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Description 

Background  of  the  Invention 

(1)  Field  of  the  Invention 

The  present  invention  relates  to  a  method  and  ap- 
paratus  for  the  development  of  a  control  program. 
More  particularly,  the  present  invention  relates  to  a 
method  and  apparatus  capable  of  developing  newly 
and  efficiently  a  control  program  for  a  computer  for  a 
control  unit  not  provided  with  a  program  develop- 
ment-supporting  tool  for  checking  a  newly  prepared 
control  program. 

(2)  Description  of  the  Related  Art 

Recently,  micro-computers  are  frequently  used 
for  various  control  devices  of  automobiles,  and  espe- 
cially  in  an  engine  control  apparatus,  in  order  to  im- 
prove  engine  performances,  a  complicated  logic  pro- 
gram  is  executed  by  a  micro-computer  to  control  the 
fuel  supply  quantity  and  the  ignition  timing. 

In  forming  a  program  for  the  control  by  the  micro- 
computer,  use  of  a  high-level  language  which  is  a  pro- 
gramming  language  having  a  structure  relatively 
close  to  the  structure  of  the  human  language,  such  as 
C,  FORTRAN,  PASCAL,  COBOL  or  PL/I,  is  consid- 
ered  advantageous  because  the  burden  on  a  pro- 
grammer  is  reduced  and  the  number  of  errors  can  be 
decreased.  Namely,  in  case  of  the  assembler  lan- 
guage,  which  is  closer  to  the  machine  language  than 
the  high-level  language,  the  flow  of  the  program  can 
hardly  be  checked  unless  a  flow  chart  is  drawn  for  fa- 
cilitation.  In  contrast,  in  case  of  the  high-level  lan- 
guage,  since  the  structured  design  is  often  adopted, 
the  flow  of  the  program  can  be  easily  checked  and  an 
error  can  be  easily  found.  Accordingly,  programming 
using  a  high-level  language  is  considered  desirable. 

Furthermore,  a  program  can  be  efficiently  devel- 
oped  by  using,  instead  of  a  micro-computer  to  be  de- 
veloped,  which  is  assembled  in  a  product  based  on  a 
machine  language  translated  from  a  program  of  a 
high-level  language  by  a  compiler,  an  emulator  per- 
forming  an  equivalent  operation  and  checking  the 
content  of  the  operation  based  on  the  high-level  lan- 
guage.  This  is,  for  instance,  disclosed  in  US-A-  4  847 
805. 

However,  when  high-performance  CPU  is  newly 
developed,  development  of  a  high-level  language  cor- 
responding  to  this  CPU  is  generally  deferred  and  in  an 
extreme  case,  the  development  of  a  high-level  lan- 
guage  is  undertaken  at  all.  Accordingly,  even  if  high- 
performance  CPU  is  developed,  in  order  to  develop 
a  new  control  program  by  this  CPU,  it  is  necessary  to 
write  the  control  program  by  an  assembler  language, 
with  the  result  that  the  burden  on  a  programmer  in- 
creases  and  the  error  occurrence  rate  increases,  and 

therefore,  the  number  of  steps  for  developing  the  con- 
trol  program  increases.  Hence,  it  is  desired  that  pro- 
gramming  with  a  high-level  language  will  become 
possible  even  in  newly  developed  CPU.  Moreover,  it 

5  often  happens  that  even  the  above-mentioned  emu- 
lator  fails  to  cope  with  new  CPU,  and  it  is  difficult  to 
develop  a  program  efficiently. 

Summary  of  the  Invention 
10 

It  is  an  object  of  the  present  invention  to  provide 
a  development  method  and  apparatus  for  efficiently 
developing  a  control  program  of  a  computer  for  a  con- 
trol  unit,  which  is  not  provided  with  a  program  devel- 

15  opment-supporting  tool  for  checking  an  operation  of 
a  newly  prepared  program. 

According  to  the  present  invention,  this  object 
can  be  attained  by  a  method  as  claimed  in  claim  1  and 
an  apparatus  as  claimed  in  claim  5. 

20  More  specifically,  a  new  control  program  is  pre- 
pared  by  a  high-level  language,  this  new  control  pro- 
gram  is  executed  by  the  development  computer  pro- 
vided  with  the  program  development-supporting  tool 
instead  of  the  computer  to  be  developed,  and  the  re- 

25  suit  of  the  execution  is  put  out  into  the  development 
computer,  whereby  the  development  computer  is 
caused  to  act  as  if  processing  based  on  the  new  con- 
trol  program  were  performed  by  the  computer  to  be 
developed. 

30  If  an  interface  computer  provided  with  RAM  in 
which  the  result  of  processing  of  the  development 
computer  is  written  and  RAM  in  which  the  result  of 
processing  of  the  computer  to  be  developed  is  written 
is  disposed  between  the  computer  to  be  developed 

35  and  the  development  computerso  that  the  processing 
results  of  the  respective  computers  are  stored  in 
these  RAM's  of  the  interface  computer  and  one  com- 
puter  reads  out  the  processing  result  of  the  other  com- 
puter  from  the  corresponding  RAM,  a  good  real-time 

40  characteristic  can  be  maintained  in  the  transfer  of 
data  between  the  development  computer  and  the 
computer  to  be  developed. 

If,  when  the  computer  to  be  developed  makes  ac- 
cess  to  a  specific  address  of  RAM  and  rewrites  the 

45  content  thereof,  the  development  computer  reads  in 
the  rewritten  content  and  performs  computing  proc- 
essing  based  on  the  new  control  program  and  the 
processing  result  is  put  out  into  the  computer  to  be  de- 
veloped,  the  processing  based  on  the  newly  devel- 

50  oped  program  can  be  executed  while  the  content  of 
the  processing  executed  by  the  computer  to  be  devel- 
oped  is  being  grasped  by  the  development  computer. 

Furthermore,  if  an  interface  computer  provided 
with  RAM  in  which  the  result  of  processing  of  the  de- 

55  velopment  computer  is  written  and  RAM  in  which  the 
result  of  processing  of  the  computer  to  be  developed 
is  written  is  disposed  between  the  development  com- 
puter  and  the  computer  to  be  developed,  and  if,  when 

2 



3 EP0  411  584  B1 4 

the  development  computer  makes  access  to  a  specif- 
ic  address  of  the  above-mentioned  RAM,  the  inter- 
face  computer  transfers  data  of  the  development 
computer  to  the  computer  to  be  developed  by  inter- 
rupt  processing  and  when  the  computer  to  be  devel- 
oped  makes  access  to  a  specific  address  of  the 
above-mentioned  RAM,  the  interface  computer 
transfers  data  of  the  computer  to  be  developed  to  the 
development  computer  by  interrupt  processing, 
transfer  of  data  between  both  the  computers  can  be 
executed  by  interrupt  processing  and  high-speed 
transfer  of  data  can  be  accomplished. 

Moreover,  according  to  the  present  invention, 
there  is  provided  an  apparatus  for  developing  a  con- 
trol  program,  which  comprises  a  computer  to  be  de- 
veloped,  which  constitutes  a  control  unit  for  control- 
ling  an  object  of  control,  and  a  development  computer 
provided  with  a  program  development-supporting  tool 
for  checking  an  operation  of  a  new  control  program 
written  by  a  high-level  language,  wherein  a  new  con- 
trol  program  written  by  a  high-level  language  for  con- 
trol  the  object  of  control  is  executed  by  the  develop- 
ment  computer  and  the  result  of  processing  by  the  de- 
velopment  computer  is  put  out  into  the  computer  to  be 
developed,  and  the  control  based  on  the  new  control 
program  is  executed  by  the  computer  to  be  devel- 
oped. 

Since  the  operation  of  the  program  is  checked  by 
the  program  development-supporting  tool  in  the  de- 
velopment  developer,  the  new  program  is  executed 
by  this  development  computer  to  check  the  operation 
of  the  new  control  program  and  the  result  of  process- 
ing  based  on  the  new  control  program  is  put  out  into 
the  computer  to  be  developed,  whereby  the  control  of 
the  object  of  control,  including  the  control  of  the  newly 
developed  portion,  can  be  executed  by  the  computer 
to  be  developed  and  it  can  be  confirmed  how  the  ac- 
tual  control  is  performed  according  to  the  new  control 
program. 

If  an  interface  computer  provided  with  RAM  in 
which  the  result  of  processing  of  the  development 
computer  is  written  and  RAM  in  which  the  result  of 
processing  of  the  computer  to  be  developed  is  written 
is  disposed  between  the  computer  to  be  developed 
and  the  development  computer  so  that  transfer  of 
data  between  both  the  computers  through  the  above- 
mentioned  RAM's,  a  real-time  characteristic  can  be 
ensured  for  transfer  of  data. 

Moreover,  if  there  is  adopted  a  structure  in  which 
when  the  computer  to  be  developed  makes  access  to 
a  specific  address  of  RAM  to  rewrite  the  content 
thereof,  the  development  computer  reads  in  the  re- 
written  content  and  performs  compution  processing 
based  on  the  new  control  program  and  the  result  of 
this  processing  is  put  out  into  the  computer  to  be  de- 
veloped,  processing  by  the  control  program  built  in 
the  computer  to  be  developed  can  be  grasped  by  the 
developing  computer  and  the  new  control  program 

can  be  executed  based  on  this  information  by  the  de- 
velopment  computer,  and  furthermore,  the  operation 
timing  of  the  control  program  of  the  development 
computer  can  be  made  synchronous  with  the  opera- 

5  tion  timing  of  the  computer  to  be  developed. 
Still  further,  if  an  interface  computer  provided 

with  RAM  in  which  the  result  of  processing  of  the  de- 
velopment  computer  is  written  and  RAM  in  which  the 
result  of  processing  of  the  computer  to  be  developed 

10  is  written  is  disposed  between  the  computer  to  be  de- 
veloped  and  the  development  computer  and  if  a  func- 
tion  of  transferring  data  of  the  development  computer 
to  the  computer  to  be  developed  by  interrupt  process- 
ing  when  the  development  computer  makes  access  to 

15  a  specific  address  of  the  above-mentioned  RAM  and 
a  function  of  transferring  data  of  the  computer  to  be 
developed  to  the  development  computer  by  interrupt 
processing  when  the  computer  to  be  developed 
makes  access  to  a  specific  address  of  the  above- 

20  mentioned  RAM  are  given  to  this  interface  computer, 
transfer  of  data  between  both  the  computers  can  be 
performed  at  a  high  speed  by  interrupt  processing, 
and  reduction  of  the  processing  speed  by  distribution 
of  processing  into  the  development  computer  and  the 

25  computer  to  be  developed  can  be  prevented. 
Other  objects  and  aspects  of  the  present  inven- 

tion  will  become  apparent  from  an  embodiment  de- 
scribed  hereinafter  with  reference  to  the  accompany- 
ing  drawings. 

