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Description 

BACKGROUND  OF  THE  INVENTION 

The  invention  relates  to  a  new  method  and  sys- 
tem  for  storing  and  retrieving  graphical  image  repre- 
sentations  according  to  a  specified  representation 
preference  order.  More  specifically,  it  relates  to  stor- 
age  and  retrieval  of  graphical  image  representations 
according  to  a  procedure  which  seeks  to  match  one 
of  the  available  representations  of  an  identified  graph 
with  a  representation  level  specified  by  a  requester  of 
the  graph. 

The  invention  operates  in  the  environment  of  a 
general  purpose  computer  connected  through  a  com- 
munications  system  including  plural  communication 
channels  that  provide  data  interchange  capability  be- 
tween  the  general  purpose  computer  and  a  plurality 
of  user  terminals.  The  terminals  are  understood  to  re- 
fer  to  a  typical  terminal  device  including  a  keyboard, 
a  display,  and  a  limited  computation  facility  together 
with  one  or  more  graphical  output  devices.  Since  a 
terminal  possesses  the  capability  to  provide  a  visual 
output,  terminals  are  included  in  the  category  of  de- 
vices  referred  to  as  output  devices. 

Existing  graphics  application  programs,  together 
with  other  prior  art  programs,  are  available  to  operate 
on  the  general  purpose  computer  to  create  graphs  in 
response  to  commands,  parameters,  and  data  re- 
ceived  from  users  through  the  terminals  communica- 
tively  connected  to  the  computer.  Created  graphs  are 
output  by  transmission  of  graphical  image  data  from 
the  computer  to  the  terminals.  A  graph  is  output  when 
a  visual  representation  of  its  image  is  produced  either 
on  a  screen  or  a  hardcopy  medium  such  as  paper  or 
photographic  slide  material  at  a  terminal. 

Typically,  in  the  posited  multi-user  scenario,  a 
number  of  terminals  share  the  computer,  using  it  si- 
multaneously  to  do  different  things  with  it.  In  the  sit- 
uation  of  interest,  the  system  is  used  for  the  creation 
of  graphs  for  end  users.  End  use  of  a  graph  can  in- 
volve  the  satisfaction  of  a  plethora  of  user  needs;  for 
example,  different  users  may  retrieve  a  graph  for 
viewing,  printing,  or  alteration. 

As  is  known,  the  levels  of  representation  of  a 
graphical  image,  also  called  levels  of  abstraction,  cor- 
respond  generally  to  the  position  between  human  un- 
derstandability  and  machine  understandability  occu- 
pied  by  the  expression  of  the  graph.  Thus,  at  the  high- 
est  level  of  abstraction,  graphs  are  represented  by  hu- 
man  verbal  descriptions  such  as  English  language 
text.  At  the  lowest  level  of  abstraction,  the  graph  is 
stored  in  a  machine-language  formatthat  can  be  com- 
prehended  only  by  the  device  upon  which  the  graph 
is  to  be  produced.  At  an  intermediate  level  graphs  can 
be  represented  by  a  string  of  graphics  primitives  con- 
sisting  of  straightforward  figure  elements  such  as 
lines,  polylines,  circles,  ellipses,  circle  segments, 

text,  and  filled  polygons.  Such  strings  also  include 
graphics  attributes  which  further  modify  the  graphics 
primitives.  The  attributes  include  location  coordin- 
ates,  size,  color,  and  typeface. 

5  Conventionally,  the  highest  expression  of  a  graph 
in  human  understandable  form  is  referred  to  as  a 
source  file;  the  intermediate  level  is  termed  a  meta- 
file;  while  the  lowest  level  of  abstraction  is  a  device 
specific  file. 

10  Characteristically,  once  a  graph  is  created  it  will 
be  expressed  in  one  or  more  levels  of  abstraction  in 
order  to  support  certain  functions  which  are  human- 
initiated  machine  performances  of  particular  work  on 
a  graph  to  achieve  a  definite  purpose.  For  the  purpos- 

es  es  of  this  application,  it  is  understood  that  a  plethora 
of  processes  exist  which  translate  the  expression  of 
a  graphical  image  at  one  level  to  an  equivalent  ex- 
pression  at  a  lower  level 

As  is  known,  the  different  uses  to  which  a  graph 
20  is  put  require  that  the  machine-understandable  image 

representation  of  the  graph  be  available  at  differing 
levels  of  machine  abstraction.  For  example,  in  text 
processing  the  terms  "final  form"  and  "revisable  form" 
are  used  to  indicate  two  different  levels  of  abstrac- 

25  tion,  each  particularly  designed  for  a  specific  func- 
tion:  the  final  form  is  that  to  be  printed  or  viewed  only, 
the  revisable  form  is  intended  to  be  changed  prior  to 
printing.  In  graphics,  there  are  more  than  just  these 
two  levels:  the  graphics  image  representation  corre- 

30  sponding  to  the  final  form  of  text  may  be  more  or  less 
tailored  to  the  output  processor  of  a  certain  graphical 
production  device;  and  the  revisable  form,  having  a 
representation  in  a  higher  level  of  abstraction  than  the 
final  form,  is  usually  intended  to  allow  different  kinds 

35  of  revision  to  the  graph. 
The  different  kinds  of  graphical  image  represen- 

tations  imply  different  performance  requirements  for 
the  centrally-operated  graphical  production  system. 
Some  representations  provide  cheap  retrieval  of  the 

40  graph's  image  but  limited  flexibility  in  terms  of  choice 
of  output  device  or  modification.  Other  representa- 
tions  are  flexible  in  terms  of  being  adaptable  to  a  va- 
riety  of  output  devices,  however,  their  maintenance  by 
a  centralized  system  usually  entails  a  high  cost. 

45  An  archival  problem  in  a  centrally  organized 
graphic  system  is  characterized  by  the  interplay  of 
function  and  graphical  representations.  For  example, 
retrieval  of  a  graph  image  from  storage  for  viewing  on 
a  CRT  is  most  quickly  accomplished  and  requires  the 

so  least  amount  of  computer  processing  if  the  graph  is 
stored  in  the  lowest  level  representation  possible.  For 
a  CRT  this  would  consist  of  the  actual  bit  map  of  the 
image.  The  bit  map  is  easily  retrieved  from  storage 
and  formatted  for  transmission  through  a  communi- 

55  cations  channel  to  the  output  device  by  conversion  to 
a  bit  or  byte  sequence  that  is  transmitted  through  the 
communications  channel  to  the  output  device.  This 
lowest-level  representation  requires  no  computer 
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processing  of  the  stored  information  but  only  trans- 
mission  of  the  data  to  the  graphics  device. 

Any  higher  level  of  representation,  such  as  met- 
afile  format,  would  require  additional  processing  for 
translation  of  the  metafile  to  the  bit  map  required  by 
the  device.  However,  if  all  graphical  images  were  rep- 
resented  in  their  lowest  level  of  abstraction,  the  vari- 
ety  of  output  devices  would  proliferate  the  device- 
specific  files,  since  different  output  devices  require 
different  information.  Therefore,  support  of  several 
different  output  devices  with  a  single  device  specific 
representation  would  not  be  possible.  As  the  output 
device  configurations  proliferate,  so  do  the  device- 
specific  representations  of  each  graph.  As  the  repre- 
sentations  proliferate  and  are  multiplied  by  the  num- 
ber  of  graphs,  one  can  appreciate  that  the  storage  re- 
quirements  of  the  centrally-organized  system  in- 
crease  correspondingly.  Moreover,  system  operating 
costs  are  increased  because  of  the  processing  cost 
of  creating  all  of  the  files,  and  because  of  the  admin- 
istrative  difficulty  in  keeping  the  different  represen- 
tations  coordinated. 

From  the  user  standpoint,  another  disadvantage 
of  device-specific  file  storage  is  that  the  low  level  ex- 
pression  of  a  graph  is  very  difficult  to  modify.  Modi- 
fication  of  a  graph  at  this  level  of  representation  re- 
quires  access  to  the  graph  figure  elements,  which  are 
nothing  more  than  patterns  of  bits  in  the  device  data 
stream. 

Storage  of  graphs  in  representations  at  a  higher 
level  than  device-specific  (such  as  in  metafiles)  re- 
quires  processing  of  the  representations  to  translate 
the  primitives  compounding  the  metafile  to  device- 
specific  data.  This  processing  increases  the  cost  of 
sending  the  graph  to  an  output  device,  but  has  the 
fundamental  advantage  that  one  representation  is 
sufficient  to  handle  a  great  number  of  devices.  Stor- 
age  of  graphs  in  the  form  of  metafiles  brings  dimin- 
ishing  reward  if  the  ambition  of  a  system  is  to  support 
all  different  classes  of  output  devices.  As  is  known, 
groups  or  families  of  devices  provided  by  specific 
manufacturers  are  often  characterized  in  having 
processing  or  operational  characteristics  which  are 
reduced  to  a  set  of  fundamental  primitive  expressions 
that  do  not  support  the  operations  of  other  families  of 
devices.  In  this  case,  more  sophistication  would  be  re- 
quired  in  processing,  increasing  the  complexity  of  the 
translation  task  and  nullifying  to  a  great  extent  the  ef- 
ficiencies  that  can  be  achieved  with  metafile  expres- 
sion  storage. 

Another  disadvantage  of  metafile  representation 
is  that  the  original  graph  creation  process,  when  op- 
erated  to  create  a  metafile,  is  unaware  of  the  intended 
output  device  and  thus  cannot  apply  a  procedure  that 
optimizes  the  graphical  layout  to  the  output  device 
characteristics.  Translation  of  a  device-independent 
metafile  to  a  device-specific  representation  can  re- 
sult  in  a  graph  having  an  appearance  of  a  lower  qual- 

ity  than  a  graph  designed  with  the  attributes  of  the 
output  device  in  mind.  Such  a  process  can  be  under- 
stood  by  reference  to  United  States  Patent  No. 
4,800,510  which  is  assigned  to  the  assignee  of  the 

5  present  invention,  and  which  is  incorporated  herein 
by  reference. 

