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Description 

The  invention  relates  to  automated  processing 
systems  which  can  operate  independently  or  be  inter- 
connected  to  form  a  network.  In  particular  the  inven- 
tion  can  be  used  in  Facilities  Management  Systems 
(FMS),  although  it  is  not  limited  to  such  systems. 

Related  Art 

State  of  the  art  automated  systems  operating  un- 
der  processor  control  pass  data  to  and  from  proces- 
sors,  operational  units  such  as  sensors  and  other 
physical  parameter  monitoring  units,  and  other  data 
acquisition  and  control  instruments  implemented  in 
hardware.  Facilities  Management  Systems  (FMS) 
performing  automated  industrial  and  environmental 
control  are  among  such  contemporary  systems. 
Since  there  is  no  uniformity  among  various  types  of 
data  acquisition  and  control  instruments,  automated 
systems  must  be  compatible  with  a  multitude  of  non- 
standard  operational  units.  To  achieve  compatibility, 
such  systems  have  often  relied  on  software  tailored 
to  specific  interface  requirements.  This  requires  nu- 
merous  compromises  in  software  design.  In  addition, 
when  new  operational  units  are  added,  or  existing  op- 
erational  units  are  changed,  it  often  becomes  neces- 
sary  to  rewrite  one  or  more  entire  software  packages. 
This  is  because  requirements  of  new  operational 
units  are  often  incompatible  with  software  written  for 
earlier  units.  Since  the  interfaces  among  various  por- 
tions  of  the  software  and  between  operational  units 
and  the  processor  are  an  integral  part  of  the  software, 
the  entire  software  package  must  be  rewritten. 

One  approach  to  reducing  the  extent  of  software 
affected  by  changes  in  operational  units  is  the  use  of 
logical  point  information  nodes.  This  is  a  modular  ap- 
proach  which  seeks  to  isolate  high  level  software  fea- 
tures  from  operational  unit  specific  characteristics. 
However,  this  approach  remains  relatively  dependent 
on  the  physical  or  logical  location  of  operational  units 
and  on  their  individual  characteristics.  While  some 
level  of  isolation  of  high  level  software  features  could 
be  achieved  by  such  a  modular  approach,  it  is  still 
necessary  to  write  operational  unit  specific  software 
to  accommodate  inputs  and  outputs.  Thus,  using 
known  technology,  it  has  not  been  possible  to  provide 
software  which  would  be  relatively  unaffected  by  the 
differences  in  operational  unit  hardware.  As  a  result, 
it  has  also  not  been  possible  to  produce  software 
which  need  not  be  extensively  modified  when  new  op- 
erational  units  are  added  or  existing  data  acquisition 
units  are  substantially  changed. 

A  further  limitation  of  the  related  art,  especially  in 
systems  employing  data  acquisition  and  other  re- 
motely  controlled  hardware,  is  the  limited  data  con- 
structs  available.  Data  acquisition  and  other  remotely 
controlled  hardware  typically  provide  and  require 

specifically  formatted  data  and  often  do  not  allow 
convenient  access  to  desired  portions  of  the  data.  As 
a  result,  in  current  systems  it  is  sometimes  necessary 
to  duplicate  data  to  be  used  for  different  purposes  or 

5  again  access  data  previously  obtained.  Similarly,  it  is 
sometimes  difficult  in  such  systems  to  access  inter- 
mediate  data  developed  by  a  processing  apparatus 
rather  than  data  gathered  directly  by  a  data  acquisi- 
tion  device. 

10  Automated  systems,  including  those  used  for  fa- 
cilities  management,  can  operate  using  centralized  or 
distributed  processing  techniques.  As  a  result,  data  at 
a  host  node  can  be  accessed  for  processing  at  an- 
other  node  (a  referencing  node)  connected  to  the  host 

15  node  over  a  network.  In  distributed  real  time  process- 
ing  systems,  processor  nodes  operating  relatively  in- 
dependently  communicate  over  one  or  more  data 
buses  to  exchange  information.  In  order  for  a  refer- 
encing  node  to  access  a  data  element  within  the  data 

20  base  of  a  host  node,  a  convention  must  be  establish- 
ed  whereby  the  referencing  node  can  identify  the  host 
node  whose  data  base  contains  the  required  data  ele- 
ment  and  the  specific  location  of  the  data  element 
within  the  host  node. 

25  Such  a  convention  should  avoid  relying  on  a  cen- 
tral  node  to  translate  a  data  access  request  to  the  ap- 
propriate  host  node  address  or  address  within  the 
host  node.  This  is  because  a  failure  of  the  central 
node  performing  this  function  would  prevent  opera- 

30  tion  of  the  entire  system. 
It  would  also  be  unacceptable  to  search  an  entire 

real  time  network  or  even  the  data  base  of  one  node 
for  a  particular  data  element.  This  is  because  the  time 
consumed  by  such  a  search  would  be  excessive. 

35  Thus,  a  direct  access  mechanism  to  obtain  the  re- 
quired  data  from  within  the  host  node  is  needed. 
Moreover,  the  data  base  at  each  node  of  the  distrib- 
uted  system  should  be  independent  of  data  bases  at 
other  nodes  of  the  system.  It  should  not  be  necessary 

40  to  synchronize  the  nodes  by  downloading  new  data 
into  referencing  nodes  each  time  a  host  data  base  is 
changed.  Data  that  was  available  previously  from  a 
host  node  should,  if  still  present,  be  available  to  ref- 
erencing  nodes  regardless  of  how  the  host  node  data 

45  base  addresses  are  changed.  Moreover,  the  data 
should  still  be  available  to  the  referencing  node,  even 
when  the  data  element  moves  from  one  node  to  an- 
other. 

Conventional  techniques  for  referencing  data  be- 
50  tween  nodes  on  such  distributed  real  time  systems 

cannot  meet  all  of  the  above  requirements  simultane- 
ously.  One  known  approach  is  the  use  of  hard  mem- 
ory  addresses.  A  referencing  node  maintains  in  its 
data  base  a  fixed  memory  address  of  the  data  within 

55  the  host  data  base.  The  address  is  normally  bound  to 
a  named  element  of  data  when  the  referencing  data 
base  is  generated,  usually  in  an  off-line  generation 
device.  The  results  are  then  downloaded  to  the  on-li- 
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ne  nodes  to  allow  direct  access  to  the  data  within  the 
host  node.  While  this  technique  provides  quick  ac- 
cess  to  data  and  does  not  require  a  central  node  to 
translate  addresses,  there  is  no  adaptability  to 
changes  in  the  host  node  data  base. 

Host  node  data  base  changes  that  result  in  ad- 
dress  changes  within  the  node  cause  fixed  memory 
addresses  associated  with  the  data  elements  in  the 
referencing  nodes  to  become  obsolete.  The  same 
problem  arises  when  a  data  element  moves  from  one 
node  to  another.  As  a  result,  all  the  referencing  nodes 
must  be  re-synchronized  to  the  new  addresses  of  the 
data  elements.  Especially  in  large  systems,  this  is  a 
time  consuming  task  which  causes  the  referencing 
nodes  to  be  taken  offline  until  the  update  is  complete. 
In  a  facilities  management  system  (FMS),  the  refer- 
encing  nodes  perform  industrial  and  environmental 
control  functions  which  often  can  no  longer  be  main- 
tained  when  the  node  is  off  line. 

A  second  technique  uses  a  "soft"  address  or  re- 
cord  number  to  locate  a  data  element  within  the  host 
node.  Using  this  technique,  the  relative  position  with- 
in  a  logical  data  base  structure  or  a  unique  identifying 
number  is  assigned  to  a  data  element.  As  with  the 
hard  memory  address  technique,  high  speed  and  re- 
liable  access  to  the  data  is  achieved.  However,  if  the 
host  node  data  base  changes  so  that  the  relative  pos- 
ition  of  the  element  in  the  data  base  is  now  different, 
the  reference  nodes  are  again  obsolete  and  new  in- 
formation  must  be  downloaded  to  the  referencing  de- 
vices.  An  additional  problem  occurs  when  attempting 
to  assign  a  unique  identifying  number  to  a  data  item. 
Without  further  processing,  it  is  impossible  to  guaran- 
tee  that  the  same  identifying  number  is  not  used  by 
more  than  one  host  in  the  distributed  system.  This 
would  create  an  intolerable  conflict  on  the  network. 
Finally,  after  referencing  nodes  are  updated,  it  would 
not  be  possible  to  download  an  old  data  base  to  the 
host  node  since  this  would  now  invalidate  the  informa- 
tion  in  the  referencing  nodes. 

A  third  conventional  approach  involves  assigning 
a  name  to  each  data  element  in  the  system.  The 
names  are  stored  in  a  central  node  which  is  used  to 
locate  the  data.  While  this  allows  increased  flexibility 
because  data  elements  can  move  at  will,  this  central 
node  containing  the  mapping  of  names  to  physical  lo- 
cations  becomes  a  reliability  problem.  This  is  be- 
cause  a  failure  in  the  central  node  would  eliminate  all 
communication  on  the  network. 

The  fourth  conventional  approach  also  assigns  a 
name  to  each  data  element  but  avoids  the  central 
lookup  node  by  searching  the  network  each  time  the 
reference  is  made.  However,  in  most  systems, 
searching  an  entire  network  for  a  data  element  each 
time  it  is  requested  would  result  in  an  intolerable  data 
communication  and  processing  burden. 

Another  alternative  approach  which  uses  "hint  ta- 
bles"  to  locate  resources  is  disclosed  in  the  Proceed- 

ings  of  the  Seventh  Annual  Joint  Conference  of  the 
IEEE  Computer  and  Communication  Societies,  IEEE 
InfoCom  '88,  New  Orleans,  Louisiana,  27th-31st 
March,  1988,  pages  1050-1059,  "Using  Hint  Tables  to 

5  Locate  Resources  in  Distributed  Systems"  by  Ammar, 
et  al. 

When  a  request  is  made,  an  attempt  is  made  to 
locate  the  resource  at  the  node  where  the  request 
takes  place.  If  the  resource  if  not  found,  the  hint  table 

10  is  consulted  for  an  entry  for  the  resource  being  con- 
sulted.  If  an  entry  is  found  and  appears  to  be  correct, 
an  attempt  is  made  to  access  the  resource  at  the  ad- 
dress  found  in  the  hint  table.  If  an  entry  is  not  found, 
appears  to  be  incorrect  or  the  resource  is  not  at  the 

15  address  found  in  the  hint  table,  a  "general  method"  is 
employed  to  access  the  resource. 

If,  however,  a  resource  is  moved  after  an  update 
is  sent  and  before  it  is  received,  the  information  in  the 
hint  table  will  be  incorrect.  The  correctness  of  the  en- 

20  tries  in  the  hint  table  are  not  guaranteed.  Additionally, 
depending  on  the  weights  given  to  different  cost 
measures  (including  communication  overhead  para- 
meters  CP  and  CG)  and  the  general  size  of  the  hint  ta- 
ble  (CH),  usage  of  hint  tables  may  result  in  a  higher 

25  average  location  cost  than  the  use  of  the  aforemen- 
tioned  general  methods. 

Summary  of  the  Invention 

30  To  address  the  limitations  of  the  related  art  de- 
scribed  above,  the  invention  provides  a  method  and 
apparatus  for  substantially  isolating  the  software  pro- 
viding  the  interface  between  higher  level  software 
features  and  operational  units  and  for  allowing 

35  changes  to  operational  units  without  requiring  exten- 
sive  higher  level  software  changes. 

An  intermediate  level  of  software  treats  all  inputs 
and  outputs  in  the  same  way  independent  of  the  char- 
acteristics  of  the  operational  units.  A  further  inter- 

40  mediate  level  of  software  controls  interfaces  be- 
tween  a  higher  software  level  and  operational  unit 
hardware.  The  first  intermediate  level  of  software 
treats  all  higher  level  software  requests  for  data  from 
operational  units  in  the  same  way.  The  further  inter- 

45  mediate  level  of  software  categorizes  hardware  units 
into  types  which  can  be  manipulated  according  to  a 
standardized  approach  for  the  type. 

All  intermediate  levels  of  software  have  a  data- 
base  of  attributes  and  a  common  method  and  set  of 

so  messages  for  manipulating  the  attributes  which  pro- 
vides  broad  data  constructs  for  accommodating  re- 
motely  controlled  operational  units.  Such  data  con- 
structs  minimize  the  need  to  reproduce  the  same 
data  or  data  attributes  for  multiple  operational  units. 

55  The  data  constructs  are  provided  with  attributes  de- 
fining  paths  to  at  least  one  otherdata  construct.  Thus, 
the  invention  provides  data  constructs  containing  at- 
tributes  of  associated  data  constructs. 
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The  invention  provides  a  flexible,  reliable  method 
of  accessing  data  among  nodes  in  a  distributed  sys- 
tem  with  a  method  of  accessing  data  in  a  distributed 
system  without  requiring  a  central  look  up  node  and 
without  requiring  a  search  of  the  entire  network  on  ev- 
ery  reference  to  the  data. 

This  method  of  accessing  data  within  a  distribut- 
ed  system  assigns  a  unique  name  to  a  data  element 
when  it  is  first  defined.  The  unique  name  of  the  data 
element  is  bound  to  a  host  node  at  the  time  the  data 
element  is  first  accessed.  This  allows  accessing  data 
in  a  distributed  network  using  a  multi-level  naming 
convention  based  on  a  user  defined  name  and  the 
physical  location  of  the  data  element  on  the  network. 
In  this  naming  convention,  a  user  assigns  names  to 
data  elements  independent  of  where  the  data  ele- 
ment  is  located  on  a  network.  According  to  the  naming 
convention,  a  name  is  bound  to  a  unique  address, 
such  as  a  physical  location  and  data  base  location 
within  the  node,  when  it  is  referenced  for  the  first  time 
in  the  running  network.  Subsequent  references  to 
data  elements  are  provided  by  using  the  user  as- 
signed  name  bound  to  the  unique  address. 

It  is  also  useful  to  provide  a  distributed  system 
having  time  synchronization  of  system  nodes  and 
synchronized  data  bases  of  global  variables  among 
the  nodes.  Nodes  periodically  broadcast  their  pres- 
ence  on  a  system  using  time  stamps  indicating  when 
the  node's  data  base  of  global  variables  was  last  up- 
dated.  As  a  result,  it  is  possible  to  coordinate  all  nodes 
on  a  network  to  incorporate  the  global  data  base  of 
the  node  having  the  most  recently  updated  global 
data  base. 

The  present  invention  as  defined  in  claim  1  pro- 
vides  a  method  for  locating  data  in  a  distributed  net- 
work  system  which  includes  referencing  at  least  one 
data  element  by  name  from  a  referencing  node  and 
storing  in  the  referencing  node  binding  information  re- 
lating  data  element  names  and  corresponding  data 
element  locations  by  searching  the  network  for  the  lo- 
cation  of  a  data  element  the  first  time  the  data  ele- 
ment  is  referenced  by  the  referencing  node  and  stor- 
ing  by  name  in  the  referencing  node  the  location  of  the 
referenced  data  element  for  subsequent  references 
by  the  referencing  node  to  the  stored  data  element 
names.  Atable  of  data  element  names  is  stored  which 
is  referenced  by  applications  and  software  features  in 
the  referencing  node.  The  binding  information  is  stor- 
ed  in  the  table  the  first  time  the  applications  and  soft- 
ware  features  reference  the  data  element  name.  The 
location  of  the  data  element  is  identified  from  the 
binding  information  and  the  data  element  is  retrieved 
from  the  location  defined  in  the  binding  information. 

The  present  invention  as  defined  in  claim  8  fur- 
ther  provides  a  system  for  locating  data  in  a  distribut- 
ed  network  system  which  includes  a  processor,  a  plur- 
ality  of  network  controllers  with  each  network  control- 
ler  connected  by  a  network  to  the  processor  and  to 

each  other  where  at  least  one  network  controller  is  a 
host  controller  for  certain  data  elements.  The  host 
controller  downloads  from  the  processor  certain  data 
elements  and  corresponding  unique  data  element 

5  names  to  addressable  data  element  locations.  At 
least  one  of  the  network  controllers  is  a  referencing 
controller  which  references  a  referenced  data  ele- 
ment  of  certain  data  elements  by  a  referenced  data 
element  name  uniquely  corresponding  to  the  refer- 

10  enced  data  element.  Further,  the  referencing  control- 
ler  stores  binding  information  relating  the  referenced 
data  element  name  to  the  location  of  the  referenced 
data  element  by  searching  the  network  for  the  loca- 
tion  of  the  referenced  data  element  and  storing  by 

15  name  the  location  of  the  referenced  data  element  the 
first  time  the  referenced  data  element  is  referenced 
by  the  referencing  controller,  and  by  identifying  the 
location  of  the  referenced  data  elementfrom  the  bind- 
ing  information  and  retrieving  the  referenced  data  ele- 

20  ment  from  the  location  defined  in  the  binding  informa- 
tion  for  subsequent  references  to  the  referenced  data 
element  by  the  referencing  controller.  The  referencing 
controller  stores  the  binding  information  by  storing  a 
table  of  the  data  element  names  of  the  data  elements 

25  referenced  by  applications  and  software  features  in 
the  referencing  controller  and  storing  the  binding  in- 
formation  in  the  table  the  first  time  the  applications 
and  features  reference  each  of  the  data  elements. 

In  one  aspect  of  the  invention,  software  is  organ- 
30  ized  into  multiple  levels.  The  highest  or  "features"  lev- 

el  communicates  with  a  software  object  level  contain- 
ing  software  object  database  managers  and  databas- 
es.  The  software  object  level  treats  all  inputs  and  out- 
puts  to  and  from  the  features  level  the  same  way.  In 

35  addition,  the  software  object  level  communicates  with 
a  lower  intermediate  level,  the  hardware  object  level. 
The  hardware  object  level  contains  a  hardware  object 
database  manager  and  databases.  The  hardware  ob- 
ject  level  operates  to  mask  the  differences  between 

40  individual  operational  units  to  the  software  object  lev- 
el.  The  hardware  object  level  categorizes  data  acqui- 
sition  units  so  that  additional  units  of  a  known  type 
can  be  added  with  no  more  than  a  minor  database 
change.-  Additional  types  of  operational  units  can 

45  also  be  added  while  software  changes  are  confined 
to  the  hardware  object  level.  Thus,  new  units  can  be 
incorporated  without  any  major  impact  on  overall  sys- 
tem  software. 

