  a  plurality  of  interruptions  with  the  same 
priority  level  can  be  handled,  in  which  a  plurality 
of  interruption  sources  having  the  same  priority 
order,  can  be  controlled  and  in  which  a  predeter- 
mined  only  one  interruption  is  selected  in  a 

40  simple  manner  when  plurality  of  interruptions  are 
simultaneously  requested. 

In  US—  A—  3,905,025  there  is  described  an 
interrupt  control  apparatus  with  a  priority  control 
function,  which  employs  an  interrupt  request  flag 

45  memory  (61),  an  interrupt  mask  flag  (60),  a  pro- 
grammable  priority  memory  (58),  a  priority  com- 
paring  circuit  (132). 

The  objects  indicated  above  are  solved  accord- 
ing  to  the  invention  as  claimed. 

50  An  interruption  control  apparatus  to  be 
described  below  comprises  a  plurality  of  storing 
means  for  storing  respective  priority  data,  a 
means  for  producing  a  plurality  of  scanning  data 
representing  priority  order,  a  plurality  of  compar- 

55  ing  means  coupled  to  the  storing  means  for 
receiving  the  scanning  data  and  comparing  the 
received  scanning  data  with  the  priority  data 
stored  in  the  storing  means  coupled  thereto,  to 
generate  a  coincidence  signal  when  the  com- 

eo  pared  two  data  are  coincident,  a  plurality  of 
receiving  means  for  receiving  respective  interrup- 
tion  request  signals  from  respective  interruption 
sources,  a  plurality  of  transferring  means  coupled 
respectively  to  the  comparing  means  and  the 

65  receiving  means  for  transferring  the  interruption 

Description 

Background  of  the  Invention 
Field  of  the  Invention 
The  present  invention  relates  generally  to  a 

data  processing  apparatus,  and  more  particularly 
to  an  apparatus  for  controlling  a  plurality  of 
interruption  processings  in  a  data  processing 
system. 

Description  of  the  Prior  Art 
An  interruption  control  is  to  temporarily  stop 

the  program  processing  which  is  being  row 
executed  by  a  central  processing  unit  (which  will 
be  called  the  "CPU"),  when  the  CPU  must  execute 
an  urgent  processing,  and  to  cause  the  CPU  to 
preferentially  execute  the  urgent  processing.  In 
general,  a  plurality  of  interruption  sources  are 
employed  in  a  data  processing  system,  and  each 
source  requests  urgent  processings  for  the  CPU  at 
an  arbitrary  timing  by  an  interruption.  For 
instance  in  a  microcomputer,  these  interruption 
sources  can  be  divided  into  two  kinds,  that  is, 
external  sources  and  internal  sources. 

The  external  sources  are  provided  outside  of 
the  microcomputer  chip  and  involve  a  source  for 
making  a  microcomputer  recognize  that  an  exter- 
nal  device  coupled  to  the  microcomputer  chip 
comes  into  a  special  state,  a  source  for  indicating 
a  processing  requested  from  an  external  peri- 
pheral  unit  to  the  microcomputer,  and  so  on.  On 
the  other  hand,  the  internal  sources  are  provided 
in  the  microcomputer  chip  and  involve  a  source 
for  indicating  a  processing  requested  from  an 
internal  peripheral  unit,  such  as  a  timer  or  an 
interface  unit,  and  so  on. 

When  the  microcomputer  is  coupled  to  a 
variety  of  interruption  sources,  plural  sources 
may  simultaneously  request  interruptions,  or 
another  interruption  may  be  generated  during  a 
processing  for  a  certain  interruption  (a  multiple 
interruption  mode).  For  example,  the  interruption 
request  from  an  internal  timer  and  the  interrup- 
tion  request  from  a  data  transfer  unit  may  simul- 
taneously  occur,  or  the  external  interruption 
request  may  occur  during  the  internal  interrup- 
tion  processing.  In  these  cases,  what  of  the 
interruption  which  is  to  be  preferentially  pro- 
cessed  must  be  determined  quickly. 

For  example,  in  the  case  that  the  internal  timer 
interruption  request  and  the  external  interruption 
request  simultaneously  occur,  when  the  external 
unit  must  be  controlled  on  real  time  by  means  of  a 
control  signal  generated  by  a  microcomputer  at  a 
predetermined  interval  time,  the  internal  timer 
interruption  has  priority.  On  the  other  hand,  when 
the  data  from  the  outside  of  the  microcomputer  is 
to  be  inputted  into  the  microcomputer  at  a  high 
speed  by  use  of  the  external  interruption,  the 
processing  of  the  external  peripheral  unit  is 
delayed  unless  the  external  interruption  has 
priority. 

Since  the  priority  order  for  interruptions  is 
different  in  accordance  with  a  desired  data  pro- 
cessing  system,  a  function  to  change  the  priority 
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request  signal  in  response  to  the  coincidence 
signal,  a  means  coupled  to  the  producing  means 
and  the  plurality  of  transferring  means  for  inhibit- 
ing  production  of  scanning  data  representing  a 
lower  priority  order  than  that  of  the  scanning  data 
when  the  coincidence  signal  is  generated,  and  an 
interruption  processing  unit  coupled  to  the  trans- 
ferring  means  and  receiving  the  transferred 
interruption  request  signal. 

In  the  embodiment  to  be  described,  firstly  the 
priority  data  is  stored  in  the  storing  means.  This 
storing  operation  may  be  performed  by  a  central 
processing  unit,  a  key  input,  or  the  like.  Therefore, 
the  storing  means  is  programmable.  After  the 
storing  operation,  the  scanning  data  produced  by 
the  producing  means  (for  example,  a  counter 
means,  a  memory  means  for  sequentially  output- 
ting  a  plurality  of  scanning  data  preset  therein,  or 
the  like)  is  transferred  to  the  comparing  means. 
The  comparing  means  generates  the  coincidence 
signal  when  the  priority  data  in  the  storing  means 
is  equal  to  the  scanning  data,  whereby  an  interrup- 
tion  request  signal  from  an  interruption  source  is 
sent  to  the  processing  unit  in  response  to  the 
coincidence  signal.  Of  course,  the  coincidence 
signal  is  not  generated  when  the  priority  data  is 
not  equal  to  the  scanning  data,  and  therefore,  the 
interruption  request  signal  is  not  sent  to  the 
processing  unit,  even  if  the  interruption  source 
requests  the  interruption  processing.  The  transfer- 
ring  means  transfers  the  interruption  request 
signal  to  the  interruption  processing  unit,  thus  the 
interruption  processing  unit  performs  the  pro- 
cessing  according  to  the  request  signal.  At  this 
time,  the  inhibiting  means  inhibits  production  of 
the  scanning  data  representing  a  lower  priority 
order  than  that  of  the  scanning  data  when  the 
coincidence  signal  is  generated.  As  the  result,  the 
interruption  processing  unit  can  perform  a  pro- 
cessing  in  a  multi-interruption  mode,  and  particu- 
larly  can  receive  an  urgent  interruption  when  the 
processing  according  to  the  interruption  which 
has  been  previously  requested  is  being  per- 
formed.  Further,  the  aformentioned  interruption 
control  can  be  extremely  simplified  by  employing 
the  scanning  operation. 

Furthermore,  the  interruption  control  apparatus 
to  be  described  can  be  applied  to  the  data  pro- 
cessing  system  in  which  a  plurality  of  interruption 
sources  have  the  same  priority  order.  In  this  case, 
it  should  be  noted  that  a  select  means  for  selecting 
only  one  interruption  request  among  the  plural 
interruption  requests  from  the  sources  having  the 
same  priority  order  is  put  before  the  transferring 
means,  and  the  selected  interruption  should 
respond  to  the  coincidence  signal.  Thus,  a  plurality 
of  interruptions  can  be  controlled  by  a  small 
number  of  hardware  circuits. 

Moreover,  in  the  case  that  a  priority  setting 
circuit  is  added  to  the  interruption  control 
apparatus  according  to  the  present  invention,  a 
specific  control  can  be  performed.  The  priority 
setting  circuit  comprises  a  gate  circuit  by  which 
only  a  predetermined  interruption  request  signal 
is  selected  and  the  remainder  request  signals  are 

inhibited,  and  is  provided  between  the  transferring 
means  and  the  interruption  processing  unit.  Thus, 
when  a  plurality  of  interruption  request  signals  are 
simultaneously  transferred  from  the  transferring 
means,  only  one  request  signal  is  selected  and  is 
transferred  to  the  processing  unit  without  any 
software  processings. 