The  process  of  adapting  a  graph  to  the  character- 
istics  of  a  specific  output  device  requires  the  ability 
to  modify  the  graph  in  non-geometric  ways.  This  is 

10  possible  only  if  the  graph  is  described  in  very  high  lev- 
el  terms:  the  title,  the  axis  scaling,  and  the  legend  an- 
notation,  for  example,  all  need  to  be  recognized  as 
such  to  be  modifiable  in  a  graphically  intelligent  man- 
ner.  The  axis  scale  annotation,  for  example,  cannot  be 

15  modified  intelligently  if  the  text  is  known  only  as  arbi- 
trary  text  strings,  as  it  would  be  in  a  metafile  repre- 
sentation.  This  high  level  representation  is  called  a 
source  file  and  contains  specifications  such  as  graph 
type,  graph  data,  annotation,  etc.  Asourcefile  is  in  ef- 

20  feet  an  English  language  description  of  a  graph,  even 
though  the  actual  format  of  the  file  may  be  more  tech- 
nical.  Asource  file  is  often  created  by  a  human  being 
and  is  most  often  human-readable.  A  straightforward 
translation  of  the  human-readable  graph  description 

25  into  some  high-level  internal  data  structure  for  use  by 
a  graph  creation  program  in  recreating  the  graph  is  re- 
ferred  to  hereinafter  as  a  chart  primitive  file.  Although 
not  all  graph  creation  systems  recognize  the  exis- 
tence  of  this  file,  the  "parsing"  of  a  user-entered  spec- 

30  ification  usually  creates  this  data  structure  at  some 
point  in  a  graph  creation  process.  For  the  purposes  of 
this  specification,  chart  primitive  files  are  considered 
equivalent  to  source  files  in  terms  of  their  capabilities 
of  being  processed. 

35  It  should  be  evident  that  storage  of  graphs  in  the 
very  high  level  representation  corresponding  to  a 
source  file  offers  great  flexibility  to  a  centralized 
graph  creation  system  and  permits  intelligent  han- 
dling  of  modifications  to  the  graph,  but  it  requires  the 

40  provision  of  a  substantial  amount  of  sophisticated 
processing  resources.  Retrieval  of  a  graph  stored  in 
source  file  representation  for  output  on  a  specific  de- 
vice  becomes  equivalent  to  the  creation  of  the  graph, 
requiring  a  large  amount  of  processing  power  and 

45  time.  However,  such  high  level  representations  are 
very  compact  for  storage  and  require  very  little  proc- 
essing  to  create. 

It  will  be  appreciated  from  the  preceding  discus- 
sion  that  the  problem  of  creating  a  graphical  archive 

so  to  serve  the  needs  of  many  users  requiring  access  to 
many  graphs  which  are  to  be  produced  on  a  variety 
of  output  devices  demands  a  flexible  system  permit- 
ting  the  storage  of  graphs  in  a  variety  of  representa- 
tional  levels  which  can  be  retrieved  quickly  and  eff  i- 

55  ciently.  The  provision  for  storage  of  a  plurality  of  rep- 
resentational  levels  permits  the  system  to  be  adapted 
to  the  specific  functional  needs  of  particular  graph 
image  applications,  while  the  feature  of  rapid  retrieval 
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heightens  the  responsivity  of  the  system  to  user 
needs. 

Known  storage  and  retrieval  systems  do  not  ade- 
quately  meet  these  objectives.  For  example,  in  the 
system  disclosed  in  WO/84/02022  ("Dynamic  Data- 
base  Representation,"  Weythman),  data  records  are 
represented  in  two  different  formats,  one  for  storage 
purposes  and  another  for  data  processing  purposes. 
A  single  storage  format  is  chosen  for  convenient 
maintenance  of  the  database  and  translation  pro- 
grams  are  used  to  convert  retrieved  data  into  the  for- 
mat  required  by  the  particular  processing  software 
being  used.  Thus,  the  system  in  Weythman  does  not 
address  the  problem  of  archiving  and  retrieving 
graphic  data  stored  in  a  plurality  of  representational 
formats. 

In  the  apparatus  disclosed  in  EP  0138064  A2 
("Tomographic  Image  Processing  Apparatus,"  Ko- 
mori),  tomographic  image  data  is  added  to  a  storage 
medium  in  both  compressed  and  non-compressed 
formats  until  the  storage  medium  is  filled  to  capacity, 
after  which  stored,  non-compressed  representations 
of  images  are  replaced  by  new  compressed  image 
data.  In  this  way,  expansion  processing  of  com- 
pressed  image  data  is  not  required  unless  the  storage 
medium  is  completely  filled  and  the  non-compressed 
data  for  the  selected  image  has  been  deleted.  How- 
ever,  the  compressed  representation  of  an  image 
may  not  be  retrieved  unless  the  corresponding  non- 
compressed  representation  has  been  deleted.  This 
system  therefore  does  not  provide  a  means  for  archiv- 
ing  and  retrieving  a  multiplicity  of  available  data  rep- 
resentations  corresponding  to  a  single  graph. 

Therefore,  it  is  a  primary  objective  of  the  subject 
invention  to  provide  an  archive  system  supporting  the 
maintenance  of  graphical  images  in  a  plurality  of  rep- 
resentations  that  reduces  the  system  resources  and 
operations  required  to  store,  retrieve,  and  produce  a 
graph. 

The  invention  is  based  upon  the  critical  observa- 
tion  that  in  a  graphical  archiving  system  the  strategy 
for  retrieving  a  particular  stored  representation  of  a 
graph  can  take  into  account  the  function  intended  to 
be  performed  on  the  retrieved  image. 

According  to  a  first  aspect  of  the  present  inven- 
tion  as  defined  in  claim  1,  there  is  provided  a  method 
for  retrieving  stored  graphical  representations  in  a 
system  including:  a  central  computing  facility  with 
storage,  processes  in  the  computing  facility  for  creat- 
ing  source  file  graph  representations  in  response  to 
user-provided  specifications,  processes  for  produc- 
ing  specified  graph  files  containing  representations 
of  the  created  graphs  in  predetermined  levels  of  ma- 
chine  readable  expressions  by  translating  the  source 
file  graph  representations,  and  processes  for  storing 
graph  representation  files,  a  plurality  of  user  terminal 
facilities  communicatively  linked  to  the  computing  fa- 
cility  for  providing  user-initiated  graph  creation  spec- 

ifications  and  for  providing  user-initiated  requests 
which  identify  graphs  and  specify  machine  output  or 
modification  functions  to  which  an  identified  graph  is 
to  be  subjected,  and  a  plurality  of  graph  output  devic- 

5  es  communicatively  linked  to  the  computing  facility 
and  responsive  to  said  graph  representations  for  pro- 
ducing  visible  images  of  said  graphs,  the  method 
comprising  the  steps  of: 
creating  and  storing  under  user  control  a  plurality  of 

10  source  file  graph  representations;  producing  and 
storing  specified  graph  representation  files  by  trans- 
lating  the  source  file  graph  representations;  forming 
a  table,  with  each  of  the  table  entries  including  iden- 
tification  of  a  specific  graph  and  a  listing  of  graph 

15  files  produced  and  stored  for  the  identified  graph;  re- 
ceiving  a  user-generated  request  which  identifies  a 
graph  and  specifies  a  machine  output  function  or  a 
modification  function  to  which  the  requested  graph  is 
to  be  subjected;  searching  to  find  a  table  entry  corre- 

20  sponding  to  the  requested  graph,  and,  if  the  entry  is 
found,  searching  the  listing  of  graph  files  in  the  found 
entry  according  to  a  predetermined  priority  schedule 
to  determine  whether  the  specified  function  can  be 
performed  using  any  of  the  listed  graph  files;  retriev- 

25  ing  a  useable  graph  file,  if  found,  from  said  priority 
schedule;  and  translating  the  retrieved  graph  file  to 
a  preferred  level  of  representation  in  the  event  that 
said  translation  is  necessary. 

According  to  a  second  aspect  of  the  present  in- 
30  vention  as  defined  in  claim  7,  there  is  provided  a  sys- 

tem  for  retrieving  stored  graphical  representations, 
characterised  by  a  computer  with  storage  and  includ- 
ing  processes  for  creating  source  file  graph  represen- 
tations  in  response  to  user-provided  specifications, 

35  processes  for  producing  specified  graph  files  con- 
taining  representations  of  the  created  graphs  in  pre- 
determined  levels  of  machine  readable  expressions 
by  translating  the  source  file  graph  representations, 
and  processes  for  storing  graph  representation  files; 

40  a  plurality  of  user  terminals  communicatively  linked  to 
the  computer  for  providing  user-initiated  graph  crea- 
tion  specifications  and  for  providing  user-initiated  re- 
quests  which  identify  graphs  and  specify  machine 
output  or  modification  functions  to  which  an  identi- 

45  f  ied  graph  is  to  be  subjected;  a  plurality  of  graph  out- 
put  devices  communicatively  linked  to  the  computer 
and  responsive  to  said  graph  representations  for  pro- 
ducing  visible  images  of  said  graphs;  and  retrieval 
process  means  in  the  computer  for: 

so  creating  and  storing  under  user  control  a  plur- 
ality  of  source  file  graph  representations;  producing 
and  storing  specified  graph  representation  files  by 
translating  the  source  file  graph  representations; 
forming  a  table,  with  each  of  the  table  entries  includ- 

55  ing  identification  of  a  specific  graph  and  a  listing  of 
graph  files  produced  and  stored  for  the  identified 
graph;  receiving  a  user-generated  request  which 
identifies  a  graph  and  specifies  a  machine  output  or 

4 
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modification  function  to  which  the  requested  graph  is 
to  be  subjected;  searching  to  find  a  table  entry  corre- 
sponding  to  the  requested  graph  and,  if  the  entry  is 
found,  searching  the  listing  of  graph  files  in  the  found 
entry  according  to  a  predetermined  priority  schedule 
to  determine  whether  the  specified  function  can  be 
performed  using  any  of  the  listed  graph  files;  retriev- 
ing  a  useable  graph  file,  if  found,  from  said  priority 
schedule;  and  translating  the  retrieved  graph  file  to  a 
preferred  level  of  representation  in  the  event  that  said 
translation  is  necessary. 

Therefore,  the  method  and  system  described  in 
the  specification  permit  the  user  of  a  graph  creation 
system  to  create  graph  image  files  capable  of  sup- 
porting  anticipated  graph  output  requirements  and  to 
make  the  allocation  of  system  storage  and  processing 
resources  best  suited  to  the  user's  particular  needs. 

The  preferred  embodiment  of  the  invention  not 
only  meets  the  stated  objective  but  also  provides 
other  advantages  and  efficiencies  which  will  become 
more  apparent  when  the  following  description  of  the 
invention  is  read  in  conjunction  with  the  drawings 
summarized  below,  in  which: 

Figure  1  is  a  block  diagram  of  a  multi-user  graph 
creation  system  in  which  graph  creation  resources 
are  allocated  to  a  central  processing  facility. 

Figure  2  illustrates  the  hierarchical  level  of  graph 
image  representations  supported  by  the  present  ca- 
pabilities  of  the  computer  graphics  field. 

Figure  3A  is  an  illustration  representing  the  tab- 
ularization  of  created  graphs  by  table  entry. 

