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TO:

Toels  mom,   Gene,   Van,   and  Bear

•lthe  best  part  about  writing  is  the  finishingw

(quoted  by  Steven  Spielberg)

•lAll  good  writing  is  swimming  under  water
and  holding  your  breath.M

F.   Scott  Fitzgerald



Foreword

The    compilation    of    this    information    about    the    Geodata
Interactive   Management    Map   Analysis    and    Production    or    Glrmp
("jim-map")    system   has   been   a   long   process,    beginning   with   the
first  programs  written  in  1977.    As  with  the  conquest  of  the  great
mountains,   there  have  been  many  different  attempts  made  over  the
years.    This  set  of  separate  volumes  has  finally  resulted  from  the
union   of   the   ef forts   of   those   people   involved   directly   in   the
creation  and  use  of  GIMMAP  with  the  support  of  the  administration
of  the  Kansas  Geological  Survey.

First,   I  must  acknowledge  the  people  who  have  contributed  to
the  completion  of  this  work.

I  thank my wife,  Gina,  and my  children,  Catherine  and  Patrick,
who  are  my  reason  for  living.     And  I  must  credit  Gina,   whose  love
and  encouragement  helped  in  many  ways  to  bring  me  to  the  light  at
the  end  of  this  tunnel.

Trang   Cao   initiated   GIMMAP   in   Orleans,    France   while   he   was
working   for  the  BRGM  there.     He  brought   ideas   and  the   foundation
for  the  system when  he  was  Visiting Research  Scientist  in  the  1977-
78  academic  year.     His  ideas  and  good  will  in  working  with  me  made
the  potential  for  an  automated  cartography  system  a  reality  at  the
Survey.     His  work  is  a  shining  example  of  what  can  be.

David  Collins  helped  to  provide  momentum,   direction  and  many,
small  packets  of  inspiration,   and  helped  greatly  to  organize  and
edit  the  final  effort.

Finally,   this  work  would  not  have  been  completed  without  the
commitment  to  the  definition  and  prioritization  of  the  project  by
Dr.   Lee  Gerhard,   Director  of  the  Kansas  Geological  Survey.



Creation   of   these   four   volumes   of   GIMMAP   documentation   has
been  a  long  and  arduous  process,  marred  by  difficulties  which  might
have  been  avoided.     Important  lessons  have  been  learned  about  the
process  of  creating  software  documentation  and  I  would  feel  remiss
if  some  of  these  were  not  passed  on  to.     The   foreword  may  not  be
the  best  place  to  air  these  thoughts,   but  I   feel   they  are  of  a
fundamental   importance.

Of  the  lessons  learned,   these  might  be  the  most  important:

1.   The  first  step  is  to  clearly  define  in  writing  the  task  which
is  to  be  done.    This  includes  identifying  the  target  audience,  the
purpose  and  function,   and  the  form  and  scope  of  the  documentation.

2.   For  the  job  to  be  well-defined  and  well  done,   a  group  of  people
must   participate   in   overseeing   and   performing   the   task   at   all
stages.     This  group  should  consist  of  administrators,   people  who
use   or   benefit   from   the   software,    the   software   author(s),    and
experts   in  software,   education,   technical  writing  and  marketing.
Strong  and  generous  support  for  this  group  and  the  documentation
authors  by  the  administration  in  organization,  project  definition
and  the  provision  of  resources  is  required  for  success.

3.   The  software  author   is  probably  not  the  best  nor  even   a  good
choice  to  be  the  author  of  the  documentation.    The  skills  required
to  write  software  documentation  are  not  the  same  as  those  required
to   write    computer    software.        Generally    and   historically,    an
experienced   writer   with   knowledge   of   the   software   is   the   best
choice.       The   software   author   is   the   best   source   of   technical
information  on  the  software,   prepared  as  draft  material   for  the
software    documentation    during    implementation    of    the    software.
Comprehensive   documentation   of   a   complex   software   system   such  as
GIMMAP  can  not  be  properly  prepared  in  scattered  pieces  of  time  by
software  authors  who  have  too  many  responsibilities   in  creating,
expanding  and  maintaining  the  software.

4.   The  group  of   experts   (above)   should  estimate  the   cost   of  the
project   if   it   is   to  be   done  right.      Money,   time,   personnel   and
other  resources  should  be  discussed  and  consensus  reached.     To  do
this,  clear definition  of  the priorities  of  all  affected  personnel
must be made.    Overlapping  expectations  coupled with  improperly  low
estimations  of  the  size  of  the  task  have  led  to  disappointments  in
the  past.

5.  The  reason(s)   for writing the  software  in  the  first  place  should
be  well  understood  and  accepted  by  the  group  as  the  foundation  of
the  discussions  implied  above.



-DRAFT-

1.         I   N  I   R  O   D   U   a   I   0   R  Y        I   N  F   O   R  M  A  I   I   O   N

I.2                THE   GIMMAP   VIEW   OF   MAP   DATA

Map  data  may  be  viewed  and  modeled   from  varied  perspectives,
with    many    different    objectives    in    mind.        Maps    present    many
different  kinds  of  information  in  myriad   forms.     The  hardware  and
software    systems    built    for    automated    c?`rtography    amplify    and
expand  the  options   for  analysis  and  display  of  map  data.

The  elements  of  map  data  and  their  inter-relationships  -  the
elemental  features  found  on  maps  and  the  ways  they  relate  to  each
other  by  spatial  and  non-spatial  measures  -  describe  or  clef ine  a
yi§[  of  map  data.     The  view  of  map  data  then  fixes  the  foundation
and    framework    of    the    cartographic    database.        This    framework
becomes   the   data   structures    (see   I.5    on   Data   Structures)    and
hence   the   complete   specif ication   of   the   f iles   comprising   the
cartoaraDhic   database.      Definition   of   the   database   then   defines
access     to    the    database     for    the    various    components,     their
attributes   and  their  relationships.      Access   then  determines   how
all    software    gets,     puts    and    changes    the    digital    model    or
representation  of  the  map  data.

For  GIMMAP,   the  view  of  map  data   is  one  which   is   intuitively
consistent    with    the    three    dimensional    objects    of    elementary
geometry,    but    which    also    provides   the   topological    structures
required     for     analysis,     networks     and     path finding,     and     area
adjacency    (neighbor)     and   parent/child    (island)    analysis.        The
GIMMAP   view   is   limited   to   a   simple   set   of   feature   classes   and
relations,   supporting  a  rich  assortment  of  map  types,   styles  and
obj ectives .

Map  features  are  classified  and  distinguished  essentially  by
the  dimensionality  of  the  feature,  with  three  possible  classes  of
objects:   (isolated)   points,   lines   (arcs),   and  areas   (zones).

Isolated  Points

A   point    (0-dimensional)    feature   is   one   which   is   generally
represented    on   maps    by   a    single    symbol    identifying    a   unique
object  or   feature  existing  at  a  single  location.     In  the  GI"AP
View,   such   features   are   called   isolated  points.      Each   isolated
point  has   a   (generally)   unique   location   and  a  primary  attribute
defining  the   point   feature  type  such  as  well   or  building.     This
attribute   is  usually  portrayed  visually  on  the  map    by  the  type,
color  or  size  of  the  symbol  used  to  represent  the  feature.

Other   features  which  are   isolated  points   are  city   centers,
data   points   with   locations,    section   or   township   corners,   radio
towers,    benchmark   locations,    earthquake   epicenters,    locational



control   points,    mine   shaft   entrances,    mountain   peak   elevation
points  and  many  other  kinds  of  single  point  features.

Isolated   point    features   may   occasionally   have   additional
attribute  values   associated  with  the  location.     These  values  may
be   posted   on   the  map,   may  be   incorporated   into   the   type,   color
or   size   of   the   symbol   representing   the   feature,    or   may   reside
elsewhere,   even   in  a  digital   file.     These  extra  attribute  values
are    called    z-values,    because    they    often    represent    attribute
values   in  a   third  dimension   (Z),   assuming  the   location   (X  and   Y)
to    be    the    first    two    dimensions.         They    are    often    used    fc]r
contouring   or   representing   a   3-dimensional   surface.       In   GIMMAP,
there   may   be   up   to   seven  numerical   z-values   associated  with   any
isolated  point  feature.

Feature  Codes

The   different   types   of   isolated   points,   symbolized   on   the
map   by   different   shapes,   sizes   and   colors   of  point   symbols   are
distinguished   in  the   cartographic   database  by  the  use  of  unique
identifying  numbers  called  feature  codes.     Each  different  kind  of
isolated  point   (or  other)   feature  on  the  map  is  assigned  a   four
digit   feature   code  by  which  such   feature  may  be   singled  out   for
some  use  or  may  be  ignored  for  others.     Feature  codes  are  used  to
maximize  retrieval,   processing  and  display  speeds  and  to  minimize
clutter  in  operations  requiring  good,   fast  views  of  data,   such  as
interactive  editing.

The   feature  codes   later  provide  the  ability  to  separate  map
features   for   assignment   of   pen  widths,   types   and   colors   at  the
time  of  map  production.     Feature  codes  also  allow  restriction  of
analysis   and   construction  operations   (e.g.   ZONGEN)   to  a   specific
desired  subset  of  map  features.

Although  feature  codes  may  generally  be  assigned  arbitrarily
to   features,   there  are  two  basic  restrictions  which  do  apply  in
GIMMAP.     First,   valid   feature  codes  must  be   in  the  range   1000  to
32,767,   though  codes  above  9,999    will  be  treated  in  special  ways
by   some   programs.      Secondly,    codes   for   isolated   point   features
must  be   in  the  range   1000  to   1999   (or  11000  to  11999   assuming  the
warning   above)    and   linear   arcs   are   coded   2000   to   9999    (or   12000
to  19999  as  per  above) .     Misuse  of  these  restrictions  will  result
in   isolated  points  being  joind  as  a  line  and  lines  being  broken
into  disconnected  points.

A   special   class   of   feature  codes,   in  which  the  normal  code
is   incremented   by   10,000   is  reserved  by  some  programs  to  produce
special  effects.     These  "ten~thousand-plus"  codes  are  intended  to
signal   ''edit"   or   "replacement"   features   which   have   been   entered
to  replace  existing  features  or  to  aid  the  process  of  editing  in
some   other   way.       Such   features   are   displayed   with   a   different
line  type  or  color  to  allow  clear  comparison  to  older  features  so



that  parts  or  all  of  the  new  features  may  be  used  to  replace  the
older   features.      In   ten-thousand-plus   codes,   the   11000   to   11999
codes  are  restricted  to  isolated  point  features  and  the  12000  to
19999  range  is  for  linear  arcs.

Arcs

Features   which   are   linear    (one-dimensional)    in   nat..ure   are
called   (linear)   arcs   in  GIMMAP.      Linear   features   on  a  map  may   end
in   intersection  with  the  map  edge,   may  terminate   in  the  interior
of  the  map,   or  may  end  as  the  result  of  intersection  with  another
linear  feature.     Each  linear  feature  has  two  endpoints  and  a  path
of   (infinitely  many)   points  between  the  endpoints.     In  the  GIMMAP
view,   the   endpoints   of  these   features   are  called  nodes,   whether
they  are  at  the  map  edge,   a  dead-end  in  the  interior,   or  at  the
intersection  of  two  linear  features.

Arcs  are  the  parts  of  linear  features  between  nodes.     If  the
linear   feature   has   only   two   nodes   at   its   ends   then   the   whole
feature   is   a   single   arc.      If   the   linear   feature   is   broken   by
intersection  to  have  three  or  more  nodes,   then  each  piece  between
nodes  is  a  separate  arc.     The  points  lying  on  path  of  the  linear
feature  which  are  selected   (digitized)   to  represent  the  arc  path
are  called  the  interior  points.    Unlike  isolated  points,   interior
points   have   importance   only   with   respect   to   the   arc  which   they
describe.     Furthermore,   short,   straight  arcs  may  have  no  interior
points  since  their  paths  are  well  described  by  their  endpoints.

Many    features    on   a   map   may   be   considered   to   be    (linear)
arcs.      Base  or  general  maps  may  contain  roads  and  highways,   city
and  county  boundaries,   streams   and   rivers   and   lakes,   railroads,
utility  lines  and  pipelines,  park  and  cemetery  boundaries,  hiking
and  biking  trails,   reference  system  lines   (e.g.   the  township  and
range  lines   of  the  public  lands  survey  systems) ,   airport  runways
and  boundaries,   and  countless  other  linear  features  or  boundaries
of  areal  features.

Linear  arcs   represent   features  which  have   a  length  along  a
linear  path,   but  whosewidth   is   inconsequential   at   the   scale   of
the   map.      However,   it   is   necessary   that   some   of  these   features
are   symbolized   by   line   types   which   represent   far  greater  width
according  to  scale  than  the  feature  actually  has.     Railroads  are
usually  represented  with  hashed  lines  and  roads  are  double  lines
or  wide  solid  lines.     In  both  cases,   the  symbol  has  a  width  many
times   in   excess   of   the   features   themselves.      The   assumption   is
that   for  the   input   (digitizing)   side  as  well  as  the  output  side
(plotting) ,   the  feature  lies  at  the  center  of  the  map  line.

Feature  codes  are  once  again  used  to  distinguish  the  various
types   of   arcs.      Usually,   a   code   between   2,000   and   9,999   is   used
to   uniquely   identify   each   kind   of   linear   arc   used   on   a  map.      A
Set  of  feature  codes   is  usually  kept  for  the  whole  of  the  system



rather  than   for  each  mapping  project.     For  most  installations,   a
single  list  provides  consistency  and  familiarity,   and  is  possible
as   long   as  the  complete  range  of  available   feature  codes   is  not
required.      The   ten-thousand-plus   feature  codes   may  also  be  used
for  linear  arcs  to  support  ''edit"  or  "replacement"  operations.

Nodes

The   endpoints   of   arcs   where   the   arcs   terminate   at   the   map
edge,    in   the   map   interior,    or   at   an   intersection   with   another
linear   feature   are   called   nodes.      The   definition  used   in  GIMMAP
is  further  restricted  by  limiting  which  intersections  are  viewed
as   nodes   and   which   are   ignored.       Such   restriction   is   useful
because   not   all   intersections   are   of  value   to  GIMMAP,   and  there
is   a   price  to  pay   (memory,   disk  space   and  time)   for  recognizing
more   intersections   as   nodes.      The   restriction  may  be   imposed   in
any  way  advantageous  to  the  user.

For  this   installation,   intersections  between   lines  of  like
or   similar   type    (e.g.    state   with   county   lines   or   rivers   with
lakes)   are  recognized  as  nodes.     Intersections  of  unlike  type  are
not   recognized  as  nodes  unless  needed  for  other  operations.     For
example,    intersections   of   state   or   county   lines   with   any   other
lines  are  treated  as  nodes.     This  is  because  these  lines,   as  well
as   quadrangle  map  boundaries,   are  used  as  the  map  boundaries   for
the  most  basic  map  unit   (the  county  patch)    in  the   system.     Thus,
any  lines   intersecting  state   or  county   lines  are  terminating  at
the  map  border.

This   kind   of   operation   also   allows   for   rapid   retrieval   of
map   data   based   on   these   basic   units   as   well   as   on   individual
counties   and   on   a   statewide  basis   in   a   larger   system.      Another
example  is  that  intersections  between  geologic  contact  lines  and
state   lines  would  be   treated  as  nodes  because  construction  of  a
statewide  geology  map  requires  the  state  line  to  act  as  formation
boundaries   in  the  map  production  stage.     Restriction  of  the  node
clef inition  also   results   from  the  trade-of f  between  the   quantity
of  nodes  and  the  value  of  the  network  containing  them.

Isolated   points   in   GIMMAP   are   treated   as   "collapsed''   arcs
with  respect  to  nodes.     That  is,   they  may  be  seen  as  arcs  with  no
interior  points,   collapsed   so   that  both   endpoints  are  the  same.
All  isolated  points  must  be  treated  as  nodes  so  that  they  may  be
uniquely   numbered,   so   operators   may   reference   them.      Generally,
isolated   points   are   unique   arcs   and   unique   nodes,    but   it   is
possible  that  the  node  also  represents  the  intersection  of  two  or
more   linear   arcs   along   with   the   isolated  point   (e.g.   a   township
corner  and  the  intersection  of  a  township  and  a  range  line) .

The   important   aspect   of   the   node   is   its   relationship   to
other   nodes   in   the   network.       Each   node   is   connected   to   one   or
more   other   nodes   by   arcs,   except   for   isolated  point  nodes  which



ma]z  be   connected   only   to  themselves.      Connections   that  do  exist
between  nodes   are  represented  by  arcs,   even  for  isolated  points.
The   total   number   of   node-arc   connections   for   a   single   node   is
called   the   degree   of   the   node,   with   a   minimum  value   of   one   for
isolated  points,   for   linear  arcs  ending  in  the   interior  with  no
intersections,   and  for  circular  arcs  beginning  and  ending  at  the
same   node.      The   degree   of   the   node   is   the   number   of   arcs  which
are  incident  at  the  node,  with  the  restriction  listed  above.

Zones

Map   features   which   are   areal   (2-dimensional)    in   nature   are
defined  by  a  linear  boundary  which  separates  the  interior  of  the
area  from  the  rest  of  the  map   (exterior).     Areal   features  in  the
GIMMAP  view   of  map  data   are   called   zones,   which   are   the   logical
equivalent   of   polygons   in   other   settings   or  other  views   of  map
data.     The   zone   is  essentially  the  interior  area,   not  including
the   boundary    line   or   any   other   zones   which   may   exist   in   the
interior  of  the  zone.

The   zone   border   or   zone   boundary   consists   of   one   or   more
(linear)    arcs   joined   at   node   locations   to   define   the   boundary
line  between   the   interior  and  the   exterior  of  the   zone.     Though
the   arcs   for   a   given   border   may   not   all   be   represente   in   the
counter-clockwise   (in   GI"AP)    representation   of   the   border,   the
zone   border   contains   appropriate   information   which   allows   GIMMAP
to   recognize   each   arc's   direction   with   respect   to   the   original
direction    of    digitization.         The    entire    border    may    then    be
produced  as  a  continuous  sequence  of  points  from  a  beginning  node
along  the   boundary   in   a   counter-clockwise   fashion   and   returning
back  to  the  start  node.

Important   facets   of   zones   include   the  boundary   sequence   of
arcs,   the  neighbor   zones   on  the   ''other"   (exterior)   sides  of  the
arcs   in   the   border,   the  major  attribute   for  which  the   area  or
zone  is  defined,   the  color  of  the  area  as  represented  on  the  map,
and    the    zone    color    which    is    a   number    identifying.the   major
attribute   of   the   zone   and   which   clef ines   the   color   or   shading
patterns  used  in  map  production  when  the  area  is  selected.

It   is   possible   that   one   or   more   zones   may   be   completely
surrounded   by   a   zone.      These   zones   are   called   island   zones   or
simple  island   zones.     Simple  islands  usually  consist  of  a  single
arc   for   a   border,   and   have   the   surrounding   zone   as   their   only
neighbor.      Hence,   all   zones   have   the   potential   of  having   other
relationships   beyond   the    (symmetric)    neighbor   relationship.       A
zone  may  be   an   island   of   a   surrounding   zone   (and  may   be   related
to   other   islands   of   the   same   surrounding   zone),    or   may   be   the
surrounding   zone   to   one   or   more   islands.      Island   zones   may   also
be  surrounding  zones  to  other  islands.



Svmbolocrv

Maps   usually   contain  written   information   in  many  different
places  for  many  different  purposes.     Maps  usually  have  titles  and
often   have   legend   boxes   with   labels   identifying   area   colors   or
patterns,    line   types,   and   point   symbols   with  values   or   feature
type  information.     Paragraphs  may  exist  to  describe  the  making  of
the,  map   or  the  content.     Names  are  placed  on  the  map  to  identify
fc;-it:ures   such   as   rivers   or  towns.      Labels  may  be   used   to  better
i\.1r-.Jntify    colored    or    shaded   areas    such    as    geologic    formations.
In[-`{)rmation   about   the   map   scale   and   projection,    directions   and
errors  may  be  included.     For  many  reasons,   textual  information  is
added  to  a  map.

of  map  data,   such  information  is  referred
not  captured  from  original  documents   for
map  products.     Rather,   individual  pieces
are  created  on  a  graphics  display  screen
on  the  image  of  the  captured  digital  data
is  variably-sized,   with   options   for  the

location,   size   (character  height),   font   (character  style),   angle
of  orientation,   content,   and   (left,   right,   center)   justification
with   respect   to   the   chosen   point   of   location.      Each   symbol   is
associated  with  a  string  of  points  clef ining  the  path  of  plotting
to  produce  the  desired  symbol.     This  set  of  points  comprises  the
calligraphy  of  the  symbol.

In  the  GIMMAP  view
to   as   symbology   and   is
inclusion  on   subsequent
of  text,   called  symbols
interactively,  directly
for   the   map.       A   symbol

Miscellaneous

All  printed  maps  of  portions  of  the  Earth's  surface  require
a  transformation  of  the  real   surface  to  a  scaled,   flat   image  of
the  map.     The  conversion  of  locations  at  scale  on  the  surface  of
the  Earth  to  the  map  is  called  a  map  projection.     There  ore  many
different   forms  of  projection  used  to  make  maps.     In  fact,   there
are  infinitely  many  possible  variaions.

Map    projections    may    be    classified    by    the    shape    of    the
geometric    feature    onto    which    the    projection    occurs     (usually
sphere,   plane,   cone   or   cylinder)   and   the  location   of  the   light
source  for  the  projection.    Many  other  basic  types  of  projections
are  used.     The  size  of  the  projection  image   (or  map)   will  depend
on  the  scale  factor,   a  number  by  which  real  distances  are  divided
to  get  the   (scaled)   map  distances.

The   effect   of  the   projection  and  scale   factor  on  the  paper
map   or   the   computer-produced   map   is   only  partly  visible  to   the
map  viewer.      The   choice   of   scale  has   the  most   obvious   effect  by
determining   the   physical   size   of   the   chosen   area   for   the   map.
The   scale  also  determines  what  each  unit  of  measure   (inch  or  cm)
represents  on  the  map  image.



The  projection  has  a  more  subtle  effect  on  the  image  of  the
map.      The   projection   type  determines   the   location  and   amount  of
distortion  on  the  map  image.     Distortion  is  the  inevitable  result
of  the  projection  process  for  mapping,   because  the  curved  surface
of   the   Earth  can  not  be  perfectly  represented  on  a   flat  surface
at  all  points.     Instead,   one  or  more  of  the  map  scale  -distances
(eauidistance) ,   directions   or   shapes   of   regions    (conformalitv),
and   areas   of   regions    (eauivalencv)   must   be   in   error   in   varying
(but  predictable)   ways  throughout  every  map.

When   two   nodes    are   connected   by   an   arc,    the   nodes   may   be
\ised   to   identify  the   arc.      At   some   point,   the   two   nodes  will  be
uniquely   numbered.      Then,   the   arc  may  be   identified   as   ''the   arc
hetween  node   #1  and  node   #2",   assuming  their  numbers  are   1  and  2.
IIowever,   it  is  possible  that  the  linear  features  of  a  map  create
a  situation  in  which  two  arcs  of  the  same  type  exist  between  two
nodes.     This  situation  is  called  bridging,   and  if  left  alone,   it
would  mean  that  arcs  could  not  be  uniquely  referenced.

Beyond  the  interactive  placement  and  editing  of  symbology  as
mentioned  above,   another  kind  of  symbolization  occurs  within  the
GI"AP  system.     Creation  of  point,   line  and  areal   images   for  the
production  of  maps  requires  enhancement  of  the  feature  image  from
primitive,   minimal   information  into  publication-quality  symbols.
This  enhancement  is  called  feature  annotation,   a  process  which  is
performed  automatically  in  GIl"AP.

In   annotation,    single   point    locations   are    cor`.verted   into
selected,   meaningful   point   symbols   of   user-defined   size.      Lines
dre  stylized  to  resemble   (e.g.   hashed  for  railroads)   the   features
they   represent,    or   distinctive   line   types   may   be   selected   for
each  linear  feature.     Areal  features  are  annotated  by  shade  lines
in   solid   or   dashed,   at   various   angles   for  different   attribute
values.      Point   symbols,   line  types   and   area   shading  may   also  be
executed  in  various  colors,   and  areas  may  be  annotated  by  filling
them  with  solid  colors.     Annotation  is  what  is  done  on  the  output
side   of   GIMMAP   to   produce   the   kinds   of   point,    line,    and   area
symbols  which  appear  on  maps.

The    geometric    features    known    as    zones    all    have    certain
properties   because   of   their   size   and   shape   on   the   map.      These
physical   attributes   can   be  measured   and   are   of   some   use   in  the
world   of   automated   cartography.       Each   has   a   perimeter   -   the
distance   around   the   boundary   and   an   area.      More   useful   are  the
extremes   -   the   minimum   and   maximum   x   and   y   coordinates   for   all
Points   in   the  boundary.     Such  points   can  assist   in  knowing  very
quickly  which   zones  are  to  be  displayed  and  which  are  not.     They
also   speed  analysis   to  determine  which   zones  may  be  near  a  given
Zone .

Each     (zone)     geometric    figure    also    has    a    center-of-mass
Point,   where   the   zone   could   be   balanced   from  below.      This  point
is   not   obvious   to   the   eye  when   inspecting  a  map,   but  may  easily
be  Calculated  by  GIMMAP.     These  points  are  then  used  as  the  first



approximation   for   the   zone  marks.      A   zone  mark   is   a   location   in
the   interior  of   its   associated  zone,   used  for  selection  of  that
zone  by  GIMMAP  programs  and   for  other  purposes.

Another   special   kind  of   island   zone  may  also  occur.      It   is
possible   that   a   group   of  two   or  more   adjacent   (neighboring  each
other)   zones  may,   as  a  group,   be  completely  surrounded  by  another
zone.     In  this  case,   there   is  no  true   "simple"   island  zone  since
none  of  the  zones  in  this  island  complex  is  completely  surrounded
by  the  surrounding  zone  c]f  the  cc>mplex.     Yet,   to  properly  produce
the  boundary   of  the  surrounding  zone,   the  boundary  of  the   island
complex  must  be  recognized  and  used.

So,   the  outer  boundary  of  the  complex,   the  boundary  arcs   (of
the   zones   in   the   complex)   which  border   on  the   surroundina   zone,
are  recognized  as  a  special  complex  island  boundary.     This  occurs
naturally  as  a  result  of  the  GIMMAP  technique  in  recognizing  zone
boundaries   automatically   from  the  Node  and  Arc  information.     The
complex   islands  are  generated   in  the  opposite   (clockwise)   manner
of  all  other  zones.    Hence,   their  interiors  are  actually  exterior
to  their  boundaries   compared   to   simple   islands.      Thus,   they  may
also  be  called  ghost  islands  or  complex  ghost  islands.

Many  maps  are  bounded  by  a  rectangular  edge  at  which  all  the
map  features  end.     Maps  which  are  not  bounded  by  a  neat  rectangle
at   the   edge   of   feature   information   sometimes   have   a   rectangle
outside  the  features  such  that  all  pertinent  map  data  lies  in  the
interior  of  the  rectangle.     Any  rectangle  at  which  all  of  the  map
features  terminate  is  called  a  neat  line  boundary.     Any  rectangle
which   surrounds   all   the  map   data,   whether   it   is   a   neat   line   or
not,   is  a  potential  map  frame.

In  order   for  such  a  rectangle  to  be  useful   as   a  map  frame,
the   corners   of   the   rectangle  must  be   at  known   locations   in  the
common  reference  system  for  the  mapping  system.     For  GIMMAP,   this
reference  system   is  the  geographic  reference   system  of   latitude
and  longitude.     If  all  four  corners  of  the  rectangle  are  at  known
points   in  latitude  and  longitude,   then  the  rectangle  can  be  used
as  the  map  frame.     The  four  corners  are  called  the  control  points
for  the  map  and  they  are  used  to  correct  all  point  locations  of
features   digitized   from  the  map.     The  control  points  define  the
transformations   between   their   known   geographic   system   locations
and  the  cartesian  coordinate  system  of  the  digitizing  table.

The   map   reference   system   is   not   visible.       Locations   are
viewed   as   directions   and   scaled   distances   between   points.      No
absolute   coordinate   system   is   visible   unless   a   locator   grid   is
included   for   narrowing   the   search   for   objects   to   a   rectangle
whose   coordinates   are   given   in   an   index.      For   computer  mapping,
however,   all   locations  must  be  given  coordinates   in  a  controlled
reference   system.      In   GIMMAP,    the   original   reference   system   for
map   data    is   the   cartesian   coordinate    system,    provided   by   the
digitizing   table.      For   maps   with   control   points   defining   a  map
frame,   geographic  coordinates  may  also  be  obtained.



Some  maps  may  contain  a  grid  of  latitude  and  longitude  lines
or  tick  marks.     Such  lines  are  provided  for  easy  reference  to  the
geographic  coordinates  of  points  on  the  map.     For  GIMMAP  mapping,
these  grids,   like  map  frames  and  neat  lines,   may  be  produced  for
plotting  product  maps  without  the  need  to  digitize  them  from  the
original   source  map  or  to  keep  any  extra  information  beyond  that
needed  to  completely  describe  the  projection  and  frame.



-DRAFT-

1.          I   N   T   R   0   D   U   C   T   O   R   Y         I   N   F   O   R   M   A   T   I   O   N

I.3               TIIE   BASIC   SEQUENCE   FOR   GIMMAP

In   the  GIMMAP  automated  cartography  system  there   is  a  basic
set  of  processes,   represented  by  a  set  of  programs,   which  is  used
to  take  map  data  for  a  single  map  from  an  initial  graphical  state
into  a  digital  state  for  construction  of  a  cartographic  database,
to  production  of  separations  usable  for  four-color  lithography  or
color  printing.      This  basic  sequence  of  GIMMAP  programs  provides
the  capability  of  capturing  map  data  and  processing  it  to  create
a  digital   model   of  the  original  map,   from  which  a  suitable  copy
may  then  be  produced.

Fortunately,   more  benefit  is  derived  from  this  process  than
the  single  production  of  a  copy  of  a  map.     For  one  thing,   the  map
in  the  computer  may  be  used   again  and   again,   and  may  be  used  to
produce  many  different  maps,   taken  as  subsets  of  the  original  or
altered   in   their   form    (e.g.    red   lines   instead   of   black   ones).
Still  more  advantages  may  be  found  through  reprojection  and  other
techniques  used  to  combine  digital  maps   and  to  enhance  map   form.
These  operations  are  discussed  in  detail  later.

The  basic   sequence  provides  the  ability  to   reproduce  a  map,
and   provides   the   cartographic   database   as   a   very   important   by-
product.      The   database   is   set   of   four   or  more   random   or   direct
access   f iles  which  model   the  structure  and  form  of  the  map  as   it
was  digitized.     Each  file  has   its  own  name   (Arc,   Node,   Point ,... )
because  of  the  information  it  contains.

Each  unit   of   information   in  a   file   is  directly  accessible,
meaning  that  any  program  can  get  any  unit  of  information   (such  as
a  node)   without  searching  through  the  file  to  find  it.     This   is
possible  because  a  single  number,   called  the  record  number,   works
like  a  street  address  to  allow  the  program  to  go  directly  to  the
desired  node.

The  cartographic  database   is  the  center   for  the  activities
of  GIMMAP  programs.      It   is  the  digital  map  to  which  all   programs
go  to  obtain  information  about  the  map  for  display  or  production,
and  it  is  the  place  where  programs  go  to  alter  the  computer-based
model  of  the  map.

The   first  program   in  the  basic  sequence   is  MAPDIG   (programs
Will   always   be   named   in   capital   letters),    for   map   digitizing.
The  MAPDIG  program  controls  the  entry  of  digitized  data   from  the
digitizer,   communicates  with  the  operator,   and  creates  the  DDF  or
digitized  data  format  file,  the  raw  digitized  data  describing  the
source  map.

MAPDIG  provides   set-up   information   to  help   assure   that   the
map   and   the   digitizing   table   are   set   up   properly.      MAPDIG   also



checks  control  point  digitizing  against  a  set  of  measures  to  see
if  the   operator   is   following  guidelines  and  is  consistent.     The
set   of   format   and  order  rules  defining   the  DDF   file   is   syntax,
which  is  only  partially  checked  by  MAPDIG.

Mfyve,6,
The   DDF   file  created  by  MAPGEN   is   a   sequential   (not   direct-

access)    file,    containing   a  map   header   (alphanumeric   information
about   the   map   and   operator),   digitized   control   points,    feature
code   information   for   all   digitized   features,   and   the   digitized
points   for  isolated  points  and  linear  arcs  in  proper  sequence  as
(x,y)   coordinate  pairs.

The  second  program  in  the  basic  sequence,   SYNEDT,   for  syntax
editing,   takes   the  original   DDF  file  as   its   input,   and  examines
the  content  for  compliance  with  the  rules  of  the  syntax.     If  the
rules   are  broken,   SYNEDT   reports  the  occurrence  and  type  of  the
error,   and  proceeds  to  modify  the  file  to  comply  with  the  rules
of  the  syntax.

SYNEDT  does  not  actually  correct  the  file,   in  the  sense  that
the  error  is  understood  and  the  f ile  is  changed  to  make  it  as  it
would  have  been  if  the  error  had  not  occurred.     Rather,   SYNEDT  is
aware  of  all  possible  violations  of  syntax  rules,   because  it  uses
a  transition  matrix  (a  table  showing  states,   input  possibilities,
and   appropriate   actions)   which   has   been   built   to   take   explicit
steps  to  modify  the  file  for  all  possible  situations,   regardless
of  the  cause  of  the  error.

The   SYNEDT   program   produces   a   syntactically-clean   DDF   f ile
as  its  output.     This  output  file  is  then  ready  to  be  used  for  the
next  process,   database  generation,  without  fear  that  it  will  not
be   read   incorrectly   by   the   subsequent   program  due   to  errors   in
the  syntax  of  the   file.     The  output  of  SYNEDT   is  a  DDF  file  with
no  syntax  errors.    Such  a  file  is  called  syntactically  clean.

Two   options   exist   after   the   SYNEDT   program   has   been   run.
The   least   likely   of   these   is   to  use   the   DIGPI.I,   for  digitized
file   plotting,   to   immediately   produce   a   plot   file   from  the  raw
DDF   data.      The   advantage   of   this   option   is   to   have   an   instant
check  to   see   if  the  digitizer  and  operator  have   functioned  in  a
proper  manner  on  a  gross  scale.     This  option  is  seldom  used,   but
may  be  helpful  when  new  operators  begin  work,   or  when  digitizing
equipment  is  not  operating  properly.

The   usual   option   following   S¥NEDT   is   to   begin   the   process
known  as  database  construction.     This  process  is  the  building  of
the   four  or  more  direct-access   f iles  which  are  the  cartographic
database.     The  first  step  in  this  process  is  the  construction  of
the  Arc  and  Point  files,  which  is  performed  by  the  program  called
PARGEN,   for  point  and  arc  generation.

The   PARGEN   program   constructs   the   Arc   and   Point   f iles   from
the  DDF  input  strictly  according  to  the  rules  of  the  syntax.    The
feature   codes   indicate  when   locations   in   the  DDF  f ile  represent



individual   isolated  points.      For  such  points,   a   separate  record
is  set  aside  in  the  Arc   file,   and  no  interior  points  are  stored
in  the  Point  file.     Linear  feature  codes  signal  linear  arcs  which
may  have  interior  points  to  be  stored  in  the  Point  file,  with  the
Arc   file   record   set   to   know  where   to   find  them.      If  the   syntax
rules   are  not   followed,   PARGEN  will  be  forced  to  halt  operation,
because  .a  broken  syntax  chain   in  the  DDF  f ile  may  be  interpreted
in  many  ways,   only  one  of  which  would  be  correct.

The   PARGEN  program  calculates  the  length  of  each  linear  arc
and   the   extremes   (minimum/maximum)    in   X   and   ¥   for   each   arc,   and
these  values  are  put  in  the  Arc  file  for  each  arc.     Only  the  arc
endpoints  are  kept  in  the  Arc  file,   and  these  are  used  later  to
find  the  unique  node  locations.     Pointer  values   (actually  record
numbers   for  the   Point   file)   are  kept  to  direct  programs   to  the
list  of  interior  points  for  linear  arcs.

The   PARGEN   program   also   generates   a   third   file,   the   QPLOT,
for  quick  plotting,   file.      The   QpljoT   file   is  used  to  provide  a
fast  display  of  the  whole  map  by  the  interactive  editing  programs
GRFEDT  and  ZONEDT,   described  later.     The  QPLOT  file  parallels  the
Point  file,   record  by  record,   except  that  the  coordinates  for  the
points    are   converted    into   direct   screen   display   coordinates.
These  can  be  read  and  displayed  directly  while  coordinates  in  the
Point  file  require  lengthy  conversion.

Although   the   PARGEN   program   is   used   to   generate   the   f irst
blocks   of   the  cartographic  database,   it  can  also  be  used  to  add
blocks   to   an   existing   database.      The   PARGEN  program  operates   in
either  the  _initialize  mode  or  in  the  re-entrant  mode.       When  the
the  database   is  empty  or  when  all  data   in  the  database   is  to  be
deleted,   the   initialize  mode  is  selected.     When  the  database  has
some  data   in  it  which   is  ag±  to  be  deleted,   the   re-entrant  mode
is  selected.