In  an  embodiment  to  be  described  a  method 
suitable  for  an  interruption  control  comprises  the 
following  steps: 

the  step  of  programmable  storing  a  priority  data 
to  registers; 

the  step  of  producing  scanning  data  in  accord- 
ance  with  a  priority  order; 

the  step  of  comparing  the  priority  data  with  the 
scanning  data; 

the  step  of  generating  a  coincidence  signal  when 
the  priority  data  is  equal  to  the  scanning  data; 

the  step  of  transferring  an  interruption  request 
signal  from  an  interruption  source  to  an  interrup-  # tion  processing  unit  in  response  to  the  coincidence 
signal;  and 

the  step  of  changing  the  scanning  data  in  range 
from  the  highest  priority  order  to  a  higher  priority 
order  than  that  of  the  interruption  request  signal 
transferred  to  the  interruption  processing  unit  or 
to  the  same  priority  order  as  that  of  the  interrup- 
tion  request  signal  transferred  to  the  interruption 
processing  unit. 
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Detailed  Description  of  the  Embodiments 

In  the  drawing: 
Fig.  1  is  a  block  diagram  showing  an  interruption 

control  apparatus  of  one  embodiment  of  the 
35  present  invention; 

Fig.  2  is  a  block  diagram  of  the  data  processing 
system  in  which  the  apparatus  of  Fig.  1  is 
employed; 

Fig.  3  (a)  to  (j)  is  a  timing  chart  showing  the 
40  operations  of  the  apparatus  in  Fig.  1; 

Fig.  4  is  a  circuit  diagram  showing  one  example 
of  the  priority  assigning  unit,  the  interrupt  receiv- 
ing  control  unit,  the  interrupt  request  memory 
unit,  the  detecting  unit  and  the  interrupt  receiving 

45  unit  of  the  embodiment  of  Fig.  1  ; 
Fig.  5  is  a  circuit  diagram  showing  one  example 

showing  the  control  unit  in  the  embodiment  of  Fig. 
1; 

Fig.  6  is  a  block  diagram  showing  another 
50  embodiment  of  the  present  invention; 

Figs.  7  (a)  and  (b)  are  block  diagrams  of  the 
internal  circuits  of  the  blocks  A  and  C  of  Fig.  6, 
respectively; 

Fig.  8  is  a  timing  chart  showing  the  operation  of 
55  the  embodiment  of  Figs.  6,  7  (a)  and  7  (b); 

Fig.  9  is  a  block  diagram  showing  the  construc- 
tion  of  the  other  embodiment  of  the  present 
invention; 

Fig.  10  is  a  specific  circuit  diagram  showing  the 
60  priority  assigning  unit,  the  interruption  receiving 

control  unit,  the  interrupt  request  memory  unit, 
the  detecting  unit  and  the  interruption  receiving 
unit  of  Fig.  9; 

Fig.  11  is  a  circuit  diagram  showing  the  control 
65  unit  of  Fig.  9; 
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sequentially  changes  the  scanning  data  102  from 
the  highest  priority  order  to  the  lowest  priority 
order  and  continues  cyclic  scanning  operations 
when  none  of  interruption  receiving  signals.  110- 

5  A,  B,  C  and  D  is  received  therein.  If  any  of  the 
interruption  receiving  signals  110-A,  B,  C  and  D  is 
received,  the  control  unit  101  stores  the  received 
signal  and  inhibits  production  of  the  scanning 
data  for  a  lower  order  than  that  of  the  received 

10  signal.  That  is,  the  control  unit  101  changes  the 
scanning  data  102  within  a  range  from  the  highest 
priority  level  to  the  level  of  the  interruption  being 
processed  in  the  CPU.  Thereafter,  when  an 
interruption  processing  terminating  signal  113  is 

is  sent  from  the  CPU,  the  control  unit  101  starts  a 
production  of  all  scanning  data  in  the  aforemen- 
tioned  manner,  if  no  multi-interruption  mode  is 
executed.  However,  in  the  multi-interruption 
mode,  the  control  unit  101  performs  a  control  for 

20  the  interruption  which  has  been  stored  in  the 
control  unit  101  as  described  hereinafter. 

Fig.  3  (a  to  j)  is  a  timing  chart  showing  the 
operations  of  the  embodiment  of  Fig.  1.  The 
signals  102,  109-A,  B,  C  and  D  and  103  correspond 

25  to  the  same  signals  of  Fig.  1  ,  respectively.  A  signal 
111  is  an  interruption  request  signal  from  the 
interruption  source  C,  and  a  signal  112  is  an 
interruption  request  signal  from  the  interruption 
source  B.  Data  1  14  is  stored  in  the  control  unit  101 

30  according  to  the  interruption  receiving  signals 
110-A  to  110-D  and  indicates  the  priority  of  the 
interruption  receiving  signals.  Incidentally,  the 
priority  is  assumed  to  become  higher  in  the 
scheduling  of  O,  T,  2  and  3. 

35  The  operations  will  be  described  with  reference 
to  Figs.  1,  2  and  3.  First  of  all,  the  priority  data  are 
written  in  the  individual  units  105-A  to  D  by  the 
use  of  signals  produced  by  the  CPU  201  according 
to  a  program.  Now,  it  is  assumed  that  the  priority 

40  data  "O"  be  written  in  the  unit  105-A,  that  the 
priority  data  "1"  in  the  unit  105-A,  that  the  priority 
data  "2"  in  the  unit  105-C,  and  that  the  priority 
data  "3"  in  the  unit  105-D.  The  control  unit  101 
sequentially  produces  the  priority  data  "O"  to  "3" 

45  and  transfers  them  to  the  detecting  units  104-Ato 
104-D  as  shown  in  Fig.  3  (a).  The  detecting  unit 
104-A  generates  the  coincidence  signal  109-A 
when  the  priority  data  "O"  is  transferred  from  the 
control  unit  101  as  shown  in  Fig.  3  (b).  The  other 

50  detecting  units  104-B  to  104-D  generate  the 
coincidence  signals  109-B  to  109-D,  respectively, 
in  response  to  the  corresponding  priority  data  "1" 
to  "3"  as  shown  in  Fig.  3  (c)  to  (e).  When  no 
interruption  receiving  signals  109-A  to  109-D  are 

55  received  to  the  control  unit  101  in  the  period  from 
a  generation  of  the  priority  data  "0"  till  a  genera- 
tion  of  the  priority  data  "3",  the  control  unit  101 
reproduces  priority  data  "0"  to  "3",  sequentially, 
and  transfers  them  one  by  one  to  the  detecting 

60  units. 
Here,  it  is  assumed  that  an  interruption  is 

requested  at  a  timing  T1  from  the  internal 
interruption  source  C  and  that  the  interruption  is 
enabled.  When  the  scanning  data  102  becomes 

65  the  priority  data  "2"  at  the  timing  T2,  the 

Fig.  12  is  a  circuit  diagram  showing  the  priority 
setting  unit  of  Fig.  9;  and 

Fig.  13  is  a  timing  chart  showing  the  operations 
of  Fig.  9. 

Description  of  the  Embodiments 
The  preferred  embodiment  of  the  present 

invention  will  be  described  with  reference  to  the 
accompanying  drawings.  Fig.  1  is  a  block  diagram 
of  an  interruption  control  apparatus  showing  one 
embodiment  of  the  present  invention,  in  which 
there  are  four  interrupt  sources  A,  B,  C  and  D.  The 
reference  numbers  appearing  in  the  drawings  as 
are  suffixed  by  A,  B,  C  and  D  indicate  portions 
which  have  relations  to  process  the  interrupt 
requests  from  the  interrupt  sources  A,  B,  C  and  D, 
respectively.  The  portions  having  relations  to 
process  the  interrupt  requests  from  the  respective 
interrupt  sources,  as  enclosed  by  broken  lines  in 
Fig.  1,  have  substantially  the  same  hardware 
circuit.  The  following  description  is  directed  to  the 
portion  which  is  assigned  to  process  the  interrup- 
tion  request  100-A  from  the  interrupt  source  A. 

A  unit  105-A  is  provided  with  a  register  in  which 
a  data  for  designating  a  priority  level  of  the 
interruption  source  A  is  preliminarily  stored  by 
means  of  a  central  processing  unit  (CPU)  accord- 
ing  to  a  program.  A  control  unit  101  generates  a 
scanning  data  102  for  scanning  a  priority  level 
from  a  higher  order  to  a  lower  order.  A  detecting 
unit  104-A  compares  the  scanning  data  102  with 
the  data  stored  in  the  register  of  the  unit  105-A, 
and  outputs  a  coincidence  signal  109-A  when 
both  data  are  the  same.  An  interruption  receiving 
unit  108-A  outputs  an  interruption  receiving 
signal  110-A  when  the  coincidence  signal  109-A 
has  been  outputted  from  the  detecting  unit  104-A, 
when  an  interrupt  request  control  unit  106-A 
generates  an  interruption  grant  signal,  and  when 
an  interrupt  request  unit  107-A  generates  an 
interruption  request  according  to  the  request 
signal  100-A.  The  portions  corresponding  to  the 
interruption  sources  B,  C  and  D  perform  sub- 
stantially  the  same  operations. 