Figure  3B  illustrates  the  tabularization  of  graphi- 
cal  output  devices  allocated  to  a  user  by  entries  iden- 
tifying  a  device  and  associating  a  preferred  file  class 
priority  with  each  device. 

Figure  4  illustrates  how  graph  tables  are  used  to 
access  graph  image  file  storage  in  the  central  com- 
puting  facility  of  Figure  1  . 

Figure  5  illustrates  the  location  of  the  storage  and 
retrieval  process  in  the  functional  interconnection  be- 
tween  a  user  terminal  and  the  central  computing  fa- 
cility  resources. 

Figure  6  is  a  flow  chart  illustrating  how  the  stor- 
age  and  retrieval  process  of  the  invention  is  invoked. 

Figure  7  is  a  flow  chart  illustrating  the  operation 
of  the  storage  and  retrieval  process. 

Figure  8  is  a  flow  chart  illustrating  how  graph  im- 
age  files  are  searched  according  to  a  user- 
determined  priority. 

Figure  9  illustrates  the  use  of  the  storage  and  re- 
trieval  process  in  response  to  a  graph  modification 
function  selected  by  a  user. 

Figure  10  illustrates  the  operation  of  the  retrieval 
process  in  response  to  a  graph  modification  function 
selected  by  a  user. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENT 

A  general  purpose  computer  graphics  system 
5  representing  the  operational  environment  of  the  in- 

vention  is  illustrated  in  Figure  1.  In  Figure  1  a  central 
computing  facility  10  includes  a  general  purpose 
computer  12  and  an  on-line  storage  facility  14.  The 
computer  12  includes  software  that  implements 

10  graphics  application  and  graphics  production  pro- 
grams.  As  is  known,  graphics  application  and  produc- 
tion  processes  respond  to  commands,  parameters, 
and  data  specified  by  the  creator  of  a  graph  to  pro- 
duce  graphs  on  one  or  more  output  devices.  User  ac- 

15  cess  to  the  centralized  system  10  is  had  through  a 
plurality  of  remote  terminals  such  as  the  terminals  16 
and  18. 

The  terminals  16  and  18  are  conventional  data 
entry  and  monitor  apparatus,  each  having  an  alpha- 

20  numeric  keyboard  for  entry  of  data,  commands,  para- 
meters,  and  responses  to  system-generated 
prompts.  It  is  understood  that  other  methods  of  data 
entry  such  as  graphical  input  devices  (cursor,  mouse, 
etc.)  may  also  be  employed  by  a  user.  Each  of  the  ter- 

25  minals  16  and  18  includes  a  CRT  display  on  which  in- 
formation  from  the  central  facility  10  can  be  provided 
to  the  user.  The  CRT  permits  a  user  to  interact  with 
the  processes  in  the  computer  12  by  displaying  func- 
tion  menus,  requests  for  action  or  information,  or 

30  other  prompts  generated  by  the  processes,  as  well  as 
representations  of  graphs.  Graphs  are  also  produced 
on  hardcopy  devices  20  and  22.  As  used  in  this  de- 
scription,  the  term  "hardcopy  device"  means  any 
computer-controlled  device  capable  of  producing  a 

35  graph  on  paper  or  any  other  permanent  hardcopy  me- 
dium.  Hardcopy  devices  can  include,  for  example, 
plotters,  printers,  and  film  recorders.  The  hardcopy 
devices  20  and  22  are  linked  to  the  central  system  10 
through  the  terminals  16  and  18,  respectively.  It  is 

40  also  the  case  that  hardcopy  devices  24  and  26  can  be 
linked  directly  to  the  facility  10. 

Communications  between  the  central  facility  10 
and  terminals  or  output  devices  are  effected  through 
communications  controllers  28-34,  which  can  com- 

45  prise  I/O  communications  processes  in  the  computer 
12  or  discrete  communications  apparatuses  such  as 
modems.  It  is  understood  that  communications  con- 
trollers  28  and  30  can  operate  on  an  interactive  basis 
with  corresponding  resources  in  the  terminals  16  and 

so  18  for  interactive  bidirectional  communications  be- 
tween  those  terminals  and  the  system  10.  Communi- 
cations  with  the  devices  24  and  26  are  essentially  uni- 
directional,  with  the  only  interaction  consisting  of 
standard  handshaking  signals  for  initiating  communi- 

55  cations  from  the  computer  12  to  the  devices  24  and 
26. 

The  graphics  design  application  and  production 
processes  in  the  computer  12  permit  a  user  to  design 
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and  produce  a  graph.  When  used  herein,  the  term 
"graph"  includes  many  kinds  of  synthesized  pictorial 
representations  that  have  one  or  more  symbols.  As  is 
known,  graphs  include  but  are  not  limited  to,  line 
charts,  area  charts,  scatter  grams,  horizontal  and 
vertical  bar  charts,  pie  charts,  maps,  tables,  text  pa- 
ges,  and  other  text  displays,  lists,  and  symbol  dia- 
grams,  and  combinations  of  these. 

Interactive  computer  graphics  processes  are  well 
known  in  the  art.  Examples  of  such  constructs  are 
found  in  FUNDAMENTALS  OF  INTERACTIVE  COM- 
PUTER  GRAPHICS  by  Foley  and  Van  Dam,  Addison- 
Wesley,  1982.  Commercial  graph  creation  processes 
are  also  available  and  include  the  system  marketed 
under  the  trademark  TELLAGRAF  by  the  assignee  of 
this  application.  In  addition,  the  SASGRAPH  system 
available  from  SAS  Institute,  Cary,  North  Carolina, 
provides  interactive  computer-assisted  graph  crea- 
tion. 

A  structural  concept  of  computer  graphics  proc- 
ess  systems  can  be  understood  with  reference  to  Fig- 
ure  2. 

In  Figure  2  a  first  interactive  graph  creation  proc- 
ess,  Process  1  ,  includes  processing  modules  40,  40a, 
and  40b.  The  module  40  includes  an  interactive  graph 
creation  process  invoked  by  a  user  to  create  a  graph. 
The  image  of  the  graph  resulting  from  the  process  40 
is  the  high  level  source  file  representation  discussed 
above.  In  turn,  a  source  file  produced  by  process  40 
is  translated  by  a  translation  processing  module  (PM) 
40a  to  a  device-independent  metafile  consisting  of 
graphical  primitives  and  attributes.  In  turn,  the  meta- 
file  representation  of  a  graph  image  is  translated  by 
another  processing  module  40b  to  a  device-specific 
file  useful  only  for  a  specific  output  device  identified 
by  a  user.  Adevice-specificfile  is  translated  by  a  par- 
ticular  file  transfer  process  such  as  the  process  mod- 
ule  42  into  format  adapted  for  transfer  of  the  file  to  the 
output  device  46.  Transfer  of  the  process  to  a  user  ac- 
cording  to  a  particular  communications  protocol  may 
require  further  translation  of  the  processed  file  result- 
ing  from  the  transfer  processor  42  by  a  communica- 
tions  controller  44  before  the  file  can  be  transferred 
to  the  output  device  46.  Although  not  shown  in  Figure 
2,  it  is  understood  that  the  transmission  from  the  com- 
munications  controller  44  to  the  output  device  46  may 
involve  an  intermediate  transfer  through  an  interac- 
tive  terminal  or  may  consist  of  direct  transfer  to  the 
output  device  46. 

In  a  system  comprehending  a  plurality  of  different 
kinds  of  output  devices,  for  example,  the  devices  48 
and  50  in  addition  to  the  device  46,  dedicated  file 
transfer  processors  52  and  54  will  be  required  to 
translate  device  specific  storage  files  into  formats 
designed  specifically  for  transmission  of  the  files  to 
the  respective  output  devices  48  and  50.  Communi- 
cations  controllers  56  and  58  may  also  be  required  for 
further  communications  for  formatting  of  the  output  of 

the  processors  52  and  54. 
The  proliferation  of  families  of  graph  output  de- 

vices  has  led  to  a  corresponding  expansion  of  spe- 
cialized  interactive  processing  systems  that  are  de- 

5  signed  to  work  with  the  families.  In  many  cases  the 
graph  creation  systems  consist  of  process  module  hi- 
erarchies  that  are  designed  to  produce  graph  image 
files  only  for  the  ultimate  use  of  output  devices  of  a 
certain  family.  Thus,  for  example,  the  graph  creation 

10  system  including  the  process  44  and  the  process 
modules  44a  and  44b  may  create  a  hierarchy  of  files 
whose  formats  adhere  to  standards  specifically  de- 
signed  to  support  the  characteristics  of  a  certain  fam- 
ily  of  output  devices  and  terminals. 

15  However,  the  proliferation  of  output  device  famil- 
ies  and  supporting  graph  creation  processes  has  also 
led  to  the  design  of  graph  creation  systems  whose 
processing  modules  can  create  files  that  satisfy  the 
format  requirements  of  different  graph  design  sys- 

20  terns.  For  example,  the  system  comprising  the  proc- 
ess  40  and  the  process  modules  40a  and  40b  has  the 
ability  to  create  device-specific  files  specific  to  dif- 
ferent  families  of  output  devices  and  also  intermedi- 
ate-level  files  that  are  specific  to  other  graph  creation 

25  systems.  For  example,  the  TELLAGRAF  graph  crea- 
tion  system  of  the  assignee  creates  source  files  cor- 
responding  to  high-level  representations  of  graphs 
that  are  translated  by  a  process  module  correspond- 
ing  to  the  process  module  40a  into  metafiles  that  are 

30  generic  to  the  TELLAGRAF  system  as  well  as  to  other 
commercially-available  computer  graphics  systems. 
Process  products  corresponding  to  the  process  mod- 
ule  40a  are  available  from  the  assignee  under  the 
trademark  DISSPOP.  Translation  of  metafiles  creat- 

35  ed  by  the  process  modules  at  the  grapb  translation 
level  including  process  modules  40a  to  device-specif- 
ic  files  are  also  available  commercially.  Such  process 
modules  are  included  in  the  horizontal  portion  of  the 
Figure  2  hierarchy  occupied  by  the  process  module 

40  40b.  The  assignee  provides  one  such  product,  trade- 
marked  GDFPOP. 

The  device-specific  image  representations  cre- 
ated  by  the  third  vertical  level  of  processing  in  the 
structure  of  Figure  2  correspond  to  files  created  by 

45  processes  known  as  ADMSAVE  and  ADMPRINT, 
which  are  trademarks  registered  to  International 
Business  Machines  Corporation,  Armonk,  New  York. 
Processing  of  device-specific  files  for  transfer  to  out- 
put  devices,  corresponding  to  the  hierarchical  level  of 

so  Figure  2  including  the  process  module  42  are  avail- 
able  from  International  Business  Machines  Corpora- 
tion  under  the  names  FSSHOW  and  ADMOPUV. 

