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ABS-I
A  Geographic  Data  Processing   (COP)   system  has   been  designed  and

lmplenented  on  a  rinlconputer  to  fulf ill  tt`.e  cartographlc  needs  of  the

Kansas  Geological  Survey.

The  Cebdata  hteractlve ±9nagement j9p (?alysis  and |roductlon

(GlrmAP)   systen  provides   the  basic  COP  funcclons  of   (I)  accurate  capture

of  map  data  through  dlgltlzation;   (2)  creation  and  maintenance  of  a

cartograLphic  database  which  accurately  models   the  lnpuc  document;   (3)

1nteractlve  graphical  support  for  display,   correction.   and  addition  of

nap  data;  and  (4)  user-speclfled  retrieval  of  tnap  features  for  taap

production,   data  transfer,   and  data  archival.

These  GI)P  functions   are  provided  ty   ten  FORTRAN  pt.o8rans   and   triree

utlllty  libraries  which  have  been  designed  and  lnplemented  with.  strict

reliance  on  the  prlnclples  of  modular  programing,   physical  and  loglcai

data  segDentatlon,   and  extensive  use  of  random-access  disk  files.

The  GnmAP  systen  has   reached  a  state  of  development  which  can

support  the  ba81c  functions  of  a  COP  system  ln  a  restrictive

tninlcomputer  envlrotinent. The  Geolo 1cm Lawrence  West Kansas   has

been  published,  and  Grmu  ls  now  serving  to  create  and  maintain  a

statewlde  cartographic  database  f or  production  of  geologic  and  ocher

maps  of  any  area  of   the  State.
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I.1 the81§

A  number  of   Geographic  Data  Processing   (GOP)   systems  have  been

developed  on  large,   "mainframe"  computing  systems.     These  nalnfraLne

coqiputers  of ten  lie  beyond  the  homan  and  fiscal  resources  of  sDall  or

|ntemedlate  81zed  lnstltutlons,  which  are  able  Co  support  only  the

smaller,   less  costly  "ninlcomputer"  systems.     Previous  attempts  to

develop  GOP  systems  on  minicomputers  have  resulted  ln  hybrid  syscens

which  rely  on  a  ilialnframe  computer  to  perfom  at  least  part  of  the

processing   (Steiner,   1979).

The  purpose  of  this   thesis  ls  to  demonstrate  that  a  Geographic  Data

Processing  system  need  not  rely  at  all  on  a  mainf rare  computer,   but

instead,  may  be  implemented  ln  the  restrictive  envlrorment  of  a  nlnlcom-

puter  system.     Such  a  GOP  systen  may  be  designed  and  lmplenented  to

effectively  and  efficlently  support  the  basic  GOP  functions  of   (1)

accurate  data  capture,   (2)  generation  and  support  of  a  cartographlc

database,   (3)  graphical  display  of  data,   (4)  interactive  graphical

edltlng  (correction),   (5)   atcrlbuce  and  graphic  data  update  (additiotl),

(6)  selective  retrieval  based  on  location  and  attribute  values,   (7)

production  o£  intermediate  plots  for  edit-completion  testing,   (.8)

production  of  highiuality,  color-separated  scribecoats  for  "1ti-color

map  prlntlng,   and  (9)  retrieval  o£  "clean"  data  for  transfer  or  archival

operations .

The  Geodata  hteractive  Management  mp  Analysis  and  Production

(C"AP)  system  has  been  designed  and  lmplenented  at  the  Kansas  Ceologl-

cal  Survey  to  provide  these  GOP  capabilltles.     The  G"AP  syscen  has

I)eon  lnplemented  on  both  a  Data  General  Nova  aLnd  a  Data  General  Eclipse

minicomputer  system.    All  G"AP  program  modules  are  written  ln  the
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FORTRAN   rv  language,   and  each  aedule  requires   less   than  the  qraxlmun

available  (32K  vord§)  nenory.     The  Grmp  systen  has  been  thoroughly

tesced  ln  a  production  envlrorment,   and  ls  being  used  to  const"ct  a

8tatewlde  database  to  ful£11l  the  cartographlc  needs  of  the  Kati§a§

Geological   Survey.

This  presencatlon  of  the  CrmAP  systen  consists  o£  §1x  sections.

The  first  section  States  the  thesis,   introduces  basic  COP  temlnology,

reviews  previous  research  from  the  llteraLture,   oucllnes  some  exlstlng

cop  systeqis,   and  provides  a  review  of   the  development  of  G"AP  at  the

Kanga9  Geological   Survey.

Section  11  presents  an  overvlev  of  the  GrmAP  system.     Chapter   11.2

introduces  the  terminology  required  for  a  general  understanding  of  the

system.    Chapter   11.3  details  the  operation    of  data  capture

(dlgitlzlng).    Chapter   11.4  presents  an  overvlev  of   the  software  and  an

operational  flowchart  descrlblng  the  proper  appllcatlon  of  the

prograns.     The  structure  and  content  of  the  GrmAP  datat>ase  ls  described

ln  Chapter   11.5.     The  basic  concepts,   tBotlvatlon,   aLnd  operational  proce-

dures  involved  ln  lnteractlve  graphical  edltlng  are  presented  ln  Chapter

11.6.    Finally,   a  brief  descrlptlon  of  hardware  requlrenents  ls  provided

ln  Chapter   11.7.

Section  Ill  provlaes  a  catalogue  of  the  progran§  1n  the  C"AP

system.    Each  progran  ls  described  in  one  of   11  separate  chapters,

Presented  ln  alphabetlc  order  by  program  name.
The  lnfomatlon  ln  each

chapter  ls  dlvlded  lrLto  sections  which  (I)  de8crlbe  the  purpose  or

functions  of  the  program.   (2)  clef lne  local  teminology  relevaLnt  to

further  descrlptlons  of  the  progran,   (3)  detail  the  progran  operation

and  the  progran/user  interaction,   (4)  describe  and  explain  temltLatlon
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and  error  reports  produced  by  the  program,   and  (5)  prof lle  p[ograulng

conglderations  including  database  access  and  subroutlne  calls.

Section   rv  introduces   the  Random  File  Mbnagenent   (RAFMAN)   and

Graphlcs  mtragenent   (GRI"AN)   sul8ysceus  which  aLre  incorporated  ln  CrmAP

as  utility  libraries.    All  routines  ln  these  llbrarles  are  functionally

clef lned,   and  the  calling  sequences  and  associated  parameters  are  fully

de§crlbed.     The  RAFRAN  chapter   (rv.2)   decall§   the  randon-access

nanagenent  strategy  enployed  by  Gmrm,   and  describes  the  nature  and

function  of  the  RAFEN  routines.     An  lntroductlon  and  categorlzatlon  of

the  several  types  of  graphlcs  available  ln  the  GRFMAN  library  ls

provided  in  Chapter   rv.3.

Section  V  describes  features  local  to  the  lmplenentatlon  of  CrmAP

at  the  Kansas  Geological  Survey.    This  section  ls  presented  to  §ug8est

one  alcematlve  ln  dealing  with  inplenentaclon  Strategies  for  the  CrmAP

system.   Included  in  this  section  are  chapters  on  file  nanlng  schemes,

the  use  o£  U.S.   Geological  Survey  quadrangle  mpg  as  input  docunen[s,

mp  projection  and  unprojectlon  Cechnlques,  and  a  training  manual  for

dlgltlzing  operators.     The  treatment  of  these  concepts  at  the  Kansas

Geological  Survey  tnay  serve  to  direct  lmplementatlon  ef f arts  at  other

lnstallatlons.

Finally,   Section  VI  presents  a  review  of  the  goals  and  achlevenents

of  the  Cnmp  system.    Concluslous  are  drawT.  from  tr.a  experiences  at  the

fansas  Geological  Survey,  and  further  research  ls  outlined.
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I.2    Ceographlc  Data  Processing

ifeny  terms  and  clef inlclons  may  be  found  in  the  literature  to

describe  the  appllcatlon  of  inf ormatlon  processing  techniques  to

geographic  data.     Among  these  Cems  are  "Computer  Cartography,"  "Auto-

mated  Cartography,"  "MaLp  Data  Processing,"  "Coaputer-Assisted

Cartography,"  and  "Geographic  Data  Processing."     The  Cem  "Geographic

Data  Processing"   (COP)   shall  be  adopted  here   to  review  several  sources

of  generaL1  1nfomatlon  ln  the  GOP  field.

A  survey  of  speclflc  GOP  systens  and  associated  users  may  be  found

ln  Telcholz  and  Dorfman   (1976),   1n  which  computer  cartography  ls  defined

to  be  ''...the  appllcatlon  of  computers  towards   the  design  and  production

of  mps."

Some  desirable  characterlstlcs  of  GOP  systens  and  brlef

descriptions  of  a  sample  of  less  known  systems  created  for  various

sponsorlng  lnstltutlons  ls  found  ln  Brooks  and  Pease  (1978).     h  this

text,   the  authors  de£1ne  a  geographic  lnformatlon  sy§ten  as  a  "cotnputer-

1zed  system  designed  to  store,   process,   and  analyze  spatial  data."

A  most  lmpresslve  woflc  ls   the  comprehensive  revlev  of  the  broad

spectrum  of  GOP,   edited  by   tomllnson   (1972).     This   two-volume   set,

prepared  for  the   International  Geographic  Union  ( IOU),   collected  the

thoughts  and  corks  of  Dost  leaders  ln  the  field  at  that  tlDe,   and

covered  software,   hardware,   and  speclflc  systens  up  to   1972.

Tbmlln§on  derives  a  deflnltlon  for  a  geographlcal  1nfornatlon

+±j[±±g| by  comblnlng  a  previous  de£1nltlon  of  an  lnfomatlon  system

(Dueker  and  Horton,   1971)  with  the  provision  that  ''the  data  be

referenced  ln  aL  manner  which  will  aLllov  retrieval,   aLnaly.sis  and  display

[based]   on  spatial  criteria."    Later,   he  adds  ''...1t  is  generally  agreed



that  a  geographical  1nformtlon  system  contaln§  data  with  locaclon

identi£1ers,   Chat   these  data  are  nanlpulated  and  retrieved  on  geographl-

ca|  criteria  and  that  the  output  generally  takes  the  fom  of  graphical

presentatloti."
the  comon  element  ln  these  and  other  def initions  ls  the  spatial

nature  of   the  data  for  which  GI)P  systems  are  designed.     It  ls  also

evident  that  speclf ic  application  goals  and  limitations  of  hardware  or

ocher  resources  will  produce  design  and  lmplementatlon  problems  which

my  vary  greatly  among  specific  systems.     h  this  vein,   several  reviews

o£  COP  systems  have  been  restricted  to  specl£ic  application  areas.     The

application  of  geographic  lnfomatlon  systems  to  land  planning  ls

reviewed  by  Calkias   and  Tomllnson  (1977)   for  the   IGU  Comission  on

Ceographlc  Data  Sensing  and  Processing.    Applications  to  resource  analy-

sis  were   compiled  by  DaLvls   and  Lopez   (1978)   £ron  the   COGEODATA   Interna-

tional  Conference  on  Computer  thpplng  held  ln  ifexlco  City.

Tto  other  works  concerned  with  the  malnstrean  of  general  COP  appli-

catlons  are  the  excellent  treatment  of  the  inherent  dl£f lculties  ln

geographic  lnfornatlon  systems  software  by  Marble  and  others   (1978),   and

a  concise  survey  of   cop  literature  by  Nbgy  and  Wagle   (1979a).    .The

latter  carefully  uni£1es  the  contributions  of  the  diverse  disciplines

which  the  authors  view  as  being  relevant  to  GOP,   outlines  the  scope  and

functlous  of   GOP  syste-Lrs   in  general,   and  discusses   the  lmplementatiotl  of

these  functions  ln  the  context  of   ten  well-knova  GOP  systems.

Current  Systeas

There  exist  tnany  GOP  systems  which  have  been  fully  inplemented  and

have  been  proven  e££ectlve  after  long  periods  of  testing.    may  of  these
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succes8£ul  Systetns  have  been  developed  as  general  purpose  cartographlc

syste®s,  but  Sore  were  rescrlcted  for  speclflc  applicatlous  only.

Most  notable  ls  a  collection  of  prograns   developed  since   1971  aLnd

currently  available  under  the  name  ODYSSEY  at  the  Laboratory  f or

computer  Graphlcs   at  mrvard  Unlverslty.     The  basis  of  ODYSSEY  ls   the

well-knom   SYMAP  program,   designed  by  H.   T.   Fisher.     The  basic  function

o£   SYMAP  is  to  produce  contour  and  conf omant  maps  on  a  line  printer

using  vaLrlous  griddlng  techniques.     Addltlonal  programs   ln  the  ODYSSEY

package  provide  capablllcles  f or  the  entry  of  digltlzed  mp  data,

production  of  plotted  maps,   1nteraccive  edltlng  of  map  £1les,   and

production  of  3-D  views  of  mp  data.    Applications  of  S"AP  are

dlscus§ed  ln  Liebenberg   (1976),   and  an  overvlev  of   the   ODYSSEY  sy§ten  is

presented  ln  Dutton  (1977).

ch  equally  successful  9ysten  ls  the  Canada  Geographic  informtlon

System  (CGIS).     The  main  function  of  CGIS  ls   to  input,   store  and  display

coverage  mps.     But,   as   suggested.  ty  Nagy  and  Wagle   (1979a),   its

greatest  importance  tnay  well  lie  ln  its  contributlous  to  the  f leld  of

geograLphic  data  processing.     The  ablllty  to  "overlay  two  or  core  cover-

ages  f or  a  region  and  to  compute  the  areas  of  simple  or  compound

coverages,"  and  the  use  of  coordinate  chains  to  describe  region

boundaries  are  but   two  examples.     CGIS  ls  also  knowti  for  its  use  of

Staterof-the-art  hardware  (e.g.,   optical  scanners  for  input  data)  and

Consequently  its   large  budget   (Tomllnson  and  others,   1976).    Although

Some  aspects  of   the  CGIS  system  have  been  negatively  critlclzed  in  a

Paper  by  Boyle   (1979)   at  the  Unlverslcy  of   Saskatchewan,   Nagy  and  Wagle

(1979a)  report  that  cols  has  been  considered  for  adoption  by  the  U.S.

Geological  Survey.

7



several  other  general-purpose  GOP  systems  are  worthy  of  rentlon.

NORMAP,   developed  in   Sweden  by  Nordbeck  and  Rystedt,   1s   slmllar  ln

function  to  SYMAP,   but  ls  statistically  trore  sophisticated.    A  detailed

descrlpclon  o£  NORMAP,   including  sac  case  studies,   and  dlgcus§1ons  of

general  cartographlc  appllcatlons  my  be  found  ln  Nordbeck  and  ftyscedc

( 1972) .

The  Experimental  Cartographlc  tystem,   created  at  the  Rome  Air

Development   Center   (Dlello,    1972),   and   SACARTS,   developed  at   the  Defetise

rapping  Agency  Topographic  Center  (St"ck,   1975)   both  rely  oti

photographic  input  data  and  sophisticated  hardware.    And  f lnally,   GIRAS,

a  systen  developed  by  mtchell  and  others   (1977)  at  the  U.S.   Geological

Survey,   1s  designed  to  process  land  use  and  land  cover  data.     Gins  is

less  veil  known,  bet  bears  perhaps  the  strongest  resemblance  to  the

G- system.

kecent  Develo Dents

There  are  two  tradlclorral  problens  ln  trost  GOP  systems  which  have

led  Co  very  slgnlf leant  hardware  and  sof tcare  developments  in  the  past

several  years.     These  recent  developments  have  been  forged  by  the  fuslon

of  speclallsts  f ron  several  dlsclpllnes  to  create  tools  which  appear  to

ellnlnate  mjor  bottlenecks  and  seenlngly  revolutlonlze  geographic  data

processing.

The  £1rst  problen,   dlscu§sed  by  RAind   (1974),   1s  data  capture,   the

Conversion  of  cartograLphlc  data  f ron  maps  or  other  sources   Co  dlgltal

(Computer-readable)   fom.    A  second  mjor  problem  lies  with  the  inter-

f ace  between  sophlstlcated  database  management  systems  and  relatively

untrained  mnagers,   geographers,   geologlscs,   and  the  like.     The  foner
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problem  results   primarily  from  the  volume   of   the  data,   and  suggests  a

lack  of  adequate  hardware  capabilites.     The   latter  problen  arises,

perhaps,   from  the  fact   that  the  users  generally  provide   lnpuc   to   the

design,   but  not   the  inplementatlon  of   the  system.

The  data  capture  problem  has  led  to  the  development  of  taster  scan

digitizing  equipment  which  "automatically"   converts  graphical  data   to

digital  form  in  a  mtter  of  rinutes  for  the  average  nap.     Initially,

Such  systems  were   thought   to  be  lnpraccical  partly  because  of   the

lnicial  expense  of   the  hardware,   and  partly  because  of   the  overhead

required  to  perfom  various  edltlng  and  conversion  functions.     (The

conversion  ls  necessary  since  scan  digltizers  produce  a  raster  represen-

tatlon,   while  syste[ns  employing   these  devices  were  Seared  to   the  vector

representation.)     But  recent  hardware  atid  software  advances,   outlined  by

Boyle   (1979),   have   reduced   these  costs   to  acceptable   levels  which  may  be

preferable  when  compared  to  traditional  dlgltizing  costs.

Perhaps   the  most  promising  result  of   raster-oriented  scan

digitizers  has  been  the  influx  of  raster  processing  hardware  and

software  previously  developed  ln  remote  sensing  and  other  fields.     This

natural  progression  has  spawned  numerous  algorithms  for  vector/raster

conversions   (Rosenfeld,1979;   Mueller  and  others,   date  unknown;   and  Nag}'

and  Wagle,    1979b)   and  various   data  structure   designs   (Rosenfeld  and

Samet,   1980,   Cederberg,1980).     Inevitably,   vector-raster  hybrid   systems

have  emerged   (Steiner,   1979),   and  some  have   called  for  the  exclusive  use

of  raster  graphlcs   in  cartography  (Peuquet,   1979).

The  second  problem,   mentioned  above,   coticerns   the  use  of  sophisti-

cated  database  management  systems  by  relatively  unsophlstlcaced  users.

The  energing  solution  to  this  problem  is  originally  rooted  in  a  nonrfDP
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sectlng  at   "  where  Codd  (1970)  introduced  the  coticept  of  a

"relational"  database.    This  concept  ls  8trlctly  a  logical  vlev  of  data

and  operations  on  data  by  means  of  the  veil-known  relational  calculus.

The  relational  database  coticept  has  been  very  successful  ln  tens

of  the  number  of   (non4I)P)  syscens  ln  which  lt  has  been  used.     "is  nray

be  attributed  to  the  fact  that  this  model  of  data  achleve§  a  mjor

objective  of  ''data  independence"  as  introduced  by  Codd  and  later

described  by  Date  (1972).    Furthemore,   the  relational  vlev  of  data

provides  "a  rich  set  of  comands"  (Ulluati,   1980),   and  allows  the  user  to

view  the  data  aLs   "a  collection  of  named  tables"   (Nagy  and  Wagle,   1979aL).

An  early  appllcatlon  of  the  relatlotial  rodel  to  COP  systen8  was  the

addition  of  sof tware  to  the  exlstlng   INGRESS  relational  database  systen

to  create  a  limited  "geographic  inf oirmation  retrieval  and  display"

system  called   GEO-QUEL,   described  by  Bermn  and  Stonebraker   (1976).

Another  GOP  system  called  CADS  ls  based  on  the  relational  codel,   and  vas

developed  at   IBM,   where  Coda  £1tst  introduced  the   relational  concept.

Finally,   a  "spatial  data  stmcture"  has  been  lncroduced  by  mrallck  and

Shaplro  (1980)   to  impose   the  relational  vlev  on  both  graphical  and

attribute  data  ln  a  CDP  system.

10



I.3 the  Develo nt of C-
me  orlglnal  kemel  of  the  CmIAP  system  was  developed  by  Tho  Trang

Coo,  a  tnathematlclan  at  the  Bureau  de  Recherche§  Geologlques  et  Mlnlereg

(BRCM)   in  Orleatis.   France.     Fron  late   1974  through   1976,   Dr.   Cao

developed  the  topologlcal  structures  and  associated  generating

algorithms  to  provide  computer  ag81stance  for  the  production  of  two

experlnental  geologic  maps  of  areas  ln  France.   The  result  of  Dr.  Cao'§

ef f orts  vas  the  production  of  scribes  containing  the  geologic  cotltact

lines  which  were  used  to  prepare  color-separation  materials  f or

prlntlng.

in  the  a-er  of  1977,  I)r.  Cao  became  the  Vlsltlng  kesearch

Scientist  at  the  Kansas  Geological  Survey,   bringing  with  hit  the

programs  he  had  developed  at  the  BRGM.     He  also  brought  a  wealth  of

knowledge  of  the  cartographlc  process  and  computer  graphics  which  he  had

gained  ln  his  experiments.     During  the  academic  year  1977-78,   in.   Cao

and  the  author  collat>orated  to  inplenent  the  basic  systen  (then  called

C"S)  incorporating  the  dlglclzlng  process,   the  basic  file  st"ctures,

the  edltlng  facility  and  the  generaclon  algorithms   (coo,   1978)  w+.ich  Dr.

CaLo  had  developed.

The  primary  concern  of  this  lnltlal  development  was  that  the  systen

was   to  be  lmplemented  on  the  K.G.S.   Data  General  Nova   1220  minicomputer

with  32K,   16-bit  words.     It  was  apparetit  that  the  systen  mist  be

developed  as  a  group  of  independent  progran  nodules,   and  that  the  dataL

"st  be  segmented  logically  ar`d  physically  in  random-access  disk  flies.

Dr.  Cao  defined  the  basic  unit  of  data  as  the  county-patch  (Chap.

V.2)   and  all  map  data  were  segmented  aLccording  to  the  unique  areas

de£1ned  by  these  units.    Further  segmentation  ty  feature  type  (e.g.,

11



cransportatlon'   hydrology,   geology)  vas  defined  by  use  of   the  feature

code   (Chap.   11.2)   to  provide  layers  of   data  for  each  county-patch.     This

add|tlonal  level  of  data  segmentation  may  be  required  when  the  density

Of  the  data  ls  very  high.

The  author  designed  and  lnpletDented  the  Random  File  Management

(RAFMAN)   subsy§ten  described   ln  Chapter   rv.2.     The  purpose   of   the   RAFMAN

subsysten  ls  to  support  all  basic  functions  of  random-access  disk  files

wlthln  the  f ramework  provided  ty  the  operating  system.     This  randon-

access  approach  made  possible  lmediate  and  direct  deletion  and  update

functlous  required  for  lnceractlve  editing  (Chap.   11.6)  and  reeritrance

of  the  generation  programs   (Chap.   Ill.6,   Ill.7).

Dr.   Cao  designed   the  basic  procedures  and  syntax  (Chapter   11.3)   for

digitizlng  on  the  Bendix  digitlzing  table  at  the  Kansas  Geological

Survey.     The  primary  advantages  of  Dr.   Cao's  digitizlng  systen  were   (I)

a  unifom  approach  to  digltizlng  all  data;   (2)  elinlnatlon  o£  the  treed

for  entering  header  lnformatlon,   line  or  node  numbers,   and  left-right

codes;  and  (3)  ellnlnatlon  of  the  need  to  digltize  zone  identlflca€1on

marks  aLnd  multiple  dlgltization  of  zone  boundaries.

These  digitlzlng  procedures  were  later  tnodif led  by  the  author  to

slmpllfy  the  tedious  task  of  dlgltlzing.    The  author  fomalized  the

Syntax  as  a  transltlon  tnaLtrlx  within  an  lnteractlve  syntax-editing

program,   to  perf om  a  task  which  had  previously  been  performed  with  the

System  editor.     This  syntax  editor  rag  later  transformed  into  a  non-

1nteractlve,   "autotnatlc"  syntax  editor  called   SYNEDT,   described  ln

Chapter   Ill.10.     The  algorlthm8  for  generation  of   the  Point,   Arc,   and

Node   £1les,   embodied   ln   the   original  PARGEN   (Chapter   Ill.7)   and   NODGEN

(Chapter   Ill.6)  progran§,   were  inplenented  basically  as  they  had  been  by
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coo,  with  the  lncorporatlon  of   the  random-access  approach  for  the  Arc,

point,   and  Node  files.     Subsequent  changes  in  the  syntax  by  the  author

required  modi£1Cations  in  the  generation  of   these  files.

one   of   the   drawbacks   ln   the   lnl[ial  PARGEN  and   NODCEN  programs  was

the  lnablllty  to  add  arcs  and  nodes  once  the  base  files  were  created.

in  chls  situation,   the  input  £1les  had  to  be  concatenated,   and  the

programs  were   re-run.     The  author  modif led  both  PARGEN  and  NODGEN  to

incorporate  the  options  of  initlallzation  and  re-entrance,   ellminacing

the  redundant  generation  of  the  Arc.   Point.   and  Node  files.

The  author  also  created  a  paglng  system  for  the  Point  f lie,   and

removed  the  redundant  storage  of  Arc  endpolnt  coordinates  ln  the  Point

file,   since  these  coordinates  mere  also  stored  ln  the  arc  records.     The

paglng  system  required  polncers   to  be  added  to  the  arc  records   to

support  lrmedlate  access  of  the  lnterlor  points  of  arcs.    The  previous

system  ac  BRGM  relied  on  large  block  access  for  point  coordinates,

requiring  secondary  searching  and  time-consuming  disk   I/0.     The  paglng

systen  reduced  this  overhead  with  imedlate  access  and  mlnlmal  disk   I/0.

Dr.   Cao  had  previously  developed  an  editing  progran  which  provided

the  ability  to  display  all  data,   window  the  vlewlng  area,   change  arc

feature  codes,   and  delete  arcs.     This  program  was  designed  for  the

Tektronix  4014-1  graphics   terminal,   and  utilized  the  Tektronlx  PLOT-l¢

graphics  software.    The  availablllty  of  a  similar  Tektronlx  terminal  and

PLOT-l¢  sof tware  system  at  the  Kansas   Geological   Survey  induced  Dr.   Cao

to  introduce   the  author  to  the  fundamental  concepts  and  procedures  of

computer  graphlcs.     With  this  introduction,   and  the  guidance  provided  by

Dr.   Cao  and  his   initial  program,   an  extended  interactive  graphical

edltl.|g  system  was   designed  aLnd  lnplenented.

13



This  pt.ogran   (then  called  EDITL00K)   1ricorporated   the  new  base  file

structures,   and  nev  edltlng  comands   to  chaLnge  point  locatlous  and  to

join  arcs  ty  mtching  their  nodes.     This  program  also  used  the  PLOT-l¢

graphlcs  routines  to  perfom  all  Tektronck  graphical  £unctlons.     Subse-

quent  codif icatlons  ty  the  author  resulted  ln  the  addition  of  commands

to  support  tnasklng  of  arcs  ln  the  display  by  means  of  a  background  code,

changing  the  position  of  nodes,   creation  of  new  nodes  oti  existing  arcs

(arc  splltcing),   automatic  nunberlng  of  nodes  for  identification  of

features,   and  a  new  zoom  whndowing  feature  to  allow  tracking  of  features

oucslde  the  display.

Additionally,   1t  was  decided  that   the  methods  used  by  ttie  PLOT-10

sof tware  provided  a  display  that  was   far  too  slow  when  operating  on  the

larger  data  sets  involved  ln  actual  mps.     Thus,   the  author  investigated

the  low-level  functions  lavolved  ln  the  display  of  data  on  the

Tektronix,   and  developed  a  quick-plotting  (Qplot)  display  file  to  be

accessed  for  norml  plotting  of  data  at  the  orlglnal  display  scale.

This  tripled  the  speed  of  the  display,   but  could  not  be  used  for  window-

ing  of  the  data  since  lt  relied  on  absolute  Screen  coordinates.     The

eventual  solution  to  this  problem  cane  later,   when  the  PLOT-1¢ .software

was  totally  abandoned.

In  the  last  conths  o£  I)r.   Cao's  stay  at  the  RInsas  Geological

Survey,   a  student  programmer  (Joe  Brentano)  was  hired  to  aid  ln  the

dlgltlzatlon  and  edltlng  of  an  experlnencal  Imp,   and  to  provide  progran-

nlng  support  for  various  utility  projects.

During  this  period,   the  author  inplenented  Dr.  Cao's  left-turn

procedure   (Cao,    1978)   in   the   context   of   the  KCS   system   (ZONCEN,   Chapter

Ill.12)  and  designed  and  inplemented  the  basic  program  (ZONEI)I,   Chapter
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Ill.||)  used  to  interactlvely  edlc  and  update  zone  lnformtlon.

Addlclonally,  a  retrieval  progran  (PLTGEN,   Chapter   Ill.8)  was  designed

and  inplemented  to  provide  output  used  to  drive  the  XYNETICS  plotting

software  for  the  production  of  paper  plots  and  scrlbecoats.

The   ZDNEDT  program  updates  various  zone  attributes  and

relationships  as  introduced  by  Dr.  Cao.    These  features  then  allow  for

the  separation  of  zorie  boundaries  according  Co  the  zone  color  codes

which  represent  the  basic  attribute  values  of  the  zone.    The  retrieval

procegs  my  then  create  lndivldual  f iles  to  produce  the  colorngeparated

scribecoats  needed  for  the  map  prlntlng  process.

By  the  tine  Dr.   Cao  returned  Co  France  in  1978,   the  processing  of

data  for  the  experinentaLl  geologic  map  of  the  Lawrence  East  quadrangle

was  cotaplete.     The  mp  w'as  subsequently  produced  as  a  color-proof ,   but

was  not  published.     At   this  time,   work  was  begun  on  a  second,   note

complex  geologic  mp  of   the  Lawrence  West  quadrangle.