The   PARGEN  program  performs   one   additional,   important  task.
When  the   database  and   operator  specify  that  a  map  projection  is
being  used  for  the  database,   the  control  points  in  the  beginning
of  the  DDF  file  are  used  to  rectify  all  points  in  the  DDF  file  to
the  known  projection.     The  control  points  represent  locations  of
known   longitude   and   latitude   for   the   corners   of   the  map   frame.
These  corners  are  also  the  corners  of  the  projection  area.     When
the  digitized  locations  of  the  control  points  are  compared  to  the
locations   given   by   the   mathematical   model,   transformations   are
set  to  map  from  the  digitizer  space  onto  the  projection  space.

Following  PARGEN,   the  next   step  in  database  construction  is
the   NODGEN,    for  node   generation,   program.      The  main  goal   of  the
NODGEN  program  is  to  construct  the  Node  file,   which  describes  the
network  of  inter-connected  arcs  and  nodes  for  the  map.     The  Node
file   contains   the   location   of   all   unique  nodes,   the  arcs  which
intersect   at   each   node,   and   the   collections   of   nodes  which  are
directly  connected  to  each  node.     This  information  is  part  of  the
topology,   or  logical  structure,   of  the  map.



The   NODGEN   program   determines   the   unique   locations   of   the
individual   nodes   by   examining   all   the   arc   endpoints   of   linear
arcs   and   isolated   points.      These   endpoints   are   tested   to   find
those  which  represent  different  locations.     Whenever  two  or  more
endpoints  lie  within  an  operator  selected  threshold  distance  from
each   other,    the   endpoints   are   assumed   to  be   intended   to  be   the
same  node.     In  that  case,   a  node  is  created  and  its  location,   as
well   as   that   of  all   common  arc  endpoints,   is   set  to  the   average
of  all  points  involved.

This   process   is   used   to   locate   the  complete   set   of  unique
node  locations  according  to  the  way  that  the  nodes  were  digitized
by  the  operator   (see  above).     Only  digitized  nodes  are  found.     No
splitting  of  arcs  at  non-digitized  points  occurs  in  GII"AP.     All
isolated  points  translate  into  a  node,   some  occurring  at  the  same
locations  as  other  arc  endpoints.

For  each  unique  node  found,   NODGEN  averages  the  locations  of
all   the   arc   endpoints   to   find  the   (x,y)   location   for  the  node,
f inds  the  degree  of  the  node  as  the  total  number  of  arcs  incident
at  the  node,   and  constructs  a  complete  list  of  node-arc  pairs  for
each  node.     A  node-arc  pair  is  a  node  which  is  directly  connected
by  the  arc  of  the  pair.     Thus  the  node-arc  pairs  are  a  complete
list  of  nodes  connected  to  a  central  node,   and  the  arcs  by  which
they  are  connected.

The   arcs   in  node-arc   pairs   are   signed  positive  or  negative
to   indicate  their  direction  of  digitization  with  respect  to  the
two   nodes.      If  an  arc  begins   (according  to  digitization)   at  the''central"   node,   then   it   will   be   positive   in   the   node-arc  pair.
However,   if   it  begins   at  the  node  in  the  node-arc  pair,   then  it
will  be  negative  in  the  node-arc  pair  for  the  central  node.

NODGEN  also  examines  linear  arcs  to  calculate  statistics  for
length  of  each  arc  and  the  minimum/maximum  X  and  Y  coordinates  of
each  arc,   to  aid  in  rapid  display  of  data.     These  values  are  then
stored  in  the  Arc  file.     This  process  could  not  have  been  done  in
the   PARGEN  program,   because  the  arc  endpoints  are  moved  when  the
locations  are  averaged  by  NODGEN.

Following   the   NODGEN   program,   the   cartographic   database   is
constructed   in   its   most   basic   form   (zones   and   symbology  may  be
added  later).     Four  direct  access  files,   the  Arc,   Node,   Point  and
Qplot,   now  provide   a   digital   model   of   the  map.      At  this   point,
numerous   errors  may  be   found  in  the  database  resulting  from  many
different  sources.     These  errors  may  be  detected  and  some  may  be
corrected  by  the  GRFCHK,   for  graphical  checking,   program.

The  errors  in  the  database  may  arise  from  unusual  methods  in
digitizing,   from  uncorrected  errors  in  construction  software  (the
MAPDIG,    SYNED'I',    PARGEN,    and   NODGEN   programs) ,    or   from   naturally
occurring  situations  in  the  original  map  data.     Details  of  these
errors  and  their  treatment  will  be  given  later,  but  there  are  two
basic  kinds  of  errors   found  at  this  stage.     The   first  is  one  in



which  the  error  may  only  be  detected  and  may  be   a  serious  error
or  only  questionable.     For  these  errors,   GRFCHK  can  do  nothing  to
attempt   correction.       For   the   second   kind   of   error,   GRFCHK  will
report  the  error  and  then  perform  a  preset  correction  which  will
alter   the   database,    such   as   deleting  what   is   believed   to  be   a
duplicate  arc.

GRFCHK   is   usually   run   whenever   the   NODGEN   program   is   run,
because  that   is  when  construction  is  complete  on  the  basic  f iles
of  the  cartographic  database,   and  these  errors  are  likely  to  be
found.      However,   GRFCHK  checks   for  many  kinds  of   inconsistencies
and  errors   in  the  structure  of  the  digital  map,   and  may  be  used
at  any  time  program  or  operator  error  may  be  suspected.

The  next   operation   in  the  basic  sequence  is  to  correct  the
graphical   errors  which  have  been  introduced  into  the  map  data  by
the  operator  in  the  digitizing  stage.    This  operation  is  provided
by   the   GRFEDT,    for   graphical   editing,    program.       GRFED'I',    one   of
the  largest  modules  in  the  GIMMAP  system,   provides  many  different
edit  functions  in  an  interactive  setting  with  continually  updated
graphic  display  of  the  edited  map.

The  GRFEDT  program  operates  on  a   (monochrome   -  single  color)
graphics   display   terminal.     The  operator  may  view  all   or  a  part
of  the  map  to  be  edited  on  the  graphics  screen,   on  which  one  area
is   reserved   for   conversation  between  the  operator  and  the  GRFEDT
program.     The  operator  may  display  the  command  menu  to  see  a  list
of  commands  to  use,   with  information  about  necessary  values  to  be
included  with  each  command.

Using   commands   from   the   menu,   the   operator  may  perform  two
basic  kinds  of  operations.     Modifying  commands  are  used  to  change
the  contents   of  the   cartographic  database,   to  add,   delete  or  to
change   map   data   in   the   database.      Utility  commands   are   used   to
change  the  environment  of  the  editing  session  itself .     Using  the
utility  comlnands,   the   operator   can  better   locate  and  operate  on
the  graphical  errors  which  are  to  be  fixed.

The  GRFEDT  commands  will  be  described  in  detail  later,   but  a
few  genreal   functions  will  be  listed  here  to  suggest  the  utility
of  the  GRFED'I'  program.     With  the  utility  commands,   the  area  to  be
viewed  may  be  changed  in  scope   (size)   or  in  location.     The  set  of
features  may  be  clef ined  preecisely  by  the  selection  of  up  to  f ive
ranges  of  feature  codes.     Features  whose  feature  codes  lie  in  at
least  one  range  are  displayed,   others  are  not.     Numbers  generated
by  the  system   (actually  record  numbers)   may  be  displayed  at  each
node   for   easy   identification   of   nodes   or  arcs.      A  verification
mode   may   be   turned   on    (or   off )   to   double-check  modification   of
features  before  updating  the  database.

The  modifying  coimmands   include  the  ability  to  move   isolated
points,  nodes,   and  interior  points  to  any  desired  location  on  the
screen.       Arcs   may   be   deleted   or   may   have   their   feature   codes
changed.     Unneeded  nodes   (those  occurring  in  the  middle  of  an  arc



but  not  at  an  intersection  or  termination)   may  be  removed,     a  new
arc  may  be  created  to  bridge  the  gap  between  two  existing  nodes.
Isolated   point   arcs    (and   possibly   nodes)   may  be   deleted   as  may
one  or  more  interior  points  of  an  arc.     New  nodes  may  be  created
where  the  digitizer  operator  forgot  to  create  them,   and  nodes  may
be  joined  together  by  command.     Several  commands  may  be  performed
en  masse  on  groups  of  arcs  selected  by  feature  codes  or  on  nodes
that  are  unneeded.

Following   GRFEDT,   several   paths   of  program  operation  may  be
taken.     Usually,   the  first  path  after  GRFEDT  is  to  create  an  edit
plot  to  be  used  to  check  the  digital   image  against  the  original
map   document.       The   edit   plot   is   produced   by   the   PI-TGEN    (plot
generation)   program  to  help  the  operator  determine   if  graphical
and  other  editing  is  complete.

The   edit   plot   produced   by   the   PLTGEN   program   ref lects   the
current  state  of  the  digital  database.     It  contains  the  complete
set  of  all  features  in  the  database,  with  some  stylized  lines  to
identify  certain  features  or  colored  lines  for  others.     The  plot
shows   where   some   map   features   have   been   overlooked,   others   may
have   been  mis-digitized.      Node   numbers   or  degrees  may  be  posted
at  the  nodes  to  assist  in  identifying  corrections  in  GRFEDT  or  to
locate  missing  intersections.

The   edit  plot  produced  by   PLTGEN  may  be  created  at   any  time
after  the  database  is  created,   and  may  thus  be  used  to  verify  the
state   of   the   database   at   any  point   in  GIMMAP  processing.      There
is  one  fact  about  the  edit  plot  which  is  important  to  correctness
in  editing.     The  edit  plot  is  one  in  which  the  map  features  have
all  been  rectified  according  to  the  control  points  and  the  known
map  projection.     The  paper  map  to  which  the  edit  map   is   compared
has  not  been  rectified,   and  retains  distortions  which  occurred  in
the   printing   process   and   in   subsequent   storage.      Thus   the   two
maps  may  have  differing  scales  or  non-linear  differences.

Production  of  the  edit  plot  and  comparison  with  the  original
map  may  result  in  additional  digitizing  and  database  construction
or  graphical  editing.     These  operations  in  turn  may  again  result
in  repeated  cycles  of  editing  and  digitizing.     When  the  cycle  is
completed  and  all   (known)   errors  have  been  correctd,   the  database
is  considered  to  be  graphically  clean.

When   graphical   editing   has   been   completed,    there   are   two
optional   functions  which  may  be  performed  in  the  basic  sequence.
These  are  the  recognition  and  construction  of  zone  boundaries  for
maps  which  have  areas   to  be  distinguished,   and  the  creation  and
editing  of  map  symbology  directly  on  the  display  of  the  digital
map.     Both  of  these  functions  are  considered  to  be  optional  since
some  maps  do  not  involve  areas  or  zones,   while  other  maps  do  not
require   the   addition   of   symbology.      Therefor,   neither,   one,
both   of   these   functions  may  be  performed.     And  since  neither
dependent  on  the  other,   they  may  be  done  one  after  the  other
sequence  or  at  the  same  time  in  parallel.



The  creation  of  zones  is  considered  to  be  a  part  of  database
construction,   and   is   referred   to  as   extebded  construction.     The
process   involves   examination   of   the   qualified   (by   feature   code
range  selections  made  by  the  operator)   node-arc  pairs  in  the  Node
file   to   construct   pathways   beginning   at   start   nodes,   following
arcs   counter-clockwise   around   a   zone  boundary,   and   returning  to
the   start   node.     The  program  which  performs  this   task  is   called
ZONGEN,   for   zone  generation.

The   ZONGEN   program   creates   the   Zone   and   Border   f iles   as   a
result   of   the   recognition   and   creation   of  zones.      This   process
systematically   uses   all   possible   nodes   (as   qualified)   as   start
nodes   unless   all    (qualified)    node-arc   pairs   for   the   node   have
been  used  in  construction  of  previous  zones.     At  each  node  in  the
boundary   of   a   zone,   a   decision   must  be  made   as   to  which  arc  to
take  next.     To  produce  the  counter-clockwise  boundary,   the  left-
most,    unused   arc   is   selected.       This   left-hand   turn   procedure
guarantees  a  counter-clockwise  boundary  with  the  interior  on  the
left  of  each  arc,  and  return  to  the  start  node,  Provided  the  node
structure  is  correct  and  left-turn  decisions  are  correct.

Of  course,   these  conditions  may  not  be  correct  in  the  course
of   running   the   ZONGEN   program.       One   or   more   nodes   may   not   have
been   digitized.    Two  nodes   intended  to  be   the   same  may  have  been
digitized  too   far  apart   for  automatic  joining,   and  may  not  have
been   joined   in   graphical   editing.      An   arc  may   have   been   missed
in  digitizing.     The  angle  an  arc  makes  at  the  node,   determined  by
the   first   or   last   interior   point,   may   be   incorrect  because  of
accidental   "overshoot",    causing   the   arc   to   appear   to   enter  the
node  from  the  opposite  side  that  it  does.     This  error  will  result
in  a  wrong-turn  or  a  dead-end  error  at  some  point  in  construction
of  the  Zone  and  Border  files,   thus  terminating  ZONGEN.

When  extended  construction   is   successful,   both  the  Zone  and
the  Border  files  are  constructed.     The  complete  content  of  these
f iles   is   complex   and   will   be   described   in  detail   later   in  E|E
Diaital   Representation   of  GIMMAP  Data.     However,   in  general,   the
Zone  records   (one  per  zone)   each  contain  a  number  from  1  to  32767
called  the   zone  color,   the  primary  attribute  of  the  zone.     This
zone   color  distinguishes   the   type  of   zone  which   is  represented,
as  denoted  by  the  color   (or  shading  pattern...)   assigned  the  zone
on  the  original  source  map.     This  value  is  also  used  to  determine
the  color  or  shading  used  in  production  of  the  map.

Each   zone   record  also  contains   information   for  a   reference
mark  and  statistics  about  the   zone.     The  reference  or  zone  nark
is  specified  by  an   (x,y)   location  and  the  mark  size,   a  number  to
indicate  the   size  of  symbols  place  at  the  zone  mark  location  in
production  or  display.      The   zone  mark   is  used  to  provide   a  mark
for  the  operator  to  point  to  to  identify  the  zone,   and  a  place  to
post  numbers   identifying  the   zone  or  its  color.     Initially,  the
zone  mark  is  located  at  the  center-of-mass  of  the  zone  by  ZONGEN,
but  may  be  moved  later.



The   zone   mark  may   also   be   used   on   a   peel   coat   (a   negative
image  in  mylar  of  part  of  the,  map)   in  map  production  to  show  the
interior  of  the  zone  which  is  to  be  peeled  away  for  plate-making.
For  this  reason,   it  is  necessary  that  the  mark  size  and  location
be   adjusted   so   that   the   mark   lies   completely   inside   the   zone.
Similarly,   production  requires  that  the  mark  is  not  placed  inside
any  island  which  may  be  in  the  interior  of  the  zone.

The  statistical   information  in  the  zone  record  includes  the
perimeter  and  area  of  the  zone   in  digitizer  and  square  digitizer
units,   easily  convertible  to  appropriate  units  on  the  surface  of
the  earth.     Also,   the  extremes  of  the  bounding  rectangle  for  the
zone   (minimum/maximum  X  and  Y  coordinates)   are  kept  in  every  zone
record.    These  values  assist  in  finding  appropriate  island  zones,
and  improve  the  speed  of  all  programs  which  display  zones.     These
values  quickly  show  when  zones  are  complete  inside  or  outside  of
a   chosen   display.      Thus,   only   those   which   are   neither   must   be
carefully  examined  and  clipped   to  cut   off  undisplayed  arc  parts
while  showing  those  inside  the  display.

Still   other   information   in  the   zone  records   links   together
zones   with   their   islands   and   their   surrounding   zones,    allowing
for   rapid   retrieval   of   the   complete   zone   boundaries   which  must
include  the  boundaries  of  all   islands  within.     Other  pointers  in
the   zone   record   link   the   zones   to   their  own   chains   of   boundary
records   in   the   Border   file  and   to   zone   labels   (symbology   linked
to  the  zones)   in  the  Iiabel  file.

Information  in  the  Border  records  ref lects  the  fact  that  the
arcs  used  for  zone  generation  are  all  used  as  border  arcs  for  two
zones.      Each   is  used   positively,    (in   the  direction   in  which   it
was  digitized),   for  the  zone  to   its  left  as  digitized.     Each  was
used  negatively  for  the  zone  on  the  other  side.     The  Border  file
records  each  represent  a  single  arc  and  information  about  the  two
zones  on  either  side  of  that  arc.     This  information  includes  the
zone   numbers   and  colors  and  the  pointers  to  the   next  records   in
the   Border   file   for  the  boundaries   of   the  two   zones.      Finally,
the  information  needed  to  quickly  draw  the  arc  is  included.

When   zone   generation   has   been   performed   and   the   Zone   and
Border    files    have   been   created,    the   next   step    (which   can\   be
performed   in   parallel   to   the    symbol   operations   below),    is   to
prepare   the   zones   for   production.      This   function   is   performed
interactively  by  means   of  the   ZoNEDT,   for  zone  editing,   program.
In  zone  editing,   there  are  three  goals  to  be  met  to  prepare  the
Zones   for  production.      These   are  marking,   coloring,   and   linking
the  islands.

Zone  marking   is   aided   greatly  by  the   ZONGEN  program   in  the
original   creation  of  the  zones.     At  that  time,   ZONGEN  calculates
the  center-of-mass  for  every  zone  and  stores  that  location  as  the
initial  zone  mark  in  the  zone  records.     The  size  of  the  marks  for
the  initial   setting  is  arbitrarily  selected  by  the  operator  and
is  uniformly   set   for   all  marks.      The   choice   of   size   is   usually



dependent  on  some  combi].`ation  of  making  all  marks  large  enough  to
easily  see  on  a  plot  while  requiring  marks  to  be  in  the  interior
of   their   zones.      The   ZONEDT  program  allows   the   operator   to  view
marks  in  a  controlled  sequence  and  to  modify  the  location  or  size
or  both  in  each  pass.

The   second   goal   of   the   ZONEDT  program   is   to   set   the   colors
of  the  zones  to  appropriate  values  reflecting  the  major  attribute
or  production  color   (or  shade  pattern) .     The  ZONGEN  program  helps
in   this   goal   by   initializing   zone   colors   as   instructed   by  the
operator.     Two  options  are  provided.     In  one,   the  zone  colors  are
set  to  be  equal  to  the  zone  numbers   (i.e.   zone  4  has  color  4...) .
This  method  is  most  useful  when  all  areas  of  the  map  are  to  have
unique  values   or  when  nearly  all  values  are  unique.     The   second
option  is  to  set  all   zone  colors  to  a  single  value.     This  method
is  helpful  when  zones  will  all  have  one  of  several  values.     Then,
all   zones  will  be  set  the  most  common  value  and  the  others  must
be  reset  using  the  ZONEDT  program.

The   coloring   function   in   ZONEDT   is  used  to  view  one  or  more
zones,   find  out  the  zone  color  for  each,   and  then  change  the  zone
Color  to   any  desired   value.      Several   different  methods   are  used
to   accomplish   this   goal.      As   an   example,   one   method   allows   the
operator  to   select  a  color  with  which  to   "paint".     The  operator
then  selects  zones  by  pointing  to  them  on  the  screen,   and  each  of
these   zones   has   its   zone  color  set  to  the  selected  paint  color.
Another  coloring  method  allows  the  operator  to  select  an  old  and
a  new  color.      Then  all   zones  having  the  old  color  are  changed  to
have  the  new  color.

The   third   goal   of   the   ZONEDT  program   is   island   linkage,   in
which   the   operator   must   explicitely    inform   the    ZONEDT   program
(which  then   incorporates  the   information  in  the  database) ,   which
zones  lie  completely  within  which  other  zones  as  islands.     Again,
information  generated  by  the  ZONGEN  program  is  used  to  assist  the
operator   in  this  task.     Island  linkage  is  performed  in  ZONEDT  by
the   operator   selecting   zones    (by   pointing   or   by   number)    which
have   islands   which  were  detected  by   the  operator  through  visual
inspection.       ZONEDT   then   produces   a   display   of   the   surrounding
zone  with  emphasis  on   islands   (which  ZONEDT  detects)   which  may  be
inside  the   surrounding   zone.      The  operator  then  points  to  those
which  are  inside,   and  ZONEDT  stores  the  information.     Mistakes  in
this  process  may  be  removed  just  as  easily.

Whether  or  not  extended   (zone)   generation  is  performed,   the
Process  of  symbolization  may  be  performed  whenever  a  map  requires
the  addition  of  titles,   scale  bars,   feature  names,  text  or  legend
information.     The   interactive  creation  and  editing  of  symbols  on
the   display   of   the   digital   map   is   supported  by   the   CYMBAL,   for
symbol  generation,   program.

The   CYMBAL  program  provides   a  display  of  the  map  data  which
is   similar  to  that  of  the  graphical  editing  program,   GRFEDT.   The
operator  views  all  or  part  of  the  map  area,   with  optional  feature



masking  by  feature  code,   while  selecting  and  placing  symbology  at
chosen  locations.     All   aspects  of  the  symbols  can  be  modified  by
commands   in  the  menu  of  the  CYMBAL  program.

Generation   of   symbology  using  the  CYMBAL  program  causes  the
creation   of   records   in   the  Symbol   file,    (one  per  symbol),   which
contain   information   about   selections   made   for   the   symbol.      All
symbols   require   a   reference   point   location,    specified   by   the
(x,y)   coordinates   of   the  point.      Each  symbol   requires  selection
of  the  font  or  alphabet  set  from  which  the  characters  are  chosen
to   display   the   symbol.      A  character  height  must   be  selected  as
well  as  an  angle  of  orientation  for  the  symbol.     The  symbol  must
begin  with   its  left  or  right  end  against  the  reference  point  or
must  be  centered   in   its  justification.     And  finally,   the  symbol
content  must   be  specified.     All   these   factors  may  be  changed  by
other  editing  commands   from  the  CYMBAL  menu.

Like  arcs,   symbols  each  have  a  feature  code  assigned  to  them
to  allow  differentiation  of  symbols  to  parallel  that  of  arcs.    If
the  map   is  to  contain  only  hydrology,   then  only   symbols   for  the
hydrologic   features   should  be   plotted.      The   symbol   feature  code
is  assigned  at  creation  time,   is  stored  in  the  symbol  record,   and
may  be   changed  with   a   CYMBAL  command.

The  content  of  the  symbol   (letters  typed  at  the  keyboard  to
produce  the  symbol)   are  not  stored  in  the  symbol   file.     Only  the
number   of   these   characters   is   stored  there.      The   actual   content
of  the  symbol   is  stored  along  with  the  sequence  of  ordered   (x,y)
locations  defining  the  pen  strokes  needed  to  draw  the  symbol,   in
the  Calligraphy  file.     Similar  to  the  Point  file,   the  Calligraphy
file  links  one  or  more  records  by  pointers  to  form  a  linked  list
containing   all   the   pen   strokes   for  the   symbol.      Each   record   in
the  Symbol  file  contains  a  pointer  to  its  own  list.

The  records  in  the  Calligraphy  file  contain  the  points  that
are   needed   to   draw  the   symbols.      The   first   record   for   a   symbol
contains   the   string   of   characters   clef ining   the   content   of   the
symbol.      Beyond  that   (if  there  is  room),   the   first  record,like
all  the  others,   contains  points  defining  the  plotter  pen  strokes
for  production  of  the  symbol.     Each  point  has  the   (x,y)   location,
with  the  pen  status   (pen  up  or  pen  down)   indicated  by  the  sign  of
the  coordinates   (positive  for  down,   negative  for  up).     Since  the
end  of  the  pen  strokes  may  occur  in  the  middle  of  a  record,   the
special  value  of   (-999.,-999.)   is  used  to  terminate  the  symbol.

The  f inal  operation  in  the  basic  sequence  for  GIl"AP  is  the
selective   retrieval   of   map   data   from  the   cartographic   database
constructed  and  edited  in  the  above  processes,   and  enhancement  of
the  map  data  for  creation  of  plot  f iles  to  drive  digital  plotters
into  producing   a  map   equivalent  to  the  source  original,   as  well
as  other  map  products.     This  process  involves  five  or  more  GI"AP
Programs   in  the  basic  sequence,   two  of  which  have  been  discussed
above ,



The  basic  map  data,   isolated  points  and  linear  arcs,   in  the
cartographic   database   is   selected   and   retrieved   for   plot   f ile
production   by   the  MAPGEN,    for  map  generation,   program.      In  this
program,   the   operator  may  select  up  to  fifteen  different  ranges
of   feature  codes  to  be  selected,   for  each  of  as  many  as   fifteen
different  plot   files.      The  utility   of   separating   features   into
separate   f iles   provides   for  dif ferent   color   assignments   as  well
as   creating   maps   containing   many   different   combinations   of   map
features  without  needing  to  re-run  the  program.

The  MAPGEN   program  provides   a   number  of  point   symbols  which
can  be  automatically  generated  when  assigned  to  isolated  points.
Similarly,     many    different    line    annotations     (dashed,     hashed,
double...)   may  be  automatically  generated  from  the  default,   solid
line  which   is   normally  produced.     Many  other  important  functions
are   performed   by   the   MAPGEN  program  which   are   outside  the   scope
of  the  basic  sequence.     These  functions  will  be  described  in  some
detail  in  the  section  on  the  Basic  Seouence.

The  MAPGEN  program  takes   information   from  the  Arc  and  Point
f iles  according  to  the  selections  made  by  the  operator.     Isolated
point   symbols   are   created   at   point   locations   by   generating   pen
strokes   relative   to   the   selected   location.      Linear   arcs   trace
the  path  of  the  endpoints  in  the  Arc  f ile  and  the  interior  points
in   the   Point   file.      When   these   lines   are   annotated,   extra   pen
strokes  are  generated  for  the  plot  file  to  provide  the  extra  line
for  double   lines,   the  hashes   for  hashed   (railroad)   lines  and  pen
up   commands   for  dashed   lines.     Many  other  considerations  must  be
made  to  produce  proper  annotated  lines  for  plot  files.

The  selective  retrieval  of  zones  and  creation  of  plot  f iles
for   zone   information   is   performed   by   the   ZONEDT   program   itself .
The  PLOT  function  provides  for  the  cyclical  creation  of  zone  plot
files  containing  the  boundaries   (in  proper  sequence)   of  zones  of
selected   sets   of   colors.       Some   special   options   allow   for   the
suppression   of   boundaries  when   the   zone  colors   on  both  sides  of
the  arc  are  the  same,   and  when  zone  areas  do  not  exceed  a  minimal
threshold  or  do  exceed  a  maximal  one.     Careful  selection  of  color
sets  will  provide  a  minimal  collection  of  plots  required  to  make
printing  plates  for  four-color  publication.

Selective   retrieval   of   symbols   based   on   feature   codes   for
the  production  of  separate  plot  f iles  is  performed  by  use  of  the
PlioT  command   in  the  CYMBAL  program.      As  with   zones   in  ZONEDT,   the
operator  may   select  various   ranges  of  feature  codes  for  each  of
the   Plot   files   generated.      All   symbols   in  the   specified  ranges
are  extracted  and  converted  to  plot  form,   a  minor  transformation
from  the  data  in  the  Calligraphy  file.

Use  of   the  plot   f iles   in  the  basic  sequence  to  create  the
final  map  products  may  follow  many  variations  of  two  basic  paths.
The  two  paths  are  divided  by  the  two  dif ferent  kinds  of  plotting
devices  which  are  supported  in  GIMMAP  mapping.     One  is  the  vector
plotter   (Xynetics   in  our  shop),   the  other  is  the  raster  plotter



(Calcomp  for  us) .     The  vector  plotter  is  used  to  produce  the  best
line  quality  and  highest  accuracy  on  a  variety  of  plot  media  with
some   limitations   on   line   colors   art,d  widths,   but  with  no  ability
to  color  ar-eas  in  solid  colors.     The  raster  plotter  has  a  reduced
line  quality  and  accuracy,   but  can  produce  solid  areas  of  colors
specified  by  the  operator.

Consequently,   the   vector  plotter   is   used   for  production  of
many   high-quality   line   plots   which   are   usuable   as   finished   map
products  directly  aff  the  vector  plotter.     More  importantly,   the
vector  plotter   is  used   for  direct  production  of   color-separated
materials   (scribe   coats   and  blacklines)   used  to   create  printing
plates  in  the  four-color  lithography  (printing  process) .

In  this  process,   all   boundaries  of  areas  to  be  colored  are
placed  in  separate  f iles  depending  on  the  percentages  of  primary
colors    (cyan,   magenta,    yellow)    in   the   zone   color.      The   various
percentages   of   each  primary  are  created   through  the  application
of  screens  to  block  given  percentages  and  a  single  printing  plate
made  of  metal   is  created  for  each  primary.     With  the  addition  of
a  black  line  plate,   these  plates  comprise  the  four  primary  colors
from  which   all   others  may  be  made.      One  pass   of   the  map  through
the  press  for  each  plate  and  the  maps  are  complete.

The  raster  plotter  accepts  vector   (line-based)   map  data  and
converts  it  locally  to  raster  format  for  plotting.     This  plotter
specializes  in  coloring  areas  such  as  zones,   but  also  plots  lines
and   point   symbols.      Line  plotting   also  means   that  the   symbology
of   GIMMAP   can   be   plotted   as   well.      Production   of   such   plots   in
the   GIMMAP   system   is   almost   as   easy   as  with   the  vector  plotter.
Line  plots  for  the  raster  plotter  are  created  in  the  same  way  as
they   would   be   for   the   vector   plotter    (by   MAPGEN   or   CYMBAL)    and
then  a  program  called  X2C,   for  Xynetics  to  Calcomp,   converts  the
vector  plot  into  a  raster  plot.     In  this  conversion  process,   line
colors  and  thicknesses  may  be  assigned  to  all  groups  of  lines  by
feature  codes.

When   zones   are  to  be  produced   for  plotting   in  color  on  the
raster   plotter,   a   separate   program  must   be  used.      The   CAI.ProT,
for  Calcomp  plotting,   program  provides  for  the  extraction  of  zone
boundaries  by  zone  colors  to  create  plot  f iles  for  color  plotting
on  the   raster  plotter.     The  operator  selects   zones  by  ranges  of
zone  colors,   for  each  of  numerous  selected  plot  files.     Selection
of   zone  colors  and  mapping  of  the  zone  color  to  a  plot  color  is
assisted  by  the  optional  color  dictionary,  which  may  be  reused  to
minimize  typing  for  the  CALPLOT  program.

The   raster   plotter   is   used   for  production   of   intermediate
and   final   working   maps   and   research   (one-of-a-kind)   maps   which
emphasize  colored,   areal  features  or  which  have  need  for  color  to
distinguish  lines  and/or  areas.     The  raster  plotter  .is  also  used
for   f inal   production   of   moderately-high   publication   maps   which
are  to  be  published  in  low  to  moderate  quantity.     To  some  extent,
the  raster  plotter  will  produce  near-production-quality  for  maps



whir.h,   in  their  dicrital  form,   might  be  regularly  updated  with  new
information  to  provide  on-demand  mapping.
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1.         I_N  T   R  O   D   U   C   I   O   R   Y        I   N  F   O   R  M  A  I   I   0   H

I.4                IIARI)WARE   USED   BY   GIMMAP

General

To  perform  the  functions  described  for  the  basic  sequence  in
GIMMAP,   assuming  that  the  color  options  are  to  be  included,   a  set
of  hardware   is  needed  which  will  perform  virtually  all  the  tasks
that  the  system  supports.     That  is,   this  set  of  hardware  for  the
basic  sequence  will  also  provide  all  the  hardware  needed  for  the"extended"   functions  and  the  ''additional  processes  and  sequences"
discussed  later.     Of  course,   if  color  processing  is  not  included
in  the  basic  sequence,   some  hardware   (as  noted)   is  not  required.

The  central  component  of  the  needed  hardware  is  a  computer.
The   computer   runs   the    software    (FORTRAN77   programs   for   GIMMAP)
that  communicates  with  the  operator,   displays  the  maps,   receives
and   interprets   commands,   constructs  the  database   in  disk  files,
changes  the  digital   representations  of  the  map  features,   defines
colors,   interprets   selections   and  retrieves   features,   and  every
other  function  provided  by  the  GIMMAP  system.

The   computer   must   perform   all   these   tasks   for   one   or   more
operators   at   a  time   in  an  environment   in  which  automated  mapping
is  only  one  of  many  important  applications,   and  must  provide  such
servic;es  with  only  minimal  delays  to  the  operators.     That  is,   the
verif ication  process   in  the  graphical  editing  program  GRFEDT  must
be   fast   enough   to   provide   the   impression   of   a   continuous   form.
When  a  fresh  screen  is  drawn,   the  operator  should  not  be  tempted
to   start   reading  a  book.     To  accomplish  this,   the  computer  must
have  a  minimum  level  of  speed  and  internal  resources   (primary  and
secondary  memory. . . )   comparable  to  today's  super-minicomputer.

The   GIMMAP   system   has   been   developed   in   an   environment   in
which   there   has   (nearly)   always  been  a  group  of  users   competing
for  the  computing  resources.      Competition  has  guided  development
of   GIMMAP   in   more   realistic   ways   than   its   absence   would   have
done.      Emphasis  was  placed  on  efficient,   fast  algorithms   instead
of   on   assuming   that   boundless   resources   would   be   available   to
solve  the  problems.     At  times,   emphasis  was  placed  on  finding  ±Ey
way   to   do   the   job   in   a   difficult   environment,    not   on   wasting
resources.       Having   developed   in   this   environment,   GIMMAP   could
operate  better  in  an  environment  in  which  the  computing  facility
provides   more    resources    for   a    single,    or   more    for    increased
numbers  of  simultaneous  mapping  users.

The   latter   stages   of   development   fc)r   GIMMAP   occurred   in   a
system  with   virtual   memory.      Thus,   after  the  hard  problems  were
solved   as   efficiently   as   possible,   the   new  computer  afforded  us
the   ability   to   expand   the   size   of   allowable   feature   information



which   can  be  processed   on  a   single  map   in  the  basic   sequence  of
the   GIMMAP   system.      This   ''maximum"   map   contains   enough   features
that  it  data  segmentation   (see  below)   might  be  considered  for  it.

The  compite
The  computer  used  in  a  GIMMAP  facility  must  not  only  run  the

GIMMAP   programs   described   above,    it   must   also   support   the   other
hardware  discussed  below.     A  super  minicomputer  does  that  and  can
support   irany   other   computing   functions   for   many   other   users   at
the   same   time.     That   is  why  the  Kansas  Geological   Survey  has  the
Data  Ge}`eral   Eclipse  MV/20000  Model   1  computer  which  performs  all
those   tasks   for   the   Survey.      Today's   80386-based   microcomputers
might    perform    the    tasks    in    GIMMAP,     provided    the    peripheral
devices  were  available  and  no  other  user  demands  had  to  be  met.

While  the  MV/20000   is  sufficient  for  running  GIMMAP  with  two
to  eight  operators  at  a  time  in  the  current  mix  of  computing  at
the   Kansas   Geological   Survey,    it   is   not   the   only   minicomputer
which  might  do  the  job.     To  evaluate  a  computer  for  its  ability
to   support   such  an   environment,   there   are  several   aspects  which
must  be  considered.

In   its   component  parts,   the   computer  must  be  up   to   the   job
in  at  least  three  basic  areas.     The  speed  of  the  processor  and  of
memories   and   communications   must   be   up   to   a   minimum   level   which
is  difficult  to  quantify.     Certainly,   the  system  must  support
to   forty  or  more  simultaneous  users  in  real  time  that  appears
the  users  as  acceptable  interaction.     (Interactive  programming
also  a  requirement  which  should  no  longer  need  mention.)

Processor

The  processor  of  the  MV/20000  Model   1  has  been  rated  at   6.4
MIPS  or  million  instructions  per  second   (a  comparable  VAX  machine
is   the   8550   at   approximately   6   HIPS).       This   number   may   be   one
useful  way  to  compare  computers  for  the  purpose  of  determining  if
GIMMAP  may  be  used  on  a   system.     Of  course,   other   factors  Play  a
large   role   in   that   judgment   even   if   a  MIPS   rating   is   available
for  a  particular  computer.     The  single  most  important  factor  may
be  the  amount  of  computing  power  which  is  directed  elsewhere.     If
too   much  processor   time   is   given   to  others   in  the   environment,
the  mapping  application  can  not  be  supported.     or,   if  a  computing
system   has   memory   or   communications   problems   which   reduce   the
real  availability  of  the  processor,   interactive  processes  may  be
unacceptably  slow.

Memory

The  second  area  of  the  computer  which  must  meet  some  minimum
level   of   performance   is   the  main  memory  of   the   computer.      There
is   some   amount   of   memory   which   is   required   to   run   the   FORTRAN77



programs   for   the   GIMMAP   system.      The   exact   amount   of   memory   is
not  easily  obtained  from  the  MV/20000  system.     In  fact,   the  exact
amount  would  not  be  meaningful  in  another  system  except  in  a  very
general   sense.     The  local   system  has  a   ''virtual  memory"  based  on
real  memory  of  8  megabytes.

The  largest  memory  requirement  in  the  GIMMAP  system  is   for  a
program   ZSHADE   which  creates   shade   lines   for  areas   (zones).      The
current   run   time   requirement   for  this  program   is  more  than  one-
and-a-half  megabytes,   more  than  a  million  and  a  half  bytes.     This
f i.gut-f:!   is  misleading  in  that  it  has  become  that  large  as  a  result
of   local   needs   and   processing   conditions,   and   because   research
has   not  yet   been  done   to  determine  how   large  the   arrays  must  be
to   shade   a   given   map.      At   this   size,    ZSHADE   can   produce   nearly
solid   areas   for   a  map  with  many   zones.      With  data   segmentation,
there   should   be   no   need   for   this   program   to   require  more   than
about   600  kilobytes  of  memory.