Now,  it  is  assumed  that  the  interruption  sources 
A  and  B  are  external  interruption  sources,  while 
that  the  interruption  sources  C  and  D  are  internal 
interruption  sources,  as  shown  in  Fig.  2.  in  Fig.  2, 
a  microcomputer  200  includes  a  central  pro- 
cessing  unit  (CPU)  201,  the  internal  interruption 
sources  203  and  204  and  the  interruption  control 
section  202  of  Fig.  1.  The  external  interruption 
sources  205  and  206  are  provided  outside  of  the 
microcomputer  200  and  transfer  the  interruption 
request  signals  100-A  and  100-B  to  the  microcom- 
puter  200.  The  microcomputer  200  may  be  con- 
structed  by  a  single  semiconductor  chip.  Further, 
the  interruption  control  section  202  may  be 
separated  from  the  microcomputer  chip  in  which 
the  CPU  201  and  the  internal  interruption  sources 
203  and  204  are  integrated.  In  this  embodiment, 
the  interruption  control  section  202  is  integrated 
in  the  microcomputer  chip  as  shown  in  Fig.  2. 

Next,  the  operations  of  the  control  unit  101  will 
be  described  in  the  following.  The  control  unit  1  01 
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coincidence  signal  109-C  is  generated,  and  there- 
fore,  the  interruption  receiving  unit  108-C  gener- 
ates  an  interruption  receiving  signal  1  10-C.  As  the 
result,  the  control  unit  101  transfers  the  interrup- 
tion  signal  103  to  the  CPU,  and  stores  the  priority 
data  "2"  as  shown  in  Fig.  3  (f)  (h)  and  (j). 

The  control  unit  101  produces  the  priority  data 
"0"  to  "2"  while  the  CPU  executes  the  interrup- 
tion  processing  according  to  the  internal  interrup- 
tion  source  C,  in  order  to  accept  the  higher 
priority  interruption  after  the  timing  T2.  In  this 
period,  if  no  interruption  are  requested  to  the 
control  unit  101,  the  control  unit  101  reproduces 
the  priority  data  "0"  at  a  timing  T3. 

Next,  it  is  assumed  that  at  a  timing  T4  an 
interruption  of  the  higher  priority  is  requested 
from  the  interruption  source  B.  When  the 
interruption  from  the  source  B  is  enabled,  and 
when  the  scanning  data  102  becomes  the  priority 
data  "1"  at  a  timing  T5,  the  coincidence  signal 
109-B  is,  generated.  As  the  result,  this  higher 
priority  interruption  is  received,  and  the  control 
unit  101  sends  the  interrupt  signal  103  to  the  CPU. 
At  this  time,  the  control  unit  101  stores  the  priority 
data  "1"  besides  the  priority  data  "2".  In  this 
condition,  the  control  unit  101  is  in  a  multi- 
interruption  mode  and  indicates  the  request  of 
the  higher  priority  interruption  to  the  CPU  by 
means  of  the  signal  103  of  Fig.  3.  The  CPU 
temporarily  stops  the  processing  for  the  interrup- 
tion  source  C,  and  starts  the  processing  for  the 
interruption  source  B.  On  the  other  hand,  the 
control  unit  101  produces  the  scanning  data  102 
designating  the  priority  data  "0"  and  "1".  The 
scanning  data  returns  to  "0"  at  a  timing  T6  when 
no  interruption  is  requested  from  the  interruption 
sources  A  and  B.  Thereafter,  when  the  CPU 
terminates  the  processing  according  to  the 
interruption  request  B,  a  terminating  signal  1  13  is 
applied  to  the  control  unit  101  as  shown  in  Fig.  3 
(i).  In  response  to  this  terminating  signal  113,  the 
control  unit  101  resets  the  priority  data  "1". 
Therefore,  only  the  priority  data  "2"  has  been 
stored  in  the  control  unit  101  at  this  timing.  The 
CPU  reexecutes  the  processing  according  to  the 
interruption  request  C  which  has  been  temp- 
orarily  stopped.  The  control  unit  101  sequentially 
produces  the  priority  data  "0",  "1"  and  "2"  in  this 
order  and  sends  them  to  the  detecting  units  in 
serial.  When  the  processing  for  the  interruption 
request  C  is  terminated,  the  control  unit  101 
resets  the  priority  data  "2"  in  response  to  the 
terminating  signal  113  of  Fig.  3  (i).  Thus,  not  only 
a  single  interruption  mode  but  also  a  multi- 
interruption  mode  can  be  easily  performed  by 
means  of  a  simple  hardware  circuit. 

Next,  an  example  of  the  specific  circuit  of  the 
embodiment  of  the  present  invention  shown  in 
Fig.  1  is  shown  in  Fig.  4.  Fig.  4  is  a  circuit  diagram 
showing  one  example  of  the  portion  corre- 
sponding  to  the  units  104-A,  105-A,  106-A,  107-A 
and  108-A  of  Fig.  1.  Reset-set-flip-flops  301  -A  and 
302-A  are  provided  as  the  unit  105-A  and  are 
operative  to  store  the  priority  data  consisting  of 
higher  and  lower  bits.  The  priority  data  can  be 

programmably  written  from  a  CPU  300  by  the  use 
of  signals  310-A  and  311-A.  Signals  102-1  and 
102-2  are  higher  and  lower  bits  when  the  scan- 
ning  data  102  consists  of  two  bits.  Exclusive  OR 

5  gates  305-A  and  306-A  compare  the  higher  bit 
102-1  and  the  lower  bit  102-2  of  the  scanning  data 
with  the  priority  data  set  in  the  R.S  flip-flops  301  -A 
and  302-A,  respectively.  An  NOR  gate  307-A 
produces  a  coincidence  signal  when  the  scanning 

10  data  is  equal  to  the  priority  data.  That  is,  when  the 
priority  data  and  the  scanning  data  102  are  equal, 
the  NOR  gate  307-A  outputs  the  logical  value  "1" 
as  the  coincidence  signal  109-A.  These  two  exclu- 
sive  OR  gates  and  one  NOR  gate  construct 

15  together  the  detecting  unit  104-A,  An  R.S-flip-flop 
303-A  is  a  mask  register  which  corresponds  to  the 
unit  106-A  so  that  it  is  set  by  the  use  of  a  signal 
312-A  when  the  interruption  is  masked  (inhibited) 
and  is  reset  when  the  interruption  is  not  masked. 

20  A  flip-flop  304-A  is  an  interrupt  request  flag  which 
is  set,  when  an.  interrupt  request  signal  313-A  is 
sent  from  the  interrupt,  source  A,  and  is  reset 
either  when  the  interrupt  request  8  is  not  genera- 
ted  or  when  the  output  of  an  AND  gate  308-A  is  at 

25  "1".  This  interrupt  request  flag  304-A  corresponds 
to  the  interrupt  request  unit  107-A.  Numeral  108-A 
indicates  an  AND  gate  operative  to  output  the 
interruption  receiving  signal  110-A  when  the 
coincidence  signal  109-A  is  the  logical  value  "1", 

30  when  the  flip-flop  303-A  as  the  mask  register  is 
reset,  and  when  the  interrupt  request  flag  is  set. 
This  AND  gate  constructs  the  interruption  receiv- 
ing  unit  108-A.  A  vector  generation  unit  309-A 
generates  a  vector  address  for  designating  an 

35  interruption  program  according  to  the  interrup- 
tion  source  A  to  the  CPU  300  when  an 
acknowledgement  signal  314  is  sent  from  the  CPU 
300.  The  acknowledgement  signal  314  is  genera- 
ted  when  the  CPU  300  receives  the  interruption 

40  signal  103  from  the  control  unit  101.  The  interrup- 
tion  request  flag  304-A  is  reset  by  the  output  of 
the  AND  gate  308-A  when  the  interruption  receiv- 
ing  signal  110-A  is  at  "1"  and  when  the 
acknowledgement  signal  134  is  at  "1". 

45  Fig.  5  is  a  circuit  diagram  showing  one  example 
of  the  control  unit  101  in  the  embodiment  of  Fig. 
1.  The  signals  102-1  and  102-2  are  the  outputs  of 
trigger  type  flip-flops  401  and  402,  respectively. 
The  signal  102-2  is  inverted  at  the  trailing  edge  of 

so  a  clock  signal  403,  and  the  signal  102-1  is  inverted 
at  the  trailing  edge  of  the  signal  102-2.  In  other 
words,  the  T-flip-flops  401  and  402  is  a  quaternary 
counter  for  producing  scanning  data  by  counting 
the  clock  signal  403.  The  signals  102-1  and  102-2 

55  represent  the  higher  bit  and  lower  bit  of  the 
scanning  data  102,  respectively.  The  quaternary 
counter  constructed  of  the  T-flip-flops  401  and 
402  is  reset  when  the  output  of  a  NOR  gate  404 
becomes  the  logical  value  "1". 