The  improvement  and  extension  of  nearly  all  program  modules

continued  for  the  next  two  years,   principally  by  the  efforts  of  this

author,   agslsted  by  Joe  Brentano.     The  most  slgni£1cant  developments

were  additlons  and  modi£1catlons  of  the  graphical  edltlng  program  and

the  creation  of   the  GRFMAN  subsysten  (Chapter   rv.3)   to  replace  the  PLOT-

1¢  sof tware  for  all  graphics  operations.     The  editing  progran  became  the

GREEDT  program,   and  the  results  of   the  extetislons  and  nodlf ications  of

this  progran  are  reflected  ln  the  naterlals  ln  Chapters   11.6  and

Ill.5.     Both  the  CREEDT  and   ZONEDT  programs  have  been  modified  Co  access

the  GRFMAN  utlllcy  library  for  all  graphlc§  functions.

The  PLTGEN  progran,   used  f or  selective  retrieval  of  graphical  data

from  the  database,   has  been  enhanced  with  Imp  titling,  nap  border  crea-
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clan,   node  nunberlrlg,   and  feature  code  selection  capablllcleg.     These

new  features  support  production  of  edit-conpletlon  testing  plots,   as

well  as  production  of  hlghiuallty  scrlbecoats.     Several  procedural

modlflcatlous  Co  prevent  multiple-plotting  of  arcs,   and  to  minlnlze  pen

movetbent  have  also  been  added.

h  1979,   the  author  vlslted  Dr.   Cao  at  the  BRGM  in  Orleans,   France,

for  two  months.    During  that  period.   much  of  the  naterlal  contained  ln

Section  Ill  vas  written.     Addlclonally,   a  new  aLlgorithm  for  generation

of  nodes  from  the  Arc  file  was  designed  and  lmplenented.     This  new

algorltha  allows  f or  the  creation  of  up  to  3000  nodes  fron  a  set  o£  3000

arcs,   while   the   orlglnal  NODGEN  program  was   limited  to   400  nodes   from

500  arcs.     The  new  NODGEN  progran   (Chapter   Ill.6)  has   proven  to  be  more

useful  in  tens  of  the  actual  number  of  arcs  and  nodes  in  maps,   and

operates  faster  than  the  orlglnal  program.

h  late  1979,   the  dlgitizlng  and  editing  for  the  geologic  nrap  of

Lawrence  West  mere  completed.     The  scrlbecoats  mere  produced  and  a

color-proof  was  prepared  for  presentation  at  the  Fourth  International

Symposium  on  Computer  dsslsted  Cartography   (Auro-CARTO   rv)   in  keston,

Virginia.     The  Lawrence  West  geology  mp  was  published  ln   1980  as  Kansas

Geological   Survey  rap  M-14   (Roes   and  ifeclaln,   1980),   and  the  AUTO-CARro

rv  presentation  was  published  ln  the  Proceedings   (Rose,   1980).

IIn  1980,   the  entire  CmlAP  system  was  converted  for  operation  on

the  new  Data  General  Eclipse  minicomputer  at  the  Kansas  Geological

Survey.     Thl§  conversion  process  required  only  nlnor  tnodificatlons,

prlmarlly  ln  the  input  and  output  operations,   and  spawned  a  set  o£

(system-specific)  utlllty  functions  to  improve  the  operator  interface.

Also  ln   1980,   the  Kansas  Geological  Survey  undertock  to  apply  the
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GDonp  systen  to  the  creation  and  support  of  a  Kansa^s   database   (KI)B)  o£

cartographlc  lnf omatlon.    To  support  this  ef fort,  a  tnanual  for

d|gltlzlng  operators  vas  conplled  (Chapter  V.5),   and  a  traltiing

procedure  for  dlglclzlng  and  editing  using  GrmAP  was  lnstltuted.     The

conscructlon  of   the  Eansas  Dacabase  has  progressed  under  GrmAP,   and

currently,   nearly  one-fourth  of  the  State's  Uses  7.5'  quadrangle  maps

have  been  entered.

The  rose  recent  development  has  been  the  lncorporatlon  of  mp

projection  and  unprojectlon  software  (Chapter  V.4).     This  software

provides  recclf icatlon  of  mp  boundaries  with  the  true  projected  size

and  shape  dictated  by  the  mathematical  model.    The  rectlflcatlon  ls

necessary  for  lntermp  edltlng  and  concatenations  of  quadrangle  maps  to

fom  larger  scale  naps  of  larger  areas  such  as  counties.    The  projection

sof tware  has  been  applied  Co  produce  a  base  map   (Rose  and  Brentano,

1980)  of  Kansas  Groundwater  mnagetnent  Dlstrlct  No.   4  from  the  approri-

mately   120  quadrangle  mpg.     This  mp  ls  being  used  by  the  Geohydrology

Sectloti  of  the  Kansas  Ceologlcal  Survey  to  serve  as  a  base  f or  future

geohydrologlc  research  maps.

The  current  and  future  dlrectlons  of  research  and  development  of

the  Gm¢AP  system  at   the  Kansas  Geological  Survey  will  be  discussed  in

Section  VI.
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This  section  presents  a  comprehensive  overview  of  the  Grmp

system.    This  overvlev  ls  intended  to  be  general  1n  nature,   with  the

specific  details  of  the  sof tware  to  be  introduced  ln  subsequent

sectlotis.    Factors  which  may  vary  between  lnstallatlons  will  be  treated

|n  general  tens.     These  factors  are  discussed  ln  the  context  of  the

Kansas  Geological   Survey  lmplementatlon  of  GmIAP  ln  Section  V.

The  section  begins  with  the  GmlAP  vlev  of  map  data  and  an

lncroductlon  to  the  temlnology  used  ln  subsequent  chapters.    Next,   the

Subject  of  map  data  input  by  dlgitlzlng  ls  introduced,   and  the  G"MAP

procedures  concerning  data  input  are  described  ln  detail.    An  overview

of  geographic  data  processing  functlon8  and  their  realization  ln

8peclf lc  program  modules  leads  to  a  detailed  presentation  of  the  opera-

tional  sequence  and  general  functions  o£  GmlAP  program  modules.     (The

program  modules  are  presented  in  greater  detail  1n  Section   Ill.)    Next,

the  database  structure,   file  contents  and  lnterconnections  are

described,   and  the  relationship  between  program  nodules  and  database

flies  ls  outlined.    An  incroductlon  to  the  motivation  and  speclflc

methods  involved  ln  tnap  data  editing  and  updating  ls  given  as  prepara-

tion  for  the  more  detailed  operational  guide  presented  in  Section  Ill.

Finally,  a  brief  descrlptlon  of  hardware  requirements  details  the  nlni-

"un  conf iguratlon  and  describes  the  conf lguratlon  on  which  CmlAP  has

been  designed.
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11,2 C~ terulnolo
This  chapter  introduces  and  de£1nes   the  tens  which  are  necessary

to  discuss  the  general  functlors  of  the  CI"AP  systetn.     Specl£1c  teml-

no|ogy  required  ln  lndlvldual  functions  such  as  dlgltlzlng,   1tlteractlve

editing,   and  base  f lie  generation  will  be  introduced  as  required  ln

stibsequent  chapters.

A  map  consists  of  graphical features  which  lnay  be  classlf led  as

points,   lines,   and  areas.    Wells,   small  bulldlngs,   towns,   quarries,   land

grid  points  and  other  isolated  objects  may  be  represented  by  point

8ynbols.    Highways,   contour  lines,   rivers,   railroads,   and  areal  bounda-

ries  are  represented  by  lines.     Areas,   denoted  by  color,   shading  and/or

actual  linear  boundarle§,   may  represent  vegetation,   geologic  formations,

hydrologlc  features  or  other  confomanc  lnfomatlon.

The  ca.pture  of  qiap  or  graphical  data  ls  called  dlgltlzatlon.

Various  types  of  digltlzlng  devices  allow  an  operator  to  convert  points

on  a  nap  into  computer-readable  Carteslali  coordinate  values  based  on  a

prende£1ned  origin  and  set  of  axes.     Thus,   a  single  point  ls  represented

ln  the  cotnputer  as  a  pair  of  xir  coordinates,  and  a  line  ls  represented

by  a  sequence  of  such  points.     This  representation  ls  conpatlble  with

output  devices  called  plotters  which  may  be  instructed  to  draw  lines

from  one  point  to  another.

Linear  features  may  intersect   the  tnap  boundary  or  each  other,   or

rna:y  end  at  any  point  within  the  map  boundary.     Such  lntersectlons  or

tendnatlons  are  ref erred  to  as :±9±±s  and  are  represented  ln  CrmAP  as

a  §1ngle  pair  of  xir  coordlnate§.    Nodes  dlvlde  linear  features  into

smaller  segments  called L±££±   each  cot`slstlng  of   two  endpoints   (the

nodes)  and  a  (possibly  empty)   string  o£   1ntemediace  or
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E2#.    Point  features  are  represented  ln  GmlAP  as  special  arcs  called

±±:±±jo±p!i or  simply  points.    These  arcs  have  no  lnterlor  polncs,
and  both  endpolnts  are  the  Same  node.     They  may  be  considered  to  be

"collapsed"  arcs.

The  number  of  arcs  which  intersect  at  a  single  node  ls  called  the

±£gE±| of  the  node.    While  this  number  may,1n  theory,   be  arbltrarlly

large,   actual  nap  data  suggests  that  node  degrees  are  usually  less  than

seven.    This  fact,   coupled  with  the  programlng  goals  of  rapid  access

and  linlted  caste,   suggest  a  maxlnum  node  de ree  of  six  arcs  intersect-

lag  at  one  node.     This   restrlctlon  ls  made  less  burdensome  ln  CnAIAP  by

restrlctlng  nodes  to  be  the  intersections  of  arcs  of  cotnmon  feature

types.    For  example,   the  lntersectlon  of  a  river  and  a  contour  line

would  not  be  con91dered  to  be  a  node.

Areal  map  f eatures  are  caLlled  zones  and  ace  represented  ty  ordered

sequences  of   (non-isolated  point)  aLrcs.     The  sequence  of  aLrcs  which

represents   the  closed  boundary  of  a  zone  ls  called  the  zone  boundary,

and  the  arcs  conprlslng  the  boundary  are  called  border  arcs.     It  should

be  noted  that  these  arcs  are  dlgltlzed  ln  the  sane  manner  as  any  ocher

linear  features.     The  construction  of  the  actual  boundaries  is  perfomed

by  the  8of tware,   not  by  the  dlgitlzlng  operator.

The  lnterlor  of  a  zone  ls  the region  located  to  the  let t  of  the

zone  boundary  when  this  boundary  is  described  in  a  counter-clockwise

fashion.     To  allow  graphical  1dentl£1catlon  of  a  zone,   a  point  within

the  interior  ls  aLrtlf iclally  selected  as  the  zone  nark.    This  selection

1s  done  lnteractively  af cer  the  zone  boundaries  have  been  compiled.

An  island  ls  a  zone  which  lies completely  vlthin  the  lnterlor  of

another  zone.     The  outer  zone  ls  called  a  surrounding  zone,   and  may
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concaln  any  number  of  islands,   any  of  which  tnay  also  contain  islands.

Thus  an  island  may  also  be  a  surrounding  zone.

Although  all  zorie  border  arcs  have  an  associated  feature  code,   each

zone  has  a  Particular  actrlbute  which  ls  ldentl£1ed  by  a zone  color

code.    This  code  ls  set  lnceractlvely  when  the  ldentl£ylng  zone  mrksrT-
are  chosen.    At  that  time,   1t  ls  also  possible  for  an  operator  Co  select

several  points  for  the  eventual  placement  of zone  labels  on  the  result-

1ng  nap.    These  labels  serve  to  identify  by  name  the  attribute  speclfled

in  the  color  code.

in  order  to  distinguish  dl£ferent  types  of  features,   a  prendeflned

Set  of  feature  codes  ls  created.    Each  feature  code  consists  of  four

dlglts,   and  each  dlgic  connotes  some  lnfornation  about  the  type  of

feature.     in  the  Kansas  Geological  Survey  lnplementaclon,   the  first

dlglt  lndlcaces   the  graphical  type.     A  ''1"  (otie)  ldentl£1es  the  feature

as  an  isolated  polnc.    Arcs  which  are  not  considered  as  zone  boutldarle§

have  feature  codes  beginning  with  a  ''2"  or  "3",   and  zone  border  arc

codes  begin  with  a  ''4".    Further  digits  represent  various  classlfica-

tlon8  and  sub<1asslfications  within  a  given  graphical  type.     This

Scheme  ls  exenplif led  by  the  set  of  f eature  codes  used  ln  the  Kansas

Geological   Survey  inplementation  shorn  ln  the  Appendices.

Map  data  which  has  been  dlgltized  ls  converted  into  disk  Storage

files,  collectively called  base  flies.     This  set  of  random-access  files

conslscs  of  the  Arc  f lie, Node  f lie, Point   £11e and  a  display  f lie

Called  the E±± (Oulck  plot) j±±i.    The  conversion  or  creation  process

1s  called  base  f ile

they

eneratlon.    When  these  f lies  are  to  be  generated,

are  first  lnltlallzed  Co  indicate  that  they  contain  no  data.    Af ter

the  lnitlal  generation,   additional  data  may  be  subsequently  appended

through reentrant  generation  which  preserves  all  preexisting  data.
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Once  the  base  files  have  been  generated,   dlgltizlng  errors  my  be

corrected,   and  updated  lnf omatlon  tnay  be  incorporated  through  a  process

called ±e_ractlve  graphical  edl_ting_.    This  process  ls  perfomed  with  a

hlc  dls terminal  which  ls  capable  of  drawing  lines  on  the  screen

to  display  the  mp  daLta  in  visual  fom.     Such  a  Cemlnal  my  also  allow

an  operator  to  graphically  specify  f eatures  of  the  map  ty  using  a  cross-

halr  cursor  to  ldentlfy  (to  the  computer)  any  point  on  the  display

screen.

hteractlve  editing  ln  CmlAP  provides  for  the  codl£1caclon  of

arcs,   nodes.   points,   and  codes  for  the  displayed  map.     To  facilitate

identl£1catlon  of  features  to  be  codlf led,  numbers  are  assigned  to  all

features  during  the  generation  of   the  base  £11es.     Thus,   an  operator  may

1dentlf y  features  by  use  of node  numbers,   which  rna,y  be  displayed  on  the

screen  by  a  simple  comand.

h  lnteractlve  edltlng,   the  ldentl£1cation  of  arcs  by  node  rlumbers

representing  the  endpolnts  will  be  unique  except  when  tco  or  more  arcs

have   the  sane  t:Two  nodes  as   their  endpolnts.     This  phenomenon  occurs

frequently  and  is  terned  brldglng.    This  may  occur  wheti  a  single  arc  is

erroneously  digitlzed  twice.     h  this  case,   the  two  arcs  are  called

duplicate  arcs.

When  the  bridging  phenonenon  occurs,   the  dlgltlzlng  operator  should

select  an  lnterlor  point  on  one  of  the  arcs, to  be  used  as  an  artif lcial

node.     This  point  ls  then  dlgltlzed  as  a  node  rather  than  aLn  lnterlor

Point,   and  will  result  ln  a  unique  pair  of  nodes  for  all  arcs.     If  more

thaLn  two  aLrcs  bridge  a  pair  of  nodes,   all  but  one  "st  be  split  by

artificial  nodes.    This  operation  may  also  be  perfomed  during  the

edltlng  process.
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when  the  base  file  edlclng  is  complete,   a  secondary  set  of  base

f lies  nray  be  generated  lf  the  nap  data  contains  areal  £eature§

(zones).     This  generation  results  ln  the  creation  of  the

the

Zone   f lie  and

Border  f lie.     Interactive  graphical  zone  edltlng  may  then  be

enployed  for  the  addltlon  and  updating  of  zone  mrks  and  colors.     Zone

editing  allous  for  functions  parallellng  those  of  base  f lie  edltlng,   but

also  allows  for  the  addltlon  of  label  lnf omatlon,   and  thus  the  genera-

tlon  and  updating  of the  Label  file.

The  result  of  the  generaclon  of   the  extended  base  f lies  ls  the

ablllty  to  perf om selective  retrieval  of  the  map  data  for  the  prepara-

tlon  of  plotted  tDaps  or  scribe-oat  mterlal  for  colorngeparatlon  and

eventual  Imp  production.     h  this  process,   map  data  may  be  selected  by

f eature  trmbers  or  ty  code  ranges  speclfylng  groups  of  feature  codes   [o

be  selected.     Zones  tnay  be  selected  by  zone  numbers   or  by  zone  colors.

Headers   (consisting  of  textual  1nfomaLtion  such  as  mp  titles),   and

flducial  tnarks   (used  for  registration  of  overlays),   may  be  added  during

this  process.     Similar  retrieval  capabilities  are  available  to  produce

output  in  the  same  fom  as  the  orlglnal  dlgitlzed  input  data.    This

output  my  then  be  used  to  transf er  tnap  data  or  to  store  data  in  an

archlve.
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11.3LELa_mLp±

The  object  of  dlgltlzlng  ls  to  create  a  file  of  data  which  conpre-

henslvely  descrlbeg   the  input  document   (nap)  and  which  ls  stlltaLble  f or

processing  ty  computer.    A  set  of  dlgltlzlng  mles,   called  the  syntax,

de8crlbes  the  order  of  operations,   content  of  data  records,   aLnd  f orDat

of  the  output  file.     The  CrmAP  syatax  has  been  developed  to  lnpo9e  the

GIMMAP  vlev  of  map  data  upon  the  process  of  capturing  data  ty  dlgltlza-

tlon.    The  end  result  of  the  appllcatlon  of  the  dlgltlzlng  syntax  ls  a

1tlzed  data £11e.

1tlzed  Data File

The  dlgltlzea  data  £1le  consists  of  three  parts.     The  firs€  part  ls

the  nap  header,   which  is  the  trace  of  the  tnap  and  any  other  desired

textual  1nformtlon.     The  second  part  ls  a  set  of j=gg±Eg|  pg±±±± which

are  the  coordlnateg  of  the  comers  of  the  nap  (or  enclo§1ng

rectangle).    The  final  part  of  the  file  contains  the  coordinates  of

feature  lnfomatlon  such  as  points  and  arcs.    The  dlgltizlng  procedure

consists  of  entering  the  mp  header  at  the  teminal,  dlgitlzlng  the

cotitrol  points  (counternglockwise  fran  the  origin),   and  dlgitlzing  the

features  of  the  iliap.

Basic  Feature  D1 1tlzln

Basic  feature  dlgltlzlng  ls  lllustraced  ln  Figure   11.3.1,   1n  which

a  nap  cotLtalnlng  tva  rivers  and  a  road  ls  shorn  as  a  group  of  nodes,

aLrc8,   and  isolated  points.     To  the  dlgltlzlng  operator,   the  tnap  consists

of  two  arcs  of   the  sane  code  (I-2  and  3-4),   and  a  third  arc  (5-6)   of

another  code.     In  this  view,   the  clrcle8  are  nodes,   the  squares  are
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isolated  points   (Figure   11.3.2),   and  the  solid  lines  comectlng  nodes

are  the  arcg.     The  control  points  deflnlng  the  map  boundary  are  narked

by  X,   and  are  numbered  according  to  the  order  in  which  they  are  dlgl-

tlzed.

The  dlgltization  of  points  on  the  mp  occurs  by  placing  the  digl-

tlzlng  cursor  such  that  the  crosshalrs  of  the  cursor  intersect  at  the

point  to  be  dlgltlzed.     A  single  push  of  the  oursor  button  transnlts  the

x  and  y  coordinates  of  the  point  (relative  to  the  selected  orlgln  and

axes)  to  the  computer.     To  dlgitlze  an  arc,   the  operator  tnust  vlev  the

(possibly)   curved  line  as  aL  sequence  of   straight  line  segments,   and

digltlze  each  endpoint  ln  order.    Each  of  these  lnterlor  polncs  ls

digltized  by  pushing  the  cursor  button  one  time.

To  dlgltlze  nodes,   the  operator  pushes   the  cursor  button LEE±£± So

that  two  ldenclcal  Sets  of  coordinates  are  transmitted.    Thus,   in  the

dlgltized  data  file,   any  pair  of  consecutive  ldentlcal  points  (within  a

smau  tolerance)   indicates   the  presence  of  a  node  rather  than  aLn

lnterlor  polnc.     An  exception  is  maLde  for  isolated  points.     Since  all

isolated  points  are  nodes,   there  may  be  no  lnterlor  points  f or  these

arcs.     Isolated  point  feature  codes  act  as  a  signal  that  each  point  ls  a

node,   and  the  operator  must  digltlze  these  points  only  one  time  each.

To  completely  digitlze  our  sample  nap,   the  operator  first  enters

the  map  header  (contalnlng  the  name  and  perhaps  other  infomation)  at

the  keyboard,  and  then  dlgltlzes  the  control  points   (one  tine  each)  in  a

counter-clockwise  fashion,   be81nning  and  ending  at  the  lower-1ef t

comer.    Next,   the  feature  code  for  rivers  is  entered  from  the  keyboard

as  a  pair  of  x-y  coordinates,   called  the  arc  header,  with  the  x-

coordirrate  equal  to  the  feature  code.     This  feature  code  will  be  applied
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to  Subsequent  arcs  until  the  next  arc  header  ls  entered,   thus  ellmlnat-

ing  the  need  to  enter  an  arc  header  for  each  feature.

Af ter  the  arc  header  ls  entered,   the  £1rst  node  of   the  arc  to  be

d|glclzed,   called  the  start  node,   ts  dlgltlzed.     in  the  eranple,   the

scare  node  for  the  first  arc  ls  node  I.    The  operator  dlgltlzes  this

tiode  twice,   diglclzes  each  of  the  lncerior  points  once,   and  digltlzes

the end  node   (node  2)   twice.

The  next  feature  to  be  digitized  will  be  the  second  river  arc  from

node  3  to  node  4.     Since  the  feature  code  for  rivers  is  still  1n  effect,

the  operator  does  not  need  Co  enter  a  new  arc  header.     Furthemore,   this

arc  does  not  begin  at  node  2  where  the  cur§or  ls  located  f ollowing  the

dlgltlzatlon  of  the  first  arc.     This  treans   that  the  cursor  tnust  be  moved

to  the  next  starting  node  without  diglclzlng  any  points.    This  ls  a

dlscontlnulty,  which  "st  be  lndlcated  ln  the  digitized  data  file.

Hence,   the  operator enters  aL  dlscontlnuit (represented  by  the

single,   dashed  arrow)  at  the  keyboard.     This  flag  consists  of  a  pair  of

coordlnaces  with  negative  x  and  y  values   (usually  -I.0,   -1.0).     Since

the  mp  has  been  situated  so  that  all  points  of  the  mp  have  posltlve

coordinates,   the  systen  ls  able  to  dlstlnguish  flags  fron  ocher  points.

The  operator  then  digltlzes  the  start  node  twice  (node  3),   the

lnterlor  points,   and  the  end  node  twice  (node  4)   for  the  Second  river

arc.     No  arc  header  ls  required  because  the  feature  code  ls  the  sane  aLs

for  the  £1rsc  river  arc.

Next,   the  operaLtor  will  dlgitlze  the  road  arc  from  rode  5  to  node

6.     n  this  sltuatlon.   both  a  dlscontlnulty  and  a  change  o£  feature  code

"st  be  lndlcated.     The  operator  enters  a  header  flag  (represented  by

the  double,   dashed  arrow),   consisting  of   tiro  pairs  of  negative  coordl-
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nates.     This   ls  equivaLlent  to  encerlng  two  consecutive  dlscontinulty

flags.    Entered  ac   the  keyboard,   the  header  flag  lndlcates   that   the  next

pair  of  coordinates  will  be  a  header,   concalnlng  a  feature  code  as  the

x-coordlnace.    The  header  flag  also  serves  Co  lndlcate  that  the  previous

node  ls  an  end  node.

The  operator  then  enters  the  arc  header  concalnlng  the  feature  code

for  roads  as   the  x-coordlnace.    For  this  feature  (5-6),   let  us  assume

that  the  road  ls  a  short,   straight  arc  requirltig  no  interior  points  for

accurate  representation.     h  this  case,   the  operator  dlgltizes   the  start

node  (5)  twice  and  then  rfuedlately  dlgitlzes   the  end  node  (6)  twice.

Sitice  this  ls   the  end  of  the  data,  a  header  f lag  is  entered  to  signal

that  digitlzing  has  been  completed,   and  to  cause  the  previous  node   (6)

to  be  treated  as  an  end  node.

It  should  be  noted  that  the  labels  "start"  and  "end"  are  used  only

for  dlscusslon  of  the  dlgltlzlng  process,   and  are  entirely  dependent

upon  the  sequence  ln  which  the  mp  is  dlgitlzed.    As  will  be  shorn  ln

the  next  section,  a  node  my  be  treated  a§  a  start  node  at  otie  time,   and

as  an  end  node  at  another  time.     in  this  example,   nodes   I,   3,   and  5  were

treated  as  start  nodes,   and  nodes   2.   4,   and  6  as  end  nodes.     Start  nodes

are  always  preceded  by  a  dlscontlnuity  flag  or  by  an  arc  header,   and  end

nodes  are  followed  by  discontlnulty  or  header  flags.

Shortcuts  and   S ecial  Cases

h  Figure   11.3.2,   several  special  features  of  the  digltizing  syntax

are  illustrated.    Let  us  assutne  that  the  map  header  and  control  points

halve  been  entered  in  the  mnner  described  above.     The  procedure  for

dlgitlzlng  this  exataple  map  ls  de§crlbed  below.

30



The  arc  header  ls  entered  for  the  arcs  connecting  nodes   1,   2,   3,   4,

and  5,   assunlng  these  arcs  all  have  the  sane  feature  code.    The  operator

d|gltlzes   (start)  node  I  twice  and  the  lnterlor  points  Co  node  2  (one

tine  each).    Since  there  ls  no  dlscontlnulty  ac  node  2,   the  operator  my

conclnue  dlgitlzlng  to  node  3  without  entering  a  dlscontinulty  flag,

provided   that  node  2  1s   dlgltlzed  twice.     Node  2
1s  called  a  contlmie

node  since  lc  acts  as  an  end  node  for  the  first  arc  and  a  start  node  for__

the  next  aLrc.     The  operator  digitlzes  node  2  twice,   and  continues  dlgi-

tlzlng  the  lnterlor  points  to  node  3  ulchout  entering  a  flag.    the  sane

procedure  is  repeated  at  node  3  (also  a  conclnue  node)   in  dlgltlzlng  the

next  arc  Co  node  4.

Notice  Chat  lf  node  4  did  not  exist,   nodes   2  and  3  could  be

cormected  to  each  other  ty  tco  distinct  arcs.    This  ls  an  exanple  of

brldglng,  and  lf  allowed  to  renaln,   anblgulty  could  arise  ln

distlngulshlrig  the  two  arcs  by  their  two  node  numbers.     The  bridging

problem  ls  avoided  by  arbitrarily  adding an  artlf lclal  node  (node  4)  to

one  of  the  arcs.

The  operator  dlgitlzes  node  4  twice  and  continues   to  tiode  2,  which

ln  this  case  ls  an  end  node.     (Notice  again  that  the  tens  start,   end,

and  continue  are  procedural  and  relative;   they  are  not  defined  by  the

graphic  structures.)    The  operator  enters  a  dlscontlnulty  flag  after

dlgltlzlng  node  4  twice,   then  dlgltizes  rrode  3  twice  and  the  lnterlor

points   (if  any)   to  node  5  which  ls  also  dlgltlzed  twice.

The  next  feature  to  be  dlgitlzed  (according  to  the  sequence

selected  ty  the  operator)   1s  a  Point   (Isolated  Point).     The  operaLtor

enters  a  header  flag  and  a  point  header  at  the  keyboard.     Since  the

f eature  code  ln  the  point  header  lndlcate§  that  subsequent  points  are
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nodes,   the  operator  dlgltlzes  point  6  only  one  tine.     The  next  feature,

point  7,   1s  also  an  isolated  point,   and  by  clef ault,   there  ls  a  discontl-

tLu|ty  between  the   CWo  points.     However,   the  point  header  serves   as  an

ind|catlon  of  this  Sltuacion,   and  the  operator  does  not  enter  a  dlscon-

c|rmlty  flag  between  the  tlro  points.     It  ls  possible  that  the  feature

codes  for  the  two  points  may  be  different   (but  not  ln  thlg  example).     If

that  mere  the  case,   a  header  flag  and  point  header  containing  the  new

feature  code  would  be  entered  following  point  6.     h  this  case,   point  7

|s  dlgltized  once  following  point  6.

The  operator  then  enters  a  header  f lag  and  an  arc  header  bef ore

proceeding  to  node  8.     This  arc,   starting  and  ending  at  node  8,   is  an

island. Since  there  is  no  node  clef lned  by  arc  lntersectlon,   the

operator  has  selected  an  artlf lclal  node  Co  serve  as  both  the  start  and

end  node  of   the  arc.    Node  8  is  digitized  twice,   the  lnterlor  points  are

dlgitlzed,   and  node  8  is  dlgitlzed   (twice)  a  Second  time.     It  does  not

matter  which  direction  the  interior  points  are  dlgltlzed,   only  that  tbe

same  point  ls  used  for  the  start  and  end  nodes.     Since  this  is   the  end

of  the  data,  a  header  flag  is  entered  to  terminate  the  file.

This  example  has  demonstrated  some  shortcuts  and  special  features

of  the  syntax.     It  should  be  noted  that  this  map  may  be  digitized

(according  to  the  syntax)  1n  several  dlf f erent  sequences  resulting  ln

dif ferent  f ile  structures,   each  of  which  would  convey  the  same  graphical

infomation.     As  dlgitlzed,   nodes   1,   3,   and  8  were  used  as  start  nodes,

nodes   2,   3,   and   4  as   continue  nodes,   and  nodes   2,   5,   and  8  as   end

nodes.     Notice  that  nodes  2,   3,   and  8  were  used  ln  di££erent  roles  at

different  times.
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The  output  data  for  the  second  example   ls  shown  ln  Figure   11.3.3

and  ten  ba§1C  rules  of   the  dlgltizlng  syritax  are  given  below.

p-p-8 Rules-
I.     The  nap  header  concalnlng  the  tnaLp  title  and  other  textual

lnfomation  ls  entered  first.