The  software  also  employs  points  and  pseudo 
so  points.  One  or  more  attributes  define  a  point  as  a  vec- 

tor  quantity.  The  values  of  the  attributes  which  char- 
acterize  the  vector  quantity  are  obtained  from  opera- 
tional  units,  such  as  sensors.  Each  individual  point  is 
an  independent  vector  quantity  which  is  defined  with- 

55  out  reference  to  any  other  point  in  the  system.  A  pseu- 
do  point  is  also  a  vector  quantity  defined  by  attri- 
butes.  However,  at  least  one  of  the  attributes  of  a 
pseudo  point  identifies  an  associated  point  or  attri- 

4 



7 EP  0  513  206  B1 8 

bute  of  a  point.  Additional  attributes  of  the  pseudo 
point  are  then  obtained  from  the  identified  point  to  fa- 
cilitate  intermediate  calculations  without  requiring  re- 
peated  access  to  the  operational  unit  associated  with 
the  point. 

Other  aspects  of  the  invention  are  accomplished 
by  a  multi-level  naming  convention.  First,  each  data 
element  is  assigned  a  name  unique  to  the  system,  so 
that  it  is  a  unique  identifier  which  is  used  only  for  that 
piece  of  data.  The  name  assignment  is  done  when  the 
data  element  is  created  in  a  network  generation  proc- 
ess.  When  the  name  is  referenced  the  first  time  in  the 
running  network,  the  name  is  assigned  or  bound  to  a 
unique  address  identifying  both  the  node  location 
and  the  data  base  location  within  the  node.  This  is 
done  by  searching  the  network  for  the  data  element 
by  name  the  first  time  it  is  referenced.  Thereafter,  this 
bound  reference  is  used  to  locate  the  data  element  at 
each  subsequent  reference  to  that  data  element  dur- 
ing  run  time. 

In  another  aspect,  consistency  among  global  va- 
riables  in  the  nodes  is  maintained.  At  regular  intervals 
each  node  broadcasts  its  presence  and  a  time  stamp 
indicating  the  most  recent  update  of  its  data  base  of 
global  variables.  The  nodes  receiving  the  broadcast 
compare  theirtime  stamps  with  the  one  most  recently 
broadcast.  If  the  time  stamps  are  not  the  same,  the 
receiving  node  requests  the  broadcasting  node  with 
the  latest  data  to  download  the  more  recent  global  va- 
riable  data  base.  This  occurs  so  that  all  the  nodes 
have  the  most  recent  global  variables. 

In  another  aspect  of  the  invention  a  facilities  man- 
agement  system  is  divided  into  a  plurality  of  individual 
systems  with  each  of  a  plurality  of  nodes  having  a  list 
of  all  the  names  in  systems  defined  on  the  nodes.  In 
order  to  allow  the  systems  to  be  distributed  over  one 
or  more  interconnected  networks,  the  system  defini- 
tions  include  a  directory  of  objects  forthe  system  stor- 
ed  on  the  system  defining  node.  The  directory  defines 
which  node  the  object  is  located  on  so  that  it  is  not 
necessary  for  all  the  objects  of  the  system  to  be  res- 
ident  on  a  single  node.  When  objects  are  moved 
around  from  the  control  of  one  node  to  another,  the 
directories  are  updated. 

Brief  Description  of  the  Drawings 

The  above  objects  of  the  invention  are  accom- 
plished  as  described  below  in  accordance  with  the  fol- 
lowing  figures: 

Figure  1  is  a  network  control  module  according  to 
the  invention. 

Figure  2  shows  a  digital  control  module  according 
to  the  invention. 

Figure  3  shows  an  expansion  module  according 
to  the  invention. 

Figure  4  shows  a  network  control  unit  in  a  five  slot 
configuration. 

Figure  5  shows  a  network  control  unit  in  a  two  slot 
configuration. 

Figure  6  shows  a  single  slot  configuration  net- 
work  control  unit. 

5  Figure  7  tabulates  modules  used  in  one,  two,  and 
five  slot  configurations  of  a  network  control  unit. 

Figure  8  tabulates  modules  used  in  one,  two,  and 
five  slot  configurations  of  a  network  expansion  unit. 

Figures  9A  and  9B  illustrate  a  sample  facilities 
10  management  system  configuration. 

Figure  10  illustrates  a  lighting  controller  used  in 
a  network  according  to  the  invention. 

Figure  11  illustrates  a  card  access  controller 
used  in  a  network  according  to  the  invention. 

15  Figure  12  illustrates  an  intelligent  fire  controller 
used  in  a  network  according  to  the  invention. 

Figure  13  illustrates  a  facilities  management  con- 
figuration  for  small  buildings. 

Figure  14  illustrates  a  facilities  management  con- 
20  figuration  for  mid-size  buildings. 

Figure  15  illustrates  a  facilities  management  con- 
figuration  for  large  buildings. 

Figure  16  illustrates  a  facilities  management  con- 
figuration  for  remote  buildings. 

25  Figure  17  shows  one  system  configuration  ac- 
cording  to  the  present  invention. 

Figure  18  shows  a  more  detailed  view  of  various 
software  levels. 

Figure  1  9  illustrates  the  use  of  points  and  pseudo 
30  points  according  to  the  invention. 

Figure  20  is  another  overview  of  a  system  ac- 
cording  to  the  present  invention. 

Figure  21  is  a  flow  diagram  illustrating  a  first  em- 
bodiment  of  the  method  of  the  invention. 

35  Figure  22  is  a  flow  diagram  illustrating  a  second 
embodiment  of  the  method  of  the  invention. 

Figure  23  illustrates  a  further  optimization  of  the 
method  in  Figure  22. 

Figure  24  illustrates  an  embodiment  of  the  meth- 
40  od  of  the  invention  using  multiple  levels  of  names. 

Figure  25  illustrates  an  example  of  the  invention 
when  a  name  changes  its  address  within  a  node. 

Figure  26  illustrates  an  example  of  the  invention 
when  a  name  moves  between  nodes. 

45 
Detailed  Description  of  the  Preferred  Embodiments 

Figure  1  shows  generally  network  control  module 
1-1  which  has  a  processor  1-3,  dynamic  random  ac- 

50  cess  memory  1-5,  and  electronically  programmable 
read  only  memory  1-7.  Network  control  module  1-1 
communicates  with  high  speed  bus  1-9,  the  N1  bus, 
so  that  network  control  module  1-1  can  be  intercon- 
nected  in  a  local  area  network  configuration  to  other 

55  network  control  modules.  A  plurality  of  network  con- 
trol  modules  1-1  connected  over  high  speed  bus  1-9 
form  a  network  which  can  be  interconnected  through 
gateways  to  other  networks  of  network  control  mod- 

5 
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ules  interconnected  on  high  speed  buses.  Network 
control  module  1-1  further  has  standard  RS-232  in- 
terface  1-11  with  a  plurality  of  ports  to  provide  com- 
munication  through  a  modem  over  port  1-13,  a  spe- 
cialized  network  terminal  over  port  1-15  and  a  com- 
puter,  or  printer  over  port  1-17.  Field  trunk  controllers 
1-19  and  1-21  allow  network  control  module  1-1  to 
communicate  with  field  devices  interconnected  on 
communications  media  1-23  and  1-25. 

Subnet  controller  1-27  allows  devices  1-29,  1-31, 
1-33  to  communicate  with  network  control  module  1- 
1  over  N2  bus  1-35.  To  isolate  network  control  module 
1-  1  from  spurious  signals  and  power  surges  which 
may  become  impressed  on  N2  bus  1-35,  N2  subnet 
controller  1-27  incorporates  an  opto-22  interface  1- 
37,  as  shown.  A  network  control  module  according  to 
the  invention  functions  as  a  central  part  of  a  network 
control  unit  described  below.  Network  control  mod- 
ules,  either  alone  or  as  part  of  network  control  units, 
function  as  controllers  for  nodes  interconnected  by 
the  high  speed  N1  bus  1-9.  Thus,  a  primary  function 
of  the  network  control  module  is  to  supervise  peer  to 
peer  communications  with  other  network  control 
modules  or  network  control  units  and  operator  work 
stations  on  high  speed  bus  1-9. 

In  a  facilities  management  system  (FMS)  the  net- 
work  control  module  performs  supervisory  control  of 
an  area  of  a  building.  Thus,  in  accordance  with  spe- 
cialized  programs,  the  network  control  module  super- 
vises  maintaining  environmental  conditions  accord- 
ing  to  program  parameters  and  communicating  with 
operational  units,  such  as  sensors  and  other  devices 
connected  to  the  network  control  module  1-1  via  N2 
bus  1-35.  Network  control  module  1-1  further  man- 
ages  communications  over  a  RS-232  interface  1-11 
to  various  person  machine  interfaces  (PMI).  Special- 
ized  devices  in  the  facilities  management  system  can 
be  connected  via  field  trunk  controllers  1-21  and  1- 
19  and  corresponding  communication  media  1-25 
and  1-23.  In  a  facilities  management  system  (FMS) 
according  to  the  invention,  the  network  control  mod- 
ule  1-1,  which  is  sometimes  referred  to  as  a  network 
controller,  is  configured  as  a  plug  in  module  which 
mates  with  a  connector  on  a  backplane. 

Figure  2  shows  digital  control  module  2-1  which 
also  interfaces  with  a  connector  on  a  backplane.  Dig- 
ital  control  module  2-1  includes  processor  2-3  and 
memory  2-5.  Memory  2-5  is  divided  into  a  static  ran- 
dom  access  memory  section  2-7,  and  electronically 
programmable  read  only  memory  (EPROM)  section 
2-  9,  and  an  electronically  erasable  programmable 
read  only  memory  (EEPROM)  2-11  .  In  addition,  digital 
control  module  2-1  has  input/output  sections  2-13 
and  2-15.  Adigital  control  module  2-1  may  also  be  in- 
corporated  into  a  network  control  unit  according  to 
the  invention,  as  discussed  below.  A  digital  control 
module  conditions  sensor  inputs  received  through  in- 
put/output  sections  2-13  and  2-15  and  reports 

changes  to  the  network  controller  or  network  control 
module  1-1.  In  addition,  in  a  facilities  management 
system  (FMS)  the  digital  control  module  performs 
closed  loop  control  for  a  plurality  of  control  loops. 

5  Thus,  closed  loop  control  can  be  accomplished  with- 
out  a  network  control  module.  In  addition,  the  digital 
control  module  2-1  executes  commands  received 
from  network  control  module  1-1  .  Digital  control  mod- 
ule  2-1  further  may  accept  inputs  either  directly  or 

10  through  a  function  module.  A  function  module  (FM) 
also  performs  conditioning  of  an  input  or  output  sig- 
nal.  While  a  digital  control  module  according  to  the  in- 
vention  can  accept  inputs  directly  (100-1,000  ohms 
RTD  (resistive  temperature  device),  4-20  mA,  0-10 

15  volts  DC)  or  through  an  inputfunction  module,  all  out- 
puts  from  a  digital  control  module  2-1  are  character- 
ized  by  function  module  selection.  Afunction  module 
(not  shown)  conditions  signals  but  does  not  perform 
sophisticated  processing.  Such  function  modules,  ac- 

20  cording  to  the  invention,  are  tailored  to  accommodate 
the  specific  conditioning  function  required.  Thus,  a 
function  module  may  contain  sophisticated  electron- 
ics  tailored  to  perform  a  specific  task  or  may  be  as 
simple  as  a  single  resistor. 

25  Network  control  module  1-1  also  performs  nu- 
merous  background  tasks,  as  discussed  below,  to  as- 
sure  that  each  of  the  nodes  on  the  system  is  operating 
with  the  same  global  variables,  is  time  synchronized, 
and  has  consistent  directories  of  system  names.  In 

30  addition,  software  in  the  network  control  modules  1- 
1  to  reduce  data  communications,  to  track  the  aging 
of  data,  and  to  provide  a  uniform  means  of  isolating 
high  level  software  features  from  specialized  opera- 
tional  units  is  discussed  below. 

35  Typical  inputfunction  modules  in  a  facilities  man- 
agement  system  include  pressure/electric  transduc- 
ers,  binary  input  contacts  or  AC  line  voltage  condi- 
tioners,  differential  pressure  inputs,  and  binary  fre- 
quency  inputs.  Typical  output  function  modules  in- 

40  elude  analog  outputs,  analog  outputs  with  isolated 
grounds,  electric/pressure  transducers,  binary  polar- 
ity  reversing,  triac  incremental  function  modules,  mo- 
tor  start/motor  stop  function  modules,  electrically 
maintained  relay  outputs,  magnetically  latched  relay 

45  outputs,  and  solenoid  air  valve  function  modules. 
As  shown  in  Figure  3,  expansion  module  (XM)  3- 

1  according  to  the  invention,  includes  processor  3-3 
and  memory  3-5.  The  memory  is  typically  divided  into 
static  random  access  memory  (SRAM)  3-7  and  elec- 

50  tronically  erasable  programmable  read  only  memory 
(EEPROM)  3-9.  Point  multiplex  modules  3-11  provide 
a  configurable  input/output  for  the  expansion  mod- 
ules.  The  expansion  module  is  also  a  plug  in  module 
which  plugs  into  a  connector  on  a  back  plane  in  a 

55  node  of  a  facilities  management  system.  The  expan- 
sion  modules  condition  binary,  analog  and  pulse  in- 
puts  and  report  changes  to  the  network  controller  or 
network  control  module  1-1.  In  addition,  the  expan- 
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sion  module  executes  binary  output  commands  from 
network  controller  1-1.  Point  multiplex  modules  3-11 
provide  five  configurations  of  expansion  modules. 
These  include  a  first  configuration  having  32  binary 
inputs,  a  second  configuration  having  8  binary  inputs 
and  8  pairs  of  outputs  using  momentary  relays,  a  third 
configuration  having  8  binary  inputs  and  8  magneti- 
cally  latched  relay  outputs,  a  fourth  configuration  hav- 
ing  8  analog  inputs  and  a  fifth  configuration  having  8 
binary  inputs  and  8  electrically  maintained  relay  out- 
puts. 

Network  control  modules,  digital  control  mod- 
ules,  and  expansion  modules,  can  be  combined  in  va- 
rious  configurations  to  form  a  network  control  unit  ac- 
cording  to  the  invention.  A  network  control  unit  (NCU) 
in  a  facilities  management  system  monitors  and  su- 
pervises  heating  ventilating  and  air  conditioning 
(HVAC),  lighting,  and  building  functions.  Network 
control  units  are  interconnected  by  the  N1  bus  1-9.  As 
part  of  an  N1  network,  the  NCU  shares  all  data  with 
all  other  NCUs  in  a  dynamic  data  access  relationship. 
A  distributed  system  is  formed  because  peer-to-peer 
communications  allow  each  network  control  unit  to 
access  and  use  data  acquired  under  the  control  of 
any  other  network  control  unit.  Thus,  information  at 
any  level  is  accessible  to  every  NCU  to  integrate  and 
optimize  all  components  within  a  building.  Network 
control  units  can  also  be  interconnected  to  perform 
other  control  functions  involving  the  use  and  monitor- 
ing  of  diverse  physical  sensors  and  equipment,  such 
as  a  broad  array  of  industrial  control  processes  and 
other  processes  involving  control  systems. 

Figure  4  shows  one  configuration  of  an  NCU  4-1 
in  which  five  slots  4-3,  4-5,  4-7,  4-9  and  4-11  are 
available.  Slot  4-3  contains  a  network  control  module 
as  previously  discussed  relative  to  Figure  1.  The  net- 
work  control  module  provides  the  sole  means  of  com- 
munication  along  the  high  speed  N1  bus  4-1  5  through 
communication  terminal  board  4-1  3.  It  should  be  not- 
ed  that  only  a  network  control  module  can  communi- 
cate  on  the  highspeed  N1  bus  4-1  5.  Slots  4-5  through 
4-11  can  be  occupied  by  digital  control  modules,  ex- 
pansion  modules,  or  additional  network  control  mod- 
ules  as  shown.  Communications  between  these  de- 
vices  and  with  the  network  control  module  is  via  the 
N2  bus  4-16.  Slots  4-5  and  4-9  can  also  accommo- 
date  network  control  modules.  These  network  control 
modules  may  also  communicate  over  the  N1  bus  4- 
15  as  indicated  by  dotted  lines  4-1  7  and  4-19  in  Figure 
4. 

As  shown  in  Figure  1,  network  control  unit  4-1  is 
provided  an  interface  to  an  operator  through  RS-232 
interface  portion  1-11  of  network  control  module  1-1. 
Using  a  dial-up  modem  1-13,  specialized  network  ter- 
minal  1  -1  5  or  an  operator  work  station  such  as  a  per- 
sonal  computer,  an  operator  may  generate  or  respond 
to  commands  and  provide  program  changes  and  or- 
ganizing  data  to  user  specified  data  bases. 

The  five  slot  NCU  configuration  in  Figure  4  also 
shows  connectors  4-21  and  4-23  for  a  plurality  of  in- 
put  function  modules  and  corresponding  input  func- 
tion  module  terminal  boards  4-27  and  4-25.  Similarly, 

5  connectors  4-29  and  4-31  accommodate  a  plurality  of 
output  function  modules  and  corresponding  output 
function  module  terminal  boards  4-33  and  4-35  are 
provided.  It  should  also  be  noted  that  each  individual 
slot  4-3  through  4-11  is  provided  with  its  own  power 

10  supply  4-37  through  4-45.  Expansion  module  input 
terminal  boards  are  provided  at  4-47  and  4-49  and  ex- 
pansion  module  inputs/output  terminal  boards  are 
provided  at  4-51  and  4-53.  Line  voltage,  V,  is  applied 
to  the  power  terminal  board  4-55. 

15  An  alternative  configuration  of  a  network  control 
unit  is  the  two  slot  configuration  5-1  shown  in  Figure 
5.  Slots  5-3  and  5-5  can  each  accommodate  an  ex- 
pansion  module.  Slot  5-3  can  also  accommodate  a 
digital  control  module  while  slot  5-5  can  also  accom- 

20  modate  a  network  control  module.  It  should  be  noted 
that  in  order  to  constitute  a  network  control  unit,  at 
least  one  network  control  module  is  required.  This  is 
because,  as  previously  noted,  it  is  only  a  network  con- 
trol  module  which  can  communicate  in  a  peer-to-peer 

25  relationship  with  other  network  control  units  over  the 
N1  bus.  Thus,  slot  5-5  has  a  connection  to  the  N1  bus 
5-7.  Devices  installed  in  slots  5-3  and  5-5  communi- 
cate  with  each  other  over  N2  bus  5-9.  Both  the  N1  and 
N2  buses  are  connected  to  communications  terminal 

30  board  5-11  to  provide  further  communications  with 
the  remaining  parts  of  the  system. 