The   next   two   largest   programs   in   size,    CYMBAL   and   GRFEDT,
both   require   about   one  megabyte   of  memory.      In   both   cases,   the
limits   on   features   (ten  thousand  arcs  and  five  thousand  symbols)
are   set   arbitrarily   high  to   allow  production   on   specific  maps.
If   these   limits  were   set   lower   and  segmentation  procedures  were
followed,    the   programs   could   operate   with   much   smaller   memory
requirements   (such  as  seven  hundred  kilobytes) .

Secondary  Storage

Tlie  third  area  of  the  computer  in  which  minimum  requirements
must  be  met   is   the   area   of  secondary  storage.      The   creation  and
editing  of  cartographic  databases,   and  the  extraction  of  map  data
from  these  databases  to  create  plot  f iles  for  map  production  lead
to  a  need  for  large  amounts  of  high-speed,   direct-access  storage.
This   kind   of   storage   must   provide   access   from  which  map   images
can  be  generated  fast   enough  to  support  interactive  editing  and
retrieval  for  display  operations.

The  current   allocation   for  all   of   the  GIMMAP-related   files
on  disk   is  approximately  250  megabytes.     Of  that,   two  thirds   is
used  for  storage  of  nearly  2,500  catrographic  databases,   most  of
which    (2,379)    are   for   USGS   7.5   minute   quadrangle   maps   in   which
only  a  small   subset  of  the  map  data  on  the  original  map  has  been
captured.      Of  the  remainder,   less  than  half  is  used  for  storing
all   the   GIMMAP   software   and   for   development   and   testing   of   new
software  or  correction  of  existing  software.

Requirements   for   secondary   storage   of   this   (disk)   type   can
be  reduced  by  following  a  careful  system  of  archival  of  database
files  onto  magnetic  tapes.     Base  files  which  are  no  longer  needed
on   a   demand   basis   can   be   copied   onto  magnetic   tape   and   then  can
be  erased  from  the  disk,   freeing  space  for  other,   new  bases.     If
the   need   for  maps   supports   archival,   very  little  disk  space   is
actually   required.      However,   local   processing   dictates   the   need
for  rapid  turnaround  of  maps   for  all  areas  of  the  state.     Hence,



statewide   coverage   ir,   cartographic   databases   is   necessary,   and
our  need  for  disk  space  is  as  stated  above.

Aside   from   the   three   areas   of  performance   discussed   above,
the   computer   must   also   include   some   basic  hardware   and   software
in  order  to  use  the  automated  cartography  software  of  the  GIMMAP
system   on   it.       The   computing   system   must   include   the   adequate
computer  terminals   and   a   high-speed   line  printer  which  might  be
taken  for  granted  as  part  of  all  computing  systems.     The  computer
terminals     provide     for     interactive     communications     to     submit
programs,    check   their   progress   and   even   examine   their   output.
The  printer  must  provide  the.  means  for  the  output  of  the  computer
to   be   realized   in   a   hardcopy,    paper   form,   where   GIMMAP   reports
are  sent  to  be  examined  by  the  operators.

Two  other  elements  must  be  present  in  the  computer  to  allow
GI"AP  to   function   completely.     One  element,   mentioned  above,   is
the  ability  to  produce,   to  store,   and  to  reconstruct  archived  map
data  from  the  cartographic  databases.     Long-term  archival  storage
can  be  supported  best  by  use  of  magnetic  tapes.     Two  tape  drives,
preferrably  with  high-density  capability,   are  suggested.

Last  but  not  least  on  the  list  of  necessities  for  the  GIl"AP
computing  facility   is  a  FORTRAN77   compiler.     The  GIMMAP  system  is
written  entirely  in  this  language  which  seems  to  be  very  popular
for  scientific  programming.     While  there  are  many  issues  involved
in   transporting   software,   the   existance   of   a   FORTRAN77   language
standard   should  not   be   one   for  transporting   GIMMAP.      A     minimal,
hopefully  portable,    subset   of   the   standard   was   adhered   to  where
possible.

DicTitizincT  Table

The   capture   of   map   data   is  made  possible  by  the   digitizing
table,   a  large  flat  table  which  converts  locations  on  its  surface
into  cartesian   (x,y)   coordinates  in  computer  or  digital   form.     A
digitizing  table   consists  of  the  table,   embedded  with  a  grid  of
electrical  wires   at  very  small  separation   (in  the  kind  of  table
used   locally   and   at   most   mapping   facilities   -   but,    there   are
other  kinds).     Attached  to  the  table   is  a  cord  with  a  small  box
on  the  end,   and  on  the  box  are   (usually)   four  or  more  buttons  of
different  color  or  number.

In  a  round  glass  in  the  box,   a  set  of  crosshairs   (crosshair
cursor)    indicates   a   single  location  when  placed  on  a  map  on  the
table.     The  operator  digitizes  the  map  in  general  by  locating  the
cursor  on  a  desired  point  and  pushing  the  correct  button  to  tell
the  computer  which  point  to  use  and  what  to  do  with  it.     There  is
a  link,   similar  to  that  for  a  terminal,   which  is  built   into  the
digitizing  table  or   is  controlled  by  an  interface   (included  with
the  table) ,   which  communicates  with  the  computer.



The   digitizing   tables   used   locally   (Altek)    for   GlrmlAP   are
large,   with   the   ability  to  digitze  maps  up  to   42   by   60   inches.
They  are  backlighted  to   improve  readability  while  digitizing  and
the  plane   of  the  table  may  be  rotated  through   180   degrees  while
being  moved  vertically  through  a  range  of  several   feet.     All  of
these   features  are  helpful   to  digitizing  operators,   but  are  not
necessary.      The   large   digitizing  area   is   also  useful   and  closer
to  necessary  than  not.      Large  maps  can  be  digitized   in  parts  on
small  tables,   but  control  points  must  exist  in  all  parts.

Vector  GraDhics  Terminals

Monochrome    (single-color) ,    vector   graphics   display   devices
are  used  for  interactive  graphical  editing   (GRFEDT) ,   zone  editing
(ZONEDT) ,   and   symbology  placement   and   editing   (CYMBAL)    in   GIMMAP.
These  programs   rely  on   a  collection   of  graphics   routines  called
the  GRFMAN,   for  graphics  management,   library.     The  GRFMAN  library
is  written  in  the  FORTRAN77   language,   and  provides  basic  graphics
functions  for  all  vector-based  displays  in  GIMMAP.

The  monochrome,   graphics   terminals   used  by  GIMMAP  here  have
been  the  terminal  on  which  a  de  facto  standard  had  been  built  in
recent  years.     The  Tektronix  4014-1  vector  terminals  have  been
successful   that  nearly  all   other  manufacturers   have   found  it
their  interest  to  provide  compatibility  with  the  functionality
this   terminal.      It   is   for  this   terminal   that  the  GRFMAN   library
was  designed.     For  this  reason,   it  is  believed  that  conversion  of
vector  graphics  software  to  for  GIMMAP  would  not  be  dificult.     At
1.east,   it  may  be  easier  for  systems  compatible  with  the  Tektronix
4014   de   facto  standard.

The   basic   function   of   the  vector   terminal   in  GII`"AP   is   to
move   an   imaginary   ''cursor"    (locator   or   pointer)    to   a   specified
point   on   the   screen,   then  move   it  to   a   second   point   creating  a
visible  line  on  the  screen.     When  no  line  is  drawn,   it  is  called
a  move.     When  the  line   is  drawn,   it  is  called  a  draw.     These  two
functions  provide  most  of  the  operations  performed  on  the  vector
display   screens.      With   them,   point,   line  and   area   features   are
constructed   and   annotated.      Graphic   editing   functions   use  moves
and  draws  for  all  but  a  few  functions.

At   times,    it   is   advantageous   to   draw   in   special  ways  that
are   provided   by   the   hardware   of   the  vector  display  terminal   to
increase  the   speed  of   the  operations   from  levels  which  would  be
unacceptable   if  done  by  the  software.      Included   in  these  is  the
ability  to  draw  wide  or  bold  lines  for  emphasis  and  various  line
types  such  as  dashed  and  dotted  to  distinguish  some  lines   (by  the
feature  codes   for  GIMMAP)   from  others.

The   (Tektronix)   vector  graphics  display  terminal   is  based  on
a   technology   which   allows   very   accurate   placement   of   points   and
lines  on  a  screen  which  can  be  drawn  on  anywhere,   but  can  only  be
erased   completely.      Theis   technology   is   called  the   storage  tube
technology.       In   this   environment,    features   drawn   on   the   screen



remain  on  the  screen  until  an  erase  operation  is  performed.     When
this  happens,   all  features  on  the  screen  are  erased.     Then,   all
desired  features  must  be  redrawn  on  a  new,clean  screen.     Updates
of  map   features  can  not  be  shown  immediately.     The  screen  may  be
refreshed  only  by  explicite,   feature  by  feature  redrawing  done  by
the  software  of  GIMMAP.     This   is  often  time-consuming.

The   (Tektronix)   vector  display  terminal  does  provide  a  means
to  draw  temporary   lines   on  the  screen  which  disappear  after  the
drawing   is   completed.     As   easily  as   setting   lines   to  be  wide   or
bold   or   dashed   or   dotted   or   solid,   the   lines   may  be   set   to   he
temporary   or  write-thru   (in  Tektronix  terminology).     When  such   a
line   type   is  chosen   (in  GIMMAP,   to  identify  a  selected   feature) ,
the   line   is   redrawn  many  times  to  allow  the  temporary   flashing,
dashed  lines  to  be  located  by  the  operator.

HardcoDv  Device

When  a  vector  display  terminal  is  used  to  perform  the  GIMMAP
mapping   functions   it   is   advisable   to   have   a   device   associated
with  the  terminal  which  provides  the  ability  to  copy  the  entire
contents  of  the  screen  of  the  terminal  at  the  touch  of  a  button.
This  monochrome   device   is   called   a   hardcopy  device,   providing  a''hard"   or  physical   (versus   the   ''soft"   electronic   image)   copy   of
the  image  on  the  screen.

The  hardcopy  device  is  used  to  document  the  normal   functions
of  graphical  editing  and  to  provide  support  documentation  for  the
unusual   editing   situation  which   can   be   resolved   only  by   others.
The  hardcopy   device   also  provides  copies  of   information  taken  on
the   spot   when   software   or  system  conditions   or  errors   cause  any
unusual   termination   of   the   program.      Without   such   information,
program  errors  may  be  more  difficult  to  resolve.

_Co__lor  Terminals

Color  display  terminals  are  used  in  several  programs  in  the
GIMMAP   system.      The  basic   function  of   the   color   terminal   is   to
accept  a  string  of  points  in   (x,y)   coordinates  as  the  boundary  of
a  zone,   and  to  display  that  area  with  the  color  specified  by  the
program  (via  the  operator).     For  color  terminals  to  do  this,   they
must  have  a  technology  quite  dissimilar  to  the  technology  of  the
vector  display  terminals.

Color  terminals  base  their  operations   on   the  principles   of
the   color   television.      Electrons   are   emitted   from   guns   in   the
tube  and  under  control  of  Powerful  magnetic  f ields  are  guided  to
selected  dots  on  the  terminal   screen  in  a  continuous,   rapid  zig-
zag   pattern   covering   the   screen.       The   electrons    strike   only
desired   spots   to  produce   colors  based   on   the   RGB   (red  green   and
blue  additive  mixture)   sys.ten.

The  color  terminals  operate  in  raster  graphics  mode  in  which
the   image   is  viewed   (always)   in  the  whole  as  a   kind  of  matrix  or



grid  covering  the  screen,   in  which  each  element  or  node  is  always
assigned   a   value  which   determines   the   color  to  be  displayed  at
that   element.      The   image   elements   are  called   "picture  elements"
or  pixels,   and  can  each  be  addressed  by  row  and  column,   and  their
colors   can  be  changed  by  program.     Raster  processing,   unlike  the
vector-storage  technology,   allows   for  each  of  the  elements  to  be
updated  or  erased  independent  from  others.

The   color   terminal   supports   this   advantage   by   providing   a
bank   of   memory   which   parallels   the   color   image   on   the   screen.
The  video  memory  provides  enough  storage  to  allow  the  hardware  of
the   terminal   to   continuouslv  update  the   entire   screen   (updating
every  pixel   60  times  each  second)   from  the  contents  of  the  video
memory,    which   may   be   structured   in   various   ways.       The   options
allow     for    varied    numbers     of    display    colors    and    different
techniques   of  determining  them.      The  set  of  colors  available  to
the   terminal   is   called  the  palette,   but  only  a   subset  of  these
(many)   colors  can  usually  be  displayed  at  a  single  time.

The  resolution  of  the  color  screen  has  been  notoriously  low
in  comparison  to  the  vector  terminals,   but  this  has  been  changing
in  recent  years.     A  pixel  resolution  of  640  by  480  or  better  will
minimize  resolution  problems  like  the  "jaggies"   (the  staircase  or
other  rough  line  appearence  of  some  lines)   on  the  color  terminal.
High  pixel  resolution  in  conjunction  with  very  large  palettes  and
large   simultaneous   color  selections  help  to  make  color  terminals
an  acceptable  alternative  or  even  a  replacement  to  vector  storage
terminals.      Consider  that  color  operations  may  require  much  less
resc`lution  ar`d  color  becomes  the  first  choice.

Some  limitations  on  color  terminals  may  prohibit  or  diminish
their  usefulness  in  the  setting  of  the  GIMMAP  system.     The  limits
on  functionality  are  generally  the  result  of  the  limits  placed  on
the   amount   of   local   memory   the   color   terminal   has   or   on   the
architecture   used   for  the   color  memory.      Such   limits  may  affect
color  options   and  reduce  the  number  of  usuable  colors  to  levels
which  are  unacceptable.      The  memory   limitation  may  restrict  the
ability  to  segment   (keep  entire  images  in  local  memory  for  local
manipulation...zoom  etc.).     Insufficiency  of  the  local  memory  may
even  reduce  the  number  of  vertices  allowed  to  represent  a  single
polygon  to   an  unacceptable  level   in  which  some  maps  with  complex
area  borders  could  not  be  displayed  at  all.

Color  HardcoDv  Device

For  much  the   same  reasons  as  the  monochrome,   vector  display
terminal,   operation   of   the   color  terminal   can  be  suplimented  by
addition  of  a  hardcopy  unit.     For  a  color  terminal,   the  hardcopy
unit  may  produce  full  color,   a  subset  palette  of  colors  with  all
displayed  colors  napped  into  it,   or  it  may  produce  only  levels  of
gray.     Full  color  is  usually  more  expensive,   but  is  the  option  of
choice.      Hardcopies  may  assist  all  editing  operations  as  well  as
verification  of  color  selections.     Hardcopies  may  also  be  used  to
record  any  unusual  structures   (potential  errors)   found  in  the  map



database   and   in   details   surrounding   the   occurence   of   errors   of
different   kinds.      The   hardcopy  may   also  serve   as   a   preliminary
output  device   and  may  provide  map  products  of  suf icient  quality
to  be  included  as  final  copy  in  single  or  limited  copy,   in-house
reports.      Color  hardcopy  devices   are   expensive   (relative  to  the
monochrome,   vector   devices),   but   offer   a   dimension   to   automated
cartography  which  may  prove  vital  to  some  applications.

Vector  Plotters

The  principal   output  device  of  the  vector-based  cartography
system  has   traditionally  been  the  vector  plotter.     Prior  to  the
recent  advent   of  the  high-resolution   (400   dots  per  inch)   color,
raster  plotters,   the  vector  plotter  provided  the  primary  source
of  conversion  from  digital  data  to  map  products.     Vector  plotters
all  perform  the  task  of  accepting  a  stream  of  locations  in   (x,y)
coordinates  with  a  command  value  which  says   "pen  up",   "pen  down"
or  some  special  function.     For  the  two  basic  commands,   the  vector
plotter  responds  by  moving  the  pen  to  the  location  specif ied  with
the  pen  up   (not  drawing)   or  down   (drawing) .

Vector  plotters   come   in  many  different   forms,   depending   in
Part  on  the  quality  and  cost  of  the  plotter.    Most  use  pens  which
move  up  and  down,   writing  much  as  we  would  with  a  similar  if  not
identical   instrument.       Some   move   the   pen   to   each   new   location,
others   move   the  paper   to   the   pen  which   is   then  moved   only  along
one   axis   of   the   plotter.       Some   use   ball   point   pens,    some   use
liquid   ink   pens   for   a   more   professional   look,    others   use   both.
Some  plotters   allow  the  direct  cutting  of  scribe  material   (color
separations   are   made   with   scribe   material,   providing   access   to
the   four-color,   traditional   printing   process   for   the   automated
cartography   system).        Still    others   use   optical   techniques   to
directly   expose   f ile   negatives   under   control   of   the   computer,
also  providing  direct  access  to  the  printing  process.

The  vector  plotter  in  GIMMAP  is  used  for  a  wide  range  of  map
production   functions.      The  primary,   edit-completion  plotting  to
display   the   complete   map   in  multiple   color   at   digitizing   scale
for  comparison  to  the   original   input  document   is  performed  with
the  vector  plotter  and  the  PLTGEN  program  in  the  basic  sequence.
Finished  plots   of   a   single  map  area   or  of  multiple   areas  which
have   been   quilted   together   by   the   MAPGEN   reprojection   facility
may  be  plotted  on  the  vector  plotter.     Done  on  paper  for  a  report
in-house   or   on   a   limited  basis,   such  maps  may   act   as   the   final
form  for  the  map  products  for  a  project.     Other  maps  may  be  done
on  mylar  to  act  as  the  f inal  report  or  as  a  controlled  document
for  addition  and  digitization  of  other  map  data.     Such  maps  must
be  made  on  the  vector  plotter.

The   top   end  of  map  products   are   those  which   are   plotted  on
the  vector  plotter  as   scribes  or  as  blacklines   (for  creation  of''Contact"   negatives)   to  be  used  in  creation  of  materials  for  the
process  of   four-color  lithography   (printing)   for  the  traditional
Publication  process.     Linework  is  scribed   (cut  through  the  opaque



layer  of  a  two-layer  mylar  material  called  scribecoat,   creating  a
negative   image   of  the   lines)   using  a  diamond-  or  saphire-tipped
stylus,  with  variable  width  to  produce  the  appropriate  line  width
for  each  map  feature.

Areas    to   be   colored   are   similarly   scribed   with   complete
boundaries,   after   being   separated   accvording  to  desired  colors.
The  area  scribes  are  used  to  create  a  positive  image  of  the  areas
by   exposing   peelcoat  material   to   burn  boundary   lines  where  they
occurred  on  the  scribecoat.     The  opaque  layer  of  the  peelcoat  may
then  be  ''peeled"  away  to  expose  the  whole  area  to  be  colored,   and
may   be   screened   to   diminish   the   amount   of   color   to   be   allowed
through  by  controlled  amounts.

The   scribecoats   and  the  peelcoats,   with  desired   screening,
are  then  combined  to   create  the  metal  printing  plates  which  are
used   for  the  passes  through  the  printing  press.      If  colors  are
few,   each  pass  will   use  one  plate  and  a  single  pre-mixed  color.
Whether   or   not   many  colors   are   required,   all   map   colors  may  be
reduced  to   combinations   of   percentages   of   primary   colors   (cyan,
magenta,   yellow,   and   black).      Then,   with  all   the  percentages  of
each   of   the   primaries   combined  on  separate  plates,   at  most   four
passes   (one  for  each  primary)   must  be  made.

The   completed   map   is   of   the   highest   quality,    rivaling   any
map   made   by   traditional   manual   methods,   but   with   all   the   added
advantages   of   digital   mapping   (see   above,   Advantages   of   Mapping
By   Computer,    topic   I.1.1.5).       This   map   will   greatly   exceed   the
quality  and  aesthetics  of  any  map  made  by  today's  color  plotters,
though  costs  may  be  comparable.     This  difference  is  not  likely  to
Change   in   the   near   future,   but   other   factors    (see   below)    have
made  the  addition  of  the  color  plotter  highly  desirable.

Color  Plotter

The   color   plotter   is   a   recent   addition   to   the   automated
cartography   shop.       It   brings   the   ability   to   produce   full-size
plots  of  maps  in  color,   as  they  are  displayed  on  the  color  screen
of   the   raster  graphics   display   terminal,   and  as   they  have  been
printed  in  the  past  only  by  the  traditional  printing  process  from
color-separation  materials  produced  by  the  vector  plotters  above.

Now,   we  control  the  finished  map  in  its  colors  and  its  forms
from  the   original   capture   of  the  map  data   from  source  documents
to   the   mixture   of  primary  colors   for  all   elements   of  the   final
color  map.     With  this   control  we  can  define  every  aspect  of  the
map  product,   and  we  have  the  responsibility  to  define  all  aspects
of  the  map  and  to  redef ine  them  until   we  have   the  best  possible
product .

The  color  plotter  operates  in  the  world  of  raster  graphics,
but   arrives   knowing   that   it  will   (most   likely)   be  placed   in   an
environment   full   of  vector  graphics  users.     The  color  plotter  is
ready.     It  converts  vector-based  files  to  its  own  inner  form  and



•,

produces  perfect  color,   raster  plots.    In  fact,   it  is  designed  as
much  for  the  vector  form  as   for  its  raster  form.      Even  raster-
based  operations  result  in  counts  of  vector-like  objects.

The  color  plotter  may  also  come  in  many  forms,   but  the  most
common   is  one   in  which  paper  is  moved  across   special  heads  which
use   electrostatic   processes   to   place   electric   charges   on   small
areas   (dots)   of  the  paper  to  attract  ink  to  the  selected  areas.
The  small  size  of  these  areas   (current  technology  is  400  dots  per
inch)   defines   the   resolutuion   of  the  plotter,   and  now  makes  the
image   so  well  detailed  that  color  plotter  output   is  now  becoming
acceptable  as  final  form  output  for  maps.

Color  plotters   are  expensive  and  their  technology  is  still
lacking  in  comparison  to  that  of  their  vector  counterparts.    But,
the  function  performed  in  automated  cartography  by  color  plotters
can  not  really  be  performed  by  vector  plotters.     To  some  extent,
the   reverse   is   also   true,   but   the   large  majority  of  use   in  an
automated   cartography   system   (edit   plots   and   quality   plots   in
small  quantity  for  local  or  less  formal  can  be  performed.
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I. 5               DIGITAI.   REPRESENTATION   OF   GIllMAP   DATA

The    foundation    for    any    complex    computer    system    involving
large   data   sets   is   the   fundamental   structure   of   the   data.      The
structure   of   map   data   in   GIMMAP   is   comprised   of   the   content   and
interrelationship  of  records  in  several  types  of  files,   each  file
representing   different    spatial    entities    inherent    in    mar   riata.
These    entities     and    relationships    are    embodied     in     the    data
structures   which   clef ine   the   content   and   order   of   the   recc>i-ds   of
files  in  the  cartographic  database.

In   the   GIMMAP   system,    each   map   area    is    represented   by   a
cartographic  database  comprised  of  at  least  four  and  as  many  and
nine   separate,   unformatted   files,   each  a  direct  or  random  access
f ile   (may  access  by  record  directly  without  f irst  accessing  many
other   records   such   as   on   a   tape).       These   files   represent   the
physical    embodiment    of    parts    of    the    GIMMAP   view    of    map    data
described  above.

The   four   basic   files    for   a   database   are   the   Arc,    Point,
Qplot   and   Node.        If   zones    are   to   be   generated   and   used,    then
three   additional    files,    the   Zone,    Border   and   Label    files,    are
generated.      Whenever   symbology   is   added   to   a   map,    the   syThocl   and
calligraphy   files   are   created.      In   general,   these   files   contain,
the   following:

Arc-

point-

Qplot-

Node   -

Zone   -

Information    about     line     segments     or    arcs,
which    connect    nodes     and     isolated    point
features   such   as   well   locations   or   section
corners .

Contains    the    sequences    of    interior    points
which  define  the  paths  of  linear  features.

Parallels   the   Point   f ile   but   in   a   special
f orm     for    quick    display     on     the    graphics
terminal ,

Contains       the       topological       relationships
between    arcs   and   arc  'intersections    (nodes)
providing   an   identification  method   for  arcs,
automatic  generation  of  zone  boundaries,

Contains   information  about  zones,   areas  to  be
delineated  based  on  their  primary  attribute
values.       Includes   statistics   and   access   to
boundary  information  in  the  Border  file.



Border- Contains   information   on   all   arcs   which   have
been      used      to      create      zones,       including
adjoining  information  and  access  to  the  point
file  records  needed  to  draw  the  arc.

Symbol-       Contains       all       defining       information       for
symbols,    the   unit   of   symbology   which   may   be
a  letter,   a  symbol  or  a  title.

Calligraphy    -    Contains    the    points    clef ining    the    pen
strokes   for  the  symbols.

Ldrl -
Complete    descriptions    of    each    of    these    f iles    are    given

below.       Each   description   includes   a   type   designator,    a   letter
used   in  each   file  name  to   indicate  the   file  type,   the   length  of
the   file   in  bytes,   and  the   contents   of   all   data   records   in  the
file.        ??**       All    these    files   and   values   may   be    examined   via
RAFPRN   (references   made   in   the   files   records  .to   (other)   records
in   (the   same   or)   other   files   in  the  database.**     In   some   files,
certain   records   are   set   aside   for   special   purposes,    and   their
contents  are  included.

All   files   in  a  GINI4AP  database   are   controlled  by  the  Random
Access    File    Management     (RAFMAN)     system         (described    in    detail
later).      This   means   that  the   first   record   in   a   file   is   reserved
as    the    accounting    record    for   RAFMAN    and   that    all    unused    (non-
data)     recctrds    are    linked   through   special   marker   values    in   the
records .

The   items   listed   as   contents   of   each   file   will   be   labelled
as  to  their  programming  type.

12    =    2-buffer  integer
14     =    4  byte  integer
R     =     real   (4   byte)

An    =     n-character  Alpha-Numeric



ARC   FIIIE

Type  Designator:
Record  Length:
References  to  Database  Files:

A
42   Bytes
Point'   Qplot

There    are    two    types    of    records    in    the   Arc    files.       One
represents   a   true   line   segment   arc    (usually)    with   two   distinct
end  points   and   zero   or  more   interior  points.      The   second  type  of
arc   record   represents   an   isolated   point   arc   which   is   a   single
point   feature  on  the  map.     The  two   features  may  be   distinguished
by  restrictions  placed  on  the  feature  codes.

For    the    line    segment   type   of    arc    (feature    code   2000    or
greater)   each  record  contains:

Name

FCODE
XF` ' YF
XIJ , Y L
PFPR
ALEN
XMIN , YMIN
XMAX , YMAX

Meaning

Feature  code  of  the  arc
Coordinates  of  first  point   (node)
Coordinates  of  last  point   (node)
Pointer  to  f irst  point  record
Length  of  arc  in  digitizer  units
Minimum  X   and   Y   coordinates
Maximum   X   and   Y   coordinates

The   feature  code  of  the  arc  must  be  1000  or  greater,   or  the
record  may  be   ignored  by  GIMMAP  programs.     Since  the   feature  code
is   only   2   bytes,   the  maximum   feature   code   is   32,767.      The   first
and  last   (end)   points  of  the  arc  represent  where  digitizing  began
and   ended.      These  points   are  not  necessarily  the  maximum/minimum
x  or  y  coordinate  points,   but.they  may  be.     These  may  be  the  only
points   for   the   arc.      These   two  points   are  the   endpoints   of   the
arc   and   are   identical   if   the   arc   represents   a   closed   loop.      As
endpoints,   they  also  represent  nodes,   and  thus  are  the  locations
at  Which  identifying  numbers  are  posted  to  select  the  arc.     These
Point  locations  are  aQ±  repeated  in  the  Point  file.

The  pointer  into  the  point  f ile  is  the  path  to  the  string  of
Points   representing   the   path  of  the   arc   as   it  was   digitized  or
entered.     This    string  of  points  will  be  contained  in  one  or  more
records  in  the  Point  file  in  the  order  the  points  were  digitized.
When   more   than   one   such   record   is   required,    the   multiple   Point
records   are   linked   by   a   string   of   values   in   the   records,   each
Pointing   to    (by    record   number)    the   next   record    in   the   linked
list.
It    is    also   possible    for   a    legitimate    (straight-line)    arc   to



contain  no  interior  points.     In  such  a  case,   PFPR,   the  pointer  to
the  Point  file  is  set  to  zero.     For  unused  records  in  the
freelist,   the  pointer  is   se.t  to  -1.     For  all  used  records,   the
pointer   must    be    positive.        Additional    information    about    the
structure  of  the  Point  f ile  is  given  below.

The   arc   length   is   provided   in  digitizer  units   from  initial
entry  into  the  system.     This  value  may  be  converted  via  the  scale
factor   to    more    useful    units.        It    is    used   to   calculate   the
perimeter  of  any   zones   for  which  it  acts  as  part  of  the  boundary.
The    arc    length    may    be    altered    by    GIMMAP    when    its    points    are
changed  in  editing.

The   minimum   and   maximum   X   and   Y   coordinates    (extremes)    of
the   arc   are   also   generated   o   input   and   are   thus   in   digitizer
coordinates*.       These   may   change   if   points   on   the   arc   are   moved
outside  the  original  extremes  during  editing.     The  box  defined  by
these    extremes    is    used    for    the    clipping    process    to    quickly
determine  what  arcs  must  be  displayed  or  plotted  and  which  may  be
ignored   for   a   windowed   subset   of   data.      The   extremes   are   also
used   to   calculate   extremes   for   zones   and   may   be   used   in   other
operations .

The  isolated  point  form  of  arc  record  contains:

I_ape Name

FCODE
X,Y
NUMZ

Meanina

Feature  code
Location  of  the  point
Number  of  used   Z-values

Z1 ,..., Z7                 Up   to   7   Z-values

The   feature  code   is  the  same  as   for  line  segment  type  arcs,
but   restricted  in  value  to  1000-1999.     The  location  of  the  point
is    the   same    as    XF,YF   and    XL,    YL   but   condensed    since   the   two
points  are  identical.     There  are  no  interior  and  so  no  pointer  to
the  Point   file.     There  is  no  length  and  the  extremes  are  all  the
same   as   X,    Y.

Thus   the   rest   of   the   record   is   used   to   store   information
which   isolated   points   may   have,   but  which   line   arcs   don't  have.
Many   isolated  points  have  one  or  more  values  associated  with  the
X,   Y   location.      These  values   are   often  numerical   and  are   called
Z-Values   (representing  a  third  dimension).     As  many  as  7   Z-values
may   be   stored   in   the   arc   record   for   an   isolated   point.     The   Z-
values   may   be   positive   or   negative,    but   their   number   must   be
indicated   in  NUMZ.      If  no   Z-values   are   stored,   NUMZ  must  be   zero.



POINT   FII'E

Type   Designator:
Record  Length:
References  to  Database  Files:

P
68   Bytes
None

The   Point   f ile   contains   two   records   called   the   f irst   and
second  information  records  which  contain  numerous   facts  about  the
niap   and  the  database.   These  are  described  below.

There   is   only   one   type   of   data   record   in   the   Point   file.
This  record  consists  of  the  following:

Name

NEXT
X1,YI
X2 , Y2

X8 , Y8

MeanincT

Pointer  to  the  next  Point  Record
First  point
Second  point

Eighth  point

The    NEXT    pointer    is    the    link    in    the    list    of    possibly
multiple   Point   i-ecords   for  an   arc.     The  value   of  NEXT   is   zero   for
the   last  record   in  the  linked  list  for  an  arc.     Such  a  record  may
also   be   the   f irst   when  the   arc   requires   eight   or   fewer   interior
points.     The  value   of  NEXT   is  negative  only   for  unused  records   in
the  freelist.

When  there  are  two  or  more  records  in  the  linked  list  for  an
arc,   the   first   record   points   to   the   second   via   NEXT.      That   is,
the  value  of  NEXT  is  the  f irst  record  is  the  record  number  of  the
second  Point  file  record  _for  the  arc.     This  second  record  for  the
arc  may  be  anywhere  in  the  Point  file.     It  may  even  be  before  the
first   record   of   that   arc,    if   certain   editing   operations   have
occurred.

As   an   example,    let   an   arc   have   20   interior  points   labeled
X1,Y1,    X2,Y2     .     .     .    X20,Y20    as    they   were   digitized.        Then    one
possible   arrangement   is  as   follows.     The  PFPR  pointer   in  the  arc
record  points  to  record  17  in  the  Point  file.

Then,   the  arc  record  may  contain. . .

FCODE,    XF,    YF,    XL,    YL,    17,    length ,...

And  in  the  Point  file  we  have.



Point  Record

17
18
19

NEXT

18
19

0

Record  Content

X1, Y1.  .  . X8 , Y8
X9 , Y9 .  .  . X16 , Y16
X17 , Y17 .  .  . X20 , Y20 .

If   some   editing   has   been   done   prior   to   the   entry   of   this
arc,   the  point  records  may  not  be  in  the  same  order  as  the  points
were   digitized.      They   may   in   fact   be   out   of   order   by   Point   file
record  numbers  with  respect  to  the  order  in  which  they  are  to  be
used    (as    implied   by   order   of   digitization   and   entry).       But   no
matter   what   their   order   by   Point    file   record   numbers,    their
correct  order  of  use  is  preserved  by  the  NEXT  pointers.

Point  Record                    NEXT Record  Content

X9 , Y9 .  .  . X16 , Y16
X1, Y1.  .  . X8 , Y8
X17 , Y17 .  .  . X20 , Y20

The  points  in  the  last  record  for  an  arc  may  number  exactly
eight   and   thus   perfectly   fill   the   record.      More   likely,   there
will   be   less  than   eight.      In  this   case,   part  of  the  record  will
be   unused.      To   indicate   this   fact,   all   unused   positions  will   be
i-illed    with    negative    values    since    all    digitized    points    are
required   to   be   positive.       Thus,    the   last   record   in   the   second
example   would   contain:

Point  Record       NEXT          Content

43                            0               X17,Y17 ,..., X20,Y20,-1.,-I .,...,- 1.-1.

So,    when   the   last   record   is   encountered    (NEXT=O)    a   simple
test    for   negative   coordinates   will   find   the   end   of   the   good
interior  points  for  the  arc.

First  Information  Record

The    f irst    information    record    is    physically    the    record
following    the    accounting    record    (which    is    usually    #1).       This
record  contains  two  values.     The  first  is  a  two-byte  "flag"  with
a   Value    of    -1.        This   guarantees   that   the   record   will   never
accidentally  be  used  a  part  of  the   linked  list   for  an  arc.     The
second   value   is   the   record    (in   A64)    is   the   Map   Header   for   the
database.      This   header  may  contain  anything  but  usually  contains
the   base   name   for   the   cartographic   database,   the   projection  and
scale  for  the  database,   and  the  date  and  initials  of  the  operator
who    last    entered    data    into    the    database.         This    header    is
displayed  by  editing  programs.



Type                  Name

12                       FIAG
A64                       HEADER

Meaning

Negative  value   (-1)
Alpha-numeric    general     information

about  maps  and  construction.

Second  Information  Record

The   second   informatit]ii   record   contains   information   required
by   the   system   to  properly  maintain  the  coordinate  system  clef ined
for    the    database,     to    perform    appropriate    transformations,   of
unprojected   data;,    and   to   guide   proper  display   of   the   map   as   a
whole.     The  contents  are:

Name

FLAG

NPRO
SCALE
XMIN , YMIN
XRAX , YMAX
ROW , COL
CPTS ( 8 )

Meaninc]

Negative     Value      (-1)      to     exclude
from  list.
Number  to  indicate  projection  type
Scale  Factor
Minimum  X  and   Y   coordinates
Maximum   X   and   Y
Row   and   Column   Numbers
Control   Points

The   FIAG   value  guarantees   that  this   record  will   not  be  used
in   a   linked   list   for   an   arc.      The   Row   and   Column   method   applies
(see  below) .      Basic  projection  choices   indicated  by  NPRO  are:

None
Modified  Polyconic
Lambert  Conformal  Conic

Non-projected  maps   (NPRO=0)   are  not  maps  using  the  latitude-
longitude   reference   system.      They   are   maps   for  which  projection
information   is   unknown   or   for   which;   projection   is   ignored   and
the   features  are  treated  as  a  fundamentally  correct  drawing  with
no  connection  to  a  known  mathematical  model.

The  scale   factor  is  the  factor  by  which  coordinates  must  be
multiplied  to  be  equivalent  to  the  original   surface   (usually  the
Earth)   which  they  represent  on  the  map  or  coded   in  the  database.
Thus       it    is   the    factor   by   which   lengths   and   heights   must   be
divided   to   construct  the  original   map.      The   scale   of   the  map   is
represented  as   I:scale   factor,   such  as   1:50,000   ("one  to   50,000")
meaning   that   an   inch   on   the  map   represents   50,000   inches   on   the
surface  of  the  Earth.



The   extremes    (XMIN,YMIN,XMAX,YMAX)    represent   bounds   for   the
map   or   the  database  within  which  all   points   lie.      For  projected
map   data   these   bounds   are   fixed   by   the   projection,    scale   and
choice   of   area.       for   nan-projected   map   data,    these   values   are
determined   by   what    enters   the   system   and   may   be   changed.       In
projected   map   data,    any   point   lying   outside   the   bounds   of   the
projection  area  will   be  moved   to   the   edge   of   that   area   and  thus
within  these  fixed  extremes.