2.     The  four  corners  of  the  map  are  dig|tized  as  control  points

counter-clockwise,   beginning  and  ending  ln  the  lower-left  corner.

3.    All  headers   (except  the  one  following  the  control  points)  mist

be  preceded  by  a  header  flag.     The  feature  code   (x-coordlnace  of   the

header)  applies  to  all  subsequent  arcs  until  the  next  header.

4.    All  nodes  are  diglcized  twice.

5.     Isolated  points  of  the  sane  code  are  dlgitized  only  one  time,

wlchouc  interceding  dlsconclnuity  flags.

6.     When  two  unconnected  arcs   of   the  same   code  aLre  to  be  digltlzed

sequentially,   the  end  node  of   the  first  and  the  start  node  of   the  second

must  be  separated  ty  a  dlscontinulty  flag.

7.    Arcs  may  be  dlgltlzed  ln  either  dlrectlon.

8.     If  two  nodes  are  connected  by  two   (or  more)  distinct  arcs,

artificial  nodes  should  be  selected  to  avoid  the  brldglng  problem.

9.    Any  point  of  an  island  may  be  selected  as  the  start  node.     The

satEe  point   is   used  as   the   end  node.

10.    All  arcs,   1ncludlng  zone  boundary  arcs  between  adjacent  zones.

are  dlgitlzed  once.

33



start Node

Arc 6 Interior Points
X2, ^2

End Node

5»‘5 Header Flag

Arc Header { Feature Code, 0.
Feature Code, 0.Point Header

Start Node
Isolated Points

vrc 1 Interior Points
-1

Continue Node Header Flag

Ire2 Interior Points Feature Code, 0.Arc Header

Continue Node
Start Node

Krc3 Interior Points

Continue Node

Interior Points

End Node End-of-File

(continued)

X5, Y5
X5, Y5

XI, Y1

XI, Y1

X2, Y2

X2, Y2

X3, Y3
X3, Y3

X3, Y3

X8, Y8
X8, Y8

X4, Y4
X4, Y4

X2, ^2.

X2, ^2.

X6, Y6

X7, Y7

(Viap Header { Text Information

1. wcUlzea Datajlle

Arc 10 interior Points
( X8, Y8

End Node j yg



I-i-
careful  preparation  will  help  to  reduce  errors  and  increase  the

e££iciency  of  the  dlgltlzlng  process.     The  followlng  suggestions  should

be  considered  before  the  dlgltlzlng  process  begln8.

I.    A  high-quality,   physically  undamaged  map  should  be  selected  as

the  input  document.

2.    A  complete  list  of  all  features   (roads,   rivers,   eec.)  which

are  to  be  digltlzed   should  be  made  avaLllable.

3.     The  contents  of  the  nap  header  mist  be  detemlned.

4.    A  llsC  of  feature  codes  should  be  available  for  easy

reference.

5.    Criteria  for  decldlng  which  arc  lntersectlons  are  to  be  dlgi-

tized  as  nodes  (usually,   arcs  of  the  sane  feature  type)  must  be  deter-

mined,  and  Bodes  may  be  lightly  circled  ln  colored  pencil.

6.     The  map  should  be  studied  for  islands  and  brldglng  phenomena,

and  artl£1clal  nodes  should  be  narked.

7.     Zones  tnay  be  shaded  lightly  with  colored  pencil  without

obscuring  other  features.

8.     The  map  should  be  flmly  secured  to  the  table  with  tape;

wrinkling  and  stretching  should  be  avoided.

9.     The  sequence   (or  route)  should  be  carefully  considered  before

any  digitizlng  begins.

10.     The  dlgitlzlng  guide  (below)  should  be  considered.
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Pgr31ng  Cuide
The  ten  rules  of  digltizlng  (listed  above)  should  be  followed  at

all  times.     The  following  suggestions  are  supplenental  hints  to  be

considered  before  dlgltlzlng  begins.

1.    Dlgltlze  all  isolated  points  first,   all  non-zone-boundary  arcs

second,   and  all  zone-boundary  arcs   last.

2.    Wlthln  one  type   (Point,   Arc,   Zone-boundary  arc),   dlgltlze  all

features  of   the  satne  code  ln  one  group   (e.g.,   all  rivers).     The  bene£1ts

from  this  approach  are  that  only  one  header  ls  entered  for  each  group,

fewer  f eatures  will  be  accidentally  overlooked,   and  the  operator  will

better  tmov  what  features  renaln  Co  be  dlgltlzed.

3.     If  there  are  many  features  of  the  sane  type  and  feature  code,

digltlze  then  ln  an  order  similar  to  that  of  Clling  a  wall.    Thl§  will

help  to  reduce  the  number  of  f eatures  that  are  overlooked  or  that  are

niscakenly  dlgltlzed  Cwlce.

4.     Draw  a  light,   but  obvious,   pencil  mark  through  the  arcs   that

have  been  dlgltlzed.     This  should  be  done  at  convenient  times   (e.g.,

after  etitering  a  flag)  to  minimize  lnterruptlon  of  the  operator's  con-

centration.

5.     Take  careful  note  of  the  location  of  the  most  recent  end  node

before  entering  the  flag.     (Usually,   the  cursor  nay  be  left  there  while

entering  the  flag.)

6.     Some  digltlzlng  systems  may  offer  alternate  trethods  for  the

entry  of  f lags   (a  §peclal  cursor  button,   or  dlgltlzlng  aL  point  with

negative  coordinates),   and  for  the  entry  of  header  lnfomation.     These

methods   Should  be  employed  if   they  are  more.convenient  for   the  operator.
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7.     hceractlve  systems  tnay  allow  the  operator  to  correct  digi-

ciz|ng  errors   lf   they  are  detected  ln  time.     Other  systems  provide  no

such  faclllty'   bit  detected  errors  may  be  minlnized  by  the  operator.

when  an  error  ls  detected  during  the  dlgltlzlng  of  a  f eature,   the  opera-

tor  may  enter  a  header  flag  and  an  arc  or  point  header  and  rendlgitlze

the  incorrect  f eature  from  the  last  correct  point  or  from  the

beglnnlng.     The  incorrect  feature  may  be  easily  deleted  at  a  laLter  time.

Special  Note

Mbny  dlgitlzlng  systems  offer  two  nodes  of  digltizlng.   These  are

point  mode,   1n  which  a  single  point  ls   transmitted  at   the  push  of  a

button,   and  line  or  stream mode,   in  which  a  continuous   scream  of points

1s  transmitted  while   the  button  ls  depressed.    Line  mode  may  give  the

appearance  of  beltig  faster,   but  experience  suggests  that  this  benefit

must  be  weighed  against  superf luous  data  entry,  weeding,   edlclng,   and

rendlgltlzation.    While  C"AP  ls  designed  primarily  for  point  node,

line  mode  nay  be  used,   provided  that  the  syritax  rules  are  f ollowed  care-

fully.
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11.4 Sof ti.are  Onrervieu

Geographic  data  processing  consists  of  the  primary  functions  of

data  capture,   edltlng,   updating,   and  retrieval  of  cartographic  data.     To

support  these  functions,   GrmAP  sof tware  contains  ten  program  trodules

and  two  supporting  utility  llbrarles.    At  the  extremlcles  of  this  pro-

cessing,   the  actual  dlgltlzlng  and  plotting  functions  are  supported  by

nan-GmlAP  software  packages,   usually  provided  with  the  hardware.

GmlAP  sof tware  ls  designed  to  operate  ln  a  minicomputer  environ-

ment  with  a  minimum  of   32K  16-bit  words.     All  software  ls  written  ln

standard  FORTRAN  rv,  with  the  usual  exception  of  input  and  output  rou-

tines  and  the  handling  of  alpha-numerlc  data.     Interactive  ediclng  and

updaLtlng  facllltles  require  the  avallablllty  of  random-access  disk

storage,   and  the  access  methods  I or  this  tnedl`m  vary  widely  among  dl£-

ferent  systems.

The  functloos  inherent  ln  geographic  data  processing  suggest  the

basic  sequence  of  operation  shown  ln  Figure   11.4.I.     h  this  primary

sequence,   each  box  de§crlbes  a  basic  set  of  functions,   and  lndlcates  the

progran  module  and  relevant  chapter  which  pertain  to  the  function.

Previous  chapters  ln  this  section  have  described  the  processes  of  data

Preparation  (step   1)  and  dlgitizlng  (step  2),   and  introduced  the  syntax,

or  "1es  governing  the  structure  of  the  digltlzed  data  file.    This  file

ls   the  main  concern  of   the   SYNEI)T  program  shorn  as   step  3.

The  syatax  edltlng  progran,   SYNEDT,   relies  on  a  transltlon  tnatrlx

and  a  lexical  arralyzer  to  interpret  and  correct  the  dlgltlzed  data

according  to  the  rules  of  the  syntax.     The  transltlon  matrix

incorporates  etapirical,   real-world  knowledge  to  correct  syntax  errors

and  produce  an  output  file  which  may  contain  graphical  errors,   but  is
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conp|ecely  Consistent  with  the  syntax.     The  output  file  may  then  be

plotted  using  the  DIGPLT  program  (step  4)   for  an  early  check  of   gross

graphical  errors  introduced  during  the  dlgltlzlng  process.
The  syntactically  clean  data  are   then  uged  by  the  PARGEN  program

(step  5)   Co  construct  arc  and  point  records  based  on  the  rules  of  the

syntax.     Although  not   shown,   the  PARGEN  program  ls  also  capable  of

rectifylng  the  input  data  with  the  known  map  projection  parameters  for

the  given  map.     The  major  benefit  of   this  operation  is  to  force  the

shape  and  dlDenslons  of   the  map  boundary  to  be  consistent  with  the

mathematical  model  1ndlcated  by  the  map  projection.     This  ls  necessary

due  to  the  graphical  dlstortlons  inherent  ln  paper  docunent§.

The  Node  f lie   ls   created  from  the  Arc   f lie  by  the  NODGEN  program  to

describe  the  topologlcal  network  contained  ln  the  map.     Shovti  in  step  6,

the  NODGEN  program  resolves   the  unique  locations  and  relationshlp§  of

arc  lntersecclons  to  create  node  records.     h  this  process,   1t  ls

assumed  that  a  dlgitlzlng  operator  may  consistently  dlgltlze  a  given

node  within  a  fixed  tolerance  value  at  dlf f erent  times  during  the  data

capture  phase.     NODGEN  detemlne§   the  sets  of  arc  endpolnts  which,.

1ndlcated  by  their  relative  distances,   represent  a  single  node..    For

each  such  node,   the  average  location  ls  cotaputed,   and  this  location  and

arc-node  connections  are  stored  ln  a  record  ln  the  Node  file.     Finally.

each  arc  record  ls  updated  to  contain  the  node  numbers  of   its   two

endpolnts.

At  this  point,   the  data  are  interactively  edited  using  the  GRFEDT

Program  (step  7).     This  process  employs  a  graphlcs  display  teminal  to

display  the  map  data  ln  graphical  fom.     The  actual  display  data  are

created  by  PARGEN,   and  reside  ln  the  Qplot   (Quick-plot)   file.     The
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operator  my  add,   delete,   or  change  the  graphical  feature  data  using  a

sinp|e  comand  menu  and  graphical  input  to  Select  various  displayed

features.     This  process  ls  enhanced  by  the  appllcaclon  of  "background"

codes  to  selectively  display  subsets  of   the  data  based  on  f eaLture

codes.     in  addltlon,   GREEDT  provides   two  dl££erenc  cotnnnnds   Co  select

Ww|ndowed"  subsets  of   the  data,   based  on  their  locations.     The  addltlon,

deleclon,   and  correcclon  of  data  ls  lrmedlate,   and  may  be  displayed  ln

its  new  f om  f ollowlng  the  update  operation.

When  the  operator  feels   that  the  data  editing  ls  cotaplete,   an  edit

plot  tnay  be  produced   (step  8)   using   the  PLTGEN  progran.     The  resulting

file  ls  then  subultted  to  the  plotting  sof cware,  and  a  full-scale  plot

of  the  data  with  node  numbers   ls  produced.     This  plot  tnay  be  overlaid  on

the  orlglnal  map  to  locate  oulsslons  and  posltlonal  errors  in  the

data.     These  errors  may  then  be  corrected  with  GRFEDT,   or  by  additiotial

dlgitlzation  of  the  mp.    Addltlonally  digltized  data  aLre  etitered  via

steps   1   through  6,   u§1ng  the   reentrance  options  for  the  PARGEN  and

NODGEN   programs.

Once  the  feature  data  are  graphically  correct,   the  ZONGEN  program

(step  9)   1s  used  to  generate  zone  boundaries  fron  an  operator-selected

subset  of  arcs.     This  process  creates  a  zone  record  and  a  group  of

linked  border  records  for  each  zone.     h  step   10,   the   ZONEI)I  progran  is

used  to  perf arm  several  updates  on  the  zone  lnfomatlon.     Using   ZONEDT,

the  operator  has   the  opclons  o£   (1)   selecting  zone  marks  for  display  of

zone  ldentl£1catlon  rfubers,   (2)  specifying  zotie  color  codes  to  ldentl£y

the  mjor  attribute  value  of  the  zone,   (3)  selecting  label  narks  and

Symbolic  lnformatlon  for  eventual  placement  of  zone  attribute  labelling,

(4)   specifying  island  and  surrounding  zone  relatlonshlps  for  proper  zone
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boundary  retrlevaL1,   and   (5)   llnklng  of  zoties  by  comon  color  codes  for

selective  retrieval  by  these  codes.

The  £1nal  step  ln  the  basic  sequence  ls  the  production  of  miltlple

plot  f iles  for  scribe  production  of  color  separation  materials,   and

subsequent  miltlrtolor  mp  production.    This  selective  recrleval  of  data

u§1ng  the  PLTGEN  progran  also  allows  for  the  lntroductlon  of  map  titles,

nrap  borders,   and  flducial  (regiscratlon)  mrks.     The  miltiple  plot  files

may  also  be  used  for  one-time  producclon  of  special-purpose  maps.

As  an  optional  final  Step,   the  DICCEN  program  my  be  used  to  create

a  f ile  ln  the  same  f orTnat  as   the  syntactically  clean,   digltlzed  data

file.     The  sane  selective  recrleval  opclons  available  ln  PLTGEN  are

provided  by  the  DIGGEN  program  to  prepare  a  f lie  to  be  used  for  archlval

or  data  transfer  operations.

As  indicated  ln  Figure   11.4.I,   the  program  modules  are  core  fully

described  ln  Section   Ill.     The  two  utility  llbraLries  used  to  support

graphics  tnanagenent   (GRFMAN) ,   and  random-access   file  managetnent

(RAFMAN),   are  described  ln  Section   rv.     h  addition  to  these  modules,

GmlAP  provides  a  progran  to  perfom  consistency  checks  on  the  graphical

network  described  by  the  node  and  arc  files   (GRFCHK),   and  a  progran  to

Provide  interactive  display  of  the  record  contents  of  the  base  f lies

(RAFPRN).     While  GRFclnc  may  provide  lnfomation  useful   to   the  proper

editing  of  the  base  f lie  data,   these  programs  primarily  serve  to  locate

and  correct  errors  resulting  f ron  catastrophic  events  such  as  program

error  or  an  unexpected  power-down  of   the  system.     These  programs  are

also  described  more  fully  ln  Section  Ill.

The  lnteractlon  of  the  program  nodules  with  the  database  f lies  is

shown  ln  Figure   11.4.2.     Program  nodules  are  shown  as   rectangles,   and
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dacabase  files  are  Shown  as  circles.     The  arrows  reflect  the  dlrectlonal

fiov  of  data  between  programs  and  the  database  £1les.   The  structure  and

cotitent  of  the  base  flies  ls  the  subject  of  the  riext  chapter.



St"ctures

The  cartographlc  database  enployed  t)y  G"AP  ls  a  complex  network

conslstlng  o£  Six  interconnected,   random-access  f lies  called  the  Arc,

Border,   fa6el,   Node.   Point,   Qploc,   and   Zone   £11es.     The  relaition§hlp§

between  these  files  are  lllustraced  ln  Figure   11.5.I.     The  connecting

arrows  indicate  that  each  record  ln  the  orlglnatlng  f ile  contains  one  or

more  pointers  to  records  in  the  temlnatlng  file.    The  double  arrows

within  a  £11e  indicate  that  there  ls  some  degree  of  lntra-f lie  record

chalnlng .

Each  of  these  base  files  consists  of  fixed-length  records  formatted

to  contain  graphic  and  non-graphic  lnf ormatlon  representing  the  map

data.     in  sotne  flies,   the  records  also  contain  pointers  representing

relationships  between  map  features.    The  contents  of   the  base  file

records  are  illustrated  ln  Figures   11.5.2  and   11.5.3.     The  Qplot  record

f ormt  ls  not  shorn,   but  ls  parallel  to  the  Point  record  f omat  with  x-y

values  corresponding  to  display  coordinates  for  the  graphlcs  dlsplaLy

terminal .

The  Arc  f ile  ls  created  by  the  PARGEN  progran,   using  the  syntactl-

Cally  clean,   dlgitlzed  data  file.    Based  on  the  rules  of   the  syntax,

PARGEN  extracts   the  coordinates  of   the  endpolnts  and  the  feature  code

for  each  arc.     h  Figure   11.5.2.,   XFIRST  and  YFmsT  represent  the  coor-

dinates  of   the  Start  node  of   the  arc  as  lt  res  dlgltlzed.     XI.AST,   YIAST

represent  the  coordinates  of   the  end  node.     PARGEN  places   the  interior

points  in  the  Point  f ile  and  sets  corre3pondlng  pointers  ln  the  arc

record.    The  first  pointer  indicates  the  location  of  the  x-coordinate  of

the  first  interior  point  follovlng  the  start  node.     the  second  pointer

indicates  the  location  of  the  y-coordinate  of  the  last  interior  point
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preceding  the  end  node.     These  coordinates  are  scored  ln  the  order  ln

which  they  Were  dlgltlzed.

The  node  numbers  corresponding  to  the  endpolnts  of  arcs  are  created

by  NODGEN  following   the   execution  of   PARGEN.     NODGEN  creates   the   node

records  and  then  places  the  appropriate  node  numbers  ln  all  arc

records.     in  each  arc  record,   the  FROu  node  ls   the  node  number  of   the

start  node.   and  the  ro  node  ls  the  number  of   the  end  node.     These  node

numbers  are  the  actual  record  numbers  of   the  associated  node  records.

The  lricerlor  point  coordinates  are  packed  lnco  records  ln  the  Point

£11e  by  PARGEN.     Each  point   record  contains   eight  pairs   of  x-y  coordi-

nates,   beginning  with  an  x  coordinate.     Pointers  ln  the  arc  records

indicate  the  locations  of  the  f lrsc  and  last  coordinates  for  the

lnterlor  points  of  the  arc,   and  are  stored  as  absolute  sequence  numbers

based  on  the  order  ln  which  the  coordinates  enter  the  file.     h  the

event  that  a  f lie  may  concaln  too  many  points   to  be  numbered  (based  on

the  size  of  the  computer  word),   an  addltlonal  number  ls  contained  ltl  the

arc  record.     This  mmber  is  called  the  page  number,   and  ls  zero  unless

the  word  size  ls  exceeded  by  the  number  of  coordinates  ln  the  file.     In

the  event  that  an  arc  concalns  no  lnterlor  points   (such  as  for  isolated

points),   the  Point  file  pointers  ln  the  arc  record  are  set  to  zero.

The  NIde  file  ls  created  from  the  Arc  f lie  by  the  NODGEN  program  to

describe  the  topologlcal  network  contained  ln  the  map.    Each  node  record

represents  a  unique  node  corresponding  to  the  lntersectlon  point  of  two

or  more  arcs,   or  the  endpoint  of  an  arc  which  terminates  within  the  naLp

boundary  without  intersecting  another  arc  at  the  terninaclon  point.

Each  node  record  contains  the  x-y  coordinates  f or  its  location,   the

number  o€  1ntersectlng  arcs   (DEGREE).   and  up  to  six  node-arc  pairs.
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Eacb  node-arc  Pair  represents  a  connection  between  the  tt`ro  nodes  by  the

arc  named  ln  the  node-arc  pair.     The  arc  number  of  each  node-arc  pair  ls

signed  to  lndlcate  the  Start  node  and  end  node  ln  the  relatlonshlp.     A

positive  arc  number  lndlcates  that  the  node  contained  ln  the  node-arc

pair  ls  the j±±± node.     Conversely,   a  negative  arc  number  indicates  that

the  node  ln  the  node-arc  pair  ls  the  start  node.

The  node  and  arc  mimbers  ln  the  node-arc  pairs  of  node  records  are

the  actual  record  numbers  of   the  lndlcated  nodes  and  arcs,   provided  that

the  arc  number  is  interpreted  as  a  posltlve  value.     The  actual  number  of

valid  node-arc  pairs  ln  a  node  record  ls  indicated  by  the  degree  of  the

node.     All  node-arc  pairs  beyond  the  degree  of   the  node  are  set   to  zero

by   NODGEN.

The  Zone  and  Border  f lies  are  created  f ron  the  Arc  and  Node  f lies

by  the   ZONGEN  program  using  speclf lcations  by  the  operator  to  detemlne

the  subset  of  arcs   to  be  considered  for  boundary  generation.     when

initially  created,   the  zone  records  contaLlr.  otily  the  pointers  to  the

associated  boundary  arcs  f or  the  zone  and  a  default  zone  or  color  code

which  ls   set  to  be  equal  to  the  zone  number.     Each  boundary  arc  ls

described  by  a  record  ln  the  Border  file.

Each  border  record  contains   the  associated  zone  number,   pointers   to

the  two  border  records  which  represent  preceding  and  succeeding  boundary

arcs,   and  the  arc  number  of  the  indicated  boundary  arc.    For  the  first

(last)   boundary  arc  of   a  zone,   the  PREDECESSOR  (SUCCESSOR)   polncer

Points  to  the  first   (last)  border  arc  itself .     Since  the  zone  boundary

arcs  are  compiled  ln  a  counter<1ockwlse  order,   the  arc  number  ln  the

border  records  ls  signed  to  lndlcate  that  the  arc  ls  stored  ln  the

direction  ln  which  lt  ls  used  (positive)  or  ln  the  opposite  sense
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(negative).     Thus,   each  arc  extracted  for  zone  boundary  generaclon  ls

used  ln  a  posltlve  sense  for  one  zone  and  ln  a  negative  sense  for  the

adjacent  zot`e.

The   ZOREI)I  program  provides   cornnrands   for   the  addlclon  and  updating

of  lnf orDatlon  ln  the   Zone  file.     ZONEDT  aLllows   the  operator  to  perfom

several  functions  lnteractlvely  while  vlewlng  the  zotie  lnf ot"tlon  on

the  graphlce  display  temlnal.    One  such  function  ls  the  selection  of

points  to  serve  as  locations  for  the  placement  of  symbolic  latels  wlthln

zones.     For  each  location  and  la.bel  entered,   ZONEDT  creates  a  record  for

the  Label  file  containing  the  zone  number,   the  symbolic  lof ormtlon

(unEL)  and  the  x-y  coordinates  of  the  selected  point.    All  label

records   for  a  given   zone   are   doubly-licked  by  PREDECESSOR  and   SUCCESSOR

pointers.

The   ZONEDT  program  allows   the  operator   to  updaLte  the   Zone   f ile  with

lnfomation  vital  to  the  selective  retrieval  process  required  for  the

production  of  edit  plots  and  color  separation  aflterlals  for  mp

making.    The  operator  "y  select  a  point  for  each  zone,   called  the  zone

mrk,  which  ls  then  used  as  the  location  to  display  the  zone  nuthoer  of

all  zotie§.     The  zone  or  color  code   (Col)E)  my  be  changed  to  ltidlcate   the

value  of  the  mjor  attribute  represented  by  a  zone.     The  presence  of

islands  wlthln  surrounding  zotie§  1s  ltidlcated  by  pointers   (ISI.AND  0F  and

ISLAND  WI"IN)  set  when  the  operator  specifies  these  relationships.

Finally,   au  zones   of   comon  color  code  tnay  be   linked   (NEXT  HOMONYM)   for

fast  retrieval  by  color  codes.

The  ratidom-access  structure  of  the  GrmAP  database  allows  inedlate

access  to  any  record  wlthln  any  of  the  six  base  flies.    This  structure

provides  the  necessary  support  for  lnteractlve  data  etitry,   edltlng  and
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update  facllltles  provided  ln  the  GRFEDT  and   ZONEDT  programs.     h  order

co  properly  malntaln  the  base  f lies  as  records  are  added  or  discarded

during  these  lnteracclve  processes,   a  Random  File  management  subsysten

(RAFEN)  has  been  lncorporaced  in  Gn"AP.     This  subsysten  is  fully

described  ln  Sect.ion   rv.
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|1.6    hteractlve  G[a hlcal  Edltln

Computer-a8slsted  graphical  edltlng  ls  the  process  of  locating  and

correcting  errors  incurred  ln  the  transf omatlon  of  lnformatlon  from  a

(graphical)  source  to  the  computer-usable  representaclon,   and  verlf lca-

tlon  of  the  results  of  the  modlflcatlons.    The  GmlAP  interactive  graph-

ical  editing  facility,   GRFEDT,   provides  the  user  with  a  convenient

f aclllty  to  locate  and  accurately  correct  errors  ln  the  graphical  1nfor-

matlon  stored  ln  the  dacabase.

CRFEI)I  utilizes  a  graphlcs  Ceminal  to  display  any  part  (or  all)  of

the  lnfomatlon  stored  ln  the  base  files,  with  selectloti  based  on  the

pref erence  for  a  speclflc  area  and/or  a  particular  type  of  data.     The

correction  of  an  error  requires  ldentl£1catlon  of  the  type  of  error  and

the  exact  item  which  ls  ln  error.     The  actual  modlflcatloti  of  data  ls

lnltlated  by  the  selection  of  a  comand  from a  menu-style  list.    After

the  cotmnd  ls  acknowledged  and  speclf lc  ldentlf lcatlon  of  the  lten  ls

completed,   the  potential  nodlf lcatlon  ls  displayed  and  nu8t  be  verl£1ed

before  an  update  ls  actually  perfomed.    The  resulting  data  can  then  be

displayed  on  command,   preserving  congruity  between  consecutive  edltlng

operat ions .

Types  of  Errors

The  digitlzing  operator  ls  responsible  for  converting  a  large  set

of  data  I ron  visual  f om  (map)  into  computer-usable  fom  with  the  aid  of

the  digltizlng  table  and  crosshair  cursor.    this  tedious  and  tine-

consuming  process  inherently  introduces  error  into  the  data;  error

usually  credited  to  the  human  operator.    Without  a  faclllty  for  the

correction  of  these  errors,   the  operator's  efforts  would  be  unu8able.
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"e  errors  fall  into  two  categories.  First,   there  are  errors  ln  the

preparation  or  execution  of  the  guldellnes  established  ln  the  prepara-

tory  phase  of  the  digltlzlng  procedure.     This  category  includes   (1)

dup|1cated,  mlsslng.   or  grossly  incorrect  arcs,   (2)  alsslng  nodes,   and

(3)  incorrect  feature  codes.     The  second  category  consists  of  tnanual

accuracy  errors  lncludlng  (1)  incorrect  lnterlor  point  posltlotilng,   (2)

non"tchlng  nodes,   (3)  incorrect  node  poeltlonlng,   and  (4)  unrecognlzed

nodes.

arato Errors

(1) llcated mssln or  incorrect  Arcs.     In  the  course  of  a

dlgitlzlng  se§§1on,   the  operator  who  does  trot  proceed  systetnatlcally  nay

dlgltlze  a  feature  role  than  once,   or  tnay  faLll  to  dlgltize  a  feature

altogether.    Through  carelessness,  a  feature  ny  be  dlgltlzed  so  poorly

that  lt  does  not  t"ly  represent  the  orlglnal  data.

(2)    ±g  Nodes  and  Br±±g±EgL.    Tfro  or  more  arcs  which  legltl-

mately  share  the  sane  endpolnts  require  the  addltlon  of  an  artlf lcial

node  on  one  of   the  arcs.     This  "brldglng"  problen  and  other  mlsslng  aLrc

lntersectlotis  tnay  result  fron  oversights  ty  a  poorly  prepared  operator.

(3) Incorrect  Feature Codes.     The  failure  to  ln8erc  a  header  flag

and  acconpanylng  feature  code  lnf o"tlon  at  the  proper  junctloa  ln  the

dlgltlzlng  process  will  lead  to  the  attachment  of  improper  f eature  codes

wltbin  the  database.
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RE+Enqp      illiniiEriE

(1) incorrect  hterlor Point  Posltlonln .    Following  a  line  with

the  cursor  ls,  at  best,  a  dlfflcult  operation.    This  fact,   coupled  wlch

occa81onal  hardware  errors,   produces  some  data  poltit8  which  dlf fer

signlf lcantly  f ron  the  orlglnal  data.

(2) Non-mcchln Nodes.    Dlgltlzlng  a  particular  latersectlon

point  (node)  on  two  or  more  separate  occasions  during  a  dlgltlzlng

segslon  will  sometimes  result  ln  the  creaclon  of  two  nodeg  where  one  vas

intended,   since  the  tolerance  value  used  to  automatically  tnatch  such

nodes  "st  be  riniulzed  for  cases  ln  which  two  dlstlnct  nodes  lie  close

together.