60  When  any  of  the  interruption  receiving  signals 
110-A,  B,  C  and  D  is  active,  the  interruption  signal 
103,  i.e.,  the  output  of  an  OR  gate  405,  becomes 
the  value  "1".  In  this  operation,  it  should  be  noted 
that  when  the  interruption  receiving  signal  110-A 

65  is  applied  to  the  OR  gate  405,  the  scanning  data  is 
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the  scanning  data  "1".  At  this  time,  if  the  interrup- 
tion  request  of  the  source  B  does,  not  occur,  the 
AND  gate  415  produces  the  value  "1"  because  the 
flip-flop  409  is  setting.  Therefore,  the  counter  is 

5  reset  to  "0"  by  means  of  the  output  of  the  OR  gate 
418.  Consequently,  the  counter  produces  the 
scanning  data  "0"  and  "1"  cyclically.  It  is  clear 
that  when  the  flip-flop  407  is  being  set,  the 
scanning  data  "0"  is  only  produced,  that  when  the 

10  flip-flop  411  is  being  set,  the  scanning  data  "0", 
"1"  and  "2"  are  sequentially  produced,  and  that 
when  the  flip-flop  413  is  being  set,  all  of  the 
scanning  data  "0",  "1",  "2"  and  "3"  are  sequen- 
tially  produced. 

15  Now,  it  is  assumed  that  the  interruption  receiv- 
ing  signal  110-A  is  applied  to  the  OR  gate  405 
when  the  flip-flop  411  is  being  set.  Since  the 
receiving  signal  110-A  corresponds  to  the  higher 
priority,  this  signal  110-A  can,  be  received.  The 

20  flip-flop  407  is  set  in  response  to  the  receiving 
signal  110-A  when  the  scanning  data  is  "0".  The 
CPU  300  stops  the  processing  of  the  interruption 
C  and  starts  the  processing  of  the  interruption  A 
having  the  higher  priority.  During  the  processing 

25  of  the  interruption  A,  the  scanning  data  is  always 
"0".  At  this  time,  both  the  flip-flops  407  and  409 
are  being  set,  and  a  multi-interruption  mode  is 
executed.  When  the  processing  of  the  interrup- 
tion  A  has  been  terminated,  the  CPU  300  gener- 

30  ates  the  terminating  signal  1  13  to  the  control  unit. 
The  terminating  signal  113  is  applied  to  the  NOR 
gate  404  and  to  the  flip-flops  407  to  413.  Since  the 
flip-flop  407  directly  receives  the  terminating 
signal  113  at  a  reset  end,  the  flip-flop  407  is 

35  immediately  reset.  However,  the  terminating 
signal  113  is  applied  to  the_flip-flop  411  via  an 
AND  gate  420  to  which  the  Q  outputs  of  the  flip- 
flops  407  and  409  are  applied.  Therefore,  at  this 
timing,  the  flip-flop  41  1  is  not  reset  and  is  holding 

40  in  a  set  state.  On  the  other  hand,  the  CPU  300 
restarts  the  processing  of  the  interruption  C  which 
has  been  stopped  and  generates  the  terminating 
signal  113  after  the  processing  of  the  interruption 
C  has  terminated.  As  the  result,  the  flip-flop  41  1  is 

45  reset  for  the  first  time  since  the  Q  outputs  of  the 
flip-flops  407  and  409  is  being  both  "1". 

According  to  the  embodiment  as  mentioned 
above,  a  novel  interruption  control  method  is 
proposed  as  follows: 

so  the  step  of  setting  priority  data  into  the  units 
105-A  to  105-D,  respectively,  by  means  of  the 
CPU; 

the  step  of  scanning  the  priority  data  according 
to  scanning  data  which  are  sequentially  produced 

55  in  the  priority  order  by  the  counter  (401  and  402) 
of  the  control  unit  101; 

the  step  of  generating  an  interruption  receiving 
signal  110  in  response  to  an  interruption  request 
100  from  an  interruption  source  A,  B,  C  or  D  when 

60  the  scanning  data  is  equal  to  the  priority  data; 
the  step  of  setting  the  priority  data  with  respect 

to  the  interruption  receiving  signal  1  10  to  register 
means  (407,  409,  411  and  413); 

the  step  of  controlling  the  counter  (401,  402)  in 
65  such  manner  that  scanning  data  representing  the 

the  priority  data  "0",  that  is,  both  the  signals  102- 
1  and  102-2  are  at  "0".  Further,  when  the  interrup- 
tion  signal  110-B  is  applied  to  the  OR  gate  405,  the 
scanning  data  is  "1",  that  is  the  signal  102-1  is"1" 
and  the  signal  1  02-2  is  "0".  While,  when  the  signal 
1  1  0-C  is  applied,  the  scanning  data  is  "2".  Further- 
more,  when  the  signal  110-D  is  active,  the  scan- 
ning  data  is  "3",  that  is,  the  both  signals  1  02-1  and 
102-2  are  at  "1". 

Therefore,  when  the  highest  priority  interrup- 
tion  receiving  signal  (the  signal  110-A  in  the 
aforementioned  case)  is  applied  to  the  OR  gate 
405,  both  the  signals  102-1  and  102-2  are  at  "0". 
Therefore,  the  output  of  an  AND  gate  406  is  "1  "  so 
that  an  R.S-flip-flop  407  is  set.  Likewise,  if  the 
signal  110-B  is  "1",  the  signal  102-1  is  at  "0" 
whereas  the  signal  1  02-2  is  at  "I",  thus  the  output 
of  an  AND  gate  408  becomes  the  value  "1"  so  that 
an  R.S-flip-flop  409  is  set.  The  flip-flops  .407,  409, 
411  and  413  operate  as  registers  for  storing  the 
priority  data  according  to  the  interruption  request 
to  the  CPU. 

Here,  these  flip-flops  407  to  413  do  not  corre- 
spond  to  the  interruption  receiving  units  108-Ato 
108-D,  respectively,  and  are  fixed  with  the  pre- 
determined  priority  order.  Namely,  the  flip-flop 
407  stores  the  highest  priority  data  "0",  the  flip- 
flop  409  the  second  priority  data  "1",  the  flip-flop 
411  the  third  priority  data  "2",  and  the  flip-flop 
413  the  lowest  priority  data  "3".  Therefore,  if  the 
highest  priority  is  assigned  to  the  interruption 
source  C,  the  priority  data  "0"  is  set  in  the  unit 
105-C  in  Fig.  1.  Thus,  when  the  scanning  data  is 
"0",  the  interruption  receiving  signal  11  0-C  is 
generated  in  response  to  the  interruption  request 
signal  100-C.  However,  at  this  time,  the  flip-flop 
407  is  set  as  described  above. 

As  mentioned  above,  when  the  interruption  is 
received  so  that  the  interruption  signal  103 
becomes  the  value  "1",  one  of  the  R.S-f  lip-flops 
407,  409,  411  and  413  corresponding  to  that 
priority  is  set.  By  the  interruption  signal  103,  the 
supply  of  a  clock  425  to  the  T-flip-flop  401  is 
inhibited  by  an  AND  gate  424  and  the  corre- 
sponding  one  of  flip-flops  407  to  413  is  set. 

AND  gates  414,  415,  416  and  417  and  an  OR 
gate  418  produce  a  signal  for  resetting  the  T-flip- 
flops  401  and  402  when  the  priority  data  has  been 
set  in  the  corresponding  flip-flops  407  to  413. 
While  the  interrupt  signal  103  is  at  "1",  however, 
the  resetting  is  inhibited  by  an  AND  gate  423. 
These  gates  414  to  418  are  employed  to  control 
the  counter  consisting  of  the  flip-flops  401  and 
402  in  such  manner  that  the  interruption  having  a 
higher  priority  than  that  of  the  received  interrup- 
tion  in  the  CPU  can  be  received.  Namely,  when 
the  interruption  B  having  the  second  priority  "1" 
is  received  in  the  CPU,  the  flip-flop  409  is  set  and 
the  counter  is  reset  to  "0"  according  to  the  output 
of  the  OR  gate  418.  The  CPU  executes  the  pro- 
cessing  according  to  the  interruption  C.  In  this 
condition,  the  counter  outputs  the  scanning  data 
"0".  If  the  interruption  request  of  the  source  A 
does  not  occur,  the  counter  counts  up  its  content 
to  "1"  in  response  to  the  clock  403  and  outputs 
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interruptions  having  the  same  priority  as  that  of 
the  interruption  which  is  being  processed  by  the 
CPU  and/or  having  a  higher  priority  than  that  of 
the  interruption  being  processed  by  the  CPU;  and 

the  step  of  resetting  the  register  means  (407,  5 
409,  411  and  413)  in  which  the  priority  data 
corresponding  to  the  interruption  which  has  been 
executed  by  the  CPU  is  set. 