In  a  manner  analogous  to  that  discussed  in  Fig- 
ure  4,  a  plurality  of  input  function  modules  can  be  lo- 
cated  at  connectors  5-13  and  the  plurality  of  output 

35  function  modules  can  be  located  at  connectors  5-1  5. 
Inputfunction  module  terminal  board  5-17  and  a  cor- 
responding  output  function  module  terminal  board  5- 
1  9  are  also  provided.  Similarly,  expansion  module  in- 
put  terminal  board  5-21  and  expansion  module  in- 

40  put/output  terminal  board  5-23  provide  access  to  the 
expansion  module.  It  should  be  further  noted  that  de- 
vices  in  slots  5-3  and  5-5  also  have  independent  pow- 
er  supplies  5-25  and  5-27.  Line  voltage,  V,  is  provided 
to  power  terminal  board  5-29. 

45  Figure  6  shows  a  single  slot  configuration  accord- 
ing  to  the  invention.  Slot  6-3  can  contain  a  network 
control  module  in  which  case  the  device  operates  as 
a  network  control  unit  with  the  ability  to  communicate 
on  a  peer-to-peer  basis  with  other  devices  via  the  N1 

so  bus  6-5.  Communication  with  devices  on  the  N2  bus 
external  to  the  NCU  6-1  is  over  N2  bus  6-7. 

As  Figure  6  shows,  line  voltage,  V,  is  connected 
to  power  terminal  board  6-9  and  power  supply  6-11 
supplies  the  device  in  slot  6-3.  Figure  6  also  shows 

55  that  device  in  slot  6-3  can  be  an  expansion  module. 
Thus,  the  single  slot  configuration  in  Figure  6  also  has 
expansion  module  input  terminal  board  6-13  and  ex- 
pansion  module  input-output  terminal  board  6-15. 

7 
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As  previously  stated,  a  network  control  unit  must 
have  a  network  control  module  in  order  to  accomplish 
peer-to-peer  communications  over  the  N1  bus.  How- 
ever,  as  the  single  slot  configuration  in  Figure  6 
shows,  it  is  possible  for  a  device  to  be  constructed 
having  an  expansion  module  without  a  network  con- 
trol  module.  Since  an  expansion  module  could  not 
communicate  over  the  N1  bus,  the  device  can  not  be 
a  network  control  unit.  It  is  possible,  according  to  the 
invention,  to  construct  in  either  the  5  slot  back  plane 
shown  in  Figure  4,  the  two  slot  back  plane  shown  in 
Figure  5  and  the  one  slot  back  plane  shown  in  Figure 
6  a  device  which  does  not  have  the  capability  of  com- 
municating  over  the  N1  bus.  Such  devices  are  called 
network  expansion  units  (NEU).  Network  expansion 
units  serve  two  functions.  First,  they  serve  as  a  col- 
lection  platform  for  I/O  points  in  order  to  increase  the 
point  and  control  loop  capacity  of  an  NCU.  Second, 
network  expansion  units  can  be  remotely  located 
from  an  NCU  to  monitor  and  distribute  control  to 
points  and  then  transfer  the  data  from  these  points 
back  to  the  NCU  over  the  N2  bus. 

Since  the  back  planes  can  be  used  to  construct 
either  a  network  control  unit  or  a  network  expansion 
unit,  alternative  configurations  are  possible.  Figure  7 
shows  fully  loaded  alternative  configurations  possi- 
ble  for  network  control  units  having  1,  2  and  5  slot 
back  planes.  Figure  8  shows  fully  loaded  possible 
configurations  of  network  expansion  units  having  1  , 
2  and  5  slot  back  planes. 

Figure  9  illustrates  a  possible  configuration  of  a 
facilities  management  system  according  to  the  inven- 
tion.  Five  slot  NCU  9-1  communicates  with  one  slot 
NCU  9-3  over  N1  bus  such  as  ARCNET  9-5.  N1  bus 
9-5  is  also  connected  to  personal  computer  9-7.  Per- 
sonal  computer  9-7  can  be  used  as  a  download  de- 
vice  to  download  new  information  and  data  bases  to 
NCUs  9-1  and  9-3  and  other  devices  connected  to 
NCUs  9-1  and  9-3.  N1  bus  9-5  is  connected  to  com- 
munication  terminal  board  9-9  in  NCU  9-1  and  termi- 
nal  communication  board  9-11  in  NCU  9-3.  Within 
NCU  9-1  N1  bus  9-13  is  connected  to  network  control 
module  9-15.  Since  this  is  the  only  network  control 
module  shown  in  five  slot  NCU  9-1,  there  are  no  fur- 
ther  connections  within  the  five  slot  NCU  to  the  N1 
bus  9-13.  Five  slot  NCU  9-1  also  has  expansion  mod- 
ules  9-17  and  9-19  and  digital  control  modules  9-21 
and  9-23.  These  modules  perform  the  functions  dis- 
cussed  previously  and  are  interconnected  with  the 
five  slot  NCU  via  N2  bus  9-25.  An  interface  commu- 
nicates  directly  with  the  five  slot  NCU  9-1  ,  N1  bus  9- 
1  3  and  devices  on  its  N2  bus  via  lap-top  PC  9-27.  As 
Figure  9  shows,  lap-top  9-27  is  connected  to  an  RS- 
232  interface  9-29  which  is  part  of  network  control 
module  9-15.  A  network  terminal  unit  for  specialized 
network  terminal  9-31  is  also  accommodated  on  RJ- 
11  interface  9-33.  Network  control  module  9-15  also 
has  sub-modules  9-35  and  9-37.  Such  sub-modules 

may  include  devices  such  as  subnet  controller  1-27, 
field  truck  controller  1-21  and  RS-232  interface  1-11. 
Function  modules,  for  example,  9-41  are  also  used  in 
the  five  slot  NCU  9-1  .  As  Figure  9  shows,  each  device 

5  in  the  five  slots  has  its  own  power  supply,  for  exam- 
ple,  9-43.  The  power  supplies  all  receive  line  voltage 
or  AC  power  through  power  terminal  boards,  for  ex- 
ample,  9-45.  The  individual  power  supplies  exist  to 
isolate  spurious  signals  and  noise  in  one  device  from 

10  being  communicated  via  the  power  supply  lines  into 
a  second  device. 

One  slot  NCU  9-3  is  formed  from  a  single  network 
control  module  9-47.  Within  network  control  module 
9-47  sub-module  9-49  provides  an  interface  to  a  per- 

is  sonal  computer  9-51  and  RS-232  interface  9-30  is 
provided  to  printer  9-53.  The  NCU  may  also  have 
RJ11  interface  9-32.  Network  control  module  9-47 
communicates  from  network  control  unit  9-3  over  N2 
bus  9-55  to  fire  system  9-57  and  access  control  sys- 

20  tern  9-59.  Fire  system  9-57  is  used  to  detect  danger- 
ous  smoke  and  fire  conditions  in  the  building  and  ac- 
cess  control  system  9-59  is  used  to  provide  security 
services.  Such  systems  are  known  in  the  art  and  are 
shown  to  illustrate  the  capabilities  of  a  facilities  man- 

25  agement  system  according  to  the  invention. 
Five  slot  NCU  9-1  communicates  over  N2  bus  9- 

61  with  one  slot  expansion  unit  9-63,  two  slot  network 
expansion  unit  9-65,  application  specific  controller  9- 
67  and  lighting  controller  9-69. 

30  One  slot  network  expansion  unit  9-63  has  an  ex- 
pansion  module  9-71  which  communicates  with  the 
N2  bus  9-61  via  communication  terminal  board  9-73 
within  the  one  slot  NCU  9-63.  Expansion  module  9-71 
has  its  own  power  supply  9-75.  As  with  expansion 

35  modules  9-19  and  9-17  in  five  slot  NCU  9-1,  expan- 
sion  module  9-71  may  have  any  of  the  five  configur- 
ations  previously  described.  As  previously  noted,  the 
expansion  modules  condition  binary,  analog  and 
pulse  inputs,  report  changes  to  the  network  controller 

40  and  execute  binary  output  commands,  which  com- 
mand  a  connected  operational  unit  to  one  of  two  sta- 
ble  states,  from  the  network  controller. 

Two  slot  network  expansion  unit  (NEU)  9-65  has 
expansion  module  9-77  and  digital  control  module  9- 

45  79,  each  with  its  own  power  supply  9-81  and  9-83,  re- 
spectively.  Function  modules,  for  example,  9-85a 
through  9-85c  interface  with  digital  control  module  9- 
79.  Both  the  expansion  module  9-77  and  the  digital 
control  module  9-79  are  connected  to  N2  bus  9-61 

so  within  the  two  slot  network  expansion  unit  9-65  to 
communication  terminal  board  9-87.  This  provides 
access  to  N2  bus  9-61  for  communications  with  the 
rest  of  the  sample  FMS  configuration  shown  in  Figure 
9. 

55  Specialized  lighting  controller  9-69  is  also  attach- 
ed  to  the  N2  bus  9-61  in  order  to  receive  commands 
and  provide  lighting  status  information  to  five  slot  net- 
work  control  unit  9-1.  Known  application  specific  con- 

8 
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trailers,  for  example,  9-67  can  also  be  attached  to  N2 
bus  9-61  ,  according  to  the  invention.  Such  application 
specific  controllers  perform  dedicated  tasks  while 
communicating  over  N2  bus  9-61.  The  overall  soft- 
ware  structure  to  accommodate  various  network  ex- 
pansion  units  and  application  specific  controllers  is 
discussed  below. 

Figure  10  is  an  expanded  view  of  lighting  control- 
ler  9-69  in  operation  on  the  system.  Figure  10  shows 
lighting  controller  10-1  connected  over  N2  OPTO- 
MUX  bus  10-3  to  network  control  unit  10-5  which 
communicates  with  operator  work  station  10-7  over 
N1  bus  10-9.  NEU  10-15  is  also  shown  connected  to 
the  N2  bus.  The  lighting  controller  10-1  has  32  over- 
ride  switch  inputs  10-11  and  forty  relay  outputs.  Forty 
latching  relays  are  possible  or  20  remote  relays  10-13 
via  a  low  voltage  cable  connect  are  also  possible. 

Figure  11  further  illustrates  an  access  control 
system  such  as  that  described  at  Figure  9,  9-59.  Here 
card  access  controller  11-1  communicates  with  net- 
work  control  unit  11-3  via  N2  bus  11-5,  e.g.  an  OPTO- 
MUX  bus.  To  provide  security,  the  card  access  con- 
troller  11-1  is  connected  to  a  smart  terminal  interface 
11-  6  with  a  reader  1  1  -7,  such  as  a  Weigand  effect,  ba- 
rium  ferrite,  or  magnetic  strip  reader  and  8  alarm  in- 
puts  11-9.  The  card  access  controller  also  accommo- 
dates  8  proximity  readers  11-11  and  communicates 
over  RS-232  interfaces  to  CRT  display  11-13  and 
printer  11-15.  Typically,  one  access  controller  would 
be  used  for  each  network  control  unit.  The  N2  bus 
may  also  accommodate  other  units  such  as  NEU  11- 
17,  while  the  N1  bus11-21  may  be  connected  to  other 
units  such  as  workstation  11-19. 

Figure  12  shows  a  fire  system  as  in  9-57  operat- 
ing  on  a  facilities  management  system.  Network  con- 
trol  unit  12-1  communicates  with  operator  work  sta- 
tion  12-3  and  other  network  control  units  over  N1  bus 
12-  5.  N2  bus  12-7  is  connected  to  intelligent  fire  con- 
troller  12-9  which  receives  inputs  from  a  fire  detec- 
tion/signalling  loop  12-11.  Smart  detectors,  for  exam- 
ple,  12-13a  through  12-13c,  detect  smoke,  thermal 
conditions  and  alarms  activated  at  pull  stations.  Also 
connected  to  the  fire  detection  signal  loop  12-11  is 
control  module  12-15  which  activates  a  signalling  de- 
vice.  Monitor  module  12-17  monitors  the  status  of  pull 
stations  12-19,  heat  detectors  12-21  and  water  flow 
alarm  switches  12-23.  Intelligentf  ire  controller  12-9  is 
also  connected  over  an  RS-485  bus  12-25  to  annun- 
ciators  12-27.  Similarly,  intelligent  fire  controller  12- 
9  communicates  over  RS-232  interface  to  CRT  dis- 
play  12-29  and  printer  12-31.  The  N2  bus  12-7  can 
also  be  connected  to  binary  input  expansion  module 
12-33  which  itself  is  connected  to  switch  panel  12-35. 
The  binary  expansion  module  12-33  and  switch  panel 
12-35  can  operate  together  to  form  a  smoke  control 
station  which  transmits  information  to  network  con- 
trol  unit  12-1  and  intelligent  fire  controller  12-9  over 
N2  bus  12-7. 

Figures  13-16  illustrate  the  use  of  various  config- 
urations  according  to  the  invention  in  different  size 
buildings.  Figure  13  shows  a  facilities  management 
system  configured  for  a  small  building.  This  is  a 

5  stand-alone  configuration  in  which  the  network  con- 
trol  unit  automatically  controls  and  optimizes  heating, 
ventilating,  air  conditioning  and  other  electro/mech- 
anical  building  systems  with  directly  connected  in- 
put/output  points.  Using  a  local  I/O  device  13-1,  such 

10  as  a  network  terminal,  an  operator  can  set  up  a  net- 
work  control  unit  13-3,  having  functions  and  sched- 
ules,  with  adjustment  and  override  capabilities.  N2 
bus  13-5  provides  communication  from  the  network 
control  unit  to  the  controlled  system  shown  generally 

15  at  1  3-7.  Such  a  system  may  have  temperature  sensor 
13-  9,  flow  controller  13-11  and  chiller  13-13. 

Figure  14  shows  a  typical  configuration  fora  mid- 
sized  building  in  which  several  network  control  units, 
for  example,  14-1,  14-3  simultaneously  manage  heat- 

20  ing  ventilating  and  air  conditioning,  and  various  other 
electro/mechanical  systems.  NCUs  14-1  and  14-3 
can  communicate  with  each  otherthrough  high  speed 
N1  bus  14-5  and  with  operator  work  station  14-7. 
NCU  14-3  has  expanded  capacity  and  range  by  im- 

25  plementing  remote  network  expansion  units  14-9  and 
14-  11.  This  eliminates  the  necessity  of  wiring  line  vol- 
tages  for  the  separate  devices  back  to  the  network 
control  unit  14-3.  Local  input/output  to  network  con- 
trol  unit  14-1  is  provided  by  local  I/O  device  14-13. 

30  Both  network  control  units  14-1  and  14-3  communi- 
cate  with  their  respective  control  devices  14-15,  14- 
17,  14-19,  14-21,  14-23  and  network  expansion  units 
over  an  N2  bus  14-25,  14-27. 

Figure  15  shows  a  facilities  management  system 
35  configured  for  a  large  building.  In  Figure  15,  multiple 

network  control  units  15-1,  15-3,  15-5  are  intercon- 
nected  over  the  N1  bus  15-7.  In  addition,  a  plurality 
of  operator  workstations  such  as  15-9  and  15-11  are 
also  connected  to  the  N1  bus.  For  example  purposes, 

40  Figure  1  5  shows  network  control  unit  1  5-3  connected 
via  its  N2  bus  15-13  to  card  access  controller  15-15 
with  proximity  reader 

1  5-30  and  smart  terminal  interface  1  5-32  con- 
nected  to  magnetic  strip  reader  15-34.  Card  access 

45  controllers  were  discussed  relative  to  Figure  11.  Fig- 
ure  15  further  shows  network  control  unit  15-5  con- 
nected  over  its  N2  bus  15-17  to  fire  controller  15-19 
with  fire  detection/signalling  device  loop  15-28.  Such 
fire  controllers  were  discussed  relative  to  Figure  12. 

so  Network  control  unit  15-1  is  connected  over  its  N2 
bus  15-21  to  various  control  systems,  for  example, 
15-  23  and  15-25.  In  addition,  local  input/output  to  net- 
work  control  unit  15-1  is  provided  via  local  I/O  termi- 
nal  15-27. 

55  According  to  the  invention,  a  facilities  manage- 
ment  system  can  also  be  configured  for  remote  build- 
ings.  Figure  16  shows  such  a  system.  As  shown  in 
Figure  16,  remote  links  can  exist  either  on  the  N1  or 

9 



17 EP  0  513  206  B1 18 

the  N2  bus.  Operator  work  station  16-1  is  directly  con- 
nected  on  a  N1  bus  16-3  to  network  control  unit  16-5 
and  network  control  unit  16-7.  Network  control  unit 
1  6-9,  however,  is  connected  to  the  N1  bus  1  6-3  via  re- 
mote  links  16-11.  Network  control  unit  16-7,  directly 
connected  to  operator  work  station  16-1,  is  further 
connected  over  its  N2  bus  16-13  to  controller  16-15 
and  16-17.  Similarly,  NCU  16-9  is  directly  connected 
over  its  N2  bus  16-19  to  controllers  16-21  and  16-23. 
Local  I/O  to  network  controller  16-9  is  provided  by  lo- 
cal  I/O  terminal  16-25.  In  contrast,  network  control 
unit  16-5  is  directly  connected  over  an  N2  bus  16-27 
to  controller  16-29  and  16-31  but  is  connected  to  con- 
troller  16-33  over  remote  link  16-35.  Thus,  according 
to  the  invention,  peer-to-peer  communication  over 
the  N1  bus  can  be  accomplished  by  a  remote  link  and 
master/slave  communications  over  the  N2  bus  can 
also  be  accomplished  by  a  remote  link. 

According  to  Figure  17,  a  plurality  of  network  con- 
trollers  17-1  each  having  a  processor  17-2  and  a 
memory  17-4  are  connected  by  high  speed  bus  17-3 
to  form,  for  example,  a  networked  Facilities  Manage- 
ment  System  (FMS)  17-6.  It  should  be  noted  that 
processor  17-2  may  be  centralized  or  distributed  to 
accommodate  software  layers  in  the  node  as  dis- 
cussed  herein.  Each  network  controller  functions  as 
a  master  control  node  for  operational  units  attached 
to  it  and  incorporates  several  layers  of  software.  The 
software  levels  are  structured  to  provide  increasing 
isolation  between  the  software  levels  and  the  opera- 
tional  units.  The  highest  software  level  is  the  features 
level  17-5.  Features  level  17-5  implements  specific 
functions  to  be  performed  by  the  network  controller 
in  operating  the  facilities  management  system.  One 
example  of  a  specif  ic  function  would  be  a  user  display 
tabulating  or  graphically  showing  certain  values.  Fea- 
tures  contain  a  control  program  and  a  list  of  data  ob- 
jects  on  which  the  control  program  operates. 