(3) incorrect Node  Posltlonln .    As  with  lnterlor  polncs,   tiodes

"y  be  lticorrectly  posltloned.    (The  dlstlnctlon  between  node  and

interior  point  po81tlonlng  lies  ln  the  procedures  required  for  their

correction . )

(4) Unreco nlzed  Nodes.     As  described  earlier  (see  Chapter   11.3  on

Data  Input),   the  operator  must  tiot  move  the  cursor  when  dlgltizlng  a

poltit  twice  Co  represent  a  node,   since  the  tolerance  value  for  endpoltit

detection  must  remain  snail  for  dlgltlzlng  sharply  curving  f eatures  such

as  rivers.     If  the  two  points  dlglclzed  to  represent  a  node  are

separated  ty  a  distance  exceeding  the  tolerance  value,   the  node  will  not

be   recognized  by  PARCEN.
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Error Detection  and Location

With  few  exceptions,   dececcion  of  errors  ln  the  database  relies

heavily  on  vl8ual  exanlnatlon  by  the  operator.    Dupllcated  arcs  and

uncorrected  brldglng  problems  are  reported  by  NODCEN.     Utmtched  or

unrecogtilzed  nodes  and  incorrect  lnterlor  point  po§1tlonlng  (of  £1r§C

lnterlor.points  needed  ln  the  zone  generation  algorlcha)  my  te  reported

subsequently  by   ZONGEN  in  the  fom  of  urong  turns  or  dead  ends.    Visual

lnspectlon  ls,   however,   greatly  enhanced  by  the  utlllty  cotmnnds  ln  the

edltlng  program.

The  edltlng  process  begins  with  the  locaclon  and  display  of  a

detected  error.    Thl§  process  ls  facllitaced  by  the  use  of  a  graphlcs

display  temlnal  on  which  any  selected  set  of  features  f ron  the  data

base  tnay  be  accurately  dlsplayea.    The  selection  process  allows  for  the

deflnltlon  of  an  area  to  be  displayed  (vindowlng),   and  the  selection  of

subsets  of  features  by  exaninatlon  of  feature  codes  (code  sensl-

tivlty).    All  code-quallfled  feacure§  whthln  the  defined  area  are  dls-

played  ln  a  fixed  portion  of   the  screen  (the  screen  window)  without

dlstortlon  of  graphlcaLl  quality  or  relatlonshlp.

Wlndowlng  allows  the  operator  to  nagnl£y  an  area  of  lntere§t  for

close  visual  eramlnatlon,  while  code  §ensltlvlty  msks  the  display  of

utirelated  features,   thus  clearing  the  image  of  unwonted  obstructions.

The  automtic  nunberlng  of  nodes  assists  ln  easy  identlflcatlotl  of

specl£1c  features.    These  essential  aids  are  dlgcussea  ln  a  subsequent

section  on  uC111ty  commands.

Error  detection  ls  enhanced  by  use  of  the  ''ten  thousand  plus"  code

which  provides  a  dashed  line  display  for  re-dlgitlzed  or  appended  f ea-

Cures  rather  than  the  solid  line  display  for  other  features.
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Coumnd Selection  and  ifenu

Comand  8electlon  level  1s  the  point  at  which  the  user  Selects  otie

o£   16  two-letter  comand  mnemonlcs,   1nltlatlng  the  execution  of  a

§pecl£1c  progran  functloa.    At  progran  lnitlallzatlon  and  at  the  comple-

clon  of  any  of  the  coumnds,   the  user  ls  prompted  with  the  temlnal  bell

and  a  request  to  etiter  a  comand.    The  "  comand  lists  a  tnenu  from

which  the  user  may  select  any  of   the  following.

***

BS

CC

CN

CP

DA

I)W

LC

rna

EN

NN

PM

RP

SA

SC

ST

ZM

RENT   FOR   CRFEDT              ***

BEn   swlTCH

CHANGE   CODE

CHANGE   NODE   POSITION

CHANGE   ( INTERIOR)   POINT

DELETE   ARC

I)EFINE   NEW   WINI)OW

I.IST   (NODE)   CONNECTIONS

LIST  RE  RENU

RATCH   two   N0I)ES

NurmER  NODEs

PLOT   ENTmE   MAp

REPI,OT  (sane  window)

SPI.II  ARC

SELECT  BACKcrouND   CODE

srop   EXEcuTION

ZOOM  wroow
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me  subsequent  dlscusglon  on  error  correction  refers  to  the

speclflc  edltlng  conmnds  listed  above.    Detailed  de§criptlons  of  each

of  these  funcclons  are  contained  ln  Chapter  Ill.5.

CorrectionError and  Verlf lcatlon

The  edltlng  progran  provides   "modlfylng"  commands  which  add,

change,   or  delete  lnfotmtlon  ln  the  database.    The  selection  of  a

particular  coanand  ls  depetrdent  upon  the  type  of  error  encoutitered.

Speclflc  ldenti£1catlon  of  the  feature  ls  requested,  usually  ln  the  fom

of  the  too  node  numbers  ldentl£ylng  an  arc.    These  nodes  are  then  tenpo-

rarily  narked  with  a  flashlng  hourglass  8yhool  for  verlf lcaclon  of  the

selectloti.    Further  verif lcatlon  ls  requested  by  dlsplaylng  the  proposed

nodlflcatlon  for  visual  ln§pectlon  by  the  operator.   prior  to  updating

the  data.

arator Error  Correctioti

llcated mssln mcorrecc  Arcs.    Duplicated  or  lncor-

rectly  dlgltlzed  arcs  must  be  ellnitraced  f ron  the  database  via  the  DA

conmnd.    msslng  arcs  aLnd  rendlgltlz;ed  arcs  tnay  be  added  ty  use  of  the

reetitrance  option  of   the  PARCEL  program.     The  use  of   the  "ten-thou8and-

plus"  code  ls  recomended  for  these  additlone  so  that  these  features

wlu  be  displayed  by  dashed  (rather  than  solid)  lines.

(2)    msslng  Nodes.    msslng  nodes  my  be  created  ty  splltclng  an

arc    nco  tva  arcs  using  the  SA  comand.

(3) incorrect Feature  Codes.    Feature  codes  my  be  changed  ty  use

of   the  CC  cotnmand.    when  edltlng  ls  complete  for  a  "ten-thousand-plus"

coded  arc,   the  norml  code  qny  be  regained  with  the  CC  coturand.
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Error  Correction

hcorrecc hterlor  Point  Posltlonln .     The  coordinates  of  any

|nterlor  point  tnay  be  changed  to  ariy  other  coordinates  wlthln  the  screen

w|ndov  by  use  of  the  graphlcs  cursor  wlthln  the  CP  comand.

(2) Non-Matchln Codes.     Tto  nodes  may  be  joined  to  fom  a  single

node  using  the  EN  cotmnd.     the  posltlon  of  this  node  will  be  that  of

the  £1rst  of  the  tve  orlglnal  nodes.     If  this  po81tlon  ls  not  correct,

1t  day  be  qodlf led  as  ln  (3)  below.

(3) Incorrect  Node  Posltlonln •    As  with  interior  points  the

coordinates  of  nodes  my  be  changed  to  any  others  whthln  the  screen

wlndov  using  the  CN  comand.

(4) Unreco nized  Nodes.    Fron  a  correction  standpoint,

unrecognlzed  nodes  are  equivalent  to  nlsslng  nodes  and  may  be  created

using  the  SA  comand.

General Inf omatlon  and  Def lnltlons

The  following  lnf ormtioa  is  presented  as  an  lntroductlon  to  Cems

and  f eatures  of  graphical  edltlng  which  have  not  been  previously

defined.     The  detailed  description  of  the  GRFEDT  program  ln  Section  Ill

will  refer  to  these  tens  to  describe  the  operation  of  the  GRFEDT

Program.
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1. Screen  and  Virtual  Windows

The  screen  wlndov  ls  the  fixed  portion  of  the  graphlcs  temlnal

screen  on  which  the  data  are  displayed.     Its  size,   shape,   and  po81tlon

are  set  by  the  program  and  do  not  change.

h  contrast,  the virtual  or  user  wlndov  consists  of  a  variable  set

of  rinlnun  and  mximun  x  and  y  values   (1n  user  coordinates)  for  the  two

aLxes   on  which  the  dataL  are  based.     These  mlnlma  and  maxima  define  a

rectangle  through  which  the  data  are  filtered.    Any  line  which  ls  to  be

displayed  is  "clipped"  at  these  boundaries.    This  user  vindov  ls  napped

onto  the  screen  window  and  my  be  changed  by  the  Or  or   ZM  coirmands

wlthln  the  program.

2. Coflmand   Selection  and  Hardco

All  input  to  the  edit  progran  ls  prompted  by  the  output  of  explana-

tory  lnf ormatlon  f ollowed  by  the  rlnglng  of  the  control  bell  at  the

teminal  (only  lf  the  bell  switch  is  set  on  with  the  BS  comand).     See

the  ''Comand  Selection  and  Menu"  section  ln  this  chapter  for  the  list  of

all  available  commands.

At  the  discretion  of  the  operator,   the  temlnal  screen  my  be

hardcopied,   provided  that  a  hardcopy  unit  ls  available.    This  action

should  only  be  perf omed  when  the  systen  is  waltlng  for  input  (f ollowlng

the  sound  of  t.ne  bell  1f  the  bell  switch  ls  on).

3.    Craphlcal  hput

The  graphlcs   terminal  1s  equipped  with  a  crosshair cursor  (or  other

graphical  input  nechanista)   through  w.nich  the  operator  tnay  cormunlcate

lnformtlon  to  the  program.    The  cursor  consists  of  a  vertical  and  a
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horizontal  line  on  the  screen.     The  po81tlons  of  these  lines  determine  a

unique  point  on  the  screen  and  may  be  changed  manually  by  thunbwheel

controls   (or  ty  a  joystlck,   1f  avaLllable)  on  the  temlnal  console.

The  location  of  the  point  on  the  screen  ls  translated  to  user's

coordinates   (as  clef ltied  by  the  program)  and  ls  used  for  ldentif lcatlon

or  location  of  points  and  nodes.     The  operator  must  posltlon  the  cursor

properly  and  theh  type  any  character  followed  by  a  carriage  return.     The

entry  of  the  character  and  the  carriage  return  cause  the  coordinates  of

the  point  and  the  entered  character  to  be  sent  to  the  program.     The

character  a  (zero)   1s  usually  interpreted  by  GREEI)T  as  a  request  to

return  to  comand  selection.

4.     Standard  MSR  Terninatlon  0 tlons

test  of  the  rodlfylng  functions  teminate  by  off erlng  three  options

to  the  operator.     The  M  (MORE)   option  signals  aL  desire  to  repeat   the

same  cotmnd  for  a  similar  error,   but  without  replottlng  the  dataL  to

display   the.  previous  modl£1catlon.     The   S  (STOP)   option  requests  a

return  to  the  conmnd  selection  level  iJlthout  replottlng  the  data.     The

R  (REPLOT)   opclon  requests  a  return  to  the  cotnmand  selection  level

following  a  replot  of  the  data  to  display  the  previous  uodificatlons.

The  exlstlng  wlndov  parameters  and  background  code  are  not  altered.

5.     Code   Sensitlvlt and  the  Back round   Code

All  features  ln  the  database  are  associated  with  a  feature  code

identifying  the  general  type  of  the  feature.    This  code  ls  a  four-dlglt

integer  and  is  used  to  msk  features  for  edltltig  as  well  as  to
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selectively  retleve  |nfot"tlon  for  display,   plotclng,  and  ocher  func-

tlone  of  the  C"AP  system.

There  ls  a  speclaLl  flvendigit  code  aLvaLllable  to  enhance  the  ldenc1-

£1caclon  of  errors.    This  "ten-thousand-plus"  code  ts  simply  the  nomal

fourndlgic  code  which  applies  to  the  feature  plus  ten  thousand.     This

code  senslclvity  extension  provides  a  unique,   dashed-line  display  f or

features  wh.1ch  have  been  rendigltlzed  or  are  being  appended  to  the

database.

Code  sensltlvlty  ls  inplenented  by  use  of  aL  background  code.    All

f eature  codes  are  masked  agalrist  the  background  code  ln  the  f ollowlng

manner.     Beglnndng  with  the  rlghtmost   (1eastnglgnlficant)  dlglt,   the

feature  code  must  match  each  non-zero  digit  of   the  background  code.    A

zero  digit  ln  the  background  code  will  match  any  dlglt  in  the  feature

code.    Thus  a  background  code  of  zero  will  match  all  feature  codes.     If

a  f eature  code  does  not  mtch  the  background  code  ln  all  of  the  rron-zero

digits,   the  associated  feature  is  rejected  or  masked.

This  type  of  code  sensltivlcy  is  used  to  detemlne  which  features

wlu  be  displayed  on  the  graphlcs  screen  as  well  as  which  f eatures  may

or  my  not  be  codified  by  modlfylng  comands.     The  proper  selection  of

the  background  code  allows  the  operator  to  edit  a  8peci£1c  subset  of  the

data,   based  on  its  feature  type,   and  prevents  Improper  modlf lcation  of

other  types  of  data.

Conversation  Area  and  ke 1ottln

The  screen  vindov  ls  designed  to  leave  an  area  on  the  lef t  side  of

the  screen  unused.    This  area  is  called  the conversation  area  and  ls

used  for  program/operator  comunlcations.     All  data  entry  and  command
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pronpt|ng  ls  Printed  ln  the  Convergatlon  area.     h  the  continual  transl-______    _^J-+alr`e    t.T`a_

from  conversation  mode  to  graLphlcal  node,   the  progan  qralntalne   the

posit|on  of  the  last  conversational  1ten  prlnced.  This  faclllty  recog-

nizeg  a  full  CotLversatlon  area;   that  ls,  When  all  the  lines  of  the

cotiversatlon  area  have  been  used,   the  program  erases  the  Screen  and

rep|ots  all  1nfomatlon  exactly  as  lt  had  been  displayed.    frodlflcatlons

which  occurred  §1nce  the  previous  plotting  are  ref lected  ln  the

replotted  display.     Care  should  be  exercised  when  nearing  the  end  of   the

conversation  aLrea,   so  that  useful  1nf otmtlon  ls  not  erased  bef ore  lt

can  be  used.

clans

7.  ±Efty
The  security  of  the  lnf ormtlon  contained  ln  the  dacabase  ls  qBln-

talned  ln  a  number  of  ways  with  respect  to  the  edltlng  program.     These

methods  are  outlined  below.

(a)     the  edltltig  progran  operates  on  a  copy  of   the  database  knorm

as  the  "working"  flies.     These  £11es  Day  be  copied  Co  the  "save"   flies

(or  vice-versa)  using  sinple  utlllty  prograns  vithln  C"AP.    h  the

event  that  incorrect  data  are  stored  on  the  working  f lle8  during  the  "n

of  GREEI)T,   these  files  qny  be  reconst"cted  fron  the  save  files.

(b)    Code  sensltlvlty  of  the  edltlng  program  prevents  accidental

modlf lcatlon  of  data  unrelated  to  the  error  being  corrected,  and  qBsks

the  display  of  extraneous  features.    The  ten-thousand-plus  codlng  for

re-digltlzed  data  further  extends  thl8  advantage.

(c)    All  nodlfying  functlone  rely  on  record  ounber  verlf lcatlon  and

f eature  (point,   arc,   node)  verl£1catlon  before  perf ondng  any  actual

modif ications  to  the  database.
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.      (a)    Hardcopylng  of  the  temlnal  screen  allows  the  operator  to

retain  records  of  the  modl£1catlons  which  have  been  perfomed.     This

precaution  my  circumvent  costly  regeneraclon  of  the  data  files  by

facllltaclng  prompt  discovery  of  operator-induced  errors.

(e)    The  nonndlstortlon  algorithm  used  ln  the  vindowlng  process

prevents  cotifuslon  which  night  othervlse  occur  lf  the  f eatures  from  the

dacabase  vere  graphically  misrepresented  ln  the  display.

(f )    The  ablllty  to  magnify  the  lmaLge  and  to  number  the  nodes  in

the  display  increases  the  operacor's  efflclency  and  effectlveness  ln

properly  correcting  database  errors.

(g)    Extensive  premodlflcatlon  checking  helps  to  prevent  the

creation  of  database  anomalies.



Eardrre Coti81deratlous

The  ulnlmun  hardware  conf lguratlon  necessary  to  support  the  GrmAP

system  includes  a  nlnlcomputer  with  32K  16-bit  words  of  memory;  a  disk

storage  device  and  interface  with  random-access  control;  a  graphlcs

display  terminal  and  hardcopy  unit  with  associated  interfaces;  a  digl-

t|zlng  table  with  cursor,   keyboard  and  interfaces;  aL  ploctlng  device

with  control  unit  and  lnterface;  and  optional  peripherals  lncludlng  a

tape  drive,   systen  console,   and  line  printer.

GmlAP  was  lnltially  developed  ac  the  Kansas  Geological  Survey  with

a  hardware  conf lguratlon  lncludlng  a  Data  General  NOVA  1220  processor

with  32K  words,  a  f loatlng-point  processor  and  hardware  multiply  and

dlvlde  funcclons;   the  Computer  Equipment  Corporation  Corm-U-CRIB  dlgi-

tlzing  systen  operaclng  on  a  Bendix  dlgltlzlng  Cable;   an  Ampex  DM323

disk  storage  device  ulth  58  rm  capacity;  a  Tektronlx  4014-1  graphlcs

temlnal  with  Tektronix  PLOT-10  software;  a  Varlan  4211  printer/platter

and  hardcopy  unit;  a  Xy`netlcs   1100  flat-bed  plotter  using  a  Hewlett-

Packard  C/64  controlling  unit;   and  two  Wang   1045,   9-track,   800  BPI  tape

drives.

The  system  has   recently  been  upgraded  by  the  replacement  of  the

NOVA  with  a  multlprograrmed  Data  General  Eclipse   S/230  computer  wlch

floating-point  processor,   memory  tnapplng,   and  a  total  of   352  RE  of

memory  (still  at  32K  per  program).     h  adltlon,   the  nev  conflguratlon

contains  a  Data  General  6061  disk  with  192  rm  capacity;  a  Data  Printer

Co.   CT-1210,   750  C"  line  printer;   and  severa,1  hardcopy  and  CRT

teminals.     The  NOVA  12201s  now  dedicated  to  controlling  the  digitlzlng

operations .
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111® 1 htroductlon

This  9ectlon  provides  descrlptlons  of   the  program  nrodules  o£   the

c"AP  System.    Prograq-a  are  presented  ln  alphabetlc  order,   one  chapter

each.    Relationships  between  prograns  are  illustrated  ln  the  systen

flovchaLrt  ln  Chapter   11.4.

Each  chapter  will  contain  the  following:

A.     Purpose

a.    Deflnitlons

C.     Operation

D.     keports

E.    Prof lie

I,      Name

2.     Subprograms

3.     Library  Access

4,     Limits

5.     Base  File  Access

6.    Other  Files

Keys  to  file  code  annotations:

a    Input  and  output  f ile

<    Input  f lle  only

>    Output  f lie  only
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Ill.2    DlccEii  -in tlzed  Data  Hle  Generation

£`

iI_P¥
This  program  produces  aL  syntactically  cleaa  dlglclzed  data  file

contalnlng  dataL  selected  by  the  user  f ron  that  available  ln  the  base

files.     This  ls  a  sequential  file  of  x-y  coordinate  pairs,  which  adheres

co  the  rules  of  syntax  as  outlined  in  Chapter   11.3.    This  file  will

contain  the  results  of  any  graphical  editing,   and  hence  could  be  used

for  tape  archival,   provided  the  base  £1les  are  cotnpletely  edited.     Such

a  file  may  also  be  used  to  transfer  data  between  lnstallatlons  or  to

regenerate  base  files  following  a  catastrophic  collapse.

Def inl c ions

Each  code  string  consists  of  a  character   (A  or  Z),   followed  by  a

coma,   followed  by  a  code  range.     The  character  ls  an  ''A"  to  specify

arcs,   or  a  ''Z"  to  specl£y  zones.     The  code  range  may  be  a  to  select  all

arcs  or  all  zones.     The  code  range  may  be  a  single  negative  number  Co

specify  a  single  aLrc  or  zone  by  its  number.     Finally,   the  code  range  may

be  a  low  and  a  high  code  separated  by  a  hyphen  to  indicate  a  range  of

feature  codes  for  arcs,   or  a  range  of  zooe  colors   (or  codes)  for  zones.

Sore  examples  of  code  strings  f ollow:

A.   2200-2499                  means  all  arcs  with  codes  >  2200  but  <  2499

Z'   -25

A,a
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The  operator  ls  first  asked  to  lndlcate  1£  zones  are  to  be

extracted.     This  lnformatlon  allows   the  program  to  detemlne  lf   the  zone

£||e  ls  to  be  opened  or  not.     Then,   a  set  of  lnstructlons  for  arc/zone

selection  ls  given  to  the  operator,  who  selects  f eatures  based  on  code

strings .

Code  strings,   a§  defined  above,   may  be  concatenated  with  comas  as

separators,   and  up  to  ten  code  scrlngs  may  be  entered  for  a  particular

run.    An  empty  code  string  (carriage  return  only)  indlcaces  that  all

code  strings  have  been  entered.     At   this  point,   DIGCEN  decemines  an

offset   transformtion  value  for  both  the  x  aLnd  y  coordlnaces,   and  a  node

matching  threshold  to  determine  when  two  interior  points   should  be

treated  as  a  single  node  according  to  the  sytitax.

The  operator  ls  then  alloved  to  enter  a  title  or  header  for  the

output  £11e,   to  identify  the  data  for  later  processing.    Once  this  ls

complete,   the  progran  §eleccs  f eatures  by  making  a  pass   through  the  zotie

or  arc  file  for  each  applicable  code  string.    A  single  header  ls  thus

produced  for  each  set  of  arcs  which  matches   the  code  string.

The  one  varlatlon  of  the  output  f ile  from  a  standard  digltized  data

file  ls  the  existence  of  the  zone  color  (code)  as  the  y  value  of  the  arc

header  for  all  arcs  retrieved  for  zones.     The  x  coordinate  of  an  arc

header  contains   the  feature  code  of  the  associated  arcs,   and  for  zones,

the  y  coordinate  will  contain  the  color  assoclaLted  with  the  zone  f ron

which  the  arc  ls  retrieved.

Reports

The  progratn  outputs   the  code  ranges  as   they  are  being  processed.
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Program  Prof lie

HARE:                                DIGGEN  -Dlgltlzed  Data  File  Generation

suBPRocRAMs:                   CHKCD,    DEclpH,    FnopN,    cETARc,    cETzON,   HEAI),    RODIN,

oUTpuT,   pRoCA,   pRocz,    SORT,    roREN

LIBRART   ACCESS :            RAFMAN

L"ITS:                          A  mximum  of   10  code  strings

BASE   FIE   AccEss:      ARc.    BORDER,    POINT,    ZONE

0TRER  FILES:                Teminal   hput  <  11

Temlnal  Output  >   10

Dlgltlzed  Data  File  >  13
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Ill,3    DIGPI'T -in tfaed  Data  Plottl

fi-. BEE]

The  I)IGPLT  progran  ls  used  to  create  a  prellmlnary  plot  file  fron  a

syntacclcally  clean,   dlgltlzed  data  file  (1.e.,   the  output  from

SYNEDT).     This  data  tnay  then  be  plotted  t6  check  for  gross  errors   caused

by  incorrect  use  of  the  dlgltlzing  control  sof tware,   or  by  occasional

failure  of   the  dlgltlzltlg  hardware.     The  plot  may  also  be  used  as  a

guide  f or  future  digltlzlng  or  lnltlaLl  preparation  for  graLphlcal

edlclng.

Definltlons

The   reader   ls   ref erred   Co  the   GRFMAN  and  Data   mput  chapters   for

explaLnatlon  of  the  temlnology  and  procedures  associated  with  the

dlgltlzlng  syntax  and  plotting.

Operation

I)ICPLT  begins  by  allowing  the  operator  to  select  the  input  and

output  file  names.     The  map  header  ls  read  from  the  input  file  and

displayed  for  operaLtor  verlf lcatlon.     If  lt  ls  incorrect,   the  operator

may  select  another  file  or  cancel  the  program  execution.

DIGPLT  then  reads   €be  control  points   from  the  input  file  and  uses

these  values  to  detemlne  the  maxlm`m  dldenslons  of  the  plot.     h  this

detemlnatlon,   an  (effective)  allowance  of  orie  inch  ls  made  for  points

which  nay  exceed  the  limits  lmpo8ed  by  the  control  points.    All

sutsequent  points  are  translated  by  one  inch  ln  both  the  x  and  y

dlmen.sions.     Points  which  lie  outside   the  window,   as  de£1ned  by   the
mlnlmun  and  maxlmun  plot  dinenslons,   aLre  ignored.
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Headers  provide  the  feature  codes  which  are  used  to  detemlne  the

plotting  mode.     Feature  codes  which  are  less   than  2000  1ndlcate  isolated

points,   and  feature  codes  greater  than  2000  indicate  arcs.     Isolated

polncs  are  plotted  wlch  the  symbol  "Xl'  centered  ac  the  designated  loca-

tion.    Arcs  are  plotted  as  sequences  of  connected  straight  line

Segments .

As  lndlcated  by  the  syntax  (Chapter   11.3),   the  flags  result  ln  the

lnsertlon  of  a  "pen-up"  comand  ln  the  plot  £11e.

At  the  endro£-file,   I)ICPLT  inserts  the  appropriate  control  values

to  plot  reglstratlon  marks  and  terminate  the  plot.     The  number  of  points

ln  the  file  ls  reported  to  the  operator.

±p9r-tLi
The  "nber  of  points  processed  ln  the  inn  1§  reported  at  the  tem±-

nation  of   the  program.     This  number  ls  useful  as  an  approxlmatlon  o£.

plotting  tine  and  estlmtlon  of  file  lnltlalizatloti  parameters.

ram  Pro£11e

NRE:

SUBPROGRAMS:

LBRARi'   ACCESS:

L"ITS:

BASE  FnE  AccEss:

OTHER  Fins:

DICPLT  -  Dlgltlzed  Data  File  Plotting

FnopN

CREIAN

None

None

Temlnal   Input  <   11

Teminal  Output  >  10

I)igitlzed  Data  <   12

Plot  Output  >   13



Ill.  4 GRPCEK -era hlcal  Checkla

r]FTratE=E]

Exceptional  error  condltlons  "y  cause  lnconslstencles  ln  the  base

£|1es  representing  the  graph  of   the  dlglclzed  lnf omatlon.     If  allowed

to  reqialn,   these  errors  dray  propagate  during  further  edltlng

procedures.     GRFctlt  codipares   the  node   records   to   the  arc   records  and

reports  arty  incon81stencles  ln  connections  or  coordinate  posltlotis  of

nodes  and  arcs.    This  progran  ls  executed  following  the  final  construe-

clod  of   the  base  f lies  ty  NODGEN,   or  whenever  an  exceptional  condltlon

ls  tloted.

GRECHK  ls  a  utlllty  program  which  ls  not  required  ln  nomal  G©

processing,   but  which  Day  be  useful  f or  the  development  of  special

appllcaclon  extenslon8  to  GmIAP.    when  lnconsl8tencles  are  reported,

the  RAIPEN  program  dray  be  used  to  detemlne  the  values  of   the   records

involved,   and  procedures  dray  be  developed  to  correct  local  errors.

Deflnltlons

The  reader  ls  referred  to  the  basic  feature  clef lnitlons  ln  Chapter

11.2  (Temlnology)  and  the  file  structures  ln  Chapter   11.5  (Database

Structures ) .

Operation

GRECHK  eanlnes  the  Node  and  Arc  f lies  for  the  possible  errors

listed  below:
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Node   Records

I.     The  degree  of   the  node  should  equal   the  number  of  non-zero

node-arc  palls  in  the  record.     These  pairs  should  be  stored  in

the  first  part  of  the  record  (left-justlfled)  with  no  gaps.

2.    Each  node  which  ls   part  of  a  node-arc  pair  should  have  a

reciprocal  node-arc  pair  ln  its   record.     These  two  pairs  should

be  consistent   ln  trode  number,   and  both  should  have  the  sane  arc

number  but  with  opposite  signs.

3.    Each  arc  which  is  part  of  a  node-arc  pair  should  have  this

node  number  ln  the  proper  posltlon  (From  or  To)   in  its

record.    This  posltlon  ls  indicated  by  the  sign  of  the  arc  ln

the  node-arc  pair.

4.     If  a  node  appears   ln  two  or  more  node-arc  pairs  of  a  single

node  record,   then  a  bridging  problen  exists.

5.     The  coordinates  of  all  nodes  should  lie  within  the

rectangle  defined  by  the  minim  and  maxitna  values  stored  in  the

lnfomation  record  o£  the  Point  file.

Arc  Records

I.     The  x  and  y  coordinates   for  the  first   (From)   node  should

equal  the  coordinates  ln  the  corresponding  node  record.
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2.     The  x  and  y  coordlnaces   for   the  second   (To)   node  should

equal  the  coordinates  ln  the  corresponding  node  record.

3.     me  first   (From)  and  second   (To)  node  records  should  each

concaln  a  node-arc  pair  ln  which  this  arc  appears,   and  the  node

of  each  pair  should  be  the  opposite  node.

4.     The  endpolnts  of  all  arcs  Should  fall  wlchln  the  ninlrmrm/-

naxlnum  criteria.

5.     island  arcs  which  are  not  isolated  points  and  which  have  no

interior  points  are  generally  errors  introduced  by  the  syntax

editor,   and  will  be  deleted.

CRFcrmc  perf oms   this  checking  ln  batch  node  and  reports  any

discrepancies.     The  only  correction  that  will  be  made  by  GRFCHK  ls

setting  arc  endpolnt  coordinates  equal  to  the  coordinates  ln  the  corre-

sponding  record,   1f  they  are  different.    All  such  changes  are  reported.

Reports

GRFCHK  mkes  speclf lc  reports  for  all  errors  and  corrections  which

are  described  above.

ram  Prof lie

NAME : GRECHK  -  Graphical   Checking
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SUBPROGRAMS:

LIBRAR¥   ACCESS:

L"ITS:

CHKI.",   FILopN,   NAERR,   roDARc,   x¥cHK,   X¥ERE

None

The  base  f iles  may  concaln  a  mxlmun  of  3000  arcs  and

30cO  nodes.