30 
Brief  Description  of  the  Drawings 

Fig.  1  is  a  block  diagram  illustrating  the  entire 
structure  of  one  embodiment  of  the  method  and  ap- 

35  paratus  for  developing  a  control  program  according  to 
the  present  invention. 

Fig.  2  is  a  block  diagram  illustrating  the  structure 
of  the  development  computer  shown  in  Fig.  1. 

Fig.  3  is  a  block  diagram  illustrating  the  structure 
40  of  the  interface  computer  shown  in  Fig.  1. 

Fig.  4  is  a  system  diagram  of  an  engine  which  is 
an  object  of  control  in  the  above-mentioned  embodi- 
ment. 

Figs.  5  through  10  are  flow  charts  illustrating  ex- 
45  amples  of  the  control  for  developing  new  control  pro- 

grams  in  the  above-mentioned  embodiment. 

Detailed  Description  of  the  Preferred  Embodiment 

so  The  structure  of  the  apparatus  for  developing  a 
control  program  according  to  the  present  invention  is 
outlined  in  Fig.  1.  An  embodiment  of  the  apparatus 
and  method  for  developing  a  control  program  is  illu- 
strated  in  Figs.  2  through  10. 

55  Referring  to  Fig.  a  control  unit  1  is  loaded  as  a 
product  on  a  vehicle  to  control  the  fuel  supply  quan- 
tity  or  the  ignition  timing  in  an  engine  2  as  the  object 
of  control,  and  a  first  micro-computer  3  correspond- 

3 
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ing  to  the  micro-computer  to  be  developed  is  built  in 
the  control  unit  1.  This  first  micro-computer  3  com- 
prises  CPU,  ROM,  RAM,  I/O  and  A/D  converter,  and 
various  programs  for  the  control  of  the  engine  are 
stored  in  the  above-mentioned  ROM. 

Detection  signals  of  various  sensors  for  engine- 
driving  conditions  such  as  throttle  valve  opening  de- 
gree  TVO  and  engine  revolution  number  N  are  put  into 
this  control  unit  1.  Based  on  these  detection  signals, 
the  first  micro-computer  3  determines  control  values 
of  the  fuel  supply  quantity,  the  ignition  timing  and  the 
like  and  puts  out  control  signals  to  a  fuel  injection 
valve,  a  power  transistor  or  the  like. 

Incidentally,  the  control  program  set  at  ROM  of 
the  first  micro-computer  3  built  in  the  control  unit  1  is 
one  formed  by  translating  a  program  constructed  by 
an  assembler  language  into  a  machine  language,  and 
not  one  formed  by  translating  a  program  constructed 
by  a  high-level  language  into  a  machine  language. 
The  present  invention  is  based  on  the  assumption 
that  a  high-level  language  corresponding  to  CPU  of 
the  first  micro-computer  3  has  not  been  developed, 
and  the  control  program  developed  by  the  assembly 
language  is  set  at  ROM.  In  the  present  embodiment, 
a  part  of  the  control  program  developed  by  the  as- 
sembler  language  and  already  built  in  the  first  micro- 
computer  3  is  newly  developed  and  changed  and  this 
program  newly  formed  by  a  high-level  language  is 
translated  into  a  machine  language  and  is  executed 
by  the  control  program-developing  apparatus  of  the 
present  invention,  not  by  the  first  micro-computer, 
whereby  the  operation  of  the  engine  2  is  controlled 
and  the  synergistic  test  of  softwares  and  hardwares 
is  accomplished. 

The  control  unit  at  the  stage  of  the  product  con- 
trols  the  engine  2  singly,  butwhena  part  of  the  control 
program  in  the  first  micro-computer  3  of  the  control 
unit  1  is  changed  and  developed,  as  shown  in  the 
drawings,  a  development  micro-computer  5  is  con- 
nected  through  an  interface  micro-computer  4,  and  in 
this  development  micro-computer  5,  a  new  control 
program  is  executed  and  the  result  is  put  out  in  to  the 
control  unit  1  through  the  interface  micro-computer4, 
whereby  the  engine  2  is  controlled  based  on  the  result 
of  processing  by  the  development  micro-computer  5 
and  the  result  of  processing  in  the  first  micro-comput- 
er  3. 

The  development  micro-computer  5  executes  the 
new  program  formed  for  the  first  micro-computer  3  in- 
stead  of  the  first  micro-computer  3.  For  the  execution 
of  the  new  program  by  the  development  micro-com- 
puter  5,  a  new  program  (source  program)  is  formed 
with  a  high-level  language  by  another  micro-comput- 
er  (host  computer),  and  this  new  program  is  translat- 
ed  into  a  machine  language  and  then  transported  to 
the  development  micro-computer  5.  Incidentally,  a 
program  development-assiting  tool  sufficient  to  take 
a  bug  in  the  program  for  the  first  micro-computer  3, 

for  example,  an  emulator,  is  disposed  in  the  above- 
mentioned  micro-computer  for  forming  a  new  pro- 
gram  with  a  high-level  language,  and  furthermore,  a 
compiler  for  translating  a  high-level  language  into  a 

5  machine  language,  such  as  C,  FORTRAN  or  PAS- 
CAL,  is  disposed  in  the  above-mentioned  micro-com- 
puter.  In  the  present  embodiment,  the  development 
computer  is  constructed  by  the  development  micro- 
computer  5  and  the  above-mentioned  micro-comput- 

10  er  for  forming  a  source  program  with  a  high-level  lan- 
guage.  Incidentally,  there  can  be  adopted  a  modifica- 
tion  in  which  a  source  program  is  formed  with  a  high- 
level  language  in  the  development  computer,  the  pro- 
gram  is  translated  into  a  machine  language  by  a  com- 

15  piler,  and  the  program  is  executed  after  debugging  by 
an  accessory  program  development-supporting  tool. 

The  development  micro-computer  5  and  the  in- 
terface  micro-computer  4  will  now  be  described  in  de- 
tail  with  reference  to  Figs.  2  and  3. 

20  As  shown  in  Fig.  2,  the  development  micro-com- 
puter  5  comprises  in  general  CPU  10,  RAM  11,  ROM 
12,  l/OLS1  13  and  l/F  14,  and  the  development  micro- 
computer  5  further  comprises  buffer  II  15  used  for 
putting  out  data  to  an  interface  device  4,  a  general- 

25  purpose  interface  (GPIB)  16,  RAM  17forstoring  RAM 
data  transmitted  from  the  interface  micro-computer 
4,  and  an  address  latch  1  8  for  latching  an  access  ad- 
dress  of  this  RAM  17.  A  man-machine  interface  such 
as  a  keyboard  or  a  monitor  is  connected  to  the  above- 

30  mentioned  l/F  14. 
As  shown  in  Fig.  3,  the  interface  micro-computer 

4  comprises  a  probe  box  A,  a  body  B  and  control  box 
C. 

The  probe  box  A  is  an  interface  connected  to  the 
35  first  micro-computer  3  of  the  control  unit  1,  which 

comprises  emulation  RAM  (EMST-RAM;  2-bank 
structure  for  each  64  k-bytes)  21  ,  for  reading  data 
from  the  developing  micro-computer  into  the  first  mi- 
cro-computer  3,  a  photocoupler22  acting  as  RAM-I/O 

40  for  an  access  to  this  emulation  RAM  21  from  the  body 
B,  and  an  optical  character  buffer  23  for  emitting  RAM 
data  of  the  first  micro-computer  3  to  the  body  B. 

The  body  B  earthed  through  the  probe  box  A  and 
a  cable  comprises  an  optical  character  buffer  31  con- 

45  stituting  I/O  of  the  emulation  RAM  21  together  with 
the  photocoupler  22,  and  a  photocoupler  32  for  con- 
verting  signals  from  the  optical  character  buffer  23, 
which  constitutes  RAM-I/O  together  with  the  buffer 
23. 

50  Emulation  RAM  (EMST-RAM)  33  for  reading  data 
from  the  first  micro-computer  3  into  the  development 
micro-computer  5  is  connected  to  the  photocoupler 
32.  This  emulation  RAM  33  has  a  2-bank  structure  for 
every  64  k-bytes  and  a  storage  capacity  of  64  k-bytes 

55  X  2  for  setting  a  flag  at  every  address  of  a  work  length 
of  8  bits. 

The  emulation  RAM  33  is  controlled  by  data  bus 
CPU  34,  and  RAM  data  of  the  emulation  RAM  33  read 

4 
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out  at  the  data  bus  CPU  34  is  put  out  into  the  devel- 
opment  micro-computer  5  through  a  buffer  36  consti- 
tuting  a  development  computer  interface  35  (parallel 
signal  line  C2)  and  is  stored  in  RAMI  17  of  the  devel- 
opment  micro-computer  5.  5 

The  development  computer  interface  35  compris- 
es  RAM  37  for  storing  ROM  data  emitted  through  the 
buffer  I1  15  of  the  development  micro-computer  5  and 
a  parallel  signal  line  C1,  and  an  address  latch  38  for 
latching  an  access  address  of  this  RAM  37,  which  are  10 
arranged  so  that  the  contents  of  RAM  37  and  address 
latch  38  are  read  out  a  main  CPU  39.  The  main  CPU 
39  is  constructed  so  that  the  main  CPU  39  can  com- 
municate  with  the  above-mentioned  data  bus  CPU  34 
and  parallel  signals  can  be  transferred  between  the  15 
main  CPU  39  and  the  control  unit  box  C  as  the  man- 
machine  interface. 