Any  number  of  high  level  software  features  can 
be  implemented  depending  upon  the  requirements  of 
the  system  and  the  capabilities  of  the  master  control 
node.  Some  other  examples  of  features  performed  in 
a  facilities  management  system  would  include  trend 
analysis,  totalization,  and  other  statistical  features 
providing  measures  of  facilities  management  sys- 
tems  performance.  An  important  factor  is  that  the  in- 
creasing  level  of  isolation  from  the  hardware  allows 
the  software  features  to  be  unaffected  by  changes  in 
the  facilities  management  system  hardware. 

Software  features  at  the  highest  level  communi- 
cate  with  the  software  object  level  1  7-7.  The  software 
object  level  is  an  intermediate  level  which  determines 
how  to  carry  out  the  action  requested  by  one  of  fea- 
tures  18-21,  18-23,  18-25  at  the  features  level  18-5. 
Information  is  passed  between  the  software  object 
level  17-7  and  18-7  and  the  features  level  17-5  and 
1  8-5  independent  of  differences  at  the  lower  levels  of 
hardware.  Similarly,  the  software  object  level  forms 

an  interface  with  another  level  of  software  called  the 
hardware  object  level  17-9  and  18-9.  The  hardware 
object  level  allows  for  a  common  interface  to  be  es- 
tablished  between  the  software  object  and  hardware 

5  object  levels  regardless  of  the  peculiarities  of  opera- 
tional  units,  such  as  sensors  and  other  data  acquisi- 
tion  and  control  instruments,  connected  to  the  net- 
work  controller.  This  is  accomplished  by  configuring 
the  hardware  object  level  to  mask  the  differences  be- 

10  tween  the  operational  units  to  the  various  entities  in 
the  software  object  level  17-7  and  18-7.  In  accor- 
dance  with  requirements  of  local  bus  communica- 
tions  interface  17-11  and  18-11,  network  controller 
17-1  communicates  over  local  bus  17-13  with  slave 

15  controllers,  for  example  Type  A  17-15,  17-17,  and 
Type  B  17-19.  As  shown  in  Figure  1,  any  number  of 
types  of  slave  controllers  is  possible.  The  slave  con- 
trollers  are  connected  to  operational  units,  for  exam- 
ple,  to  sensors  T2,  T3,  S  ̂ S2,  S3.  Such  sensors  are 

20  binary  or  analog  field  sensors  which  read  values  of 
real  world  data  (e.g.,  outdoor  air  temperature). 

Figure  18  provides  a  more  detailed  illustration  of 
the  configuration  described  in  Figure  17.  The  soft- 
ware  object  level  contains  a  plurality  of  software  ob- 

25  ject  managers  1  8-27,  1  8-31  ,  1  8-35.  Asoftware  object 
manager  is  a  database  manager  which  handles  all  re- 
quests  for  a  particular  type  of  software  object.  An  ob- 
ject  is  a  named  data  element  stored  in  the  network 
controller.  Objects  are  categorized  in  types  and  each 

30  instance  of  an  object  has  its  own  set  of  data,  such  as 
object  name,  current  value,  alarm  limit,  etc.  There- 
fore,  each  software  object  manager  is  associated 
with  a  corresponding  database,  18-29,  18-33,  18-36. 
One  example  of  a  software  object  manager  is  an  ana- 

35  log  input  object  manager  18-27.  This  would  be  the  da- 
tabase  manager  for  all  instances  of  analog  input  ob- 
jects,  such  as  instances  T1  ,  T2,  T3  of  temperature  ob- 
jects  T  in  the  following  example.  Another  is  a  Binary 
Input  Object  Manager  1  8-31  .  All  of  the  elements  of  the 

40  database  for  a  given  managerare  objects  of  the  same 
type.  In  the  following  example,  the  software  objects 
include  analog  input  points,  and  binary  input  points. 
Each  object  type  may  have  several  instances,  each 
of  which  has  its  own  set  of  data  values  called  attri- 

45  butes.  For  example,  the  analog  input  objects  stored 
in  database  18-29  are  each  an  instance  of  a  type  of 
object.  Each  of  these  three  instances  has  its  own  set 
of  attributes.  These  attributes  are  data  which  in- 
cludes  the  object  name,  the  current  value,  the  alarm 

so  limits,  etc. 
The  hardware  object  level  contains  a  similar  plur- 

ality  of  hardware  object  managers  18-37,  18-41,  18- 
45.  Each  hardware  object  manager  is  a  database 
manager  which  handles  all  requests  for  a  particular 

55  type  of  hardware  device  on  the  local  low  speed  bus 
17-13  connecting  the  network  controller  to  the  slave 
hardware  devices  17-15,  17-17,  17-19.  For  example, 
a  slave  controller  type  A  hardware  manager  18-37  is 

10 
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the  database  manager  for  all  slave  controller  objects 
of  type  A  (A1,  A2,  in  the  example  given  below).  As  with 
the  software  object  managers,  each  hardware  object 
manager  has  a  database  18-39,  18-43,  18-47  asso- 
ciated  with  it  containing  all  objects  of  that  type.  For  ex- 
ample,  database  39  for  Type  A  hardware  objects  in- 
cludes  A1  data  18-49  and  A2  data  18-51.  Each  object 
has  a  set  of  attributes  unique  to  that  particular  object. 

Transparency  is  achieved  at  two  levels.  First, 
software  objects  are  transparent  to  features;  and 
second,  hardware  devices  or  operational  units  are 
transparent  to  software  objects.  These  transparen- 
cies  are  best  illustrated  by  examples.  In  the  first  case, 
the  transparency  of  software  objects  to  features,  as- 
sume  Feature  x,  1  8-21  needs  to  read  a  current  value 
field  or  attribute  of  sensor  T2.  This  is  accomplished 
by  directing  the  request  from  Feature  x  to  the  soft- 
ware  object  manager  controlling  T2.  As  shown  in  Fig- 
ure  17,  in  this  case  T2  is  controlled  by  the  Type  A 
slave  controller  17-17.  The  analog  input  object  man- 
ager  18-27  is  responsible  to  identify  the  data  struc- 
ture  of  T2  and  return  the  attribute  required  by  the  fea- 
ture,  e.g.  the  value  attribute,to  Feature  x.  As  a  result, 
Feature  x  need  only  understand  the  various  possible 
types  of  data  that  can  be  returned  as  single  values 
and  it  does  not  need  to  know  the  entire  database 
structure  for  an  analog  input  object. 

Feature  x  also  need  not  be  concerned  with  the 
particular  object  type  when  it  requests  the  current  val- 
ue  of  an  object.  Because  all  information  is  transferred 
between  the  Features  level  17-5  and  18-5  and  the 
software  object  level  1  7-7  and  1  8-7  in  the  same  way, 
the  feature  need  only  ask  for  the  current  value  of  an 
object.  Thus,  the  method  for  requesting  the  current 
value  of  an  analog  input  object  and  the  value  of  a  dif- 
ferent  type  object,  such  as  a  binary  input  object,  does 
not  vary.  Feature  x  only  sends  a  request  for  the  cur- 
rent  value  attribute  to  the  appropriate  object  man- 
ager.  The  feature  uses  the  object  type  only  to  deter- 
mine  which  software  object  manager  controls  the 
data.  The  actual  request  issued  by  the  feature  for  the 
value  is  the  same  regardless  of  which  type  of  object 
is  being  queried.  This  avoids  requiring  high  level  soft- 
ware  features  to  request  current  value  differently  for 
each  different  object  type. 

An  added  advantage  of  this  approach  is  that  the 
feature  can  always  obtain  the  information  the  same 
way  regardless  of  where  the  hardware  is  located  in 
the  system.  Because  the  feature  only  requests  the 
object  by  name,  the  feature  is  insensitive  to  the  phys- 
ical  location  in  the  system  of  the  hardware  which  pro- 
duces  the  named  object.  Thus,  hardware  differences 
and  physical  location  of  hardware  are  masked  out  by 
the  hardware  and  software  object  managers. 

The  software  object  database  managers  and  the 
hardware  object  database  managers  transfer  infor- 
mation  as  previously  described  and  shown  in  Figures 
17  and  18.  It  should  be  noted  that  this  is  for  illustration 

purposes  only  and  that  any  configuration  of  informa- 
tion  transferred  is  possible  depending  upon  the  func- 
tions  performed  by  the  software  object  database 
manager  and  the  data  provided  by  the  hardware  ob- 

5  ject  database  manager. 
Therefore,  features  are  not  concerned  with  the 

type  of  slave  controller  hardware  device  to  which  ac- 
tual  sensors  or  data  acquisition  or  control  instru- 
ments  are  attached.  When  a  feature  requests  the  val- 

10  uesofthe  attributes  of  an  object,  it  is  insensitive  to  the 
type  of  slave  controller  used  to  manage  the  sensor 
which  generates  the  raw  data.  The  software  and 
hardware  object  levels  isolate  the  features  and  pres- 
ent  the  same  set  of  data  values  the  same  way  to  all 

15  features  for  a  given  object  type  regardless  of  the 
physical  slave  controller  to  which  the  operational  unit 
is  attached.  Thus,  the  features  need  not  be  changed 
for  each  type  of  slave  controller. 

This  leads  to  the  second  level  of  transparency, 
20  the  transparency  of  hardware  devices  to  software  ob- 

jects.  By  interposing  a  hardware  object  manager  be- 
tween  the  software  object  managers  and  the  slave 
controllers,  it  is  possible  to  mask  the  hardware  differ- 
ences  from  the  software  managers.  This  frees  the 

25  software  object  managers'  processing  capabilities  in 
the  node  to  perform  higher  level  control  and  reporting 
of  predefined  conditions.  For  example,  software  ob- 
ject  managers  report  alarms,  and  notify  high  level 
features  of  changes  to  act  as  a  trigger  mechanism  in- 

30  dependent  of  the  hardware  used  to  generate  the  data. 
One  example  based  on  Figure  18  occurs  when 

Feature  x  18-21  reads  the  values  of  analog  type  tem- 
perature  points  T1,  T2,  and  T3.  As  previously  dis- 
cussed,  the  feature  is  not  concerned  with  the  hard- 

35  ware  and  therefore  makes  the  same  request  for  each 
temperature  point  to  the  analog  input  object  manager 
18-27.  This  is  because  the  object  requested  is  of  the 
analog  type.  The  analog  input  object  manager  18-27 
itself  is  also  not  concerned  with  the  slaves  on  which 

40  T1,  T2,  and  T3  are  located.  As  far  as  the  Feature  x, 
and  analog  input  object  manager  18-27  are  con- 
cerned,  all  communications  to  the  various  hardware 
managers  are  the  same  for  T1  ,  T2,  and  T3. 

The  analog  input  object  manager  18-27  requires 
45  a  plain  floating  point  (real)  number,  such  as  72.3°F 

from  the  hardware  object  level  17-9.  The  hardware 
object  managers  18-37  and  18-41  for  slave  types  A 
and  B  condition  the  data  to  supply  the  analog  input 
object  manager  18-27  with  values  of  the  required 

so  type.  In  order  to  determine  the  value,  any  number  of 
individual  calculations  in  the  hardware  object  man- 
ager  may  be  required.  For  example,  assume  the  value 
of  the  temperature  sensor  arrives  at  the  slave  control- 
ler  as  a  count,  such  as  a  digital  count  produced  by  an 

55  analog  to  digital  converter,  which  must  be  spread  over 
a  predefined  range  to  compute  the  floating  point  val- 
ue.  Further  modifications  may  be  required  by  a  span 
equation,  a  square  root  equation,  and  a  filter  before 

11 
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the  final  temperature  value  of  the  sensor  is  obtained. 
As  shown  in  Figure  17,  Type  A  slave  controllers 

17-15  and  17-17  deliver  T1  and  T2  raw  data.  Type  B 
slave  controller  delivers  T3  raw  data.  Assuming  that 
controllers  A  and  B  have  completely  different  levels 
of  capability,  the  differences  in  the  controllers  would 
create  significant  problems  in  existing  computerized 
facilities  management  systems.  For  example,  one 
controller  may  implement  a  square  root  equation 
while  the  other  may  not,  or  the  controllers  may  have 
different  range  equations.  In  conventional  facilities 
management  systems,  the  high  level  software  would 
be  required  to  compensate  for  these  differences. 
However,  in  the  present  invention,  the  hardware  ob- 
ject  managers  for  the  slave  controllers  access  the 
node  processor  (or  a  separate  processor)  to  condition 
the  data  and  mask  these  differences  from  the  analog 
input  object  manager  18-27. 

Assume  that  Type  A  slave  controllers  17-15  and 
17-1  7  are  highly  simplistic  devices  which  provide  only 
the  analog  digital  count  to  the  network  controller.  In 
this  case,  the  hardware  object  18-37  manager  for 
type  A  slave  controllers  must  perform  the  other  cal- 
culations  necessary  to  obtain  the  final  temperature 
values  T1  and  T2  to  be  provided  to  the  analog  input 
object  manager  1  8-27.  In  contrast,  assume  slave  con- 
troller  type  B  is  a  highly  sophisticated  device  which 
performs  most  of  the  ranging  and  filtering  prior  to 
sending  the  information  on  to  the  network  controller. 
In  this  case,  the  hardware  object  manager  18-41  for 
type  B  controllers  performs  relatively  little  process- 
ing.  In  either  case,  the  processing  performed  by  the 
hardware  object  manager  is  transparent  to  the  soft- 
ware  object  manager  18-27  which  manipulates  data 
and  sends  it  to  the  high  level  feature.  This  is  because 
there  is  a  common  information  interface  between  the 
hardware  object  managers  18-37  and  18-41  and  the 
analog  input  object  manager  18-27.  Thus,  all  hard- 
ware  object  managers  communicate  with  the  soft- 
ware  object  level  17-7  according  to  the  same  rules. 
Thus,  the  analog  input  object  manager  18-27  can  be 
written  to  deal  with  a  generic  object  type,  in  this  case, 
the  analog  input  object.  It  need  not  contain  alternative 
code  for  each  single  possible  slave  controller  imple- 
mentation  of  an  analog  input. 

It  should  be  further  noted  that  as  shown  in  Figure 
18,  communication  is  possible  between  all  the  fea- 
tures  and  all  the  object  managers  in  software  object 
level  1  8-7  and  all  the  object  managers  in  software  ob- 
ject  level  18-7  and  hardware  object  level  18-9.  The 
actual  communications  paths  used  are  a  function 
only  of  the  function  performed  by  the  feature  and  the 
data  required.  Thus,  Feature  y  may  also  request  soft- 
ware  object  T1,  thus  accessing  analog  input  object 
manager  18-27.  Similarly,  Feature  n  may  request 
data  from  one  or  more  object  managers  in  software 
object  level  1  8-7  which  may  further  request  data  from 
one  or  more  object  managers  in  hardware  object  level 

18-9.  The  commonality  of  interface  between  the 
hardware  object  and  software  object  level  simplifies 
the  addition  of  new  slave  controllers  and  object  in- 
stances.  An  object  instance  would  be  added  in  the 

5  above  example  if  a  fourth  temperature  sensor  T4 
were  to  be  added  to  the  system.  A  new  slave  control- 
ler  of  the  same  type  would  be  added  if  a  third  type  A 
slave  controller,  A3,  were  added.  In  both  cases,  all  the 
necessary  software  exists  on  the  network  controller 

10  because  there  are  no  changes  to  the  informational  in- 
terfaces  between  the  software  object  level  1  8-7  and 
the  hardware  object  level  18-9.  The  user  need  only 
modify  the  database  to  create  a  new  instance  of  the 
18-29  analog  input  object  T4  or  the  database  18-39 

15  to  create  another  instance  of  type  A  controller  object, 
e.g.  A3,  in  the  network  controller. 

It  is  also  possible  to  add  a  new  slave  controller 
type  with  minimal  impact  on  the  existing  facilities 
management  system  software.  Assume  a  new  con- 

20  trailer  type,  type  C,  is  to  be  attached  to  the  local  bus 
17-13.  This  would  require  adding  (by  download  or 
other  means)  a  new  hardware  object  manager  to  the 
existing  software  in  the  network  controller  acting  as 
the  master  control  node  for  operational  units  on  that 

25  local  bus.  This  hardware  object  manager  would  map 
the  capabilities  of  the  new  controller  into  the  software 
objects  already  defined  in  the  system.  For  example, 
the  new  hardware  controller  may  monitor  analog  tem- 
perature  data  in  an  unconventional  manner,  requiring 

30  a  new  hardware  object  manager.  If  the  new  controller 
produces  analog  temperature  data,  the  new  hard- 
ware  object  manager  can  map  the  data  into  a  new  in- 
stance  T5  of  the  analog  input  objects.  The  existing 
software  object  managers  and  high  level  features  in 

35  the  software  object  level  1  7-7  and  features  level  1  7- 
5  of  the  network  control  software  would  be  unaffect- 
ed,  since  they  would  operate  the  same  way  as  before. 
The  only  exception  would  be  when  the  new  hardware 
supports  a  new  data  type  which  is  so  different  in  op- 

40  eration  from  the  existing  types  of  objects  that  it  could 
not  be  mapped  into  one  of  the  existing  software  ob- 
ject  managers  at  the  software  object  level  17-7.  In 
that  case,  a  new  software  object  might  also  have  to 
be  created. 

45  Thus,  the  hardware  object  managers  have  again 
been  used  to  mask  out  the  differences  in  the  hard- 
ware  to  the  software  objects.  Thus,  the  software  ob- 
ject  managers  need  not  have  different  hardware  de- 
pendent  versions.  A  software  object  manager  han- 

50  dies  a  data  element  the  same  way,  whether  the  data 
element  comes  from  a  sensor  operated  under  type  A 
control  or  another  sensor  operated  under  type  B  con- 
trol.  The  hardware  object  managers  format  or  map  the 
data  into  the  form  required  by  the  software  object 

55  managers  needs.  This  allows  the  software  object 
managers  to  provide  a  hardware  independent  inter- 
face  to  the  higher  level  software  features. 