As  described  above,  the  present  invention  has 
an  advantage  that  the  priority  order  for  a  plurality  10 
of  interruption  sources  can  be  easily  changed  by 
means  of  a  simple  hardware  circuit.  Further,  and 
interruption  receiving  operation  can  be  simplified 
by  employing  the  scanning  operation.  Further- 
more,  in  a  multi-interruption  mode,  search  of  a  w 
higher  priority  interruption  is  very  easy.  More- 
over,  exchange  from  a  higher  priority  interruption 
to  a  lower  priority  interruption  can  be  smoothly 
performed  at  a  high  speed  without  any  software 
operations.  20 

In  Figs.  1  to  5,  the  interruption  control 
apparatus  in  which  the  interruption  sources  have 
a  different  priority  order  each  other  is  described. 
However,  the  present  invention  can  be  also 
applied  to  the  system  in  which  a  plurality  of  25 
interruption  sources  have  the  same  priority  order 
as  shown  in  Fig.  6.  In  Fig.  6,  the  description  will  be 
made  as  have  five  kinds  of  interruption  sources 
100-A,  100-B,  100-C1r  100-C2  and  100-D.  The  ref- 
erence  numbers  appearing  in  the  drawings  as  are  30 
suffixed  by  A,  B,  C-,,  C2  and  D  indicate  portions 
which  have  relations  to  the  processings  of  the 
interrupt  requests  from  the  interrupt  sources  100- 
A,  100-B,  100-C-i,  100-C2  and  100-D,  respectively.  A 
suffix  C  indicates  the  relationship  to  both  the  35 
interruption  sources  100-C-i  and  100-C2.  Inciden- 
tally,  portions  enclosed  by  broken  lines  will  be 
called  blocks  115-A,  115-B,  115-C  and  115-D.  The 
blocks-  115-A,  115-B  and  115-D  indicate  portions 
for  processing  the  interrupt  requests  from  the  40 
interrupt  sources  100-A,  100-B  and  100-D.  On  the 
other  hand,  the  block  1  1  5-C  indicates  a  portion  for 
controlling  the  interruption  requests  from  the 
interruption  sources  C,  and  C2  which  have  the 
same  priority  level.  The  remaining  blocks  115-A,  45 
1  1  5-B  and  1  1  5-D  have  the  same  construction.  The 
blocks  115-A,  115-B  and  115-D  respectively  have 
one  interrupt  request  storage  unit  107  and  one 
interruption  control  unit  106,  whereas  the  blocks 
11  5-C  has  two  interrupt  request  storage  units  1  06-  so 
Ci  and  106-C2  and  two  interrupt  request  control 
units  107-C,  and  107-C2.  The  interruption  request 
signals  100-A  to  100-D  are  stored  in  the  corre- 
sponding  interrupt  request  storage  units  107-A, 
107-B,  107-C  ̂ 107-C2  and  107-D.  The  control  units  55 
106  act  as  an  interruption  mask  means  which 
inhibits  an  interruption.  The  priority  data  are  set 
in  priority  assigning  units  105-A,  105-B,  105-C  and 
105-D.  The  priority  order  is  detected  by  detecting 
units  104-A,  104-B,  104-C  and  104-D.  Reference  60 
number  116  indicates  a  selecting  unit. 

First  of  all,  the  block  1  1.5-A  will  be  described  in 
the  following. 

The  priority  data  is  set  in  the  priority  assigning 
unit  105-A  by  the  program  control  (or  by  a  key  65 

signal  or  a  switch  signal  from  the  outside  of  the 
block  115-A).  The  control  unit  101  outputs  a 
scanning  data  102  for  scanning  the  priority  order. 
A  detecting  unit  104-A  compares  the  scanning 
data  102  with  the  priority  data  in  the  priority 
assigning  unit  105-A,  and  produces  a  coincidence 
signal  109-A  when  both  data  are  equal.  The 
interruption  receiving  unit  108-A  outputs  an 
interruption  receiving  signal  11O-A  when  the 
coincidence  signal  109-A  has  been  outputted, 
when  the  interruption  request  unit  107-A  has 
stored  the  request  signal  sent  from  the  interrupt 
source  and  when  the  control  unit  106-A  outputs  a 
grant  signal.  The  blocks  115-B  and  115-D  have  the 
same  construction  as  that  of  the  block  115-A. 

Fig.  7(a)  shows  an  example  of  the  circuit  of  the 
block  115-A.  R.S-F/F  301  -A  and  302-A  are  the  set 
and  reset  type  flip-flops  which  are  operative  to 
store  the  priority  data  consisting  of  higher  and 
lower  bits  sent  from  the  CPU  300.  The  priority 
data  can  be  programmably  changed  by  the  CPU 
300  by  the  use  of  signals  310-A  and  311-A.  The 
signals  102-1  and  102-2  are  higher  and  lower  bits 
of  the  scanning  data  102.  EX-OR  gates  305-A  and 
306-A  compare  the  higher  bit  of  the  priority  data 
in  the  F/F  301  -A  with  the  higher  bit  102-1  of  the 
scanning  data,  and  the  lower  bit  of  the  priority 
data  in  the  F/F  302-A  with  the  lower  bit  102-2  of 
the  scanning  data,  respectively.  When  the  priority 
data  and  the  scanning  data  102  are  equal,  an  NOR 
gate  307-A  outputs  the  logical  value  "1"  indicat- 
ing  the  coincidence  signal  109-A  These  two  EX- 
OR  gates  and  one  NOR  gate  construct  together 
the  detecting  unit  104-A.  An  R.S-F/F  303-A  is  an 
interruption  mask  register  which  corresponds  to 
the  control  unit  106-A  so  that  it  is  set  by  the  use  of 
a  signal  312-A  when  the  interruption  is  masked 
(inhibited)  while  it  is  reset  when  the  interruption 
is  not  masked.  An  R  •  S-F/F  304-A  is  an  interruption 
request  flag  which  is  set,  when  an  interruption 
request  signal  313-A  (100-A)  is  sent  from  the 
interruption  source  A,  and  is  reset  either  when  the 
interruption  request  is  not  generated  or  when  the 
output  of  an  AND  gate  308-A  is  at  "V.  This  request 
fla-304-A  corresponds  to  the  storing  unit  107-A. 
An  AND  gate  108-A  is  operative  to  output  the 
interruption  receiving  signal  110-A  when  the 
coincidence  signal  109-A  becomes  the  logical 
value  "1",  when  the  R-  S-F/F  303-A  as  the  mask 
register  is  reset,  and  when  the  request  flag  304-A 
is  set.  This  AND  gate  constructs  the  interruption 
receiving  unit  108-A.  A  vector  generating  unit  309- 
A  transfers  a  vector  address  313-A  for  designating 
the  processing  of  the  interruption  A  to  the  CPU 
300  when  an  acknowledgement  signal  314  is  sent 
from  the  CPU  300.  The  request  flag  304-A  is  reset 
when  the  interruption  receiving  signal  110-A  is  at 
"1"  and  when  the  acknowledgement  signal  134  is 
at  "1".  A  circuit  111  is  used  to  control  a  simul- 
taneous  occurrence  of  a  plurality  of  interruption 
receiving  signals  as  described  hereinafter,  but 
may  be  omitted  in  this  embodiment.  The  remain- 
ing  blocks  115-B  and  115-D  may  have  the  same 
construction  as  the  block  115-A. 

Next,  the  block  115-C  will  be  described  in  the 
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107-C2,  respectively.  AND  gates  315-C1  and  315- 
C2  is  provided  to  allow  or  to  inhibit  the  interrup- 
tion  request  in  accordance  with  the  contents  of 
the  mask  registers  R-S-F/Fs  303-C1  and  303-C2, 

5  respectively.  An  AND  gate  316  constructs  the 
selecting  unit  316  and  inhibits  the  signal  313-C2 
according  to  the  signal  313-C1.  AND  gates  317-C1 
and  317-C2  outputs  the  value  "1"  when  the 
coincidence  signal  109-C  is  the  logical  value  "1" 

w  and  when  the  AND  gates  315-C1  and  316  are  at 
"1".  Both  the  outputs  of  the  AND  gates  317-C1 
and  317-C2  do  not  at  "1".  The  interruption  receiv- 
ing  signal  1  10-C,  i.e,,  the  output  of  an  OR  gate  318 
becomes  the  value  "1"  when  one  of  the  outputs 

w  of  AND  gates  317-C1  and  317-C2  is  at  "1".  A 
vector  generating  unit  309-A  outputs  the  vector 
address  313-C  to  the  CPU  300  in  accordance  with 
the  outputs  of  the  AND  gates  317-C1  and  317-C2 
when  the  acknowledgement  signal  314  is  sent 

20  from  the  CPU  300.  The  request  flags  304-C1  and 
304-C2  are  reset  when  the  acknowledgement 
signal  314  becomes  "1".  The  control  unit  101  of 
Fig.  5  can  be  used,  and  therefore,  the  detailed 
description  is  omitted  here. 