The  data  put  out  through  the  buffer  15  of  the  de- 
velopment  micro-computer  5  is  put  into  an  interface 
substrate  40  of  the  interface  micro-computer  4  20 
through  a  parallel  signal  line  C3.  A  printer41  and  ROM 
writers  41  and  42  are  connected  to  this  interface  sub- 
strate  40  controlled  by  the  main  CPU  39. 

A  liquid  crystal  device  (LCD)  and  a  ten-key  board 
are  arranged  in  the  control  box  C.  25 

In  the  above-mentioned  structured,  if  the  inter- 
face  micro-computer  4  is  connected  to  the  first  micro- 
computer  3  of  the  control  unit  1  ,  CPU  of  the  first  mi- 
cro-computer  3,  like  installed  RAM,  makes  access  to 
the  above-mentioned  emulation  RAM's  21  and  33  30 
and  puts  out  RAM  data  of  the  first  micro-computer  3 
to  the  development  micro-computer  5  in  parallel.  Fur- 
thermore,  CPU  of  the  first  micro-computer  3  emits  the 
result  of  processing  of  the  development  micro-com- 
puter  5  into  the  first  micro-computer  3.  35 

Accordingly,  if  any  additional  hardware  is  attach- 
ed  to  the  first  micro-computer  3  or  development  mi- 
cro-computer  5,  parallel  data  communication  can  be 
performed  at  a  high  speed  by  the  interface  micro- 
computer  4,  and  furthermore,  any  debugging  hard-  40 
ware  need  not  be  added  to  the  first  micro-computer 
3. 

An  example  of  the  development  of  a  program  by 
this  control  program-developing  apparatus  will  now 
be  described.  An  extraction  of  the  construction  of  the  45 
engine  2  controlled  by  the  control  unit  1  is  illustrated 
in  Fig.  4. 

Air  is  sucked  into  the  engine  2  through  an  air 
cleaner  52,  a  suction  duct  53,  a  throttle  chamber  54 
and  a  suction  manifold  55.  A  throttle  valve  57  for  va-  50 
riably  controlling  the  open  area  of  the  throttle  cham- 
ber  54  in  co-operation  with  an  accelerator  pedal  not 
shown  in  the  drawings  is  disposed  in  the  throttle 
chamber  54  to  control  the  suction  air  flow  quantity  Q. 

A  potentiometer  for  detecting  the  opening  degree  55 
TVO  of  the  throttle  valve  57  and  a  throttle  sensor  58 
including  an  idle  switch  58  which  is  turned  on  when 
the  throttle  valve  57  is  at  a  wholly  closed  position  (idle 

position)  are  arranged  in  the  throttle  valve  57. 
An  air  flow  meter  59  for  detecting  the  suction  air 

flow  quantity  Q  of  the  engine  2  is  arranged  in  the  suc- 
tion  duct  upstream  of  the  throttle  valve  57  to  put  out 
a  voltage  signal  Us  corresponding  to  the  suction  air 
flow  quantity  Q. 

An  electromagnetic  fuel  injection  valve  60  for 
each  cylinder  is  arranged  at  each  branch  of  the  suc- 
tion  manifold  55  located  downstream  of  the  throttle 
valve  57.  The  fuel  injection  valve  60  is  driven  and 
opened  by  a  driving  pulse  signal  emitted  at  a  timing 
synchronous  with  the  revolution  of  the  engine  from 
the  control  unit  1  to  inject  and  supply  a  fuel  fed  under 
pressure  from  a  fuel  pump  not  shown  in  the  drawings 
and  having  the  pressure  adjusted  to  a  predetermined 
level  by  a  pressure  regulator,  into  the  suction  mani- 
fold  55. 

Furthermore,  a  water  temperature  sensor  61  for 
detecting  the  temperature  Tw  of  cooling  water  in  a 
cooling  jacket  of  the  engine  2  is  disposed,  and  an  ig- 
nition  plug  56  is  exposed  to  a  combustion  chamber  of 
each  cylinder. 

The  control  unit  1  is  detects  the  engine  revolution 
number  N  by  counting  unit  crank  angle  signals  POS 
emitted  synchronously  with  the  revolution  of  the  en- 
gine  from  a  crank  angle  sensor  62  for  a  predeter- 
mined  time  or  measuring  the  frequency  of  reference 
crank  angle  signals  REF  emitted  at  every  crank  angle 
position. 

The  control  unit  1  computes  the  fuel  injection 
quantity  Ti  based  on  detection  signals  from  the 
above-mentioned  sensors  and  emits  a  driving  pulse 
signal  having  a  pulse  width  corresponding  to  the  fuel 
injection  quantity  Ti  to  each  fuel  injection  valve  60  at 
a  predetermined  timing  to  control  the  supply  of  the 
fuel  into  each  cylinder. 

The  computation  control  of  the  fuel  injection 
quantity  Ti  conducted  by  the  first  micro-computer  3  of 
the  control  unit  1  will  now  be  described  in  detail  with 
reference  to  programs  illustrated  in  flow  charts  of 
Figs.  5  and  6.  The  programs  shown  in  the  flow  charts 
of  Figs.  5  and  6  are  those  preliminarily  developed  and 
formed  by  an  assembly  language  and  stored  in  ROM 
of  the  first  micro-computer  3. 

The  program  shown  in  the  flow  chart  of  Fig.  5  is 
executed  at  every  4  ms,  and  the  weighted  mean  suc- 
tion  air  flow  quantity  Qav  is  computed  according  to 
this  program. 

At  step  1  (S1  in  the  drawings;  subsequent  steps 
are  similarly  indicated  in  the  drawings),  a  voltage  sig- 
nal  Us  corresponding  to  the  suction  air  flow  quantity 
Q  is  received  from  the  air  flow  meter  59.  At  next  step 
2,  the  suction  airflow  quantity  Q  corresponding  to  the 
voltage  signal  Us  received  at  step  1  is  retrieved  and 
determined  from  a  preliminarily  set  map. 

At  step  3,  a  flag  Flag  at  which  1  is  set  at  the  time 
of  development  of  a  control  program  is  judged.  At  the 
control  by  the  control  unit  1  alone,  zero  is  set  at  the 
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above-mentioned  flag  Flag,  and  therefore,  normally, 
the  routine  goes  into  step  4  from  step  3. 

At  step  4,  based  on  the  suction  air  flow  quantity 
Q  obtained  at  step  2  at  the  present  execution  and  the 
weighted  mean  suction  airflow  quantity  Qav  obtained 
at  step  4  at  the  preceding  execution,  a  new  weighted 
mean  suction  air  flow  quantity  Qav  is  calculated  by 
using  a  weighting  constant  X  according  to  the  follow- 
ing  formula: 

Qav^-X  Qav  +  (1  -  X)  Q 
The  program  shown  in  the  flow  chart  of  Fig.  6  is 

executed  at  every  10  ms,  and  the  fuel  injection  quan- 
tity  Ti  is  computed  according  to  this  program. 

At  step  21  ,  the  throttle  valve  opening  degree  TVO 
detected  by  the  throttle  sensor  58,  the  cooling  water 
temperature  Tw  detected  by  the  water  temperature 
sensor  61  and  the  engine  revolution  number  N  calcu- 
lated  based  on  the  detection  signal  from  the  crank  an- 
gle  sensor  62  are  received. 

As  step  22,the  basic  fuel  injection  quantity  Tp  is 
calculated  according  to  the  following  formula: 

Tp  <-  K  X  Qav/N 
wherein  K  is  a  constant  and  Qav  is  the  weight- 

ed  mean  suction  air  flow  quantity  calculated  accord- 
ing  to  the  flow  chart  of  Fig.  5. 

At  next  step  23,  the  judgement  of  a  flag  Flag  is 
performed  in  the  same  manner  as  conducted  in  the 
flow  chart  of  Fig.  5.  Also  in  this  flow  chart,  in  the  nor- 
mal  state,  it  is  judged  that  zero  is  set  at  the  flag  Flag, 
and  the  routine  goes  into  step  24. 

At  step  24,  the  change  ratio  ATVO  of  the  throttle 
valve  opening  degree  TVO  per  unit  time  is  calculated. 

At  step  25,  coefficients  corresponding  to  the  ba- 
sic  fuel  injection  quantity  Tp,  throttle  valve  opening 
degree  change  ratio  ATVO,  engine  revolution  number 
N  and  cooling  water  temperature  Tware  retrieved  and 
determined  from  preliminarily  set  maps,  and  a  fuel 
correction  coefficient  Kf  uel  is  determined  by  multiply- 
ing  these  coefficients. 

At  step  26,  a  final  fuel  injection  quantity  Ti  (<-  Tp 
X  Kfuel  +  Ts)  is  calculated  from  the  fuel  correction 
coefficient  calculated  at  step  25  and  a  correction 
component  Ts  for  correcting  the  change  of  the  effec- 
tive  open  time  of  the  fuel  injection  valve  60  according 
to  the  change  of  the  battery  voltage. 

In  the  case  where  new  programs  are  developed 
for  improving  the  program  for  computing  the  weighted 
mean  of  the  suction  air  flow  quantity  Q  in  the  flow 
chart  of  Fig.  5  and  the  program  for  computing  the  fuel 
correction  coeff  iciency  Kfuel  in  the  flow  chart  of  Fig. 
6,  it  is  necessary  that  a  new  control  program  should 
be  formed  and  this  new  control  program  should  be 
executed  to  test  the  driving  controllability  of  the  en- 
gine  2. 