BASE   FnE   AccEss:      ARc,   NODE

OmER  FILEs: Temlnal   thpuc  <  11

Terminal  Output  >   10

Optional  Disk  Output  >  12
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Ill.5 GRFEDT -era hlcal  Edltln

GRFEI)I  ls  the  largest  and  tnost  conplex  of   the  Gnrmp

hence  the  docunentatlon  for  CRFEDT  ls  considerably  larger,   and
i.=PHqp   illEHE *

programs.

has  been  organized  ln  a  slightly  dlf f erenc  fo"t  than  other  progran

chapters.

E-
The  interactive  graphical  edltlng  faclllty,   GREEDT,   provides   the

user  with  a  convenient  neane  to  locate  and  accurately  correct  errors  ln

the  graphical  1nformaclon  stored  ln  the  data  base.

Computer-assisted  graphical  edltlng  ls  a  process  of  location  and

correction  of  errors  incurred  ln  the  transf omaclon  of  lnf ormtlon  f ron

a  (graphical)  source  to  the  conputer-usable  representation,   and

verification  of  the  results  of  codl£1cations.

GRFEDT  utlllzes  a  graphlcs  temlnal  to  display  any  part   (or  aLll)   of

the  lnforDatlon  stored  ln  the  base  files.  with  selection  based  on  the

speclf lcatlon  of  a  speclflc  arcs  and  a  partlculaLr  type  of  data.     The

correction  of  an  error  requires  ldentlf lcatlon  of  the  type  of  error  and

the  exact  item  which  is  in  error.

The  acttial  qrodlf lcatlon  of  data  ls  lnltlated  by  the  selection  of  a

coqmand  fran  a  menu-style  list.     After  the  codmand  ls  acknowledged  and

speclf lc  ldentl£1catlon  of  the  lten  ls  coqipleted,   the  potentlaLl

nodlf lcatlon  ls  displayed  and  Dust  be  verlf led  bef ore  an  update  ls

actually  perfomed.     The  resulting  daLta  can  then  be  dlsplaLyed  on

codmand,   preserving  congruity  between  consecutive  edltlng  operations.
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Select lan  and ifenu

Codpand  9eleccion  level  1s  the  point  at  which  the  user
selects  one

of  16  two-letter  coqmand  nnenonlcs,   1nltlallzlng  the  execotlon  of  a

specl£1c  progran  functlon.    At  progran  lnltlallzatlon  and  ale  the  couple-•       _,      i_11

of  the  coqmands,   the  user  ls  prompted  with  the  terulnal  bell

a  request   to  enter  a  coqmnd.     The  LM  couunand  lists  a

menu)   from  which  the  user  day  select  any  of  the  following:

***             RErm   FOR  GRFEDT
***

tlon  of  any

(1f  on)  and

summary   (or

BS

CC

CN

CP

DA

DW

LC

LM

EN

NN

PM

RE

SA

SC

ST

ZM

BEu   SWITCH

CHANGE   CODE

CHANGE   NODE   POSITION

CHANCE   ( "TERI0R)   POINT

DELETE   ARC

DEFRE   NEW   WINDOv

LIST   (NODE)    CONNECTION

LIST   THE  RENI

RA"  Too  NODEs

NUREER   NODES

PLOT  ENT"  MAP

REPLOT  (sane  window)

spLn  ARc

SELECT   BACKGROUND   CODE

STOP   EXECUTION

ZOOM   WINDOW
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the  reqralnder  of   this  chapter  details   the  use  of  these  coqmnrands,

which  are  dlvlded  into  Dodlfylng  and  utility  groups.     The  reader  ls

urged  to  refer  to  Chapter   11.6  for  a  general  1ntroductlon  to  ltiteractlve

graphical  edltlng  ln  C~.

Cormnd8

The   CC,   CN,   CP,   DA,   EN,   and   SA  co[mands   all  cause  codlf icatlons   to

the  database  upon  successful  completion.    Docunentatlon  f or  each  of

these  coqnands   ls  presented  ln  seven  sections,   as  follows:

I.   EEE9iJ2±± -A brief  de§crlptlon of  the  type of
error  which  ls  to  be  corrected.

2,Reulred Inf omation  -  A  list  of  inf omatlon  which  tnust  be

supplied  by  the  operator,  usually  to  ldentlfy  the  error.

3. Procedure  -  An  outline  of  the  program-operator  lnteractlon

involved  ln  the  correction.

4.     Dacabase Modlf icatlon  -  A  list  of  all  updates  perf omed

upon  completion  of   the  command.

5. Terulnatloti  0 tions  -  A  descrlptlon  of  procedural  options

available  after  successful  conpletlon  of  the  command.

6.     Possible Problems  -  A  list  of  problens  which  may  prevent

successful  completlori  of   the  command.
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7.     Coments  -  Specl£1c  operational  suggestions.

NOTE:     when  "Standard  MSR"  appears  under  Temlnatlon  Optlot`s,   the  reader

|s  referred  to  ''Standard  teminaclon  Opclons"  1n  Chapter  11.6.
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CC   -   CtIANCE   FEATURE   CODE

I.    EEElr  DescrlptLrfu

The  feature  code  of  an  arc  ls  ln  error  and  the  operator  desires

to  change  lt.

2cRe ulred  Information

The  node  numbers  identifylng  the  arc.

3.     Procedure

(a)     Selection  and  verlficatlon  of  nodes  identlfylng  the  arc.

(b)    Replotting  of  arc  for  verlf lcation.

(a)     Present  code  is  reported.

(d)     Selection  of  neiir  code.

(e)    Verlf ication  of  change  with  arc  number  and  new  code.

4.     I)atabase Modl£1catlons

Feature  code  of  affected  arc  record  is  updated.

5.     Temltiatlon  0 tlons

Standard  USR.
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Problems

(a)    Arc  incorrectly  ldentlfled.

(b)    Background  code  prohlblts  selection  of  arc.

7. Corments

Background  code  should  be  properly  set  by  the   SC  coqmnd.     The

EN  cormand  should  be  given  to  detemlne  the  ldentl£ylng  nodes

of  the  arc.     the  conversion  fron  a  "ten-thougand-plus"  code  to

the  norml  four-dlglt  code  (or  vice-versa)  1s  performed  when

the  new  code  ls  selected  to  be  -I,   or  10000  plus  the  four-dlglt

code.
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I. I--

3.

CN   -   CHANGE   NODE   POSITION

the  location  of  a  node  ls  ln  error.

ulred Infomatlon

The  number  of   the  node,   as  supplied  ty  EN.

Procedure

(a)     Selection  and  verification  of  the  node.

(b)     Cursor  selection  of   the  new  poslcloti.

(c)     Verif lcatlon  of  the  proposed  nev  po§1tion.

4.     Database

5,

Modlflcat 1Otls

The  coordlnaces  of  the  af f ected  node  are  set  to  the  newly

selected  coordlnateg  1n  the  node  f lle  and  ln  the  arc  records  of

all  arcs  sharing  the  node.

Temlnation tlons

Standard  MSR.
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The  operator  my  cancel  the  coumnd  during  new  position  selec-

clon   [step  3.(b)I   by  entering  a  0  (zero)  as   the  control

character  for  the  cursor.
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CP   -   CHANGE    INTERIOR   POINT

1. Error  Descrl

Due  to  operator  error  or  table  nalfunctlon,  an  lnterlor  point

posltlon  ls  incorrect.

2.ke ulred  inf omatlon

The  node  oumbers  ldentl£ylng  the  arc  which  contains  the  point

ln  error.

3.     Procedure

(a)    Arc  selection  and  veriflcatlon.

(b)     Interior  point  selection  and  veri£1cation.

(a)     Selection  by  cursor  of  new  posltlon.

(d)    Verlflcatlon  of  proposed  posltlon.

4.     Database  lfodificatlon

The  coordinates  of  the  point  are  changed  ln  the  Point  f lie  as

well  as  their  counterparts  in  the  Qplot  file.
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Terulnacion tlons

At  new  position  verlflcatlon   [step  3.(d)I,   the  operator  ls

offered  three  options   §1mllar  to  the  standard  MSR  options.     The,

difference  ls  that  Qptlon  I  does  not  halt  the  comand.

Instead,   1t  allove   the  operator  to  try  again  to  select  a  new

posltlon.     Options  a  (More)  and  2  (Replot)  are  ochervlse  the

Same,

S.     Possible  Problems

An  uncorrected  brldglng  problem  may  cause  the  selection  of  the

wrong  arc.     The  operator  must  stop  the  cotnmand  by  entering  zero

as  the  ciirsor  input  cotitrol  character  and  split  one  of  the  arcs

using  the   SA  comand,   or  temporarily  change  the  arc  code  of   the

other  arc  to  a  ten-thousand-plus  code.

7.      Comments

With  the  wlndowlng  capabllltles,   1t  ls  possible  to  achieve  any

level  of  accuracy  de91red  when  changing  the  posltlon  of  a

point.     However,   the  operator  mist  be  aware   that  the  windowing

procedure  will  mask  any  arcs  whose  endpoincs  both  lie  outside

the  window  boundaries.     Further,   1t  1§  recommended  that  the

operator  tnake  an  initial  correction  followed  by  a  comparison

plot  of  the  data  against  the  original  document,   before

considering  the  correcclon  to  be  accurate.     The  new  position
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selection  process  may  be  temlnated  with  the  zero   ("a")  charac-

ter  used  a8  the  cursor  lnptit  control  character.

DA   -   DELETE   ARC

1.     Error  Descrl

An  arc  has  been  dlgltlzed  more  than  once,   1s  no  longer  required

ln  the  data  base,   or  has  been  re-digltlzed  due  to  gross  error.

2.ke ulred  hfornatlon

The  node  runbers  ldentlfylng  the  arc.

3.     Procedure

(a)    Arc  selection  and  verlflcatlon.

(b)    Replottlng  and  verlflcatlon  of  the  arc.

4.     Database  frodlf lcatlons

The  arc  record  ls  returned  to  the  freelist.     The  arc  number  is

removed  from  the  node  records  of   its  endpolnts.     If  either  node

had  degree  of  one,   the  node  record  ls  returned  to  the  freellst.

5.     Termination  0 tlons

Standard   MSR.
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6. Po8slble  Problems

(a)    hcorrect  8electlon.

(b)    Background  code  nay  prevent  8electlon.

(c)    As  ln  CP,   an  incorrect  brldglng  problen  nay  cause  the

selection  o£   the  wrong  arc.

7.    Coments

This  cowmnd  ls  irreversible  and  should  be  used  with  caution.
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EN   -   RATCH   NODES

I. Error  I)escrl

Two  nodes  exist  where  there  should  be  a  single  node.     Usually

detected  visually  following  the  NN  comand.

2oRe ulred  hf omation

The  two-node  mnbers  as  supplied  by  NN.

3.     Procedure

Node  selection  and  verification  (see  Coments).

4.     Database  Modifications

The  second  node  record  is  returned  to  the  freelist  af ter  the

arc  records  of  all  arcs  connected  to  lt  have  been  upda.ted  to

ref lect  connection  to  the  first  node  (endpolnt  coordinates  and

node  number),   and  after  all  node  records  of  nodes  connected  by

these  arcs   to  the  second  have  been  updated  Co  ref lect  connec-

tion  to  the  first  node.

5.     Teminatlon tlons

Standard  MSR.
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6. Possible Problems

(a) The combined degrees of the two nodes may exceed the 

maximum limit for connected arcs (6). No matching may be 

performed without a deletion of an arc.

(b) The two nodes may be connected by an arc which must be 

deleted before matching can occur.

(c) The two nodes may both be connected to a third node which 

would create a bridging problem.

(d) Both nodes must have feature codes > 2000 (i.e., neither 

may be an isolated point).

7. Comments

Node selection requests both node numbers in a single entry.

The first node number given must be that of the node which will 

remain intact. The second node will be matched to the first> 

hence the node whose position is most likely correct should be 

the first node given in the command.
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SA  -   SPLIT  ARC

1® Error  Descrl

An  lnterlor  point  of  an  arc  ls  to  be  changed  to  a  node,   thug

spllttlng  the  arc  into  two.

2.ke ulred  Inf ornatioti

The  node  numbers  ldentl£ylng  the  arc  and  the  lncerlor  point  at

which  spllttlng  is  desired.

3.     Procedure

(a)     Selection  and  verlficatlon  of  the  ldentlfylng  nodes.

(b)     Interior  point  selection  and  verlf lcation.

4.    Database  todlflcatlons

The  orlglnal  arc  record  ls  changed  to  ref lect  the  nev  endpoint

node  and  (usually)  a  reduction  in  the  set  of  interior  points.

A  nev  arc  record  corre§pondlng  to  the  retnainder  of   the  points

ls  created.    A  new  node  record  ls  created  for  the  nev  node

located  at  the  chosen  lnterlor  point.
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5.

6®

Teminatlon tlon8

Standard  MSR.

Possible  Problems

(a)     If  an  arc  has  no  lnterlor  points,   the  actual  location  of

the  cursor  (rather  than  that  of  the  closest  existing  interior

point)  1s  used  for  the  position  of   the  new  node.

(b)     The  f eaLture  code  must  be  greater  than  2000,   Chat   ls,   an

isolated  point  may  not  be  split.

7.     Comencs

This  conmnd  my  be  required  due  to  operator  error  or  due  to

the  addltlon  of  a  new  f eature  which  cotinects  to  already  exist-

ing  arcs.     Use  of  this  corirmand  may  be  required  also  to  resolve

the  bridging  problem.
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illrIEEti] +    EEEERE

The  BS,   ur,   LC,   ",   NN,   ".   RE,   SC,   ST,   and   ZM  commands   provide

utility  functions  to  the  operator,   but  do  not  modify  the  contents  of  the

database.    Docunencation  for  these  comands  ls  organized  ln  four

sections,   as  follows:

I.     General  Descrl tlon  -  A  description  of  the  utility  and

operation  of  the  comand.

2.    Procedure  -  An  outline  of  the  program-operator  lnteracclon

involved  ln  the  co(band.

3.     Possible  Problems  -  A  list  of   §peclal  problems  which  uaLy

occur  ln  the  use  of   the  cotnmand.

4.    Coments  -  Speclflc  operational  suggestions  and  warnings

concerning  use  of   the  coDmand.
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1. General Descrl

BS   -   BELL   (ON/OFF)    SWITCH

The  graphic  display  terrinal  provides  an  audible  bell  which  can

be  rung  by  the  program.     This  bell  1s  used  to  pronpc  user  input

or  to  commnd  attenclon  for  a  special  display.

The  BS  conmand  causes   the  bell  to  be  turned  off  or  on,   depend-

ing  on  the  previous  state.     The  edltlng  progran  begins  with  the

switch  off-the  bell  will  not  be  sounded.    If  the  user  prefers

the  bell  to  sound,   the  BS  cotnmand  may  be  used.

2.     Procedure

(a)    Operator  enters  BS  at  the  comand  selection  level.

(b)    Bell  switch  ls  flipped  from  off  to  on,   or  fron  on  to  off .

(c)    keturn  to  cotnmnd  selecclon  level.

3.     Possible  Problems

None

4.     Cotnments

The  bell  switch  tnay  be  tuned  off  or  on  at  the  operator's

dlscretlon.
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i. General  Descrl

Ow   -   DEFINE   WINDOW

This  cotnmnd  ls  used  Co  enlarge  the  image   (while  decreasing  the

scope)  of   the  data  displayed  on  the  graLphlcs   temlnal  screen.

Its  use  allows  the  operator  to  obtain  a  magnl£1ed  view  of  a

problen  area.     The  portion  of  the  screen  used  to  display  data

ls  £1xed  ln  size  and  posltloned  so  that  when  the  operator

selects  a  smaller,   "sub-"  portion  with  this  cormand,   the  lnage

of  the  data  whthln  the  selected  area  ls  enlarged  to  f lt  the

£1xed  display  area.     The  operator  must  de£1ne  a  rectangle  by

using  tbe  cursor  to  select  two  opposite  corners  of  the  area

desired.     The  order  of  selection  ls  lrmaterlal;   the  program

will  detemine  the  order  ln  which  the  corners  have  been

selected.

2.     Procedure

(a)     Selection  of  two  opposite  corners  of  the  chosen  area  by

use  of  the  cursor.

(b)    Verlf lcation  of  vindov  selection.    Wlndov  selection  is

tenporarlly  dl§played  on  the  Screen.    The  operator  accepts  or

rejects  and  tries  again.

(c)    Virtual  wlndov  limits  are  reset  to  those  selected.
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(a)    Data  wlthln  the  selected  area  ls  plotted  on  the  £1xed

display  portion  of  the  screen,   as  f lltered  ty  the  background

code.

(e)    Return  to  cotrmand  selection  level.

3. Possible Problems

(a)    me  operator  my  decide  to  retain  the  current  window.

This  may  be  accomplished  by  entering  a  (zero)  as   the  cursor

control  character.

(6)     Successive  whnaowlng  nfly  be  perfomed  to  enlarge  a  feature

nany  Clnes.    However,   unnecessary  repetltloa  of  this  coumnd

may  cause  inn-time  errors  and  result  ln  an  empty  window  or

progran  abort.

(c)     The  operator  any  wish  to  Select  a  widow  which  does  not

entirely  lie  within  the  bounds  of  the  current  window.    This  may

only  be  done  with  the  ZM  wirldowlng  comand.

4.     Coments

The  algorltha  used  for  re-plotting  the  data  requires  that  one

or  both  endpolnts  of  an  arc  must  reside  within  the  chosen  area

for  the  arc  to  be  plotted.     Thus,   careless  use  of   thl§  coqunand
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Hay  result   ln  the  tetnporary  "dlsappearaince"  of  arcs  needed  for

ldentl£1catlon  and  correcclon.     The  operator  may  use  the  EN  and

SA  conmnds  when  necessary  Co  prevent   such  disappearances.     The

arcs  which  ls  chosen  must  be  Such  that  the  enlargement

procedrre  does  not  dl§tort  the  graphical  repre§entatlon  of  the

data  telng  displayed.     in  order  to  preserve  thl§  quality.   the

progran  will  "grow"  the  size  of  the  chosen  area  ln  either  the  x

or  y  direction  so  that  the  y  to  x  ratio  ls  preserved.    Hence,

the  operator  will  vlev  no  less  than  the  area  which  cos

selected.
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I.

2,

3.

General  Descrl

"  -  LIST  RENT

This  cotnmnd  lists  the  cotrmnd  metnonlcs  and  their  de£1nltlotls

alphabetically.

Procedure

(a)    The  operator  selects  "  at  connand  selection  level  and  the

cotrmand  menu  ls   displayed.

(b)    Returti  to  cotnmnd  selection  level.

Possible  Problems

None ,

4.     Coments

If  the  conversation  area  ls  nearly  full,   the  display  will  be

replotted  before   the  menu  ls  listed.
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I. General I)egcrl

LC   -   LIST   (NODE)   CONNECTIONS

This  coumna  ls  used  to  detendne  the  trode  unbers  which

ldentlfy  the  opposite  endpolnts  of  aLll  arcs  connected  to  a

specl£led  node.     This  becone§   inportant  when  edltlng  areaLs

which  are  cluttered  ty  tnany  arcs,   or  when  u81ng  certain

coDmnds   (CP,   SA),   when  only  one  node  appears   ln  the  window.

The  coqmand  cycles  until  a  node  number  of  zero  ls  entered  by

the  operator.     This  allows  the  connections  of  dnltlple  nodes  Co

be  detemlned  without  typing  the  command  rmenotilc  (EN)   each

tine,

2.     Procedure

(a)     The  operator  selects  a  node  by  lt§  trmber.

(b)   If  zero  ls  selected,   return  to  cotmnd  selection.

(c)     The  node  comectlons  are  reported  and  the  user  ls  prompted

again~step  (a).

3.     Possible Problen8

The  operator  qDist  remember  to  enter  a  zero  node  number  to  exit

this   cormand  before  proceeding  with  the  rLext  coBmand.
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This  coumnd  my  also  be  used  to  dl8cover  lnvalld  islands  which

aLre  arcs  vlth  no  lnterlor  points  sharing  a  comon  rLode.     These

errors  qBy  occur  as  a  result  of  9yntaLx  edltlng,   and  are

reported  by  the  GRFCIK  program.
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NN  -  rmER  NODEs

I. General I)escrl

All  nodes  which  reside  within  the  current  screen  window  will  be

numbered.     Nodes  which  reside  wlthln  the  wlndov  but  which  are

not  connected  to  any  arcs  being  displayed   (some  arcs  tDay  have

been  background  code  masked)  will  not  be  numbered.

This  coturand  ls  the  single  cost  inportant  utlllty  function  used

ln  recognltlon  and  ldentlf icatlon  of  errors,   since  tLode  numbers

are  assigned  by  the  systen  and  can  only  be  detetrined  by  use  of

this  co"nd.

2,

3,

Procedure

(a)     Nodes  are  autormtlcally  numbered.

(b)    Return  to  comand  §electlon  level.

po§slble Problems

Numbers   appearing  at  the  edge  of   the  Screen  window  day  be

of f set  towards  the  center  of   the  Screen  window.
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(a)     "e  use  of  this  cotBdrand  ls  a  prerequlslte  for  cost  modl-

£ylng  coqmnds,   since  Dost  of   those  coamands  require  one  or  two

node  nuqibers  aLs  ldentl£1catlon  of  speclflc  features.

(b)    Execotlon  of  this  conmand  will  result  ln  lmedlaLte  detec-

tion  of  the  urmatched  nodes.    Errors  of  thl8  type  will

generally  be  found  where  tro  (or  more)  numbers  are  clustered.

(a)    The  actual  location  of  the  node  my  be  detemlned  as  the

lower  lef t-hand  corner  of  the  f lrst  dlglt  of  the  node  number

(except  as  ln  3.  above).    This  fact  ls  useful  for  the  purpose

o£  further  windowlng.
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pM  -  PLOT  ENTm  rap

This  coquBand  1§  used  to  display  all  lnf otmtlon  ln  the  data

base  with  the  exception  of  f eatures  masked  by  the  background

code.     The  wlndov  values  will  be  reset   to  the  mlnlDun  and

naxinun  values  correspoTLdlng  to  the  entire  data  set  f or  subse-

quent  re-plotting.

Since  this  type  of  display  reqolres  no  cllpplng  of  data  at  the

screen  wlndov  boundaries,  a  special  routine  and  a  display  f lie

are  used  to  reduce  the  amount  of  tine  required  to  pef om  the

plot.    This  procedure  ls  therefore  faster  than  that  used  for

the  whndowlng   (Ow  and   ZM)   counands.

Procedure

(a)     The  screen  ls  erased.

(b)    The  vlrtunl  window  llalt  ls  reset  to  the  maxlDa/nlnlm

values  for  the  map.

(c)     All  data  not  tDasked  by  the  background  code  are  plotted  on

the  f lxed  screen  window.

(d)    keturn  to  cormnd  selection  level.
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Possible Problems

The  operator  tiny  wish  to  reset  the  hackgroupd  code  (using  SC)

prior  to  the  use  of  this  cotmnd.

4, Comments

Although  the  ZM  cotlmnd  allows  the  operator  to  traverse  the  mp

without  replottlng,   1t  ls  soDetlDes  f aster  to  use  "  to  locate

an  error  following  the  use  of  DW  or  ZM  co-nds  and  agsociated

error  correction.     The  data  displayed  by  PM  is  complete,   but

due  to  the  f lxed  size  of  the  display  screeti.  tnay  be  displayed

at  a  scale  which  ls  inappropriate  f or  accurate  correction  of

errors.
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RE   -REPLOT  (Sane  Window)

3,

This  corunand  ls  used  to  replot  the  dlgplay  data  according  to

the  current  wlndov  limits  and  current  background  code.    This

co"nand  ls  used  whenever  the  display  has  been  sonehov  lost  or

danaged,   or  to  prevent  operator-progradmer  lnf omatlon  loss

during  autotDatlc  replotting  when  the  conversation  area  ls  full.

(a.)    Current  window  llmlts  are  conpared  to  the  mxim/tninlae

for  the  map.

(b)     If  wlthln  5  percent,   the  vlrcual  window  linlts  are  reset

to  the  naxlna/tninlaa  for  the  tnap.

(c)     All  features  tLot  drasked  by  the  background  code  are  clipped

if  necessary  and  plotted.

(a)    ketum  to  corHnand  selection  level.

Possible Problems

See  "Possible  Problens"  under  the  ev,  ",  and  ZM  co-nds.
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4. Comments

Any  updates  occurring  since  the  previous  dlsplaLy  veg  plotted

will  be  shown  ln  the  nee  display.
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SC   -   SELECT   BACKGROUND   Col)E

3,

2.

This  coqunand  ls  used  to  select   the  background  code  which  qBsks

the  plotting  of   superf luous  data  as  well  as  to  prevent  onwanted

Dod\1f lcatlon  of  feattLres  which  are  unrelated  to  an  ldentlf led

error.

Procedure

(a)     the  current  background  code  ls  displayed.

(b)    The  operator  selects  a  new  background  code  of   four  (five

for  the  10000+  code)  dlglts.     A  zero  dlglt  allows  all  codes   to

match  at  that  dlglt.    A  zero  backgrond  code  thatches  all

feature  codes.

(c)     Selection  of  the  ten  thousand  (10000)  code  to  display  all

ten-thousand-plus  arcs  ls  allowed  by  entering  a  negative  value,

such  as  -1.

Possible Problems

Incorrect  code  selection.     The  operator  qmst  understand  the

principle  of  using  the  background  code.
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Coments

Careful  use  of  this  coqmnd  will  as81st  the  operator  ln

correcting  brldglng  problens  with  arcs  which  have  dlf f erlng

feature  codes.



ST  -  srop   EXEcuTloN

this  coqmnd  halts  execution  of  the  edltlng  progran  and  my  be

entered  at  the  comand  selection  level.

Procedure

Progran  halts.

3.    Possible Problems

None

4.      Comments

The  graphlcs  screen  ls  not  erased  by  this  coumnd  and  my  be

hardcopled  f allowing  teminatlon  of  the  prog€an.
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ZM  -   Z00tt  WINDOW

General Descrl

This  coqmnd  ls  an  enhanced  version  of  the  Ow  cormnd.     It  can

be  used  to  enlarge  the  image  being  dlgplayed  (by  narrowlng  the

scope  of  the  display)  or  to  enlarge  the  scope  of  the  data  being

dlsplay\d  (therety  shrlnklng  the  lmge).    It  allows  the

operator  to  select  a  §1ngle  point  as  the  center  of  the  window

being  selected  rather  than  two  comer  points  as  ln  DW.     These

enhancenents  allow  the  operator  to  "follow"  a  feature  through

the  entire  raLnge  of  the  data  while  requlrlng  only  a  linlted,

relative  8peclflcatlon  of  the  window  frame.    E££ectlve  use  of

this  cotnmnd  requires  sore  experience.

2. Procedure

(a)    The  operator  selects  the  window  center  with  the  cursor

(using  a  cotlmand  character  o£  a  to  return  to  comnatid

selection) .

(b)    The  selected  center  is  displayed  and  verified.

(a)    The  operaLtor  enters  a  nultlplicatlon  f actor  f or

calculation  of  the  window  §1ze  ln  relation  to  the  current

window.    A  factor  of   1.a  (or  ¢)  will  retain  the  current  window

§1ze.     A  factor  less  than  I.0  (¢.01-¢.99)  will  decrease  the
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scope  and  enlarge  the  lnage.    A  factor  greater  than  1.¢  (1+

99.9)  will  increase   the  scope  and  decrease  the  tDagnlflcatlon

accorditigly .

(d)     Verl£1catlon  of  window  selection.

3. Possible problems

(a)     This  corBrmnd  allows  the  operator  to  mve  the  vlewlng  area
\

outside  of   the  current  window,   but  wlthln  the  scope  of  the

data,  without  returning  to  the  full  vlev  presented  by  ".    This

advantage  over  the  ur  comaLnd  requires  a  general  knowledge  of

the  entire  data  set  ln  order  to  follow  a  selected  feature

without  losing  ic  f ron  view.

(b)     Selection  of  the  witldow  §callng  factor  requires  practice,

aLnd  ls  aided  by   the  verl£1catlon  procedure.

4.     Counents

Although  this   corDBnnd  ls  an  improved  version  of   the  DW  cotnmnd,

the  ev  cormand  ls  retained.    It  ls  felt  that  the  ability  to

clearly  aLnd  completely  clef lne  the  entire  window  without  requlr-

1ng  a  scale  f actor  ls  slnpler,   and  ls  of  value  in  the

prevention  of  feature  disappearance,   as  discussed  ln  4.  under

the   DW   coamatid.

lil
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Verlf lcatlon  of  window  selection  requires  the  display  of  the

new  window,   part  or  all  of  which  Day  exceed  the  bounds  of   the

current  window.     h  Chls  case,   the  current  window  boundaries

are  osed  to  display  the  corresponding  parts  of  the  new  wlndo"

EE9gEE-
GirEDT  -  Graphical  Editing

soBPRocRAMs:                   BNA,    cc.    CHKOD,    cHKNDs,   cN,   cp,   DA,   Dw,   FnopN,

FINDPT,   Lc,   ",   EN,   MSRQ,   NN,   roDARc,   NULRE,   pM,   QPLOT,

REPLOT,    sA,    sc,    sELcOM,    strvNDO,    sHWNEw,    strmT,   VPLOT,    zM

LDRART   ACCESS:            RAFMAN,    GREMAN

I.IMITS:                            A  inaxlnun  of   3000  arcs

BASE   FnE   AccEsS:      ARC,   NODE,    POENT,    QPLOT

OTHER  FnES:                 Temlnal   Input  <   11

Terrinal  output  >  10
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Ill. 5 roDGEN -"e

illri.E¥E]

the  topologlcal  network  of  a  qBp  con81sts  of   the  lnterconnectlons

of  the  arcs  at  their  endpolnts.    the  connectlvlty  ltifomatlon  contained

|n  this  network  ls  useful`for  zone  creation,  vindowing  and  edltlng,

grouping  arcs,   and  other  appllcatlons.    Hetice,  a  separate  file  ca,lled

the  Node  File  ls  created  by  the  NODGEN  progran  to  conprehenslvely

describe  thig  network.