The   row  and   coliiinn  numbers   represent  an  alternate  method   for
specifying    the     I.,=.`ti.I.-.ude    and    longitude    extremes    for    a   map   area
(see   below)  .      The   i.oT..7   and   column   numbers   specify   a   unique   map   in
a    fixed    grid    of    maps,     thus    removing    the    need    for    further
specifications.       For   example   (used   at   the  KGS),   the   grid  may  be
the   grid   of   7.5'    (USGS)   quadrangle  maps   at   1:24,000   which   covers
the  state  of  Kansas.

An   arbitrarily   imposed   numbering   system  f ixes  a  unique  row
and   column   number   for   each  map,   and  provides .direct  translation
f ron  the  row  and   column  numbers   for  each  map  to  the  latitude  and
longitude  limits  of  the  bounding  rectangle  for  each  map.     The  row
and   column   numbering   system   numbers    rows    from   1    (south)    to   26
(north)    and  columns   from   1   (west)   to   62   (east)   covering  all  maps
which   contain   any   part   of   the   state.       Using   this   particular
scheme,   the  bounding  rectangle  map  be  calculated  in  degrees  by:

36.875   +    (ROW-I)     *    0.125
SOUTH   +    0.125
(-102.125)    +    (COL-i)     *    0.125
WEST   +    0.125

The    row    and    column    values    are    used    only    f or   maps    which
belong   to   the   special   grid   system.      Only   maps   with   a   positive
projection   type    (1,    2,    3 ,... )    will   be   defined   this   way.      Maps
with   projection   type   of   zero   or   negative  will   not   use   row   and
column,   and  for  these  maps  the  row  and  column  should  be  zero.

Following   the   row   and  column,   are  eight  values   (CPTS)   which
are   used   differently   for   projected   and   non-projected  maps.     For
non-projected     maps,     these     eight     values     are     the     digitizer
coordinates   of   the   four   corners    (SW,SE,NE,NW)    or   control   points
of   the   map.      These   points   are   used   in   comparison   to   subsequent
additions  of  data  to  effect  appropriate  translation,   scaling  and
rotation   so   as   to   match   the   two   sets.       For   this   case,    these
points   are   not   extremes   of   the   map,    and   the   XMIN,YMIN,XMAX.YMAX
must  be  used  to  store  that  information.

When   there   is   no   map   projection    (NPRO=0),    CPTS   defines   the
bounding  rectangle:



Minimum                   latitude
Maximum   latitude   (NORTH)
Minimum  longitude   (WEST)
Maximum   longitude   (EAST)

(SOUTH)

If  the  projection  type  requires  additional   information,   then
the   remaining   four  values  may  be  used.      For  example,   the   Lambert
Conformal   Conic   projection   requires   two   parallels      (intersection
circles  of  the  cone  with  the  earth) :

CPTS    (5)
CPTS    (6)

South  Standard  Parallel   in  degrees
North  Standard  Parallel   in  degrees



OPLOT   File

Type  Designator:
Record  Length:
References  to  Database  Files:

Q
36   Bytes
Self

The  Qplot   file  is  a  special   file  built  for  a  single  purpose.
This   purpose   is   to   provide   the   fastest   possible   display   ("quick
plot")    of   the   full   view    (only)    of   all   map   data    for   the   given
database.        This   view    is   defined   as   the   largest    image   of   the
complete   given   area  which  may  be  displayed   on  the   device.      This
single  view   is  the  most  useful,   but  also  the  most  time-consuming
view  of  the  map,   and  hence  this  special   file  has  been  created  to
minimize   the   display   time   by   storing   a   converted,   ready-to-draw
image,    requiring   only   the   reading   of   the   file   and   the   direct
writing  of  the  display-ready  dates.

All    other    displays    are    generated    in    real-time    and    are
governed   by   feature   and   areal   selections   which   tend   to   reduce
their   conversion   time.      However,   some  overhead   is  encountered   in
the    clipping    of    this    data    to    fit    the    selected    window    and
conversion   to   display   form.      Unfortunately,    the   infinite   number
of   such   views   preclude   the   possibility   of   pre-conversion   as   has
been   done  with   the  Qplot   file.

The   Qplot   f ile   parallels   the   Point   f ile   in   structure   with
each   record   containing   a   NEXT   pointer   followed   by  up   to   8   points
defining   the   path   of   the   arc.      As   with   the   Point   file,   the  NEXT
pointers   link  together  the  records  fora  single  arc,   and  the  last
record   contains   NEXT=0.      In   fact,   the  Qplot   records   are  made   as
duplicates   of   the   one   Point   file,   but  with  the  points  converted
to  display   terminal   coordinates.      All   unused  points   in  the  last
record  for  an  arc  are  set  to  -1,-1.

Records  in  the  Qplot  file  are  directly  from  the   (PFPR)   Point
file   pointers   in   the  Arc   file.      It   is  not   necessary  to  use  the
point   file  pointers  to  access  the  Qplot  file.     The  Qplot  records
corresponding   to   the   information   records   (2   and   3)   in  the  Point
file    are    not    used.        The    freelist    structure    is    intact   and
parallels  the  freelist  in  the  Point  file.



NODE   File

Type  Designation:
Record  Length:
References  to  Database  Files:

N
28   Bytes
Arc,   Node

Records  in  the  Node  f ile  represent  the  arc  endpoints  and  arc
intersection     points,      known     as      nodes.           These     points     are
significant   for   arc   identification,    zone   lJoundary  generation   and
potential   applications   like   path-fincling   in   networks.      Each  node
may   be    represented   by    one    or   more   records    in   the   Node    file,
depending   on   the   number   of   arc   incident    (intersecting)    at   the
node.         This     number     is     the    degree.          Each    record    contains
information   for   up   to   four   intersections.      Thus   a   node   with   14
arcs  intersecting  would  require  4  records.     The  last  record  would
be  only  half-used.     In  general  the  node  record  contains:

Name

NEXT
DEG
X,Y
N| ' A|

N4 ' A4

MeanincT

Pointer  to  next  node  f ile  record
Degree  of  the  node
Location  of  the  node
Node    (N1)    connected   by   arc   A1

Node    (N4)    connected   by   arc   A4

The   NEXT   pointers   are   used   the   same   as   in   the   Point   file.
If  the  record   is   the   last   for  a  node  then  NEXT=0.      If  there  are
more   records   for   the   node,   then   NEXT=   the   record   number   of   the
next  Node  record  for  the  node.     As  with  the  Point  records,   these
numbers   are   not   necessarily.  in   increasing   order.       Unlike   the
point   records,   the  order  of  records   for  a  node  does   not  matter,
only  the   list  of  connected  nodes  and  arcs   is  of   importance.     All
used  node  records  must  have  anon-negative  NEXT  value  or  they  will
be   ignored   by  GIMMAP.

The  degree  of  the  node  is  the  number  of  arcs  intersecting  at
the   node.       This   number   includes   all   isolated   point   arcs   which
Coincide   With   the   node    location.       There   is   no   limit   on   this
number    (practically    speaking).        The   degree    is    stored    as    the
second   value   of   the   Node   record.       However,    when   a   node   degree
exceeds   four,   more  than  one  record   is  required   for  the  node.      In
these    cases,    the   degree    is   not   stored    in   records   beyond   the
first,   called  the  anchor  record.

All  subsequent  records  replace  the  degree  value  by  a  pointer
to   (the  record  n;umber  of)   the  anchor  record,   but  with  a  negative
Value.     Thus,   if  the  first   (anchor)   record  is  143,   then  all  other



records   in  the   linked  list  will  have  a  value  of  -143   instead  of
the  degree.     This  pointer  could  help  to  reconstruct  the  Node  file
in   the   unlikely    event   of   a   catastrophic   error,    and      can   be
helpful  during  examination  by  RAFPRN  following  smaller  errors.

The   location    (X,¥)    of   the   node   is   the   averacred   position   of
all  arc  endpoints  which  fall  within  a  threshold  distance  selected
by   the   operator   in   the   execution   of   the   NODGEN   program  when   the
Node   file   is   built.      This   location   is   also  made   to   be   identical
to    all    these    locations    by    NODGEN.        It   may   be    altered   during
editing,   but   is   maintained   consistent   for   all   arcs   through   the
topological   information  kept  in  the  remainder  of  the  record.

The  remainder  of  the  Node  record  contains  the  node-arc  pairs
for  up  to  4   connecting  arcs.     These  pairs  define  the  topology  of
the   arc   endpoint   or   node   network.       Each   pair   consists   of   the
record   number   of   a   node   in   the   Node   file  which   is   connected   to''this    node"     (i.e.    the   node   which    is    represented    by   the   Node
record  containing  the  node-arc  pairs)   by  one  or  more  arcs.

Associated   with   each   node    (for   the   node-arc   pairs)    is   the
record   number   of   the   arc   by   which   the   two   nodes   are   connected.
Furthermore,    each   Arc   record   number    in   the   node-arc   pairs   is
signed  positive  or  negative  to  indicate  the  direction  of  the  arc.
If  the   arc  was   digitized   from  this   node   to   the   other   node,   then
the   arc   is   positive.       If   the   arc   was   digitized   from   the   other
node   _to   this   node,    then   the   arc   number   in   the   node-arc   pair   is
negative .

For   example,    consider   node   50   which   is   connected   to   three
other   nodes   as   follows.       Arc   45   begins   at   node   26   and   ends   at
node   50.      Arc   23   begins  at  node   98   and  ends  at  node   50.      Finally,
arc  46  begins  at  node  50  and  ends  at  node  42.     The  degree  of  node
50  is  then  3.     The  node-arc  pairs  for  node  50  are  as   follows:

Node

26
42
98

Arc

-45
46

-23

Arc   45   and   23   are  given  as   negative,   because   they  begin  at
other    nodes    and    end    at    node    50.       Arc   46   begins    at   node   50.
Remember  that  all   arcs  appear  twice  in  the  node-arc  pairs  of  the
Node  file.     Each  appears  once  as  a  positive  for    the  ''start"  node
of   the   arc   and   once   as   a   negative   in   the   Node   records   for   the
''end"    node    (in   the   Node   records   too).       Thus,    for   example,    the
node-arc  pairs   for  node  98  above  will  contain  the  entry:

Node

50



The     node-arc    pairs    provide     identification     of    arcs    by
operators  entering  the  node  numbers  of  the  endpoints.     This
topological  information  also  provides  for  automatic  generation  ctf
zone  boundaries   (described  later).     All  unused  node-arc  pairs   (in
the  last  record)   are  set  to  zero.



ZONE   FILE

Type  Designator:
Record  Length:
References  to  Database  Files:

Z
48  bytes
Zone,   Border,   Label

The   Zone   f ile   contains   a   record   for   each   separate   area   of
color   on   the   map.       These   areas   are   called   zones   in   G"MAP   and
correspond   to   the   "Polygons"   referred  to  elsewhere.     These  areas
are  the  units  which  must  be  recognized  as   individuals   for  proper
color  separation   for  printing  of  color  maps  or  creation  of  color
or  hash  pattern  area  files  for  in-house  map  plotting.

The   information   in   the   Zone   file   includes   a   link   to   the
Border    f ile    which    contains    information    about    the    chains    of"border   areas''   which   define   the   boundaries   of   the   zones.      The
Zone   file   also   contains   ''zone   color''-   a   number   identifying   the
(printed)      color     or     major     attribute     value      (e.g.      geologic
formation,   average   rainfall...)   which   is   to   be  displayed  on  the
map.              Zone       records       contain       information      about       ''island
relationships"   which   define   when   one   zone   lies   completely   inside
(is    an    island   of    another    (the    "surrounding")    zone.        Since   any
rlumber   of   levels   of   islands   may   occur   and   any   number   of   islands
may  exist  within  a   single  surrounding   zone,   three  sepal-ate  values
are  kEpt   in   zone   records.

Zone    records    also   contain   a    link   to    the    chain    of    label
records    associated   with    each    zone.        Labels    are    identical    to
symbols,   but   are   linked  together  and  to  the   zone   for  which  they
are  created.     Finally  the  perimeter   (created  from  the  lengths  of
the  area   file) ,   area   (in  square  digitizer  units  which  may  easily
be   converted)   and  the  extremes  of  the   zone.     The  extremes  define
a  rectangle  which  is  used  for-fast  display  when  windowing   (as  for
areas    before)     and    also    used    to   hasten    the    determination    of
islands   which   may   or   may   not   belong   to   a   selected   surrounding
Zone .

The  content  of  each  zone  file  record  is:

-Type Name

COLOR
XM ' YM
SIZE
PFBR
I S LW I
ISLOF
NEXTI
PFLR
PERI

Meaning

Zone  color  or  major  attribute
Location  of   zone  mark
Size  of  the   zone  mark
First  border  record
First  island  within
Surrounding  zone
Next  island
First  label  record
Perimeter  in  digitizer  units



R                     AREA
R             XMIN,    YMIN
R              XMAX,     YMAX

Area  in  square  digitizel.  units
Minimum  X  and  ¥  coordinates
Maximum  X  and  Y   coordinates

The   COLOR  value   in   each   zone   record   is   the   single   indicator
of   what   each   zone   represents.      For   example,   in  a   surface  geology
map  these  values  would  identify  the  different  types  of  formations
which    are    to    be    distinguished    by    different    colors    (or    other
technique)     on    the    I-inished    product.        The    values    in    COLOR   may
simply   reflect   the    i.ndices   to   a   table   of   values   for   this   major
attribute   or   they   may   actually   be   the   value   of   the   attribute.
The    former    is    represented   in   the   geology   map   described   above.
The   latter  case  may  be   illustrated  by  considering  a  map  in  which
annual  rainfall   in  inches  is  to  be  displayed  by  regions.     In  such
a  map,   the  values   in  COIjoR  may  be  the  actual   rainfall  values   for
each  area.

A   third   technique   for   the  values   in   COLOR   is   to   completely
clef ine    printing    colors    for    each    area   as    a    result    of   values
associated   as   described   above.   Then,    each   color  may  be   assigned
an   index   number   from   a   list   of   the   actual   percent   color  may   be
encoded  into  a  single  value.     Then,   either  the  color  index  or  the
color  code   is  used   for  the  value  of  COLOR  in  the   zone  record.

The   COLOR  values   should   be  positive   and   are   restricted  to   a
maximum    of    32767    since    only    2    bytes    are   used.        Values   greater
than     30000     may     be     given     special     signif icance    by    the     ZONEDT
program    and    are    usually    reserved     for    "background"     zones    and"complex"   or   "ghost"   islands.      A   record  with   a   negative   COLOR.

The   location   of   the   zone   mark   is   originally   generated   by
ZONGEN   as   the   center-of-mass   for   the   zone.      The   location   of   the
Zone  mark  may  be   changed   in   ZONEDT   since   the   object   is   to  have  a
single  mark  within  the  zone  boundary  identif ication  and  selection
of   the   zone.       for   some   zones,   the   center-of-mass   does   not   even
lie  inside  the  zone  boundary.

Each   zone  mark   is   assigned   a  default   size   for   ZONGEN.      This
size  is  chosen  so  as  to  make  the  mark  visible  in  plotting  as  well
as   in   graphic   display   in   ZONEDT.      The   size   may   be   diminished   in
ZONGEN   for   zones   whose   areas   are   so   small   that   the   default  mark
can  not   fit.      Zone  marks   are  also  changed   in   ZONEDT  to   cause  the
marks  to  lie  completely  inside  the  zone  boundaries  or  to  be  made
more  visible.

Three    pointer   values    (numbers    of   zone    records)    exist   to
Provide  complete   information  on   island  relationships.     The  first
ISLWI  points  to  another  zone  which  lies  within  the  zone  described
by  the   zone  record.   If  the   zone  has   islands  within   it  then  IsljwI
is  zero.     If  there  are  islands  within  this  zone  then  they  will  be
linked   into   a   list   by   their   NEXTI   values,   much   like   Point   and
Node   records   are   linked.       Then,    IsljwI   will   point   to   the   first
island   zone   in   the   list.       For   example,    if   island   zone   53   lies



within   zone   loo   and   is   the   only   island   in   zone   loo    (or   is   the
first   island   in   the   linked   list)   then  the   island  value   in  zone
100   will   be   53.

The   primary   importance   of   this   connection   is   that   whenever
the  boundary   of  a   zone   is  produced,   the  boundaries  of  all  of   its
islands   must   also   be   produced.       To   properly   color   a   zone,    one
must   cease   cc>1oring   at   the   boundaries   of  the   zone   as   well   as   at
the  boundarie.r,   of  all   the   islands.     The  islands  must   (usually)   be
of  a   diff€`.rent..   co.i.or   or   they  would   not  have  been   included.

The   seconLt   pointer  value   is   ISLOF  which   indicates  whether  or
not   the   zone   is   an   island   of   some   surrounding   zone.       In   fact,
ISLOF  indicates  whether  the  zone  is  an  island,   a  complex  or  ghost
island,   or   not   an   island.      These  three  states   are  determined  by
ZONGEN  which  set   ISLOF  to   zero   for  non-islands,   to  the   (positive)
zone   number   itself   if   it   is   an   island   and  to   the   negative   zone
number  itself  if  it  is  a  complex  or  ghost  island.

In   ZONEDT,    ISLOF   values   are   reset   to   identify   the   actual
zone   numbers   of   the   surrounding   zones.      Since   there   can  be   only
one   surrounding   zone,    there   is   no   linked   list   associated   with
ISLOF  values.     As   an  example,   in  the  previous  example  island  zone
53   was   inside   surrounding   zone   100.      For   zone   100,    ISLWI   was   set
to   53.      For  the   islancl   zone   53   then,    ISLOF  would  be   loo.

'I'he      thi}..cl      .`7alue      in     the      zone      record     used      fc)r      island
relatic)nship    is    tTEXTI    for    next    island.       The   value.    is   the   zone
record     number     of     another     island     zone     which     has     the     same
surrounding   zone   as  this   island   zone.   The  two   island   zone  records
are   a   part   of   a    linked   list   containing   the   islands   which   are
within   the   same  surrounding   zone.      In  this   linked   list,   all   the
island  zones   linked  have  the  same  ISLOF  value.

Unlike  the  linked  lists  in  the  Point  file  and  the  Node  file,
the  NEXTI   linked   list   is   circular.      That   is,   the  NEXTI  value   in
the  last  island  in  the  list  is  not  zero,   instead,   it  is  a  pointer
back  to  the   first   island  in  the  list.     It  is  identical  to  ISLWI
for  the   surrounding   zone.      As   an   example,   let   island   zone   18,   52
and   23   be   islands   of   surrounding   zone   226.      If   island   23   was  the
first  in  the  list  then  these  zones  may  have  the  following  values:

IgI'WI IgIJOF

226

226

226

NEXTI

23

52

18



226 23

This   example   assumes   that   islands   18,   23   and   52   do   not   also
have   islands   within   them   and   that   surrounding   zone   226   is   not
also   an   island   of   some   other   zone.       Note   that,    when   they   are
unused,    both    ISLWI    and   NEXTI   are   zero.       Also,    NEXTI   values   are
initially    set    to    zero    by    ZONGEN,     but    are    I.eset    in    ZONEDT    as
island  relationships  are  defined.

The   next  value   in  the   Zone  record   is  PFLR,   the  pointer   into
the  linked  list  of  Label  records  associated  with  the  Zone.     These
labels  parallel   symbology  records  and  have  in  turn  pointers  into
the  Calligraphy   (pen  stroke)     file.     Labels  differ  from  symbology
in   that   they   are   associated   with   and   may   be   selected   via   the
zone.     If  there  are  no  labels  associated  with  the  zone,   then  PFLR
will  be  zero.

The    perimeter     is    the     length    of    the     zone    boundary    in
digitizer  units,   basically  as  it  was  digitized.     It  may  be  easily
converted  to   ground  or  other  units.     The  area   is  represented  as
square   digitizer   units    (usually   inches   or   centimeters)    and   may
likewise   be   converted  to  more   useful   units  based  on   the   scale  or
other  projection  parameters.

The   extremes   are   essentially   in   digitizer   coordinates   but
ma}'    have    been    altered    on    input    to    force    the    data    tc)    f it    a
mathematical  model  based  on  projection   information.     At  any  rate,
they  define  a  box  within  which  the  entire  zone  lies.     This  box  is
used   to   quickly   distinguish   between   zones   which   are   completely
in,   completely  out  or  partially  in  a  selected  window.     Using  this
approach, .the  overhead  involved  in  the  process  of  clipping  for  a
new   view    is   greatly   reduced.       And    finally,    the   extremes   are
similarly  used  for  selection  of  potential   islands  in  ZONEDT.



BORDER   FIIiE

File  Designator:
Record  Length:
References  to  Database  Files:

8
34   bytes
Border,   Zone,   Point

The   Border   file   provides   access   to   the   bc>undaries   of   zones.
The   boundary   of   each   zone   consists   of   a   sequence   of   one   or  more''border  arcs"   which  are  distinguished  from  arcs  by  the  fact  that
border  arcs   are  a   selected   (by  feature  code)   subset  of  all   arcs
to  be  used   for  zone  boundary  generation  in  ZONGEN.

The    Border    f ile    contains    this    set    of    arcs    along    with
information  about   the  zones  on  either  side  of  each  arc,   pointers
into   the   Point   file   for  drawing  the  arc  and   linking   information
which   allows   for   the   correct   sequencing  of   arcs   around   a  border
and  points  with  an  arc.     This  provides  the  means  to  sequence  all
arcs    and   points    to    construct   a   continuous    (counter-clockwise)
boundary  completely  around  each  zone.

Each  record  of  the  Border  file  contains:

Name

NARC
I.ZONE
LCODE
NEXTL
RZONE
RCODE
NEXTR
PFPR
XF,YF
XL' YL

Meaning

Arc number
Left   zone
Color  of  left  zone
Next  left  border  record
Right
Right
Next  Right  Border  record
First  Point  File  record

Zone
code

F`irst    endpoint    coordinates    (node)
Last  endpoint  coordinates   (node)

The   arc   number,   NARC,   is   stored   to  reduce  waste  which  would
occur  if  only  the  records  of  the  border  arcs  were  used   (and  many
other  arcs   were   not).      The   arc   number   is   the   record   number   from
the  arc  f ile  of  the  arc  which  forms  part  of  the  boundary  for  two
adjacent  zones.     Thus  it  is  always  a  positive  value.

The  next  three  values  in  the  Border  record  all  refer  to  the
zone  on  the  ±±£±  of  the  border  arc,   as  that  arc  is  stored  in  the
database.         This    will    usually    be    as    it   was    digitized   unless
editing   operation    in   GRFEDT   might   have   reversed   it.       Thus,    if
traveling  along  the  border  arc,   LZONE  is  the  Zone  file  record  for
the   zone   on  the   left-hand  side   of  the   arc.   Further,   LCODE  is  the
Zone  color  of  that  Left-hand  zone.



The   NEXTL  pointer  is  the  linked  list  connection  to  the Pmxt
border  arc   in  the  boundary  of  the   zone  on  the  left-hand  sidEof
this   border   arc.       The   next   border   arc   is   the   next   one   in the
sequence   of   border  arcs  which  describe  the   zone   on  the   leftiifepLd=
s±!e  in  a  counter-clockwise  manner.     This  convention  is  necessary
since   there   will   always   be   two   ways   to   go   from   a   given   bcffder
arc.     The  counter-clockwise  tradition  was   initiated   in  ZONGENand
is  maintained  here.

The   NEXTL   value   is   the   number   of   the   record   in   the   Border
f ile   which   represents   the   border   arc   which   follows   this   border
arc   in   a   clockwise   following  of   the   zone   boundary.      It   shoul#`  be
noted   that   this   second   border  arc  may  be   stored   (was   digitiged)
in   the   proper   direction   for  describing  the   zone   on   the   left`  of
the  first  border  arc.     or,   it  may  be  stored  in  the  reverse  order.
Thus  in  it's  record  the  zone  on  the  left  of  the  first  borderarc
will   instead  be  on  the  right.     Information  about  that  common  gone
Will   be   stored   in   the   second   triplet    (RZONE,    RCODE,    NEXTR)   for
that  second  border  arc.

Whether   the   next   border   arc  will   reference   the   information
about  the  zone  on  the  left  of  this  border  arc  is  indicated  by the
Value  of  NEXTL  in  this  border  arc  record.     If  the  next  border arc
has  this  common  zone  on  the  left(as   it  was  digitized) ,   then  NEXTL
Will   be  positive.      If   the   next  border   arc  has   the   common   zone  on
its  right,   then  NEXTL  in  this  Border  record  will   be  negative.

Thus   the   NEXTL   values    (with   NEXTR  values)    from   linked   lists
Which    tie    the    border    ai-cs    of    each    zc]ne    together    for    a    quick
retrieval   of   a   complete   and   coherent  boundary   for  each   zone.     AS
With  the  NEXTI  values  in  the   zone  file,   these   lists  are  circular.
The  last  Border  record  for  a  zone  will  point  to  the  first  in  the
list.     A  simple   island  zone   (with  only  a  single  border  arc)   will
have   a   single   Border   record   with   NEXTL   pointing   to   the   single
Border  record  itself .

The   second   triplet   of  pointers   apply   similarly  to  the  zone
on   the   right   of   the   border   arc.      The   values   of   RZONE,   RCODE  AND
NEXTR   are   defined   as   above   for  the   first   triplet   of  values,   but
with  respect  to  the  zone  on  the  right-hand  side.

The   last   f ive   values   in   the   Border   record   provide   direct
Plotting  or  access  of  the  border  arc  points  which  clef ine  the  path
of   the   line.    Inclusion   of   PFPR,   the   Point   file   pointer  and  the
arc   endpoints    (XF,YF   and   XL,YL)    in   the   Border   record   eliminate
the   need   for   access   through   the   Arc   file.       This   access   would
otherwise  be  required  to  plot  or  display  every  border  arc.

Simple    island    zones    which    have    not    been    associated   with
Surrounding   zones   in   ZONEDT  will   have   Zone,   Color  and  Next  values
of      zero      on      the      right-hand      side.            (If      ZONGEN     does     not
automatically   reverse   simple   islands   which   were   digitized   in   a
Clockwise    manner,     these    zero    values    may    be    on    the    left-hand
Side).          For    complex    or    ghost     islands    which    have    not    been



associated   with   surrounding   zones,    the   border   records   will   be
linked   so   as   to   define   the   island   in   a   clockwise   manner.      The
Zone,    Color   and   Next   values   on   the   "inside"   will   reflect   the
non-island  zones  which  are  interior  to  the  complex  island.



SYMBOI.   File

File  Designation:
Record  Length:
References  to  Database  Files:

S
34
Ca i I igraphy

The  Symbol   f ile  contains  a  record   for  each  unit  of  symbology
created    with    the    CYMBAL    program.         Each    unit    may    represent    a
single   character   (letter,   digit)   or  a  special   symbol   (highway  or
well   symbol)   or  a  unit  may  be  as  many  as   64   characters   long   (such
as   a   title).       These   units   are   called   "symbols"   in   general   and
each   symbol   is   associated   with   a   record   in   the   Symbol   file.      A
symbol   is   then  defined  by  the   information   in   it's   record   in  the
Symbol   file   and  by  the   sequence   of  pen  strokes   required  to  draw
the   symbol.      The   pen   strokes   are   stored   in   the   Calligraphy,   in
circular   limited  lists  similar  to  NEXTI   in  the  Zone   file  and  the
NEXT  pointers   in  the  Border  file.

The  Symbol   records  contain  the   following:

Type Name

CODE
XR , YR

JUST
SLENG

CHGT
SET
ORI

PFCR
NEXTS
NCHRS

MeanincT

Feature   cc)de   c]f  the   symbol
Fixed             reference            point
Just  if  is  action  of  symbol
Length   of   symbol
Character  height
Set  or  Alphabet
Orientation   (rotation)
Pointer   to   Calligraphy   record
Next  Symbol   record
Number  of  characters   in  symbol

Each    symbol    is   assigned   a   feature   code   as    are   arcs   and
isolated  points.     These  codes  are  then  used  to  select  subsets  of
the   symbols   for  plotting   in  different  colors   or  pen  widths.      As
With  arc  feature  codes,   these  feature  codes  must  be  at  least  1000
and   may   not   exceed   32,767   because   of   the   2-byte   size   of   CODE   in
the   Symbol   record.      If   the   CODE   in   a   Symbol   record   is   less  than
1000,   the  record  will  be   ignored.     The  CYMBAL  program  also  allows
for  selective  display  of  symbols  based  on  these  codes.

The   reference   point    for   the   symbol    serves   to   locate   and
identify   the   symbol   and   to   translate   the   points   defining   the
symbol.      Translation   and   rotation   are   based   on   justification  of
the  symbol.     If  left-justified,   the  reference  point  is  assumed  to
be   the   lower-left   corner   of   the   symbol   prior   to   rotation.      In
Center    or    right    justification,     the    reference    point    is    the
bottom-center   or   bottom-right   of   the   symbol   prior   to   rotation.
The   reference   point   is  also  the  point  about  which  the   symbol   is
rotated,   if  that  is  selected.



The     symbol      length     represents     the     distance     from     the
lower-left  to   the   lower-right   corner   (prior  to  rotation)   of  the
symbol.     This  distance   is   in  in.ap  units  or  digitizer  units.     Th.is
length   and   the   character  height,   selected  to  determine  the  size
of    the    characters    and    of    the    symbol,    combine    to    provide    an
indirect  method  to  speed  clipping  for  windowed  views.

The   character   set   number   or   alphabet   number   is   a   selection
of   one   of   the   character   fonts   or   special   character   sets   from   a
dictionary,      the     available     Hershey         There     are     twenty-three
available   sets    (1-23).       The   Hershey   fonts    (   A.V.    Hershey,    U.S.
Naval     Weapons      Laboratory,      Dalgren,      Virginia,      1967)      provide
templates  of  pen  strokes  which  produce  the  various  characters .for
the   23   alphabets.     This   subsystem  will  be  described   in  detail   in
a   later  section.     Each  symbol  may  be  rotated  about  its  reference
point.       The   orientation   of   a   symbol   is   defined   by   a   positive
angle  specified  as  a  value  from  zero  to  360  degrees.

Each     symbol     record     is     associated     with     at     least     one
Calligraphy   record.      The   first   such   record  contains   the  content
of   the   symbol,   up   to   64   characters,   as   it  was   entered   (in  ASCII
characters)   on  the  graphics  terminal  keyboard.     The  PFCR  value  in
each   Symbol   record   is  the  record  number  of  the   f irst  Calligraphy
record   associated  with  the  symbol,   and  containing  the  content  of
the   symbol.        If   the   symbol    requires   more   than   one   Calligraphy
record   (as  do  most) ,   they  will  be  linked   together  as  de.scribed   in
the  Calligraphy   f ile   section  below.

Two     or    more     symbols     may     be     liriked    together    to    form    a
complex     symbol     which    allows     for    editing    operations    on    this
complex  symbol   to  be  performed  a  single  time  rather  than  once  for
each  simple  symbol.     An  example  is  to  join  the  interstate  highway
symbol   from  one  character  set  with  the  number  that  identif ies  the
route   of   the   highway   from   a   different   character   set.      Then,    a
rotation,    scaling,    translation   or   copy   command   will   operate   on
the   numbered  highway  symbol   as   a  unit.      Both   simple  symbols,   the
interstate   symbol   and   the   highway   number,    exist   as   symbols   and
may   be   edited   separately.       Simple   symbols   are   joined   to   form
complex   symbols   through   the  NEXTS  pointers  which   form  a   circular
linked    list,    with   NEXTS    for   the    last   symbol    pointing   to   the
first.       Simple   symbols   which   are   not   part   of   a   complex   symbol
have  NEXTS   set   to   zero.

The  number  of  character  typed  at  the  keyboard  to  specify  the
Content  of  the  symbol  is  the  last  value  in  the  Symbol  record.     it
Should   be   noted   that   in  most   cases   the  characters   typed  at  the
Keyboard     are     those    which     form    the    content     of     the     symbol.
However,    when    special    alphabets    are   used,    the   content   of   the
symbol   will   be   greatly   different   from  the   keys   typed.      In   this
case,    the   keys   typed   and   the   characters   stored    (in   the   first
Calligraphy   record)    are   the   same,   but   they   are   only   indices   to
the    pen    strokes     in    the    Hershey    alphabet.          The    number    of
characters   in   the   symbol   is  kept  to   indicate  where   in  the   f irst



possibly   second)   Calligraphy   f ile  the  pen  strokes   for  the  symbol
begin .

It   should   be   noted   that   the   values   stored   in   the   Symbol
records    are   used    in   conjunction   with   the   pen   strokes   of   the
Hershey  alphabet   f iles   to   create  the  proper  pen  strokes   for  the
symbol.       These   values   are   then   stored   in   the   Symbol   record   so
that   future   editing   operations   may   be   performed   to   modify   any
aspect   of   the    symbol.    separately,    without   having   to   completely
re-create  the  symbol.   and   its  pen  strokes  again.



CAI,LIGRAPHY   File

Type  Designator:
Record  Length:
References  to  Data.base  Files:

C
68  bytes
Ca I I igraphy

The  Gal_Ligra}jhy   file   is  to  the  Symbol   file  as  the   Point   file
is   to   the  Ai-c   fit+3.      The   sequences   of   points   which   define   a  path
for   display   or   plotting,    both   provide   for   multiple   records.   of
these  points   or   pen   strokes  linked  together   in  a  circular  list.
Both   have   eight   points   per   record   with   a   NEXT   pointer   at   the
beginning  to  join  multiple  records.

There   are    a    few   basic   differences    in   the   two.       The   pen
strokes   in  symbols   require  a  pen  status   (pen  up,   pen  down)   value
since,   unlike  an  arc,   the  symbol  may  have  many  unconnected  lines.
The   f irst   Calligraphy   record   for  a   symbol   or   label   contains   the
(ASCII)   characters  typed  at  the  Keyboard  to  define  the  content  of
the   Label,;Symbol.       The   number   of   these   characters   is   a   part   of
the  Symbol  or  Label  record  and  is  used  to  determine  where  the  pen
strokes    begin    in    the    first    Calligraphy    record.     Finally,    the
unused   points   i!`i   the   last   Calligraphy   record   to   each   symbol   are
set   to   -999.,    -999.

The  Calligraphy  record  contains:

Nape

NEXT
X1,YI

X8 , Y8

MeaninQ

Pointer  to   next   Calligraphy   record
First  point

Last  point

As  described  above,   the  NEXT  values   form  a  circular,   linked
list   of   all   Calligraphy   records   for  a   symbol   in   the   order  they
were   created.   Being   circular,   the  NEXT  value   in  the   last  record
of  the   list  points  to  the   first  Calligraphy  record   in  the  list
for  the   symbol.      Thus,   NEXT   in  the   last   record   is   equal  to  PFCR
in  the  Symbol   record.

The   pen   stroke   coordinates   and   stores   eight   to   a   record
except   for   the   f irst   and   possibly   the   last   records   in   a   linked
list   for  a   symbol.   They  are  used  in  the  order  stored,   from  point
1   to   Point   8,    and   in   the   order   of   records   defined   by   the   NEXT
Pointers.      If   used   otherwise,   the   result  would  generally  not  be
the  denied  symbol.



Pen   status   values   are   coded   in  the  points   themselves.      If
the   coordinators   are   positive,   the   pen   status   is   down   ("draw").
Otherwise,   the   pen   stat.us   is   up   (''move").      Unused   poirits   in  the
last   record  are   set  to   -999,   -999.      This   should   not   be   confused
as   pen   up   to   999,999   because   the   reference   area   is    (assumed   to
be)     smaller    in    size    t.ham    999    by    999.    Hence,    there    can   be    no
legitimate  coordinates  of  that  magnitude.

The    f irst    record    for    each    symbol    contains    a    string    of
characters   representing   the   content   of   the   sylnbo]..      This   string
follows  the  NEXT  pointer.      If  there   is   enough   s[)ace   following  the
string   of   characters,    there   will   be   points   fc]r   pen   strokes   to
begin   the   symbol.      Each  point   requires  X   and   Y   and  thus   8  bytes.
The  string  of  characters  requires  1  byte  for  each  character,   and
the   NEXT   value   uses    4    bytes.       Since   the   record    length    is    68
bytes,   there   are   64   left   for   the   string   of   characters   and   any
points   (X,Y)   for  pen  strokes.

So,   if  the  symbol  used  the  maximum  of  64   characters  then  ag
points   could   be   put   in   the   first   record.      In   fact,    since   each
point   requires   8  bytes,   any  symbol  using  more  than  56   characters
would   have   no  points   in   the   first   Calligraphy   record.      For  each
symbol  whose  content  becomes  8  characters  smaller,   one  more  point
may  be  kept   in  the   first  Calligraphy  record.      It   is   possible   in
special    cases     (the    BOX    and    LINE    commands    in    CYMBAL)     to    create
symbols   for  which  z]Q  characters  are  required.      In   such  cases,   the
entire   first  record  may  be  used  for  pen  strokes.

The    number    of   pen    strokes    N    in   the    f irst    record   may   be
calculated,   given  the  number  of  characters   NCHRS   in  the   symbol:

68   -   NCHRS   -   4
N-----------------

8

This   assumes    integer   arithmetic,    in   which    fractions   are
dropped.   Finally,    the   unused   space   (if   any)   between   the   content
character  string  and  the  first   (X,¥)   point  in  the  first  record  is
filled  with  blanks.