Then,  the  test  result  of  the  control  program  is  fed 
back  and  improved  to  determine  a  control  program  of 
the  final  specification.  If  it  is  intended  to  perform  this 

operation  only  by  the  control  unit  1,  it  is  necessary  to 
set  a  program  newly  formed  by  an  assembler  lan- 
guage  at  ROM  of  the  first  micro-computer  3,  check 
the  operation  of  this  program  and  modify  and  develop 

5  the  control  program,  and  this  operation  is  complicat- 
ed.  However,  according  to  the  control  program-devel- 
oping  apparatus  of  the  present  embodiment,  instead 
of  the  first  micro-computer  3,  the  development  micro- 
computer  5  executes  a  program  formed  by  translating 

10  a  program  newly  developed  with  a  high-level  lan- 
guage  into  a  machine  language,  and  for  this  purpose, 
a  new  control  program  is  prepared  with  a  high-level 
language,  whereby  development  of  a  software  can  be 
performed  at  a  high  efficiency. 

15  The  function  of  the  control  program-developing 
apparatus  will  now  be  described  with  reference  to  a 
program  for  calculating  the  weighted  mean  of  the  suc- 
tion  airflow  quantity  Q  and  a  program  for  calculating 
the  fuel  correction  coefficient  Kfuel  as  examples. 

20  In  the  case  where  a  new  control  program  formed 
with  a  high-level  language  by  the  development  micro- 
computer  5  for  improving  a  part  of  the  control  program 
of  the  first  micro-computer  3  is  executed  and  this  new 
control  program  is  used  for  the  control  of  the  engine, 

25  1  is  set  at  flags  Flag  in  the  flow  charts  of  the  Figs.  5 
and  6. 

Accordingly,  at  the  flag-judging  step  in  each  of 
the  flow  charts  of  Figs.  5  and  6,  it  is  judged  that  1  is 
set  at  the  flag  Flag,  and  therefore,  in  each  flow  chart, 

30  the  calculation  of  the  weighted  mean  of  the  suction  air 
flow  quantity  Q  and  the  calculation  of  the  fuel  correc- 
tion  coefficient  Kfuel  are  not  performed,  but  the  fol- 
lowing  control  is  executed. 

In  case  of  the  flow  chart  of  Fig.  5,  when  it  is 
35  judged  at  step  3  that  the  flag  Flag  is  set  at  1  ,  the  rou- 

tine  goes  into  step  11  ,  and  zero  is  set  at  a  flag  Flag  2 
for  judging  whether  or  not  the  result  of  the  computa- 
tion  of  the  weighted  mean  suction  flow  quantity  Qav 
based  on  the  new  control  program  from  the  develop- 

40  ment  computer  5  is  returned. 
At  step  12,  the  data  of  the  suction  air  flow  quan- 

tity  Q  obtained  at  step  2  is  stored  at  a  predetermined 
address  position  of  installed  RAM.  At  this  point,  the 
emulation  RAM  33  of  the  body  B  of  the  interface  mi- 

45  cro-computer4  is  similarly  accessed  to  store  the  data 
of  the  suction  airflow  quantity  Q. 

One  specific  address  Adr(i)  is  preliminarily  set  as 
the  address  at  which  the  suction  air  flow  quantity  Q 
is  stored,  and  when  the  specific  address  Adr(i)  of  the 

so  emulation  RAM  33  is  accessed,  1  is  set  at  a  flag  FAdr 
(i)  corresponding  to  the  specific  address  Adr(i).  Inci- 
dentally,  the  storage  capacity  for  the  flag  FAdr  (i)  is 
secured  at  64  k-bits  X  2. 

Incidentally,  when  chip  enable  CE  of  the  first  mi- 
55  cro-computer  3  is  at  a  low  level,  the  writing  operation 

is  not  carried  out  in  the  first  micro-computer  3  and  the 
data  level  of  installed  RAM  of  the  first  micro-computer 
3  is  the  same  as  the  data  level  of  the  emulation  RAM 
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33,  and  therefore,  when  chip  enable  CE  rises  to  a  high 
level  from  the  low  level,  bankchange  is  effected  in  the 
emulation  RAM  33. 

When  1  is  set  at  the  above-mentioned  flag  FAdr 
(i),  the  content  of  the  specific  Adr(i),  that  is,  the  data 
of  the  suction  airflow  quantity  Q,  is  fed  to  the  buffer 
36  of  the  development  computer  interface  35,  and  this 
data  of  the  suction  airflowquantity  Q  is  stored  in  RAM 
1  7  of  the  development  micro-computer  5  through  this 
buffer  36.  In  this  state,  the  data  of  the  suction  airflow 
quantity  Q  can  be  read  out  by  CPU  10  of  the  devel- 
opment  micro-computer  5. 

The  control  of  transfer  of  the  RAM  data  of  the  first 
micro-computer  3  to  the  development  micro-comput- 
er  5,  which  is  executed  in  the  data  bus  CPU  34,  is 
shown  in  the  flow  chart  of  Fig.  7. 

It  is  judged  whether  the  flag  FAdr(i)  correspond- 
ing  to  the  preliminarily  set  specific  address  Adr(i)  is  1 
or  zero  (steps  101,  103,  ...).  When  the  flag  FAdr(i)  is 
at  1,  this  indicates  that  the  specific  address  Adr(i)  is 
accessed  by  the  first  micro-computer  3,  and  there- 
fore,  in  order  to  inform  the  development  micro-com- 
puter  5  of  this  processing  state  in  the  first  micro-com- 
puter  3,  the  content  of  the  accessed  specific  address 
Adr(i)  is  put  out  into  the  buffer  36  (steps  102,  104,  ...). 

The  content  of  the  specific  address  Adr(i)  put  out 
through  the  buffer  36  of  the  interface  computer  4  is 
stored  at  RAMI  17  of  the  development  computer  5, 
and  at  this  point,  the  specific  address  Adr(i)  is  latched 
by  an  address  latch  18. 

This  control  is  effected  for  each  specific  address 
Adr(i),  and  at  least  the  RAM  data  concerning  the  new- 
ly  developed  program  is  transferred  to  the  develop- 
ment  micro-computer  3  every  time  the  first  micro- 
computer  3  makes  access  and  performs  rewriting,  so 
that  the  development  micro-computer  5  can  grasp  the 
processing  state  of  the  first  micro-computer  3. 

Referring  to  the  flow  chart  of  Fig.  5  illustrating  the 
control  executed  in  the  first  micro-computer  3  again, 
when  storing  of  the  suction  airflowquantity  Q  in  RAM 
is  executed  at  step  1  2,  at  next  step  1  3,  a  code  indicat- 
ing  the  execution  of  4  ms  JOB  (the  program  of  calcu- 
lating  the  weighted  mean  of  the  suction  flow  quantity) 
is  stored  at  the  specific  address  Adr(i)  of  RAM. 

At  next  step  14,  the  judgement  is  repeated  until 
the  flag  Flag2  in  which  zero  is  set  at  step  1  1  becomes 
1  .  When  this  flag  Flag2  becomes  1  ,  the  present  pro- 
gram  is  ended. 

Setting  of  1  at  the  flag  Flag2  is  effected  in  the  fol- 
lowing  manner. 

When  the  code  indicating  the  execution  of  4  ms 
JOB  stored  at  step  1  3,  in  the  same  manner  as  at  the 
storing  of  the  suction  air  flow  quantity  Q,  a  specific 
address  of  the  emulation  RAM  33  is  accessed  and  by 
this  access,  1  is  set  at  the  corresponding  flag  FAdr(i), 
and  the  code  of  the  execution  of  4  ms  JOB  is  trans- 
ferred  to  RAM1  1  7  of  the  development  micro-computer 
5  in  parallel  through  the  buffer  36.  At  this  point,  the 

specific  address  Adr(i)  in  which  the  code  of  the  exe- 
cution  of  4  ms  JOB  is  stored  is  latched  by  the  address 
latch  18. 

If  the  specific  address  Adr(i)  latched  at  the  ad- 
5  dress  latch  18  is  the  specific  address  in  which  the 

code  of  the  execution  of  4  ms  JOB  or  a  code  of  the 
execution  of  10  ms  JOB  described  hereinafter  is  stor- 
ed,  CPU  10  of  the  development  micro-computer  5 
executes  a  program  shown  in  the  flow  chart  of  Fig.  8 

10  to  be  interrupt-executed  with  this  latching  of  the  spe- 
cific  address  being  as  a  timing,  and  the  weighted 
mean  suction  flow  quantity  Q  is  calculated  according 
to  a  newly  developed  program  (change  program 
formed  with  a  high-level  language)  instead  of  the  pro- 

is  gram  at  step  4  in  the  flow  chart  of  Fig.  5.  Finally,  1  is 
set  at  the  above-mentioned  flag  Flag2. 

Namely,  when  the  development  micro-computer 
5  calculates  the  weighted  mean  suction  airflow  quan- 
tity  Qav  instead  of  the  first  micro-computer  3,  1  is  set 

20  at  the  above-mentioned  flag  Flag2,  and  when  the  cal- 
culation  by  the  development  micro-computer  5  is  ter- 
minated,  the  routine  of  the  flow  chart  of  Fig.  5  is  end- 
ed. 