25  Fig.  8  is  a  timing  chart  showing  the  operations 
of  this  embodiment.  The  signals  120,  109-A,  109- 
B,  109-C,  109-D,  107-B,  107-C1,  107-C2,  103  and 
113  correspond  to  those  indicated  at  the  same 
numerals  in  Fig.  6.  Data  114  stored  in  the  control 

30  unit  101  indicate  the  priority  data  of  the  interrup- 
tion  being  processed  in  the  CPU.  Incidentally,  the 
priority  is  assumed  to  become  higher  in  the  order 
of  3,  2,  1  and  O. 

At  first,  the  priority  data  is  written  in  each  of  the 
35  priority  assigning  unit  by  the  use  of  the  signal 

which  is  prepared  by  the  program.  Now,  it  is 
assumed  that  the  priority  "0"  be  written  in  the 
priority  assigning  unit  105-A,  that  the  priority  "1" 
in  the  unit  105-B,  that  the  priority  "2"  in  the  unit 

40  105-C,  and  that  the  priority  "3"  in  the  unit  105-D, 
In  the  absence  of  the  interruption  request  or  in  the 
case  that  the  interruption  is  masked  (inhibited), 
the  coincidence  signals  109-A,  109-B,  109-C  and 
109-D  are  sequentially  varied,  as  for  a  period  P  in 

45  Fig.  8,  in  response  to  the  scanning  data  102  which 
are  changed  to  "O",  "1",  "2"  and  "3".  Here,  when 
the  interruption  requests  are  occurred  at  a  timing 
T1  from  the  source  100-C2  and  at  a  timing  T2  from 
the  interrupt  source  100-C1  so  that  the  storing 

so  units  107-C1  and  107-C2  store  the  request  signals. 
1,  the  two  interruptions  are  made  enable  by  the 
interruption  control  units  106-C1  and  106-C2.  At 
this  time,  the  selecting  unit  116  selects  the  storing 
unit  107-C1  as  described  above.  When  the  scan- 

55  ning  data  102  becomes  the  value  "2"  so  that  the 
coincidence  signal  109-C  is  generated,  the 
interruption  request  from  the  storing  unit  107-C1 
is  received,  and  the  interruption  signal  103  is  sent 
at  a  timing  T3  to  the  CPU  120.  The  interruption 

60  request  from  the  storing  unit  107-C2  is  not 
received  until  the  interruption  processing  for  the 
storing  unit  107-C1  is  terminated.  On  the  other 
hand,  the  priority  data  "2"  received  at  the  timing 
T3  is  stored  as  the  data  114  in  the  control  unit  101 

65  as  described  in  Fig.  5. 

following.  The  block  115-C  has  two  interruption 
request  storage  units  107-C,  and  107-C2  and  two 
interruption  request  control  units  106-C!  and  106- 
C2.  As  a  result,  the  block  115-C  can  assign  two 
interruption  requests  with  the  same  priority  level. 
The  priority  assigning  unit  105-C  and  the  detect- 
ing  unit  104-C  can  be  commonly  used.  This  makes 
it  unnecessary  to  double  the  numbers  of  all  the 
components.  The  block  115-C  is  used  to  control 
the  serial  data  receiving  interruption  and  a  send- 
ing  interruption.  These  data  transferring  interrup- 
tions  are  caused  in  one  group  of  operations, 
because  the  serial  data  receiving  operation  and  a 
sending  operation  are  not  executed  in  parallel. 
Therefore,  there  arises  no  problem  even  if  the 
priorities  of  these  interruptions  are  set  in  the 
same  priority  level.  In  accordance  with  this  con- 
sideration,  the  priority  assigning  unit  and  the 
detecting  unit  are  commonly  used  in  the  block 
115-C  to  reduce  the  number  of  the  components. 

The  priority  assigning  unit  105-C,  the  detecting 
unit  104-C  and  the  coincidence  signal  109-C  may 
be  similar  to  those  of  the  individual  portions  of 
the  other  blocks  115-A,  115-B  and  115-C.  The 
interruption  receiving  unit  108-C  outputs  the 
interruption  receiving  signal  110-C  when  the 
coincidence  signal  109-C  has  been  outputted, 
when  either  one  or  both  the  interruption  control 
units  106-C1  and  106-C2  are  not  masked  and 
when  either  one  or  both  the  interruption  request 
storing  units  107-C1  and  107-C2  are  storing  the 
interruption  request  signals.  In  this  case,  when 
the  two  interruption  requests  from  the  sources  C1 
and  C2  occur  simultaneously,  one  of  them  is 
selected  by  the  selecting  unit  1  16.  In  this  embodi- 
ment,  the  request  from  the  source  C1  is  selected. 
The  interruption  receiving  unit  108-C  outputs  an 
interruption  receiving  signal  110-C  corresponding 
to  the  source  C1.  Incidentally,  the  selecting  condi- 
tion  can  be  freely  changed.  The  selecting  unit  1  1  6 
is  provided  to  eliminate  complicated  software 
procedures. 
Fig.  7(b)  shows  an  example  of  the  specific  circuit 
of  the  block  115-C.  This  block  115-C  has  two 
interruption  request  storing  units  107-C1  and  107- 
C2  and  two  interruption  request  control  units  106- 
C1  and  106-C2.  In  the  circuit  of  the  block  115-C, 
the  description  is  limited  to  the  portion  which  is 
different  from  the  circuit  of  the  block  115-A,  but 
the  remaining  portions  may  have  similar  circuit 
constructions. 

R-S-F/Fs  303-C1  and  303-C2  act  as  interrupt 
mask  registers  which  correspond  to  the  interrup- 
tion  request  control  units  106-C1  and  106-C2, 
respectively,  so  that  they  are  set  by  the  use  of 
signals  312-C1  and  312-C2  when  the  interruptions 
must  be  masked  while  are  reset  when  the 
interruptions  are  granted.  R-S-F/Fs  304-C1  and 
304-C2  are  interruption  request  flags  which  are 
set  in  response  to  interruption  request  signals 
313-C1  (100-C1)  and  313-C2  (100-C2)  and  are  reset 
either  when  the  interruption  is  not  requested  or 
when  the  outputs  of  AND  gates  308-C1  and  308- 
C2  are  at  "1  ".  These  request  flags  304-C1  and  304- 
C2  correspond  to  the  storing  units  107-C1  and 
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When  the  CPU  120  is  executing  the  interruption 

processing  of  the  priority  data  "2",  the  scanning 
data  102  is  returned  again  to  the  value  "0"  (at  a 
timing  T4)  When  it  becomes  equal  to  the  data  114, 
and  only  the  priorities  "0"  and  "1  "  can  be  received. 
Incidentally,  the  scanning  data  102  outputs  the 
value  "2",  too,  but  the  control  unit  101  does  not 
receive  the  interruption  with  respect  to  the  priority 
"2"  being  received  at  present  any  more. 

When  the  interruption  processing  of  the  storing 
unit  1  07-C1  is  ended  so  that  the  terminating  signal 
1  13  is  sent  from  the  CPU  120  (at  a  timing  T5),  the 
data  1  14  disappear.  As  a  result,  the  scanning  data 
102  varies  in  the  priority  of  "0",  "1  ",  "2"  and  "3"  so 
that  all  the  interruptions  can  be  received.  When  the 
scanning  data  102  becomes  the  value  "2"  so  that 
the  coincidence  signal  109-C  is  generated,  the 
interruption  request  of  the  storing  unit  107-C2  is 
received  (at  a  timing  T6).  When  the  interruption 
request  of  higher  priority  is  generated  at  a  timing 
T7  from  the  source  100-B  so  that  the  output  of  the 
storing  unit  107-B  becomes  the  value  "1",  the 
scanning  data  102  becomes  the  value  "1",  if  that 
interruption  request  is  enabled  by  the  interruption 
control  unit  106-B,  the  interruption  of  the  source  B 
is  sent  to  the  CPU  120  when  the  coincidence  signal 
108-B  is  generated.  In  accordance  with  this,  the 
data  1  14  are  varied  from  the  value  "2"  to  the  value 
"1"  (at  a  timing  T8).  The  scanning  data  102  is 
returned  again  to  the  value  "0"  after  it  takes  the 
value  "1  "  (at  a  timing  T9).  In  other  words,  adminis- 
tration  is 
made  such  that  the  interruption  priority  "O"  is 
received  when  it  is  caused  during  the  interruption 
processing. 