According  to  another  aspect  of  the  invention,  Fig- 
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ure  19  illustrates  that  a  software  or  hardware  object 
manager  provides  a  construct  to  handle  data  gener- 
ated  during  a  calculation  in  much  the  same  way  that 
data  obtained  directly  from  an  operational  unit  such 
as  a  sensor  is  handled.  According  to  the  invention,  a  5 
point  is  defined  as  a  type  of  object.  For  example,  an 
analog  input  point  is  a  type  of  object.  Therefore,  the 
point  has  attributes  such  as  its  current  value,  high  lim- 
it,  low  limit,  alarm  state,  its  hardware  address,  etc. 
These  multiple  dimensions  to  the  point  define  the  10 
point  as  a  vector  quantity.  A  point  is  always  associat- 
ed  with  an  operational  unit  such  as  a  sensor  in  the 
field.  Thus,  operational  unit  19-1  provides  data  to  the 
network  controller  19-3  which  processes  the  data  in 
a  hardware  object  manager  1  9-5  into  a  form  required  15 
by  software  object  manager  19-7.  The  data  corre- 
sponding  to  the  point  is  stored  as  attributes  19-9  in  a 
storage  means,  such  as  processor  memory  1  7-4. 

Intermediate  calculations  at  features  level  19-11 
sometimes  require  that  the  software  object  level  19-  20 
1  3  supply  data  which  is  not  gathered  directly  from  an 
operational  unit.  In  order  to  facilitate  a  common  meth- 
od  of  handling  such  data,  pseudo  points  19-15  are 
created  at  the  software  object  level  19-13.  A  pseudo 
point  is  handled  by  software  object  manager  19-7  in  25 
exactly  the  same  way  as  a  point  1  9-9.  The  difference 
between  a  point  and  a  pseudo  point  is  that  a  point 
gets  its  values  from  operational  units  while  a  pseudo 
point  obtains  one  or  more  of  its  attributes  from  an  as- 
sociated  object.  The  pseudo  point  stores  the  identity  30 
of  the  associated  object  as  one  of  its  attributes.  Thus, 
pseudo  point  19-15  could  recognize  its  associated 
object  as  point  19-9.  In  this  case,  pseudo  point  19-15 
could  obtain  one  or  more  of  its  attributes  from  the  at- 
tributes  of  point  1  9-9.  This  allows  the  software  object  35 
manager  19-7  to  treat  all  data  requests  from  the  fea- 
tures  level  19-11  in  the  same  way.  Thus  no  distinction 
need  be  made  between  data  obtained  as  points  from 
operational  units  and  other  data  used  in  intermediate 
calculations  which  is  not  directly  obtained  from  such  40 
operational  units. 

Figure  20  shows  network  controllers  20-1  ,  20-3, 
20-5  interconnected  on  high  speed  network  bus  20- 
7.  High  speed  network  bus  20-7  is  used  to  transmit 
data  among  the  nodes  into  computer  20-9.  Computer  45 
20-9  further  transfers  information  to  storage  device 
20-11  which  contains  archived  data  bases,  such  as 
archive  data  base  20-13  for  network  controller  20-1 
and  archive  data  base  20-15  for  network  controller 
20-3.  50 

Computer  20-9  contains  generation  software  20- 
10  which  allows  the  user  to  create  data  elements  at 
whatever  level  of  data  is  appropriate  to  a  specific  ap- 
plication  and  to  assign  names  to  the  data  elements. 
Since  no  two  elements  may  have  the  same  name,  the  55 
generation  software  checks  the  archived  data  bases 
20-13,  20-15  or  online  databases  and  verifies  that 
each  data  element  is  assigned  its  own  unique  name. 

When  the  name  has  been  assigned,  the  name  and  the 
data  element  are  both  downloaded  to  the  host  node 
using  high  speed  bus  20-7.  This  is  shown  generally  in 
Figure  21  at  generation  time  as  reference  numbers 
21-20  and  21-22.  As  a  result,  the  host  nodes  contain 
named  data  elements. 

As  further  shown  in  Function  Block  21-24  in  Fig- 
ure  21,  during  run  time  a  referencing  node  transmits 
a  request  for  a  data  element  by  name.  As  shown  in 
Function  Block  21-26,  if  this  is  a  first  request  for  the 
named  data  element,  the  entire  network  is  searched 
until  the  data  element  is  found.  This  is  shown  gener- 
ally  in  Function  Block  21-28.  As  shown  in  Function 
Block  21-30,  if  the  name  cannot  be  found  anywhere 
on  the  network,  an  error  message  21-32  is  transmit- 
ted  and  the  search  for  the  name  is  terminated  in  Block 
21-38.  On  the  other  hand,  if  the  name  is  found,  as 
shown  in  Function  Block  21-34,  the  name  is  tagged 
with  binding  information.  This  binding  information  is  a 
node  address  on  the  network  and  an  internal  address 
of  the  data  element  within  the  node's  data  base.  The 
node  address  and  internal  address  of  the  data  ele- 
ment  can  have  any  convenient  format.  In  accordance 
with  Function  Block  21-36,  the  binding  information 
and  the  data  element  itself  are  returned  to  the  refer- 
encing  node  which  stores  the  binding  information. 

As  shown  in  Block  21-26,  if  the  referencing  node 
is  not  making  a  first  request  for  the  data  element,  con- 
trol  passes  to  Function  Block  21  -40  where  the  binding 
information  is  read.  Using  the  binding-information,  at 
Block  21-42  the  name  at  the  location  specified  (host 
node  and  data  element  location)  is  read  and  com- 
pared  in  Block  21-44  with  the  name  requested.  If  the 
name  found  at  the  location  specified  matches  the 
name  requested,  the  data  is  returned  to  the  request- 
ing  node  in  accordance  with  step  21-46  and  the  data 
acquisition  routine  is  terminated. 

However,  it  is  possible  that  the  name  found  at  the 
specified  location  does  not  match  the  name  request- 
ed.  This  indicates  that  the  binding  information  has  be- 
come  out  of  date.  Typically  the  verification  is  done  in 
the  host  node.  The  host  verifies  that  the  data  request- 
ed  is  still  at  the  same  address  by  comparing  the  name 
passed  with  the  name  of  the  element  stored  at  the 
bound  address.  As  previously  noted,  if  they  are  the 
same  the  binding  is  still  valid  and  the  data  is  returned 
as  requested.  However,  if  the  data  element  has 
moved,  either  within  the  host  node's  data  base  or  to 
another  node,  the  host  node  detects  the  mismatch 
between  the  name  now  stored  in  that  location  in  its 
data  base  and  the  name  passed  in  the  request.  The 
referencing  node  is  informed  that  the  binding  informa- 
tion  is  out  of  date.  The  binding  information  can  be- 
come  out  of  date  when  a  download,  deletion,  or  other 
data  base  generation  is  performed  on  the  host  node, 
either  deleting  the  data  element  or  moving  the  data 
within  the  node  to  another  location  on  the  data  base 
or  moving  the  data  to  a  different  node.  Any  of  these 
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events  can  happen  without  the  referencing  node  be- 
ing  informed.  When  the  binding  information  is  out  of 
date,  the  referencing  node  executes  a  search  of  the 
network  for  the  element  name  in  accordance  with 
step  21-28,  again  following  the  steps  previously  de- 
scribed  for  the  first  request  of  a  data  element  name. 
If  the  data  element  name  has  been  deleted,  an  error 
message  21-32  will  be  returned.  However,  if  the  data 
element  name  has  been  moved  either  with  in  the  node 
or  to  a  different  node,  in  accordance  with  steps  21-34 
and  21-36,  the  name  will  be  tagged  with  the  new  bind- 
ing  information.  The  new  binding  information  and  the 
data  element  will  be  returned  to  the  referencing  node. 

As  a  result  of  the  above,  the  network  is  self  heal- 
ing.  References  which  become  out  of  date  are  correct- 
ed  the  first  time  a  reference  is  made  after  the  change 
of  address  has  occurred.  Further,  if  a  referencing 
node  is  downloaded  before  a  data  element  it  referenc- 
es  is  downloaded,  an  error  message  is  returned  until 
the  name  is  downloaded  and  then  can  be  found.  Thus, 
in  accordance  with  the  above  invention,  a  search  of 
the  network  need  only  be  made  either  the  first  time 
the  data  element  is  requested  or  the  first  time  a  data 
element  is  requested  after  it  has  been  moved. 

Figure  22  illustrates  a  variation  of  the  above  de- 
scribed  method.  Figure  22-3  illustrates  that  after 
name  generation  22-50  the  names  are  downloaded  at 
step  22-52  to  the  referencing  nodes.  At  step  22-54, 
the  referencing  nodes  create  a  name  table.  The  ref- 
erence  table  can  be  constructed  to  optimize  memory 
usage  in  the  node  by  keeping  only  one  copy  of  the 
data  element.  All  references  and  applications  in  a  ref- 
erencing  node  which  require  the  data  element  are 
then  replaced  by  a  reference  table  index  which  typi- 
cally  requires  fewer  data  bytes  than  an  ASCII  name. 
Thus,  the  name  is  kept  in  only  one  place,  the  refer- 
ence  table  entry,  as  shown  in  steps  22-54  and  22-56 
of  Figure  22. 

It  should  be  noted  that  in  this  method  each  refer- 
encing  node  keeps  its  own  name  table.  Thus,  after 
step  22-58  when  the  referencing  node  requests  the 
data  element,  step  22-60  is  executed  to  determine  if 
this  is  the  first  request  by  the  referencing  node.  If  it  is 
the  first  request  by  the  referencing  node,  steps  22-62 
through  22-72  in  Figure  22  would  be  executed.  This 
would  involve  searching  the  network  for  the  element 
name,  if  the  name  is  found  returning  the  binding  in- 
formation  and  the  data,  and  placing  it  in  the  table  cre- 
ated  in  the  referencing  node  as  shown  in  step  22-72. 
Errors  would  be  treated  as  previously  discussed. 

If  this  is  not  the  first  request  by  the  referencing 
node,  then  at  step  22-74  the  location  of  the  data  ele- 
ment  is  read  from  the  name  table  and  the  request  sent 
to  the  host.  The  name  is  then  compared  by  the  host 
node  with  the  name  at  the  location  specified  in  the 
name  table.  Based  on  the  result  of  the  comparison  at 
step  22-78,  the  data  will  be  returned  to  the  requesting 
node  or  the  network  will  be  searched  for  the  element 

name.  It  is  important  to  note  that  within  the  referenc- 
ing  node,  it  does  not  matter  in  what  application  or  fea- 
ture  the  request  for  the  data  element  originates.  Once 
the  binding  occurs  for  one  reference  to  that  element, 

5  it  occurs  forall  references  in  that  node  to  that  element. 
This  means  that  the  binding  needs  to  occur  only  once 
for  all  references  in  the  node  instead  of  once  for  each 
place  the  reference  occurs  in  the  node.  This  reduces 
the  time  spent  making  initial  bindings  for  all  of  the  ref- 

10  erences  by  the  node.  It  should  be  further  noted  that 
a  separate  reference  table  is  built  for  each  node. 
Thus,  if  the  location  of  the  data  element  is  changed 
within  the  host  node  or  to  another  host  node,  the  proc- 
ess  of  updating  the  reference  table  will  be  repeated 

15  by  each  referencing  node  the  first  time  that  node  re- 
quests  the  data  element. 

Figure  23  shows  a  further  optimization  of  the  ar- 
rangement  shown  in  Figure  22.  Assuming  a  node  has 
made  a  first  request  for  a  data  element,  the  name  of 

20  the  location  identified  by  the  binding  information  is 
compared  with  the  name  of  the  data  element  currently 
being  requested.  In  this  case,  if  no  match  occurs,  a 
local  search  is  first  performed  at  step  23-82  by 
searching  the  host  identified  by  the  binding  informa- 

25  tion.  This  is  because  it  is  likely  that  the  data  element 
will  be  found  within  the  same  host.  If  this  is  the  case, 
control  passes  to  step  23-70  where  the  binding  infor- 
mation  and  data  are  returned  to  the  referencing  node. 
However,  if  this  is  not  the  case,  the  remainder  of  the 

30  network  is  searched  beginning  at  step  23-62. 
A  further  embodiment  avoids  searching  the  net- 

work  for  references  to  data  elements  where  the  data 
element  is  stored  in  the  same  node  as  the  requesting 
node  (i.e.,  the  host  node  and  the  referencing  node  are 

35  the  same  node).  As  previously  described,  the  refer- 
ence  name  table  must  contain  an  entry  for  each  name 
in  the  referencing  node.  This  is  necessary  even  if  the 
referencing  and  host  nodes  are  the  same  because  the 
data  may  at  some  time  move  from  this  node  to  an- 

40  other  node.  Thus,  it  is  not  possible  to  eliminate  an  en- 
try  from  the  name  table  in  the  reference  node  even 
though  the  referencing  node  is  also  the  host  node  for 
the  named  element.  However,  in  these  situations 
only,  it  is  possible  to  eliminate  searching  the  network 

45  the  first  time  the  referencing  node  requests  a  data 
item  for  which  the  referencing  node  is  also  the  host 
node.  This  is  achieved  by  having  the  data  base  soft- 
ware  and  the  host  node  add  the  reference  table  entry 
when  the  element  is  downloaded.  The  table  entry 

so  contains  the  correct  binding  information  since  the 
host  node  owns  the  data  element  and,  hence,  knows 
the  binding.  When  the  first  reference  from  some- 
where  else  on  the  same  node  occurs,  the  binding  in- 
formation  is  already  in  the  reference  table  and  no  ad- 

55  ditional  searching  is  required.  Thus,  it  is  advanta- 
geous  for  a  data  element  which  is  used  frequently  by 
a  reference  node  to  be  hosted  on  that  reference  node. 

Figure  24  shows  a  further  optimization  technique 

14 
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using  multiple  levels  of  names.  As  illustrated,  two  lev- 
els  of  names  are  shown.  However,  the  technique  can 
be  extended  to  an  arbitrary  depth  of  the  naming  hier- 
archy.  Thus,  small  and  hyphenated  levels  of  names 
can  be  used. 

At  each  level  a  directory  is  formed  permitting  ac- 
cess  to  the  next  higher  level.  In  a  two  level  naming 
scheme,  each  name  consists  of  two  parts  -  a  group 
name  and  an  element  name  within  the  group.  Each 
group  is  assigned  to  one  node  in  the  networkand  may 
have  many  elements  within  the  group.  Af  irst  directory 
or  group  directory,  is  a  directory  of  all  the  groups  in 
the  network.  The  directory  lists  the  name  of  each 
group  and  defines  the  node  on  which  the  group  re- 
sides.  Since  the  group  directory  must  be  kept  on  each 
node  of  the  network,  it  is  broadcast  to  all  nodes  in  the 
network.  The  addition  or  deletion  of  groups  must  also 
be  broadcasted  to  all  nodes  in  the  network  so  that 
they  maintain  an  updated  copy  of  the  group  directory. 
For  each  group  on  a  node,  the  node  contains  a  sec- 
ond  level  of  directory  called  the  element  directory. 
The  element  directory  lists  all  the  elements  in  that 
group  and  identifies  the  node  address  of  each  ele- 
ment  in  the  group.  It  is  important  to  note  that  the  ele- 
ments  in  the  group  need  not  reside  on  the  node  con- 
taining  the  group  or  element  directory,  nor  need  all  the 
elements  and  the  group  reside  on  the  same  node  of 
the  network.  Of  course,  the  element  directory  is  up- 
dated  whenever  an  element  is  added  or  deleted  from 
the  group  or  moved  from  one  node  to  another.  Figure 
24  illustrates  how  the  directories  are  used.  As  shown 
in  step  24-100,  it  is  first  determined  if  a  reference 
node  is  making  its  first  request  for  a  data  element.  If 
this  is  a  first  request,  in  step  24-102  the  reference 
node  compares  the  group  name  to  the  group  directory 
and  identifies  the  group  node.  In  step  24-104  if  a 
match  has  not  occurred  error  24-1  06  is  indicated  and 
the  sequence  of  events  is  terminated. 

Assuming  proper  operation  at  step  24-104,  a 
match  occurs  and  at  step  24-108  the  request  is  sent 
to  the  group  node  as  identified  in  the  group  directory. 
In  step  24-110  at  the  group  node,  the  element  direc- 
tory  is  searched  to  determine  if  the  element  appears 
in  that  group.  Since  the  element  directory  contains 
the  location  of  the  data  element,  if  a  match  occurred 
at  step  24-112  then  at  step  24-114  the  group  node 
reads  the  host  node  address  from  the  element  direc- 
tory  and  at  step  24-116  transfers  the  request  to  the 
host  node.  At  step  24-118  the  host  node  obtains  the 
data  and  returns  the  binding  information  and  the  data 
to  the  reference  node.  Thus,  the  initial  search  for  the 
name  of  the  element  is  shortened  to  a  search  of  the 
group  directory  followed  by  a  search  of  the  element 
directory  for  the  correct  group.  The  entire  network 
need  not  be  searched.  However,  it  should  be  noted 
that  the  directories  must  be  kept  up  to  date  and  that 
a  copy  of  the  group  directory  must  be  maintained  on 
each  node  of  the  network.  The  group's  element  direc- 

tory  need  be  maintained  only  on  the  node  where  the 
group  directory  resides.  The  added  bookkeeping  is 
only  required  when  a  group  or  element  is  added  or  de- 
leted  or  an  element  is  moved.  This  is  considerably 

5  less  work  than  downloading  all  referencing  nodes 
when  such  changes  occur.  The  actual  references  of 
the  software  of  the  referencing  nodes  need  not  be  af- 
fected. 