LABEI.   File

File  Designator:
Record  Length:
References  to  Database  Files:

L
28   bytes
Label,   Calligraphy

The    Label     file    is    similar    to    the    Symbol    file,    but    is
designed    for    applying    identifying    labels    to    zones.        The   best
example   is   that   of   applying   the   1-3   letter   symbols   identifying
formation  type  on  the   (formation)   zones  of  a  surface  geology  map.
These   symbols   identify   the   geologic   formation   in   as   many  places
as   necessary  whether  the   formations   are  color-coded  or  shaded  or
neither.       As   such,    labels   are   symbols   which   are   associated   to
specific  zones.

Label    records    keep    almost    the    source    information    about
their   labels   as   symbols   do:   height,    length,    content,    alphabet,
location    of    the    reference    point,    and    a    pointer    to    the    same
Calligraphy   file   as   the  Symbol  record,   and  the  content  character
string   is   again   stored   in   the   first  Calligraphy   record   for  the
symbol.       Multiple   Calligraphy   records   are   linked   in   a   circular
list.

Labels    are    also    different    from   s}'mbols.       Labels    are   not
connected  to   form  complex  symbols,   but  are  all   linked   in  circular
lists   for   each   zone.      Labels   are  always   oriented  horizontally   (0
degrees)   and   centered   about  the   reference  point.      Finally,   since
some   zones   may   be   too   small   for   a   label,    an   optional   ''hook"   or
line   from  the  reference  point   (outside  the  zone)   may  be  generated
to  the   zone  mark.

The  contents  of  the  Label  record  are:

Name

NEXTL
PFCR
XL, YL
HOOK
FONT
SLENG
CHGT
NCHRS

Meaninc|

Next  Label  record
First  Calligraphy  record
Label  reference  point
Hook  option
Hershey  alphabet
Symbol   Length
Character  height
Number  of  characters

All   labels   associated   with   a   single   zone   are   linked   in   a
circular  list  by  the  NEXTL  pointers.     The  last  record  in  the  list
for  a   zone  will   have  a  NEXTL  value  equal  to  the  PFLR   in  that  Zone
record.        Thus,    whan    a    subset    of   zones    is    selected,    only   the
associated  labels  will  be  displayed  or  plotted.



The  pointer  to  the   first  Calligraphy  record   for  the  label
is  the  entry  point  to  the  pen  strokes  which  make  the  label.     The
circular   list   in   the   Calligraphy   file  whir,h   is   reached   through
this  PFCR  value  is  the  same  as  that  described  above.

The   reference   point   for   the   label   is   used   to   locate   (and
identify)    the    label,    which   will   be    centered   at   the   reference
point   and   horizontally   oriented.      The   label   is   tied   to   a   zone,
and    in    the    case    where    the    zone    is    too    small    a    hook   may   be
created.      The   hook   is   simply   a   line   from   the   reference   pint   of
the   label   to   the   zone   mark   to   connect   the   label   to   the   zone   to
which   it   applies.      When   the   hook   is   selected,   the   value   of   HOOK
in  the   label   record   is  set  to  I.     When  not  used,   HOOK  is   zero,

As   in   the   Symbol   file,    the   selected   Hershey   alphabet   is
indicated  in  the  Label  record    in  FONT,   and  has  a  value  from  i  to
23.      The  Hershey   fonts   are   shown   in   the   appendices.      The   length
of   the   generated   label    is   kept   in   stored    (usually   digitizer)
units   in  SLENG.     The  height  used  to  generate  the  Label   (basically
the   character   height)    is   kept   in   CHGT   in   similar   units.       The
string   of   characters   clef ining   the   content   is   kept   in  the   f irst
Calligraphy   record.      The  number  of  characters,   NCHRS,   provides   a
means   to   know  where  points  begin  in  the  first  Calligraphy  record
as    described    above.        As    with    symbols,    the    maximum    number    of
characters   is  64.

These    values    describing    the    label    are    saved    after    the
creation  of  the  Calligraphy  records   for  the  label  so  that  editing
operation   may   be   performed   n.ore   ef ficiently   as   described   above
for   Symbols.       In   the   case   of   labels,    these   operations   would   be
performed   with   the   ZONEDT   program   rather   than   with   CYMBAlu.



FREELI8T   STRUCTURE

All    files    in   a   G"MAP   digital    cartographic   database   are
built   around   a   fundamental   structure   which   provides   basic   f ile

ns  and  maintenance.     This  fundamental  structure  is  called
eelist   structure,   and   consists  of  three  parts.     One  part!!:ae:set   of    ''used"   records,    where   used   means   they   have   been

requested    for   use,    have   been   filled   with   information   and   have
been   in   some   way   marked   so   as   to   distinguish   them   as   such.      The
second   part    of    the    Freelist   structure   are    ''free"    or   ''unused"
records   which   are   not   used   records   and   are   not   marked   as   such.
Such   records   may   have   been   used   in   the   past   or   may   never   have
been   used,    but    currently    do    not    belong    to    the   used   set   of
records.   These   records  have  also  been  marked  to  distinguish  them
as  part  of  the  free  or  unused  records.

The  third  part  of  the  Freelist  structure  is  a  single  record
known   as   the  Accounting  record,   to  be  used   for  management  of  the
free   and   used   parts    of   the    file.        This   record    is   marked   to
distinguish   it   from   the   used   records   and   is   not   a   part   of   the
free  records.     It  is  known  uniquely  by  its  location  to  be  what  it
is.

This    basic    Freelist    structure    is    then    imposed    on    all
c.artographic   database   f iles   in   GIMMAP   by   a±±   programs   accessing
the      database      through      a       sub-system      known      as       RAFMAIV      for
random-access   file   Management.      The   RAFMAN   subsystem   is   described
in  detail   in  aiiother  section  but  che  two  primary  functions  of  the
subsystem  are  to:

1.        Remove  or  GET  a   free  record   (number)   from  the   free
list  part  of  the  file,   for  a  GIMMAP  program.

2.        Return  or  PUT  a  used  record   identified  by  a  GIMMAP
program  to  the  free  list  parti

All   records    in   all   GIMMAP   files   must   be   obtained   from   the
freell=E  by  the  GET  f===tion  prior  to  being  used,   and  must  be  PUT
When  deleted.     The  advantages  of  using  RAFMAN  are  conservation  of
file  space,   avoidance  of  file  compaction   (to  reduce  wasted  Space)
and   immediate   availability   of  needed  records.     The  uniformity  of
the  RAFMAN  operations  simplifies  access  for  all  programs.

The   accounting   record   is   used   to   keep   track   of   the   free
list   (Free   records)    part   of   the   file,   which   is   maintained  as   a
doubly-linked   list.      Records   in  the   freelist   are   linked  by  Next
or  Successor  pointers  and  also  by  Last  or  Predecessor  pointers.



The  content  of  a  freelist  record  is:

Type

12
14
14

Name MeanincT

Indicates  a  Freelist  record
Predecessor  in  the  Freelist
Successor  in  the  Freelist

The   FIAG   is   set   to   -1   as   an   indication   that   the   record   is
not   used,    and  with   the   exception   of   the  Accounting   record,   is   a
member   of   the   freelist.      All   GIMMAP  programs   are   responsible  .for
marking  used   records   to  distinguish  them  from  free  list  records.
This   means   that  GIMMAP  programs  must  put  a  positive  value  in  the
first   2   bytes.      This  value  may  represent  anything   (feature  code
in   the   Arc   file,    or   COLOR   in   the   Zone   file),    as   long   as   it   is
positive.

The   other   two   values   in   the   Freelist   record,    PRED   and   SUCC
are   used   to   form  a  doubly-linked   list  of   Freelist   records.     All
Freelist   records   are   linked   together   in   these   two   lists.      The
PRED   pointer   points   to   the   previous   or   predecessor   record   and
SUCC   points   to   the   next   or   successor   record.       Since   the   first
record   in   the   list   has   no   predecessor,    its   PRED  value   points   to
t.he    first    record    itself .    Similarly,    the    last    record    has    no
successor  and   its  SUCL`  value  pc>ints  to  the   last  record   itself .

T'f.e     Freelist  Accounting  record  contains:

Type Name

FIAG
FIRST
IAST
MAX
USED
LENG

Meaninc|

Marks  the  record  as  not  available
First  record  in  Freelist
Last  record  in  Freelist
Maximum  number  of   records
Number  of  used  records

Length  of  records  in  bytes

The   FliAG  marks  the   record  to   indicate   it   is  not   a  part  of
the    Used    records.         This    is    actually    redundant    because    the
Accounting   record   is  uniquely   identif led  and  separated  from  both
the  Used  and  the  Freelist  records  by  its  location.     As  the  first
record   in   the   file,    the   Accounting   record   is    (generally)    not
accessed  by  GIMMAP  programs   in  their  search  for  used  records.     On
rare   occasions,   some  programs  need  to  know  some  of  the  values   in
the  Accounting  record.

The   size   of   the   information   in   the   Accounting   record    (20
bytes)    determines   the   minimum   record   length   of   any   file   to   be
built    for    the   GIMMAP    system.       All    current    files    exceed   that
minimum  by  at   least  eight  bytes.     Any  smaller   size  would  require
removal   of   some   values   from   the   Accounting   record.       Throughout
the  system,   a  change  that  would  be  possible  but  expensive.
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I. 6               SOFTWARE   OVERVIEW

A2FELIX        (Convert  Hershey  Sets  From  ASCII  to  Felix  Form)

The   occidental   Hershey   graphic   alphabets    (A.    V.    Hershey),
used  by  Gimmap,   exist  originally  in  a  special  ASCII  format.     This
format  is  used  for  ease  in  transferring  the  data  between  systems,
but   is  not  an  eff icient  structure  or  form  for  production  of  map
annotation.        A2FELIX   converts   the   original    form   Hershey    file
(HERSHEYA)   into  an  intermediate  form  used  originally  by  the  FELIX
system   (M.   I.   Mccullagh).      For  use   in   GIMMAP,   the     Hershey   data
must   be   further   converted   into   a   third   form,consisting   of   two
random-access   files.      This   conversion   is   performed  by  the  HERSH
program  described  below) .

MM  HEPSHEY
Intermediate
form   Hershey

alphabets

Primary  conversion  of  Hershey  alphabet  sets



ARCHIVE (Archival  of  Map  Data)

At   various   stages    in   the    life    of   a   GIMMAP   cartographic
database    it    is   desirable   to   convert   the    information    in   the
binary,   direct-access   files  of  the  database  an  easy-to-read  and
use  ASCII  form  which  may  be  stored  as  a  back-up  or  transferred  to
other  sites.     This  ASCII   form  is  precisely  the  standard  DDF  form
used  by  GIMMAP  for  the  input  of  original  digitized  data,   but  has
both  syntactical  and  graphical  errors  removed  if  the  database  has
been  edited.     ARCHIVE  creates  this  DDF  file  by  grouping  features
of   each   type   to   reduce   headers   in   the   file.       The   result   is
suitable  for  archival,   transfer  or  direct  reconstruction  of  the
database  in  the  event  of  a  catastrophic  event.

Clean DDF
file    of    all

features

Creation  of  backup  DDF  (Digitized  Data  Format)  file  of  syntactically  and
graphically clean  features from  a GIMMAP database.



ASORT (Alphabetic  Sorting)

This  program   serves   the   single  purpose   of  performing   rapid
sorting     of      lists      of     elements     which     are     alphabetic     or
alpha-numeric.     It  is  used  to  sort  file  names  for  input  to  GIMMAP
programs   (such   as  MAPGEN  primarily  as  a  convenience  to  operators
of   the   programs.      Processing   of   files   in  sorted   lists   allows   a
simple    determination    of    the    progress    of    the    program    toward
completion.      In  the   case  of  creating  counties   from  county  patch
databases,    it   may   reduce   pen   movement    in   plots    since    county
patches  will  be  sorted  into  contiguous,   sequential  blocks.

Sorted
records

Quicksort  algorithm  applied  to  sort  an  alphanumeric  list



BOXER (Creation  of  Box  or  Rectangle  plot)

Boxes   (rectangles)   are   required   in  map   production   for  many
purposes.   Among   these   are   the   map   border   -   a   single   or   double
rectangle   which   surrounds   the   map   and   legend,   boxes   containing
the   legend   or   other   textual   information,    and   boxes   containing
shade   lines   or   color   for   definition   of   map    feature   classes.
BOXER   provides   direct   creation   of   rectangles    in   a   plot    f ile
f ormat .

Plot     file

of  boxes

Creation  of plot  files of boxes  for frames,  legends,  etc.



CALPI-OT(I)             (Create  color  plot  of  zone  information)

Zones   in   a   database   which  have  been   colored   via   the   ZONEDT
program  may   be   converted  to  plot   form   for  the   color  plotter   in
either  an  online  or  and  off line   form.      Zones  may  be  selected  by
groups  of  zone  colors  to  be  napped  into  plotter  colors  which  are
clef ined  by  the  operator  interactively  or  in  a  selected  dictionary
f ile  mapping   zone  colors  to  percentages  of  primary  colors  or  to
pre-mixed  plotter  colors.



CI.ASSY          (Class  Editing  Operations  on  Map  Symbology)

Annotation   generated  with   the   CYMBAL  or  MAPTTL  programs  may
include  many  classes  of  symbols,   such  as  highway  type  and   number
symbols,   and   names   of   perennial   streams   each  distinguished  by   a
unique   feature   code.       When   wholesale   changes   are   desired   for
entire   classes   of   symbols,    a   great   deal   of   operation   time   is
required    to    accomplish    the    task.        CIASSY    performs    two    such
operations   on   (feature  code)   classes  of  symbols  without  operator
intervention.      Given  the  map  base  name,   CI.ASSY  modifies  the   font
(Hershey  Alphabet)   or  height  of  selected  classes  of  symbols.

User   specified
font   or   height

:        changes   for
selected   class

:        of   symbolor
text

CLASSY

Editing  entire  classes  (feature  codes)  of  symbology



COI.ORE          (Display  Zones  by  color  selections)

Areal   (zone)   features  such  geologic  formations  and  petroleum
f ields    are    best    examined    in    a    color    display    in   which    the
different  colors  each  represent  the  feature  types   (oil  field,  gas
field).      COLORZ  provides  selection  of   zones   for  display  based  on
subsets   of   feature  types   (zone   colors),   and  superimposes   on  the
colored   areas   the   user-selected   subset   of   point   and   line   base
data   such   as   highways   and   rivers.      Display   colors   may  be   mixed
from    primary    colors    and    selected    directly    or    by    use    of    a
dictionary,  mapping  feature  types   (zone  colors)   to  display  colors
of   selected    (%cyan-%magenta-%yellow)    mixtures.        The   dictionary
entries   may   be   edited   and   saved   for   future   use.       Optionally,"zooming"   in   or   out  may   be   performed   to   examine   small   areas   of
the  map  in  detail.     Paper  maps  may  be  obtained  by   "hard-copying"
the  graphics  screen  containing  the  map  image.



I

User   selection   I
I

or  colors   and
I

areas            I
I

i----------T--I

Color   hardcopy Color   display

Color display and  hardcopy production of selected zones



CYMBAL (Symbology  Editing)

Symbology      editing      is      the      creation ,       placement      and
modification   of   symbology   on   a   map.      Map   symbology   may   include
the    title,     legend,     scale    bar,     north    arrow,     map    frame    and
labelling    of    map    features    such    as    river    names    and    highway
numbers.        CYMBAL   provides    for   the    creation,    modification    and
deletion   of   map   symbology   of   all   these   types.   Map   symbology   is
placed  directly  on  the  display  of  the  map  being  edited  by  use  of
a    graphics    display    terminal.        Each    symbol    is    drawn   to    (the
display)   scale,   and   its  relationships  with  all  map  features  and
other  symbology  may  be  directly  observed  and  changed  if  desired.
With  the  exception  of  content,   all  six  aspects   (  height,   content,
Hershey   alphabet,   justification,   reference  point,   feature   code)
defining  a  symbol  may  be  modified.

All   aspects   except  content   and  reference  point  may  also  be
defaulted    in   a   template   when   many   similar   symbols   are   to   be
created.    Values   set   in   the   template   need   not   be   entered   for
subsequent  symbols.   Scale  bars,   boxes,   lines  and  north  arrows  may
be   created,   and  existing   symbols  may  be  joined  together  to   form
more   complex   ones.      The  Hershey   fonts   are   drawn   upon   for   symbol
creation,   and  may  be  easily  displayed.   Symbols  may  be  duplicated
or   deleted,    and   a   reference   grid   may   be   called   upon   to   guide
placement    of    symbols.        Many    other    utility    functions    control
appropriate   graphic   display   of   selected   features   and   symbols,
including  windows  and  masking  by  feature  codes.



CYMBAL

I-u-:-:i:s._y:in:b-o|-i/         \
:       creation,       :
:  modification   :
:   and   deletion   :
I_----__-___I

Creation  and  editing  of  symbology  information

PLOT FILE
of   selected

symbols

____-_-.-1

plot           :

selection    :
I



DEPROJCT     (Depr()jection:   conversion  to  Latitude/Longitude)

Projected   in.ap   coordinates,    in   X-Y,    are   useful   only   with
respect  to   other  map  data  projected  in  exactly  the  same  manner.
Map  data   is  projected   from  longitude-latitude  coordinates  to  X-Y
for    the    purpose    of    providing    a     realistic    and    controlled
representation   of   the   map   area   on   a   flat   piece   of   paper    (or
graphics    screen).        DEPROJCT    converts   X-Y    coordinates   back   to
longitude  and   latitude,   based  on  the  correct  description  of  the
parameters   of   the   original   projection.      Longitude   and   latitude
are  universal,   so  deprojected  data  can  be  transferred  anywhere,
and  may  then  be  reprojected  to  fit  other  projected  map  data.     The
X-Y   data   to   be   deprojected   may   reside    in   a    file   or   may   be
directly  entered  at  the  terminal.

parameters

IProjection     :                      >

File    in

(Longitude,
Latitude)
locations

Conversion  from   projected   (X,Y)   locations  to   (longitude,latitude)



DIGGEN          (Clean,   Digitized  Data  Format  Generation)

Map  data  stored  in  a  GIMMAP  cartographic  database  is  kept  in
a    form   useful    only   to   GIMMAP    software.       To   transfer   or   save
copies  of  this  data  or  to  get  it  in  a  form  which  is  readable  by
the   user,   it  must  be  converted   into  a  GIMMAP  DDF   (Digitized  Data
Format)    file.       DIGGEN   performs   this   function   with   selection   of
the  subsets  of  features  to  be  converted  under  control  of  the  user
-not  all  features  will  be  converted  as  in  ARCHIVE.     A  single  DDF
file   is   created   by   this   process.      If   the  database   has   already
been   graphically   edited,    then   this   will   be   reflected   in   the
output  file.



DDF   file

of   selected
features

User  selected
subset  of

feature  codes
______-___..__I

Creation of a DDF file of selected features from a GIMMAP database



DIGPIJT (Digitized  Data  Plot)

A   digitized   data   format   (DDF)    file   which   has   been   created
and   cleaned   by   SYNEDT,    or   any   other   DDF   file   may   be   converted
directly  to  plot   form  DIGPLT.      Such  a  plot  allows   a   quick  check
for    gross    set-up    or    procedural    errors    which    may    occur    f or
digitizing.     It  also  provides   for  a  quick  look  at  map  data  that
has   been   archived   or   transferred.      DIGPLT  provides   such   a   plot
which,    in   both   cases,    may   be   generated   directly,    without   the
expense  of  creating  the  GIMMAP  database   from  the  DDF  file.

PLOT
FILE

Creation  of  PLOT  file  directly  from  a  DDF  file



FIDGEN (Fiducial  Generation)

Registration  marks   (fiducials)   serve  many   functions   in   the
use   of   maps   in   automated   cartography.       Multiple   plots   may   be
properly  overlaid  when  registration  marks,   placed  at  fixed  X-Y  or
longitude-latitude  locations,  are  aligned.    Printers  may  register
the    many     separate     overlays     by    registration    marks     in    the
four-color   printing   process   used   for   published   maps.      Finally,
properly     located     registration     marks     may     be     used     in     thedigitization   process   to   accurately   control   locations   for   the
entire   map.    FIDGEN   offers   creation   of   a   plot   file   containing
either  a  standard  set  of  4   f iducials  placed  at  the  corners  of  a
specified  X-Y   or  latitude-longitude   rectangle,   or  any  number  of
fiducials  placed  at  locations  individually  specified  by  the  user.

T- - - _ ----------..-
I

:     User   specified
:      symbo,   type,
:            size  and
:         placement
:        of    fiducials
II--------..----.

I

I

I

I

:->
I

I

I

I

I

FIDGEN

Creation  of  PLOT  file  for  fiducials  specified  at  (X,Y)  locations

Plot    file    of

fiducials

placed  by
(X,Y)    location



FIDGENLI. (Fiducial  Generation  in  Latitude-Longitude)

See   FIDGEN   above   for   uses   of   fiducials.      FIDGENLL  provides
the   necessary   control   for  placing   fiducials   at   exact  points   of
longitude   and   latitude.   All   projections   supported   by   GIMMAP   are
available   for   placement   of   fiducials.       The   parameters   of   the
selected  projection  must  be  specified  by  the  user,   including  the
scale  and  the  area  of  interest,   indicated  as  a  bounding  rectangle
in   longitude   and   latitude.      Both   the   fiducial   size   and   symbol
type  may  be  selected  by  the  user.     Four  fiducials  are  then  placed
at  the  corners  of  the  bounding  rectangle  in  plot  format.

I

:     User   specif ied
:      symbo,   type,
:            size   and
:         placement
:         of     fiducials
I

I

I

I

I

:----=
I

I

I

I

I

I______________I

FIDGENLL
Plot    file    of
fiducials

placed  by
(long . , lat.)
location

Creation  of  PLOT  file  for  fiducials  specified  at  (longitude,latitude)   locations



GIMMAP.PROTCT                  (Public  projection  Library)

A  projection  and  deprojection  library  exists  for  general  use
outside  the  framework  of  gimmap  software.     This  library  supports
projection     of     points      from     geographic      (longitude-latitude)
coordinates   into  rectangular   (X,Y)   coordinates,   and  deprojection
from   (X,Y)   back  to   geographic   coordinates   given   the   description
of  the   original   projection.      This   library  is  based  directly  on
the   PROMAN   library   used   by   GIMMAP   programs,   but  with   additional
high-level   functions   built-ins.      Routines   exist   to   set  up  both
input       (deprojection)       and      output       (projection)       projection
descriptions.     Additional     routines     allow     direct    projection,
deprojection    and    reprojection     (deprojection    using    the    input
projection,   followed  by  projection  using  the  output  projection) .



GRFCHK (Graphical  Error  Checking)

An   unedited   GIMMAP   database   may   contain   an   array   of   errors
arising  from  numerous  sources.     Of  these  errors,   some  may  violate
the  GIMMAP  view  of  map  data  and  the  many  rules  logically  stemming
from   that   view.       GRFCHK   analyzes   the   cartographic   database   to
report   errors   in   (1)    feature   locations   and   statistics,    (2)   the
Bridging  problem   (ambiguous  paths) ,    (3)   internal   file  structures
and  inter-file  consistencies,   (4)   the  node-arc  graph  for  the  map,
(5)    duplicated   features,    (6)   map   projection   specifications   and
(7)    zero-length   lines.       Many   of   these   reported   problems   are
automatically  corrected  by  GRFCHK.

QPLOT
FILE

Error  and
correction

report

k,
iii-

roe
FILE

POINT
FILE

Analysis,  correction  and  reporting  of  graphical  and  other  errors  in
a GIMMAP database



GRFEDT (Interactive  Graphical  Editing)

From  the  source  document  to  the  process  of  digitizing  to  the
execution    of    GIMMAP    programs    which    create    the    cartographic
database,    numerous   errors   creep   into   the   map   data.       Some   are
removed    by    the    GRFCHK   program,    some    by    new    digitization    and
others  may  not  be  discovered  until  the  treatment  of  areas   (zones)
at   a   later   stage.       Many   errors   may   be   repaired   by   a   process
called   interactive,    graphical    editing.       In   this   process,    an
operator   uses   a   graphics   terminal   to   view  the   map   data   and   to
request  and  direct  modifications  to  the  displayed  map  data.

For    this    purpose,     GRFEDT    provides    a    set    of    modifying
commands  which  change  the  contents  of  the  cartographic  database,
and   a   second   set   of   utility   commands   which   do   not   modify   the
data,   but  which  assist  the  operator  to  find  and  correct  errors.
The     modifying     commands     include     creation,      moving,      merging,
deletion,   insertion  and  splitting.    Utility  commands  include  view
selection,      feature     masking      (to     select      feature     subsets),
correction   verification,    input   prompting   and   feature   location.
The     final     result     of     interactive    graphical     editing     is     a
cartographic   database   which   is   ready   for   map   production,    zone
creation   (color  maps) ,   and  data  archival  or  transfer.



GRF- (Graphics  Management  Library)

The   graphics   library   serves  to   support  graphics   operations
on    the    devices    for    which    the    library    is    designed.        GRFMAN
supports    graphics     operations     on    the    Tektronix    4014     vector
terminal   and   the   Xynetics   1100   flatbed   plotter.       Use   of   this
library   with    other   devices    would    require   modification.        The
operations   supported   for  the  4014   include  direct  line,   point  and
special  symbol   and  line  type  displays,   and  buffered  graphics  for
a  subset   of  these   functions.     Direct  or  buffered  graphics  allow
for   use   of   either  user   or   screen  coordinate   reference   systems.
Buf fered  graphics  increases  speed  for  support  of  large  data  sets
such   as   those   encountered  in  cartographic  applications.   Support
for  the  plotter  includes  initialization  and  termination  routines,
solid   and   dashed   lines,    and   some   point   symbols.       GRFMAN   also
provides   for   number   posting   and   alphabetic   symbology   placement
for  both  the  graphics  terminal  at  the  plotter,   using  the  Hershey
alphabets .



HERSH             (Conversion  of  Hershey  sets   from  Felix  to  GIMMAP)

The  Hershey  alphabets,   converted  to  an  intermediate   (FELIX)
form   by   the   A2FELIX   program,   must   be   further   converted   into   a
HERSHEY    and    an   ALPTRS    file    for   GIMMAP.       HERSH   takes   the    FELIX
format  and  produces  the  alphabet  pointers  and  Hershey  coordinates
files.      These   files   are  created  to  facilitate  direct  access  to
each   character   in   each   Hershey   alphabet.      The  HERSH   and  A2FELIX
programs  are  run  only  one  time.



HERSHEXAM                (Examine  Hershey  Files)

Certain    programming    or    operational    concerns    may    require
occasional   examination  of  the  Hershey  alphabet  pointers   (ALPTRS)
and   coordinates    (HERSHEY)    files.       HERSHEXAM   provides   access   to
examine    the    sequence    of    raw    coordinates    which    the    Hershey
alphabets  contain  for  selected  characters.  Any  character  from  any
alphabet  may  be  so  displayed  by  selection  of  the  alphabet  number
and  entry  of  the  desired  character  or  keyboard  equivalent.



HERSHPI.OT               (Hershey  Alphabets  plot)

The  twenty-three  Hershey  alphabets   (fonts)   are  available  in
GIMMAP    for    the    placement    of    symbology    on    maps.        These    sets
include    options     in    boldness     (simplex,     duplex,     triplex)     of
numerous   fonts,   as  well   as   a   number  of  special,   non-alphabetic,
character   sets.      Selection   of   the   appropriate   alphabet   is  made
possible  only  through  visual   examination  of  the  available   sets.
HERSHPLOT  provides  a  plot  f ile  of  a  compact  chart  of  the  Hershey
alphabets,   arranged  by  number  for  easy  reference.     This  chart  is
essential   in   selecting  symbols   from  the   special   character  sets,
since  these   characters  do  not  appear  on  the  keyboard.      Instead,
the   keyboard   equivalent    (character   on   the   keyboard   which   will
select   the   desired   special   character)    for   these   characters   is
directly  evident  from  the  chart.



KONTI KI ( BOX ) (Dj.splay  Oil  and  Gas  Fields   in  Color)

The   first   of  the   color  programs   for  GIMMAP,   the  KONTIKI   and
KONTIKIBOX  programs  are  used  to  create  a  color  display  of  the  Oil
and   Gas   fields   in  the   state   of   Kansas   on   a   Tektronix   terminal.
The  fields  may  be  selected  by  type   (gas,   oil,   oil   &  gas,   storage
areas,   shallow  gas)   and  any  combination  of  types  is  allowed.     The
BOX  program  allows  the  operator  to  select  a  rectangular  sub-area
of  the  state   in  latitude/longitude  or  projected  x-y  coordinates
while  the  KONTIKI  program  always  displays  the  entire  state.     Both
provide  legend  information,   a  title,   a  date,  and  a  north  arrow.



LEO (Legal-Geographic  Conversion)

Conversion    between    the     legal     and    geographic     reference
systems   in   Kansas   is   essential   to   making   graphic   displays   and
maps   of  cartographic  data,   cross-  referencing  data   in  different
systems,    transferring   data   and   locating   secondary   data.       The
process   of   conversion   frees   different   data   sets   for   many   new
applications.          The     LEO     system,     comprised     of     the     FORTRAN77
subroutine  LEOCVT  and  the  database   (LEOBASE)   of  spatially  ordered
township   and   section   corners,    performs   conversion   from   either
system   to   the   other.       The   legal   system   used   by   LEO   is   based
strictly  on  that  for  Kansas,  and  relies  on  the  digitized  township
and   section   corners   in   Kansas,   as   represented   on   the  USGS   7.5'
quadrangle  map  series.



I.EOQUERY                    (Query   the   LEOBASE)

The  LEOBASE  database  of  township  and  section  corners   exists
to   support   conversion   between   legal   and   geographic   coordinates
via   the   LEOCVT   routine.       The   coordinates   stored   in   LEOBASE   are
the  longitude  and  latitude  of  the  section  and  township  corners  of
Kansas.     LEOQUERY  provides  the  means  to  examine  these  coordinates
and    if   necessary   to   modify   them.       When   a   township   and   range
designation  is  made,   LEOQUERY  displays  the  geographic  coordinates
of  the  four   (if  available)   corners  of  the  sections  are  displayed
as  longitude-latitude  pairs.     If  modification  has  been  selected,
any  of  the  four  corners  may  be  changed.     Additional  sections  may
be    so    examined,     or    a    new    township    may    be    selected.        When
modifications    are    performed,    duplicate    copies    of   the   changed
point,   existing  in  adjacent  sections  or  townships  will  be  changed
as  well.

LEOBASE

Geographic locations
of township and
section  corners

==

Direct  examination  and  modification  of  the  legal  land-grid  system  database



mpDIG (Map  Digitizing)

The  f irst  process  in  creating  a  GIMMAP  cartographic  database
to  support  automated  mapping  operations  is  the  conversion  of  map
data   in  graphic  form  into  digital  form   (i.e.   usable  by  a  digital
computer)     This  process  is  called  digitization,   and  is  performed
in   numerous   ways.      The  usual   manner   for  GIMMAP   digitizing   is   by
means    of    an    operator-guided    pointing    device     (cursor)     on    a
specially  wired  digitizing  table,   which  converts  selected  points
into  computer-usable  X-Y  values,   and  transmits  the  points  to  the
computer   under   the   guidance   of   a   digitizing   program.       MAPDIG
guides  the  operator  to  digitize  in  the  proper  form  and  sequence,
prompting    for    necessary    information    such    as    map    title    and
projection   information   and   feature   type   identification.       The
operator  is  prompted  with  a  bell  and  questions  on  the  terminal,
and  selects  different  buttons  on  the  digitizing  cursor  to  perform
different  functions.

Map  digitization  control  program



mpGEN (Map  Generation)

When   one   or   more.   GIMMAP   cartographic   databases   have   been
created   and   edited,    the   primary   function   of   the   system   is   to
produce  maps  from  them.  This  task  translates  into  producing  a  set
of   plot   f iles   which   contain   features   selected   by   type   and   by
area,   and   are  prepared  graphically  to  produce  the  desired  image
on   the   map.       MAPGEN   collects   map   data   from  multiple   databases,
each   with   its   own   projection   and   collates   the   features   into   a
single  map  by  reprojection  to  the  common  output  projection.

MAPGEN   does   not   edit   and   splice   the   lines   and   edges,    it
merely  reprojects  to  a  common  scale  area  and  projection.     If  the
pieces   are   appropriately   digitized   and   edited,    they   will   fit
together   properly.       MAPGEN   allows   for   multiple   plot   files    (to
provide   for  different   colors,   pen  widths,   eta.,)   each   of  which
will   be   sent   multiple   features   selected   from   the   input   files.
The   selected  output  projection  may  be  any  which  is  supported  by
GIMMAP,   including  the  standard  projection  for  Kansas  -  requiring
no  further  projection  information.     If  USGS  7.5'   quadrangle  bases
are   listed   as   the   input   databases,    MAPGEN   will   calculate   the
projection  area  directly  from  the  list  of  Arc  file  names.

As   an   option,    DDF   files   may   be   produced   instead   of   plot
files.    This  option  is  useful  for  archival  and  data  transfer.    It
is   also   useful    for   creating   new   GIMMAP   cartographic   databases
from   collated   areas.      The   new  database   may   then   serve   to   place
and  edit  symbology  properly  for  the  map  area.     The  DDF  files  may
be    produced    in    DDF    format    or    may    be    created    in    geographic
(longitude-latitude)   coordinates  for  universal  transfer.

Translation  of  data  in  X  and  in  Y  may  be  applied  to  plot  or
DDF   output.   Also   applied   to   either   is   rectangular   clipping   in
either  X-Y  or  longitude-  latitude  to  restrict  the  output  map  or
DDF`   data   +   a   windowed   area.       This   clipping   provides   for   neat
borders  for  which  exact  (rectangular  in  X-¥  or  latitude-longitude
boundaries  may  be  produced.     Clipping  facilitates  extremely  good
matching    between    adjacent    sub-areas,     and    provides    excellent
control  for  digitization  of  features  drawn  on  maps  thus  produced
(with     appropriate     control    markers).          Large     areas     may     be
sub-divided     for     more     efficient     editing     and     placement     of
symbology.     Also,   separate  data  sets  may  be  merged  neatly  by  use
of  clipping  during  reprojection.

For  plot   files,   both  points  and  lines  may  be  automatically
annotated   for   enhanced   effect.       Nine   general   and   six   special
(geosciences)   point  symbols  may  be  selected,   with  symbol  size  and
other  parameters   also  selected  by  the  user.     Seven  special  line
types   with   variable   parameters   may   be   used   to   enhance   lines.
Other     options     include     a     map     frame;      a     GIMMAP     label     with
projection,    scale,    date   and   time;   and   registration   marks   with
longitude-latitude  labels.



MAPREQUEST              (Map  project  Request)

A    request    for   map   services    requires    a    large   number   of
specifications   of   the   map   area,   content,   form   and   every   other
aspect.     As  implemented,   the  map  request  not  only  identifies  the
requestor    and    his/her    needs,    but    also    serves    to    guide    and
document  the  production  process.     MAPREQUEST  prompts  the  user  for
many  details  of  the  map  preparation  process  for  the  desired  map.
This   generally    forces   the   requestor   to   contemplate   important
aspects   of  the  production  which  had  not  been  considered  before.
The   requestor   finalizes   the   request   after  entering   and   editing
for  as  many  sessions  as  desired,   often  with  the  assistance  of  the
production  staff .    The  finalized  request  causes  the  generation  ofa   report   to   all   affected   parties.      The   production   staff   then
attempts   to   clarify   any   remaining   questions,    and   proceeds   to
produce  the  cartographic  product  based  on  the  report.   Selections
made    by   the   production    staf f   may   also   be   recorded   with   the
original   request   for   future   reference.      All   information  may  be
displayed  and  printed  at  any  time.



MAPTTL (Map  Titling)

The   placement   of   symbology  on  a  map  may  be   done   even   after
the   plot   files   for   the   map   already   exist.      Usually   the   CYMBAL
program   is   used   to   perform   this   task   on   the   GIMMAP   database.
MAPTTL   is   capable   of   producing   symbology   to   f it   the   image   in   a
selected  plot   file.      The  usual   GIMMAP  symbology   files   are  built
in   this   process,   but   some   advantages   of   the   traditional   CYMBAL
method  are   lost.     The  primary  difference  lies  in  the  display  of
the  map  data  as  a  reference  for  placement  of  the  symbology.   With
a  plot  file,   only  one  option  exists  -  to  plot  everything  in  the
file.      This  may  be  time  consuming  and  may  be  difficult  to  view.
Fortunately,  windowing  may  be  performed  to  enlarge  small  parts  of
the  image  for  clearer  view.

MAPTTL  provides   for  creation,   modification,   duplication  and
deletion   of   labels   whose   content,    Hershey   alphabet,    reference
location ,       character      height ,       angle      of      orientation      and
justification     are     specified     by     the     user.          Additionally,
rectangles  and  scale  bars  may  be  generated.     Plot  output  goes  to
a   single   file,   but  does  allow  for  the  inclusion  of  offsets   for
translation.     The  best  use  for  MAPTTL  is  for  small,   uncomplicated
plots   created   outside   GIMMAP,    which   need   simple   symbology   like
titles,   frames  and  scales.