It  is  evident  therefore  that  computer  12  can  em- 
ploy  available  process  systems  for  creation  of  graphs 

55  in  the  form  of  source  files  and  translation  of  source 
file  graphs  to  various  levels  of  representational  ab- 
straction. 

Further,  the  prior  art  includes  many  instantiations 
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of  data  base  management  processes  that  accept  the 
image  representations  created  during  graphics  proc- 
essing,  enter  them  into  a  storage  file  format,  and  store 
the  files  in  a  storage  facility  such  as  the  facility  14. 
Where  used  herein,  the  term  image  file  refers  to  an 
abstract  representation  of  a  graph  image  formatted 
and  stored  by  a  data  base  process. 

Within  the  context  of  the  invention,  image  files  of 
various  levels  of  abstraction  will  be  retrieved  from  the 
storage  facility  14  and  forwarded  by  the  computer  12 
to  be  subjected  to  various  functions.  The  functions 
are  summarized  as  follows:  viewing;  hardcopy;  edit- 
ing;  and  data  modification.  These  functions  are  to  be 
performed  on  one  or  more  specifically-identified 
graphs.  It  is  further  posited  that  there  will  be  a  prefer- 
red  representation  associated  with  each  function  hav- 
ing  to  do  with  a  quality  determination  made  by  the 
user. 

The  function  of  VIEWING  consists  of  displaying 
an  identified  file  on  a  CRT  terminal.  The  preferred 
representation  of  the  image  would,  for  example,  be  a 
device-specific  file  consisting  of  a  bit  map.  The  rea- 
son  for  storing  a  device-specific  bit  map  for  viewing 
is  to  provide  the  speediest  possible  response  to  spec- 
ification  of  the  VIEWING  function  because  the  re- 
questing  user  will  be  present  at  the  terminal  upon 
which  the  graph  image  is  to  be  displayed.  However, 
it  is  to  be  understood  that  a  higher-level  representa- 
tion  of  the  image  can  be  stored,  retrieved,  and  trans- 
lated  into  a  device  specific  bit  map,  without  requiring 
production  of  a  bit  map  for  storage. 

The  hardcopy  function  refers,  for  example,  to  pro- 
duction  of  a  hard  copy  consisting  of  a  graph  on  paper, 
a  viewgraph  transparency  on  some  form  of  clear 
base,  or  35  millimeter  slide  from  an  appropriate  out- 
put  device.  Computer  resource  management  policy 
might  deem  that  graph  image  source  files  are  most 
appropriate  to  fulfilling  this  requestforthe  reason  that 
a  translation  procedure  incorporating  a  process  that 
optimizes  a  graph  layout  to  the  particular  character- 
istics  of  a  selected  hard  copy  production  device  oper- 
ates  only  on  source  files. 

Management  policy  might  specify  that  a  metafile 
is  the  recommended  representation  to  be  obtained 
when  the  EDITING  function  is  invoked  by  a  user.  Met- 
afiles  are  generally  in  a  form  that  can  be  displayed  in- 
telligibly  to  a  skilled  userfor  editing.  The  only  practical 
alternate  representation  would  be  a  source  file,  which 
is  easily  edited  simply  by  changing  the  English  lan- 
guage  statements  of  the  file. 

Finally,  the  data  modification  function  is  most  ef- 
ficiently  performed  on  the  human  language  represen- 
tation  embodied  in  the  source  file.  Data  modification 
refers  generally  to  alteration  of  data  contained  in  a 
graph,  which  is  not  easily  extracted  from  the  graph 
primitives  and  attributes  of  a  metafile,  and  is  even 
less  easily  comprehended  in  the  machine-language 
form  of  a  device-specific  file.  For  data  modification 

then,  there  are  no  practical  alternatives  to  the  source 
file. 

Figure  3A  illustrates  the  form  of  a  graph  directory 
upon  which  operation  of  the  invention  is  based.  The 

5  graph  directory  represented  in  Figure  3Acan  be  con- 
structed  as  a  standard  multi-dimensional  table  that  is 
fixed  in  a  machine-understandable  format,  stored  in 
storage  that  is  accessible  to  the  computer  12,  and 
consulted  whenever  a  user-generated  function  re- 

10  quest  is  made  for  a  specific  graph.  The  directory  is 
used  in  conjunction  with  the  particular  process  select- 
ed  for  management  of  the  image  file  database  creat- 
ed  by  the  computer  graphics  processes  in  the  com- 
puter  12. 

15  The  graph  directory  represented  by  Figure  3A  in- 
cludes  a  plurality  of  entries,  each  consisting  of  a  ser- 
ies  of  consecutive  fields  in  one  dimension  and,  in  an- 
other  dimension,  the  representational  levels  into 
which  the  graph  image  has  been  translated.  Each  ta- 

20  ble  entry  in  its  first  three  fields  contains  a  unique 
identification  (ID)  of  a  graph,  a  description  summar- 
izing  the  graph  and  the  information  it  presents,  and  a 
field  in  which  comments  relative  to  the  graph  for  its 
application  or  use  are  made.  These  initial  three  fields 

25  are  connected  by  any  well-known  data  management 
technique  such  as  pointing,  to  another  dimension 
containing  a  second  group  of  table  entry  segments 
that  are  also  associated  with  the  identified  graph. 
Each  of  these  table  entry  segments  includes  a  FILE 

30  CLASS  field  specifying  the  level  of  representation 
into  which  the  graph  image  has  been  rendered,  a 
NAME  field  uniquely  identifying  the  file  containing 
the  specified  representation,  a  LOCATION  field 
pointing  to  the  file's  location  in  storage,  and  a  DATE 

35  field  indicating  the  last  date  on  which  the  file  was  gen- 
erated  or  altered.  With  respect  to  this  latter  dimen- 
sional  aspect  of  a  table  entry,  it  might  be  the  case  that 
a  certain  identified  graph  has  source  file  and  metafile 
images.  In  this  case  the  S  in  the  FILE  CLASS  field  of 

40  the  first  table  entry  segment  represents  the  source 
file  representation,  while  the  M  in  the  FILE  CLASS 
field  of  the  next  table  entry  segment  represents  the 
metafile. 

Reference  to  Figure  3B  illustrates  a  second  table, 
45  called  a  Function  List,  available  to  the  storage  and  re- 

trieval  process  of  the  invention,  which  is  also  created 
and  filled  by  a  user.  The  Figure  3B  table  represents 
a  mapping  from  an  invoked  function  to  a  representa- 
tion  selection  preference  priority  determined  by  the 

so  user.  It  is  understood  that  overall  control  of  the  multi- 
user  graph  system  of  Figure  1  permits  a  user  to  iden- 
tify  a  device  which  the  system  will  have  understood 
is  invoked  by  selection  of  a  function  corresponding  to 
the  device.  In  this  regard,  selection  by  user  N  of  the 

55  function  VIEW  is  taken  by  the  computer  12  to  refer  to 
scanning  of  an  image  on  a  CRT  terminal.  The  DE- 
VICE  field  in  the  first  table  entry  of  Figure  3B  identi- 
fies  the  location  of  the  output  device  invoked  by  se- 

7 



13 EP0  231  119  B1 14 

lection  of  a  function.  The  LOCATION  field  contains  in- 
formation  relative  to  graph  layout  control  parameters 
that  optimize  the  production  of  a  graph  from  a  certain 
level  of  abstraction  in  a  layout  optimized  for  the  par- 
ticular  terminal.  The  final  field  in  the  first  table  entry 
of  Figure  3B  is  a  priority  schedule  corresponding  to  an 
image  level  representation  preference  ordering  deter- 
mined  by  user  N  for  the  VIEW  function.  In  the  exam- 
ple,  the  priority  specified  for  the  first  table  entry  is 
DS,  M.  This  corresponds  to  looking  first  for  a  device- 
specific  file  of  a  graph  to  be  viewed,  followed  by  re- 
trieval  of  a  metafile  representation  of  the  graph  to  be 
viewed  if  the  device-specific  (DS)  file  is  not  available 
or  does  not  exist.  It  is  to  be  understood  that  user  de- 
termined  file  class  priority  will  be  entered  into  the  ap- 
propriate  field  for  each  table  entry  in  the  user's  func- 
tion  list.  Preferably,  the  first  priority  for  each  function 
would  correspond  to  the  resource  management  policy 
considerations  discussed  hereinabove  with  regard  to 
description  of  the  functions. 

As  shown  in  Figure  4,  there  may  exist  more  than 
one  graph  directory  in  the  system  of  Figure  1  .  For  ex- 
ample,  each  user  may  construct  his  own  directory 
and  make  it  available  only  to  himself  or  to  other  users 
qualified  by  him.  In  addition,  there  may  be  a  centrally 
controlled  open  directory  having  entries  for  graphs  in- 
tended  to  be  made  available  to  all  users  of  the  sys- 
tem.  As  shown  in  Figure  4,  table  entries  in  a  directory, 
such  as  the  directory  for  user  N,  will  point  to  specific 
locations  in  the  storage  facility  14  of  the  system  10 
where  the  representations  of  the  graph  identified  by 
the  table  entry  are  stored  in  files.  The  storage  facility 
14  will  consist  of  real,  virtual,  on-line,  or  off-line  stor- 
age  devices  or  any  combination  of  these.  Thus,  in  Fig- 
ure  4  the  storage  resource  14  is  shown  to  encompass 
at  least  two  storage  devices,  STORAGE  1  and  STOR- 
AGE  M. 

Use  of  the  invention  in  the  context  of  Figure  1  is 
represented  by  the  diagram  of  Figure  5.  In  Figure  5, 
a  user  operating  the  terminal  90  and  associated  out- 
put  device  91  will  enter  a  request  for  retrieval  of  a 
graph  to  be  subjected  to  a  specified  function.  Both 
the  identification  of  the  graph  and  the  specified  func- 
tion  are  forwarded  to  the  central  computer  12  which 
receives  the  request  through  the  storage  and  retrieval 
process  94.  The  storage  and  retrieval  process  94  re- 
sponds  to  the  user's  identification  of  himself  to  draw 
upon  a  user  profile  available  to  the  computer  12.  The 
user  profile  corresponds  essentially  to  an  identifica- 
tion  of  the  requesting  user  and  a  copy  of  a  function 
list  such  as  that  illustrated  in  Figure  3B.  The  function 
list,  in  addition  to  the  information  represented  in  Fig- 
ure  3B,  will  also  contain  a  list  of  user  selection  of  de- 
vices  for  performance  of  specific  functions. 