As  previously  discussed,  if  this  is  not  a  first  re- 
10  quest  for  data,  binding  information  is  read  and  the 

name  is  compared  with  the  name  found  at  the  location 
identified  by  the  binding  information.  If  a  match  does 
not  occur,  then  the  binding  information  is  no  longer  up 
to  date  and  the  sequence  must  again  be  executed  to 

15  locate  the  proper  information. 
In  one  application,  the  above  described  methods 

can  be  carried  out  in  a  facilities  management  system. 
This  application  to  a  facilities  management  system  is 
by  way  of  example  and  is  not  intended  to  be  a  limita- 

20  tion  of  the  invention.  In  Figure  20  several  real  time 
network  controllers  and  a  personal  computer  used  to 
generate  data  bases  to  download  to  the  network  con- 
trollers  are  interconnected  on  network  20-7.  Storage 
means  20-11,  such  as  a  disk  attached  to  personal 

25  computer  20-9  contains  the  data  bases  to  be  down- 
loaded  to  network  controllers  20-1,  20-3  and  20-5. 
Each  network  controller  and  the  personal  computer 
can  be  considered  a  node.  Assume  NC2  is  the  name 
of  a  host  node  20-3  and  the  host  node  owns  a  data 

30  object  or  element  called  AHU1/FAN. 
The  system/object  name  is  a  two  level  naming 

scheme  where  the  system  name  is  the  same  as  the 
group  name  in  the  above  description  and  the  object 
name  is  the  name  of  the  particular  data  object  or  ele- 

35  ment.  This  object  is  the  return  fan  for  air  handler  #1  . 
It  is  a  binary  output  object  because  it  can  be  control- 
led  to  one  of  two  positions  and  its  name  is  unique  on 
the  network.  The  "group"  or  system  name  is  AHU1 
and  the  "element"  or  object  is  FAN.  Assume  also  that 

40  NC1  is  the  name  of  node  20-1  and  is  a  referencing 
node.  This  means  it  has  several  software  features 
which  need  to  reference  the  FAN  object.  As  shown  in 
Figure  20  Feature  A  needs  to  read  the  current  value 
of  the  FAN  object  and  Feature  B  sends  a  command 

45  to  the  FAN  object  to  physically  start  the  fan.  As  shown 
in  the  figures,  a  list  of  all  the  system  names,  group  di- 
rectories  20-200,  20-202,  and  20-204  is  duplicated  in 
each  node.  The  group  directories  identify  which  node 
contains  the  directory  of  objects  for  a  particular  sys- 

50  tern.  For  the  case  of  the  AHU1  system,  the  directory 
of  objects  is  maintained  by  NC2  node  20-3.  Thus, 
NC2,  node  20-3,  also  contains  a  directory  of  objects 
in  the  AHU1  system  20-206  and  where  they  are  locat- 
ed  in  the  data  base.  Similarly,  the  objects  for  the 

55  AHU2  system  are  located  on  NC3  or  node  20-5. 
As  previously  discussed,  using  personal  comput- 

er  20-9,  the  user  creates  a  data  base  which  can  be 
placed  on  archived  files  20-13,  20-15  on  storage  disk 

15 
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20-11  and  can  be  downloaded  to  network  controllers 
20-1  ,  20-3  and  20-5.  References,  such  as  those  from 
Features  Aand  B  to  object  AHU1/FAN,  are  kept  in  an 
ASCII  name  form  when  downloaded.  This  is  because 
they  are  not  yet  bound  at  the  time  the  data  base  for 
the  network  controller  is  downloaded.  The  referenc- 
ing  software  features  are  oblivious  to  the  actual  phys- 
ical  location  of  the  data  object  AHU1/FAN. 

Upon  downloading,  an  object  is  given  to  a  data 
base  managerwhich  manages  all  objects  of  the  same 
type.  In  the  case  of  AHU1/FAN,  the  binary  output 
manager  in  NC2  is  used.  The  object  data  base  man- 
ager  software  initially  enters  the  names  into  the  ref- 
erence  name  table.  For  example,  when  the  binary 
output  object  manager  is  given  the  FAN  object  at 
download  time,  it  places  the  FAN  object  into  its  own 
binary  output  data  base  and  adds  an  entry  in  the  ref- 
erence  table  20-300.  This  entry  contains  the  name  of 
the  AHU1/FAN  object  and  its  binding  information;  ob- 
ject  type  (binary  output),  host  node  address  (NC2), 
and  data  base  location  in  the  binary  output  data  base 
(record  3).  In  this  example,  the  table  entry  is  located 
at  offset  16  as  shown  in  Figure  20.  Note  that  no  other 
nodes  besides  NC2  know  the  binding  information  at 
this  time.  These  nodes  still  only  have  a  name  refer- 
ence  to  AHU1/FAN.  The  directory  of  objects  and 
AHU1  will  later  also  point  to  the  reference  table  forthe 
FAN  object  so  that  later  lookups  of  the  name  will  find 
it  in  the  proper  place.  Data  base  for  the  referencing 
node  20-1  ,  NC1  ,  is  also  downloaded.  This  causes  en- 
tries  to  be  made  in  the  reference  table  for  NC1  .  When 
the  data  base  for  Feature  A  is  downloaded,  an  entry 
is  made  into  the  reference  table  for  AHU1/FAN  but 
without  the  binding  information.  This  "unbound"  refer- 
ence  simply  shows  that  some  feature  in  NC1  will  be 
referencing  FAN.  When  the  data  base  for  high  level 
software  Feature  B  is  downloaded,  it  will  also  try  to 
add  the  unbound  reference  to  the  table  and  find  that 
it  is  already  there  (at  offset  27  in  the  reference  table 
20-302).  Both  features  will  then  replace  the  named 
reference  to  AHU1/FAN  with  the  offset  of  27  into  the 
table.  Note  that  at  this  point  in  time  the  binding  infor- 
mation  is  still  not  in  the  table  in  NC1. 

Execution  of  high  level  software  Feature  A  in 
NC1  requires  reading  the  value  of  FAN  object.  Since 
the  binding  is  not  yet  in  the  reference  table  in  NC1  for 
AHU1/FAN,  the  software  must  locate  AHU1/FAN  on 
the  network.  This  requires  searching  the  system 
name  list  or  group  directory  in  NC1  for  the  system 
name  AHU1.  As  shown  in  Figure  20,  the  list  shows 
that  AHU1  is  located  on  NC2.  Thus,  the  software  di- 
rects  the  request  to  NC2.  NC2  locates  the  object  in  its 
data  base  using  the  element  directory.  This  is  accom- 
plished  by  looking  up  FAN  in  the  directory  of  objects 
in  AHU1.  In  the  example  shown  in  Figure  20,  this  is  a 
binary  output  point  located  at  offset  16  in  the  refer- 
ence  table  in  NC2.  The  reference  table  of  NC2  already 
has  the  binding  information  added  for  FAN,  since  this 

information  was  put  there  at  download  time,  as  de- 
scribed  above.  Hence,  the  software  can  send  the  re- 
quest  to  the  correct  data  base  manager  (binary  out- 
put)  object  manager  on  this  node  and  request  the  cor- 

5  rect  record,  which  is  record  3. 
Once  the  data  is  obtained,  the  information  is 

passed  back  to  Feature  A  and  NC1  along  with  the 
binding  information.  At  that  time,  the  reference  table 
entry  for  FAN  is  completed  in  node  NC1  with  the  cor- 

10  rect  binding  information. 
Figure  20  also  illustrates  that  for  references  in  the 

host  node,  such  as  from  Feature  C  in  NC2,  the  bind- 
ing  information  is  already  in  the  reference  table  after 
the  data  base  is  downloaded.  Thus,  the  binding  pro- 

is  cedure  is  not  required  for  those  references,  even  the 
first  time  the  reference  is  accessed. 

Since  the  binding  information  has  been  provided 
to  network  controller  NC1,  subsequent  references 
from  network  controller  NC1  need  not  repeat  the 

20  above  procedure.  Assuming  Feature  B  needs  to  ref- 
erence  FAN,  it  uses  the  stored  offset  of  27  to  find  FAN 
in  the  reference  table.  This  time  the  binding  informa- 
tion  is  already  in  the  table.  Thus,  the  software  could 
send  a  request  directly  to  the  binary  output  data  base 

25  manager  on  node  NC2  and  request  record  3.  The 
look-up  procedure  described  above  is  no  longer  re- 
quired.  Any  other  features  on  NC1  that  subsequently 
reference  FAN  will  use  the  same  bound  reference  in 
the  table,  so  the  binding  is  only  required  once  for  all 

30  references  from  NC1.  As  previously  discussed,  the 
reference  table  reduces  memory  requirements  since 
the  longer  ASCII  name  is  replaced  by  a  short  table  off- 
set  in  each  software  feature  and  since  only  one  table 
entry  is  required  for  all  references  from  that  same 

35  node. 
Figure  25  illustrates  the  sequence  of  events 

when  a  data  element  moves  within  a  node.  Assume 
that  FAN  moves  within  the  data  base  of  NC2  from  re- 
cord  3  to  record  5.  This  could  occur,  for  example,  as 

40  a  result  of  a  data  base  regeneration  on  the  personal 
computer  so  that  record  3  is  now  an  object  called 
AHU1/PUMP  while  AHU1/FAN  has  been  moved  to  re- 
cord  5.  The  binding  information  used  by  network  con- 
troller  25-1  to  go  directly  to  the  binary  output  data 

45  base  manager  on  network  controller  25-2  would 
cause  a  request  for  record  3.  However,  the  request 
also  sends  the  name  of  AHU1/FAN  so  that  it  can  be 
compared  with  the  name  found  at  record  3.  In  this 
case,  the  records  no  longer  match. 

so  Using  one  of  the  optimizations  described  earlier, 
the  binary  output  data  base  manager  searches  its 
own  data  base  to  see  if  it  still  has  the  object 
AHU1/FAN.  In  this  case  it  is  found  at  record  5,  so  the 
information  requested  is  returned  along  with  the  new 

55  correct  binding  information.  NC1  sees  that  the  bind- 
ing  it  was  using  has  been  corrected  by  NC2  and  up- 
dates  its  reference  table  by  replacing  the  reference  to 
record  3  with  record  5. 
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Thus,  the  object  has  moved  within  network  con- 
troller  NC2,  but  network  controller  NC1  was  still  able 
to  find  the  data  without  any  changes  to  the  network 
controller  NC1.  Furthermore,  all  references  in  net- 
work  controller  25-1  are  corrected,  since  the  common 
reference  table  entry  is  updated. 

Figure  26  illustrates  the  situation  when,  as  a  re- 
sult  of  a  download,  a  data  object  has  been  moved  to 
a  different  network  controller.  In  this  case,  the  user 
has  generated  a  data  base  for  NC2  and  NC3  moving 
the  system  or  "group"  name  AHU1  and  its  objects  to 
NC3.  Now,  FAN  is  record  7  in  the  binary  output  data 
base  on  network  controller  NC3  (node  5).  Here,  a  net- 
work  controller  NC1  which  attempts  to  reference  FAN 
using  the  binding  information  it  already  has  fails.  This 
is  because  the  name  comparison  at  network  control- 
ler  NC2,  record  3  shows  that  the  AHU1/FAN  data  ob- 
ject  is  no  longer  at  that  address.  Moreover,  a  check  of 
the  remaining  elements  in  the  NC2  data  base  shows 
that  FAN  cannot  be  found.  Thus,  Feature  A  in  the  net- 
work  controller  1  receives  an  error  message. 

Network  controller  26-1  responds  by  erasing  the 
binding  information  from  its  table  and  following  the 
method  discussed  above  to  find  the  new  location  of 
AHU1/FAN. 

In  this  case  it  would  be  found  on  network  control- 
ler  3  at  record  7.  Doing  this  once  corrects  all  referenc- 
es  in  network  controller  NC1,  since  the  common  ref- 
erence  table  is  updated. 

It  should  be  noted  that  had  the  data  element  been 
completely  deleted  from  the  network,  network  con- 
troller  NC1  would  have  reported  its  inability  to  find 
FAN  via  an  advisory  message  to  an  operator.  This  is 
also  true  for  all  references  to  FAN  from  NC1  until  FAN 
is  downloaded  again.  Thus,  an  error  occurs  until 
AHU1/FAN  is  redefined,  or  the  reference  is  removed. 
However,  after  the  download  the  references  will  bind 
and  begin  to  work  properly.  Hence,  the  order  of  node 
download  is  not  critical. 

Finally,  it  should  be  noted  that  indicia  defining  the 
operating  instructions  for  causing  the  system  to  func- 
tion  as  described  herein  may  be  stored  in  EPROM  or 
other  suitable  storage  medium  for  use  by  the  proces- 
sors.  The  operating  instructions  may  also  be  con- 
tained  on  other  storage  media  such  as  a  magnetic 
storage  media  having  indicia  defining  the  operating 
instructions  for  conveying  the  operating  instructions 
into  volatile  memory  should  a  volatile  memory  be  de- 
sired  for  sequencing  such  a  processor.  The  magnetic 
storage  medium  may  therefore  be  retained  for  future 
use  should  the  volatile  memory  suffer  a  power  out- 
age.  Such  storage  media  and  processors  are  well 
known  in  the  art  and  therefore  have  not  been  descri- 
bed  in  greater  detail  herein. 

Claims 

1.  A  method  of  locating  data  in  a  distributed  network 
system  having  a  plurality  of  nodes  (20-1,  20-3, 

5  20-5),  a  processor  (20-9)  and  an  information  stor- 
age  device  (20-11),  the  method  including  the 
steps  of  downloading  from  the  processor  (20-9) 
data  elements  and  corresponding  unique  data 
element  names  to  addressable  data  element  lo- 

10  cations  (20-2)  in  at  least  one  node  (20-3)  of  the 
plurality  of  nodes,  referencing  at  least  one  data 
element  by  name  from  a  referencing  node  (20-1) 
of  the  plurality  of  nodes,  storing  in  the  referencing 
node  (20-1)  binding  information  relating  data  ele- 

15  ment  names  and  corresponding  data  element  lo- 
cations  by  searching  the  network  for  the  location 
of  a  data  element  the  first  time  the  data  element 
is  referenced  by  the  referencing  node  (20-1)  and 
storing  by  name  in  the  referencing  node  (20-1) 

20  the  location  of  the  referenced  data  element,  for 
subsequent  references  by  the  referencing  node 
(20-1)  to  stored  data  element  names,  identifying 
the  location  of  the  data  element  from  the  binding 
information  and  retrieving  the  data  element  from 

25  the  location  defined  in  the  binding  information, 
wherein  the  step  of  storing  the  binding  in- 

formation  (20-302)  is  characterized  by: 
storing  a  table  of  data  element  names  ref- 

erenced  by  applications  and  software  features  in 
30  the  referencing  node  (20-1);  and 

storing  the  binding  information  in  the  table 
the  first  time  the  applications  and  features  refer- 
ence  the  data  element  name. 

35  2.  The  method  recited  in  claim  1  wherein  the  step  of 
retrieving  a  data  element  is  further  characterized 
by: 

comparing  the  data  element  name  at  the 
location  identified  in  the  binding  information  with 

40  the  name  referenced  by  the  referencing  node  (20- 
1)  and  if  a  match  is  not  found,  searching  the  net- 
work  for  a  new  location  of  the  data  element  cor- 
responding  to  the  name  referenced  by  the  refer- 
encing  node  (20-1); 

45  if  the  name  referenced  by  the  referencing 
node  (20-1)  is  found  when  the  network  is  again 
searched  for  the  new  location,  replacing  the  bind- 
ing  information  relating  the  data  element  name  to 
the  location  of  the  data  element  with  the  new 

so  binding  information  including  the  new  location  of 
the  data  element  and  producing  an  error  mes- 
sage  if  the  name  referenced  by  the  referencing 
node  (20-1)  is  not  found. 

55  3.  The  method  recited  in  claim  1  or  2  wherein  the 
step  of  storing  a  table  of  data  elements  is  further 
characterized  in  that  the  table  of  data  elements  is 
a  single  binding  information  table  (20-302)  in  the 
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referencing  node  (20-1). 

management  system,  including  a  processor  (20- 
9)  and  a  plurality  of  network  controllers  (20-1,  20- 
3,  20-5),  wherein  each  of  the  plurality  of  control- 
lers  is  connected  by  a  network  (20-7)  to  the  proc- 
essor  (20-9)  and  to  each  other,  at  least  one  of  the 
plurality  of  network  controllers  is  a  host  controller 
(20-3)  for  certain  data  elements,  the  host  control- 
ler  (20-3)  downloads  from  the  processor  (20-9) 

the  certain  data  elements  and  corresponding 
unique  data  element  names  to  addressable  data 
element  locations  (20-2),  at  least  one  of  the  plur- 
ality  of  network  controllers  is  a  referencing  con- 

5  trailer  (20-1  )  which  references  a  referenced  data 
element  of  the  certain  data  elements  by  a  refer- 
enced  data  element  name  uniquely  correspond- 
ing  to  the  referenced  data  element,  the  referenc- 
ing  controller  (20-1)  stores  binding  information 

10  relating  the  referenced  data  element  name  to  the 
location  of  the  referenced  data  element  by 
searching  the  network  for  the  location  of  the  ref- 
erenced  data  element  and  storing  by  name  the  lo- 
cation  of  the  referenced  data  element  the  first 

15  time  the  referenced  data  element  is  referenced 
by  the  referencing  controller  (20-1),  and  by  iden- 
tifying  the  location  of  the  referenced  data  ele- 
ment  from  the  binding  information  and  retrieving 
the  referenced  data  element  from  the  location  de- 

20  fined  in  the  binding  information  for  subsequent 
references  to  the  referenced  data  element  by  the 
referencing  controller  (20-1), 
characterized  in  that  the  referencing  controller 
stores  the  binding  information  (20-302)  by: 

25  storing  a  table  of  the  data  element  names 
of  the  data  elements  referenced  by  applications 
and  software  features  in  the  referencing  control- 
ler  (20-1);  and 

storing  the  binding  information  in  the  table 
30  the  first  time  the  applications  and  features  refer- 

ence  each  of  the  data  elements. 

9.  The  system  recited  in  claim  8  further  character- 
ized  in  that,  for  subsequent  references  to  the  ref- 

35  erenced  data  element  by  the  referencing  control- 
ler  (20-1): 

the  referencing  controller  (20-1)  transmits 
the  referenced  data  element  name  to  the  host 
controller  identified  in  the  binding  information, 

40  the  host  controller  (20-3)  compares  the 
name  of  the  data  element  residing  at  the  location 
identified  in  the  binding  information  with  the  ref- 
erenced  data  element  name  and,  if  a  match  is  not 
found, 

45  the  referencing  controller  (20-1)  again 
searches  the  network  for  a  new  location  of  the 
referenced  data  element,  replaces  the  binding  in- 
formation  with  new  binding  information  including 
the  new  location  of  the  referenced  data  element 

so  if  the  referenced  data  element  is  found,  and  pro- 
duces  an  error  message  if  the  referenced  data 
element  is  not  found. 

1  0.  The  system  recited  in  claim  8  or  9  further  charac- 
55  terized  in  that  the  referencing  controller  (20-1) 

builds  a  single  binding  information  table  (20-302). 