The  weighted  mean  suction  air  flow  quantity  Qav 
25  computed  by  the  development  micro-computer  5  and 

the  content  of  the  flag  Flag2  at  which  1  is  set  are  emit- 
ted  to  the  buffer  I1  15  and  are  stored  in  RAM  37  of  the 
development  computer  interface  35.  When  the  spe- 
cific  address  Adr(i)  in  which  the  weighted  mean  suc- 

30  tion  air  flow  quantity  Qav  and  the  contents  of  the  flag 
Flag2  are  stored  is  latched  by  the  address  latch  38, 
the  main  CPU  39  detects  the  return  of  the  result  of 
calculation  of  the  suction  air  flow  quantity  Qav  from 
the  development  micro-computer  5  and  transfers  in 

35  parallel  the  weighted  mean  suction  air  flow  quantity 
Qav  and  the  data  of  the  flag  Flag2  to  the  emulation 
RAM  21  of  the  probe  box  A  accessed  by  the  first  mi- 
cro-computer  3  by  interrupt  processing  (see  the  flow 
chart  of  Fig.  9)  executed  with  the  latching  of  the  spe- 

40  cific  address  being  as  an  execution  timing.  Inciden- 
tally,  the  transfer  of  the  data  to  the  emulation  RAM  21 
is  effected  to  the  bank  on  the  side  not  accessed  by  the 
first  micro-computer  3. 

More  specifically,  when  the  preliminarily  set  spe- 
45  cific  address  is  accessed,  the  parallel  transfer  of  the 

data  to  the  first  micro-computer  3  as  the  micro-com- 
puter  to  be  developed  from  the  development  micro- 
computer  5  (see  Fig.  9)  is  effected  by  interrupt  proc- 
essing,  and  simultaneously,  novel  processing  for  con- 

so  version  to  the  first  micro-computer  3  (see  Fig.  8)  is  ef- 
fected  by  interrupt  processing.  Accordingly,  a  high- 
speed  processability  comparable  to  that  attained 
when  the  computation  is  carried  out  by  the  first  micro- 
computer  3  alone  can  be  ensured. 

55  A  similar  control  is  carried  out  also  according  to 
the  program  shown  in  the  flow  chart  of  Fig.6.  More 
specifically,  at  the  start  of  the  program  when  it  is 
judged  at  step  23  that  the  flag  Flag  is  at  1  ,  the  routine 
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goes  into  step  27  ,  and  1  is  set  at  the  flag  Flag2  and 
the  return  of  the  result  of  the  computation  at  the  de- 
velopment  micro-computer  5  is  waited  for,  while  vari- 
ous  data  (TVO,  N  Tw,  Qav  and  precedent  Kfuel)  con- 
cerning  the  fuel  correction  coefficient  Kfuel  are  stor-  5 
ed  at  RAM  at  step  28.  By  this  control  of  storing  at 
RAM,  various  data  concerning  the  fuel  correction 
coefficient  Kfuel  are  transferred  in  parallel  to  the 
emulation  RAM  33  and  the  RAMI  of  the  development 
micro-computer  5  through  the  buffer  36.  10 

At  next  step  29,  a  code  indicating  the  execution 
of  10  ms  JOB  (job  of  computing  the  fuel  injection 
quantity)  is  stored  in  a  specific  address.  By  this  stor- 
ing  of  the  code  of  the  execution  of  10  ms  JOB  in  RAM, 
the  program  shown  in  the  flow  chart  of  Fig.  8  is  inter-  15 
rupt-executed  in  the  developing  micro-computer  5 
with  the  latching  of  the  address  being  as  an  execution 
timing,  and  the  fuel  correction  coefficient  Kfuel  is 
computed  according  to  the  new  development  pro- 
gram  instead  of  the  operations  of  steps  24  and  25.  If  20 
the  fuel  correction  coefficient  Kfuel  is  computed  ac- 
cording  to  the  novel  program  by  the  development  mi- 
cro-computer  5,  1  is  set  at  the  flag  Flag2,  and  the  rou- 
tine  of  the  flow  chart  of  Fig.  6  for  the  processing  to  be 
performed  by  the  first  micro-computer  3  is  ended.  25 

The  newly  developed  program  (new  control  pro- 
gram)  for  computing  the  weighted  mean  suction  air 
flow  quantity  Qav  and  the  fuel  correction  coefficient 
Kfuel,  to  be  processed  by  the  development  micro- 
computer  5,  will  now  be  described  in  detail.  Inciden-  30 
tally,  this  newly  developed  control  program  is  one 
newly  formed  by  using  a  high-level  language,  and  this 
program  is  advantageous  over  the  program  formed  by 
using  an  assembler  language  in  that  the  burden  on  a 
programmer  is  reduced  and  the  program  can  be  de-  35 
veloped  efficiently  while  inhibiting  generation  of  a 
bug. 

When  the  code  of  the  execution  of  4  ms  JOB  or 
10  ms  JOB  is  stored  at  a  specific  address,  this  spe- 
cific  address  is  latched  by  the  address  latch  1  8,  and  40 
processing  of  the  flow  chart  of  Fig.  8  is  executed. 

At  step  41,  it  is  judged  whether  or  not  the  code 
stored  at  the  specific  address  indicates  the  execution 
of  10  ms  JOB.  When  the  execution  of  10  ms  JOB  is 
not  indicated,  the  routine  goes  into  step  42  and  it  is  45 
judged  whether  or  not  the  execution  of  4  ms  JOB  is 
indicated. 

If  it  is  judged  at  step  42  that  the  code  indicates  the 
execution  of  4  ms  JOB,  the  following  program  of  com- 
puting  the  weighted  mean  suction  air  flow  quantity  50 
Qav  is  executed. 

At  step  43,  the  corresponding  loading  weight  X  is 
retrieved  and  determined  from  a  map  where  the  load- 
ing  weight  used  for  computing  the  weighted  mean  is 
setforeach  of  driving  regions  sectioned  by  the  engine  55 
revolution  number  N  and  the  basic  fuel  injection 
quantity  Tp. 

Incidentally,  in  the  present  embodiment,  three 

kinds  of  loading  weights  X,  that  is,  large,  medium  and 
small  weights,  are  used,  and  the  results  of  processing 
of  the  first  micro-computer  3  taken  into  RAMI  17 
through  the  emulation  RAM  33  are  used  as  data  of  the 
engine  revolution  number  N  and  basic  fuel  injection 
quantity  Tp  as  the  retrieval  parameters. 

At  next  step  44,  the  weighted  mean  suction  air 
flow  quantity  Qav  is  computed  by  using  the  loading 
weight  X  retrieved  and  determined  at  step  43  accord- 
ing  to  the  following  formula: 

Qav^-X  Qav  +  (1  -  X)  Q 
This  computation  formula  is  the  same  as  the  for- 

mula  used  at  step  4  in  the  flow  chart  of  Fig.  5  showing 
the  program  to  be  processed  by  the  first  micro-com- 
puter  3,  but  the  processing  of  changing  the  loading 
weight  X  according  to  the  driving  region  is  newly  add- 
ed.  Incidentally,  the  data  of  the  newest  suction  air 
flow  quantity  Q  used  for  the  above  computation  for- 
mula  is  the  data  stored  at  RAM  by  the  processing  exe- 
cuted  at  step  12. 

If  the  weighted  mean  suction  air  flow  quantity 
Qav  is  computed  by  the  processing  different  from  the 
processing  in  the  first  micro-computer  3,  1  issetatthe 
flag  Flag2  and  the  data  of  this  flag  Flag2  and  the  data 
of  the  weighted  mean  suction  air  flow  quantity  Qav 
are  put  out  into  the  buffer  II  15,  whereby  the  termin- 
ation  of  the  computation  of  the  weighted  mean  suc- 
tion  air  flow  quantity  Qav  in  the  development  micro- 
computer  5  is  detected  by  the  first  micro-computer  3 
through  the  RAM  37  and  emulation  RAM  21. 

If  it  is  judged  at  step  41  that  the  execution  of  11 
ms  JOB  is  indicated,  the  routine  goes  into  step  46, 
and  the  open  area  A  of  the  throttle  chamber  54  is  re- 
trieved  and  determined  from  a  map  based  on  the 
throttle  valve  opening  degree  TVO. 

At  next  step  47,  the  basic  volume  efficiency  QH<|> 
is  retrieved  and  determined  from  a  preliminarily  set 
map  based  on  the  value  obtained  by  dividing  the  open 
area  A  determined  at  step  46  by  the  engine  revolution 
number  N. 

At  step  48,  the  loading  weight  x  is  retrieved  and 
determined  from  a  preliminarily  set  map  based  on  the 
weighted  mean  suction  air  flow  quantity  Qav. 

At  step  49,  the  weighted  mean  of  the  basic  vol- 
ume  efficiency  QH<|>  determined  at  step  47  and  the 
volume  efficiency  QCYL  determined  at  the  precedent 
execution  is  calculated  by  using  the  loading  weight  x 
determined  at  step  48  to  determined  a  new  volume  ef- 
ficiency  QCYL  according  to  the  following  formula: 

QCYL  <-  QCYL  x  +  QH<|)(1  -  X) 
At  step  50,  the  basic  fuel  injection  quantity  a-NTp 

is  calculated  by  multiplying  the  volume  efficiency 
QCYL  determined  at  step  49  by  a  constant  K.  This  ba- 
sic  fuel  injection  quantity  a-NTp  is  the  basic  fuel  in- 
jection  quantity  corresponding  to  the  suction  air 
quantity  estimated  from  the  open  are  A  and  engine 
revolution  number  N. 
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At  step  51,  the  difference  Aa-NTp  between  the 
newly  computed  basic  fuel  injection  quantity  a-NTp 
and  the  a-NTpold  value  computed  at  the  precedent 
execution  is  computed.  This  Aa-NTp  is  the  data  indi- 
cating  the  transient  driving  state  of  the  engine.  5 

At  step  52,  the  newest  basic  fuel  injection  quan- 
tity  a-NTp  computed  at  step  50  at  the  present  execu- 
tion  is  set  for  the  precedent  value  a-NTpold,  which  is 
to  be  used  for  the  computation  at  step  51  at  the  next 
execution.  10 

At  step  53,  the  correction  coefficient  Twf  is  re- 
trieved  and  determined  from  a  map  based  on  the 
cooling  water  temperature  Tw,  and  at  next  step  54, 
the  decrease  characteristic  value  dec  of  the  fuel  cor- 
rection  coefficient  Kfuel  is  retrieved  and  determined  15 
from  a  map  based  on  the  engine  revolution  number 
N. 