Once  the  priority  schedule  for  the  indicated  func- 
tion  is  retrieved  from  the  user  profile  95,  a  storage 
and  retrieval  process  will  consult  a  graph  directory  96 
corresponding  to  the  directory  represented  by  Figure 

3A.  The  process  94  will  scan  the  entries  in  the  direc- 
tory  96  until  it  finds  the  table  entry  for  the  graph  iden- 
tified  by  the  user.  When  the  proper  table  entry  is 
found,  the  process  will  search  the  file  class  fields  of 

5  the  located  table  entry  to  determine  whether  there  is 
a  match  between  one  of  the  representations  in  the 
user's  priority  schedule  and  a  file  created  for  the  iden- 
tified  graph  and  stored  in  the  storage  14.  If  a  match 
is  found,  the  process  94  will  retrieve  the  stored  rep- 

10  resentation  at  the  file  name  location  specified  in  the 
table  entry  for  the  matched  class,  perform  whatever 
processing  or  translation  is  necessary  to  enable  the 
specified  function  to  be  performed.  The  translated 
file  will  then  be  returned  to  the  user  through  the  ter- 

15  minal  90. 
Figure  6  illustrates  the  procedural  flow  for  the  op- 

erations  described  above  for  Figure  5.  Initially  an  in- 
teractive  process  initiated  by  the  user  at  terminal  90 
will  result  in  the  display  on  the  terminal  of  the  graph 

20  directory  and  the  provision  to  the  user  of  the  oppor- 
tunity  to  make  a  directory  request.  If  the  user  fails  to 
find  a  particular  graph  or  decides  to  submit  no  re- 
quest,  he  will  provide  an  EXIT  request  to  the  computer 
12,  which  will  cause  the  process  of  Figure  6  to  follow 

25  the  positive  route  from  the  EXIT  decision.  If,  on  the 
other  hand,  the  user  identifies  an  entry  in  the  graph 
directory  and  makes  a  function  request  correspond- 
ing  to  one  of  the  decisions  100-104  below  the  EXIT 
decision,  the  procedure  will  exit  to  the  appropriate 

30  one  of  retrieval  modules  106-108  and  attempt  to  re- 
trieve  a  file  storing  a  representation  of  the  identified 
graph  at  a  level  included  in  the  priority  schedule  spe- 
cified  by  the  user. 

For  example,  assume  the  user  has  identified  a 
35  graph  and  specified  the  HARDCOPY  function.  In  Fig- 

ure  6,  the  process  will  enter  the  HARDCOPY  decision 
block  1  00  and  take  a  positive  exit  to  the  retrieval  mod- 
ule  106  labelled  HARDCOPY.  The  HARDCOPY  re- 
trieval  module  106  is  shown  in  greater  detail  in  Figure 

40  7. 
In  Figure  7,  the  HARDCOPY  retrieval  module  ad- 

dresses  the  user  function  list  to  determine  the  file 
class  priority  determined  by  the  user  for  the  HARD- 
COPY  function.  Next,  the  Figure  7  module  enters  the 

45  blocktitled  FILE  DETERMINATION.  Refer  now  to  Fig- 
ure  8  for  the  FILE  DETERMINATION  procedure. 
When  the  FILE  DETERMINATION  module  of  Figure 
8  is  entered,  the  calling  routine  (in  this  example,  the 
HARDCOPY  module)  has  obtained  from  the  user  pro- 

50  file,  the  list  of  preferred  file  classes  making  up  the  pri- 
ority  schedule  for  the  specified  function  (hereinafter 
"priority  list").  The  priority  list  is  then  traversed  in  the 
order  determined  by  the  user  by  setting  a  pointer  to 
the  first  element  of  the  priority  list  and  then  making  a 

55  determination  whether  the  priority  list  element  is 
blank  or  an  end  of  list  indicator.  Assuming  that  the  pri- 
ority  list  element  is  not  blank  and  that  the  Figure  8 
module  has  not  yet  traversed  to  the  end  of  the  priority 

8 
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list,  the  priority  list  element  is  compared  against  the 
entries  in  the  FILE  CLASS  fields  contained  in  the 
graph  directory  table  entry  for  the  identified  graph.  If 
the  current  priority  list  element  matches  a  FILE 
CLASS  field  entry  in  the  graph  directory  table  entry 
for  the  identified  graph,  the  associated  file  name  of 
the  graph  is  obtained  from  the  FILE  NAME  field  cor- 
responding  to  the  matched  FILE  CLASS  entry.  After 
obtaining  the  file  name,  an  attempt  to  retrieve  the 
named  file  from  the  storage  resource  14  is  made.  As- 
suming  the  file  exists,  the  file  name  and  file  class  are 
retained,  a  file  indicator  is  set  to  found,  and  the  mod- 
ule  returns  to  the  calling  HARDCOPY  process  of  Fig- 
ure  7.  If  the  element  in  the  priority  list  is  not  matched 
by  a  class  listed  in  the  graph  directory  table  entry  or 
if  a  match  directory  table  entry  file  does  not  exist,  the 
Figure  8  procedure  pointer  is  incremented  to  the  next 
element  in  the  priority  list  and  the  process  is  iterated. 
If  the  end  of  the  priority  list  is  reached  without  finding 
a  match,  the  file  indicator  is  set  to  indicate  that  no  file 
has  been  found  and  the  module  returns  to  the  calling 
HARDCOPY  routine  of  Figure  7. 

When  the  FILE  DETERMINATION  module  caus- 
es  the  search  and  retrieval  process  to  return  to  the 
HARDCOPY  function  procedure  of  Figure  7,  the  func- 
tion  procedure  inspects  the  file  indicator  to  determine 
whether  the  identified  graph  is  contained  in  a  file  em- 
bodying  a  representation  level  meeting  the  user- 
determined  priority  criteria  for  the  specified  function. 
It  the  indicator  informs  that  a  file  is  not  found,  the  cen- 
tral  system  10  returns  an  error  retrieval  message  to 
the  user  through  terminal  90. 

Assume  on  the  other  hand  that  the  graph  image 
exists  in  a  level  of  representation  specified  by  the 
user  priority.  In  this  case,  a  retrieval  procedure  is 
called. 

A  retrieval  procedure  consists  essentially  of  a  de- 
termination  whether  the  retrieved  file  is  in  the  repre- 
sentation  level  that  is  preferred  for  the  invoked  func- 
tion.  If  the  retrieved  file  is  in  a  representation  level 
that  is  in  the  priority  schedule,  but  is  not  that  preferred 
for  the  specified  function,  the  retrieval  procedure 
calls  the  translation  process  module  required  to  con- 
vert  the  retrieved  representation  into  the  preferred 
level  of  abstraction.  Thus,  if  the  HARDCOPY  module 
results  in  retrieval  of  a  source  level  file,  the  retrieved 
file  will  be  processea  for  the  specific  device  upon 
which  the  HARDCOPY  function  is  to  be  performed. 
The  processing  can  include  the  layout  optimization 
described  in  the  incorporated  patent  application. 
Once  the  layout  optimization  is  completed,  the  opti- 
mized  source  file  will  be  translated  to  the  device-spe- 
cific  file  necessary  to  drive  the  identified  hardcopy 
output  device.  If,  however,  a  source-level  file  is  not 
found  but  a  device-specific  file  exists  and  is  included 
in  the  user's  priority  listing  for  the  function,  the  de- 
vice-specific  file,  without  the  layout  optimization 
process,  will  be  forwarded  for  operation  of  the  HARD- 

COPY  output  device. 
Reference  to  Figure  9  will  provide  an  understand- 

ing  of  response  in  the  context  of  the  invention  to  a 
user  request  identifying  a  graph  and  specifying  the 

5  VIEW  function.  The  request  specifying  the  graph  and 
the  function  are  forwarded  to  the  storage  and  retriev- 
al  process  94,  which  obtains  the  list  of  preferred  file 
classes  from  the  user  profile,  scans  the  directory  to 
find  a  table  entry  for  the  requested  graph,  and  calls 

w  the  FILE  DETERMINATION  routine.  As  explained 
above,  the  FILE  DETERMINATION  routine  will  return 
afile  indicator  set  to  flag  whether  any  of  the  files  pro- 
duced  and  stored  for  the  identified  graph  are  con- 
tained  in  the  preference  priority  of  the  user.  After  re- 

15  turn  of  the  FILE  DETERMINATION  routine,  the  state 
of  the  file  indicator  is  inspected  and,  if  no  file  has 
been  produced  and  stored  that  is  included  in  the 
user's  preference  priority,  a  negative  branch  is  taken 
and  an  error  message  indicating  retrieval  failure  is  re- 

20  turned  to  the  user.  Assuming  that  a  file  meeting  the 
user  preference  priority  has  been  found,  the  file  is  re- 
trieved,  translated  to  device-specific  bit  map  format, 
formatted  for  communication,  and  forwarded  to  the 
user.  Each  retrieval  routine  provides  the  user  to  in- 

25  voke  the  well-known  HELP  function.  If  no  help  is  re- 
quested  by  the  user,  the  routine  returns  to  the  Figure 
6  routine.  If  the  HELP  function  is  invoked  by  the  user, 
provision  is  made  for  a  conventional  software  editor- 
control  function  that  provides  the  user  with  the  ability 

30  to  obtain  link-level  information  relating  to  various  as- 
pects  of  the  graph  image  represented  by  the  retrieved 
file. 

The  EDIT  function  procedure,  illustrated  in  Fig- 
ure  9,  is  normally  invoked  to  permit  a  user  to  alter  a 

35  graph  image  by  direct  modification  of  representation- 
al  data  contained  in  the  file.  When  a  graph  is  identi- 
fied  in  the  EDIT  function  invoked,  the  FILE  DETER- 
MINATION  routine  is  followed.  Preferably,  as  ex- 
plained  above,  only  source-level  files  are  retrieved  for 

40  editing.  Therefore,  it  would  be  expected  that  the 
user's  priority  schedule  for  the  EDIT  function  would 
be  limited  to  the  source  file  level,  and  that  the  EDIT 
procedure  would  return  only  source  level  representa- 
tion  files.  However,  it  should  be  evident  that  a  graph- 

45  ics  programmmer  having  an  extraordinary  level  of 
skill  or  intimate  familiarity  with  graphics  image  repre- 
sentation  may  also  desire  to  edit  metafiles  by  altering 
graphical  primitives  and  attributes,  or  data  patterns  in 
a  device-specific  file.  In  this  case,  the  user's  priority 

so  schedule  would  include  source  and  metafile  level  en- 
tries,  with  source  representations  being  preferred  for 
retrieval,  but  with  metafiles  being  also  returned  when 
no  source  files  exist.  Therefore,  the  invention  is  not 
necessarily  limited  to  the  practice  of  the  EDIT  func- 

55  tion  illustrated  in  Figure  9. 
It  should  be  evident  that  the  graph  files,  graph  di- 

rectories,  and  profile  tables  may  be  shared  or  central- 
ized  to  varying  degrees,  without  materially  affecting 

9 
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the  method  or  means  of  the  invention.  Thus,  the 
graph  files  and  directories  may  be  shared  among 
many  users.  Function  ordering  can  be  either  user  de- 
termined  or  ordained  by  the  policy  of  an  organization 
managing  a  system  including  the  invention.  Finally,  5 
for  each  table,  profile,  or  directory  that  is  alterable  by 
a  user,  there  can  be  a  default  priority  schedule  main- 
tained  in  a  central  system  area. 