11.  The  system  of  claim  10  further  characterized  in 

4.  The  method  of  claim  1  ,  2  or  3  further  character- 
ized  in  that  said  distributed  network  system  is  a 
facilities  management  system.  5 

5.  The  method  recited  in  claim  1,  2,  3  or  4  further 
characterized  by  the  steps  of: 

storing  in  the  referencing  node  (20-1)  an 
index  of  references  to  unique  data  element  10 
names  from  the  applications  and  the  software 
features  in  the  referencing  node  (20-1)  and  a  cor- 
responding  location  in  the  table  of  data  element 
names  (20-302);  and 

accessing  the  binding  information  of  the  15 
data  element  names  referenced  by  the  applica- 
tions  and  the  software  features  by  accessing  the 
location  in  the  table  of  data  element  names  (20- 
302)  identified  by  the  index  for  the  referenced 
data  element  names.  20 

6.  The  method  recited  in  claim  1  ,  2,  3,  4  or  5  further 
characterized  by: 

comparing  the  data  element  name  at  the 
location  identified  in  the  binding  information  with  25 
the  name  referenced  by  the  referencing  node  (20- 
1)  and  if  a  match  is  not  found,  searching  the  node 
identified  in  the  binding  information  for  another 
location  within  the  identified  node  of  the  data  ele- 
ment  name;  30 

if  the  data  element  name  is  not  found  at 
the  other  location  in  the  node  identified  in  the 
binding  information,  searching  remaining  nodes 
on  the  network  for  a  new  location  of  the  data  ele- 
ment  corresponding  to  the  name  referenced  by  35 
the  referencing  node  (20-1); 

if  the  name  referenced  by  the  referencing 
node  (20-1)  is  found,  replacing  the  binding  infor- 
mation  relating  the  data  element  name  to  the  lo- 
cation  of  the  data  element  with  new  binding  infor-  40 
mation  including  an  updated  location  of  the  data 
element  and  producing  an  error  message  if  the 
name  referenced  by  the  referencing  node  (20-1) 
is  not  found. 

45 
7.  The  method  recited  in  claim  1  ,  2,  3,  4,  5  or  6  fur- 

ther  characterized  by  downloading  binding  infor- 
mation  to  nodes  hosting  the  data  elements. 

8.  A  distributed  network  system,  such  as  a  facilities  50 
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that  the  single  information  table  (20-302)  is  in  the 
referencing  controller. 

12.  The  system  recited  in  claim  8,  9,  10  or  11  further 
characterized  in  that: 

the  referencing  controller  (20-1  )  stores  the 
index  of  references  to  unique  data  element 
names  from  the  applications  and  the  software 
features  in  the  referencing  controller  (20-1)  and 
a  corresponding  location  in  the  table  (20-302)  of 
the  data  element  names,  and  accesses  the  bind- 
ing  information  of  the  data  element  names  refer- 
enced  by  the  applications  and  the  software  fea- 
tures  by  accessing  the  location  in  the  table  (20- 
302)  of  data  element  names  identified  by  the  in- 
dex  for  the  referenced  data  element  names. 

13.  The  system  recited  in  claim  8,  9,  10,  11  or  ^ fu r -  
ther 
characterized  in  that: 

the  host  controller  (20-3)  compares  the 
data  element  name  at  the  location  identified  in 
the  binding  information  with  the  referenced  data 
element  name,  and  if  a  match  is  not  found, 

the  referencing  controller  (20-1)  searches 
the  network  controller  identified  in  the  binding  in- 
formation  for  another  location  of  the  referenced 
data  element  name  within  the  identified  network 
controller; 

if  the  data  element  is  not  found  at  another 
location  in  the  network  controller  identified  in  the 
binding  information,  the  referencing  controller 
(20-1)  searches  remaining  network  controllers 
on  the  network  for  a  new  location  of  the  refer- 
enced  data  element;  and  in  that 

if  the  referenced  data  element  is  found,  the 
referencing  controller  (20-1)  replaces  the  binding 
information  relating  the  referenced  data  element 
name  to  the  location  of  the  data  element  with  new 
binding  information  including  an  updated  location 
of  the  referenced  data  element  and  produces  an 
error  message  if  the  referenced  data  element  is 
not  found. 

14.  The  system  recited  in  claim  8,  9,  10,  11,  12  or  13 
further  characterized  in  that  binding  information 
for  the  certain  data  elements  is  downloaded  to 
the  host  network  controller  (20-3). 

15.  The  system  recited  in  claim  8,  9,  10,  11,  12,  13  or 
14  further  characterized  by  an  information  stor- 
age  device  (20-11)  operatively  connected  with 
the  processor  (20-9),  and  further  characterized  in 
that  the  processor  (20-9)  stores  the  data  ele- 
ments  in  a  database  on  the  storage  device  (20- 
11)  prior  to  the  downloading  of  the  data  elements 
to  the  host  network  controller  (20-3). 

Patentanspruche 

1.  Verfahren  zum  Lokalisieren  von  Daten  in  einem 
Verbundnetzwerksystem,  welches  eine  Anzahl 

5  von  Netzknoten  (20-1  ,  20-3,  20-5),  einen  Prozes- 
sor  (20-9)  und  eine  Informationsspeichervorrich- 
tung  (20-11)  aufweist,  wobei  das  Verfahren  die 
Schritte  enthalt,  vom  Prozessor  (20-9)  Datenele- 
mente  und  entsprechende  eindeutige  Datenele- 

10  mentnamen  in  adressierbare  Datenelementspei- 
cherstellen  (20-2)  wenigstens  eines  Netzknotens 
(20-3)  der  Anzahl  von  Netzknoten  zu  laden,  zu- 
mindest  einem  Datenelement  durch  einen  Zuwei- 
sungsnetzknoten  (20-1)  der  Anzahl  von  Netzkno- 

15  ten  einen  Namen  zuzuweisen,  eine  Datenele- 
mentnamen  und  entsprechende  Datenelement- 
speicherstellen  in  Beziehung  setzende  Verbin- 
dungsinformation  im  Zuweisungsnetzknoten 
(20-1)  zu  speichern,  indem  das  Netzwerk  nach 

20  der  Speicherstelle  eines  Datenelements  beim  er- 
stenmal,  bei  dem  das  Datenelement  durch  den 
Zuweisungsnetzknoten  (20-1)  zugewiesen  wird, 
durchsucht  wird,  und  die  Speicherstelle  des  zu- 
gewiesenen  Datenelements  mit  dem  Namen  im 

25  Zuweisungsnetzknoten  (20-1)  gespeichert  wird, 
urn  anschlieliend  durch  den  Zuweisungsnetz- 
knoten  (20-1)  auf  gespeicherte  Datenelementna- 
men  zuweisen  zu  konnen,  aus  der  Verbindungs- 
information  die  Speicherstelle  des  Datenele- 

30  ments  zu  ermitteln  und  das  Datenelement  aus 
der  Speicherstelle  auszulesen,  welche  in  derVer- 
bindungsinformation  bestimmt  ist, 

wobei  der  Schritt  des  Speicherns  der  Ver- 
bindungsinformation  (20-302)  gekennzeichnet 

35  ist  durch: 
das  Speichern  einer  Tabelle  von  Datenele- 

mentnamen,  die  durch  Anwendungen  und  Pro- 
grammeigenschaften  zugewiesen  werden,  im 
Zuweisungsnetzknoten  (20-1);  und 

40  das  Speichern  der  Verbindungsinformati- 
on  in  der  Tabelle,  beim  ersten  Mai,  bei  dem  der 
Datenelementname  erstmals  durch  die  Anwen- 
dungen  und  Programmeigenschaften  zugewie- 
sen  wird. 

45 
2.  Verfahren  nach  Anspruch  1,  wobei  der  Schritt 

des  Auslesens  eines  Datenelements  weiterhin 
gekennzeichnet  ist  durch: 

das  Vergleichen  des  Datenelementna- 
50  mens  an  der  Speicherstelle,  die  in  der  Verbin- 

dungsinformation  bezeichnet  ist,  mit  dem  Na- 
men,  der  durch  den  Zuweisungsnetzknoten  (20- 
1)  zugewiesen  ist,  und,  wenn  keine  Ubereinstim- 
mung  gefunden  wird,  durch  das  Durchsuchen 

55  des  Netzwerkes  nach  einer  neuen  Speicherstelle 
des  Datenelements,  welches  dem  durch  den  Zu- 
weisungsnetzknoten  (20-1)  zugewiesenen  Na- 
men  entspricht; 
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das  Ersetzen  der  Verbindungsinformati- 
on,  die  den  Datenelementnamen  mit  der  Spei- 
cherstelle  des  Datenelements  in  Beziehung 
setzt,  durch  eine  neue  Verbindungsinformation, 
die  die  neue  Speicherstelle  des  Datenelements 
enthalt,  wenn  der  durch  den  Zuweisungsnetz- 
knoten  (20-1)  zugewiesene  Name  beim  erneuten 
Durchsuchen  des  Netzwerkes  nach  der  neuen 
Speicherstelle  gefunden  wird,  und  durch  das  Er- 
zeugen  einer  Fehlermeldung,  wenn  der  durch 
den  Zuweisungsnetzknoten  (20-1)  zugewiesene 
Name  nicht  gefunden  wird. 

3.  Verfahren  nach  Anspruch  1  oder  2,  wobei  der 
Schritt  des  Speicherns  einer  Tabelle  von  Daten- 
elementen  weiterhin  dadurch  gekennzeichnet 
ist,  dali  die  Tabelle  von  Datenelementen  eine  ein- 
zelne  Verbindungsinformationstabelle  (20-302) 
im  Zuweisungsnetzknoten  (20-1)  ist. 

4.  Verfahren  nach  Anspruch  1,  2  oder  3,  weiterhin 
dadurch  gekennzeichnet,  daft  das  Verbund- 
netzwerksystem  ein  Betriebsmittelverwaltungs- 
system  ist. 

5.  Verfahren  nach  Anspruch  1  ,  2,  3  oder4,  weiterhin 
gekennzeichnet  durch  die  Schritte: 

Speichern  eines  Verzeichnisses  mit  Zu- 
weisungen  auf  eindeutige  Datenelementnamen 
von  den  im  Zuweisungsnetzknoten  (20-1)  enthal- 
tenen  Anwendungen  und  Programmeigenschaf- 
ten  im  Zuweisungsnetzknoten  (20-1)  und  einer 
zugehorigen  Speicherstelle  in  der  Tabelle  der  Da- 
tenelementnamen  (20-302);  und 

Zugreifen  auf  die  Verbindungsinformation 
der  Datenelementnamen,  die  durch  die  Anwen- 
dungen  und  Programmeigenschaften  zugewie- 
sen  werden,  indem  auf  die  Speicherstelle  in  der 
Tabelle  der  Datenelementnamen  (20-302)  zuge- 
griffen  wird,  die  durch  das  Verzeichnis  fur  die  zu- 
gewiesenen  Datenelementnamen  bezeichnet 
sind. 

6.  Verfahren  nach  Anspruch  1  ,  2,  3,  4  oder  5,  wei- 
terhin  gekennzeichnet  durch: 

das  Vergleichen  des  Datenelementna- 
mens  an  der  in  der  Verbindungsinformation  be- 
zeichneten  Speicherstelle,  mit  dem  durch  den  Zu- 
weisungsnetzknoten  (20-1)  zugewiesenen  Na- 
men,  und,  wenn  keine  Ubereinstimmung  gefun- 
den  wird,  durch  das  Durchsuchen  des  in  der  Ver- 
bindungsinformation  gekennzeichneten  Netz- 
knotens  nach  einer  anderen  Speicherstelle  des 
Datenelementnamens  im  bezeichneten  Netzkno- 
ten; 

das  Durchsuchen  derverbleibenden  Netz- 
knoten  im  Netzwerk  nach  einer  neuen  Speicher- 
stelle  des  Datenelements,  die  dem  durch  den  Zu- 

weisungsnetzknoten  (20-1)  zugewiesenen  Na- 
men  entspricht,  wenn  der  Datenelementname 
nicht  in  der  anderen  Speicherstelle  des  in  der  Ver- 
bindungsinformation  bezeichneten  Netzknotens 

5  gefunden  wird; 
das  Ersetzen  der  Verbindungsinformati- 

on,  die  den  Datenelementnamen  mit  der  Spei- 
cherstelle  des  Datenelements  in  Beziehung 
setzt,  durch  eine  neue  Verbindungsinformation, 

10  die  eine  aktualisierte  Speicherstelle  des  Daten- 
elements  enthalt,  wenn  der  durch  den  Zuwei- 
sungsnetzknoten  zugewiesene  Name  gefunden 
wird,  und  durch  das  Erzeugen  einer  Fehlermel- 
dung,  wenn  der  durch  den  Zuweisungsnetzkno- 

15  ten  (20-1)  zugewiesene  Name  nicht  gefunden 
wird. 

7.  Verfahren  nach  Anspruch  1,2,  3,  4,  5  oder  6,  wei- 
terhin  gekennzeichnet  durch  das  Laden  der 

20  Verbindungsinformation  in  die  Netzknoten,  die 
die  Datenelemente  enthalten. 

8.  Verbundnetzwerksystem,  beispielsweise  ein  Be- 
triebsmittelverwaltungssystem,  welches  einen 

25  Prozessor  (20-9)  und  eine  Anzahl  von  Netzwerk- 
steuereinheiten  (20-1  ,  20-3,  20-5)  aufweist,  wo- 
bei  jede  der  Anzahl  der  Steuereinheiten  durch  ein 
Netzwerk  (20-7)  miteinander  und  mit  dem  Pro- 
zessor  (20-9)  verbunden  ist,  wobei  zumindest  ei- 

30  ne  aus  der  Anzahl  von  Netzwerksteuereinheiten 
eine  Host-Steuereinheit  (20-3)  fur  bestimmte  Da- 
tenelemente  ist,  wobei  die  Host-Steuereinheit 
(20-3)  vom  Prozessor  (20-9)  bestimmte  Daten- 
elemente  und  entsprechende  eindeutige  Daten- 

35  elementnamen  in  adressierbare  Datenelement- 
speicherstellen  (20-2)  ladt,  wobei  zumindest  eine 
aus  der  Anzahl  von  Netzwerksteuereinheiten  ei- 
ne  Zuweisungssteuereinheit  (20-1)  ist,  die  ein  zu- 
gewiesenes  Datenelement  der  bestimmten  Da- 

40  tenelemente  durch  einen  zugewiesenen  Daten- 
elementnamen  zuweist,  dereindeutig  dem  zuge- 
wiesenen  Datenelement  entspricht,  wobei  die 
Zuweisungssteuereinheit  (20-1)  die  Verbin- 
dungsinformation  speichert,  die  den  zugewiese- 

45  nen  Datenelementnamen  mit  der  Speicherstelle 
des  zugewiesenen  Datenelements  in  Beziehung 
setzt,  indem  das  Netzwerk  nach  der  Speicher- 
stelle  des  zugewiesenen  Datenelements  durch- 
sucht  und  die  Speicherstelle  des  zugewiesenen 

so  Datenelements  durch  den  Namen  gespeichert 
wird,  wobei  das  zugewiesenen  Datenelement 
beim  ersten  Mai  durch  die  Zuweisungssteuerein- 
heit  (20-1)  zugewiesen  wird,  und  wobei  aus  der 
Verbindungsinformation  die  Speicherstelle  des 

55  zugewiesenen  Datenelements  ermittelt  und  das 
zugewiesene  Datenelement  aus  der  Speicher- 
stelle  ausgelesen  wird,  die  in  der  Verbindungsin- 
formation  bestimmt  ist,  urn  anschlieliend  durch 

20 



39 EP  0  513  206  B1 40 

die  Zuweisungssteuereinheit  (20-1)  auf  das  zu- 
gewiesene  Datenelement  zuweisen  zu  konnen, 
dadurch  gekennzeichnet,  daft  die  Zuweisungs- 
steuereinheit  die  Verbindungsinformation  (20- 
302)  speichert,  indem: 

eine  Tabelle  der  durch  Anwendungen  und 
Programmeigenschaften  zugewiesenen  Daten- 
elementnamen  der  Datenelemente  in  der  Zuwei- 
sungssteuereinheit  (20-1)  gespeichert  wird;  und 

die  Verbindungsinformation  in  der  Tabelle 
beim  ersten  Mai  gespeichert  wird,  bei  dem  die 
Anwendungen  und  Programmeigenschaften  je- 
des  der  Datenelemente  zuweisen. 

9.  System  nach  Anspruch  8,  weiterhin  dadurch  ge- 
kennzeichnet,  daftfuranschlieftendeZuweisun- 
gen  auf  die  zugewiesenen  Datenelemente  durch 
die  Zuweisungssteuereinheit  (20-1): 

die  Zuweisungssteuereinheit  (20-1)  den 
zugewiesenen  Datenelementnamen  zur  Host- 
Steuereinheit  ubertragt,  die  in  der  Verbindungs- 
information  bezeichnet  ist, 

die  Host-Steuereinheit  (20-3)  den  Namen 
des  Datenelementes,  der  in  der  in  der  Verbin- 
dungsinformation  bezeichneten  Speicherstelle 
enthalten  ist,  mit  dem  zugewiesenen  Datenele- 
mentnamen  vergleicht,  und,  wenn  keine  Uberein- 
stimmung  gefunden  wird, 

die  Zuweisungssteuereinheit  (20-3)  das 
Netzwerk  wiederholt  nach  einer  neuen  Speicher- 
stelle  des  zugewiesenen  Datenelements  durch- 
sucht,  die  Verbindungsinformation  durch  eine 
neue  Verbindungsinformation  ersetzt,  die  die 
neue  Speicherstelle  des  zugewiesenen  Daten- 
elements  enthalt,  wenn  das  zugewiesene  Daten- 
element  gefunden  wird,  und  eine  Fehlermeldung 
erzeugt,  wenn  das  zugewiesene  Datenelement 
nicht  gefunden  wird. 

10.  System  nach  Anspruch  8  oder  9,  weiterhin  da- 
durch  gekennzeichnet,  daft  die  Zuweisungs- 
steuereinheit  (20-1)  eine  einzelne  Verbindungs- 
informationstabelle  (20-302)  aufbaut. 

11.  System  nach  Anspruch  10,  weitherhin  dadurch 
gekennzeichnet,  daft  die  einzelne  Informations- 
tabelle  (20,  302)  in  der  Zuweisungssteuereinheit 
enthalten  ist. 

12.  System  nach  Anspruch  8,  9,  10  oder  11,  weiterhin 
dadurch  gekennzeichnet,  daft: 

die  Zuweisungssteuereinheit  (20-1)  das 
Verzeichnis  derZuweisungen  auf  eindeutige  Da- 
tenelementnamen  von  den  Anwendungen  und 
Programmeigenschaften  in  der  Zuweisungssteu- 
ereinheit  (20-1)  und  eine  zugehorige  Speicher- 
stelle  in  der  Tabelle  (20-302)  der  Datenelement- 
namen  speichert  und  auf  die  Verbindungsinfor- 

mation  der  Datenelementnamen  zugreift,  welche 
durch  die  Anwendungen  und  Programmeigen- 
schaften  zugewiesen  werden,  indem  auf  die 
Speicherstelle  in  der  Tabelle  (20-302)  der  Daten- 

5  elementnamen  zugegriffen  wird,  welche  im  Ver- 
zeichnis  der  zugewiesenen  Datenelementnamen 
bezeichnet  ist. 