At  step  55,  the  fuel  correction  coefficient  Kfuel  is 
computed  from  the  precedent  fuel  correction  coeffi- 
cient  Kfuel  and  the  values  of  Aa-NTp,  Twf  and  dec  ac-  20 
cording  to  the  following  formula: 

Kfuel  <-  Kfuel  +  Twf  X  Aa-NTp  -  Kfuel  X  dec 
The  fuel  correction  coefficient  Kfuel  X  dec  com- 

puted  according  to  the  method  different  from  the 
processing  performed  in  the  first  micro-computer  3,  25 
and  at  next  step  56,  1  is  set  at  the  flag  Flag2  and  the 
first  micro-computer  3  is  caused  to  detect  the  compu- 
tation  of  the  fuel  correction  coefficient  Kfuel  by  the 
development  micro-computer  5.  Simultaneously,  in 
the  first  micro-computer  3,  the  fuel  injection  quantity  30 
Ti  is  computed  by  using  the  fuel  correction  coefficient 
Kfuel  computed  by  the  development  micro-computer 
3. 

Incidentally,  as  pointed  out  hereinbefore,  when 
the  specific  address  of  the  emulation  RAM  33  is  ac-  35 
cessed  by  the  first  micro-computer  3,  the  data  bus 
CPU  34  puts  out  the  content  stored  at  this  address  to 
the  buffer  36.  However,  it  is  necessary  to  preliminarily 
determine  what  address  should  be  used  as  the  spe- 
cific  address,  the  content  of  which  is  to  be  put  out  into  40 
the  buffer  36,  and  setting  of  this  specific  address  is 
carried  out  as  shown  in  the  flow  chart  of  Fig.  10. 

The  program  shown  in  the  flow  chart  of  Fig.  10 
represents  the  background  processing  to  be  conduct- 
ed  by  main  CPU  39  of  the  interface  micro-computer  45 
4.  At  step  71,  it  is  judged  whether  or  not  the  main  CPU 
is  in  the  initial  mode. 

If  it  is  judged  that  the  main  CPU  39  is  in  the  initial 
mode,  the  routine  goes  into  step  72,  the  specific  ad- 
dress  indicated  from  the  development  micro-comput-  50 
er  5  through  GPIB  16  and  interface  substrate  40  is  in- 
dicated  to  the  data  bus  CPU  34. 

At  step  73,  the  data  bus  CPU  34,  to  which  the  spe- 
cific  address  has  been  indicated,  stores  this  specific 
address  in  installed  RAM  thereof.  By  comparing  the  55 
stored  specific  address  with  the  address  practically 
accessed  at  the  emulation  RAM  33,  it  is  judged 

whether  or  not  the  accessed  address  is  the  specific 
address.  If  the  accessed  address  is  the  specific  ad- 
dress,  processings  of  the  programs  shown  in  the  flow 
charts  of  Figs.  8  and  9  are  interrupt-executed  to  effect 
the  transfer  of  data  and  the  execution  of  the  newly  de- 
veloped  control  program. 

As  is  apparent  from  the  foregoing  description,  ac- 
cording  to  the  control  program-developing  apparatus 
of  the  present  embodiment,  a  part  of  the  control  pro- 
gram  of  the  first  micro-computer  (micro-computer  to 
be  subjected)  is  newly  formed  with  a  high-level  lan- 
guage  and  the  processing  of  a  program  formed  by 
translating  this  new  program  with  a  machine  lan- 
guage  is  executed  by  the  development  micro-comput- 
er  5  as  if  the  newly  developed  program  were  process- 
ed  by  the  first  micro-computer  3,  whereby  the  control 
of  the  engine  2  is  effected.  Accordingly,  if  a  develop- 
ment  is  effected  to  improve  a  part  of  the  control  pro- 
gram  initially  set  by  an  assembler  language,  a  pro- 
gram  corresponding  to  the  portion  to  be  changed  can 
be  formed  by  a  high-level  language,  with  which  pro- 
gramming  can  be  easily  accomplished,  and  further- 
more,  it  is  possible  to  try  to  actually  control  the  engine 
2  according  to  the  developed  control  program.  There- 
fore,  the  control  program  can  be  developed  in  a  short 
time  while  reducing  occurrence  of  errors. 

Claims 

1.  A  method  for  developing  a  control  program 
formed  by  translating  a  program  constructed  by 
an  assembler  language  into  a  given  machine  lan- 
guage,  which  comprises  disposing  a  computer  to 
be  developed,  which  constitutes  a  control  unit  for 
controlling  an  object  of  control  said  control  unit 
being  not  provided  with  a  program  development- 
supporting  tool  for  checking  a  newly  prepared 
control  program  that  is  written  in  a  high  level  lan- 
guage  corresponding  to  said  computer  to  be  de- 
veloped,  and  a  development  computer  provided 
with  a  program  development-supporting  tool  for 
forming  a  source  program  and  checking  an  oper- 
ation  of  a  new  control  program  written  by  a  high- 
level  language,  translating  said  source  program 
into  said  machine  language  by  a  compiler,  exe- 
cuting  said  new  control  program  written  by  a 
high-level  language  for  controlling  the  object  of 
control  by  the  development  computer,  putting  out 
the  result  of  processing  by  the  development  com- 
puter  into  the  computer  to  be  developed,  and  exe- 
cuting  the  control  of  said  object  of  control  by  the 
computer  to  be  developed  based  on  the  new  con- 
trol  program. 

2.  A  method  for  developing  a  control  program  ac- 
cording  to  claim  1  ,  wherein  an  interface  computer 
provided  with  RAM  in  which  the  result  of  process- 
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ing  of  the  development  computer  is  written  and 
RAM  in  which  the  result  of  processing  of  the  com- 
puter  to  be  developed  is  written  is  disposed  be- 
tween  the  computer  to  be  developed  and  the  de- 
velopment  computer  so  that  the  processing  re-  5 
suits  of  the  respective  computers  are  stored  in 
these  RAM's  of  the  interface  computer  and  one 
computer  reads  out  the  processing  result  of  the 
other  computer  from  the  corresponding  RAM. 

10 
A  method  for  developing  a  control  program  ac- 
cording  to  claim  2,  wherein  when  the  computer  to 
be  developed  makes  access  to  a  specific  ad- 
dress  of  RAM  and  rewrites  the  content  thereof, 
the  development  computer  reads  in  the  rewritten  15 
content  and  performs  computing  processing 
based  on  the  new  control  program  and  the  proc- 
essing  result  is  put  out  into  the  computer  to  be  de- 
veloped. 

20 
A  method  for  developing  a  control  program  ac- 
cording  to  claim  1  ,  wherein  an  interface  computer 
provided  with  RAM  in  which  the  result  of  process- 
ing  of  the  development  computer  is  written  and 
RAM  in  which  the  result  of  processing  of  the  com-  25 
puter  to  be  developed  is  written  is  disposed  be- 
tween  the  development  computer  and  the  com- 
puter  to  be  developed,  and  when  the  develop- 
ment  computer  makes  access  to  a  specific  ad- 
dress  of  the  above-mentioned  RAM,  the  interface  30 
computer  transfers  data  of  the  development  com- 
puter  to  the  computer  to  be  developed  by  inter- 
rupt  processing  and  when  the  computer  to  be  de- 
veloped  makes  access  to  a  specific  address  of 
the  above-mentioned  RAM,  the  interface  com-  35 
puter  transfers  data  of  the  computer  to  be  devel- 
oped  to  the  development  computer  by  interrupt 
processing. 

An  apparatus  for  developing  a  control  program  40 
formed  by  translating  a  program  constructed  by 
an  assembler  language  into  a  given  machine  lan- 
guage,  which  comprises  a  computer  to  be  devel- 
oped,  which  constitutes  a  control  unit  for  control- 
ling  an  object  of  control  said  control  unit  being  not  45 
provided  with  a  program  development-support- 
ing  tool  for  checking  a  newly  prepared  control 
program  that  is  written  in  a  high  level  language 
corresponding  to  said  computer  to  be  developed, 
and  a  development  computer  provided  with  a  pro-  so 
gram  development-supporting  tool  for  forming  a 
source  program  and  checking  an  operation  of  a 
new  control  program  written  by  a  high-level  lan- 
guage  translating  means  for  translating  said 
source  program  into  said  machine  language  by  a  55 
compiler,  wherein  said  new  control  program  writ- 
ten  by  a  high-level  language  for  controlling  the 
object  of  control  is  executed  by  the  development 

computer  and  the  result  of  processing  by  the  de- 
velopment  computer  is  put  out  into  the  computer 
to  be  developed,  and  the  control  of  said  object  of 
control  based  on  the  new  control  program  is  exe- 
cuted  by  the  computer  to  be  developed. 

6.  An  apparatus  for  developing  a  control  program 
according  to  claim  5,  wherein  an  interface  com- 
puter  provided  with  RAM  in  which  the  result  of  the 
processing  of  the  development  computer  is  writ- 
ten  and  RAM  in  which  the  result  of  processing  of 
the  computer  to  be  developed  is  written  is  dis- 
posed  between  the  computer  to  be  developed 
and  the  development  computer. 

7.  An  apparatus  for  developing  a  control  program 
according  to  claim  6,  wherein  when  the  computer 
to  be  developed  makes  access  to  a  specific  ad- 
dress  of  RAM  to  rewrite  the  content  thereof,  the 
development  computer  reads  in  the  rewritten 
content  and  performs  compution  processing 
based  on  the  new  control  program  and  the  result 
of  this  processing  is  put  out  into  the  computer  to 
be  developed. 