NODGEN (Node  Generation)

The     third     major     step     in     the     creation     of     a     GIMMAP
cartographic  database   is  the   recognition  of  unique   "nodes,"   and
generation   of   the   node   f ile   containing   information   about   the
nodes.     Basically,   the  nodes  are  the  intersections  of  lines  with
each  other,   termination  of  lines  in  the  interior  of  the  map,   and
termination  of  lines  at  the  edges  of  the  map.   For  each  node,   it
is   important   to  maintain   information   about   the   location   of   the
node,   the   lines  connecting  at  the  node,   and  the  number  of  lines
intersecting   there.      NODGEN   inspects   the   endpoints   of   all   arcs
and  ''isolated"  point  features  to  generate  a  list  of  unique  nodes.
The   information   for  each  node  is  collected  into  a  record,   which
is  then  stored  in  the  node  file.     This  information  makes  it  easy
to   identify  nodes  connected  to  each  other  and  the  arcs  by  which
they    are    connected.        It    is    used    for    identification   of   map
features  for  editing,   automatic  generation  of  zone  boundaries  by
ZONGEN,      and     could     be     used     for     general     network     analysis
operations.      NODGEN   averages   the   locations   of  nodes   and  updates
arc  endpoints  to  be  consistent.



PARGEN (Point  and  Arc  File  Generation)

The    Digitized    Data    Format    or   DDF    f ile    contains    the    raw
digital   image   of   the   map   as   captured   by   the   operator   in   the
digitizing   session.       From   the       DDF   file(s),    the   cartographic
database   is   built.      PARGEN  accepts   syntactically-clean  DDF   file
input  and  generates  the  Arc,   Point  and  Q-lot  files   for  the  map.
The   DDF   file   and   the   digitizing   syntax   (rules   of   structure   and
format)   tell   PARGEN  where  arcs  begin  and  end,   what  feature  types
are  included,  where  nodes  are  indicated,  what  distortion  of  scale
occurred   in  the   input  document,   how  to  rotate  and  translate  the
data   to   fit   the  mathematical   model   for  the  projection  and  many
other  factors.

Each    arc    generates    a    unique    record    in    the    arc    file.
Interior  points  for  each  arc  are  segregated,   linked  together  and
connected  to  the  associated  arc  record.    A  display  file,  parallel
to  the  point  file,   is  generated  for  quick  plotting  of  the  total
map   view.       Statistics   are   reported   on   the   number   of   arcs   and
points,   file  usage,   and  spatial  extremes.     PARGEN  may  be  used  to
add  data  to  an  exciting  base  or  to  overwrite   (initialization)



PIJTGEN (Plot  Generation)

Plot     f iles     may     be     produced     from     an     existing     GIMMAP
cartographic   database   to   create   a   working   or   publishable   map.
The  plotted  map  may  contain  any  desired  subsets  of  map  features,
and  may  be   used   to   compare   the   state   of   the   database   with   the
original   source  map.     This  edit  plot  may  be  created  for  plotting
with  separate  colors  for  the  chosen  features.     PLTGEN  creates  the
plot  with   a  map  border  and  a  title   at  the  top  of  the  map.   Also
plotted  are  f iducial  or  registration  marks  at  the  corners  of  the
map     area.            State     and     county     lines     are     annotated     as
long-short-short  and  long-  short  dashed  lines.     Node  numbers  may
be  plotted   to   assist   in   location  of  missing  or  unjoined  nodes.
Node  degrees  may  be  posted  instead  of  node  numbers  to  assist   in
locating  node   errors.     Both  sets  of  numbers  are  also  helpful   in
locating  errors  during  zone  generation.



PROJCT (Map  Projection)

Map   features  which  are   represented  by  points   in  geographic
coordinates   (longitude-latitude)   may  be  converted  to  rectangular
(X,Y)   coordinates   for   creation   of  a  GIMMAP  cartographic  database
or   for   plotting.      PROTCT   accepts  points   from  the   terminal   or   a
disk   file   and   projects   according   to   the   specified   projection
parameters.      The  projections  supported  by  the  PROMAN  library  may
be  used,   including  the   (GIMMAP)   standard  projection  for  the  state
of   Kansas.       The    input   points   may   optionally   include   Z-values
which   will   be   carried   over  to   the   output   file.      The   projected
output   may   be    in   the    simple    form   used    for    input   or   may   be
converted   to   the   Digitized   Data   Format   (DDF)   used   in  GIMMAP   for
database  construction.      For  the  DDF  files,   feature  codes  may  be
selected  or  optionally  they  may  be  generated  automatically   from
Z-values .



PRO- (Projection  Management)

Various    GIMMAP    programs    require    the    ability    to    perform
projection     and     deprojection     of     points     (conversion     between
geographic  or  longitude-  latitude  and  rectangular  X-Y  coordinate
systems).      For  this  reason,   a  common  set  of  routines  to  perform
projection   initialization,   point  projection  and  deprojection   is
collected    into    a   single   library,    accessible   to   any   program.
PROMAN  includes  routines  for  set-up  of  the  Modified  Polyconic  and
Lambert    Conformal    Conic    projections    and    for    projection    and
deprojection   in   both.      The   calling   program   is   responsible   for
setting  parameters  such  as  the  scale  and  area  of  interest.



QSORT (Quick  Sort)

Occasionally,    the    system   manager   may    have    need    for    the
ability  to  sort  a  list  of  integers.       QSORT  performs  a  rapid  sort
of  up  to  10000  integers  taken  from  an  unordered  file.



RAFMAN          (Random  Access  File  Management  Library)

All   random-access   f iles   in   a   GIMMAP   cartographic   database
(may    include    Arc,     Point,     Node,     Qplot,     Zone,     Border,     Label,
Symbol,   Calligraphy)    are   structured   according   to   set   rules   and
managed   by   a    library   of   routines.    The   structure   includes   an
accounting  record  and  a  doubly-linked  ''freelist"  chain  of  unused
or  reclaimed  records.     RAFMAN  provides  routines  to  initialize  the
structure,    set   file   codes    (channels   or   unit   numbers)    for   the
generic  base   files,   get  a  record  for  use,   return  a  record  which
will  no  longer  be  used,   and  report  various  errors  found  in  these
structures.   RAFMAN  is  used  by  every  GIMMAP  program  which  accesses
a   cartographic   database.      The   calling  programs   are   responsible
for  such  actions  as  overwriting  the  "flag"  of  each  "gotten"   (new)
record  and  returning  deleted  records  to  the  freelist.



RAFPRN          (Random  Access  File  Examine,   Print,   and  Modify)

The   direct-access,    binary    files    of   the   database   may   be
examined  by  use  of  the  RAFPRN  program.     For  each  of  the   files  in
the  database,  there  exists  a  file  which  reads  the  contents  of  the
specif led   records   of   the   desired   f ile   and   prints   them   on   the
terminal   screen   for   the   operator   to   examine.      The   commands   for
printing  are  available  on  a  menu  listing;  printing  the  file  whose
first  letter  is  X  may  be  performed  by  using  the  PX  command   (e.g.
printing  the  arc  file  is  performed  by  the  PA  command) .

Selection  of  records  is  by  a  list  of  numbers  or  ranges  which
are   separated   by   commas.      The   numbers   represent   single   records
and   the   ranges   specify   contiguous   blocks   of   records   from   the
first  number  to  the  second.    All  records  so  specified  are  printed
with  unused  records  displayed  as  the  freelist  record  with  a  flag,
a  predecessor  record  and  a  successor  record.

To  be  able  to  modify  the  content  of  a  record,   (available  for
most   files),   the   operator   uses   the   command  which   begins  with   M
and  ends  with  the  letter  of  the  file  to  be  modified.     When  this
option  is   selected,   the  operator  must  select  a  record  to  select
and  then  selects  one  or  more  fields  within  the  record  to  modify.
The  record  conten  is  displayed  before  any  changes  are  made.     The
changes  are  made  immediately  as  the  operator  selects  them.

The   RAFPRN   program  may   be   run   in   two  modes,   one   to   display
the  database  content  at  the  terminal  or  to  a  disk  file.



SHADEZ (Zone  Shading)

Area    shading   may    be    a    substitute    or    an    enhancement    to
coloring   of   areas.    In   either   case,    it   provides   the   necessary
distinctions  between  the  different  types  of  areas  in  a  map,   when
done   properly.      SHADEZ   may  be   used   to   produce   shade   lines   on   a
graphics   terminal    as   well   as    in   plot   format.    As   many   as   100
different  zone  colors  may  be  extracted  from  a  GIMMAP  cartographic
database.     Each  zone  color  may  be  represented  by  shade  lines  on  a
graphics   terminal   as   well   as   in   plot   format.       As   many   as   100
different  zone  colors  may  be  extracted  from  a  GIMMAP  cartographic
database.

Each  zone  color  may  be  represented  by  shade  lines  of  one  or
two    separate    angles.        The   selected    zone   colors   may   also   be
grouped  into  as  many  as  twenty  separate  plot  files,   each  of  which
may  be  plotted  in  a  different  color.     The  zone  color,   plot  file
and     angle     selections    may    be     conveniently     specif led     in     a
dictionary   file,   and   need  be   typed   only  once.   Plotting  of   zone
boundaries    is    optional,    and    selection    of    zones    may    also   be
restricted  by  use  of  minimum/maximum  zone  area  criteria.



SurmlT (Summary  of  Feature  Codes)

When   an   operator   wishes   to   know   in   a   gross   fashion   what
groups   of   features   have   been   included   in   a   GIMMAP   cartographic
database,   or   in  a  group  of  databases,   a  summary  of  the  quantity
of  each   feature  by  type  may  be   reported.      SUMMIT  will   examine   a
single  database  or  a   collection  of  databases,   count  the  numbers
of  features  of  all  types,   and  report  the  counts  to  the  operator.
Such    an   evaluation   may   be   made   of    an   entire   county   to   make
certain  that  all  required  coverages  have  been  made.     Such  counts
will    not    guarantee    complete    or    correct    coverage,     but    only
indicate  the  presence  or  absence  of  features  in  general.



SYMGEN (Symbology  Generation)

Map   symbology    such   as   titles,    feature   names   or   numbers,
scale   bars   and   north   arrows   which   have  been   created  and   edited
with   the   CYMBAL  program  or  the  MAPTTL  program  may  be  transferred
from   one   or   more    'input'    cartographic   databases   to   a    single'output'  database.     SYMGEN  performs  a  reprojection  from  the  input
bases  to  the  output  base,   which  may  create  a  new  set  of  files  or
simply  append  to  existing  records   in  the  output  database  files.
The   reprojected   information   is   transferred   directly   to       the
symbol   and  calligraphy   files   of  the  output  base.     The  operation
may  result  in  the  concatenation  of  multiple  pieces  into  a  single
map,    the   splitting   of   an   area   into   multiple   sub-maps    (through
multiple  runs  of  the  program)   or  simply  the  re-scaling  of  a  map,
all   in  terms  of  the  symbology  existing  in  symbol  and  calligraphy
files.      Re-scaling  of  the  symbology  may  be  performed  using  three
methods,    selection    of    symbology   may   be   controlled   by   feature
codes,   and  optional  outside  margins  guarantee  no  inadvertent  loss
of  symbology  when  symbology  has  been  placed  outside  the  map  edge.



SYMPLT (Symbology  Plotting)

When    an    operator    is   not   using   the   CYMBAL   program   or    is
stationed  at  a  non-  graphics  terminal  and  wishes  to  create  a  plot
f ile   of   selected   symbology,    such   a   plot   file   may   be   created
directly   and   quickly.       SYMPLT   provides   this   direct   production
without  a  graphics  terminal.     The  function  of  SYMPLT  is  the  same
as   the  PLOT  command  of  the  CYMBAL  program.      Symbols   are   selected
by  feature  codes  and  sent  to  a  selected  plot  f ile  with  optional
translation    in   X   and   ¥,    and   optional   scaling.       Options   also
include  the  addition  of  feature  codes  to  a  plot,   and  creation  of
multiple   plot   files   in   this   manner.      Some   attempt   is   made   to
order   the   symbology   in   X   and   Y   to   reduce   wasteful   pen   travel
between  symbols.



SYNEDT (Syntax  Editing)

In  order  for  the  PARGEN  program  to  properly  build  the  Point
and  Arc  files  from  the  digitized  data  format   (DDF)   file,   the  data
in  that   file  must  be  error  free.     That  is,   the  file  must  be  in
the  correct  form  according  to  the  rules  which  describe  digitizing
and  the  DDF   file.     These  rules  and  the   implied   form  of  the  file
are   called   the   digitizing   syntax   or   syntax.    The   operator   may
violate   the   syntax   when   digitizing,    and   PARGEN   is   designed   to
expect  only  syntactically-correct  input.     SYNEDT  receives  the  raw
digitized   data,    finds   and   corrects   errors   in   the   syntax,   and
produces   a   syntactically-clean   DDF   f ile   and   a   report   of   found
errors.      Corrections  made  automatically  by  SYNEDT  are  to  conform
to    the    syntax    only,     they    may    result    in    the    creation    of
nonsensical   graphical   entities   which  must   later   be   graphically
edited     via     the     GRFEDT     program.          SYNEDT     provides     optional
translation   in   X   and   Y,    and   setting   of   default   Z-values   for
isolated  point  features.



TICTOC (Tick  and  Grid  Creation  in  Lat/Long)

Lines   of   longitude   and   latitude   or   tick   marks   placed   at
points    of    longitude    and    latitude    may    be    produced    as    plot
information   or   in  a  DDF   f ile   for  entry   in  a  GIMMAP  cartographic
database.    In  the  latter  case,  the  lines/ticks  are  to  be  labelled
using   the   CYMBAL   program.       TICTOC   generates   these   lines/ticks
beginning  at   specif led  longitudes  and  latitudes   and  ending  at  a
second   set   of   specified   longitudes   and   latitudes.      Lines/ticks
are   spaced   according  to   specified  separations.     All  choices  are
made  in   (decimal)   degrees.     Lines/ticks  end  at  their  outer  edges
at  a  neat   line  which  may  be  rectangular   in  projected  X-Y  or   in
longitude   and   latitude.   This   border   may   be   selected   or  may   be
determined  automatically  from  the  chosen  projection  and  area.     In
fact,    a   projection   boundary   frame   as   the   only   output   is   one
option.     Fiducial  marks  of  optional  size  may  also  be  added.

_---.---------_I
Specifications      :

: for  Lat/Long  ticks :__
:          orlinesand          ,

map  frame          :
I--,-------------

1  I 1`  1  11 1`

PLOT
FILE

Create  DDF  or  PLOT  files  of  latitude/longitude  tick  marks  or  lines  to  fit  a  specified  map  frame



X2C (I) (Convert  a  Vector  Line  Plot  to  Color  Plot)

Line  plots  made  for  the  vector  plotter  may  be  segregated  so
that   different   line   features   are   plotted   in   different   colored
pens  on  the  vector  plotter  to  produce  color  maps.     Better  results
may  be  generated  by  converting  the  plot  data  for  use  on  the  color
plotter.     The  X2C  program  performs  this  conversion  of  plot  files
which  are  in  their  original,  binary,   sequent`ial  form  (x,y,pen)   to
create  color  plots  of  the  lines.     Each  file  may  be  converted  to  a
specified  color  and  line  weight,   and  may  be  assigned  a  level  to
screen   certain   features   by   overlays.      Excessive   points   may   be
weeded  by  the  X2C  program  with  a  report  generated  to  report  the
counts   of   points   kept,   weeded,    and   discarded   as   improper   (the
good,   the  bad  and  the  ugly) .



ZmRKg (Zone  Mark  Reprojection)

In   GIMMAP,    zones    (polygons)    may   not   be   reprojected   to   new
scales  or  to  concatenate  areas  into  new  zones.     Instead,   this  is
accomplished    by    reprojecting    the    arcs    and    creating    a    new
cartographic  database  on  which  zone  generation  and  editing  may  be
performed.      However,   at   times   it   is   desirable   to   put   together
several   neighboring  maps  of   zones  to  examine  them  as   a  unit  and
to  compare  the  boundary  match-ups  and  coloration  across  borders.
Again   the   arcs   may   be   reprojected   directly   into   plot   files   to
form    the    boundaries    of    the    zones.         ZMARKS    may    be    used    to
reproject  the  zone  marks  from  one  or  more  input  databases  to  the
common  projection  for  the  output  map.     With  the  reprojected  zone
marks,   the  zone  numbers  or  zone  color  numbers  may  be  posted.



ZONEDT (Zone  Editing)

There    are    three    basic    editing    functions    which   must   be
performed     on     zones,      assuming     that     ZONGEN    has     successfully
generated   the   complete   set   of   zone   and   border   records   for  the
GIMMAP  cartographic  database.     First,   is  the  proper  placement  and
signing   of   the   zone   mark   for   each   zone.       Zone   marks,    used   to
identify  and   label   zones,   are  generated  by  ZONGEN  at  the  center
of  mass  of  each  zone.     Each  mark  is  created  at  a  specified  size,
and   may   or   may   not   lie   within   the   zone   boundary.       Since   one
function  of  the  zone  mark  is  to  mark  the  area  to  be  peeled  in  the
production  stage,  the  entire  mark  must  lie  within  the  zone.

ZONEDT  provides  the  MARK  function  in  which  zone  marks  may  be
quickly  examined  and   accepted   or  modified   as  needed.   The   second
editing   function   is   to   properly   set   the   zone   colors   for   all
zones.       Each   unique   color   to   be   differentiated   in   the   final
product  must   have   a  unique  color  assigned  to  the   zones   of  that
type.       Several   different   techniques   are   supplied   by   the   COLOR
function    in    ZONEDT   to    check,    properly   set    and   display   these
colors,

The  third   function  to  be  performed  in  ZONEDT  is  to  identify
zones   which   are   completely   surrounded   by   other   zones   to   the
system.      These  island   zones  must  be   identified  so  that  when  the
outer  or  surrounding  zone  is  to  be  colored,  the  boundaries  of  its
islands   will   also   be   drawn   so   they   will   not   be   colored.      The
ISLAND     function     in     ZONEDT     provides     several     techniques     f or
assuring  that  island  linkage  is  performed  quickly  .and  completely.
Additional   commands   provide   for   selecting   areas   and   subsets   of
zones   for  display  and  editing,   posting  of  zone  number  or  colors,
deleting   certain   island   zones,    and   converting   between   the   CMY
coloring  system  and  unique  zone  colors.



ZONGEN (Zone  Generation)

A   zone   boundary   is   the   sequence   of   arcs   which   bounds   the
zone,   separating  the   interior   from  the  exterior.     This  boundary
is   ordered   so   that   it   follows   as   if   the   pen   were   drawing   the
boundary,      necessitating     the      reversal      (logically      if      not
physically)   of  some  arcs   in  the  border.     The  arcs  making  up  the
boundary   are   called   border   arcs,    and   are   referred   to   in   the
Border   file.      ZONGEN  generates  these  unique  boundaries,   creating
one  record   in  the   Zone   file  and  one   or  more   in  the  Border  f ile
for  each  zone.

Examining  a  selected  subset  of  arcs,   ZONGEN  uses  a  left-turn
algorithm   to    f ind   each    zone   boundary    (providing   no   graphical
errors   prevent   completion).       In   this   algorithm,   the   next   node
(intersection   of   3    or   more   zone   boundary   arcs)    on   a   list   is
chosen  as  the  start  node.     The  path   from  the  start  node  to  its
next  neighbor  is  taken.    A  left-turn  is  taken  along  the  arc  which
is   left-most   to   the   incoming   path,    to   the   next   node.       This
process  is  repeated  until  the  start  node  is  returned  to.

The  center-of -mass  of  each  zone  is  calculated  and  stored  as
the  zone-mark  location.     The  color  assigned  is  a  selected  default
or   equal   to   the   record   number   of   the   zone.       Both   island   and
non-island   zone   boundaries   are   generated.       Area   and   perimeter
statistics  are  also  generated  for  each  zone.
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ZONGEN

Creation of Zone and  Border records from  arcs with selected feature codes
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LOGICAI.   AND   PHYSICAI.   DATA   8EGMENTATION

Using  the  principle  of  data  segmentation,   it  is  possible  for
automated  cartography  to  process  and  produce  maps  of  much  greater
size    (in   terms   of   the   amount   of   data   contained)    than   would   be
possible   otherwise.      Consequently,   the  GIMMAP  system  can  be  used
to   provide   cartographic   functions   for   an   area   the   size   of   the
state  of  Kansas  by  various  forms  of  data  segmentation,   while  such
a  proposition  on  the  whole   (all  the  state  at  once)   is  prohibited
by   limitations   on  the  computing  system   (primary  storage  for  data
and   program) ,   possible   limitations   on  physical   devices   (plotter
and  digitizer),   time   constraints   on  display  and  plotting,   human
limitations  on  comprehension  of  large  sets  of  data,   and  others.

Data  segmentation  is  basically  the  time-honored  principle  of
divide-and-conquer.      The  use   of  data   segmentation   for   automated
cartography  is  one  of  dividing  a  very  large  set  of  map  data  into
a   number   of   smaller,   disjoint   data   sets   such   that   re-combining
these  small  sets  will  produce  the  original  large  set.     The  small
sets   are  designed  to  be  of  a   size  which  is  readily  processed  by
the   software  and  the  operator,   without  exceeding  any  limitations
or  constraints  discussed  above.

This   subdivision   into   parts,    or   segmentation,   may   also   be
referred  to   as  a  Dartitionina  of  the  data  set  into  a  collection
of   disioint   or   mutuallv   exclusive   subsets.       This   more   formal
definition,    coming   from   the   mathematics,    is   perhaps   more   rigid
than   is   useful.       For   example,   the   restriction   to   disjoint   or
mutually  exclusive  subsets,  meaning  that  no  two  subsets  contain  a
common  element,   is   not   always   adhered  to   in  our  use  of   the  data
segmentation  principle.     For  example,   it  is  possible  to  include  a
common  border  between  two  sub-areas  in  the  map  databases  for  both
of  the  sub-areas.      Several  strategies   for  retrieval  of  map  data
and  map  production  avoid  the  problems  which  might  arise  from  such
dupl ication .

There   are   two  basic   kinds   of  data   segmentation  employed  by
the  GIMMAP  system  and  in   its   implementation.     The   first  of  these
is  physical  data  segmentation,   consisting  largely  of  the  physical
subdivisions   of  data   suggested   in  the  preceding  paragraphs.     In
physical  data  segmentation,   the  area  of  interest  is  divided  into
sub-regions  which  cover  the  original  area.     The  map  data  for  each
of   the   sub-regions   is   digitized   and   a   cartographic   da€abase   is
created   for   each  area.      Graphical   editing,   creation  and  editing
of   symbology   and  creation  and  coloring  of  areas  may  be  performed
and  the  pieces  may  be  re-assembled  into  the  original  area   (at  an
appropriate  map  scale) .



All  computing  facilities  and  mapping  systems  are  restricted
at  some  point  by  limitations  which  in  turn  restrict  the  size  of
the  map  data  set  which  can  be  processed.     The  use  of  segmentation
extends   these   limits   and   allows  maps   of   larger  data   sets  to  be
processed.       By   the   process   of   physical   data   segmentation,   map
data  may  be  subdivided  into  smaller  and  smaller  sub-areas  to  the
point   where   very  many   sub-areas   are   combined  to  make  maps  which
represent  very  large  data  sets.

The    process    of    physical    data    segmentation    requires    the
physical   separation  of  map  data  into  mutually  exclusive  subsets,
but  this  separation  may  be  performed  on  any  logically  consistent
basis.     The  primary  basis,   listed  above,   is  that  of  dividing  the
principle  map  into  disjoint  areas,   usually  of  the  same  size.     All
data   for  a   given  sub-area   is  directed  to  the  database   for  that
sub-area  only.     Construction  of  the  whole  area  is  accomplished  by
placing  the  sub-areas   (assuming  a  common  scale  and  projection)   in
proper  juxtaposition  to  one  another.

Any  other  possible  basis  may  be  used  to  separate  map  data  in
a  physical  way.     Given  a  single  area  with  a  great  collection  of
various  map   features   such  that  the  map  becomes   dense  or  crowded
with   features,   a  simple  form  of  physical  data  segmentation  could
be  based  on  feature  types.     A  separate  database  could  be  created
for  each  type  of  feature  or  for  groups  of  feature  types  based  on
their  quantity  or  other  aspect.     The  separate  databases  could  be
Processed  with   less   cliff iculty,   and  without   exceeding   limits   or
constraints.       Overlays   of   separate   features   could   be   produced
from  the  separate  databases  to  construct  the  complete  map.

Another   kind   of   physical   data   segmentation   is   inherent   in
the  way  that  the  GIMMAP  system  structures  and  stores  digital  data
in  the  cartographic  database.     The  separation  of  the  key  graphic
elements   (arcs,   nodes,   points,   zones ,... )   and  the  collection  and
division  of  the  critical   information   for  each  element  stored  in
a  separate  file  of  the  database  helps  in  many  ways  to  extend  the
size  of  the  maximum  map  data  set.

The  second,   equally   important,   form  of  data  segmentation  is
logical   data   segmentation.      In  this   form  of  segmentation,   there
is  no  physical  separation  of  data  into  sub-groups  of  smaller  size
than   the   original.      Instead,   sub-groups   of  data   are  defined  by
some  form  of  logical  segmentation  such  as  using  the  value  of  some
attribute  of  all  the  map  features.

Precisely  this  type  of  logical  data  segmentation  is  used  to
distinguish   features   by   their   type,   as   defined   by   the   feature
Code  which  all  map  features  have.     Using  features  codes,   programs
such   as   those   for  graphical,   symbology,   area   and   color   editing
Can  restrict  display  and  processing  to  the  subset  of  map  features
specified  by  the  operator  for  logical  segmentation.

One   advantage   of   logical   segmentation   is   that  map   features
are  not  physically  separated.      Rather,   all  the  sub-groups  which



can  be  defined   are  all   available  to  the  operator  at  all  times.
Thus,  the  set  of  sub-groups  defining  the  whole  is  not  fixed  as  it
is   in  physical   segmentation.      The   operator  may  redefine  subsets
of  map   features  dynamically,   as  they  are  desired.     This  has  the
effect  of   increasing  the  number  of  subsets  available  to  all  the
possible   sets,   as   compared   to   the   fixed  number  of   subsets   that
are  available  in  physical  segmentation.

The  restriction  of  physical   segmentation  to  a  separation  of
the  subsets  of  map  data  by  physical  means   (in  different  files. . .)
does  not  apply  to   logical   segmentation.     Thus,   the  technique  of
physical  separation  of  map  data  into  dif ferent  databases  by  means
of  the   feature  types,   described  above   as  physical   segmentation,
may   also   be   viewed   as   a   form   of   logical   segmentation  which  has
been  used  to  physically  segregate  features  by  type.     This  kind  of
segmentation  separates  map  data  into  discernable  layers  which  may
be  drawn  one  upon  the  other  to  reconstruct  the  original  map,   or
which  may  be  used  separately  to  create  a  useful  map  product.

The   limitation,   loosely  referred  to  as  a   ''maximum  map  size"
in  automated  cartography  does  not  refer  to  a  maximum  area  on  the
surface  of  the  earth  which  can  be  napped.     No,   with  a  change  of
map  scale,   maps  all  become  the  same  size  and   fit  either  on  your
digitizer  or  on  your  plotter.     Asuming  the  software     is  able  to
handle  it,   all  the  world  can  be  made  to  fit  on  the  devices  used
in  the  automated  cartography  shop.     Of  course,   the  display  of  all
this   information  may  overly  clutter  the  editing  screen  if  it  is
not  done  properly.

The  maximum  map  size  is  not  a  reference  to  the  digitizing  or
plotting  hardware,   for  exactly  the  same  reason.     Change  of  scale
can  allow  any  area   to   fit   on  these  devices.      However,   a  better
solution  to  this  problem  lies  in  the  data  segmentation  techniques
discussed   above.      Source   documents   for   digitizing   and   entry  to
the  database  come  in  the  scales  that  are  available.     They  must  be
used   at   those   scale,   and   application   of  data   segmentation  will
help  with  what  results  from  that  original  data.

The  most  probable   limitation  on  the  maximum  map  size  arises
from   the   limitations   of   hardware   and   software   in   the   automated
cartography   system   and   its   environment.      With   a   virtual   memory
system,   there   are   still   limits   which   are   those   reached  by  the
operator  in  the  accurate  perception  of  map  data  displayed  on  the
screen  or  drawn  on  the  paper.      But  with  any  system,   the  careful
use  of  physical   and   logical  data   segmentation  will   increase  the
Practical   size   of  a   set  of  map  data  which  can  be  processed  and
from  which  maps  may  be  produced.
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I.8         Additional  Processes  and  Secruences

As   described   above,   the   basic   sequence   of  programs   is  used
to   capture  map  data,   create   and  maintain  a  digital  cartographic
database   and   then  to   produce  plot   files   from  the  database  which
will   effectively  reproduce  the  original  map.     Other  possible  map
operations   and   functions   arise  from  the  creation  of  the  database
as  described  above.

This    sequence    accounts    for   the   most   important   subset   of
programs   comprising  the  GIMMAP  system,   but  less   than  half  of  the
programs   in   GIMMAP   are   a   part   of   the   basic   sequence.      The   rest
exist  for  other  processes  and  sequences  not  included  in  the  basic
sequence  to   support  reproduction  of  a  single  document  map.     Many
other   functions   exist   based   on   the   assumption   that   the   digital
cartographic  database  exists.

The    functions   described   here   are   divided    into   groups   of
programs   according   to   function   or   to   some   aspect   of   function.
The   groupings   include   one   for  programs   which  reproject  map  data
taken   from   one   or   more   databases,   programs   which   produce   plot
files   of   map   annotation,   additional   programs   for   symbolization,
programs   producing   line   and   area   plots   for   the   color   plotter,
utility   programs   for   assorted   functions,   programs   and   libraries
for  map   projection   and   deprojection,   programs   and   libraries   for
conversion     between     legal     and     geographic     reference     systems,
programs   to   set   up   and   examine   the  Hershey  annotation  database,
programs   for   sorting   data,   and   special   programs   to   display   the
Oil  and  Gas   field  data  of  Kansas.

1.   Map  Production  -  Reprojection

The  single  most  important  function  beyond  the  basic  sequence
is  the  ability  to  join  multiple  maps  together  through  the  process
called  quilting     In  this  process,   a  collection  of  maps  covering
adjoining   areas   may   be   brought   together   to   form   a   single   map
database  or  to  be  plotted  together  as  a  single  coherent  map.

In    order    to    accomplish    this    goal,    the    point    locations
representing  the  features  from  all  the  maps  are  brought  together
into  a  common  reference  system   (geographic)   through  deprojection,
and  then  they  are  projection  in  a  unified  manner  to  create  either
a  new  database  or  to  plot  a  quilted  map.     Together,   deprojection
followed  by  projection  is  referred  to  as  reprojection  of  the  map
data,   a  process  common  to  the  programs  in  the  first  group.

The  program  used   to  perform  quilting  of  multiple  areas   into
a   single   area   is   called  MAPGEN,   for  map  generation.      (Use  of  the
MAPGEN   program   for   basic   sequence   functions   has   been   described
above   in  Processes:   The  Basic..Sequence  For  GI"AP) .     As  suggested



above,   there   are   two   basic   functions   or  modes  of  operation  with
the  MAPGEN  program.     One  is  the  creation  of  plot  files  to  create
a  map  based  on  the  quilted  areas.     The  second  is  to  create  a  new
database  representing  the  quilted  areas.

For  either  operation,   the  operator  selects  the  databases  to
be   quilted,   usually  by  naming  a  file  which  contains  the  names  of
the   arc   files   for  all   the  databases.     The  operator  also  selects
the   subsets   of   map   features   which  are   to  be   quilted   for  either
operation  by   specifying  the  groups  of   feature  codes  which  are  to
be  selected.      For  plot  output,   each  set  of  groups   is  assigned  to
a   separate   r)lot   file.       For   database   creation,    features   may   be
assigned  to  st2parate  DDF  files.

The  separation  of   features  for  plot  f iles  is  very  important
for   the   creation   of   the   final   plotted  map.      Features   should  be
sent  to  separate  files  to  accomplish  two  goals.     First,   for  lines
or  point  symbols  to  have  unique  colors  or  line  widths  on  a  vector
or   a   color   plotter   they  must   be   segregated   at   this   time.      Map
features  separated  into  dif ferent  plot  f iles  can  then  be  plotted
on  a  vector  plotter  in  any  selected  color  with  various  pen  widths
as   selected   on  demand  by  the   operator.      Color  plots  may  also  be
produced  from  the  same  files,   with  similar  options.

Second,    if   only   one  map   product   is   to   be   produced   then   no
further  feature  separation  is  necessary.     However,   if  two  or  more
different  map  products  are  to  be  made,   even  if  at  a  future  time,
then   features   may   be   separated   in   such   a   way   as   to   provide   for
the   exclusion   of   any   unwanted   features   or  groups  of   features  to
produce   the   desired   maps.      Similarly,    features   which   are   to   be
represented    in   different   ways    (via   color   etc.)    for   different
products  must  be  separated  into  different  files.

The   ability   to   reproject   map   data   is   useful   to   two   other
Programs   outside  the   basic  sequence  of  GIMMAP  processing.     These
two  programs  allow  the  reprojection  of  map  data  which  can  not  be
done  by  the  MAPGEN  program.      The  two  types  of  map  data  which  can
be   reprojected   as   a   result  of  these  programs  are  symbology  data
(as   that  produced  by  the   CYMBAL  program)   and  map   zone  marks  with
posting  of  zone  numbers  or  colors.

The  quilting  of  map  data  from  multiple  map  databases  to  form
a  new  database  of  larger  scope   (covering  a  larger  area)   requires
the  creation  of  new  symbology  to  fit  the  new  map.     If  useful   (for
the  quilted  map)   symbology  exists  for  the  source  databases,   then
it   may   be   possible   to   transfer   some   symbology   from   the   source
databases  to  the  new  database.

This  transfer  is  not  always  possible  due  to  the  usual  change
in  map  scale  between  the  source  maps  and  the  quilted  map.     Change
of   scale   may   make   the   height   of   the   symbology   innappropriate  on
the  new  map.     Height  will  be  altered  in  the  transfer,   but  it  can
only  be  set  to  a  constant  size  or  scaled  by  a  constant  factor  for
all  symbols  being  transferred.



Scale   change  and   reprojection  may  cause  the  symbology  to  be
translated  to  undesirable  locations.     These  new  locations  may  be
too  distant   from  the  object  which  the  symbology  labels  or  names.
The   new  locations  may   also  cause  the   symbology  to   lie  on  top  of
map  f eatures  or  other  symbology  or  to  loose  symmetry  or  centering
with   respect   to   map   features.      The   inclusion   of   additional   map
features  from  other  sources  will  exacerbate  this  problem.

Other  problems   exist   for   the   reprojection   of   symbology   for
quilted  maps.      For  example,   along  the  seams  of  the  joined  areas,
symlJology  may  be  duplicated   in  the  databases  on  the  two  sides  of
the   L]oundaries.     Other  examples  can  be  generated,   but   it  must  be
notect   that   most,   if   not  all,   of  these  problems   can  be  corrected
in   the   quilted   database   by   use   of   the   CYMBAL  program.       If   many
symbols   exist   and  can  be  reprojected  by  the  SYMGEN  program,   then
many  of  them  might  be  close  and  of  value  in  the  quilted  database.

The  character  height  of  the   reprojected   symbols   in  the  new
database  can  be  easily  modified  to  fit  the  new  scale.     Locations
and   orientations   may   also   be   changed   easily.      All   these   things
can   probably  be  done  much   faster  by  using  the  CYMBAL  program  for
all   the  reprojected  symbols  than  to  create  an  entire  set  of  new
symbology  from  the  beginning.     Symbols  which  can  not  be  corrected
to  fit  the  new  map  may  be  deleted  easily.

Thus,   the   SYMGEN   program  may  be  used  to  reproject   symbology
from  the  databases  of  adjoining  areas  to  be  joined  into  a  single
database   for  the  quilted  area.     Symbols  to  be  reprojected  may  be
selected  by  feature  codes.     Reprojection  is  performed  only  on  the
reference  point.     All  points  in  the  symbol  are  then  translated  in
parallel  to  the  reference  point.     The  output  symbols  are  created
as   Symbol   and   Calligraphy  records   in  parallel  to  the  records  in
the  original  files.

The  character  height  of  each  symbol  is  adjusted  according  to
the  selection  of  the  operator  for  (1)   height  set  by  a  fixed  scale
factor  applied  to  the   original  height,   (2)   height  scaled  by  the
ratio  of  the  map  scale  factors   (source/quilted),   and   (3)   a  fixed
height   for   all   symbols.      These   options   are   provided  with  very
little  experience  in  their  use,   in  the  hope  that  each  will  have  a
Valid   use   and   together,    they   will   provide   for   many   different
appl ications .

The  third  use  of  reprojection  outside  the  basic  sequence  is
the  reprojection  of   zone  marks  from  multiple  source  databases  to
fit  a  Common   (quilted)   database.     The  program  which  performs  this
task  is  the  ZMARKS,   for  zone  marks,   program.     The  reprojection  of
zone   marks   is   a   facility   which   compliments   the   reprojection   of
the    Zone   boundaries   by   the   MAPGEN   program.       It   allows   maps   of
areas   to   be   processed   for   smaller,   adjoining   areas   before   they
are  joined  together.     This  is  the  principle  of  segmentation  which
increases  efficiency  and  effectiveness.



The  reprojection   of  zone  marks  allows  the  creation  of  a  map
of  quilted   zones  along  with  their  zone  marks  which  are  annotated
with  either  the  zone  marks  or  the   zone  colors.     The  result  is  a
map  plot  which  may  be  used  to  compare  the  boundaries  of  the  areal
features    being    represented    (e.g.    geologic    formations)     across
(source)   map  boundaries   and   colors  assigned  to  the  areas  as  the
join  across  these  boundaries.