When  the  multiple  interruptions  are  ended  so 
that  the  terminating  signal  113  is  sent  from  the 
CPU  120  (at  a  timing  T10),  the  data  114  is  varied 
from  the  value  "1"  to  the  value  "2",  and  the 
scanning  data  1  02  is  varied  in  the  order  of  "0",  "1  " 
and  "2"  so  that  only  the  interruption  priorities  "0" 
and  "V  'can  be  received. 

When  the  interruption  processing  of  the  storing 
unit  107-C2  is  terminated  so  that  the  terminating 
signal  113  is  sent  from  the  CPU  (at  a  timing  T11), 
the  data  114  is  disappeared  so  that  the  initial  state 
in  which  all  the  interruptions  can  be  received. 

Fig.  9  is  a  block  diagram  of  another  embodiment 
according  to  the  present  invention.  Here  are 
imagined  four  interrupt  sources  A,  B,  C  and  D  as 
the  same  as  Fig.  1.  The  portions  enclosed  by 
broken  lines  in  Fig.  9  have  the  same  construction 
as  that  of  Fig.  1. 

A  priority  assigning  unit  105  stores  a  priority 
data  therein.  A  detecting  unit  104  compares  the 
scanning  data  102  from  the  control  unit  101  with 
the  priority  data  in  the  unit  105,  and  if  the  two  are 
coincident,  a  coincidence  signal  109  is  generated. 
An  interruption  receiving  unit  108  generates  an 
interruption  receiving  signal  110  when  the 
coincidence  signal  109  is  being  generated,  when 
the  control  unit  106  is  in  a  non-mask  state,  and 
when  the  interruption  request  signal  is  outputted 
from  the  storage  unit  107.  If  the  interruption 
receiving  signal  is  generated  in  another  broken- 

line  block,  the  interruption  receiving  signal  110-A 
is  inputted  together  therewith  to  a  priority  setting 
unit  111.  The  priority  setting  unit  111  is  used  to 
select  one  among  a  plurality  of  interruption  receiv- 

5  ing  signals  which  are  simultaneously  transferred 
to  the  control  unit  101.  Now,  if  the  receiving  signal 
110-A  is  selected  by  the  setting  unit  111,  the 
priority  setting  unit  111  outputs  signals  112-B  112- 
C,  and  112-D  indicating  a  presence  of  the  interrup- 

w  tion  with  the  higher  priority  to  the  blocks,  thereby 
only  one  receiving  signal  can  be  transferred  to  the 
control  unit  101. 

Fig.  10  is  a  circuit  diagram  showing  one  block 
which  comprises  the  units  104-A,  105-A,  106-A, 

15  1  07-A  and  1  08-A.  Set  and  reset  type  flip-flops  301  - 
A  and  302-A  are  operative  to  store  a  priority  data 
with  higher  and  lower  bits.  The  priority  data  is  sent 
from  the  CPU  300  by  means  of  signals  310-A  and 
311-A.  Signals  102-1  and  102-2  are  higher  and 

20  lower  order  bits  of  the  scanning  data  102.  EX-OR 
gates  305-A  and  306-A  and  an  NOR  gate  307-A  are 
included  in  the  detecting  unit  104-A.  When  the 
priority  data  and  the  scanning  data  102  are  equal, 
the  NOR  gate  307-A  outputs  the  coincidence  signal 

25  1  09-A  (i.e.,  the  logical  value  "1  ").  303-A  indicates  a 
mask  register  which  corresponds  to  the  control 
unit  1  06-A,  304-A  indicates  a  flag  which  is  set  when 
an  interruption  request  signal  313-A  is  sent  from 
the  interruption  source,  and  which  is  reset  when 

30  the  request  signal  is  not  generated  or  when  the 
output  of  an  AND  gate  308-A  is  at  "I".  This  flag  304- 
A  corresponds  to  the  storage  unit  107-A.  108-A 

.indicates  an  AND  gate  which  is  operative  to  output 
the  interruption  receiving  signal  110-A  when  the 

35  coincidence  signal  109-A  becomes  the  logical 
value  "1",  when  the  mask  register  (i.e.  R.S-F/F 
303A)  is  reset,  and  when  the  interruption  request 
flat  is  set.  This  AND  gate  is  the  interruption 
receiving  unit  108-A.  A  vector  generation  unit  309- 

40  A  outputs  a  vector  address  313-A  for  designing  a 
processing  to  be  executed  according  to  the 
interruption  to  the  CPU  300  when  an  acknowledge- 
ment  signal  314  is  sent  from  the  CPU  300.  The  flag 
304-A  is  reset  when  the  receiving  signal  110-A  is  at 

45  "1"  and  when  the  acknowledgement  signal  134  is 
at  "1".  111  is  the  priority  setting  unit  which  is 
described  in  detail  hereinafter. 

Fig.  11  is  a  specific  circuit  diagram  of  the  control 
unit  101  which  has  substantially  the  same  function 

so  as  that  of  Fig.  5.  The  signals  102-1  and  102-2  are  the 
outputs  of  T-F/F  401  and  T-F/F  402,  respectively. 
The  signal  102-2  is  inverted  at  the  trailing  edge  of  a 
clock  signal  403,  and  the  signal  1  02-1  is  inverted  at 
the  trailing  edge  of  the  signal  102-2.  In  other 

55  words,  the  T-F/Fs  401  and  402  construct  a  quater- 
nary  counter  for  counting  the  clock  signals  403. 
The  signals  102-1  and  102-2  represent  the  scan- 
ning  data.  The  quaternary  counter  constructed  of 
the  T-F/Fs  401  and  402  is  reset  when  the  output  of 

60  an  NOR  gate  404  is  the  logical  value  "1".  When  any 
of  the  interruption  receiving  signals  110-A,  B,  C 
and  D  is  outputted,  the  output  of  the  priority 
setting  unit  111  becomes  the  logical  value  "1". 

Now,  it  is  assumed  that  when  R  •  S-F/Fs  407,  409, 
65  41  1  and  413  be  respectively  reset,  the  output  of  an 
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the  interruption  receiving  signal  110-A  is  inputted 
to  the  control  unit  1  01  ,  and  the  vector  address  313- 
A  is  sent  to  the  CPU.  In  the  case  of  Fig.  12,  the 
interruption  source  A  has  the  highest  priority. 

5  However,  by  changing  the  connection  between  the 
interruption  receiving  signals  110-A,  B,  C  and  D 
and  the  OR  gates  501  ,  502  and  503,  the  sources  can 
be  set  at  an  arbitrary  priority. 

As  described  hereinbefore,  in  the  case  that  the 
10  interruption  requests  with  the  same  priority  are 

simultaneously  generated,  the  priority  setting  unit 
111  can  select  only  a  predetermined  interruption 
receiving  signal  therefrom  and  can  transfer  the 
selected  interruption  receiving  signal  to  the  CPU. 

w  According  to  the  present  invention,  there  is 
provided  an  interruption  control  apparatus  which 
can  set  and  change  the  interrupt  reception  priority 
to  a  predetermined  scheduling,  which  is  freed 
from  any  complex  procedures  even  during  the 

20  multiple  interruption  processing. 
Further,  a  plurality  of  interruption  can  be  con- 

trolled  by  a  reduced  number  of  hardware  elements 
because  complex  procedures  can  be  eliminated 
even  for  the  multi-interruption  processing. 

25  Furthermore,  a  plurality  of  interruption  having  the 
same  priority  can  be  controlled  without  by  soft- 
ware  processings. 

Furthermore,  since  the  priority  determining 
means  has  a  two-step  construction,  according  to 

30  the  present  invention,  a  plurality  of  interruption 
requests  having  a  different  priority  order  can  be 
selected  by  the  action  of  a  front-step  determining 
means  (i.e.,  assigning  units),  and  one  of  the  plural 
interruption  requests  having  the  same  priority 

35  order  can  be  selected  in  accordance  with  a  pre- 
determined  priority  by  the  action  of  a  rear-step 
determined  means  (i.e,  selecting  units). 