It  ls  the  responslblllty  of  the  dlgltlzlng  operaLtor  to  lndlcate  the

locatloas  of  nodes  (arc  lntersectlons)  by  correctly  dlgltlzlng  the  sane

coordltLates  (within  a  tolerance  value)  as  the  endpolnts  of  all  arcs

which  intersect  at   the  node.     NODGEN  assembles   the  arc  endpolnts,   and

detemlnes  which  coordlnaLtes  represent  the  unique  lntersectlon  point  for

each  node.    A  record  ls   created  contalnlng  the  tiode  coordlnaite§,   the  set

of  aLrcs  which  intersect  at  this  node,   and  the  set  of  nodes  which  are

connected  by  these  arcs  to  this  node.

The Or value  ls  a  distance

wlthln  which  two  dlstlnct

selected  by  the

points  are  considered  to  represent
operator.   wiLiii.ii   w..+...   _.._

the  Sane  point.     in  practice,   this  value  ls  used  to  represent  half  the-   1-,t--

centered  at  the  point  ln  question.    Any  point  lyingWidth  of  aL   square

within  that  square 1s  considered  to  be  the  sane,   and  the  coordlnaLtes  o£

the  two  points  are  averaged.

arcs  are  those  aLrcg  which  have  been  created  ty  PARCEN,   but

halve  not  tieen  assigned  to  nodes  by  NODGEN.     Inltia,-___----a

New

whose  et`dpolnts   halve  nui   I,..„  ___   .

llzatlon  of  the  Node  file  causes  all  arcs  to  be  treated  as  new  arcs.
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PH± are  those  aLrcs  which  intersect  each  other at both

endpolnts;  that  ls,   they  Share  the  sac  pair  of  nodes  at  their

endpolnts .

An Epg± 1s  a node which  ls  the  other  endpolnt  of  an arc

cotinected  to  the  node  under  consldetatlon.

The ± of  a  node  ls  the  t"mber  of  aLrcs  which  intersect  at  the

node.   The ± 1s  the DaLxlmun number  of  arcs  which will  be

recognized  ac  one  node.     This  qraxlmun  node  degree  ls  six  ln  Cqrm.

E.EIEEEEill

NODGEN  begins  with  operator  selection  of  the  threshold  crlterla  for

detemlnlng  when  two  endpolnts  represent  the  sac  node.    This  value  nay

vary  depending  on  the  accuracy  of   the  dlgltlzlng  equipment,   the  type  o£

data,  and  the  ablllty  of  the  operator.
This  value  should  be  large

enough  to  allow  NODGEN  to  recognize  all  aLrc  endpolnts  which  represent

the  sane  node,   and  lt  should  be  snail  enough  to  prevent  dlstlnct  arc

endpolnts  fran  being  interpreted  a§  the  same  node.

The  operator  ls  requested  to  select  between  lnltla,llzatlon  and  non-

1nltlallzatlon  (re-ntrance)  of  the  Node  file.    If  lnltlallzatlon  ls

choseti,   the  data  ln  the  Node  f lle  ls  ef f ectlvely  erased,   and  the  node

numbers  in  the  Arc  file  records  are  set  to  zero,   thos  causing  all  arcs

to  be  treated  as  new  arcs. If  non-1nltiallzatlon  ls  chosen,   the  f lle§

retBaln  intact  and  only  the  new  arc  endpoltits  will  be  considered  for  node

area.tlotL.     If   the  threshold  vaLlue  ls  properly  chosen  and  the  dlgltlzlng

operator  ls  accurate,   the  resulting  Node  file  will  reflect  the

topologlcal  structure  of  the  nap.
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The  reqralnder  of  the  "n  does  not  require  the  operator's  presence,

except,   perhaps,   to  hardcopy   the   ternlnal  output.     Not)GEN  assembles   the

new  arc  endpolnts  and  reconciles   this  set  with  any  exlstlng  nodes.     The

coordinates  of  endpolnts  which  match  exlstlng  nodes  are  averaged  wlch

the  exlstlng  coordinates.     me  resulting  values  are  stored  ln  the  arc

record  and  the  node  record.     The  node  degree  ls   increased  by  one  and  the

corresponding  opposite  node  and  connecting  arc  numbers  are  added  to  the

node  record.     All  arc  numbers  are  stored  ln  the  Node   £11e  a§   signed

(+  or  -)  nunbers  where  the  §1gn  lndlcates   the  starting  node  of  the

aLrc.     The  sign  of  an  arc  number  reflects   the  chronological  uovenent  of

the  oursor  ty  the  dlgltlzer  operator.    A  negative  indicates  that  the

opposite  node  (the  one  ln  the  node-arc  pair)   is  the  start  node.

A  new  node  record  ls  created  when  an  arc  endpolnt  does  tiot  match

ally  exlstlng  node.     The  degree  ls  set  to  one,   the  opposite  node  and

connecting  arc  numbers  are  entered  ln  the  node  record,   and  the  number  of

the  nev  node  is  added  to  the  arc  record.     The  endpolnt  coordinates  are

used  as  the  node  coordinates,   atid  the  node  record  ls  added  to  the  list

of  existing  nodes.

As   eaLch  new  arc   ls  processed,   NODGEN  reports   the  code,   the  arc

nun6er,   and  the  two  node  numbers  to  the  temlnal.    men  aill  nev  arcs

have  been  processed,   a  list  of  all  new  nodes  arLd  their  node-arc  connec-

tlors  is  reported  to  the  terminal  f ollowed  by  a  report  of  run

statlstlcs .

±p_9=Iti
Each  new  arc  is   reported  with  arc  nunber,   feature  code,   atid  node

numbers,   as   the  processing  finishes   for  the  arc.    Each  new  node,   or
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prevlou§  node  whose  connectlon§  have  been  changed,   1s  reported  with  the

node  number  and  node-arc  connections.

N0I)GEN  will  aLlso  report   the  occurence  of  drpllcate  arcs.   and  nodes

with  too  may  lncersectlng  arcs   (1.e.,  whose  degree  exceeds  the  oaLxldun

degree).     The  final  report  includes  the  count  of  nev  arcs  and  nodes,   and

a  count  of  the  total  number  of  arcs  and  nodes.

¥3n Prof -1±

ItARE : NODGEN  -  Node  File   Generation

SUBPROGRAMS :                     F ILOPN

LIBRARY   ACCE SS :             RAFMAN

L"ITS:                          A  mxlmun  of  3000  nodes,   or  2000  nodes  lf  the

projection  option  18  used.

BASE   FnE   AccEss:      ARc,    NODE,    POENT

OTHER  FILES:                 Teminal   mput   <   11

Temlnal  Output  >   10
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Ill.7 PAmEH  -  Point and  Arc  File Gleneratlon

r]illri . E ± E]

PARCEN  generates   the  Point  aLnd  Arc  f lies  I ron  syntactically  clean,

dlgitlzed  data  using  the  "1es  of  dlgitlzlng  syntax.    PARGEN  uray  also  be

used  also  for  the  addltlon  of  new  data  to  exisclng  files.     Secondary

functions  of  PARGEN  are  to  (1)   store  the  control  point  coordlnaces  ln  a

reserved  location  of  the  Point  file,   (2)  calculate  the  minlmun  and

naxlnun  coordinace§  and  store  this  lnfomatlon  ln  a  reserved  location  of

the  Point  file,   (3)  create  a  dl§play  £11e  which  parallels  the  lnforma-

tion  ln  the  Point  file,  arid  (4)  report  statistics  about  the  data  in  the

Point  and  Arc  files.

Definltlons

No  specific  de£1nltlon§  will  be  given  here.     "e  reader  tnay  refer

to  the  RAFEN,   GRFMAN,   and  Database  St"ctures  chapters  for  lnf ormatlon

concerning  file  lriltlallzatlon  and  mlntenance,  display  file

coordinates,   and  record  contents  for  the  Arc  and  Point  files.     The

dlgltlzlng  Syntax  tendnology  ls  dlgcussed  ln  the  chapter  on  Data  input.

OperaLtlon

The  operator  ls  requested  to  select  the  nane  of  the  lhpuc  file.

PARCEN  then  reports  the  statlstlcs  of  current  usage  of   the  data  base

(e.g.,   the  umber  of  arcs  and  points  currently  exlsclng  ln  the  data

base),   and  the  operator  may  select  to  lnltiallze  the  £11e  or  to  append

the  rrew  data  through  non-1nltlallzation.     Initlallzatlon  e££ectlvely

erases  an  lof ormatlon  in  the  Point  aLnd  Arc  f lies  and  sbould  be  used
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t.hen  first  creating  the  dacabase,   or  when  the  data  exlstlng  ln  the

database  are  deemed  to  be  unusable  or  ln  sore  Sense  expendable.     If

|nltlallzatlon  ls  selected,   the  operator  "st  lndlcate  the  qBxlmun

number  of  records   to  be  aLlloved  ln  the  Point  and  Arc  £11es.     h  either

case,   paraneterg  are  set  by  PARCEN  to  properly  qnlntaln  the  file  usage

statlstlcs .

In  order  for  PARGEN  to  recognize  arc  endpolnts   (nodes),   the

operaLtor  must  supply  the  threshold  crlterla  to  the  program.    This

crlterla  represents  the  dnxluun  distance  (1n  both  x  and  y)  within  which

tro  points  dray  be  con81dered  to  be  the  same.    the  value  ls  usually  set

to  1.5  Clnes   the  accuracy  of  the  dlgltlzlng  hardware.     For  e2caDple,   1f

the  table  accuracy  ls  I  ¢.004,   then  the  threshold  crlterla  would  be  set

aLt  a.006.    this  allov§  for  a  slight  error  on  the  part  of  the  operator  or

the  table,  but  prevents  the  creation  of  nuDeroos,   false  arc  endpolnts.

PARCEN  perf om§   the  renalnder  of   its  cork  without  operaLtor

lnterventloti,   except  for  possible  hardcopylng  of  the  reported

lnfotmtlon.    The  "1eg  of  the  Syntax  are  used  Co  detendne  the  Starting

and  ending  nodes  of  each  arc,   the  f eature  codes,   and  the  proper  sets  of

lnterlor  points.     Each  new  aLrc  ls  stored  as  a  81ngle  record  contalnlng

the  f eature  code,   the  endpolnt  coordinates,   and  pointers  to  the  lnterlor

points  which  are  sto_red  ln  the  Point  £11e.     The  feature  code  and

endpolnt  coordlnaces  of  each  arc  are  repor€ed  to  the  temlnal.

when  the  input  data  are  echausted,   PARCEN  perfom8  a  number  of

tasks.    Statl§tlcs  fran  the  current  rm  and  from  the  resultant  database

usaLge  are  stored  ln  the  database  and  reported  to  the  tendnaL1.     The

mlnlDun  and  naxlmun  coordinate  values  are  stored  with  the  control  points

ln  the  second  record  of  the  Point  file.    A  display  file  (the  Qplot  file)

118



r
is  created  by  converting  the  virtual  (user)  coordinates  lnto  display

(screen)  coordinates  for  the  graphlcs  display  device.

REtEiiii=

The  follovlng  items  are  included  ln  the  PARGEN  tertnlnatlon  report:

I.     Number   o£   New  Arcs

2.     NInber  o£  Total  Arcs

3.     Number  of  Nev  Polncs

4.     NImber  of   Total  Poitits

5.     Number  of  New  Point  Records

6.     NImber  of   Total  Point  kecords

7.    Minl"m/Maximum  Coordinates

8.    Next  available  space  ln  the  Point  file.

EE9giap I_I9±

HARE : PARGEN  -  Point  and  Arc  File  Generation

SUBPROCRAMS:                     ADDBUF,    CRRATQ,    FILOPN,    GETBAK,    FAG,    PUTARC,    SETPTR,

SETT,    TRANS

LIBRART   ACCESS :            RAFMAN

L"ITS :                          None

BASE   FHE   ACCESS:      ABjc,    POINT,    QPLOT

OTHER  FnES: Terminal   mput  <  11

TemlnaLI  Output  >   10

Digltlzed  Data  <   12
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111'   8 PI."N - plot nle Gfneratlon

idm . b] EE

PLTGEN  provides  the  aiblllty  to  produce  a  plot  f lie  fron  the

lnfomatlon  contained  ln  the  data  base.    The  plot  f lie  Day  be  used  to

prodrce  §inple  plots  for  graphical  edltlng  of  the  data  or  to  prepare

scrlbecoats  for  color-separation  naterlal  and  eventual  mp  prlntlng.

PLTGEN  allows  for  selection  by  feature  type  and  by  feature  code.   and

provides  f or  comblnatlon  of  several  8electlon8  wlthln  a  given  plot  ag

well  ale  several  plots  wichln  a  file.    For  eranple,   the  operator  dray

Select  one  plot  to  contain  all  rivers  and  all  zones  of  code  two.    A

second  plot  within  the  same  £11e  nay  cotitaln  aLll  roaLds   and  all  towns

with  a  population  less  than  a  certain  number.

Definltlons

The  following  tens  are  clef lned  here  only  to  aid  ln  the  onderstand-

1ng  of   the  operation  of   PLTGEN.

A feature in ls  the  collection  of  all  isolated  points,  all  arcs,

or  all  zones.    An  lten  ls  one  qienber  of  a  type-one  specl£1c  point,   one

speclflc  arc,   or  one  speclflc  zone. The  lten  numt]er  ls  the

corresponding  arc  number  for  points  or.arcs,   and  the  zone  nunber  for

Zones . An  lten  code  ls  a  feature  (or  arc)  code  for  points  and  arcs,   atid

a  zone  code  for  zoties.     A  code  range  consists  of  a  raLnge  of   lten  codes

(aLrc  or  zone  codes),   and  ls   §peclfled  by:

LC   -   HC
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where  LC  IS   the  lower  code  number,   and  HC  ls   the  higher  code  nutDber.

The  code  range  ls  used  to  select  the  group  o£   1ten  codes  which  (equal

or)  lie  between  the  low  and  high  values.

H.EIEF5nill

the  operaLtlon  of  PLTGEN  consists  of  an  lnteractlve  and  a  non-1rLter-

aLctlve  Segment.     The  lnteractlve  segment  allows   the  operaLtor  to  select

the  data  to  be  plotted,   by  methods  described  below.     The  lnf otDatlon

used  for  selection  ls  stored  in  a  f lle  until  all  selection  ls

completed.    At  that  tine,   the  nob-1nteraLctlve  segment  interprets  the

selection  lnf omatlon,   retrieves  the  appropriate  data,  and  produces

output  to  the  plot  f lle,  which  has  been  selected  by  the  operator  at  the

beglnnlng  of  the  run.

The  lnteractlve  9egDent  of  PLTGEN  follows  the  procedure  listed

below:

1.     Selection  of  the  (plot)  output  file.

2.    Selection  of  x  and  y  offsets  for  translation  of  multiple

plots  wlthln  a  single  file.

3.     Selection  of  a  scaling  factor  to  be  applied  to  both  x  and  y

coordinates .

4.     Selection  o£  feature  type  where

a  =  All  f eatures
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I  a  Arc  selection  only

-I  -  Zone  selection  only

5.     Selection  of  lndlvldual  items  by  number  or  code  where  the

followlng  selections  are  allowed

-N  -  Selection  of  a  single  lcem  of   the  chosen  type

where  N  represents  the  lten  number.

a  -  Selection  of  all  1tetns  of  the  chosen  type.

C  a  Selection  of  the  subset  of   ltens  of  the  chosen

type  with  lten  code  a  C.

LC-HC  -  Selection  of   the  Subset  of   ltens  of   the

chosen  type  with  lten  code  wlchln  the  range  specl£ied

by   LC-HC.

6.    Option  to  return  to  code  selection  (5.,   above).

7.    Option  to  add  node  numbering  to  the  plot  file.     If

Selected,   all  nodes  will  be  numbered.

8.    Option  to  add  map  headers   (titles)   to  the  plot  file.     1£

selected,   the  operator  my  select  the  side  (top,   bottom,   left,

right)  on  which  the  title(s)  will  appeaLr,   a§  veil  as  the

lnformtion  contained  ln  the  title(s).
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9.     Opclon  to  add  a  fratne  or  border  around  the  mp  area.

10.     Optloti  to  add  map  reglstraclon  marks.

11.    The  final  selecclon  ls  the  option  to  repeat  the  above

steps   (2-10)   for  additlotial  plots.

¥0±
The  non-interactive  segment  of  PLTGEN  produces  a  report  which

details  the  lnformatlon  (selection  criteria)  which  was  entered  ty  the

operator  during  the  interactive  selection  segment.

EEegr_an Prqffl

NARE:                                 PLTGEN  -Plot  File   Generation

suBPROGRAMs:                   AINCLE,   Box,    BRKDEN,    cln{I.nI    DEcO,   FnopN,    FRArm,

FRAMIT,    HEAD,    HEADER,    INCH,     INITA,    LEFTRN,    MARK,    NUREER,

NzoNro,   pLoroRDR,   pLOTz,   pLTARc,   PLTCLR,   PLTFRM,   psETup,   RPLOT,

IITI.E,    roREN,    zoNKol>

LIBRARY   ACCESS :             GRFMAN

L"ITS:                          A mximun  of  2000  total  arcs  or  nodes  selected  for

plotting.

BASE   Ill.E   ACCESS:      ARC,    BORDER,    N0I)E,    POINT,    ZONE

OTHER  Hms:

ife

Temlnal  Input  <   11

Terminal  Output  >   10

Plot  Output  >   12

Selection  hf omation  a  15
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Ill. 9 RAFPEN  -  fandoD nle Prfutln

r]Hr].EEE]  .

RAFPEN  ls  a  utlllty  program  which  provides  easy  access  to  the

contents  of  the  database  flies.    The  data  ln  these  files  are  Stored  ln

binary  code  requlrlng  conversion  to  a  character  code  (e.g.,   ASCII),  and

nust  be  interpreted  on  the  basis  of  the  logical  £1le  stmcture  lf  they

aLre  to  be  eranlned.

RAIPEN  ls  useful  to  the  programer  f or  the  development  of

extenslone  Co  the  Cn"AP  sof tware  for  §peclal  aippllcatlon8,   and  for

recovery  ln  the  event  of  catastrophic  database  degradaLtlon  due  to  §ygten

errors .

Deflnltlons

The  prograrmer  should  t>e  fardllar  with  the  terDlnology  concemlng

random  flies.

Operatloti

The  complete  set  of  data  f lle§   (with  the  excepclon  of  the  Qploc

£11e)   1s  available  for  inspection  ty  RAFPEN.     This   includes   the  Arc,

Border,   Label,   Node,   Point,   and  Zone  files.     The  operator  selects  a

coqmand  from  the  nem  lndlcatlng  the  file  which  ls  to  be  inspected.    The

respective  cormands   are  PA,   PB,   PL,   PN,   PP,   and  PZ.

The  accounting  lnf omatlon  for  the  Selected  £1le  le  printed  at  the

tendnal,  and  the  operator  ls  asked  to  select  the  records  1n  the  £11e

which  are  to  be  displayed.     The  selection  consists  of  one  or  note

selections,   separaLted  by  coBms.     A  record  selection  ls  one  of  the

f ollowlng :
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I.    a  -All  records  in  the  file.

2.     N  -  Only  record  number  N.

3.     M-N  -  All  records  between  (atLd  lncludlng)  M  and  N.

If  an  illegal  record  number  ls  used,   1t  will  be  interpreted  as  either

the  first  or  last  record  of  the  file,   depending  on  which  ls  appropriate.

The  selected  record  conterLts  are  displayed  and  dray  be  hardcopled  1£

desired.    At  the  conpletlon  of  this  llstlng,  RAFPRN  returns  to  the

coqmand  selection  level.     The  operator  qny  issue  further  coBmands   to

inspect  the  sane  or  other  files,   or  qBy  terDlnate  the  progran  with  the

ST  (stop)   cotnnand.

EEEi
The  accounting  report  for  each  file  selected  includes  the  freellst

control  values   (see  Chapter   IV.I,   RAFMAN)   and  any  other  pertinent

lnformtlon  (which  varle§  dependltig  on  the  file).  "e  contents  of  the

selected  records  are  reported  with  the  corresponding  record  numbers.

The  operator  qm§t  be  faulllar  with  the  logical  st"cture  of  the  files

(Chapter   11.5,  Dacabase  Structures)   91nce  labels  are  not  included  in  the

report.

EE98Ean ProE±

WARE : RAFPRN  -  Bandon  File  Printing

SUBPROCRAMS:                    FILOPN,    L"IT,    PRTARC,    PRTBRD,    PRTLAB,    PRTNOD.

PRTPTS,    PRTZON
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I.DRAFT   AccEss :           RArMAN

LIMITS :                               None

BASE   FILE   AccEss:      ARc,   BORDER,   mEL,   NODE,   POINT,    ZDNE

OTHER  Fins:                Temlnal   Input  <   11

Terrinal  Output  >  10

Optional  D1§k  Output  >   4
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Ill. 10 SrmT -

2-
A  syntactically  clean  £11e  of  dlgltzed  data  (one  without  syntax

errors)   1s  required  for  input  to  the  DIGPLT  and  PARGEN  prograns  which,

respectively,  create  a  prelinlnary  plot  file,  and  create  the  Point  and

Arc  flies.     The   SYNEDT  progran  ls  designed  to  locate  and  correct  syntax

errors  ln  a  I ile  of  ran  dlgltized  data.

SYREDT  applies   the  "1es  of   the  syntax  (Chapter   11.3,   Data  Input)

to  dlgltlzed  data.    when  an  error  ls  found,   SYNEDT  (necessarily)  qnkes

certain  assuDptlons  about  the  cause  of  the  error  and  corrects  the  error

by  lnsertlon  or  deletion  of  data.    The  output  £1le  will  be  §yntactlcally

clean  and  can  be  used  f or  data  base  const"ctlon  or  prellmlnary

plotting.

Oe£1nltlons

The  tens  which  aLre  relative  to  syntax  edltlng  are  de£1ned  ln

Chapter   11.3  on  Data  Input.

Operation

The  SYNEDT  progran  begln§  ty  of f erlng  the  selection  of   input  and

output  file  mne8  to  the  operator.     The  map  header  and  control  points

f ron  the  selected  input  file  are  displayed,  and  the  operator  dray

reselect  the  lnpot  f lie,   execute  the  progran  using  the  selected  f lie,   or

abort  the  program.

The  operator  ls  given  a  suggested  tolerance  value  (see  Def lnltlons

ln  Chapter  IIm  and  nay  accept  or  reset  this  value.    The  remainder  of
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the  run  ls  ln  batch  code.     The  operator's  presence  ls  not  required,

except   to  haLrdcopy  the  program  reports   lf   desired.

SYNEDT  processes  the  data  sequentially,   always  mlntalnlng  a  buffer

which  allov8  for  deletloa  of  data  which  has  been  previously  processed.

Errors  are  corrected  as  they  are  encountered,   and  each  new  feature  code

and  each  new  arc  ls  reported  to  the  temlnal.    At  end-of-file,  a  run

sutnnary  ls  reported  to  the  temlnal.

EEpiife
SYREDT  reports   the  f eature  code  whenever  a  header  ls  encountered  in

the  data.     As  each  new  arc  ls  discovered,   SYNEDT  reports   the  coordinates

of   the  £1rst  point  of  the  airc,   and  a  count  of   the  error  corrections  and

point  deletlon§   thaLC  occurred  since  the  previous  arc  began.

At  the  conclusion  of  the  "n,   SYNEDT dBkes  a  report  of  lnf otmtlon

gathered  during  the  run.     The  counts  of  data  types  Bray  aid  the  operator

ln  selecting  the  size  of  the  f iles  for  daLta  base  creation.     The  error

lnfornatlon  dray  be  used  to  evaluate  and  instruct  the  operator.    The

report  contains  counts  of  the  following  lteDs:

I.    Isolated  Points

2,     Arcs

3.     Nodes

4.    hterlor  points

5.    Error  Correctlotls

6.    Point  Deletions

7.      SYNEDT  operations.
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Program  Prof lie

MARE:                                   SYNEDT  -Syntax  Edltlng

suBPROG"s:                 ACT,   FnopN,    INIT,    INp,   OuTp,   REpORT,   SHIFT,   TE".

roREN,    TRANs

LIBRARY   ACCESS;           None

L"ITS :                          None

BASE   FHE   ACCESS:      None

OTHER   FILES: Ternlnal  nput  <  11

Temlnal  Output  >   10

Dlgltized  Data  <   12

Cleaned  Data  >   13
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111® I 1 ZDrmT  -  Zbne Ealcln

rlillrl . EF]E]

the  ZOREI)I  program  provides  cotnmnds  for  lnceractlve  updating  o£

zones  and  zone  boundaries   (borders).    With  these  codunand8,   the  operator

tnay  perfom  the  followlng  edltlng  functlons:

1.     Selection  of  zone  lndentlflcation  marks.

2.     Selection  of  zone  laLbel  tnarks.

3.    Modlflcatlon  of  zone  color  codes.

4.     hcluslon  of  island  zones  ln  §urroundlng  zones.

5.    Llcklng  zones  of  slnilar  zone  color  codes.

6.    Deletion  of  zones.

In  addlclon.   Several  utlllty  cotmnnd9  provide  8electlve  retrieval

and  display  of  zones  which  are  helpful  ln  perf omlng  the  functions

listed  above.

Deflnltlon8

I)ef lnlclons  of  terns  related  to  zones  my  be  found  ln  Chapter

11.2.    The  use  of   the  display  temlnal  1s  described  ln  Chapter   11.6.

Caqmnd8

DZ   -   DELETE   ZONE

The  operator  selects  a  zone  by  the  zone  number.     "e  zotLe  boundary

ls  displayed  and  the  c`perator  Dust  verify  that  the  proper  selection  has
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been  lade.     the  zone  ls  then  deleted  from  the  database  and

j±wlthout  the  use  of  the  ZONGEN  program.

cantlot  te

LH  -  Lrm  HoroN"s

This  conmand  results  ln  autotDatlc  linkage  of  all  zones  by  zone

codes,   allowing  for  eff lclent  retrieval  (by  these  codes)  for  production

of  color-separation  qBterlals  and  other  retrieval  functions.    No

operator  input  ls  required.     This  cotmand  should  be  preceded  by

selection  of  zorle  codes  with  the  MZ  coirmand.

LI  I  Lrm  IsLANDs

n  order  to  provide  complete  retrieval  of  boundaries  for  zones

which  halve  islands,   the  operator  must  9peclfy  which  island  zones  lie

wlthln  corresponding  "sutroundlng"  zones,   as  follows:     (I)  The  operator

must  dlsplaLy  the  zone  boundaries  using  the  PA  coqmand,   (2)   display,   the

zone  numbers  using  the  "  coqmnd,   (3)  select  a  "surrounding"  zone  by

mmber,   (4)  supply  the  zone  numbers  of  all  islands  included  ln  the

surrounding  zone,   (5)   enter  zero  as  the  zotie  number  to  slgnaLl  that  all

islands  have  t>een  etitered,   (5)   go  to   Step  3,   1f  necessary,   and   (6)  when

all  surrounding  zones  have  been  completed,   enter  a  tiull  zotie  number  to

temlnate  the  cormand  aLnd  return  to  the  codmand  selection  level.

Lz  -  rmEL  sores

The  operator  "st  display  the  zones  and  zone  numbers  using  the  PA

and  "  coqmands.     The  operator  then  selects  a  zotle  by  its  zone  number,

entering  a  zero  to  ternlnate  the  cormnd.    when  a  zone  ls  selected,   the

operator  Day  select  a  naxinun  of  f ive  locatlon§  for  the  plaLceDent  of
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zone  labels   (using  the  graphlcs  cursor),   and  the  labels  which  are  to  be

placed  there.    For  very  snail  zoneg,  a  hock  Day  be  placed  which  connects

a  point  within  the  zone  to  the  location  of  the  label  (ootslde  the

zone).    "e  selection  of  label  points  ls  tendnated  ty  entering  a  zero

corsor  control  character  (see  Chapter  11.6).

MZ  -   Rank   ZONES

The  operator  "st  first  select  which  zones  are  to  be  BBrked.     The

selection  ls  between  aLll  zoties,   or  only  those  zoties  which  have  never

been  qBrked.    The  operator  then  selects  whether  or  not  to  change  the

zone  color  codes  during  the  selection  of  zone  tBarks.     These  codes  are

lnltlally  set  by  the   CONGEN  progran  and  dray  be  apdated  with  the  MZ

coqmand.    when  these  parameters  have  been  set,   the  zones  are  displayed

otle  at  a  tlDe,  and  the  operator  Selects  a  single  point  within  the  zone

using  the  graphlcs  cursor. The  coqmand  may  be  tendtiated  by  the  entry

of  zero  as  the  cursor  control  character.
If  the  operator  has  choseti  to

update  the  zotie  color  codes,   the  progran  will  request  the  new  code

following  selection  of  the  zone  dark.    Then  all  (selected)  zones  have

been  drarked  (or  when  the  operator  temlnates  the  coBmand  with  the  zero

cursor  control  charaLcter),   the  progran  retoms  to  the  coqmnd  selection

level.

qu±yCoq-L±

"  -  LIST  RENT

The  list  of  cornnands  ls  displayed  at  the  terrinal.
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PA   I   PLOT   ALL   ZONES

The  screetl  ls

background  code  ls

erased  and  all  zone  boundaries  are  displayed.    A

set  so  that  subsequent  execution  of  the  "  cotpDand

will  display  qprkg   (or  laLbels)  for  all  zones.

PC   -   PLOT   BY   CODE

The  operator  selects  a  zone  code.     The  boundaries  of  all  zoties

which  match  this  code  are  displayed,   hence  the  rm  coqmnd  should  be

executed  before  attempting  to  plot  by  code.     The  background  code  ls  set

so  that  subsequent  execution  of  the  "  coqmand  will  display  qrarts  (or

labels)  for  this  selected  set  of  zones  only.