Further,  the  different  file  image  representations 
may  be  stored  in  some  storage  format  otherthan  sim-  10 
pie  files.  This  may  change  the  mechanism  for  storing 
and  retrieving  an  image,  and  may  affect  perfor- 
mance,  reliability,  security  and  other  characteristics 
of  the  process,  but  it  will  not  materially  affect  the  op- 
eration  or  benefits  of  the  invention.  15 

Graph  representations  other  than  those  here  de- 
scribed  may  also  be  used.  As  long  as  there  is  a  proc- 
essor  capable  of  translating  a  representation,  and 
there  are  benefits  of  the  representation  that  would 
lead  a  user  to  include  it  on  his  preference  list,  the  in-  20 
vention  would  not  be  materially  altered. 

Functions  other  than  those  described  here  may 
be  available  for  application  on  the  graph  image.  Dif- 
ferent  functions  would  not  materially  affect  the  oper- 
ation  or  benefits  of  the  invention  as  long  as  there  is  25 
a  processor  capable  of  performing  the  function  and  at 
least  one  representation  to  support  the  processor. 

The  storage  and  retrieval  method  and  system  of 
the  invention  can  include  or  be  included  in  otherfunc- 
tions,  such  as  linked  graphs,  hierarchical,  network,  or  30 
other  directory  structures,  searches  of  the  directory 
based  on  data  contents,  exception  flags,  data  curren- 
cy,  key  words,  or  retrieval  of  several  graphs  at  once. 
These  functions  would  be  complementary  to  the  in- 
vention  and  would  not  affect  its  merits  or  perfor-  35 
mance  as  long  as  the  basic  function  of  identifying  a 
graph  and  applying  a  certain  function  to  it  remained. 

Claims  40 

1.  A  method  for  retrieving  stored  graphical  repre- 
sentations  in  a  system  including:  a  central  com- 
puting  facility  (10)  with  storage  (14),  processes 
(40,  60,  62)  in  the  computing  facility  for  creating 
source  file  graph  representations  (41)  in  re- 
sponse  to  user-provided  specifications,  process- 
es  (40a,  40b,  60a,  60b)  for  producing  specified 
graph  files  (42,  43,  62,  64)  containing  represen- 
tations  of  the  created  graphs  in  predetermined 
levels  of  machine  readable  expressions  by  trans- 
lating  the  source  file  graph  representations  (41), 
and  processes  for  storing  graph  representation 
files  (42,  43,  62,  64),  a  plurality  of  user  terminal 
facilities  (16,  18)  communicatively  linked  to  the 
computing  facility  for  providing  user-initiated 
graph  creation  specifications  and  for  providing 
user-initiated  requests  which  identify  graphs  and 

specify  machine  output  or  modification  functions 
to  which  an  identified  graph  is  to  be  subjected, 
and  a  plurality  of  graph  output  devices  (24,  26, 
46,  48,  50)  communicatively  linked  to  the  comput- 

5  ing  facility  (1  0)  and  responsive  to  said  graph  rep- 
resentations  (42,  43,  62,  64)  for  producing  visible 
images  of  said  graphs,  the  method  comprising 
the  steps  of: 

creating  and  storing  under  user  control  a 
10  plurality  of  source  file  graph  representations  (41); 

producing  and  storing  specified  graph  rep- 
resentation  files  (42,  43,  62,  64)  by  translating 
the  source  file  graph  representations  (41)  ; 

forming  a  table  (fig  3a),  with  each  of  the  ta- 
rs  ble  entries  including  identification  of  a  specific 

graph  (41)  and  a  listing  of  graph  files  (42,  43,  62, 
64)  produced  and  stored  for  the  identified  graph; 

receiving  a  user-generated  request  which 
identifies  a  graph  (41)  and  specifies  a  machine 

20  output  function  or  a  modification  function  to 
which  the  requested  graph  is  to  be  subjected; 

searching  to  find  a  table  entry  correspond- 
ing  to  the  requested  graph  (41),  and,  if  the  entry 
is  found,  searching  the  listing  of  graph  files  (42, 

25  43,  62,  64)  in  the  found  entry  according  to  a  pre- 
determined  priority  schedule  (fig  3b)  to  determine 
whether  the  specified  function  can  be  performed 
using  any  of  the  listed  graph  files  (42,  43,  62,  64); 

retrieving  a  useable  graph  file,  if  found, 
30  from  said  priority  schedule;  and 

translating  the  retrieved  graph  file  to  a 
preferred  level  of  representation  in  the  event  that 
said  translation  is  necessary. 

35  2.  A  method  according  to  claim  1  ,  characterised  by 
forwarding  the  translated  graph  file  to  one  or 
more  output  devices  (24,  26,  46,  48,  50)  prespe- 
cif  ied  by  the  user. 

40  3.  A  method  according  to  claim  2,  characterised  in 
that  the  output  function  includes  producing  a 
copy  of  a  graph  on  a  hard-copy  output  device  (24, 
26,  46,  48). 

45  4.  A  method  according  to  claim  2,  characterised  in 
that  the  output  function  includes  producing  a 
copy  of  a  graph  on  a  terminal  display  (50). 

5.  A  method  according  to  claim  2,  characterised  in 
50  that  the  modification  function  includes  altering 

data  in  a  graph  file. 

6.  A  method  according  to  claim  2,  characterised  in 
that  the  modification  includes  altering  the  graph 

55  representation. 

7.  Asystem  for  retrieving  stored  graphical  represen- 
tations,  characterised  by:- 

10 
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a  computer  (10)  with  storage  (14)  and  in- 
cluding  processes  (40,  60,  62)  for  creating  source 
file  graph  representations  in  response  to  user- 
provided  specifications,  processes  (40a,  40b, 
60a,  60b)  for  producing  specified  graph  files  (42,  5 
43,  62,  64)  containing  representations  of  the  cre- 
ated  graphs  in  predetermined  levels  of  machine 
readable  expressions  by  translating  the  source 
file  graph  representations  (41),  and  processes  for 
storing  graph  representation  files  (42,  43,  62,  64);  10 

a  plurality  of  user  terminals  (16,  18)  com- 
municatively  linked  to  the  computer  for  providing 
user-initiated  graph  creation  specifications  and 
for  providing  user-initiated  requests  which  identi- 
fy  graphs  and  specify  machine  output  or  modif  i-  15 
cation  functions  to  which  an  identified  graph  is  to 
be  subjected; 

a  plurality  of  graph  output  devices  (24,  26, 
46,  48,  50)  communicatively  linked  to  the  comput- 
er  (1  0)  and  responsive  to  said  graph  representa-  20 
tions  (42,  43,  62,  64)  for  producing  visible  images 
of  said  graphs;  and 

retrieval  process  means  in  the  computer 
for: 

creating  and  storing  under  user  control  a  25 
plurality  of  source  file  graph  representations  (41); 

producing  and  storing  specified  graph  rep- 
resentation  files  (42,  43,  62,  64)  by  translating 
the  source  file  graph  representations  (41); 

forming  a  table  (fig  3a),  with  each  of  the  ta-  30 
ble  entries  including  identification  of  a  specific 
graph  (41)  and  a  listing  of  graph  files  (42,  43,  62, 
64)  produced  and  stored  for  the  identified  graph; 

receiving  a  user-generated  request  which 
identifies  a  graph  (41)  and  specifies  a  machine  35 
output  or  modification  function  to  which  the  re- 
quested  graph  is  to  be  subjected; 

searching  to  find  a  table  entry  correspond- 
ing  to  the  requested  graph  (41),  and,  if  the  entry 
is  found,  searching  the  listing  of  graph  files  (42,  40 
43,  62,  64)  in  the  found  entry  according  to  a  pre- 
determined  priority  schedule  (fig  3b)  to  determine 
whether  the  specified  function  can  be  performed 
using  any  of  the  listed  graph  files; 

retrieving  a  useable  graph  file,  if  found,  45 
from  said  priority  schedule;  and 

translating  the  retrieved  graph  file  to  a 
preferred  level  of  representation  in  the  event  that 
said  translation  is  necessary. 

50 
8.  A  system  according  to  claim  7,  characterised  in 

that  the  retrieval  process  means  further  includes 
means  for  forwarding  the  translated  graph  file  to 
one  or  more  specified  output  devices  (24,  26,  46, 
48,  50),  if  a  produced  graph  file  is  included  in  the  55 
priority  schedule. 

9.  A  system  according  to  claim  7  or  claim  8,  charac- 

terised  in  that  the  graph  representations  and  as- 
sociated  graph  table  entries  are  stored  in  a  data- 
base  management  system  and  its  associated  di- 
rectory. 

1  0.  A  system  according  to  any  of  claims  7  to  9,  char- 
acterised  in  that  the  priority  schedule  is  predeter- 
mined  by  a  centralized  system  maintenance 
staff. 

11.  A  system  according  to  any  of  claims  7  to  9,  char- 
acterised  in  that  the  priority  schedule  is  user- 
determined. 

12.  Asystem  according  toany  of  claims  7  to  11,  char- 
acterised  in  that  stored  graph  representations 
and  associated  graph  table  entries  are  shared 
among  all  users  or  groups  of  users  of  a  computer 
facility. 