13.  System  nach  Anspruch  8,  9,  10,  11  oder  12,  wei- 
10  terhin  dadurch  gekennzeichnet,  daft: 

die  Host-Steuereinheit  (20-3)  den  Daten- 
elementnamen  an  der  Speicherstelle,  die  in  der 
Verbindungsinformation  bezeichnet  ist,  mit  dem 
zugewiesenen  Datenelementnamen  vergleicht, 

15  und,  wenn  keine  Ubereinstimmung  gefunden 
wird, 

durchsucht  die  Zuweisungssteuereinheit 
(20-1)  die  Netzwerksteuereinheit,  welche  in  der 
Verbindungsinformation  bezeichnet  ist,  nach  ei- 

20  ner  anderen  Speicherstelle  des  zugewiesenen 
Datenelementnamens  in  der  gekennzeichneten 
Netzwerksteuereinheit; 

die  Zuweisungssteuereinheit  (20-1)  die 
verbleibenden  Netzwerksteuereinheiten  des 

25  Netzwerks  nach  einer  neuen  Speicherstelle  des 
zugewiesenen  Datenelements  durchsucht,  wenn 
das  Datenelement  nicht  an  einer  anderen  Spei- 
cherstelle  in  der  Netzwerksteuereinheit  gefun- 
den  wird,  die  in  der  Verbindungsinformation  ge- 

30  kennzeichnet  ist;  und 
daft  die  Zuweisungssteuereinheit  (20-1) 

die  Verbindungsinformation,  die  den  zugewiese- 
nen  Datenelementnamen  mit  der  Speicherstelle 
des  Datenelementes  in  Beziehung  setzt,  durch 

35  eine  neue  Verbindungsinformation  ersetzt,  die  ei- 
ne  aktualisierte  Speicherstelle  des  zugewiese- 
nen  Datenelements  enthalt,  wenn  das  zugewie- 
sene  Datenelement  gefunden  wird,  und  eine  Feh- 
lermeldung  erzeugt,  wenn  das  zugewiesene  Da- 

40  tenelement  nicht  gefunden  wird. 

14.  System  nach  Anspruch  8,  9,  10,  11,  12  oder  13, 
weiterhin  dadurch  gekennzeichnet,  daft  die 
Verbindungsinformation  fur  die  bestimmten  Da- 

45  tenelemente  in  die  Host-Netzwerksteuereinheit 
(20-3)  geladen  wird. 

15.  System  nach  Anspruch  8,  9,  10,  11,  12,  13  oder 
14,  weiterhin  gekennzeichnet  durch  eine  Infor- 

50  mationsspeichervorrichtung  (20-11),  die  funktio- 
nal  mit  dem  Prozessor  (20-9)  verbunden  ist,  und 
weiterhin  dadurch  gekennzeichnet,  daft  der 
Prozessor  (20-9)  die  Datenelemente  in  einer  Da- 
tenbasis  der  Speichervorrichtung  (20-11)  spei- 

55  chert,  bevor  die  Datenelemente  in  die  Host- 
Netzwerksteuereinheit  (20-3)  geladen  werden. 
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Revendications 

1  .  Pro-cede  de  localisation  de  donnees  dans  un  sys- 
teme  de  reseau  distribue  ayant  une  pluralite  de 
noeuds  (20-1  ,  20-3,  20-5),  un  processeur  (20-9)  5 
et  un  dispositif  de  memoire  d'informations  (20- 
11),  le  precede  comprenant  les  etapes  de  trans- 
fert  a  partir  du  processeur  (20-9)  des  elements  de 
donnees  et  des  noms  uniques  correspondants 
des  elements  de  donnees  aux  emplacements  10 
d'element  de  donnees  adressables  (20-2)  dans 
au  moins  un  noeud  (20-3)  de  la  pluralite  de 
noeuds,  le  fait  de  referencerau  moins  un  element 
de  donnees  par  le  nom  a  partir  d'un  noeud  de  re- 
ferenciation  (20-1),  la  mise  en  memoire  dans  le  15 
noeud  de  referenciation  (20-1)  de  I'information 
de  liaison  concernant  des  noms  d'element  de 
donnees  et  des  emplacements  d'element  de  don- 
nees  correspondants  en  recherchant  dans  le  re- 
seau  I'emplacement  d'un  element  de  donnees  la  20 
premiere  fois  que  I'element  de  donnees  est  refe- 
rence  par  le  noeud  de  referenciation  (20-1)  et  la 
mise  en  memoire  par  le  nom  dans  le  noeud  de  re- 
ferenciation  (20-1)  de  I'emplacement  de  I'ele- 
ment  de  donnees  reference  pour  des  references  25 
ulterieures  par  le  noeud  de  referenciation  (20-1) 
aux  noms  d'element  de  donnees  mis  en  memoire, 
I'identif  ication  de  I'emplacement  de  I'element  de 
donnees  a  partir  de  I'information  de  liaison  et  I'ex- 
traction  de  I'element  de  donnees  de  I'emplace-  30 
ment  def  ini  dans  I'information  de  liaison, 
dans  lequel  I'etape  de  memorisation  de  I'informa- 
tion  de  liaison  (20-302)  est  caracterisee  par: 
la  mise  en  memoire  d'un  tableau  de  noms  d'ele- 
ment  de  donnees  references  par  des  applications  35 
et  des  fonctions  de  logiciel  dans  le  noeud  de  re- 
ferenciation  (20-1)  et 
la  mise  en  memoire  de  I'information  de  liaison 
dans  le  tableau  la  premiere  fois  que  les  applica- 
tions  et  les  caracteristiques  se  referent  au  nom  de  40 
I'element  de  donnees. 

2.  Precede  selon  la  revendication  1,  dans  lequel 
I'etape  d'extraction  d'un  element  de  donnees  est 
de  plus  caracterisee  par  :  45 
la  comparaison  du  nom  de  I'element  de  donnees 
a  I'emplacement  identifie  dans  I'information  de 
liaison  avec  le  nom  reference  par  le  noeud  de  re- 
ferenciation  (20-1)  et,  si  une  concordance  n'est 
pas  trouvee,  la  recherche  dans  le  reseau  d'un  50 
nouvel  emplacement  de  I'element  de  donnees 
correspondant  au  nom  reference  par  le  noeud  de 
referenciation  (20-1)  ;  si  le  nom  reference  par  le 
noeud  de  referenciation  (20-1  )  est  trouve  lorsque 
Ton  recherche  le  nouvel  emplacement  a  nouveau  55 
dans  le  reseau,  le  remplacement  de  I'information 
de  liaison  mettant  en  rapport  le  nom  de  I'element 
de  donnees  avec  I'emplacement  de  I'element  de 

donnees  par  la  nouvelle  information  de  liaison  y 
compris  le  nouvel  emplacement  de  I'element  de 
donnees  et  la  production  d'un  message  d'erreur 
si  le  nom  reference  parle  noeud  de  referenciation 
(20-1)  n'est  pas  trouve. 

3.  Precede  selon  la  revendication  1  ou  2  dans  lequel 
I'etape  de  memorisation  d'un  tableau  d'elements 
de  donnees  est  de  plus  caracterise  en  ce  que  le 
tableau  d'elements  de  donnees  est  un  seul  ta- 
bleau  d'informations  de  liaison  (20-302)  dans  le 
noeud  de  referenciation  (20-1). 

4.  Precede  selon  la  revendication  1,  2  ou  3,  carac- 
terise  de  plus  en  ce  que  le  systeme  de  reseau  re- 
parti  est  un  systeme  de  gestion  d'installations. 

5.  Precede  selon  la  revendication  1,  2,  3  ou  4,  ca- 
racterise  de  plus  par  les  etapes  de  : 
mise  en  memoire  dans  le  noeud  de  referenciation 
(20-1)  d'un  index  de  references  aux  noms  d'ele- 
ments  de  donnees  uniques  a  partir  des  applica- 
tions  et  des  fonctions  de  logiciel  dans  le  noeud  de 
referenciation  (20-1)  et  un  emplacement  corres- 
pondant  dans  le  tableau  de  noms  d'elements  de 
donnees  (20-302)  et 
rendre  accessible  I'information  de  liaison  des 
noms  d'elements  de  donnees  references  par  les 
applications  et  les  fonctions  du  logiciel  en  acce- 
dant  a  I'emplacement  dans  le  tableau  de  noms 
d'elements  de  donnees  (20-302)  identifies  par 
I'index  pour  les  noms  d'elements  de  donnees  re- 
ferences. 

6.  Precede  selon  la  revendication  1  ,  2,  3,  4  ou  5,  ca- 
racterise  par: 
la  comparaison  du  nom  de  I'element  de  donnees 
a  I'emplacement  identifie  dans  I'information  de 
liaison  avec  le  nom  reference  par  le  noeud  de  re- 
ferenciation  (20-1)  et,  si  une  concordance  n'est 
pas  trouvee,  la  recherche  dans  le  noeud  identifie 
dans  I'information  de  liaison  d'un  autre  emplace- 
ment  a  I'interieurdu  noeud  identifie  du  nom  d'ele- 
ment  de  donnees  ; 
si  le  nom  d'element  de  donnees  n'est  pas  trouve 
a  I'autre  emplacement  dans  le  noeud  identifie 
dans  I'information  de  liaison,  la  recherche  dans 
les  noeuds  qui  restent  sur  le  reseau  d'un  nouvel 
emplacement  de  I'element  de  donnees  corres- 
pondant  au  nom  reference  par  le  noeud  de  refe- 
renciation  (20-1)  ; 
si  le  noeud  reference  par  le  noeud  de  referencia- 
tion  (20-1)  est  trouve,  le  remplacement  de  I'infor- 
mation  de  liaison  concernant  le  nom  de  I'element 
de  donnees  et  I'emplacement  de  I'element  de 
donnees  avec  la  nouvelle  information  de  liaison 
y  compris  un  emplacement  actual  ise  de  I'element 
de  donnees  et  la  production  d'un  message 
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d'erreur  si  le  nom  reference  par  le  noeud  de  refe- 
renciation  (20-1)  n'est  pas  trouve. 

7.  Precede  selon  la  revendication  1  ,  2,  3,  4,  5  ou  6, 
caracterise  de  plus  par  le  transfert  de  I'informa-  5 
tion  de  liaison  aux  noeuds  serveurs  des  ele- 
ments  de  donnees. 

8.  Systeme  de  reseau  distribue,  tel  que  systeme  de 
gestion  d'installations,  comprenant  un  proces-  10 
seur  (20-9)  et  une  pluralite  d'unites  de  gestion  de 
reseau  (20-1,  20-3,  20-5),  dans  lequel  chaque 
unite  de  gestion  de  la  pluralite  des  unites  de  ges- 
tion  est  relie  par  un  reseau  (20-7)  au  processeur 
(20-9)  et  I'une  a  I'autre,  au  moins  I'une  des  unites  15 
de  gestion  de  la  pluralite  des  unites  de  gestion  est 
une  unite  de  gestion  principale  (20-3)  pour  cer- 
tains  elements  de  donnees,  I'unite  de  gestion 
principale  (20-3)  transfere  du  processeur  (20-9) 
certains  elements  de  donnees  et  les  noms  d'ele-  20 
ments  de  donnees  uniques  correspondant  aux 
emplacements  d'elements  de  donnees  adressa- 
bles  (20-2),  au  moins  I'une  des  unites  de  gestion 
de  la  pluralite  des  unites  de  gestion  est  une  unite 
de  gestion  de  referenciation  (20-1)  qui  referencie  25 
un  element  de  donnees  reference  de  certains  ele- 
ments  de  donnees  par  un  nom  d'element  de  don- 
nees  reference  correspondant  uniquement  a 
I'element  de  donnees  reference,  I'unite  de  ges- 
tion  de  referenciation  (20-1)  met  en  memoire  Tin-  30 
formation  de  liaison  concernant  le  nom  de  I'ele- 
ment  de  donnees  reference  a  I'emplacement  de 
I'element  de  donnees  reference  en  cherchant 
dans  le  reseau  I'emplacement  de  I'element  de 
donnees  reference  et  en  memorisant  par  le  nom  35 
I'emplacement  de  I'element  de  donnees  referen- 
ce  la  premiere  fois  que  I'element  de  donnees  re- 
ference  est  reference  par  I'unite  de  gestion  de  re- 
ferenciation  (20-1)  et  en  identifiant  I'emplace- 
ment  de  I'element  de  donnees  reference  par  Tin-  40 
formation  de  liaison  et  en  extrayant  I'element  de 
donnees  reference  de  I'emplacement  def  ini  dans 
I'information  de  liaison  pour  les  references  ulte- 
rieures  a  I'element  de  donnees  reference  par 
I'unite  de  gestion  de  referenciation  (20-1),  carac-  45 
terise  en  ce  que  I'unite  de  gestion  de  referencia- 
tion  met  en  memoire  I'information  de  liaison  (20- 
302)  en  : 
memorisant  un  tableau  des  noms  d'elements  de 
donnees  references  par  les  applications  et  les  50 
fonctions  du  logiciel  dans  I'unite  de  gestion  de  re- 
ferenciation  (20-1)  et 
memorisant  I'information  de  liaison  dans  le  ta- 
bleau  la  premiere  fois  que  les  applications  et 
fonctions  font  reference  a  chacun  des  elements  55 
de  donnees. 

9.  Systeme  selon  la  revendication  8,  caracterise  de 

plus  en  ce  que,  pour  les  references  ulterieures  a 
I'element  de  donnees  reference  par  I'unite  de 
gestion  de  referenciation  (20-1)  : 
I'unite  de  gestion  de  referenciation  (20-1)  trans- 
met  le  nom  de  I'element  de  donnees  reference  a 
I'unite  de  gestion  principale  identif  iee  dans  Tin- 
formation  de  liaison, 
m'unite  de  gestion  principale  (20-3)  compare  le 
nom  de  I'element  de  donnees  residant  a  I'empla- 
cement  identifie  dans  I'information  de  liaison  au 
nom  de  I'element  de  donnees  reference  et,  si  une 
concordance  n'est  pas  trouvee,  I'unite  de  gestion 
de  referenciation  (20-1)  cherche  a  nouveau  dans 
le  reseau  un  nouvel  emplacement  de  I'element  de 
donnees  reference,  remplace  I'information  de 
liaison  avec  la  nouvelle  information  de  liaison  y 
compris  le  nouvel  emplacement  de  I'element  de 
donnees  reference  si  I'element  de  donnees  refe- 
rence  est  trouve  et  produit  un  message  d'erreur 
si  I'element  de  donnees  reference  n'est  pas  trou- 
ve. 

10.  Systeme  selon  la  revendication  8  ou  9,  caracteri- 
se  de  plus  en  ce  que  I'unite  de  gestion  de  referen- 
ciation  (20-1)  forme  constitue  un  seul  tableau 
d'information  de  liaison  (20-302). 

11.  Systeme  selon  la  revendication  10,  caracterise 
de  plus  en  ce  que  le  seul  tableau  d'information 
(20-302)  est  dans  I'unite  de  gestion  de  referen- 
ciation. 

12.  Systeme  selon  la  revendication  8,  9,  10  ou  11  ,  ca- 
racterise  de  plus  en  ce  que  : 
I'unite  de  gestion  de  referenciation  (20-1)  met  en 
memoire  I'index  de  references  aux  noms  d'ele- 
ment  de  donnees  uniques  a  partir  des  applica- 
tions  et  des  fonctions  de  logiciel  dans  I'unite  de 
gestion  de  referenciation  (20-1)  et  un  emplace- 
ment  correspondant  dans  le  tableau  (20-302)  des 
noms  d'elements  de  donnees  et  accede  a  I'infor- 
mation  de  liaison  des  noms  d'elements  de  don- 
nees  references  par  les  applications  et  les  fonc- 
tions  de  logiciel  en  accedant  a  I'emplacement 
dans  le  tableau  (20-302)  des  noms  d'elements  de 
donnees  identifies  par  I'index  pour  les  noms 
d'elements  de  donnees  references. 

13.  Systeme  selon  la  revendication  8,  9,  10,  11  ou  12, 
caracterise  de  plus  en  ce  que  : 
I'unite  de  gestion  principale  (20-3)  compare  le 
nom  d'element  de  donnees  a  I'emplacement 
identifie  dans  I'information  de  liaison  avec  le  nom 
d'element  de  donnees  reference,  et  si  une 
concordance  n'est  pas  trouvee,  I'unite  de  gestion 
de  referenciation  (20-1)  cherche  dans  I'unite  de 
gestion  de  reseau  identifiee  dans  I'information 
de  liaison  un  autre  emplacement  du  nom  d'ele- 
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ment  de  donnees  reference  a  I'interieur  de  I'unite 
de  gestion  de  reseau  identif  iee  ; 
si  I'element  de  donnees  n'est  pas  trouve  a  un  au- 
tre  emplacement  dans  I'unite  de  gestion  de  re- 
seau  identif  iee  dans  I'information  de  liaison,  5 
I'unite  de  gestion  de  referenciation  (20-1)  cher- 
che  dans  les  unites  de  gestion  de  reseau  qui  res- 
tent  sur  le  reseau  un  nouvel  emplacement  de 
I'element  de  donnees  reference  et  en  ce  que 
si  I'element  de  donnees  reference  est  trouve,  10 
I'unite  de  gestion  de  referenciation  (20-1  )  rempla- 
ce  I'information  de  liaison  concernant  le  nom  de 
I'element  de  donnees  reference  a  I'emplacement 
de  I'element  de  donnees  avec  la  nouvelle  infor- 
mation  de  liaison  y  compris  un  emplacement  ac-  15 
tualise  de  I'element  de  donnees  reference  et  pro- 
duit  un  message  d'erreur  si  I'element  de  donnees 
reference  n'est  pas  trouve. 

14.  Systeme  selon  la  revendication  8,  9,  10,  11,  12  ou  20 
13,  caracterise  en  ce  que  I'information  de  liaison 
pour  certains  elements  de  donnees  est  transfere 
a  I'unite  de  gestion  de  reseau  principale  (20-3). 

15.  Systeme  selon  la  revendication  8,  9,  10,  11,  12,  25 
13  ou  14,  caracterise  de  plus  parun  dispositif  de 
memoire  d'information  (20-11),  relie  operative- 
ment  au  processeur  (20-9)  et  caracterise  de  plus 
en  ce  que  le  processeur  (20-9)  met  en  memoire 
les  elements  de  donnees  dans  une  base  de  don-  30 
nees  sur  le  dispositif  de  memoire  (20-11)  avant  le 
transfert  des  elements  de  donnees  a  I'unite  de 
gestion  de  reseau  principale  (20-3). 
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