8.  An  apparatus  for  developing  a  control  program 
according  to  claim  5,  wherein  an  interface  com- 
puter  provided  with  RAM  in  which  the  result  of 
processing  of  the  development  computer  is  writ- 
ten  and  RAM  in  which  the  result  of  processing  of 
the  computer  to  be  developed  is  written  is  dis- 
posed  between  the  computer  to  be  developed 
and  the  development  computer  and  a  function  of 
transferring  data  of  the  development  computer  to 
the  computer  to  be  developed  by  interrupt  proc- 
essing  when  the  development  computer  makes 
access  to  a  specific  address  of  the  above- 
mentioned  RAM  and  a  function  of  transferring 
data  of  the  computer  to  be  developed  to  the  de- 
velopment  computer  by  interrupt  processing 
when  the  computer  to  be  development  makes  ac- 
cess  to  a  specific  address  of  the  above- 
mentioned  RAM  are  given  to  this  interface  com- 
puter. 

Patentanspruche 

1.  Ein  Verfahren  zur  Entwicklung  eines  Steue- 
rungsprogramms,  das  durch  Ubersetzen  eines  in 
einer  Assembler-Sprache  aufgebauten  Pro- 
gramms  in  eine  gegebene  Maschinensprache  ge- 
bildet  ist,  das  folgende  Schritte  umfaftt: 
Bereitstellen  eines  zu  entwickelnden  Computers, 
der  eine  Steuerungseinheit  zur  Steuerung  eines 
zu  steuernden  Objekts  bildet,  wobei  die  Steue- 
rungseinheit  nicht  mit  einem  Gerat  zur  Unterstut- 
zung  einer  Programmentwicklung  zur  Uberpru- 
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fung  eines  neu  erzeugten  Steuerungspro- 
gramms  versehen  ist,  das  in  einer  hoheren  Spra- 
che,  die  dem  zu  entwickelnden  Computer  ent- 
spricht,  geschrieben  ist,  und  eines  Entwicklungs- 
computers,  der  mit  einem  Gerat  zur  Unterstut- 
zung  einer  Programmentwicklung  versehen  ist, 
urn  ein  Source-Programm  zu  bilden  und  einen 
Betrieb  eines  neuen  Steuerungsprogramms  zu 
uberprufen,  das  in  einer  hoheren  Sprache  ge- 
schrieben  ist, 
Ubersetzen  des  Source-Programms  in  die  Ma- 
schinensprache  durch  einen  Kompiler, 
Ausftihren  des  neuen  Steuerungsprogramms, 
das  in  einer  hoheren  Sprache  geschrieben  ist,  urn 
das  zu  steuernde  Objekt  durch  den  Entwick- 
lungscomputer  zu  steuern, 
Ausgeben  des  Ergebnisses  der  Verarbeitung 
durch  den  Entwicklungscomputeran  den  zu  ent- 
wickelnden  Computer,  und 
Ausftihren  der  Steuerung  des  zu  steuernden  Ob- 
jekts  durch  den  zu  entwickelnden  Computer  auf 
der  Grundlage  des  neuen  Steuerungspro- 
gramms. 

2.  Ein  Verfahren  zur  Entwicklung  eines  Steue- 
rungsprogramms  gemaliAnspruch  1,  beidemein 
Schnittstellencomputer,  der  mit  einem  RAM,  in 
dem  das  Ergebnis  der  Verarbeitung  des  Entwick- 
lungscomputers  geschrieben  ist,  und  mit  einem 
RAM,  in  dem  das  Ergebnis  der  Verarbeitung  des 
zu  entwickelnden  Computers  geschrieben  ist, 
versehen  ist,  zwischen  dem  zu  entwickelnden 
Computer  und  dem  Entwicklungscomputer  ange- 
ordnet  ist,  so  dali  die  Verarbeitungsergebnisse 
der  jeweiligen  Computer  in  diesen  RAMs  des 
Schnittstellencomputers  gespeichert  werden, 
und  ein  Computer  das  Verarbeitungsergebnis 
des  anderen  Computers  aus  dem  entsprechen- 
den  RAM  auslesen  kann. 

3.  Ein  Verfahren  zur  Entwicklung  eines  Steue- 
rungsprogramms  nach  Anspruch  2,  bei  dem  der 
zu  entwickelnde  Computer  auf  eine  bestimmte 
Adresse  des  RAM  zugreift  und  den  Inhalt  dersel- 
ben  erneut  schreibt,  der  Entwicklungscomputer 
den  erneut  geschriebenen  Inhalt  Nest  und  eine 
Berechnungsverarbeitung  auf  der  Grundlage  des 
neuen  Steuerungsprogramms  durchfuhrt  und 
das  Verarbeitungsergebnis  an  den  zu  ent- 
wickelnden  Computer  ausgibt. 

4.  Ein  Verfahren  zum  Entwickeln  eines  Steuerungs- 
programms  gemali  Anspruch  1,  bei  dem  ein 
Schnittstellencomputer,  der  mit  einem  RAM,  in 
dem  das  Ergebnis  der  Verarbeitung  des  Entwick- 
lungscomputers  geschrieben  ist,  und  mit  einem 
RAM,  in  dem  das  Ergebnis  der  Verarbeitung  des 
zu  entwickelnden  Computers  geschrieben  ist, 

versehen  ist,  zwischen  dem  Entwicklungscompu- 
ter  und  dem  zu  entwickelnden  Computer  ange- 
ordnet  ist,  und  bei  dem  der  Schnittstellencompu- 
ter  Daten  des  Entwicklungscomputers  an  den  zu 

5  entwickelnden  Computer  durch  eine  Unterbre- 
chungsverarbeitung  ubertragt,  wenn  der  Ent- 
wicklungscomputer  auf  eine  bestimmte  Adresse 
des  oben  erwahnten  RAMs  zugreift,  und  bei  dem 
der  Schnittstellencomputer  Daten  des  zu  ent- 

10  wickelnden  Computers  an  den  Entwicklungs- 
computer  durch  eine  Unterbrechungsverarbei- 
tung  ubertragt,  wenn  der  zu  entwickelnde  Com- 
puter  auf  eine  bestimmte  Adresse  des  oben  be- 
schriebenen  RAMs  zugreift. 

15 
5.  Ein  Vorrichtung  zum  Entwickeln  eines  Steue- 

rungsprogramms,  das  durch  Ubersetzen  eines  in 
einer  Assembler-Sprache  aufgebauten  Pro- 
gramms  in  eine  gegebene  Maschinensprache  ge- 

20  bildet  ist,  die  folgende  Merkmale  umfalit: 
einen  zu  entwickelnden  Computer,  der  eine 
Steuerungseinheit  zur  Steuerung  eines  zu  steu- 
ernden  Objekts  bildet,  wobei  die  Steuerungsein- 
heit  nicht  mit  einem  Gerat  zur  Unterstutzung  ei- 

25  ner  Programmentwicklung  zur  Uberprufung  ei- 
nes  neu  erzeugten  Steuerungsprogramms  ver- 
sehen  ist,  das  in  einer  hoheren  Sprache,  die  dem 
zu  entwickelnden  Computer  zugeordnet  ist,  ge- 
schrieben  ist, 

30  einen  Entwicklungscomputer,  der  mit  einem  Ge- 
rat  zur  Unterstutzung  einer  Programmentwick- 
lung  zur  Bildung  eines  Quellprogramms  und 
Uberprufung  eines  Betriebs  eines  neuen  Steue- 
rungsprogramms  versehen  ist,  das  in  einer  hohe- 

35  ren  Sprache  geschrieben  ist,  und 
eine  Ubersetzungseinrichtung  zum  Ubersetzen 
des  Source-Programms  in  die  Maschinenspra- 
che  durch  einen  Kompiler, 
wobei  das  neue  Steuerungsprogramm,  das  in  ei- 

40  ner  hoheren  Sprache  zur  Steuerung  des  zu  steu- 
ernden  Objekts  geschrieben  ist,  durch  den  Ent- 
wicklungscomputer  ausgef  uhrt  wird,  und  das  Er- 
gebnis  der  Verarbeitung  durch  den  Entwick- 
lungscomputer  in  den  zu  entwickelnden  Compu- 

45  ter  ausgegeben  wird,  und 
wobei  die  Steuerung  des  zu  steuernden  Objekts 
auf  der  Grundlage  des  neuen  Steuerungspro- 
gramms  durch  den  zu  entwickelnden  Computer 
ausgef  uhrt  wird. 

50 
6.  Eine  Vorrichtung  zum  Entwickeln  eines  Steue- 

rungsprogramms  gemaliAnspruch  5,  bei  der  ein 
Schnittstellencomputer,  der  mit  einem  RAM,  in 
dem  das  Ergebnis  der  Verarbeitung  des  Entwick- 

55  lungscomputers  geschrieben  ist,  und  mit  einem 
RAM,  in  dem  das  Ergebnis  der  Verarbeitung  des 
zu  entwickelnden  Computers  geschrieben  ist, 
versehen  ist,  zwischen  dem  zu  entwickelnden 

11 
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Computer  und  dem  Entwicklungscomputer  ange- 
ordnet  ist. 

pondant  audit  ordinateur  a  developper,  et  un  or- 
dinateur  de  developpement  pourvu  d'un  outil  de 
developpement-support  de  programme  destine  a 
former  un  programme  de  source  et  a  verifier  le 
fonctionnement  d'un  nouveau  programme  de 
commande  ecrit  en  un  langage  de  haut  niveau, 
traduire  ledit  programme  de  source  dans  ledit 
langage  de  machine  par  un  compilateurexecuter 

ledit  nouveau  programme  de  commande  ecrit  en 
un  langage  de  haut  niveau,  pour  controler  I'objet 
de  la  commande  par  I'ordinateur  de  developpe- 
ment,  sortir  le  resultat  du  traitement  par  I'ordina- 

5  teur  de  developpement  vers  I'ordinateur  a  deve- 
lopper,  et  executer  la  commande  dudit  objet  de 
commande  par  I'ordinateur  a  developper  sur 
base  du  nouveau  programme  de  commande. 