Patentanspruche 

1.  Verfahren  zum  Wiederauffinden  gespeicherter 
graf  ischer  Darstellungen  in  einem  System  mit  ei- 
nerZentral-Recheneinheit  (1  0)  mit  Speicher  (14), 
Prozessen  (40,  60,  62)  in  der  Recheneinheit  zum 
Schaffen  von  Quellen-Datei-Grafik-Darstellun- 
gen  (41)  im  Zusammenhang  mit  anwenderorien- 
tierten  Bestimmungen,  Prozessen  (40  a,  40  b, 
60a,  60b)  zum  Hervorbringen  von  spezif  izierten 
Grafikdateien  (42,  43,  62,  64),  die  Darstellungen 
dieser  geschaffenen  Grafiken  auf  vorherbe- 
stimmten  Ebenen  maschinenlesbarer  Ausf  uhrun- 
gen  durch  Ubersetzung  der  Quellen-Datei-Gra- 
fik-Darstellungen  (41)  enthalten,  und  Prozessen 
zum  Speichern  der  Grafik-Darstellungsdateien 
(42,  43,  62,  64),  einer  Mehrzahl  von  Anwender- 
Bildschirmeinheiten  (16,  18)  die  zum  Signalaus- 
tausch  mit  der  Recheneinheit  zum  Bereitstellen 
anwenderformulierter  Grafik-Kreationsbestim- 
mungen  und  zum  Bereitstellen  anwendererstell- 
ter  Anfragen  verbunden  sind,  welche  Grafiken 
identifizieren  und  die  Maschinenausgabe-  oder 
Modif  ikationsfunktionen  bestimmen,  welchen  ei- 
ne  identifizierte  Grafik  unterworfen  werden  soil, 
und  eine  Mehrzahl  von  Grafik-Darstellungsvor- 
richtungen  (24,  26,  46,  48,  50),  die  zum  Signal- 
austausch  mit  der  Recheneinheit  (10)  verbunden 
sind  und  auf  besagte  Grafik-Darstellungen  (42, 
43,  62,  64)  zum  Hervorbringen  sichtbarer  Abbil- 
dungen  dieser  Graphiken  reagieren,  wobei  das 
Verfahren  folgende  Schritte  umfafit: 

-  benutzerkontrolliert.es  Schaffen  und  Spei- 
chern  einer  Mehrzahl  von  Quellen-Datei- 
Grafik-Reprasentationen  (41); 

-  Hervorbringen  und  Speichern  von  Sonder- 
Grafik-Wiedergabedateien  (42,  43,  62,  64) 

11 
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durch  Ubersetzung  derQUellen-Datei-Gra- 
fik-Darstellungen; 

-  Erstellen  einer  Tabelle  (Fig.  3a),  wobeijeder 
der  Tabelleneintrage  die  Identifikation  ei- 
ner  spezifischen  Graf  ik  (41)  und  einer  Auf-  5 
listung  von  Grafik-Dateien  (42,  43,  62,  64) 
enthalt,  die  fur  die  identifizierte  Grafik  her- 
gestellt  und  gespeichert  wurden; 

-  Empfangen  einer  benutzergenererierten 
Anf  rage,  die  die  Graf  ik  (41)  identif  iziert  und  10 
eine  Maschinenausgabe-  oder  Modif  ikati- 
onsfunktion  bestimmt,  welche  auf  die  frag- 
liche  Grafik  anzuwenden  ist; 

-  Suchen  zum  Finden  eines  Tabellenein- 
trags,  dersich  auf  die  fragliche  Grafik(41)  15 
bezieht,  und,  falls  der  Eintrag  gefunden 
wurde,  Suchen  der  Auflistung  der  Grafik- 
Dateien  (42,  43,  62,  64)  in  dem  gef  undenen 
Eintrag  nach  einem  vorherbestimmten 
Prioritatsplan  (Fig.  3b)  ,  urn  zu  entschei-  20 
den,  ob  die  bestimmte  Funktion  unter  Ver- 
wendung  einer  deraufgelisteten  Grafik-Da- 
teien  (42,  43,  62,  64)  durchgefuhrt  werden 
kann; 

-  Wiederfinden  einer  brauchbaren  Grafik-  25 
Datei  (41),  falls  gefunden,  aus  diesem  Prio- 
ritatsplan  und 

-  Ubersetzen  der  wiedergef  undenen  Grafik- 
Datei  (41)  auf  eine  bevorzugte  Darstel- 
lungsebene,  falls  die  besagte  Ubersetzung  30 
notwendig  ist. 

2.  Verfahren  nach  Anspruch  1, 
dadurch  gekennzeichnet, 

dali  die  ubersetzte  Graf  ik-Datei  einer  oder  meh-  35 
reren  Ausgabevorrichtungen  (24,  26,  46,  28,  50)  , 
die  durch  den  Benutzervorherbestimmtsind,  zu- 
geleitet  wird. 

3.  Verfahren  nach  Anspruch  2,  40 
dadurch  gekennzeichnet, 

dali  die  Ausgabefunktion  auch  das  Hervorbrin- 
gen  einer  Kopie  einer  Grafik  auf  einer  Hard- 
Copy-  Ausgabevorrichtung  (24,  26,  46,  48)  bein- 
haltet.  45 

4.  Verfahren  nach  Anspruch  2, 
dadurch  gekennzeichnet, 

dali  die  Ausgabefunktion  das  Hervorbringen  ei- 
ner  Kopie  einer  Grafik  auf  einer  Anzeigevorrich-  50 
tung  (50)  beinhaltet. 

5.  Verfahren  nach  Anspruch  2, 
dadurch  gekennzeichnet, 

dali  die  Modif  ikationsfunktion  die  Anderung  von  55 
Daten  in  eine  Grafik-Datei  beinhaltet. 

6.  Verfahren  nach  Anspruch  2, 

dadurch  gekennzeichnet, 
dali  die  Modifikation  eine  Anderung  der  Grafik- 
Darstellung  beinhaltet. 

System  zum  Wiederauffinden  gespeichertergra- 
f  ischer  Darstellungen, 

gekennzeichnet  durch 
folgende  Merkmale: 

-  einen  Rechner  (10)  mit  Speicher  (14)  und 
beinhalteten  Prozessen  (40,  60,  62)  zum 
Schaffen  von  Quellen-Datei-Grafik-Dar- 
stellungen  in  Zusammenhang  mit  anwen- 
derorientierten  Bestimmungen,  Prozesse 
(40,a,  40b,  60a,  60b)  zum  Hervorbringen 
von  Sondergrafik-Dateien  (12,  43,  62,  64), 
die  Darstellungen  der  geschaffenen  Grafi- 
ken  auf  vorherbestimmten  Ebenen  maschi- 
nenlesbarer  Ausfuhrungen  durch  Uberset- 
zung  der  Quellen-Datei-Grafik-Darstellun- 
gen  (41)  hervorbringt  und  mit  Prozessen 
zum  Speichern  der  Grafik-Darstellungsda- 
teien  (42,  43,  62,  64); 

-  einer  Mehrzahl  von  Anwenderbildschirm- 
einheiten  (16,  18),  die  zum  Signalaus- 
tausch  mit  dem  Rechner  (10)  verbunden 
sind,  zum  Bereitstellen  anwendererstellter 
Grafik-Kreationsbestimmungen  und  zum 
Bereitstellen  anwendererstellter  Anfragen, 
welche  Grafiken  identif  izieren  und  die  Ma- 
schinenausgabe-  oder  Modifikationsfunk- 
tionen  bestimmen,  welchen  eine  identifi- 
zierte  Grafik  unterworfen  werden  soil; 

-  eine  Mehrzahl  von  Grafikdarstellungsvor- 
richtungen  (24,  26,  46,  48,  50)  ,  die  zum  Si- 
gnalaustausch  mit  dem  Rechner  (10)  ver- 
bunden  sind  und  auf  besagte  Grafikdarstel- 
lungen  (42,  43,  62,  64)  zum  Hervorbringen 
sichtbarer  Abbildungen  dieser  Grafiken 
reagieren; 

-  Wiederauffindungsprozelimittel  im  Rech- 
ner  zum  benutzerkontrollierten  Schaffen 
und  Speichern  einer  Mehrzahl  von  Quellen- 
Datei-Grafik-Reprasentationen  (41),  zum 
Hervorbringen  und  Speichern  von  Sonder- 
graphik-Wiedergabedateien  (42,  43,  62, 
64)  durch  Ubersetzung  der  Quellen-Datei- 
Grafik-Darstellungen  (41),  wobei  eine  Ta- 
belle  (Fig.  3a)  gebildet  wird,  wobei  jeder  der 
Tabelleneintrage  eine  Identifikation  einer 
spezifischen  Grafik  (41)  und  eine  Aufli- 
stung  der  Grafik-Dateien  (42,  43,  62,  64) 
enthalt,  die  fur  die  identifizierte  Grafik  her- 
vorgebracht  und  gespeichert  wurden; 

-  Empfangen  einer  benutzergenerierten  An- 
frage,  die  die  eine  Grafik  (41)  identifiziert 
und  eine  Maschinenausgabe-  oder  Modifi- 
kationsfunktion  bestimmt,  welche  auf  die 
fragliche  Grafik  anzuwenden  ist; 
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-  Suchen  zum  Auffinden  eines  Tabellenein- 
trags,  dersich  auf  die  fragliche  Grafik(41) 
bezieht,  und,  falls  der  Eintrag  gefunden 
wurde,  Suchen  der  Auflistung  der  Grafik- 
Dateien  (42,  43,  62,  64)  in  dem  gef  undenen  5 
Eintrag  nach  einem  vorherbestimmten 
Prioritatsplan  (Fig.  3b),  urn  zu  entscheiden, 
ob  die  bestimmte  Funktion  unter  Verwen- 
dung  einer  der  aufgelisteten  Grafik-Dateien 
durchgefuhrt  werden  kann;  10 

-  Wiederfinden  einer  brauchbaren  Grafik- 
Datei,  falls  gefunden,  aus  diesem  Priori- 
tatsplan  und 

-  Ubersetzen  der  wiedergef  undenen  Grafik- 
Datei  auf  eine  bevorzugte  Darstellungsebe-  15 
ne,  falls  die  besagte  Ubersetzung  notwen- 
dig  ist. 

8.  System  nach  Anspruch  7, 
dadurch  gekennzeichnet,  20 

dali  die  Wiederauff  indungsprozelimittel  deswei- 
teren  Mittel  beinhalten,  urn  die  ubersetzte  Graf  ik- 
Datei  an  eine  oder  mehrere  spezif  izierte  Wieder- 
gabevorrichtungen  (24,  26,  46,  48,  50)  weiterzu- 
leiten,  falls  der  Prioritatsplan  eine  hervorge-  25 
brachte  Grafik-Datei  beinhaltet. 

9.  System  nach  einem  der  Anspruche  7  oder  8, 
dadurch  gekennzeichnet, 

dali  die  Grafikwiedergaben  und  korrespondie-  30 
renden  Grafik-Tabelleneintrage  in  einem 
Database-Management-System  und  seinem  kor- 
respondierenden  Verzeichnis  gespeichert  sind. 

10.  System  nach  einem  der  Anspruche  7  -  9,  35 
dadurch  gekennzeichnet, 

dali  der  Prioritatsplan  durch  ein  zentralisiertes 
System-lnstandhaltungspersonal  vorgegeben 
wird. 

40 
11.  System  nach  einem  der  Anspruche  7-9,  

dadurch  gekennzeichnet, 
dali  der  Prioritatsplan  vom  Benutzer  bestimmt 
wird. 