2.   Map  Production  -gupplimental  Annotation

There  are  three   functions  which  fit  into  category  of  adding
annotation  to  a  map  product   in   tile   form  of   a  plot  file.     Two  of
the  three  forms  of  annotation  are  aesthetic  and  remain  as  a  part
of  the  map  product.     The  third  is  used  in  the  production  process
when  a  map  is  to  be  printed,   when  overlays  must  be  registered,   or
when  control  point  locations   (for  digitizing  data  which  is  to  be
added  to  the  map  by  hand)   must  be  marked.     Registration  marks  do
not  remain  with  the  map  unless  they  are  to  be  control  points  for
later  digitizing.

The   first   program   in   this   group   is   the  BOXER  program,   used
to  generate  plot   files   of  multiple   rectangles   (boxes)   which  are
defined  by  the  operator.     The  extremes   (minima  and  maxima)   of  the
rectangles   are   reque`sted  by   the   BOXER  program,   which  places  the
plot   commands   in   a   specified   file.      The   operator   may   select   as
many   boxes   as   are   desired   for  the  map,   and  may  place   rectangles
in   separate   files  where  dif ferent  colors  or  pen  types   and  sizes
are  needed.

The   creation   of   boxes   at   operater-selected   locations   and
sizes   fulfills   various   needs   in   the   creation   of   map   products.
The  most  common  use   of   such  a  box   is   the  map  frame,   a  bold  line
surrounding   all   parts   of  the  map,   the  map  legend   and   any  other
items   included   as   part   of   the   map.      The   map   frame  may   also  be
drawn   as   a   double   line   or   double   rectangle,    created   with   two
boxes   of   nearly   the   same   size.       (It   should   be   noted   that   the
CYMBAL  program   also  provides   a  command  specifically  for  creating
the  map  frame  with  double  line  as  an  option) .

Many  other  uses   exist   for  creating  boxes  to  compliment  the
map   product.       (Some   of   the   uses   listed   here  may   be   provided  by
other  parts   of  the  GIMMAP  system).      The   shaded   or  colored  areas
on  the  map  will  require  similarly  shaded  or  colored  boxes  in  the
legend   at   which   text   will   be   placed   to   clef ine   or   explain   the
feature   which   is   represented   by   each.      Some   special   text  areas
may   be   highlighted   or   separated   from   features   by   enclosing   the
text   in  a  box.      Inset  maps  may  be   set  inside  a  box,   and  the  map
area   may   be   separated   from   the   legend,   map   title   and   other  map
features  by  a  ''neat-line"  box  at  which  all  map  lines  end.

The  second   function  in  the  annotation  group   is  the  creation
of  registration  marks  which  represent  locations  in  the  geographic
reference  system   (latitude  and  longitude) .     And,   given  that  these



(four)   points   also   represent   fixed   locations   in  the  digitizing
reference   system   when   the   map   is   to   be   digitized,    these   four
points  represent  a  transformation  system  which  allows  for  proper
conversion   from   digitizer   coordinates   into   a   system   of   correct
projected  coordinates  based  on  knowledge  of  the  map's  projection
parameters .

Registration  marks  are  also  known  as  fiducial  marks,   and  are
used  to  properly  align  multiple  overlays  in  the  printing  process,
to  create  printing  plates   for   four-color   lithography.     To  serve
only   for   the   purpose   of   registering   multiple   overlays   together
for  printing   of  composite   ilmges,   fiducial  marks  could  be  placed
anywhere   outside   the   map   image,    including   legend,   title,    frame
and  other  materials.     For  this  purpose,   the  locations  of  fiducial
marks  in  either  reference  system  would  be  unimportant.

It  is  only  when  digitizing  of  new  data  placed  on  the  map  is
Planned   for   the   future   that   the   fiducial   marks   must   identify
known   locations   in  geographic   reference.      This   information  will
later  support  the  conversion  of  digitized  locations  to  geographic
coordinates,   also  allowing  for  reprojection  for  other  functions.

Two  programs  support  the  creation  of  plot  f iles  of  f iducial
marks   (in  GIMMAP  the  fiducial  mark  is  made  by  drawing  a  square,   a
plus,   and  an  X,   all  centered  on  the  selected  point) .     The  FIDGEN,
for  fiducial   generation,   program  creates  a  set  of  fiducial  marks
at    locations    selected    by    the   GIMMAP   operator   using   projected
(x,y)   coordinates   and  places   the  results   in  a  plot   file   for  the
vector  plotter.      Using  FIDGEN,   the  operator  can  produce   fiducial
marks   which   are  useful   only   for  combining  overlays,   but   are  not
useful  for  creating  marks  of  known  geographic  location  to  be  used
for  digitizing  added  data.

The  FIDGENI.I-,   for  fiducial  generation  in  latitude-longitude,
program   is   used   to   create    fiducial   marks   at   known   geographic
locations,   selected  by  the  operator.     Using  the  FIDGENLL  program,
f iducial  marks  may  be  properly  located  at  the  corners  of  the  map
Projection,   as   is   expected  when  they  are  to  be   used  as   control
points  in  the  digitizing  process.

As   with   the  FIDGEN  program,   F`IDGENLL  produces  a   set   of   four
f iducials  in  response  to  the  operator  specifying  the  extremes  of
a   rectangle   in   projected   cartesian   or   geographic   coordinates.
The   FIDGEN   program   provides   the   option   of   specifying   locations
for  any  number   of  fiducial  marks,   and  FIDGENLL  provides  optional
Symbols   (Plus,    square,    star,    or   fiducial)    to   be   placed   at   the
selected  four  locations.

The   f inal   annotation   function   in  this  group   is  that  of  the
creation  of  a  grid  of  latitude  and  longitude  lines  or  tick  marks
(Short  lines   at  the  outer  edge  of  the  map  sometimes  bounded  by  a
neatline  rectangle)   in  the  correct  geographic  locations  according
to  the  projection  information  selected  by  the  operator.



The  presence  of  a   latitude  and   longitude  grid  provides  the
map  reader  with  the  ability  to  locate  map  features  in  geographic
coordinates  which  are  universally  used  and  understood.     The  grid
of  lines  or  ticks   is  created  by  the  TICTOC  program  in  the  GIMMAP
system.     Using  the  TICTOC  program,   the  operator  may  create  either
a   plot   file  or  a   DDF   (digitized  data   format)   file   (for  addition
to   the   map   database)    containing   the   ticks   or   lines   selected  by
the  operator.

The  plot  form  is  used  when  direct  annotation  is   to  be  added
to  a   set  of  existing  plot   files   for  a  map.     The  DDF  form  is  used
to  add  the  ticks  or  lines  to  a  map  database.     One  primary  reason
for  doing  this  is  to  provide  the  opportunity  for  the  operator  to
add   annotation   to   the   ticks   or   lines   in   the   form   of   labels   to
number   the   latitudes   and   longitudes.      Addition  of  the   ticks   or
lines  to  a  database   (any  one  will  do)   and  labeling  them  with  the
CYMBAL  program  is  the  only  way  to  properly  annotate  the  lines.

Whether   ticks   or   lines   are   selected,   a   bounding   rectangle
specified   in  either  projected   (x,y)   or  geographic   (latitude  and
longitude)   coordinates   is   used  to  determine  where   the   lines   or
ticks  end  at  the  outside  edge  of  the  map.     If  lines  are  chosen,
they  will   completely  traverse  the  map  to  the  opposite  edge.     If
ticks  are  chosen,  the  operator  selects  the  length  of  the  ticks  as
measured  from  the  bounding  rectangle.

The   operator   may   select   the   bounding   rectangle   from  one  of
five  options  depending  on  the  choice  of  the  neatline   for  the  map
and   other   aesthetic   options   selected   for   the  map.      The   options
include  specification  by  the  operator  in  either  the  projected  or
geographic   coordinate   systems,   the  boundaries   implied  by  the  map
projection   in   projected   or   geographic   coordinates,    and   finally
the  geographic  boundary  implied  by  the  tick  and  line  selections.

The  selection  of  tick  or  line  locations  is  restricted  to  a
regular   spacing   of   lines   or  ticks   from  the  starting  and  ending
latitude  and  longitude  locations  specified  in  decimal  degrees  by
the  operator.     Thus,   all  lines  or  ticks  in  the  grid  are  equally
spaced   in   latitude   and   longitude  by  distances   set  by  the  GIMMAP
operator.

The   operator  may   select   the   map   projection   type   and   other
parameters    defining    the   mathematical    projection.       Using   this
information,    the   operator   may   select   an   option   in   the   TICTOC
program  which  produces   a   special   grid   of  latitude  and  longitude
lines.     The  operator  may  select  to  create  only  those  lines  which
lie  at  the  edges  of  the  map  projection  area,   forming  a  neatline
frame  around  the  map  area.

3.   Map  Production  -Symbology

The   third   group   of   functions   is   related   to   th?   creation,
editing    and   plot    creation   of   map    symbology    information.       The



CYMBAL  program  provides   for  these  functions   in  basic  ways   in  the
basic  sequence,   but  there  are  other  ways  in  which  these  functions
are   needed   in   different   environments,   and   they   are   provided  by
other   programs   outside   the  basic   sequence.      In   the   case   of   one
program,   new   functions   are   provided   by   applying   existing   CYMBAL
functions  oh  entire  classes  of  symbols.

The   use   of   the   CYMBAL   program   requires   access   to   a   vector
graphics   display   terminal.       However,    if   the   operator   is   only
using  the  program  to  create  a  plot  file  of  existing,   correct  map
symbology  then  there  should  be  no  need  to  use  the  vector  graphics
terminal,   which  may  be   in  demand  or  may  produce  unwanted  displays
which  slow  the  operation.

Selection   of   map   symbology   from   the   database   for   creation
of   a   plot   may   be   accomplished   using   the   gYMPLT,    for   symbology
plotting,   program.      This   program  allows   the  operator  to  produce
the   symbology   plot   using   any   terminal   whether   it   is   a   graphics
display  terminal  or  not.     It  provides  the  same  selection  options
for  the  creation  of  plots  as  does  the  CYMBAL  program,   but  without
the  graphics  displays.

The   SYMPLT   program   allows   the   operator   to   create   multiple
plots  of  symbols  with  different  feature  codes  in  each  file.     The
operator  selects  the  single  feature  code  to  be  retrieved  and  then
names  the  plot  f ile  where  all  symbology  for  the  code  is  converted
to  the  plotting  format   for  the  vector  plotter.     When  all  of  the
symbology  for  that  code  is  processed,   the  program  cycles  to  allow
the  operator  to  select  additional  symbology.

The   second   function   (outside   the   basic   sequence)    involving
map   symbology   meets   the   need   to   create   map   symbology   for   pr±
existincT  plot  files  of  map  data.     This  need  parallels  that  of  the
original   functions   of  the  CYMBAL  program.     For  that  program,   the
map  database   must   exist   to   support   and  compliment  the   symbology
files,  while  here  the  plot  files  must  exist  for  the  same  purpose.

The  display  of  the   supporting  map  data  is  different  in  the
two   cases.       For   the   CYMBAL   program   the   display   is   created   by
taking  map  data  from  the  map  database  and  converting  to  a  display
form  for  the  vector  display  terminal,   exactly  as  is  done  for  the
graphical  edititing  program  GRFEDT.     For  this  operation,   the  plot
file  is  interpreted  and  converted  to  display  form  with  no  concern
for   feature  codes   (as  can  be  used   in  CYMBAL  for  screening  data) .

But  the  goal  of  attatching  symbology  at  correct  locations  is
Common   to   both   the   CYMBAL  program   in   the   basic   sequence   and   the
MAPTTII,    for   map   titling,   program  used   to   add   symbology   to  match
an  existing  plot  file  of  map  data.     In  this  process,   the  map  data
is  displayed  directly  from  the  plot  f ile  and  the  operator  creates
and  places  symbology   in  proper  locations  just  as  was  done  in  the
CYMBAL  program  of  the  basic  sequence.



The   functions   available   in   the   MAPTTL  program   cover   those
basic   commands   available   in   the  CYMBAL  program.      In  the   initial
phase   of   operation,   the   MAPTTL  program,    like   CYMBAL,   offers   the
option  of   file   initialization   (available  only  at  the  start)   and
then  executes  recognized  commands  from  a  menu  of  symbol  modifying
and  utility  commands.

The  modifying  commands  are  a  subset  of  those  used  in  C'YMBAL,
paralleling  the  primary   functions.     Symbols  are  created  with  the
specification  of  Hershey  alphabet   (font) ,   reference  point,   angle
of   orientation,   justification   (left,   right,   or  center),   feature
code,   and  content.     All   specifications  may  be  changed  and  symbols
may  be   deleted  by  pointing  to  the  symbol   and  giving  the  correct
information  to  the  desired  command.

Rectangles  may  be   generated  be  selecting  the  corner  points
(extremes)    in  various  ways,   including   selection   by  pointing   and
selection  by   entering  coordinates.     The   rectangles  are  used  for
many  things   (neatline,   legend   or  text  boxes,   eta.)   as  described
above.     Map   scale  bars  may  be  created  by  menu  command  and  placed
anywhere   on   the   plot.       Labeling   of   the   scale   bars   is   separate
from  the   command   that   creates  them,   and,   unlike  the  command   for
creating  scale  bars   in  the  CYMBAL  program,   the  scale  information
can  not  be  obtained  automatically  by  the  program.

As   in   the   CYMBAL   program,    symbols   are   all   associated   with
feature  codes  which  can  be  used  to  assist   in  the  display  of  the
symbols   as   well   as   for   the   selection   of   symbols   to   create   plot
files.      With   the   MAPTTL  program,   the  display  of   created   symbols
is   strictly  under  the   control   of   the  operator,   with  a   specific
command   required   to   cause   the   display   of   symbology   (unlike   the
CYMBAL  program)  .

Additional  utility  functions  with  the  MAPTTL  program  include
a  command   to  display   entire   sets   of  Hershey  alphabets,   creation
and  elimination  of  a   default   set   of  symbol  specifications  which
define  a  template  for  symbols,   and  the  usual  set  of  windowing  and
display  functions  common  to  GIMMAP  programs  for  graphical   feature
and  symbology  editing.

Map  symbology  created  and  edited  with  the  MAPTTL  program  can
be   extracted   for  plotting  using  a  command   in  the  menu.      Symbols
are   selected   by   single   feature   codes,   converted   to  plot   format
for  the  vector  plotter,  and  sent  to  the  plot  file  selected  by  the
operator.     The  MAPTTL  program  then  cycles  to  allow  for  additional
selections  to  be  sent  to  other  plot  files.

The   last    function    in   the   symbology   section   is   the   CLASSY
program  in  which  two  important  modif ication  operations  on  symbols
are   applied   to   classes   of   map   symbols   by   feature   code,   rather
than   to   a   single   symbol   at   a   time   as   the   CYMBAL   program   does.
The   application  of   symbol   modif ication  functions  to  whole  groups
of   symbols   saves   the   selection   and  verif ication  process   and  the
redundant  entry  of  specification  information.



The  two  modification  functions  offered  by  the  CIASSY  program
are  the  modification  of  the  height  of  a  class  of  symbols  and  of
the   font   (Hershey  alphabet)   for  a  class   of  symbols.      In  the  use
of   this   program,   the   operator   selects   the   option   of  height   or
font,   and  then  must  specify  the  new  value  for  that  which  is  to  be
changed .

In  order  to  execute  the  requested  changes,   the  operator  must
also  select  the  range  of  feature  codes  that  specify  which  symbols
are  to  be  modified.     only  the  symbols  whose  feature  codes  lie   in
the   specified   range   are   selected   and   modified   according   to   the
operator  selections.     After  each  class  modification  is  comple.ted,
the   program   cycles   to   of fer   the   operator  new   selections   for   as
many  modifications  as  are  desired.

The  modifications  made  to  the  groups  of  map  symbology  by  the
CIIASSY   program   are   made   directly   to   the   Symbol   and   Calligraphy
files  of  the  database.     Any  changes  made  are  made  immediately  and
cna  not  be  undone  as  such.     Of  course,   any  change  in  height  or  in
font   can   be   changed   back  by   further  operations  using  the  CljASSY
Program.

4.   Map  Production  -Color  and  Shading

The  addition  of   a  color  plotter  to  an  automated  cartography
system  provides  a  rich  outlet  for  new  map  products.     Although  the
current  set   of  color  plotters  operates   in  raster  mode,   they  are
all   designed   to   accept  vector   input  to  define  areal  boundaries.
They  generally   require  minimal  conversion  of  line  plots  made  for
vector  plotters  to  the  pre-raster  form  which  the  color  plotters
will  convert  into  colored  lines  of  varying  width.

Given  the  existing  GIMMAP  programs,   database  structures,   and
Philosophy  of  operations,   a  set  of  programs  has  been  developed  to
draw   on   the   GIMMAP   databases   and   software  to  create  color  plots
of  linework  and  of  areas.     Additionally,   one  progra`m  provides  for
color  display  of  areas  created  in  ZONGEN  and  edited  by  ZONEDT.     A
final  program  in  this  area  provides  the  ability  to  shade  areas  in
a  map  database  with  parallel,   straight  lines   (solid  or  dashed)   at
angles  set  by  the  operator.     This  capability  provides  a  method  of
distinguishing  areas  by  their  types  with  or  without  color  output.

Two  basic  abilities  must  be  developed  to  support  mapping  by
color  in  the  GIMMAP  system.     First,   the  linework  which  is  plotted
on  vector  plotters  and  may  have  colors  assigned  at  plot  time  by
changing  pen  colors  must  be  translated  into  an  equivalent  form  on
the  color  plotter.     Second,   the  areas  generated  and  edited  in  the
database   for  separation  onto  scribecoat  material   for  printing  or
shaded,   perhaps  with  colored  pens,   on  the  vector  plotter  must  be
sent  to  produce  solid-color  areas  on  the  color  plotter.

The  first  function,   plotting  lines  on  the  color  plotter,   is
Supported  by   the  X2C  program  which  takes   a   raw  vector  plot   f ile



as   input   and   produces   a   plot   file   for  the   color  plotter'which
sets  all  the  lines  to  a  single  color  and  line  width  as  selected
by  the  operator.      Using  this  program,   the   lines  that  are  to  be
used   in   the   color   plot   of   the  map   are   assigned   to   appropriate
colors  and  widths,   and  each  type  is  sent  to  its  own  plot  file  for
the  vector  plotter.     This  separation  would  probably  have  occurred
for  the  vector  plotter  as  well  unless  the  output  was  restricted
to  blackline  for  various  reasons.

The  different   line  types  will   require   one   additional   piece
of  information  for  most  color  plotters.     Beyond  the  color  and  the
width,   each  line  must  be  assigned  to  a  layer  or  level  relative  to
other  data  in  the  map.     This  level   is  one  of   (possibly)   many,   and
is   used   to   determine  what   is  plotted   at  places   where  more  than
one  feature  or  object  exists.     For  example,   if  a  line  exists  at
the  same  place  as  a  background  f ill  color  for  an  area  then  which
is  plotted?    Options  usually  include  the  line,  the  area,   or  both.
In  some  systems,   this  technique  can  be  used  to  blank   (white)   out
an  area.

The  use  of  levels  is  usually  to  set  levels  of  area  fills  of
solid  color  at  a   level  which   is  replaced  by  the   level   used   for
the   linework.      Where   lines   intersect,   both  may   be  displayed   if
they   are  at  the   same   level.      Background  area  around  the  map  may
be  filled  with  a  low  level  so  that  all  the  map  features  replace
it,   and  background  area  within  the  map  area  may  have  a   level   set
to  provide  a  separate  color  which  is  replaced  by  everything  which
lies  in  the  map  area.

The   X2C   program   offers   a   further   function  which  may   reduce
the  time  required  for  plotting  on  the  color  plotter  signif icantly
when   lines   are   defined   with   overly   dense  points   or  when  points
become  dense  as  a  result  of  scale  change.     The  weeding  of  points
which  lie  within  an  operator-selected  distance  of  one  another  may
reduce  the  number  of  points  defining  a  line  by  as  much  as   fifty
percent  or  more.     The  X2C  program  counts  and  reports  the  numbers
of  points   kept,   weeded,   or  unrecognized   (the  Good,   the   Bad,   and
the  Ugly) .

The  X2C  program  converts  raw  plot   files   from  MAPGEN,   PLTGEN,
CYMBAL  and  related  programs  into  plot  f iles  ready  to  transmit  to
the   color  plotter   in  an  online  form.     The  companion  program  X2CT
performs  the  same   function,   but  creates  output  which  is  designed
to  be  transmitted  to  the  color  plotter  via  magnetic  tape  in  the
off line  form.

The  second  function  listed  above  for  the  basic  abilities  in
color  mapping   is   the   ability  to  extract  the  boundaries  of  areas
and   send   them   in   a   form   to   be   plotted   as   areas   of   solid-color
fill   on  the  color  plotter.     This  function  is  supplied  in  GI"AP
by   the   CALPLOT   program.       The   CALPLOT   program   examines   the   zones
in   the   Zone   file   to   find   those  which   are   selected.      The   Border
and  Point  f iles  are  then  used  to  produce  the  sequences  of  points
which  define  the  boundaries  of  the  zones.



Zones  are  selected  for  production  of  the  color  plot  based  on
choices  made  by  the  operator.     The  operator  must  select  zones  in
the  database  on  the  basis  of  the  color  or  primary  attribute  value
of   the   zones.      For   each   zone   color   selected,   the   operator  must
also  define  the  plot  color  which  is  to  be  applied  to  the  areas  of
that   zone   color.      The  plot  color  definitions  consist  of  primary
color   (cyan,   magenta,   yellow)   mixtures  taken  from  color  charts  or
arrived  at  by  experience  with  the  color  plotter.

To  save  the  operator  repititious  typing  and  trouble  when  the
set   of   plot   colors   is   repeated,   CALPLOT   is   set   up   to   allow  the
operator  to  make  selections  from  a  file  called  a  dictionary.     The
color   dictionary   entries   each   contain   the   zone   color,   the   plot
color   and   the   primary  mixture  values   to  define   the  plot   color.
If  the  operator  selects  a  dictionary,   the  entries  are  read  from
the   dictionary   and   used   instead   of   requesting   values   from   the
operator.      Only   zone   colors  appearing   in  the  dictionary  will  be
selected  and  plotted.

The  entries   in  the  dictionary   f ile   clef ine   the  plot  colors
and   assign   them   to   zone   colors.      The   definitions   of   the   plot
colors  may   occur   in   one   of   two   forms.      The  first   is  the  use  of
percentages  of  the  primary  colors  which  comprise  the  color.     The
second   form   is  to  use  the  default  colors  which  are  available  in
the  palette  6f  the  color  plotter.     For  this   form,   only  a  single
number  is  required  to  select  the  desired  color.

Normally,   the  zone  colors  in  the  database  are  napped  through
the   dicti`onary   or   operator   clef initions   to   plot   colors   and   then
the   operator   selects   which  subset   is   to  be  plotted.      There  are
cases  in  which  the  zone  colors  undergo  an  intermediate  mapping  to
a   subset   of  possible   plot   colors,   before   assignment   to   defined
colors   is  completed.     This  process  uses  a  Translation  file  which
maps  zone  colors  to  plot  colors.

One  such  example  would  be  the  mapping  of  counties,   each  with
a  unique  color  number,   into  the  plot  colors  which  represent  some
production   statistics   on   a   county  basis.      The   Translation   file
allows  you   to  make   the  desired  map  without  editing  the  database
to   have   the   proper   zone   colors   assigned   to   each   (county)    zone.
This   approach   allows   the  creation  of  multiple  Translation   f iles
for  multiple  maps  made   from  the  same  database  without  performing
unnecessary  zone  editing.

When  Plot  colors  have  been  defined  and  zone  colors  assigned,
the  operator  selects  the  subset  of  zones  which  are  to  be  plotted.
The   selections   are   made   on   the  basis   of   the   zone   colors   (after
they   may   have   been   modified   by   translation),    and   all   qualified
zones   are   extracted  from  the  Border  and  Point   f iles  and  produced
in  the  color  plotter  format  for  the  appropriate  output  file.

The   CALPLOT   program   requires   the   operator   to   specify   the
level    (described   above)   at   which  the   non-island   zones   are  to  be



plotted.       This   "starting"   level   is   the   lowest   level   at   which
zones  will  be  plotted.     Islands  within  these  zones  will  have  the
next   level,   and   islands  within  the   first  islands  will  have  the
next,   and   so  on.     This  guarantees  that  selected  islands  will  be
visible  on  the   final  map,   and  they  will  replace  the  appropriate
parts  of  the  surrounding  zones  rather  than  having  both  appear.

The   Operator   also  has   the   option   of   selecting  a  background
color  for  the  map.     This  is  accomplished  by  selecting  a  rectangle
(via   the   extremes)   to   be   filled  with   color,   the   level   at  which
the   back.ground   rectangle   is   to  be  plotted   (this   should  be   lower
than  all   the  map  features),   and  a  color  with  which  the  rectangle
is  to  be  filled.     The  color  selection  may  use  a  default  color  of
the  color  plotter  or  may  be  made  as  a  mixture  of  primary  colors.

With  the   color  plotter,   the  boundary  lines  of  the  areas
be  filled  with  color  may  also  be  drawn  by  the  color  plotter.
this   is  true  and  the  lines  are  not  desired,   they  may  be  made
be  invisible  by  the  CALPLOT  program.     To  do  this,   CAljpljoT  must
given  the  number  of  a  pen  with  which  to  draw  the  invisible  lines.
This   usually  means   that   the   line   type   normally   associated  with
the  chosen  pen  number  will  not  be  otherwise  available.

Like   other  programs  dealing  with  the  color  plotter,   CALPLOT
has   two   forms.       The   CALPLOT   program   produces   output   to   be   sent
directly   to   the   color  plotter   from  the  host  computer.      This   is
the  online  version  of  the  program.     A  second  form  of  the  program
is   CALPLOTT,   which  generates   plotter   output   for  transfer  to  the
host  computer  via  a  magnetic  tape.      This   form   is   referred  to  as
the  off line  version.

The    X2C    and    CALPLOT   programs    provide    the   basic    forms   of
converting   linear   and   areal   map   data   for  plotting  on  the  color
plotter.     A  third  program,   COLORZ,   is  used  to  display  both  kinds
of  map  data  on  the  color  display  terminal.     To  some  degree,   this
program   parallels   the   approach   taken   by   the   CALPLOT   program   in
that  both  select  zones  by  color,   translating  colors  once  or  twice
into  plot   colors,   extract   zone  boundaries   from  the  database  and
convert  coordinates  to  a  display/plot  form.

The   COLORZ   program   also   provides   the   optional   Translation
f ile   to   convert   zone  colors   from  the  database   into  a   subset  of
plot  or  display  colors.     Translation  files  are  used  to  allow  one
database  to  be  displayed   as  many  dif ferent  maps  without  editing
to  change  the  zone  colors  for  each  map.     Translation  files  may  be
created  with  much  less  work  than  editing  to  change  zone  colors.

Like   CALPLOT,   the   COLORZ   program   allows   the   optional   use   of
a  dictionary  file  to  define  the  colors  to  be  used  in  the  display.
The  dictionary  may  be  created  within  the  program,   new  entries  may
be  added  to  an  existing  dictionary  or  an  existing  dictionary  may
just  be  used  by  COLORZ.     Entries   in  the  dictionary  include  a  zone
Color  napped  to  a  display  color  number  and  the  clef inition  of  that
display  color  as  a  mixture  of  primary  colors.



Other   functions   are  provided   in   COLORZ   to  enhance  the  view
of  the  map  data.     The  operator  may  select  whether  the  background
area  around  the  map  area  is  black  or  white.     The  choice  of  color
for   the   background   may  be   dependent   on   the   intended  use   of   the
display.     If  hardcopies  are  to  be  made,   the  backgroud  color  will
be  set  white  to  save  ink  on  the  paper.     If  a  photograph  is  to  be
taken,   the   background   is   black.      Other   such   considerations   may
decide  the  background  color  selection.

The  area  to  be  viewed  in  the  display  is  initially  set  to  be
the   maximum  view  needed  to   include  only  the  complete  map  area  as
defined   in   the   database   for  viewing  with  other  GIl"AP  programs.
The  boundaries  of  this  area  may  be  reset  by  the  operator  in  the
setup  portion  of  the  COLORZ  program  to  alter  the  scope  of  the  map
area  to  be  displayed.     This  option  provides  a  program  zoom  on  the
map   to  magnify   the   image  to  the   largest  possible   size  prior  to
hardcopying,   which   is   useful   when  segments   are  not  selected  and
zooming  by   the   terminal   is   not   possible.      However,   over-zooming
to  less  than  the  map  image  may  result  in  undesirable  effects.

The  boundary  lines  which  define  the  borders  of  the  selected
zones  may  or  may  not  be  displayed  in  the  final  map  display.     This
option  is  provided  to  allow  the  operator  to  decide  which  form  of
the  map  is  most  pleasing  and  most  ef fective  in  presenting  the  map
information   to  the  viewer.     The  boundary  lines  are  drawn  in  both
cases  and  is   simply  covered  by  the  area   f ill   in  the  option  with
no  lines.     Thus,   no  time  is  saved  by  selecting  no  lines   over  the
lines  included  option.

Similarly,   the  operator  has  the  option  of  selecting  a  subset
of   the   base   data   (non-zone   information)   in  the  map  database   for
addition  to  the  map. display.     The  inclusion  of  the  base  data  will
increase  recognition  of  locations  of  the  zone  data,   enhancing  the
value  of  the  map  display.     Subsets  of  base  data  are  selected  from
the  database  by  specifying  feature  code  ranges.

If  either  the  boundary  lines  of  the  zones  or  base  data  from
the  map  database  is   selected,   the  lines  which  are  drawn  will  be
colored   according  to   the   operator's   selection   for  the   color  of
the  background.     The  boundary  lines  or  base  data  will  be  drawn  in
the  oDDosite  color  as  the  background,   so  that  these  lines  will  be
readily  visible  on  the  display  as  well  as  on  a  hardcopy.

Once   the   possible   plot   colors   have   been   clef ined   and   zone
Colors   have   been   translated   and  napped   to  defined   plot   colors,
the   operator  may   select  the   set  of   zone   (or  translated  via  the
Translation   file)   colors  which   will   be   displayed.      The   operator
may   select   all   colors   at  once  or  may  select  single  colors  until
all  desired  colors  are  named.

The  operator  may  select  to  have  the  selected  map  data  saved
in  the  local  memory  of  the  color  terminal   in  a  form  we  shall  call
Segments  here.      If  segments  are  chosen,   the  finished  display  Can



be  Jiltered  with  the  zoom,   pan  or  other  windowing  hardware  in  the
terminal,   but  the  display  will  be  slower  and  the  upper  limit  on
that  memory  will   restrict  the  amount  of  data   so  displayed.      If
segments  are  not  chosen,   the  map  display  will  proceed  much  faster
than  with  segments,   but  no  hardware  windowing  using  the  terminal
functions  may  be  performed  on  the  completed  display.

When   the   map  display   has   been   completed  by   COLORZ,   the   same
database  may  be  used  again  to  create  another,   different  display.
The  operator  may  select  to  cycle  the  program,   resetting  values  so
that   a   second,   independent  display  may  be  created.     The  operator
does  have  the  option  to  re-use  the  same  dictionary  to  clef ine  the
plot  color  definitions  described  above,   or  may  opt  to  reset  these
definitions  in  the  ways  listed  above.     The  only  fixed  constant  is
the   selection  of  the  map  database,   which  remains  the  same  unless
the  whole  process   (macro  and  all)   is  terminated  and  re-started.

One  problem  of  note  concerning  the  use  of  the  COLORZ  program
is   that  there   exist   limits   within   the  software  and  hardware  of
the   color   display  terminal.      one  problem  which  may  occur  is  due
to  the  limit  on  the  number  of  points  which  may  define  an  area  to
be  colored  in  the  display.     When  zones  have  more  points  than  this
limit,   the  display  terminal  can  not  display  them.     Attempting  to
perform  the   color   filling  by   software   may   fail   due  to  problems
such  as   incomplete   filling  of  areas  where  boundaries  overlap  and
halt  the  filling  algorithm.     Dividing  such  areas  into  two  or  more
areas  takes  effort  and  time,   but  can  solve  the  problem.

Selection   of   plot   colors   for   area   filling   and   line   colors
and   widths   is   made   possible   only  by  providing   the   operator  with
the  a   set  of  possible  options   to  choose   from.      This   function  is
performed  by  the  PAI.ETTE  program.

The   PALETTE   program   provides   plotted   displays   of   area   and
line  colors  from  the  default  color  settings  for  the  color  plotter
and   from   a   systematic   mixing   of   primary   colors   using   the   Cyan
Magenta   and    Yellow   primary    color   mixing    system.       The   program
offers  four  options  for  basic  operation.

The   f irst   two   options   produce   a   complete   set   of   colors   in
increments  of  ten  percent  of  the  three  primary  colors.     Including
zero  percent   through  one  hundred  percent   of  each  primary,   there
are   eleven   separate   tables   (0   percent   cyan   through   loo   percent
cyan)   each  with   11   columns   (0   through   100  percent  yellow)   and   11
rows   (0   through   100   percent   magenta).      Due   to   the   limit   of   the
Color  plotter,   so  many  colors  are  produced  in  this  chart  that  it
is   divided   into  two  parts,   which  comprise  the   first  two  options
in  the   PALETTE  program.

The   second   two  options   in  PALETTE   provide  the   area  and   line
color  options  in  the  default  palettes  of  the  c:olor  plotter.     The
f irst   option   provides   a  plot   f ile  to  display  the   entire  set  of
area   filling  colors,   each  labeled  with  the  color  number  by  which
it  may  be  selected.     The  entire  set  of  area  colors   is  displayed



as  boxes  of  colors   in  rows  and  columns,   with  each  box  labeled  by
the  appropriate  color  number.

The   fourth   option   creates   a  display  of  the  complete  set  of
line  colors  and  widths.     Each  line  color  option  is  displayed  as  a
sample  of  the  line  which  is  created  as  a  result  of  the  selection.
These    lines    are    each    numbered   with   the   appropriate   selection
number   for   the   color   plotter   selection   and  arranged   in  columns.
It  should  be  noted  that  new  plots  of  the  four  options  should  be
made  whenever  changes  alter  the  functioning  of  the  plotter.

The   f inal   program   in   this   section   is  not  geared  to  produce
color  output  on  a  plotter  or  on  a  display  terminal.     Rather,   it
is  designed  to  distinguish  areas  by  the  process  of  shading,  which
uses  parallel   lines   at  varying  angles   to  differentiate  one  zone
type   from  another.      The  output   from  the   SHADEZ  program   is  one  or
more  plot  files  for  the  vector  plotter,   each  with  shade  lines  for
one   or  more  different   areas  and  possibly  the  boundary  lines   for
the  zones  selected  for  that  file.

All   shade   lines   begin   at   the   edge   (on   the   border)   of   the
zone  being  shaded  and  end  at  the  zone  edger  on  the  opposite  side
of  the  zone.     If  the  zone  boundary  snakes  in  and  crosses  the  path
of  the  shade  line  prior  to  the  opposite  side   (which  it  must  do  an
even  number   of  times),   the   shade   line  will   stop  and  start  again
as  necessary  to  only  have  the  shade  line   inside  the  zone,   and  to
have   it   everywhere   that  the  path  of   the   shade   line   lies   inside
the  zone.

The   general    approach   of   the   SHADEZ   program   is   similar   to
that   of  the   COLORZ   and   the  CALPLOT  program.      Zone  boundaries   are
to  be  extracted  from  the  amap  database  on  the  basis  of  the  colors
assigned  to  the  zones.     Each  selected  color  is  napped  to  a  set  of
information  which   clef ines   the   shade   lines  which  are  to  be  drawn
in  the  plot  for  the  map.

The  plot   output   of  the  SHADEZ   program   is  directed  to  a   set
of  plot   files  selected  by  the  operator.     Within  each  plot  file,
the  operator  may  direct  shade  lines  from  one  or  more  sets  of  zone
boundaries,   including   the   zone   boundary   lines   as   an  option.     AS
another   option,   the   operator   may   select   a   single   plot   file   in
which   all   boundary  lines   for  the  map  database  are  placed  in  the
form  ready   for  plotting  on  the  vector  plotter.     Conversely,   the
operator  may  choose  to  include  no  zone  boundaries  in  any  file.

AS   with   other   similar   programs,   SHADEZ   allows   the   operator
to  define  the  shade  lines  associated  with  each  selected  color  in
a  dictionary  file  named  by  the  operator.     The  entries  residing  in
the  dictionary  f ile  or  given  to  the  program  by  the  operator  each
contain  the  zone  color  to  be  shaded,   an  angle  at  which  the  first
set  of  shade  lines  is  drawn,   an  angle  at  .which  an  optional  second
set   of   shade   lines   (cross-hatching)   is  drawn,   and  the   line  type
(solid   or  dashed)   with  specifications.     Any  number  of  selections
may  be  assigned  to  each  output  file.



Two  other  factors  affect  the  function  of  the  SHADEZ  program.
First  is  the  ability  of  the  operator  to  restrict  the  selection  of
zones  based  on  the  area  of  the  zones.     At  times,   it  is  convenient
to   exclude   very   small   or  very   large   zones   from   the   process   of
shading  zones.     The  operator  is  allowed  to    specify  a  minimum  and
a  maximum  area  for  restriction  of  zones  to  be  shaded.     The  second
factor  af fecting  the   function   is  that  the  operator  may  choose  a
single  directory  in  which  all  plot  files  are  assumed  by  SHADEZ  to
reside.     This  reduces  unnecessary  typing  by  the  operator.