10  2.  Procede  de  developpement  de  programme  de 
commande  suivant  la  revendication  1  ,  dans  le- 
quel  un  ordinateur  d'interface  pourvu  d'une  RAM 
dans  laquelle  est  ecrit  le  resultat  de  traitement  de 
I'ordinateur  de  developpement  et  d'une  RAM 

15  dans  laquelle  est  ecrit  le  resultat  de  traitement  de 
I'ordinateur  a  developper  est  dispose  entre  I'ordi- 
nateur  a  developper  et  I'ordinateur  de  developpe- 
ment,  de  maniere  que  les  resultats  de  traitement 
des  ordinateurs  respectifs  sont  memorises  dans 

20  ces  RAM  de  I'ordinateur  d'interface,  et  que  I'un 
des  ordinateurs  lit  le  resultat  de  traitement  de 
I'autre  ordinateur,  de  la  RAM  correspondante. 

3.  Procede  de  developpement  de  programme  de 
25  commande  suivant  la  revendication  2,  dans  le- 

quel,  lorsque  I'ordinateur  a  developper  accede  a 
une  adresse  specifique  de  RAM  et  reecrit  le 
contennu  de  celle-ci,  I'ordinateur  de  developpe- 
ment  lit  le  contennu  reecrit  et  execute  le  traite- 

30  ment  d'ordinateur  sur  base  du  nouveau  program- 
me  de  commande  et  le  resultat  de  traitement  est 
sorti  vers  I'ordinateur  a  developper. 

4.  Procede  de  developpement  de  programme  de 
35  commande  suivant  la  revendication  1  ,  dans  le- 

quel  un  ordinateur  d'interface  pourvu  d'une  RAM 
dans  laquelle  est  ecrit  le  resultat  de  traitement  de 
I'ordinateur  de  developpement  et  d'une  RAM 
dans  laquelle  a  ete  ecrit  le  resultat  de  traitement 

40  de  I'ordinateur  a  developper  est  dispose  entre 
I'ordinateur  de  developpement  et  I'ordinateur  a 
developper,  et,  lorsque  I'ordinateur  de  develop- 
pement  accede  a  une  adresse  specifique  de  la 
RAM  precitee,  I'ordinateur  d'interface  transfere 

45  les  donnees  de  I'ordinateur  de  developpement 
vers  I'ordinateur  a  developper  en  interrompant  le 
traitement  et  lorsque  I'ordinateur  a  developper 
accede  a  une  adresse  specifique  de  la  RAM  pre- 
citee,  I'ordinateur  d'interface  transfere  les  don- 

50  nees  de  I'ordinateur  a  developper  a  I'ordinateur 
de  developpement  en  interrompant  le  traitement. 

5.  Dispositif  de  developpement  de  programme  de 
commande  forme  en  traduisant  un  programme 

55  realise  en  un  langage  d'assembleur  en  un  langa- 
ge  de  machine  donne,  qui  comprend  un  ordina- 
teur  a  developper,  qui  constitue  une  unite  de 
commande  pour  la  commande  d'un  objet  de 

7.  Eine  Vorrichtung  zum  Entwickeln  eines  Steue- 
rungsprogramms  gemali  Anspruch  6,  bei  der  der  5 
Entwicklungscomputer,  wenn  der  zu  entwickeln- 
de  Computer  auf  eine  bestimmte  Adresse  des 
RAMs  zugreift,  urn  dessen  Inhalt  neu  zu  schrei- 
ben,  den  neu  geschriebenen  Inhalt  Nest  und  eine 
Berechnungsverarbeitung  auf  der  Grundlage  des  10 
neuen  Steuerungsprogramms  durchfuhrt  und 
das  Ergebnis  dieser  Berechnung  an  den  zu  ent- 
wickelnden  Computer  abgibt. 

8.  Eine  Vorrichtung  zum  Entwickeln  eines  Steue-  15 
rungsprogramms  gemaliAnspruch  5,  bei  der  ein 
Schnittstellencomputer,  der  mit  einem  RAM,  in 
dem  das  Ergebnis  der  Verarbeitung  des  Entwick- 
lungscomputers  geschrieben  ist,  und  einem 
RAM,  in  dem  das  Ergebnis  der  Verarbeitung  des  20 
zu  entwickelnden  Computers  geschrieben  ist, 
versehen  ist,  zwischen  dem  zu  entwickelnden 
Computer  und  dem  Entwicklungscomputer  ange- 
ordnet  ist,  und  eine  Funktion  zur  Ubertragung 
von  Daten  des  Entwicklungscomputers  an  den  zu  25 
entwickelnden  Computer  durch  eine  Unterbre- 
chungsverarbeitung,  wenn  der  Entwicklungs- 
computer  auf  eine  bestimmte  Adresse  des  oben 
erwahnten  RAMs  zugreift,  und  eine  Funktion  zur 
Ubertragung  von  Daten  des  zu  entwickelnden  30 
Computers  an  den  Entwicklungscomputer  durch 
einen  Unterbrechungsprozeli,  wenn  der  zu  ent- 
wickelnde  Computer  auf  eine  bestimmte  Adresse 
des  oben  beschriebenen  RAMs  zugreift,  an  die- 
sen  Schnittstellencomputer  abgegeben  werden.  35 

Revendications 

1.  Procede  de  developpement  de  programme  de  40 
commande  forme  en  traduisant  un  programme 
realise  en  un  langage  d'assembleur  en  un  langa- 
ge  de  machine  donne,  qui  comprend  le  fait  de  dis- 
poser  d'un  ordinateur  a  developper,  qui  constitue 
une  unite  de  commande  pour  la  commande  d'un  45 
objet  de  commande,  ladite  unite  de  commande 
n'etant  pas  pourvue  d'un  outil  de  developpe- 
ment-support  de  programme  destine  a  verifier  un 
programme  de  commande  nouvellement  redige 
qui  est  ecrit  en  un  langage  de  haut  niveau  corres-  50 
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commande,  ladite  unite  de  commande  n'etant 
pas  pourvue  d'un  outil  de  developpement-sup- 
port  de  programme  destine  a  verifier  un  program- 
me  de  commande  nouvellement  redige  qui  est 
ecrit  en  un  langage  de  haut  niveau  correspondant  5 
audit  ordinateur  a  developper,  et  un  ordinateur  de 
developpement  pourvu  d'un  outil  de  developpe- 
ment-support  de  programme  destine  a  former  un 
programme  de  source  et  a  verifier  le  fonction  ne- 
ment  d'un  nouveau  programme  de  commande  10 
ecrit  en  un  langage  de  haut  niveau;  un  moyen  de 
traduction  pour  traduir  ledit  programme  de  sour- 
ce  dans  ledit  langage  de  machine  par  un  compi- 
lateur,  dans  lequel  ledit  nouveau  programme  de 
commande  ecrit  en  un  langage  de  haut  niveau  15 
pour  commander  I'objetde  commande  est  execu- 
te  par  I'ordinateur  de  developpement  et  le  resultat 
de  traitement  par  I'ordinateur  de  developpement 
est  sorti  vers  I'ordinateur  a  developper,  et  la 
commande  dudit  objet  de  commande  sur  base  du  20 
nouveau  programme  de  commande  est  executee 
par  I'ordinateur  a  developper. 

6.  Dispositif  de  developpement  de  programme  de 
comande  suivant  la  revendication  5,  dans  lequel  25 
un  ordinateur  d'interface  pourvu  d'une  RAM  dans 
laquelle  est  ecrit  le  resultat  de  traitement  de  I'or- 
dinateur  de  developpement  et  d'une  RAM  dans 
laquelle  est  ecrit  le  resultat  de  traitement  de  I'or- 
dinateur  a  developper  est  dispose  entre  I'ordina-  30 
teur  a  developper  et  I'ordinateur  de  developpe- 
ment. 

en  interrompant  le  traitement  lorsque  I'ordinateur 
a  developper  accede  a  une  adresse  specifique 
de  la  RAM  precitee  sont  prevues  vers  cet  ordina- 
teur  d'interface. 

7.  Dispositif  de  developpement  de  programme  de 
commande  suivant  la  revendication  6,  dans  le-  35 
quel,  lorsque  I'ordinateur  a  developper  accede  a 
une  adresse  specifique  de  RAM  pour  reecrire  le 
contenu  de  celle-ci,  I'ordinateur  de  developpe- 
ment  lit  le  contenu  reecrit  et  execute  le  traitement 
d'ordinateur  sur  base  de  nouveau  programme  de  40 
commande  et  le  resultat  de  ce  traitement  est  sorti 
vers  I'ordinateur  a  developper. 

8.  Dispositif  de  developpement  de  programme  de 
comande  suivant  la  revendication  5,  dans  lequel  45 
un  ordinateur  d'interface  pourvu  d'une  RAM  dans 
laquelle  est  ecrit  le  resultat  de  traitement  de  I'or- 
dinateur  de  developpement  et  d'une  RAM  dans 
laquelle  est  ecrit  le  resultat  de  traitement  de  I'or- 
dinateur  a  developper  est  dispose  entre  I'ordina-  50 
teur  a  developper  et  I'ordinateur  de  developpe- 
ment  et  une  fonction  de  transfert  de  donnees  de 
I'ordinateur  de  developpement  vers  I'ordinateur  a 
developper  en  interrompant  le  traitement  lorsque 
I'ordinateur  de  developpement  accede  a  une  55 
adresse  specifique  de  la  RAM  precitee  et  une 
fonction  de  transfert  de  donnees  de  I'ordinateur 
a  developper  vers  I'ordinateur  de  developpement 
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