45 
12.  System  nach  einem  der  Anspruche  7-11, 

dadurch  gekennzeichnet, 
dali  die  gespeicherten  Grafik-Wiedergaben  und 
korrespondierenden  Grafik-Tabelleneintrage  al- 
ien  Benutzern  oder  Benutzergruppen  der  Com-  50 
puteranlage  Zugeteilt  werden. 

Revendications 
55 

1.  Precede  pour  rechercher  des  representations 
graphiques  memorisees  dans  un  systeme 
comportant  : 

-  une  unite  centrale  de  calcul  (10)  avec  me- 
moire  (14), 

-  des  traitements  (40,  60,  62)  dans  I'unite 
centrale  pour  la  creation  de  representations 
graphiques  de  fichiers  sources  (41)  en  re- 
ponse  a  des  specifications  fournies  par 
I'utilisateur,  des  traitements  (40a,  40b,  60a, 
60b)  pour  la  production  de  fichiers  graphi- 
ques  specifies  (42,  43,  62,  64,)  contenant 
des  representations  des  graphiques  crees 
selon  des  niveaux  predetermines  d'expres- 
sion  lisibles  par  la  machine  en  transposant 
des  representations  graphiques  (41)  des  fi- 
chiers  sources, 

-  des  traitements  pour  la  memorisation  des 
fichiers  de  representations  graphiques  (42, 
43,  62,  64), 

-  une  pluralite  de  terminaux  utilisables  par 
l'usager(16,  18)  connectes  pourcommuni- 
quer  avec  I'unite  centrale  en  procurant  des 
specifications  de  creation  de  graphiques  a 
I'initiative  de  I'usager  et  en  procurant  des 
requetes  a  I'initiative  de  I'usager,  qui  iden- 
tif  ient  les  graphiques  et  specif  ient  la  sortie 
de  la  machine  ou  les  fonctions  de  modifica- 
tions  auxquelles  un  graphique  identif  ie  doit 
etre  soumis,  et  une  pluralite  de  dispositifs 
de  sortie  graphiques  (24,  26,  46,  48,  50) 
connectes  pour  communiquer  avec  I'unite 
centrale  (10)  et,  en  reponse  aux  represen- 
tations  graphiques  (42,  43,  62,  64),  pour 
produire'des  images  visibles  de  ces  graphi- 
ques,  le  procede  comportant  les  etapes  de  : 
-  creation  et  memorisation,  selon 

commande  de  I'usager,  d'une  pluralite 
de  representations  graphiques  (41)  de 
fichiers  sources, 

-  production  et  memorisation  de  fichiers 
de  representations  graphiques  speci- 
fies  (42,  43,  62,  64)  en  transposant  les 
representations  graphiques  (41),  de  fi- 
chiers  sources, 

-  constitution  d'un  tableau  (figure  3A), 
avec  chacune  des  entrees  du  tableau 
incluant  I'identification  d'un  graphique 
specif  ique  (41)  et  une  liste  des  fichiers 
graphiques  (42,  43,  62,  64)  produits  et 
memorises  pour  le  graphique  identif  ie, 

-  reception  d'une  requete  generee  par 
I'usager  qui  identifie  un  graphique  (41) 
et  specif  ie  une  fonction  de  sortie  de  ma- 
chine  ou  une  fonction  de  modification  a 
laquelle  le  graphique  requis  doit  etre 
soumis, 

-  recherche  pour  trouver  une  entree  de 
tableau  correspondant  au  graphique  re- 
quis  (41),  et,  si  cette  entree  est  trouvee, 
recherche  de  la  liste  des  fichiers  graph  i- 
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ques  (42,  43,  62,  64)  dans  I'entree  trou- 
vee  selon  un  schema  de  priorite  prede- 
termine  (figure  3B)  pour  determiner  si  la 
fonction  specif  iee  peutetre  executee  en 
utilisant  n'importe  lequel  des  fichiers 
graphiques  de  la  liste  (42,  43,  62,  64), 

-  recuperation  d'un  f  ichier  graphique  uti- 
lisable  si  il  a  ete  trouve  a  partir  du  sche- 
ma  de  priorite,  et 

-  transposition  du  f  ichier  graphique  recu- 
pere  dans  un  niveau  prefere  de  repre- 
sentation  dans  le  cas  ou  la  transposition 
est  necessaire. 

2.  Precede  selon  la  revendication  1  ,  caracterise  par 
I'expedition  du  f  ichier  graphique  transpose  vers 
un  ou  plusieurs  dispositifs  de  sortie  (24,  26,  46, 
48,  50)  predetermines  par  I'usager. 

3.  Precede  selon  la  revendication  2,  caracterise  en 
ce  que  la  fonction  de  sortie  comporte  la  produc- 
tion  d'une  copie  d'un  graphique  sur  un  dispositif 
de  sortie  papier  (24,  26,  46,  48). 

4.  Precede  selon  la  revendication  2,  caracterise  en 
ce  que  la  fonction  de  sortie  comporte  la  produc- 
tion  d'une  copie  d'un  graphique  sur  un  terminal 
d'  affichage  (50). 

5.  Precede  selon  la  revendication  2,  caracterise  en 
ce  que  la  fonction  de  modification  comporte  la 
modification  de  donnees  dans  un  f  ichier  graphi- 
que. 

6.  Precede  selon  la  revendication  2,  caracterise  en 
ce  que  la  modification  comporte  le  changement 
de  la  representation  graphique. 

7.  Systeme  pour  la  recherche  de  representations 
graphiques  memorisees,  caracterise  par  : 

-  un  ordinateur  (10)  avec  memoire  (14)  et 
comportant  des  traitements  (40,  60,  62) 
pour  la  creation  de  representations  graphi- 
ques  de  fichiers  sources  en  reponse  a  des 
specifications  procurees  par  I'usager,  des 
traitements  (40a,  40b,  60a,  60b)  pour  la 
production  de  fichiers  graphiques  specifies 
(42,  43,  62,  64)  contenant  des  representa- 
tions  des  graphiques  crees  selon  des  ni- 
veaux  predetermines  d'expression  lisibles 
par  la  machine  en  transposant  les  repre- 
sentations  graphiques  (41)  du  f  ichier  sour- 
ce,  et  des  traitements  pour  la  memorisation 
des  fichiers  de  representations  graphiques 
(42,  43,  62,  64)  ; 

-  une  pluralite  de  terminaux  pour  I'usager 
(16,  18)  connectes  pour  communiquer  avec 
I'ordinateur  pour  fournir  les  specifications 

de  creation  de  graphiques  a  I'initiative  de 
I'usager  et  pour  procurer  des  requetes  a 
I'initiative  de  I'usager  qui  identif  ient  les  gra- 
phiques  et  specifiers  la  sortie  machine  ou 

5  des  fonctions  de  modification  auxquelles 
un  graphique  identif  ie  doit  etre  soumis  ; 

-  une  pluralite  de  dispositifs  de  sortie  graphi- 
ques  (24,  26,  46,  48,  50)  connectes  pour 
communiquer  avec  I'ordinateur  (10)  et,  en 

10  reponse  aux  representations  graphiques 
(42,  43,  62,  64),  pour  produire  des  images 
visibles  de  ces  graphiques  ;  et 

-  des  moyens  de  traitement  de  recherche 
dans  I'ordinateur  pour  : 

15  .  la  creation  et  la  memorisation  sous  la 
commande  de  I'usager  d'une  pluralite 
de  representations  graphiques  (41)  de 
fichiers  sources  ; 

.  la  production  et  la  memorisation  de  f  i- 
20  chiers  de  representations  graphiques 

specifiees  (42,  43,  62,  64)  en  transpo- 
sant  les  representations  graphiques 
(41)  de  fichiers  sources  ; 

.  la  constitution  d'un  tableau  (figure  3A), 
25  avec  chacune  des  entrees  du  tableau 

incluant  I'identification  d'un  graphique 
specif  ique  (41)  et  une  liste  des  fichiers 
graphiques  (42,  43,  62,  64)  produits  et 
memorises  pour  le  graphique  identif  ie  ; 

30  .  la  reception  d'une  requete  generee  par 
I'usager  qui  identifie  un  graphique  (41) 
et  specif  ie  une  fonction  de  sortie  de  ma- 
chine  ou  une  fonction  de  modification  a 
laquelle  le  graphique  requis  doit  etre 

35  soumis  ; 
.  la  recherche  pour  trouver  une  entree  de 

tableau  correspondant  au  graphique  re- 
quis  (41)  et,  si  cette  entree  est  trouvee, 
la  recherche  de  la  liste  des  fichiers  gra- 

40  phiques  (42,  43,  62,  64)  dans  I'entree 
trouvee  selon  un  schema  de  priorite  pre- 
determine  (figure  3B)  pour  determiner  si 
la  fonction  specif  iee  peut  etre  executee 
en  utilisant  n'importe  lequel  des  fichiers 

45  graphiques  de  la  liste  ; 
.  la  recuperation  d'un  fichier  graphique 

utilisable  s'il  a  ete  trouve  a  partir  du 
schema  de  priorite  ;  et 

.  la  transposition  du  fichier  graphique  re- 
50  cupere  dans  un  niveau  prefere  de  repre- 

sentation  dans  le  cas  ou  la  transposition 
est  necessaire. 

8.  Systeme  selon  la  revendication  7,  caracterise  en 
55  ce  que  les  moyens  de  traitement  de  recherche 

comportent  en  outre  des  moyens  pour  transmet- 
tre  le  fichier  graphique  transpose  a  un  ou  plu- 
sieurs  dispositifs  de  sortie  specifies  (24,  26,  46, 

14 
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48,  50),  si  un  fichier  graphique  produit  est  inclus 
dans  le  schema  de  priorite. 

9.  Systeme  selon  la  revendication  7  ou  8,  caracteri- 
se  en  ce  que  les  representations  graphiques  et  5 
les  entrees  de  tableau  graphiques  associees 
sont  memorisees  dans  un  systeme  de  gestion  de 
base  de  donnees  et  son  index  associe. 

10.  Systeme  selon  I'une  quelconque  des  revendica-  10 
tions  7  a  9,  caracterise  en  ce  que  le  schema  de 
priorite  est  predetermine  par  une  cellule  de  mise 
a  jour  du  systeme  centralise. 

11.  Systeme  selon  I'une  quelconque  des  revendica-  15 
tions  7  a  9,  caracterise  en  ce  que  le  schema  de 
priorite  est  determine  par  I'usager. 

12.  Systeme  selon  I'une  quelconque  des  revendica- 
tions  7  a  1  1  ,  caracterise  en  ce  que  les  represen-  20 
tations  graphiques  memorisees  et  les  entrees  de 
tableaux  graphiques  associees  sont  partagees 
par  tous  les  usagers  ou  groupes  d'usagers  d'un 
ordinateur. 
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