The  use  of   zone  shading  plots  to  produce  color  plots  may  be
accomplished  in  two  ways.     First,   the  separations  discussed  above
allow  the  plot  operator  of  the  vector  plotter  to  apply  different
color  pens   in  the  plotting  of  different  plot   files.     Thus,   all
the  different   zone  colors  may  be  represented  as  different  angles
of  shade  lines  as  well  as  different  colors.

Alternatively,   the  plot   files   of  shade   lines,   all   produced
for  the  vector  plotter,   can  be  converted  by  the  X2C  program   (see
above)    into   the   form   for  the  color  plotter.      The   operator  must
assign  line  color/width  numbers  for  each  plot  and  select  a  level
at  which  the   lines   are   to   plot,   and   a   color  plot   of  the   shade
lines  will  be  made.     Though  the  quality  of  color   in  these  plots
may  be   superior  to  that  of  the  pens   in  the  color  vector  plots,
changing   colors   is   clearly   easier   on   the   vector   side   since   no
program  must  be  run.

5.   Special  Utilities

There  is  a  set  of  programs  in  the  GIMMAP  system  that  provide
unique  functions  required  for  processing  map  data  in  an  automated
Cartography  system.     These  programs  support  a  variety  of  map  data
processing  functions  not  easily  categorized  other  than  as  utility
programs .

The   f irst   program   in  this   set   is  the  ARCHIVE  program  which
is  used  to' create  an  archive  of  map  data  stored  in  a  DDF  format,
usually  on  magnetic  tape.     The  ARCHIVE  program  operates  similarly
to   the   DIGGEN  program   in  the  basic   sequence  to  produce   an  ASCII
f ile  containing  x  and  y  coordinates  of  the  selected  features  in
the  standard  DDF  form  of  clean  digitized  data  files.

The  ARCHIVE  program  dif fers   from  DIGGEN   in  that  the  archive
is  assumed  to  require  all  map  data  available  in  the  map  database.
Thus,   the  program  does  not  have  to  ask  the  operator  to  select  the
feature  codes   for  the   features  to  be  sent  to  the   DDF  file.     In
addition,   the   ARCHIVE   program   can   be   set   up   to   process   a   number
of  map  databases,   given  a  file  of  arc  file  names   for  each  of  the
databases .

The  second  utility  program  is  RAFPEN,   for  random  access  file
Printing,   a   program  designed   to   directly   examine   and  modify  the
individual  records  in  the  files  of  the  map  database.     With  RAFPRnN



the  operator  may  select  any  of  the  files  of  the  database,   select
a  range  of  record  numbers,   and  have  displayed  the  contents  of  the
selected  records  from  the  chosen  file.     With  the  modify  function,
individual  values  in  the  selected  records  may  be  changed.

The  display   option   in  RAFPRN  allows  the  operator  to  examine
the  contents  of  all  the  available  map  database  f iles   for  the  map
area   chosen.      This   will   include   the   Arc,   Node,    and   Point   files
for   all   databases.         For   those  with   zones,   the   Zone   and   Border
files  will  be  available.     Those  with  symbols  will  have  Symbol  and
Calligraphy  files  for  inspection.

Inspection  of  the  Arc,   Node,   Point,   Zone  and  Symbol   files  is
direct.     The  record  number  of  the  desired  record  is  given  by  the
operator  and  the  contents  of  the  record  are  displayed.     However,
the   Border   and   Symbology   f iles   are   examined   indirectly   through
the   Zone  and  Symbol   files.     A  chain  of  Border  records  describing
a  zone  is  listed  by  selecting  the  zone.     Similarly,   selection  of
a  record  number   for  a  symbol   is  used  to  examine  the  linked  list
of  calligraphy  records  for  the  symbol.     Finally,   the  operator  can
examine   the   freelist   (linked   list   of   unused  records)   of   any  of
the  database  files.

Modif ication   functions  can  only  be  performed  on  a  subset  of
the   database   files.      Only   the   Arc,   Node,   Point,    Symbol   and   the
Calligraphy   files   may   be  modified.      The   freelist   structures  and
sometimes   the   ''information"   records   (containing   information   such
as   the   projection   parameters   or  the  map  title)   can  be  modified.
Modif ication   of  values   in   the   records   of   the   database   f iles   is
made  following  selection  and  display  of  the  record  contents.     The
operator   then   selects   the  value   to  be   changed   and   enters  a  new
Value   for   the   record.       The   operator   may   change   more   than   one
value  in  the  selected  record.

One   other    function    is    provided   by   the   RAFPRN   program   to
provide   a   general   overview   of   some   basic   information   about   the
map  database.     The  FSURVEY  command  prints  basic  information  about
the  numbers  of  features  and  records  in  the  database,  map  extremes
in  X  and  Y  coordinates,   the  map  header,   map  projection  parameters
for  projection  type  and  area.

A  production  shop  using  the  automated  cartography  facilities
like  GIMMAP  will  be  required  to  record  information  central  to  the
proper  production   of   each  mapping  project.      Such   information  is
useful   to   the   organization   of   the  mapping  projects  as   they  are
being  worked  on.     Operators  have  a  source  for  the  specifications
of  many  aspects  of  the  map  which  must  be  used  again  and   again  in
the   various   programs.      This   same   information   also  helps  protect
against  misunderstanding   and  poor   communication   among  production
staff ,   map  authors,   and  editors.

The  GIMMAP  program  which   is  responsible  for  this   information
is   the  MAPREQUEST,   for  map  project   request,   program.      Using  this
Program,   the  operator  or  map  requestor  will  respond  to  questions



which  detail  production  information  for  the  map  project  to  create
a  set  of  records  in  the  Map  Request  Database  for  the  project.     A
unique  number,   called  the  project   identifier   (PID),   is   assigned
to  every  project  request,  and  future  access  to  the  information  is
restricted  to  those  with  the  PID  and  operator  assigned  password.

A  block  of  records  is  built  for  each  map  request  to  contain
the   information   about   the  map  project.     Within  these  records   is
kept   information   including  the  requestor  name  and  group;   funding
information;   the  project   and  map  name;   the  project  password;   the
dates   of   the   request,   the   desired   completion,   and   the   absolute
completion;   a  description  of  the  area  of  coverage;   a  list  of  the
features  to  be  included;  source  information  for  obtaining  feature
information;   general   information  on  symbology,   map  title  and  map
scale   information;   general   legend   information;   specification   of
the  map  projection  parameters;   translation  offset  values;  border
location  and  spacing;   line  and  point  symbol  type  information  for
all   features;   registration  mark  locations  and  size;   latitude  and
longitude  line  or  tick  grid  selections;  and  area  labeling.

The   MAPREQUEST   program   provides   a   number   of   functions   for
the  operator  to  exercise  with  respect  to  the  entries  in  the  map
request  database   described  above.      The  operator  or  user  may  use
the  creation   function  to  begin  the   initial  entry  of  information
to  a  new  project  record,   with  information  being  solicited  by  the
program  for  all  the  topics  listed  above,   and  many  more.

Once   the   map   request   has   been   entered   for   the   first   time,
the   operator   or   user   may   change   any   value   or   add   values   which
were  unspecified   in   the   first  entry  using  the  Modify  command  in
the   MAPREQUEST   menu.       In   this   process,    the   operator   references
the   listing   of   the   record   content   for  map  projects   in   the  map
project  request  database.     The  item  to  be  modified  is  referenced
by  the   record  and  the   item  number  according  to  the  listing,   and
the  operator  may  alter  the  value  of  the  item.

To  determine  which   items   in  which  records  must  be  modified,
the  operator  may  view  the  values  in  the  records  by  specifying  the
record  and  item  numbers  for  the  Examine  command  in  the  menu.     The
listing  of  record  content  and  item  numbers  must  be  referenced  for
the  operator  to  access   the  desired   information.     Entire  records
may  be  listed  by  number,   or  single  items  may  be  displayed.

At  various  times,   the  operator  may  wish  to  produce  a  listing
of  the  map  project  entry  in  the  map  request  database.      This  may
be  done  by  selecting  the  Transmit  command  in  the  menu.     With  the
entry  of  the  PID  and  password,   a  complete  listing  of  the  items  in
the  records  of  the  project  entry  in  the  database.     The  resulting
Printout  may  be   sent   to  all   affected  parties  from  the  requestor
to  the   editor  to  the  map  production  supervisor.      In  addition,   a
summary  of  all  map  projects  may  be  printed  for  inspection.

The  information  in  the  records  of  a  map  request  entry  in  the
map  request  database  is  divided  into  different  parts  according  to



the   type   of   information.      One   division  of   information   in  these
records  reserves  certain  material  for  the  map  production  operator
and  prevents  the  requestor  from  being  aware  of  it.     The  material
involved  is  that  which  is  of  direct  concern  only  to  the  operation
of  GIMMAP  programs  during  the  production  process,   and  not  of  any
interest  to  the  requestor.      To  enter  information  in  this  section
the  operator  must  use  the  Supercreate  command  in  the  menu.

The  information  in  the  map  request  entry  may  be  examined  and
modified   as   often   as   desired.     At  a   certain  point,   a   commitment
is  made  to  proceed  on  the  map  project  according  to  specifications
as  they  exist.     At  this  point,   the  values   in  the  request  become''frozen"   and   are  printed  to  all  parties  to  check  for  agreement.
This  process  puts  the  request  into  ''final  form",   and  is  initiated
by   the   Final   Form  command   in  the  menu.      Once   final   form  is  set,
the   requestor   can   not   change  values.     The  operator  may  override
the  restriction  and  modify  all  values.

Finally,   the   records   of   the  map   request   for  a  map  project
which  has  been  completed  may  reside  in  the  database  as  long-term
record  of  the  selections  made  for  the  project.     This  may  have  the
advantage  that  these   selections  may  be  consulted  for  future  map
projects  with  some  similarities.     When  the  map  request  serves  no
further  purpose,   it  may  be  released  from  the  database  by  use  of
the   Delete   command   in  the  MAPREQUEST  menu.

Only   one   of   the   utility   programs   in   this   section   produces
Plot   file   output.      The   POSTER  program  performs   a   function  which
is   similar   to   one   part   of  the   function   of   the  MAPGEN  program  by
producing  plot   data   for   special   point   symbols  created   for  point
locations   in   a   file,    rather   than   from   a   map   database   like   the
MAPGEN   program.

The   POSTER  program  accepts   a   f ile   of  point   locations  given
as  projected   (x,y)   or  geographic   (longitude,latitude)   locations.
If  geographic  coordinates  are  used,  the  operator  must  specify  the
parameters  of  the  map  projection,   and  the  points  are  projected  on
input  prior  to  point  symbol  plotting.     The  form  of  the  input  file
may  be   one   of   three   alternatives:      (1)   fixed-length,   formatted;
(2)   free  format,   data  sensitive,.   or   (3)   fixed-length  binary.

The   selection   of  symbol   types   and  sizes  may  be  made   in  two
different   ways.       The   symbol   type   and   size   information   may   be
included  with   the   location   as  part   of  the   record   in  the   input
file,   or  this  may  be  specified  by  the  operator.    When  the  size  is
specified  by  the  operator,  the  one  value  is  applied  to  all  points
in   the   input   file.      However,   the  code  values   in   the   input   file
may  be  used  to  select  a  dif ferent  type  of  symbol  for  each  point.

The  symbols  available   for  the  point  locations  are  geared  to
the   special   symbols   used   for.the  oil   and  Gas   industry,   but  most
Standard   symbols   (such   as  those   available   in  the  MAPGEN  program)
are   also   available.      The   oil   and   gas   well   symbols   and   the   dry
hole   symbol   are  all   available  as   are   other  symbols   from  the  Oil



and  Gas  industry.     In  addition,   the  basic  symbols  for  general  map
applications  are  available  and  include  the  plus  mark,  the  square,
the  triangle,   the  X  symbol,   the  circle  and  other  general  symbols.

For  certain  symbols   (such  as  the   solid  circle),   additional
information   (such   as   the   separation  distance  between  concentric
circles)   must  be  provided  by  the  operator.     One  final  function  of
the   POSTER  program   is   the   automatic   clipping  provided  to  remove
any   point   symbols   which   lie   outside   the   rectangle   defining   the
map   area.      If   only   part   of   the   symbol   lies   outside,   then   only
that  part  will  be  removed.     The  rest  of  the  symbol  will  appear  on
the  plot.

One  special  utility  program  extracts  data  from  the  database
to  produce  (currently  only)  plot  files  of  lines  for  which  the  set
of  points  representing  the  selected  line  has  been  reduced  in  size
(number  of  points)   by  a  process  called  line  generalization.     The
program  is  SIMPLE,   for  simplification  of  lines  through  selective
reduction  of   points.      This  program  has  not  reached  a  production
stage  in  its  current  form,  but  could  easily  be  adapted  to  produce
DDF`  output  or  useful  plot  files,   or  to  generalize  directly  in  the
map  database  files.

Two  different  methods  of  generalization  are  available.     One
is   the   rENKS   method,   named  after  the  distinguished  professor  of
Geography   at   the   University   of   Kansas.      This   method  uses   three
criteria   to   examine  points   ''on  the   fly"   in  making  a   single  pass
along   the   line   to  be  generalized.      Setting  the  three  values   to
ef fective  levels  requires  substantial  experience  with  the  results
of   the  TENKS   method.

The   second   generalization   method   is   the   DOUGI-AS   technique,
once   known   as  the   Douglas-Peucker   (Poiker)   method.     The  name  has
since  been  changed  to  reflect  Dr.   Poiker's  modesty.     The  DOUGljAS
method  views  the  line  as  a  whole,   dividing  it  into  two  pieces  of
varying   length  based   on  a   single  criteria.      The  two  pieces  are
then  each  treated  as  separate  lines  for  which  the  same  process  of
dividing  is  repeated.     The  divide-and-conquer  process  is  repeated
on  ever-smaller  segments  until  the  dividing  process  fails  to  find
a  point  at  which  to  divide  for  all  segments.

The  dividing  process  is  simply  to  assume  a  base  line  exists
between   the   two   endpoints   of   the   segment.      Then,   the  distances
between   the   other   points   of   the   segment   and  the   base   line   are
calculated  and  the  point  of  division  is  that  point  for  which  the
distance  to  the  base  line  is  the  greatest.

However,    the   single   criteria   mentioned   above   is   a   minimum
distance  criteria.      If  the  distance   froin  the  potential  division
Point  to  the  base  line   (the  greatest  for  the  intermediate  points)
is   less   than   the   criteria   value,   no   subdivision   of  the   segment
occurs.     The   intermediate  points  are  discarded,   and  only  the  two
endpoints   are  kept.      If  the  point  with  the  greatest  distance  to
the   base   line   has   a   distance   greater  than   the  minimum   distance



criteria  specif led  by  the  operator  then  the  segment  is  divided  at
that  point  and  the  two  new  segments  are  analyzed  similarly.

When   one   segment   has   been   analyzed   to   the   point  where   the
remaining   intermediate  points   are  discarded  and  no  new   segments
are  found,   analysis  returns  to  the  matching   (other  half )   segment
of   the   segment   just   completed,   or   to  the   "parent"   segment   from
which  those   two  came.     In  this  unbalanced,   binary  subdivision  of
the   original   line,   excellent   generalization   provides   very   good
representation  of  the  original   line  with  great  reduction  in  the
number  of  points  remaining.

One  of  the  special  utility  programs  operates  directly  on  the
map  database  to  correct  a  serious  situation  in  which  the  display
(Qplot)    file   may   contain   numerous   incorrect   values   or   may   have
become  completely  erroneous.     This  condition  may  result  from  many
different  causes,  but  usually  will  be  the  direct  result  of  errors
in  the  programs  which  access  the  display  file.

The   purpose   of   the   RENEWQ,    for   renew  Qplot,   program   is   to
reconstruct  the  values  in  the  display  file  in  part  or  in  whole,
from  values   (assumed   to  be  correct)   in  the  parallel   Point  file.
The   result   of  the  RENEWQ  program  repairing  the  Qplot   f ile   is  to
make   the   special,    full-map   view   provided   by   the   ALL  command   in
the   (vector  terminal)   editing  programs  of  GIl"AP.

The   RENEWQ   program   allows   the   operator   to   select   the   range
of   records   in  the  display  f ile  which  are  to  be  regenerated  from
the  values  in  the  Point  file.     This  range  is  selected  indirectly
by   the   selection   of   a   start   and   an   ending   arc  whose   associated
Qplot  records  set  the  range  of  display  f ile  records  which  are  to
be  regenerated.     This  range  may  be  a  single  record  or  the  entire
collection  of  records  in  the  file.

From  the   first  to  the  last  of  the   indicated  records,   RENEWQ
reads  the  parallel   record  from  the  Point  file,   converts  all  the
projected   (x,y)   values   to  the   full   view,   screen   coordinates   of
the   display   file,   and  places   these  values   in  the  corresponding
Qplot  record  along  with  the  proper  pointers  to  maintain  the  same
structure  as  in  the  Point  file.

The   final   program   in  this   special   utility   section   is   one
used   to   survey  one  or  more  map  databases  to  determine  the  basic
content  so  that  planning  for  future  operator  work  may  be  based  on
knowledge  of  the  presence  and  absence  of  map  features.

The   SUMMIT  program  produces  a   summary  of  the   features  which
exist  in  the  set  of  map  databases  selected  by  the  user.     The  list
of  databases   is   entered  by  specifying  a   f ile  which  contains  the
names  of  the  Arc   files  of  all  the  databases.     The  result  of  the
program  analysis  is  a  report  of  the  total  counts  of  all   features
found  in  all  the  databases  by  feature  type,   listed  in  increasing
order  according  to  the  feature  codes  of  the  features  found  in  all
the  databases.



6.   Map  Projection  Software

There   is   a   set   of   programs   and   libraries    (software   which
must  be   ''called"  by  other  programs  and  can  not   ''run"   by   itself )
which  provide   functions   for  projecting  map  data   from  geographic
(latitude   and   longitude)    coordinates   to   cartesian   coordinates
(x,y) .     Geographic  coordinates  represent  locations  on  the  surface
of  the  earth,   while  cartesian  or  projected  coordinates  represent
locations  as  found  in  the  digitizer  and  on  the  vector  plotter.

The  surface  of  the  earth  is  approximated  by  an  ellipsoid,   a
three-dimensional  solid  created  by  rotating  an  ellipse  around  the
major  axis.      The  conversion  of  locations  on  the  surface  of  this
model  to  the  projection  surface  of  a  tangent  cone,   cylinder  or  a
plane   is   a  mathematical   excercise  which  can  become  complex.     The
calculation  of  distances  from  the  equator,   for  example,   is  a  very
complex  matter.

Map  projection  is  this  process  of  converting  point  locations
on  the  surface  of  the  earth  to  projected  locations  as  used  in  the
map   databases   and   elsewhere   throughout   GIMMAP.       Deprojection   is
the  inverse  of  projection.     It  is  the  conversion  of  projected  map
locations  back  in  to  geographic  coordinates,   representing  points
on  the  surface  of  the  earth.

The  PRO.CT  program  provides  the  operator  with  the  ability  to
project  points  from  a  file  or  interactively  at  the  terminal.     If
the   interactive  mode  is  selected,   then  points  are  entered  at  the
terminal,   projected  and  listed  at  the  terlninal.     If  input  points
come  from  a  file,   then  the  projected  output  points  are  sent  to  a
file  selected  by  the  operator.

The  projection  process  requires  the  operator  to  specify  the
Parameters  of  the  projection.     These  will  include  the  projection
type,   the  projection  area,   and  the  map  scale  among  others.     The
projection  type  is  one  of  those  available  in  the  libraries  of  map
Projection   (described  below)   which  currently   include  the  Lambert
Conformal  Conic  and  the  Modified  Polyconic  projections.     There  is
one  special  instance  of  the  Lambert  projection  which  represents  a
de   facto  standard  for  maps  of  the  entire  state  of  Kansas,   called
the   "(GIMMAP)   standard  map  projection  for  Kansas''.

Selection  of  the  projection  area  fixes  the  reference  system
of  the  projection  and  sets  the  origin  to  the  location  selected  by
the  operator.     This  rectangle,  defined  in  latitude  and  longitude,
is  also  used  to  window  map  data  to  clip   (remove)   data  outside  the
selected  area.     The  projection  software  is  designed  to  place  the
southwest  corner  of  the  area  at   (1.,1.)   and  the  southeast  corner
with  y  =  1.

The   output   of   the   PROJCT  program  may  be   a   projected  mirror
of  the  input,   oi  may  be   formatted  as  a  DDF  file,   ready  for  input
to  create  a  new  map  database,   add  to  an  existing  one,   to  create  a
new  database  or  add  to  an  existing  one.     The  optional  z-values  in



the  input  f ile  may  be  used  to  create  feature  codes  in  the  output
of  the  DDF  file.     Flags  will  be  entered  in  the  output  of  the  DDF
file,  but  are  not  necessary  in  the  input  file.

The  inverse  of  projection  is  deprojection,   the  conversion  of
Projected   (x,y)   points   in  cartesian  coordinates   to  locations   in
geographic  coordinates  of  longitude  and  latitude.     The  advantage
of  using  the  geographic  reference  system  is  that  it  is  the  most
universally  accepted  system  for  locations.     Using  the  geographic
system,   map  data  may  be  transferred  between  installations  with  a
high  likelihood  that  it  will  be  useful.

As  with  projection,   deprojection  may  occur  interactively  at
at  the  terminal   or  with  files.     The  deprojection  process,   which
is  provided  by  the  DEPROJCT  program,   requires  the  operator  to  set
up  the  projection  information   (type,   area,   scale,   etc.)   required
by  the  projection  libraries.     This  information  is  the  same  as  the
information   required   for  PROTCT   even   though   deprojection   is   the
inverse  process  of  projection.

Both  PROTCT  and  DEPROJCT,   along  with  other  programs,   rely  on
a  group  of  commonly  used  projection  functions  which  are  collected
in  a  GIMMAP  library  called  PROMAN,   for  projection  management.     Of
the  functions  provided  by  PROMAN,   half  support  one  map  projection
while  the  other  half  support  a  second.     The  first  projection  may
be   the   "input"   map   projection   while   the   second   is   the   "output"
Projection.      The  first  used  for  deprojection  and  the  second  used
for  projection  to  a  new  projection  common  to  all  output.     This  is
the  process   used  by  the  MAPGEN  program  in  quilting  maps   together
to  form  a  larger  area  map  at  a  different  scale.

The   PROMAN   library   includes   functions   for   defining  both   in
and  out  projections  by  type,   area,   scale,   and  other  parameters;
projecting  either   in  or  out  by  the  selected  type  of  projection;
converting   degrees   to   radians,.   normalizing   the   map   data   to   lie
within  the  map  area;   and  finding  the  distance  from  the  equator  to
a  point  along  a  line  of  longitude.

Another  version   of   the   PROMAN   library   is   designed   for  more
public  use  of  the  projection  software.     The  GIMMAP.PROJCT  library
provides  a  slightly  higher  level  of  use  for  programs  outside  the
GIMMAP  system.     For  example,   the  process  of  deprojecting  a  point
in  one  projection  and  then  projecting  it  in  a  new  one  is  called
reprojection,   a   function  obtained   in  GIMMAP  by  calls  to  the  two
routines   indicated.      However,   in  the  GIMMAP.PROTCT  library,   only
the  single  REPROJCT  routine  must  be  called  to  achieve  the  desired
result,  provided  the  projections  have  already  been  set  up.

7.   Legal  Reference  System  Conversion

The  Legal  reference  system  in  Kansas  is  a  system  of  location
based   on   an   imperfect  grid   of  once-surveyed,   almost-mile-square
rectangles  called  sections.     Furthermore,   sections  are  grouped  in



six-by-six   rectangles   called   townships.      This   system  was  set  up
to  provide  a  convenient  and    consistent  method  to  clef ine  property
boundaries  and  other  locations  in  the  state.

As   it  turned  out,   the  ci]rvature  of  the  earth  and  less  than
perfect  surveying  techniques'  (such  as  trying  to  make  two  separate
surveys  come  together  properly  from  opposite  directions)   left  the
legal   reference  grid  as  a  collection  of  points,   which  could  only
approxiinate   a   rectangular  grid.     Many  of  the  corners  were  marked
on  the  ground,   but  townships  progressively  south  are  shifted  out
of  position  with  those  to  the  north.     And  sections  are  not  a  mile
square.,   but  do  generally  approximate  that.

Thus,   there   exists  a   need  to  convert  between  the  legal  and
the  geographic  reference  systems  because  many  important  locations
(including   oil   and  gas  wells   and  property  boundaries)   are  still
recorded  in  legal  reference.     Furthermore,  the  state  of  the  legal
grid,   as  a   collection  of  semi-random  points,   should  indicate  the
difficulty  of  performing  this  needed  conversion.

Conversion  between  locations  in  the  legal  and  the  geographic
reference   systems   in   the   GIMMAP   system   is  made   possible   by   the
creation  of  a  database  of  section  and  township  corners  taken  from
the  complete   set  of  digitized  corners  in  the  Kansas  Cartographic
Database   (KCD).     The  KCD  is   a   actually  a  collection  of  more  than
two  thousand  map  databases  covering  the  state  of  Kansas.     The  KCD
contains  map   data   for   many   features,    including  the  township  and
section  corners,   as  digitized  from  the  series  of  7.5'   topographic
maps  published  by  the  U.S.   Geological  Survey.

The  database  of  section  and  township  corners  created  for  the
conversion  between  the  I.Egal   and  gE0graphic  reference  systems  is
called  IiEOBASE.     The  database  contains  an  entry   (record)   for  each
township  in  the  state.     Each  township  record  contains  geographic
locations  of  all  the  section  corners  for  the  township  in  a  f ixed
order,

Converting  from  legal  to  geographic  coordinates  is  a  matter
of  going  directly  to  the  township  record,   finding  the  corners  of
the  section,   and  subdividing  the  section  into  quarters  or  halves
as  described.     Conversion  from  geographic  to  legal  coordinates  is
performed  by  making  an  initial  guess  via  a  rough  conversion  from
latitude  to  township  and  from  longitude  to  range.     Following  the
guess,   searches  are  made  from  township  to  township  and  section  to
section  until  the  correct  section  is  found.     Subdivision  is  then
generated  to  the  finest  level.

Conversion   between   legal   and  geographic   coordinates   in  the
GIMMAP   system   is   supported   by   a   library   called   I.EOCVT,    for   LEO
convert.     The  library  consists  of  a  single,   large  routine  of  the
same.name   (LEOCVT)   which  converts  locations  in  Kansas  from  either
reference  system  to  the  other  by  use  of  the  LE0BASE  database.



The  LEOCVT  routine  accepts  a  switch  indicating  the  direction
of  the  desired  conversion.     If  the  switch  indicates  a  conversion
frQm  geographic   coordinates,   then  LEOCVT  uses   the   longitude   and
latitude  to  find  the  legal  location  of  the  point.    All  the  values
required  to   completely  ,describe  a  legal  location  are  set  to  the
converted   location.      These   include  the   township,   range,   section
and  subdivision  descriptions.

If  the  switch  indicates  a  conversion  frgm  legal  coordinates,
then   LI.;OCVT   uses   several   supplied  values   including  the  township,
range,   f;ection  and  subdivision  designations.     Subdivisions  may  be
specif ii2d  by  different  methods,   and  either  the  center  of  the  area
or  a  corner  of  the  section  may  be  selected.     Either  success  or  a
description  of  the  failure  of  a  conversion  in  either  direction  is
indicated  by  the  LEOCVT  routine.

A  second  version  of  the  LEOCVT  library  exists  to  support  the
public  need   for  legal   and  geographic   conversions.     This  library
is  called  the  GIMMAP.I.EOCVT  library,   and  differs  very  little  from
the  LEOCVT  library.     Differences  may  increase  as  increased  public
use  requires   additional  communication  to  resolve  user  errors  and
to  improve  comprehension.

The   inf ormation   contained   in   the   LEOBASE   database   can   be
converted  to   a  readable   form  and  put  on  a  tape   for  transfer  to
other  facilities.     In  this  form,  the  information  does  not  present
the   ability   to   convert   between   the   two   reference   systems,   but
such  capability  can  be  generated  using  the  file.

Creation   of   this   readable   (ASCII)    file   is   the   function   of
the   IiEOASCII   program.       The   output   of   the   LEOASCII   program   is   a
readable  f ile  which  contains  the  records  of  the  LEOBASE  database
in   a   set   order.      Generally,   township   record   information   occurs
from  north  to  south  and  from  west  to  east  across  the  state.     The
section  corners  within  a  township  are  similarly  ordered.

The   inclusion   of  whole  townships   in  the  LEOASCII   f ile  means
that  township  corners   are  repeated  up  to  four  times  and  section
corners  on  the  edges  of  the  townships  are  duplicated  in  the  file.
This   small   redundancy   is   accepted   for   the   convenience   of   easy
access  to  complete  sets  of  corners  by  township.

The   township   and   section   corner   information   in   the   LEOBASE
database  can  be  interrogated  and  modif led  interactively  by  use  of
the  I.EOQUERY  program.     With  this  program,   an  operator  may  inspect
the   locations   of  the   township  and  section  corners   in  LEOBASE  by
specifying  the  township  and   range  designations   of  the   township,
and  then  selecting  the  section  by  number.

The  locations   in  longitude  and  latitude  of  the  four  corners
of .the  chosen  section  are  displayed  at  the  appropriate  corners  of
a   rectangular   area   of   the   display   screen  on  the  terminal  where
they  may  be  examined  or  copied  at  will.     When  ready  to  continue,
the  operator  must  select  the  next  section  to  inspect  within  the



chosen   township.      The   operator  may   select  any   other  section   in
the   township   and   a  similar  display  of  the  four  corners  will  be
posted.      When   done   with   that   township,   the   operator  may   easily
select  a  non-existent   (number  zero)   section  to  select  a.different
township.

There  are  places  around  the  state  where  the  section  corners
in  a  township  are  partly  non-existent.     This  occurs  at  the  state
edges   and   especially   in  the  northeast  where  the  boundary  of  the
Kansas   river   acts  as  the  state  boundary.     Where  such  values  are
non-existent,   the  LEOBASE  database  stores  negative  values  for  the
longitude  and  the  latitude   (usually  -9.99,-9.99) .

An   important   function   of   the   LEOQUERY   program   is   to  modify
the   contents   of  the   LEOBASE.      This   function   is   required  to  make
corrections   to   the   section   and   township   corner   locations   which
may  have   occurred   for   numerous  reasons.      The  primary  causes   for
errors  in  the  locations  are   (1)   the  location  and  digitization  of
the   point   from  the   USGS  map   and   (2)   the   process   of   sorting   and
organizing  the  nearly  80,000  points  covering  the  state.

Regardless  of  the  cause  for  the  errors  in  the  locations,  the
most  likely  source  by  which  the  errors  become  known  is  the  use  of
the   LEOBASE   to  convert  locations  between  reference  systems.     The
correction  of  these  discovered  errors  is  then  accomplished  by  the
direct  inspection  and  modification  of  locations  in  the  database.

8.   Hershey  Alphabet  Sets

The   Hershey   alphabets    (from   A.   V.    Hershey ,... )   are   sets   of
Points   representing  pen  strokes   required   for   a  plotter   to  draw
the  various  characters  of  the  alphabet,   the  digits,   and  other  so
called   "special   characters"   for  a  number   (23   here)   of  different
fonts   such   as  Gothic  and  Italic.     Different  versions  of   some  of
the   fonts   (simplex,   duplex ,... )   use  multiple   strokes  to   provide
the  appearance  of  varying  thicknesses  of  pen  width  or  boldness.

The   Hershey   alphabets   are   used   by   GIMMAP   programs    (CYMBAL
and   MAPTTL   primarily)    to   create   symbology   for   map   annotation.
This  use  of  the  Hershey  files  is  made  possible  by  construction  of
the   GIMMAP   Hershey  database   from  the   raw  data   supplied  with  the
original  form  of  the  Hershey  information.

The  original  Hershey  data  passes  through  two  GIMMAP  programs
before  the  GIMMAP  Hershey  database  is  constructed.     The  first  of
these  programs   is   the  A2FELIX,   for  ASCII   to  Felix   form,   program
which  converts  the  Hershey  data  in  its  original,   ASCII   form  into
an   intermediate   state   defined   by  the   FEIIIX  system   (a  contouring
package   for  minicomputers,   written  by  M.   I.   Mccullagh ,... ).     The
Felix  form   is  a  sequential  structure,   which  is  not  as  efficient
as  the  final   form  in  GIMMAP.



The  Felix   form  of  the  Hershey  data  is  further  refined  into
the   f inal   GIMMAP   form   for   the   Hershey   database   by  means   of   the
HER8II  program.      In  the  final   form,   the  Hershey  database  consists
of  two  direct  access  files  with  one  containing  alphabet  pointers
for  direct  access  from  a  selected  character  in  a  ch6sen  alphabet
to  the  record  in  the  other,   pen  stroke  file  for  strokes  to  draw
the  selected  character.

The   two   f ile  GIMMAP  Hershey  database  may  be   examined  by  the
operator  interactively  at  a  terminal.     The  actual  numbers  stored
to   represent   the  pen   strokes   for   any  selected  character  of  any
alphabet  may  be  viewed  on  demand  by  use  of  the  HERBHEXAM  program,
a  function  used  occasionally  to  check  the  Hershey  set  for  errors,
to  analyze  possible  additions  or  changes  in  the  file,   or  to  help
debug  programs  accessing  the  database.

A  more  useful  tool   for  examining  the  GIMMAP  Hershey  database
is   the  HERSHPI-OT  program,   used  to  generate  a  plot   for  the  vector
plotter  to  produce  an  orderly  display  of  all  the  Heishey  alphabet
sets.      The   resulting  plot   is  produced  at  a   size  which   is   large
enough  to  clearly  display  all  the  characters  of  all  the  alphabets
in  the  Hershey  sets,   but  is   small   enough  to  handle  easily.     All
the  characters  are  displayed  in  the  order  of  their  existence  in
the  database,   which  corresponds  to  the  sequence  of  keyboard  keys
which  must  be  typed  to  produce  the  characters.     Currently,   there
are  twenty-three  Hershey  sets  available.

9.   Sorting

Occasionally  it  is  advantageous  to  have  a  list  of  numbers  or
names  sorted  into  increasing   (or  decreasing)   order  for  entry  into
a  program.     One  example  is  to  feed  such  a  list  of  Arc  file  names
to   the  MAPGEN  program  so  that  progress   of  the  program  through  a
large  set  of  files  can  be  more  easily  monitored.

Two   programs   exist   for   the   purpose   of   sorting   numbers   and
names   into   ascending   order   as  quickly  as  possible.     The  program
which  sorts  names  or  other  alphanumeric  information  in  which  the
entries   may   have   up   to   sixty   characters,    is   called  ABORT,   for
alphanumeric   sorting.       Up   to   one   thousand   such   entries   may   be
sorted  at  one  time  by  placing  them  in  a  f ile  and  naming  the  f ile
to  the  ASORT  program.      A  file  must  also  be  named  to  receive  the
sorted  entries.

The  program  which  sorts  the  numeric  information  in  the  form
of   (up  to  twelve-digit?)   integer  values  stored  in  a  file  named  by
the  operator  as  the  input  file  to  be  sorted.     Up  to  ten  thousand
such  integers  may  be  included  in  the   file  for  sorting.     Sorting
of  integers  is  performed  by  the  QSORT,   for  quicker  sort,   program.

The   algorithm    (method   or   procedure)   used   in  both   the  QSORT
and  ASORT  programs  was  devised  by  R.   C.   Singleton  as  a   variation
on  the  Quickersort  algorithm  which  in  turn  was  a  variation  on  the



more  famous  Quicksort  algorithm  of  ?  Hoare.     The  three  approaches
collectively  represent  perhaps  the  three  most  eff icient  and  the
fastest  sorting  algorithms  for  the  kinds  of  sorting  they  desired
here.

10.   Oil  and  Gas  Fields  of  Kansas

Two  programs  provide  very  specific  application  functions  for
display  of  oil  and  Gas  data  in  the  state  of  Kansas.     The  first  is
the  RONTIKI  program  which  produces  a  color  display  of  the  oil  and
gas  fields  of  the  state  on  the  color  terminal.     The  second  is  the
OGNAMES   program   designed   to   reproject   the   field   names   form   the
single  base   in  which  they  reside  to  fit  other  maps  of  different
proj ections .

The  KONTIKI  program  creates  a  display  of  the  state  of  Kansas
as  a  collection  of  counties   forming  the  state  in  the  foreground
with  a  background  selected  by  the  operator  either  for  hardcopying
(grey)   or  for  taking  pictures   (deep  blue).    With  county  lines  for
reference  and  optional  title  with  date  and  colored  boxes,   the  map
is  covered  with  the  fields  selected  by  the  operator.

The  choices   include  all   combinations  of  the  available  units
which  are  the  oil  fields,  gas  fields,   oil  and  gas  fields,   shallow
gas  fields,   and  gas  storage  fields.     Each  type  is  displayed  in  a
unique,   appropriate   color,   with  the   storage   areas  being  a  shade
Pattern  of  cross-hatched  lines  since  this  type  may  lie  on  top  of
other  fields.

The   function   of  the  OGNAMES  program  is  to  extract  the   f ield
names   from  the  existing  database  for  the  Oil  and  Gas   f ield  names
and   to   convert   the   names   to   fit   another  map.      This   process   is
similar  to   that   of   the  S¥MGEN  program  which  also  reprojects  the
symbology  information.


	img20230927_13212083.pdf
	img20230927_11011830.pdf
	img20230927_11031065.pdf