"  -  pLor  MABKs

The  operator  selects  either  zone  "irks  or  label  qnrks  for

display.     If  zone  narks  are  selected,   the  operator  nest  select  either

zone  numbers  or  zone  color  codes  to  be  displayed  at  the  zone  qrarks.

Labelg  are  displayed  with  the  zone  label  narks.    As  lndlcated  above,

only  those  zones  which  were  rose  recently  displayed  (by  PA  or  PO  will

be  marked  or   laLbeled.

sT  I   srop  EXEcuTION

The  progran  stops  without  erasing  the  screen,   §o  that  the  operator

may  hardcopy  the  Screen  lf  desired.

EE9ff-
WARE :

ZONEDI  -  Zone   Edltltig
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suBPRocENs:                  BNA,   Dz,   FnopN,   GETzoN,    INKOD,   LETTER,   LH,   LI,   ",

LZ.    MZ,    NUI.RE,    PA,    PC,    PLTALL,    PM,    QPLOTZ,    SELCOM,    SHWOLD

LDRARY   ACCESS:            RAFMAN,    GRFMAN

L"ITS:

BASE   FILE   ACCESS:

OTHER  FRES:

None

ARC,    BORE)ER,    LABEI.,    POINT.    QPLOT,    ZONE

Teminal  Input  <   11

Terrinal  output  >  10
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Ill.12 -   ZDNGEH -  Zbne  and Eotdet

E-
ZONCEN  ls  respon91ble  f or  assembling  the  boundaries  of   zones  f ron

the  data  ln  the  Arc,  Node,   and  Point  files.
startbegltis  ac  a  node   (the

The  le£ t-tom  procedure

node),  follows  one  of  the  arcs  lncldent  at

this  node,   and  takes  the  lef t-Dost  arc  at  each  §ucces81ve  node  until

retumlng  to  the  start  node.    this  procedure  ls  illustrated  ln  Figure

Ill.12 .1.

Each  §erles  of  arcs  foralng  a  zone  boundary  (closed  curve)  1§

stored  ln  a  linked  list  ln  the  Border  file.    Addltlonal  1nfomatlon

aLbout  the  zone  ls  stored  in  a  record  ln  the   ZotLe  file.

De£1nit 1otls

The  lef t-turn  boundary  generation  procedure  uses
the  £1r§t  lnterlor

point  of  an  arc  to  calculate  an  angle  f or  comparison.     If   this  point  ls
this  type  of  error

erroneously  placed,   1t  qBy  result  ln  a ;=££8J=!±EEL.

and  its  correction  have  been  111ustraLted  in  ChaLpter   11.5.    Wrong  turns

dray  also  be  the  result  of  ulsslng  data.     h  this  case,   the  als81ng  arc

qiust  be  dlgltlzed  and  edited  bef ore   ZONGEN  vlll  produce  the  complete  set

of   zoneg.

The  tndber  of   zone  boundary  arcs  which  tDay  be  assembled  f or  one

Zone  ls  arbltrarlly  llmlted  by  a  tnaLxlmun  (usuaLlly  200).     If   the  zone

generating  procedure  attempts  to  create  a  zone  whoge  boundary  exceeds1_1--     _{

rf low  Des§age  will  be  given,   and  the  assembly  ofthe  llnlt,  a zone  ove

that  zone  ls  temlnated.
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Certain  errors  ln  the  data  my  cause  the  zone  generaclng  procedure

to  reach  a  node  fran  which  there  ls  no  possible  exit  arc.     This  sltua-

tlon  ls  temed  a  dead  end.

Operation

ZONCEN  begins  ty  allovitig  the  operator  to  select  one  or  two  ranges

of  f eature  codes  to  be  used  for  f lltering  arcs  ln  the  zone  generatloti

process.     Each  range  cotisiscs  of  a  lower  and  upper  bound  for  feature

codes,   and  only  those  ares  whose  f eature  codes   lie  within  one  or  both  of

the  ranges  will  be  considered  for  zone  boundary  assembly.

ZONGEN  creates  a  modlf led  image  of   the  Node  f lie  containing  only

those  node-arc  pairs  whose  arcs  meet  the  code  selection  requirements,

and  only  those  nodes  which  are  endpolnts  of  a  least  one  such  arc.    All

other  nodes  and  node-arc  pairs  are  ignored.

Once   this   image  has   been  constructed,   ZONCEN  proceeds   to  apply  the

left-Cum  procedure  to  each  (nodlfled)  node  record.    As  node-arc  pairs

are  used  in  zone  boundaries,   they  are  marked  so  that  each  will  be  used

for  only  one  zone.     Each  arc  ls  contained  in  the  inage  as  both  a

positive  and  negative  number  (each  arc  ls  a  boundary  between  tva  zones),

thus  each  arc  will  be  used  twice;  otice  ln  each  direction.

When  a  zone  boundary  ls   completed,   a  zone  code  equaling   the  zone

number  ls  assigned.     A  record  contalnlng  lnformatlon  about  the  zone   (see

Chapter   11.4  on  Databa§e  Structures)  and  linkage  to  the  zone  boundary

arcs   1s  created  and  stored  ln  the   Zone  £11e.     The  (signed)   arc  rrmbers

which  comprise  the  zone  boundary  are  linked  and  stored  in  the  Border

file.    A  posltlve  arc  number  indicates  that  the  arc  is  being  used  in  the

zone  boundary  ln  the  salre  direction  as  lt  was  digitized.
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ZONCEN  reports   the  zotie  number,   all  node  and  arc  nunber§  used  ln

the  boundary,   and  the  number  of  arcs  ln  the  boundary  for  each  zone.

msslng  data  or  other  errors  my  cause  wrong  turns  resulting  ln

dead  ends  or  zone  overflow.    This  lnf omation  ls  also  reported  to  the

tendnal.     If  present,   these  errors  "st  be  corrected  before  ZONCEN  my

correctly  assemble  all  zone  boundaries.

At  the  end  of   the  inn,   ZONGEN  reports   the  total  number  of  zones,

the  number  of  dead  ends,   and  the  number  of  zone  overflows.

ram  Pro£11e

NAI: ZONCEN  -  Zone   Generation

suBPROcRAMs:                    AINCLE,    CHANGE,    DEND.    FnopN,    FnTER,    Kol]IN,    LEFTRN,

LOAD,   rosAlc,    OvRELw,    snow,    zONOuT

LIBRARY   ACCESS :             RAFMAN

L"ITS:                           A  mximun  of   200  zones,   700  border  arcs  per  zone,   750

filtered  nodes  and  3000  arcs.

BASE   FILE   AccEss:      ARc,    roRDER,    NODE,    POINT,    ZONE

OTHER  FILES:                  Teminal   Input  <   11

Terminal  output  >  10
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rv.1    htrodtictlotL

The   two  uC111ty   librarle§,   RAFMAN  for  Random  File  management,   and

GRFMAN  for  Graphlcs  mnagement,   provide  the  basic  Support   required  by

GmlAP  Co  control  and  display  data.

RAFMAN  provldeg  a  unlfom  and  con81stenc  approach  to  the

acqulsltlon,  access  control,  and  deletion  of  data  comon  to  all  Crmp

base  £11es.    CR"AN  performs  a  parallel  function  for  the  display,   graph-

ical  inanipulatlon,   and  recrleval  selection  functions  comon  to  most

graphical  C"AP  programs.

This  section  provides  an  overview  of  the  logical  structure  of  the

randon  f lies  used  ln  CmlAP,   and  catalog`ies  the  complete  sets  of

routines   for  both  RAFMAN  and  GRFMAN.
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rv.2 RAFEN - Random Hle  mna enent

The  CrmAP  systen  requlre§  that  the  basic  data  f iles  be  of  such  a

nature  that  any  record  can  be  accessed  directly,   and  hence,   the  system

ls  deglgned  to  use  random  flies.    Without  random  files,   a  record  could

only  be  accessed  by  searching  (on  the  average)  a  najorlty  of  the  £11e

for  a  record  with  a  particular  key.    This  sequential  process  ls  costly,

both  ln  tine  and  resources,   and  ls  circumvented  ty  using  randotn  flies.

The  G~  system  also  requires  the  capablllty  of  adding  or

deleting  any  given  record,   but  has  no  coticem  f or  the  chronological

order  ln  which  addltlons  and  deletions  occur.     These  facts  suggest  that

a  file  management  progran  would  be  feasible  and  desirable.    Hence,   at

the  leaLst,   one  word  of  each  deleted  (or  unused)   record  should  be  used  to

dlstlngulsh  good  (used)   records  fron  free  (unused  or  deleted)   records.

This   flagging  process   ls   one  qnjor  feature  of  RAFMAN,   the  Random  File

mna8er.

The  second  qBjor  feature  ls  the  llnklng  of  all  free  records  ln  a

doubly-linked  chain.     This  1§  aLcconpllshed  by  using  two  words  of  each

f Tee  record  as  pointers  to  the  preceding  and  succeeding  records  ln  this
"£reelist."    Thl§  feature  prevents  the  need  for  file  conpactlon  which

could  tecone  necessary  af ter  anny  records  wlthlti  the  file  were

deleted.     It  also  eliminates  the  necessity  of  searching  the  file  for

freellst  (available)  records  when  a  new  record  is  to  be  added.

The  third  feature  of  RA"AN  ls   the  accounting  record.     This   record

ls  the  first  record  of  the  file  and  contains  a  getieral  picture  of  the

file  for  easy  lnspectlon.     It  includes  five  integer  values:

141



FIRST  -  A  pointer  to  the  start  of  the  freellsc

IAST    -  A  pointer  to  the  end  of  the  f reellst

MAX      -  The  mxlmun  length  o£   the  f lie  ln  records

USED    -  The  number  of  good  or  used  records  ln  the  f lie

LREC    -  The  length  of  the  record  ln  cords

Use  of   this  bookkeeping  record  ls  generaLlly  reserved  f or  RAFMAN,   and   the

above  values  are  rarely  altered  ty  other  programs.

File  Structure

Each  Cm{AP  random  file  consists  of  three  parts.     The  first  part

(A)  consists  of  a  record  which  contalrs  accounting  lnformatlon  for

RAFMAN  as  described  below.     The  second  part   (a)  is   the  set  of  records

which  are  currently  used  ty  the  CI"AP  syscen.    These  records  are  not

necessarily  contiguous  and  their  quantity  ls  contained  in  the  accounting

record.    The  Chlrd  part  (C)  consists  of  all  other  records  ln  the  file.

This  part  ls  called  the  "f reelist"  since  all  records  wlthln  lt  are  I ree

to  be  used  by  the  system.    All  records  ln  the  f reellst  are  doubly-linked

by  chaLln  pointers.

(A)     Accounting  Record

The  first  record  of  the  file  is  reserved  for  the  accounting

lnfomaclon.     This  accounting  record  contains  £1ve  integer  values  and

should  not  contalti  any  others.     These  values  are:
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1)  FIRST    -  The  record  number  of  the  first  available  record  ln

the  freellst  chain.

2)  IAST      -  The  record  number  of  the  last  available  record  ln

the  f reellst  chain.

3)  MAX         -  The  mximun  number  of  records   1n  the  £11e   (as  set

by  RMINIT),   llulted  by  £11e  creation  parameters.

4)   USED       -  The  "mber  of  records   ln  the  £11e  which  do  t`ot

belong  to  the  freellst,   that  ls,   are  being  used  by

the  system.

5)   LREC      -The  fixed  length  (1n  verds)  of  all  records   in  the

£11e.

(8)     Used  Records

There  are  only  two  restrictions  on  records  used  ln  the  £11e  when

structured  to  use  RAFMAN.

1.     The  record  length  tnust  be  set  to  at  least  five  cords   to

concaln  the  values  1n  the  accounting  record.

2.     The  first  word  used  ln  a  record should  be  a  posltlve

integer  value.    This  ls  true  lf  lt  ls  necessary  for  the  systen

to  distinguish  between  freelist  records  and  used  records   (see

below) .

(C)    Freellst

The  freellst  ls  a  doubly-linked  chain  of  records  which  are  not

currently  used  by  the  syscen.     The  advantage  to  having  such  a  chain  ls

143



that  used  records  may  be  released  anywhere  ln  the  f lie  and  reclalned

without  the  need  for  compactlon.    A  f reellst  record  consists  of   three

_integer  values :

I)  FIAG      -  The  first  word  of  a  freellst  record  will  contain  a

-1  and  nay  be  used  to  dlstlnguish  f reellst  records

from  used  records.

2)   PREI)      -  Contains   the  record  number  of   the  predecessor  ln

the  f reellst  chain.

3)   SUCC      -  Contains  the  record  ounber  of   the  successor  ln  the

f reellst  chain.

The  £1rst  and  last  records  in  the  freellst  are  special  since  the

first  has  no  precedessor  and  the  last  has  no  successor.    Hence,   the

first  record  ln  the  chain  has  itself  as

record  has  itself  as  a  successor.

BAFllAN  SDbroutlnes

a  predecessor  and  the  last

There  are  seven  routines  which  support  the  random  file  management

ln  G"AP.    These  routines  and  appropriate  calling  sequences  are

described  below.

RMCHKR  -  Check  Record  Number

This  routine  provides  protection  against  access  to  records  which

lie  outside  the  boundaries  defined  ln  the  accounting  record.    Only  those

records  which  lie  between  the  fixed  accounting  record  and  the  last
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available   (MAX)   record  my  be  legltltnately  accessed.     In  the  case  of  an

error,   the  RRERro  routine  ls  called  to  report  the  appropriate

lnf ormtion,  and  the  Status  flag  ls  set  to  inform  the  calling  routine  of

the  error.     It  should  be  noted  that  the  calling  routine  ls  responsible

for  deceminlng  lf  the  selected  record  is  a  part  of  the  freellst.

CAu   RMCHm   (IREC,   MAX,    IFC,    ISTAT),   where

IREC     =  Record  number

MAX      -  MaLxl"m  allowed   record  number

IF'C      -  File  code  of  associated  f ile

IS"T  a  I,   1f   IREC  is  legitimate

-i.  othervlse.

RERRO  -  Error  Report

This  routine  reports  a  variety  of  errors  related  to  random  f ile

management  to   the  output   f lie  previously  indicated  to   the  RMIOFC

routine.    A  call  to  RERRO  is  made  whenever  any  illegal  record  access  ls

aLttempted,   or  when  Sone  inconsistency  is   found  ln  the  file.     RRERRO

prints  a  message  containing  the  f lie  code  of  the  af f ected  file  and  a

predeflned  error  code  lndlcatlng  the  type  of  error.     If  this  error

occurs  during  an  operation  on  the  graphic  display  temlnal,   a  hardcopy

comand  will  be  issued  to  the  temlnal.

CALL   RMEREO   (ICODE,    HC),   where

ICODE  a  Error  code  to  be   reported

IFC      I  File  code  of  associated  file.
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"CETR  -  Get  a  Record

Thlg  routine  ls  called  to  obtain  a  record  from  the  freellst.

Provided  that  a  record  exists  (the  file  ls  not  full),   the  £1rst

available  record  16  unchained  from  the  freellst.     If  there  ls  no

available  record,   an  error  message  ls  printed  by  RMERRO.     Both

condltlons  are  ltidicated  to  the  calling  progran  which  ls  responsible  for

resetting  the  f reellst  flag  in  the  record.

CALL   RMGETR   (FC,    NUM),   where

HC  I  File  code  of  af f ected  f ile

Nun  a  Record  number  of   the  £1rst  available

record  ln  the  f reellst

I  -I  1f  record  ls  not  freelist  flagged.

RMINIT  -  Inltlallze  a  Random  File

This  routine  lnitlalizes  the  account  record  contents  and  the  free-

1ist  structure  for  the  indicated  file.    The  operator  ls  informed  of   the

current  file  size  and  the  suggested  size  fron  the  calling  program.     The

operator  theti  selects  a  maxin`m  size  for  the  f lie,   and  the  appropriate

record  values  are  reset.

This  routine  ls  also  called  to  extend  the  size  of  an  existing  file

wlchout  restructuring  the  freelist.    This  occurs  when  "CEn  atteupts  to

obtain  a  record  from  a  full  file,   and  causes   the  file  MAX  to  I)e

increased  by  25  percent  of   its  current  value.
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CALL   REINIT   (Ifc,   MAXP,   LENGR),   where

lfc      =  File  code  of  the  f lle  to  be

lnltlallzed

MAXP     a  Suggested  maxlmun  number  of   records

LENGR  a  Length  of   the   records   ln  words.

NOTE:     The  operator  will  be  allowed  to  select  the  mximun

record  number  based  on  the  coritents  of   the  f lie  and  the  value

suggested  ln  the  call.

RMIOFC  -  Set  Output   File  Code

This  routine  ls  called  to  lnf om  the  RAFMAN  subeysten  of  the  output

file  code  for  temlnal  output  ln  case  of  error.    Thl§  routine  must  be

the  first  RAFMAN  routine  to  be  called.

CAIL  RMIOFC   (IFC),   where

n.C  I  The  output  file  code.

RrmAGR  -  Page  a  Record   (Point  File  Only)

This  routine  decodes  a :E±g± number  and datum  off set  number  into  a

record  number  and  lntra-record  of f set  value.     It  ls  used  by  GmAP

programs  to  deterulne  the  location  of  coordinates  ln  the  Point  File,

which  is  a  packed,   paged  structure.
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CALL  RreACR  (NPAG,   NUM,    nEC,    DTR,    ISIZ)  where

NPAC  -  Page  number  contaLlnlng   the   record

N"    -  Datum  number  of  lten  to  be  paged

nEC  -  Record  number  contalnlng  item

IPTR  -  Of f set  wlthln  the  record

ISIZ  -  Number  of  data  ltens  wlthln  aL  record.

RlouTR  -  Put  a  Record  ln  the  Freellst

This  routine  returns  a  record  to  the  freellst.    The  freellst  ls

restructured  so  that  the  most  recently  returned  record  ls  set  to  be  the

FIRST  freellst  record  available.     If  the  freellst  flag  ls  already  set,

an  error  ls  reported,   and  the  calling  routine  ls  informed.

CALI.   RMPum  (IRC,   HUM),   where

lfc  I  File  code  of  af f ected  f lie

NUM  a  Record  number  of   record  to  be  returtied

to  the  f reellst

I  -I  1f  record  ls  already  freellst  flagged.
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r
rv.3    GRFllAN  -  era hlcs ram ement

The  graphlcs  nnnagenent  routines,   collectively  called  GRFMAN,

provide  graphical  display  caLpabilltles   for  the  CIMMAP  system.     These

routines  are  used  to  support  lnteractlve  edltlng  and  retrieval  functlons

on  the  graphic  display  (CRT)   terulnal,   and  to  interpret  base  £11e

lnf otmclon  for  the  production  of  lntemedlaLte  edit  plots  and  scribe-

coat  preparation  f or  eventuaLl  f our-color  nap  production.     These  routines

are  logically  dlvlded  into  three  groups.

The  f lrst  group  provides direct  display  capabllltles  on  the  graphic

display  temlnal,  and  ls  called  "unbnffered."    This  group  ls  further

divided  into  three  cacegorles-control,   virtual,   and  screen,   as

lndlcated  by  the  first  three  letters  of  the  routine  frames.    Control

routines  nodl£y  the  8taLte  of   the  display  device,   (Such  as  era§1ng  the

contents).    Virtual  routltie§  perfom  various  dl§play  futictlon§,   (such  as

dravlng  a  line),   and  operate  on  user-de£1ned  "virtual"  coordinates.

Screen  routines  parallel  the  virtual  routines,   but  operate  on  the  £1xed
"screen"  coordinates  defined  for  the  display  temlnal.

The  second  group  of  routines  provides  "buffered"  display  functions,

where  buf f erlng  ref ers  to  the  fact  that  the collection  of  display-

driving  data  ls  separate  f ron  the  actual  execution  of  the  display

itself .    Tbls  buffering  ls  used  when  very  laLrge  sets  of  data  are  to  be

displayed,  and  virtually  quadruples  the  speed  of  the  display.     This

group  ls  subdlvlded  into  control,  virtual,  and  screen  categories,

slnllar  in  function  to  those  of  the  unbuf fered  group.

The  third  group  of  routines  ls  the  plotting  routines.    This  group

provides  the  ablllty  to  convert  data  to  a  format  capable  of  driving  the

plotter  to  produce  paper  copy  on  scrltecoat  output.     There  ls  no
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subdlvislon  of  thl8  group,   because  the  coordinates  of  data  ln  the  CrmAP

base  flies-are  equivalent  to  those  expected  by  the  plotcer.

The  renalnder  of   chls  chapter  provides  a  catalogue  o£   the  GRFMAN

rouclnes.  a  very  brief  explanation  of  the  functions  of  each,   and  a

de8crlpclon  of  the`  calling  sequences  and  paranecers  for  each  routine.

150



GBFllAN  thhif I ered  Routlne8

OperaLtlon

Set  tnode  to  alpha-numerlc

Ring  Cerrinal  bell

Set  character  size

Erase  screen,   set  alpha  mode

Flnlsh  use  of  graphlcs  routines

Set  graph  code   (or  pen  up)

Hardcopy  temlnal  screen

Inlciallze  graphics  routines

Advance  alpha  corsor   (new  line)

Set   Z  ii:rode   (write   thru,   etc.)

Draw  a  box

Clip  a  line  segment

CaloulaLte  clip  code

Cursor  input

Convert  virtual-screen

I)raw  solid  line  segment

Draw  dashed  line  segment

Draw  window  f rare

Draw  hourglass  f lgure  at  point

Return  window  linlts

Draw  dark  line   (move  pen  up)

Print  number  at  point

L51

Control

GMCAro

GMCBEL

GMCCSZ

GMCERA

GMCFEN

GMCGrm

GMCHCP

GMCINI

GMcrm

GMCZMD

Virtual      Screen

GAV BOX            GM SBOX

GAVCLP            GM S CL P

GrvcoD           GMSCoD

GMVC SR            GMSC SR

GMVCV T            GMS CVT

GrvDRw           GHsl]Rw

GMVD SH            GMSD SH

GMVFRM            GM SFRM

GAVHRC            GMSHRC

GAVL "         GMSL "

GAVMOV             GMSMOV

GMV"       CM S"
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Draw  plus  symbol  at  point

Set  wlndov  llmlts

Draw  ''X"   syhool  ale  polnc

GrvpLS

GMVue

OwXIT

GMSPLS

CMsmu

GMSXIT



GBrmH  Biffered  Routines

Operation

Set  dashed  node  ln  buf f er

Set  graph  mode  ln  buf f er

Plot  btif fer  contents

Set   Z  mode  ln  buf f er

Clip  line  segment

Calculate  clip  code

Add  line  segment  (point)   to  buffer

Add  point  symbol  to  buf f er

GBPMAN  Plotter  toutlnes

Draw  a  line  to  a  point

Flnlsh  plotting  commands

hltlalize  plotting

Move  to  a  point

Draw  plus  symbol  at  point

Draw  an  X  at  a  point

CMPDRW

GrmFIN

Grin IN I

GrmMOV

GrmpLS

GrmxIT
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Control

GREDMD

CMBGMD

CrmpI.I

GRE ZMD

Virtual      Screen

CMV CIJ?           CM SCP

CMVC0 I)            GMSC O I)

GRE VLN           GRE SLN

GrmvpT         Grin sp I



i`,

Buf f ered  Control  Routines GRE-)

GMBGMD  -  Set   Graphlcs   lode

cAn  GREcro

GrmpLT  -  Empty   the  Plot  Buf fer*

CAII  GmpLT

*The  actual  emptying

process  Day  be  per-

formed  by  separate

routines   (CrmMT,

GrmM2)   on  some   systems.

CREzl®  -  Set   Z  Axl§

CALI.  Gmzro   (roI)EZ),   where

MOI)EZ  -   8*  Axis   Type  +  Line   Type,   with

Aris  type  a

a  -  Norml   (Narrow  Bean)

I  -  Defocus   (Wide  Beam)

2  -  Write-Thru  (Tenporary)

Line   rtype  =

0  -  Norml   (No  I)ash)

i  -  Dotted
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2  -  Dot  Dash

3  -  Short  Dash

4  -  Long  Dash.



Buf f ered   Screen  Rouclne8   (GRES-)

GnesDR  -  Draw  I,1ne   Segtnent   to  Point

CAIL  CrmsDR  (H,    H),   where

IX  -  X  screen  coordinate

H  -Y  screen  coordinate.

GrmstR  -  Draw  Hourglass  Figure

CALL  GRESHR  (H,    H,    ISIZ),   where

H,   IY  -  Screen  coordinates  of  center  locaclon

ISIZ      a  Size  ln  screen  units.

CrmspL  -  Draw  Plus   (+)   Symbol

CALL  GMBSPL   (H,    IY,    ISIZ),   where

R,   H  -  Screen  coordinates  of  cetiter  location

ISIZ      -  Size  ln  screen  units.

CrmsxI  -  Drav  X  Symbol   (XIT)

CALL  GMBSXI  (K,    H,    ISIZ),   where

ex,   If  -  Screen  coordinates  of  center  location

ISIZ      I  Size  ln  screen  units.
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Buf fered  Virtual  Routines   (GMBV--)

GrmvDR  -  Draw  Line   Segment   to  Point

CAIL  CrmvDR  (X,   I),   where

X  -  X virtual  coordinate

Y  -  Y  virtual  coordinate.

CrmvHR  -  Draw  Hourglass  Figure

CALL   GREVHR   (X,   Y,    ISIZ),   where

X,  Y  -  Virtual  coordinate  of  center  location

ISIZ  -  Size  ln  screen  units.

CrmvNU  -  Write  a  Number  at  a  Point

CALL   ®®VNU   (X,   Y,    NUM),   where

X,  Y  a  Virtual  coordinates  of  start  location

NUM    a  NImber  to  be  written.

GrmvpI.  -  Draw  Plus   (+)   Symbol

CALL   GREVPL   (X,   Y,    ISIZ),   where

X,  Y  -  Virtual  coordinates  of  center  location

ISIZ  a  Size  ln  screen  unlcs.

CREVXI  -  Draw  X   Symbol   (XIT)

CALL   GREVXI   (X,   Y,    ISIZ),   where

X,   Y  a  Virtual  coordinates  of  center  location

ISIZ  =  Size  ln  screen  units.
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Unbuf f ered  Control  Routines   (GMC-)

GMCAro   -   Set   Alpha  Mode

CALL   CMCAro

GMCBEI.  -  rung  Temlnal  Bell

CAIL   GMCBEL

GMCCSZ  -   Set   Character   Size

CAn  GMCCSZ   (ISIZ),   where

ISIZ  I  Size  of  characters

1  a  Largest

2  a  Next  largest

3  a  Next  smallest

4  =  Smallest.

CMCERA  -  Erase   Terminal   Screen

CALL   GMCERA

GMCEN  -  Flnlsh  Use   of   GRFMAN  Routines

CAI.L   GMCFIN   (ex,    H,    ISIZ),   where

IX,   IY  a  Screen  coordltiates  of  final  posltlon

of  cursor

ISIZ      =  Size  of  character  upon  temlnatlon.

NOTE:     Should  be   last   GREMAN  routine   to  be  executed.
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GMCGMD   -   Set   Craphlcs   rode

CALL  GMccro

GMCHCP  -  hltlate  IIardcopy  of  Teminal   Screen

GAEL   GMCHCP

GMCINI  -   hltlate  GRFMAN  Routines

CALL  GMCINI   (ISIZ,    IIfc,    I0FC),   where

ISIZ  a  Character  size  selection

IIFC  -  Input  File  code  (terminal)

IOFC  I  output  File  code   (teminal)

NOTE:     mist  be   the   first  GRFMAN  routine  to  execute.     Also   sets

the  lnltlal  screen  and  virtual  windows.     These  may  be  reset  by

CMSwro  and   GMVWND.     On   some   systems,   will   1nltlate  a   second

task  to  perf om  buf f ered  I/0.

CMCNUL  -  Move   Cursor   Co   Next   Line

CALL   GMCNUL   (LINES),   where

LINES  a  Number  of  lines  renalnlng  ln  current

Page.

1

NOTE:     Will   reset   to   top  of  page  when  full.

GMCzbo  -  Set   Z  Axis

CAIL   GMCzlo   (MODEZ),   where
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roDEZ  -  8*Axls   type  +  Line  type,   with

Axis   Type  a

¢  -  Normal   (Narrow  Bean)

1  -  Def ocos   (Wide  Beam)

2  -Write-Thru  (Temporary)

Line  type  -

a  -  Nomal   (No  Dash)

I  -  Dotted

2  -  Dot  Dash

3  -  Short  I)ash

4  -  Long  Dash
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feted Screen  toutlnes GMS--)

GMSBOX  -  Draw  a  Box   (square)

CAIL  GMSBOX  (H,    H,    ISIZ),   where

H,   H  -  Screen  coordinates  of  center

location

ISIZ      =  Size  ln  screen  units.

GMSCLP  -  Clip  a  Line   Segment  at  Wlndov  units

CAn  GMSCIJ?  (Hl,   Hl,   in,   H2,   ICOD),   where

Ixl,   IYl  g  Screen  coordinates  of

point  one

IX2.   IY2  a  Screen  coordinates  of

point  two

ICOD           =  Clip   code  of   point   one

NO":     Point  two  ls  assured  to  be  lnslde  the  screen  window,

while  point  one  ls  assumed  outside.     The  wlndov  llmlts  nu8t  be

§ec  ty  a  call  to  GMSWND  and  can  te  obtained  usltlg  GMSL".

CMSCcO  -  Calculate  Cllpplng  Code  f or  a  Point

CALL  GMSCOD   (H.    H,    ICOD).   where

H,   H  -  Screen  coordinates  of  point

ICOD      a  Clipping  code  returtied

a  -  Inside  window

+1  -  1£   less   than  Y  minlmun

+2  -  1±-  greater  than  Y  naximun
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+4  -  If  less   than  X  mlnlmun

+8  -  If  greater  than  X  naxlnun.