OR  gate  418  is  at  the  logical  value  "0"  at  all  times. 
An  AND  gate  432  responds  to  the  interruption 
signal  103.  At  this  time,  when  both  the  signals  102- 
1  and  1  02-2  are  the  logical  value  "0",  and  when  the 
interruption  signal  103  is  the  logical  value  "1  ",  the 
output  of  an  AND  gate  406  becomes  the  logical 
value  "1"  so  that  the  R-S-F/F  407  is  set.  Likewise, 
when  the  signal  102-1  is  at  the  logical  value  "0" 
whereas  the  signal  1  02-2  is  at  the  logical  value  "1  " 
and  when  the  interruption  signal  103  is  at  the 
logical  value  "1",  the  output  of  an  AND  gate  408 
becomes  the  logical  value  "1"  so  that  the  R-S-F/F 
409  is  set.  When  the  signal  102-1  is  at  the  logical 
value  "1"  whereas  the  signal  102-2  is  at  the  logical 
value  "0"  and  when  the  interruption  signal  103  is 
at  the  logical  value  "1",  the  output  of  and  AND  gate 
41  0  becomes  the  logical  value  "1"  so  that  the  R-S- 
F/F  411  is  set.  When  both  the  signals  102-1  and  102- 
2  are  at  the  logical  value  "1"  and  when  the 
interruption  signal  103  is  at  the  logical  value  "1", 
the  output  of  an  AND  gate  41  2  becomes  the  logical 
value  "1"  so  that  the  R-S-F/F  413  is  set. 

In  response  to  the  interruption  signal  103,  the 
supply  of  a  clock  425  to  the  T-F/F  401  is  inhibited  by 
an  AND  gate  424.  AND  gates  414,  415,  416  and  417 
and  an  OR  gate  41  8  output  signals  for  resetting  the 
T-F/Fs  401  and  402  when  the  priority  data  being  set 
in  the  R-S-F/Fs  407  to  413  is  equal  to  the  scanning 
data  102. 

This  embodiment  is  suitable  for  an  application 
system  in  which  a  plurality  of  interruption  sources 
have  the  same  priority  level. 

Fig.  12  is  a  circuit  diagram  showing  that  priority 
setting  unit  111,  and  Fig.  13  is  a  timing  chart  of  the 
same.  Now,  the  following  description  is  directed  to 
the  case  in  which  the  contents  of  the  priority 
assigning  units  105-A,  105-C  and  105-D  corre- 
sponding  to  the  sources  A,  C  and  D,  respectively, 
are  set  at  the  value  "3"  and  in  which  the  interrup- 
tion  request  signals  100-A,  100-C  and  100-D  are 
simultaneously  generated. 

When  the  scanning  data  102  becomes  the  value 
"3",  all  the  coincidence  signals  109-A,  109-C  and 
109-D  are  simultaneously  becomes  the  logical 
value"1"(atatimingT1  of  Fig.  13).Atthistime,the 
storage  units  107-A,  107-C  and  107-D  have  stored 
the  interruption  request  signals.  When  the 
interruption  control  units  106-A,  106-C  and  106-D 
are  in  a  non-mask  state,  they  outputs  the  logical 
value  "1".  The  output  of  the  interruption  receiving 
unit  108-A  becomes  the  logical  value  "1",  so  that 
the  OR  gate  501  of  the  priority  setting  unit  111 
outputs  the  logical  value  "1".  At  this  time,  the 
output  of  the  interruption  receiving  unit  108-B  is  at 
the  logical  value  "0"  becomes  of  absence  of  the 
interruption  request.  At  this  time,  however,  the 
output  lines  112-C  and  112-D  is  the  logical  value 
"1",  so  that  the  interruption  receiving  signals  110- 
C  and  110-D,  i.e.,  the  outputs  of  the  interruption 
receiving  units  108-C  and  D  becomes  the  logical 
value  "0".  In  this  case,  only  the  interruption 
receiving  signal  is  transferred  to  the  CPU,  whereas 
the  other  interruption  receiving  signals  110-C  and 
110-D  are  inhibited  even  if  the  interruptions  are 
enabled  and  demanded.  More  specifically,  only 

Claims 

1.  An  interruption  control  apparatus  comprising 
first  storing  means  (105-A-D)  for  storing  pro- 
grammable  priority  data,  detecting  means  (104-A- 
D)  for  detecting  priority  by  use  of  the  priority  data 
stored  in  the  first  storing  means,  and  a  second 
storing  means  (100-A-D)  for  storing  an  interrup- 
tion  request  signal,  characterized  in  that  there  is 
provided  means  (1  01  ,  1  02;  401  ,  402)  for  generating 
all  possible  priority  data  in  the  priority  order  and 
transferring  them  one  by  one  to  the  detecting 
means  and  means  (108-A-D)  for  allowing  an 
interruption  request  only  when  the  second  storing 
means  (100-A-D)  stores  the  interruption  request 
signal  at  the  time  that  the  corresponding  detecting 
means  indicates  equality  of  the  programmed 
priority  data  with  the  generated  priority  data,  the 
apparatus  further  comprising  means  for  inhibiting 
the  generation  of  priority  data  of  a  priority  level 
lower  than  that  for  which  the  interruption  request 
has  been  allowed. 

2.  The  apparatus  of  Claim  ^characterized  in  that 
the  means  for  generating  includes  a  counter  (401, 
402). 
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Patentanspriiche 

1.  Appareil  de  commande  d'interruption  com- 
pFenant  un  premier  moyen  de  stockage  (105-A-D) 
pour  stocker  des  donnees  prioritaires  program- 
mables,  un  moyen  de  detection  (104-A-D)  pour 
detecter  la  priorite  par  utilisation  de  la  donnee 
prioritaire  stockee  dans  le  premier  moyen  de 
stockage,  et  un  second  moyen  de  stockage  (100- 
A-D)  pour  stocker  un  signal  de  demande  d'inter- 
ruption,  caracterise  en  ce  qu'on  fournit  un  moyen 
(101,  102;  401,  402)  pour  generer  toutes  les 
donnees  prioritaires  possibles  dans  I'ordre  de 
priorite  et  les  transferor  une  par  une  au  moyen  de 
detection  et  a  un  moyen  (108-A-D)  pour  ne  per- 
mettre  une  demande  d'interruption  que  lorsque  le 
second  moyen  de  stockage  (100-A-D)  stocke  le 
signal  de  demande  d'interruption  au  moment  ou 
le  moyen  de  detection  correspondant  indique 
I'egalite  des  donnees  prioritaires  programmees  et 
des  donnees  prioritaires  generees,  I'appareil 
comprenant  en  outre  un  moyen  pour  inhiber  la 
generation  de  donnees  prioritaires  ayant  un 
niveau  de  priorite  inferieur  a  celui  pour  lequel  la 
demande  d'interruption  a  ete  autorisee. 

2.  Appareil  selon  la  revendication  1,  caracterise 
en  ce  qque  le  moyen  de  generation  comprend  un 
compteur  (401,  402). 

1.  Vorrichtung  zur  Steuerung  von  Unterbrechun- 
gen  mit  ersten  Speichereinrichtungen  (105-A-D) 
zum  Speichern  von  programmierbaren  Prioritats-  5 
daten,  Detektoreinrichtungen  (104-A-D)  zum 
Detektieren  von  Prioritaten  unter  Verwendung  der 
in  den  ersten  Speichereinrichtungen  gespeicher- 
ten  Prioritatsdaten,  und  einer  zweiten  Speicher- 
einrichtung  (100-A-D)  zum  Speichern  eines  Unter-  w 
brechungs-Anforderungssignals,  gekennzeichnet 
durch  Einrichtungen  (101,  102;  401,  402)  zum 
Erzeugen  aller  moglichen  Prioritatsdaten  in  der 
Rangfolge  der  Prioritaten  und  zum  einzelnen 
Ubertragen  der  Prioritatsdaten  zu  den  Detektor-  w 
einrichtungen  und  Einrichtungen  (108-A-D),  die 
eine  Unterbrechungsanfrage  nur  dann  gestatten, 
wenn  die  zweite  Speichereinrichtung  (100-A-D) 
das  Unterbrechungs-Anforderungssignal  in  dem 
Moment  speichert,  in  dem  die  entsprechende  20 
Detektoreinrichtung  die  Ubereinstimmung  der 
programmierten  Prioritatsdaten  mit  den  erzeug- 
ten  Prioritatsdaten  anzeigt,  wobei  die  Vorrichtung 
ferner  Einrichtungen  aufweist,  die  das  Erzeugen 
von  Prioritatsdaten  verhindem,  die  einen  niedri-  25 
geren  Prioritatsrang  haben,  als  der  der  zuvor 
gestatteten  Unterbrechungsanfrage. 

2.  Vorrichtung  nach  Anspruch  1,  dadurch 
gekennzeichnet,  da(5  die  Erzeugungseinrichtung 
einen  Zahler  (40!,  402)  aufweist.  30 
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