NOTE:     The  code  assigned  ls  relative  to  the  screea  window  as

clef lned  by   the   last   call  to  GMSWND.

GMSCSR  -  Graphic  Cursor   hput

CAn  CMSCSR  (ICHAR,    IX,    H),   where

ICHAR    -  Cursor  control  character

IX,   H  =  Screen  coordinates  of  cursor

location.

GMSCVT  -  Coordinate   Conversion

CAI.L   GMSCVT   (H,    H,   X,   Y),   where

IX,    IY  a   Screen  coordlnaces

X,   Y      a  Virtual  coordinates

NOTE:     This   conversion  i§  based  on  a  mapping  fron  the  screen

window  (as   set  by  the  last  call  to  GMSWND)   to  the  virtual

wlndov   (as   set   by   GMVWND).

GMSI)RW  -  Draw  nne   Segment   to  a  Point

CAn  GMSI)RT   (H,    IY),   where

IX,   IY  =  Screen  coordinates  of  point

to  which  segment  ls   drawn.

GMSI)SH  -  Draw  Dashed   Segment   to  a   Point

162



1

CALL   GMSDSH   (K,    H,   LEN),   where

K,   H  -   Screen  coordltlates   as   f or  GMSDRW

LEN         a  une   type  as   ln  GMBZMD.

GMSFRM  -  I)ran  Frame  at   Screen  Wlndov

CALL   GMSFRE   (I.EN),   where

LEN  specif les  a  line   type  as   ln  GrmzMD

GMSHRG  -  Draw  Hourglass   Figure  aLt  a  Point

CAn  GMSHRG  (H,    It,    ISIZ),   where

IX,   IY  a  Screen  coordinates  of  center

location

ISIZ      -  Size  ln  Screen  units

GMSL"  -  Return  Screen  Wlndov  Limits

CALL  GMSL"  (H1,   Hl,   IX2,   H2),   where

Ixl,   IYl  I  Screen  coordlnate§  of  window

tDlnlmun

IX2,   IY2  a   Screen  coordlnaces   of  window

maxlmun.

GMSMOV  -  Move   Cursor   to  a   Point

CALL  GMSMOV   (H,    H),   where

IX,   H  a  Screen  coordinates  of  point

NOTE:      Sane   a§   GMSDRW,   but  with  a  dark   (1nvlslble)   §egnent.
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GMSNun  -  Write  a  Ninber  at  a  Point

CAn  CMSNUM   (H,    1¥,   NUM),   where

IX,   H  -  Screen  coordinates  of  start  location

Nun        -Number  to  be  written.

GMSPLS  -  mac  Plus   (+)   tynbol  ac  a  Point

CAn  CMSPLS  (H,   H,   ISIZ),   where

H,   H  -  Screen  coordinates  of  center  location

ISIZ      -  Size  ln  screen  units.

OnswND  -  Set  Screen  Wlndov  Llnits

CALL  GMSWND   (Ixl,    Itl,    IX2,    H2),   where

Hl,   in  -  Screen  coordinates  of  wlndov

olnlnun

in,   H2  a  Screen  coordinates  of  window

maximum.

GMSXIT  -  Drav  X  at  Point

CALL  GMSXIT  (K,    If,    ISIZ),   where

H,   Ir  -  Screen  coordinates  of  center

location

ISIZ      =  Size  ln  screen  units.
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Unbuf f ered  Virtual Routines   ( GMIV-)

GMVBOX  -  Draw  a  Box   (square)

CAn  CrvB0X  (X,   I,   ISIZ),   where

X,  Y  -  Virtual  coordinates  of  center

location

ISIZ  -  Size  ln  virtual  units.

GMVCLP  -  Clip  a  Line   Segment  at  Wlndov  Limits

CAn  OwCu   (Xl,   Y1,   X2,   Y2,   ICOD),   where

X1,   Y1  -  Virtual  coordinates  of  point  one

X2,   Y2  -  Virtual  coordinates  of  point  two

ICOD       -  Clip  code  of  point  one

NO'rE:     Point   two   ls  assumed  to  be  lnslde   the  virtual  window,

while  point  one  ls  a§suned  outside.     The  window  llnlts  mist  be

set  by  a  call  to  CrvwND  and  can  be  obtained  uglng  CMVL".

GMVCOD  -  Calculate  Cllpplng  Code   for  a  Point

CAn  GAVCOD   (X,   Y,    ICOD),   where

X,   Y  a  Virtual  coordinates  of  point

ICOD  -  Cllpplng  code  returned

a  -  inside  window

+I  -  If   less   than  Y  minimum

+2  -  If  greater  than  Y maxinun

+4  -  If   less   than  X  nlnimum

+8  -  If  greater  than  X maxlmun.
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NO":     The  code  assigned  ls  relaclve  to  the  virtual  wlndov  as

clef lned  by   the   last   call   to   GMVWND.

GMVCSR  -  Graphic  Cursor   hput

CAIL  GrvcsR  (ICHAR,   X.   Y),   where

ICHAR  a  Cursor  control  character

Y,   Y    -  Virtual  coordinates  of  cursor

location.

GMVCVT  -  Coordinate  Conversion

CALL   GMVCVT   (X,    Y,    IX,    H),   where

X,  Y      -  Virtual  coordinates

IX,   IY  -  Screen  coordinates.

NOTE:     This   conversion  ls  based  on  a  napping  from  the  virtual

window   (as   set  by   the  last  call   to  CMVWND)   to  the  Screen  window

(as   set   by   GMSWND).

GMVDRW  -  Draw  Line   SegtBent   to   aL  Point

CAIL   GMVDRT   (X,   Y),   where

X,   Y  -  Virtual  coordinates  of  poiric  to

which  9egnent  is  drawn.

GMVDSH  -  Draw  Dashed   Segment   to  a   Point

CALL   GMVDSH   (X,    Y,    LE}J),   where

X,   Y  =  Virtual   coordlnaces   as   f or   GMVDRW
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LEN    a  Line   type  a8   1n  GREzro.

CMvmM  -  Draw  Frame  at  Virtual  Wlndov

CALL  GMVFRE   (LEN),   where

LEN  speclfleg  aL   line   type  as   ln  CrmzMD.

GMVIIRG  -  Drav  Hourglass  Figure  at  a  Point

CALL  GMVHRG   (X,   Y,    ISIZ),   where

X,   Y  -  Virtual  coordlnaces  of  center

location

ISIZ  -  Size  ln  screen  units.

CMVL"  -  Return  Virtual  Wlndchr  I.1Dlt§

CALI.  GMVL"   (Xl,   Yl,   X2,   Y2),   where

Xl,   Yl  =  Virtual  coordinates  of  window

nlnimun

X2,   Y2  -  Virtual  coordinates  of  wlndov

traxinun .

GMVMOV  -  Move   Cursor   to  a  Point

CALI.   GMVMOV   (X,    Y),   where

Y,  Y  =  Virtual  coordinates  of  point
'

NOTE:     Same  as   GMVI)RW,   but  with  a  dark   (1nvlslble)   segment.

GMVNUM  -  Write  a  Number   at  a  Point

CALL   GMVNUM   (X,    Y,    NUM),    where
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X,   Y  -  Virtual  coordinates  of  start  location

NUM    =  Number   to   be  written.

GMVPLS  -  Drav  Plus   (+)   tymbol  at  aL  Point

CAIL  GMVPLS   (X,   Y,    ISIZ),   where

X,   Y  -  Virtual  coordlrrates  of  center

location

ISIZ  -  Size  ln  screen  units.

GMVWNI)  -  Set  Vlrcual  Window  Lltnlts

CALL   GMVWND   (X1,    Y1,    X2,    Y2),   where

Xl,   Y1  -  Virtual  coordinates  of  wladov

Dinlnum

X2,  Y2  -  Virtual  coordinates  of  wlndov

DaxinuD.

CMVXIT  -  Draw  X  at   Point

CALL   GMVXIT   (X.    Y,    ISIZ),   where

X,  Y  -  Virtual  coordinates  of  center

location

ISIZ  -  Size  ln  screen  units.
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Platter  Routines   (Gum---)

GMPDRW  -  Draw  Line   Co   a  Polrlt

CAn  GrmDRT  (X,   I),   where

X,   Y  -  Plotcer  coordlnaces  of   the

desclnatloti.

GrmFIN  -  Flnlsh  Plot  Comands

CALL   GMPFIN   (XSIZE,    YSIZE),   where

XSIZE  a  Maxlnun  x-dlmenslon  of  plot

YSIZE  -Maxlmun  y-dimension  of   plot.

NOTE:     Should  be   the   last  GREMAN  routine   to  be  executed.

GMPINI  -  hltiate  Plotting

CAI.L   GMPINI   (XSIZE,   YSIZE,    IOFC),   where

XSIZE  a  Maxinun  x-dlnenslon  of  plot

YSIZE  -  MaLxlnuni  y-dlmenslon  of   plot

IOFC    a  Plot  output  file  code.

NOTE:     lfust  be   the  first  CRFMAN  plot  routine  to  execute.

GMPMOV  -  Move   to   a  Point

CAn  CREMOV   (X,   Y),   where

X,  Y  -  Coordinates  of  the  destination.

NOTE:     The  pen  is   lifted,   and  no   line  ls  drawn.
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GMPPLS  -  nan  Plus   fyDbol   (+)

CAIL  GMPPLS   (X.   Y,    SIZE),   where

X,  Y  -  Location  of  center  of  symbol

SIZE  -  Total  size  ln  x  and  y  of  symbol.

GrmxIT  -  Draw  X   Symbol

CALL   GrmxIT   (X,   Y,    SIZE),   where

X,   Y  -  Location  of  center  of   symbol

SIZE  -  Total  size  ln  x  and  y  of  symbol.



SECTION  V

ENSAs  GEOLcelcAL  smvEy  mlEmNTATION
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V.1    htroductlon

The  GIMMAP  system  has  been  developed  at   the  Kansas   Geological

Survey  as  both  a  research  ef f ort  to  develop  tools  for  geologic  research,

and  as  a  working  production  systen  Co  meet  various  cartographlc  needs  of

the  Survey.     Thus,   the  requlslte  operatlorial  procedures,   data  Sources,

and  peripheral  systems  have  been  obtaLlned  or  developed  Co  support  a

small-scale,   experlnental  production  effort.

these  facets  are  a  necessary  part  of  any  operational  system,  but

quite  obviously  will  differ  slgnlficancly  between  any  two

lnstallatlons.     The  input  sources,   file  nanlng  schemes,   and  dlgltlzlng

operations  will  necessarily  be  nan-statidard  ln  many  ways,   but  such

features  developed  elsewhere  will  share  some  cotmon  aspects.     For  Chls

reason,   this  secclon  presents   the  operational  developments  ac  the  Kansas

Geological  Survey  covering  (i)  the  generation  and  nanlng  of  files  for

the  data  base,   (2)   the  use  of  U.S.   Geological   Survey  (USGS)   quadrangle

tnaps  as  source  data,   (3)  an  lntroductlon  to  map  projection  and  unprojec-

tlon  for   the  two  projections  used  in  USGS  maps,   and  (4)  a  dlgitlzing

operator's  mnuaLl  used  at  the  Kansas  Geological  Survey.
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V.2.    File  rinD Gleneratlon

The  appllcatlon  of   the  GrmAP  system  at  the  Kansas  Geological

Survey  ls  prltDarlly  constrained  to  the  State  of  Kansas,   for  which  the

USCS  7.5'   topographic  qrap  series   ("quadrangle"  mpg)   1s  nearly

complete.    Because  these  maps  are  the  most  cotDplete,  high|uallty  source

of  geographic  lnfortDatlon  for  the  State,   the  decl91on  was  qnde  to  use

this  series  as   the  primary  source  of  input  data  f or  CIMMAP  at   the  tfansas

Geological   Survey.

This  declslon,   and  the  desire  to  be  able  to  retrieve  data  for

specl£1c  counties  has  led  to  the  de£1nltlon  of  a fg±±p±zr±E± as  the

fundamental  areal  unit  ln  G"AV.    This  ten  refers  to  the  lntersectlon

of  a  county  and  a  Uses  quadrangle  qrap  area.     County  patches  tnay  thus  be

joined  to  create  either  a  quadrangle  qnp  f lle  or  to  create  a  county  qnp

file  for  Kansas.

All  such  county  patches  are  treated  aLs  separate  entltles  for  dlgl-

tlzlng  and  f lie  generation,   and  thus  a  unique  nanlng  schedre  has  been

designed.     This  scheme  conblnes  the  unique  two-letter  coutLty  codes  for

the  State  (see  Appendices),   and  an  artlflclal  ordering  of  the  quadrangle

areas,   conslstlng  of  a  row  and  column  number  based  on  the  rectangular

Datrlx  of  quaLdrangles  covering  the  State.    For  G"AP,   this  natrlx

consists  of  26  rows,   numbered  from  the  South,   and  61  colums,   tmnbered

fron  the  west.

Thus,   for  exanple,   the  county  patch  defined  ty  the  lntersectlon  of

Douglas  County  and  the  Lawrence  West  quadraLngle  ls  tLaned  ty  the  concate-

nation  of  the  county  code  DC  with  the  row  (17)  and  colon   (55)  numbers

for  the  quadrangle.     The   (unique)   result  ln  this  case  ls  I)G1755.     In

practice,   the  data  retrieved  from  the  quadrangle  tDap  dray  be  stored  ln  a
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dl££eretlt  Set  of  files  than  other  Sources  of  data,   such  as  dlgltlzed

geologic  concacts.    A  letter  lndlcatlng  the  type  of  data  (such  as  a  for

base  data)  1s  usually  appended  to  the  county-row-colum  deslgnacor  to

produce,   in  this   instance,   DG1755B.     This 18   the  base  tiane  which  ls  used

to  name  all  f lies  connected  with  this  county  patch.

h  the  generation  of the  base  f lies  for  aLny  county  patch  or  other

area  of  interest,   a  complete  set  includes   (generlcally)  the  Arc,   Node,

Point,  and  Qplot  (display)  files.     in  addltlon,   if  areas  such  as

geologic  zones  are  Co  be  con§t"cted,   the  base  flies  would  lticlude

Border,   Label,   and  Zone  files.     These  flies  aLre  lndlcated  by  the  unique

first  letters  of   the  generic  names:     A,   N,   P,   Q  and  8,   L,and   Z.

Appended  to  the  base  name,   these  letters  lndlcate  the  specific  generic

nanes  for  any  set  of  map  base  files.

One  other  signl£1cant  attribute  which  "y  be  aLdvantageously

incorporated  ln  the  naming  scheme  arises  from  the  need  to  provide  a

backup  or  archival  system  for  the  data  base.     Thus,   two  sets  of  base

f lles  my  be  mlntaltied  for  a  particular  county  patch  to  protect  the

data  from  operator  error  or  other  catastrophic  events.    At  the  Kansas

Geological  Survey,   such  a  backup  ls  indicated  by  the  addition  of  the

letter  ''S"   (for  Save)   co  the  set  of  files  reserved  for  this  purpose.

Slnilarly,   the  letter  'W"   (Working)   is  appended  to  the  set  which  ls

being  created  or  modif led.

As  a  result,   the  complete  set  of  base  files  for  the  Douglas  County-

Lawrence  West  county  patch  contalnlng  the  quadrangle  map  base  data  would

be:
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Generic  Name

ARC-

BORDER  -

mEL=

NODE        -

POINT     =

QPLOT     =

ZONE         a

Save  File

DG1755B   AS

DC1755B   BS

DC1755B   LS

DG1755B   NS

DG1755B   PS

DG1755B_QS

DG1755B   ZS

Working  Files

DC1755B   AW

DG1755B   BW

DG1755B   LW

DG1755B   NI

DG1755B   PW

I)G1755B_QW

DG1755B   ZW

h  addition  to  the  base  £11es  described  above,   there  exists  a  set

of  dlgitlzed  data  files   for  each  map  area.    I)191tlzed  data  f lies  are

named  by  the  addition  of  the  letter  ''D"  to  the  base  nane.     Since  several

such  f lies  usually  exist  for  each  base,  a  sequence  number,   1ndlcatlng

the  order  of  digltlzation,   1s  appended  to  each  file  name.     The  first

dlgltlzed  data  £11e   for   the  exanple  would  be  named  DG1755B_Dl,   and   the

Chlrd  would   be   DC1755B   D3.

The  creation  of  syatactlcally  "clean"  data  f lies  ty  the  SYNEDT

program  results  ln  the  addltlon  of  the  letter  ''C"   (clean)   to  the

digltlzed  daLta  file  name  to  dlfferentiaLte  the  two  types.     The

syntactically  clean  version  of  the  second  digltized  data  f lie  ln  the

example   would   be   named   DG1755B  D2C.

Finally,   it  should  be  noted  that  although  these  "ming  schemes  may

be  used  to  provide  valuable  information  to  the  GrmAP  progran  modules,

all  Gm¢AP  program  modules  rely  on  a  particular  generic  naming  system  to

access  the  appropriate  base  f iles.     This   set  of  generic  names  tnay  be

lnstltuted  by  utlllty  (or  operating  systen)  functions  and  tnay  be  derived

from  any  consistent   i lie  naming  scheme  which  is  aLdopted.



I

V.3    Uses  Q`iadrangle  rape

As  vas  nentloned  ln  the  preceding  chapter,   the  primary  source  of

input  daca  f or  GrmAP  processing  at  the  Kansas  Geological  Survey  ls  the

series  of  7.5'   topographic  naps  ("quadrangle"  mps)  published  by  the

U.S.   Ceologlcal  Survey.     These  maps  are  available  through  the

Publlcatlon  and  Sales  Of f lee  of  the  Kansas  Geological  Survey,   or  through

the  National  Cartographic  Infomation  Center,   located  ln  Reston,

Virglnla.    An  index  mp  dlsplaylng  the  location  and  names  for  all  Kansas

Copographlc  maps  and  a  booklet  descrlblng  these  naps  and  their  symbology

are  available  fron  both  of  these  sources.

me  7.5'   quadrangle  naps  are  published  at  a  scale  of   I:24,000  (1

inch  -approx.   I  ulle),  using  either  the  Iainbert  Confomal  Conic  or  the

(Modl£1ed)  Polyconlc  projection.     (A  discussion  of   these  projecclone  is

contained  in  the  following  chapter.)     The  mpg  are  produced  ln  five

colors.    mnmade  features  and  nanes  are  black;  hydrologlc  features  and

names  are  blue;  urban  areas,   road  classlflcations,   and  U.S.   land  lines

are  red;  woodland  areas  are  green;  and  contour  lines  and  values  are  in

broun,  with  contour  intervals  verylng  ulth  the  relief  of  the  mp.    many

naps  ln  Kansas  have  been  recently  photo-revised,   and  revised  inf omatlon

ls  shove  ln  purple.
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V.4   LE_.Pro]ectlon  and  thprojecL±±g|

rap  projecclon  18  the  transfo"tlon  tool  ty  which  the  curved,

three-dlDenglonal  9orf ace  of  the  Earth  Bray  be  represented  ln  two

dlDenslon8  as  a  qrap.     The  lnformtlon  contained  on  a  drap  "st  dlf fer

fron  the  true  Surface  of  the  Earth,   aLnd  afly  sy§ten  concerned  with  the

accuracy  of  tnaLps  "sC  take  into  account  the  projection  of  these  mps.

As  noted  previously,   the  GD"AP  system  inplenented  at  the  Kansas

Geological  Survey  uses  prinarily  the  Uses  7.5'   topographic   (quadrangle)

Oaps  aLs  a  data  source.     h  the  State  of  Kbn§a9,   these  naps  have  been

projected  ln  elcher  the  Lembert  Conformal  Conic  or  the  M>dlf led

Polyconlc  projection.     The  ClrmAP  system  contains  sof tware  to  produce

these  two  projections,   and  their  inverse  functlon8.     The  inverse  of

projection  ls  referred  to  as  "unprojectlon,"  and  ls  the  conversion  of

dlgltlzer  table  coordinates  associated  with  the  qrap  into  latitude  and

longitude  values.

These  projection  and  unprojectlon  functions  allow  GrmAP  to  rectify

the  nap  edges  to  their  proper  locations,   and  to  fuse  existing  nap  data

fron  county  patch  areas  into  larger  scale  mps  of  coutitle§,   groundwater

management  dlstrlcts,   or  other  aLreas.     This   ls  po§slble  by  unprojectlng

the  data  to  latitude  and  longitude,   rectl£ylng  the  edges,   and

reprojectlng  the  data  according  to  the  sac  or  dl£f erent  projection

parameters.     If  these  functlons  were  riot  applied,  mp  areas  could  not  be

joined  without  leaving  gaps,   and  lines  common  to  two  areas  would  not

meet  properly  at  their  co[mon  boundary.

There  are  tnany  sources  o£  1nf omatlon  concerning  the  projection  of

qraps.     Among  these  are  Deetz   and  Adans   (1969),   Roblln   (1969),   and

Kellaway  (1946).     With  an  eye  toward  computer  appllcatlons,   Tobler
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(1962)  developed  a  paranetrlc  classl£1catlon  for  upp  projections.     The

development  of  projection  and  unprojectlon  sof tware  for  GENAP  relied

heavily  upon  the  work  ln  rahllng   (1973),   CIA  (1974),   and  upon  Richardu8

and  Adler  (1972),  whose  developtnent§  of   the  Polyconlc  and  fahoert

Conforml  projections  mere  found  to  be  the  rest  cotnplete.

Modl£1ed  Pol conic  and  lambert Conforml Conic  Pro ecclons

Geomecrlcally,   the  Modlfled  Polyconic  projection  ls  clef lned  to  be

the  collection  of  projectlon§  in  which  each  point  ls  projected  to  the

cone  which  ls  tangent  to  the  spheroid  (model  of  the  Eairth)  at  the  lati-

tude  of  the  point  being  projected.    This  produces  a  set  of  (1nfinltely

many)   cones  which  when  opened  become  circles  of  varying  radll.     These

circles  are  then  placed  so  as  to  be  correctly  spaced  along  the  Earth's

surface  at  the  central  nerlalan.    The  developnetit  of  the  projected

circles  and  their  relative  placement  ls  treated  ln  the  sources  listed

above.

The  geometry  of  the  hntiert  Conf omal  Cotilc  projection  i§  sinply

the  projection  of  all  polnt§  of  interest  onto  the  unique  cone  which

ltitersect8  the  spheroid  twice,   at  what  are  called  the  "standard

parallels."    These  standard  parallels  minlmlze  dlstortlon  lf  chosen  to

be  I/6th  the  distance  from  the  top  and  bottom  of  the  area  to  be

napped.    Again,   the  development  of  this  projection  "y  be  found  ln  the
'. sources  listed  above.
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The  unprojectlon,   or  conversion  to  latitude  and  longitude  from

table  coordinates,   of  nap  data  used  ln  the  CmllAP  systen  ls  qolce  simple

and  fast.    E8sentlally,   the  sane  techniqtLe  ls  used  for  both  the

Polyconlc  and  the  hambert  Conforml  Conic  projections.     The  process

beglng  by  qBklng  an  lnltlal  guess  of  the  lacltude  of  the  point  to  be

unproJecced.    This  guess  ls  based  on  the  nearly  linear  relatlonshlp

betveen  latitude  and  table  coordinates  for  snail  areas.     This  guess  and

the  orlglnal  coordinates  lead  to  a  corresponding  longitude  value.     The

latitude  and  longitude  are  then  projected  according  to  the  type  of

projection  used,   and  the  resultant  point  ls  compared  to  the  orlglnal,

re§ultlng  ln  an  apper  or  lower  bound  for  the  latitude  of  the  polnc.

A  search  width  is  developed  for  each  projection  type  by  detemlnlng

the  mxlnun  possible  deflectlon  of  a  point  from  the  linear  relatlonshlp

stated  above.     This  search  width  and  the  upper  or  lower  bound  which  was

f ound  ln  the  first  guess  are  used  to  envelope  the  point  between  an  upper

and  lover  latitude  boundary.   Successive  applications  of  the  linear

search  qethod  eventuaLlly  lead  to  a  latitude  and  longitude  value  whose

projection  lies  wlthln  a  predef lned  tolerance  value  of  the  original

point.     h  practice,   less  than  four  lteratlons  are  required  to  unproject

a  point  wlthln  a  tolerance  far  less  than  the  resolution  of  the

dlgltlzing  equlpnent.
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V.5   L9P9±±P  Dlgltlzlng  tE±±±±±

htroduct1otl

Thl8  chapter  detall8  the  operaLtlon  of  dlgltlzlng  for  the  Cmur

systen  ale  installed  at  the  Kansas  Ceologlcal  Survey.    inch  of  the  lnfor-

qratlon  contained  ln  this  chapter  drpllcates  that  contaltLed  ln  Chapter

11.4  on  Data  Input,   but  ls  couched  ln  the  production  environment  of   the

KGS.    This  particular  presentation  ls  an  erample  of  the  operational

understanding  required  ty  dlgltlzlng  operators  using  the  G~  system.

The  actual  operating  sof tware  which  controls  the  Bendlx  dlgltlzer

ale   the  KGS  ls   the  CORE-U-GRID  system,   provided  ty  Computer  EqulpDent

Corporation.    "1s  sof tware  ls  quite  complex  and  versatile,   but  only  a

mlnlBral  Subset  ls  actually  used  in  Gnin.lAP  dlgltlzlng.     This  subset

(shorn  below)  1s  very  ba81c,  and  can  be  found  ln  sore  fom  ln  nearly  all

dlgltlzlng  systeD8.

G~  I]IGITlzlNc  cormANDs

180

Coamand
Use

Enter  feature  code  or  f lag

Enter  map  header

mrk  end  of  data  £11e  on

tape

Move  tape  f orvard

kewind  tape

Start  new  data  f ile
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±Dlgltlck
CrmAP  ls  a  systen  for  capturing  geographic  data,   and  edltlng,

nodl£ylng,   and  producing  naps  by  conpucer.
The  data  are  taken  f ron

source  dBps  and  are  entered  into  the  computer  a8  geographic  points

represented  by  a  set  of  x,  y,   and  sooetlnes  z  coordlnateh    These  data

points  (or  coordinates)  enter  the  conpoter  ty  a  process  known  as  "dlgl-

tlzlng."    when  a  map  ls  dlgltlzed,   the  data  on  that  map  are  converted

into  mthenatical  coordinates  on  an  x-y  plaine.

GrmAP  ls  a  set  of  prograas  or  computer  lnstructlons  which  tells

the  computer  how  to  interpret  aLnd  mnlpolate  the  dlgltized  lnf ormtlon

to  produce  a  f lnlshed  product  which  ls  itself  a  nap.     This  new  map

dlffers  from  the  orlglnal  source  qrap,   because  while  lt  can  be  plotted  on

paper  like  the  orlglnal,   1t  also  exists  ln  the  Denory  of  the  cotnputer,

and  ln  this  fom  can  be  stored  for  future  use.
This  increases  the  value

o£   the  oap,   because  lt  can  now  be  reproduced  at  any  desired  scale,   and

lndlvldual  f eatures  Such  as  roads  can  be  changed  without  having  to  draw

a  new  map.     The  user  also  calm  choose  to  plot  only  certain  types   of

features,   instead  of  the  entire  mp.

Since  C~  1s  a  speclallzed  group  of  prograns,  1t  requires  the

data  to  be  ln  a  certain  formt.    mug,   there  ls  a  speclflc  procedure  to

be  used  ln  dlgltlzlng  a  map  f or  the  G~  system.    This  procedure,  or

syntax,   results  ln  an  end  product  called  a  "dlgltlzed  data  file."

1tlzed Data.  File

The  dlgltlzed  data  file  consists  of  three  parts:

the  control  points,  and  the  feature  lnfomatlon.
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tap  Header

The  aBp  header  identlf ies  the  data  £11e  and  ls  used  by  the  computer

as  a  reference  when  searching  the  data  hage;   the  header  is  the  ''name"  of

the  data  £1le.    A  special  co[mnd  ls  used  to  transnlt  tnap  heaLder  data  to

the  computer.     The  coflmand  is   the  letter  M,   followed  by  a  black  space.

The  mp  header  ldentif leg  the  area  being  dlgltlzed,  both  ty  an  abbrevla-

tlon  of  the  county  mane  and  by  a  f our-digit  code  which  ls  explained

below.     The  header  also  includes  other  lnformatlon,   described  below.

Entry  of  a  typical  mp  header  ls  shown  in  Figure  V.5.I,   using  the  con-

ventions  which  are  speclflc  for  appllcatlons  ln  Kansas.

MbDG1856B-D2bpM     b4APR80----, ` ------
1                 2                 4        5         6                            7

Figure  V.5.I.     Fomat  for  entry  of  map  header
(the  symbol  "¢"   represents  a  blank  space).

The  following  numbered  ltens  correspond  to  the  illustrated  mp

header  above.

(I)     DG  ls  a  county  code  abbreviation  for  Douglas   County.     Each

of  the   105  counties  in  Karlsas  ls  ldentlf.led  by  a  unique  two-

1etter  county  code.

(2)     The  four-digit  number  describes   the  map  location  on  a

statewlde  quadrangle  map  grid  systen  of   25  rows  and   61

colums.     The  first  two  dlglts  aLre  the  row  number,   the  second

two  are   ttie   colutm  number   (1n  this   example,   row   18,   colutnn  56).
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(3)     The  combination  of  the  county  (speclfled  ty  the  tva-letter

code)  and  erie  quadrangle  (speclfled  by  row  and  colum  numbers)

represents  a  unique  area  called  a  "county  patch"  1n  CmIAP,   and

ls  the  basic  unit  to  be  digltlzed.

(4)    These  letters  describe  the  data  fom  and  data  source.     The

£1rst  letter  (or  pair  of  letters)  speclf leg  the  source  document

type.     The  second  letter  ls  separaLted  fron  the  first  letter  (or

letters)  ty  an  underscore,  and  describes  the  fom  of  the  data

ln  the  file.

(5)    This  ls  a  sequential  number  ldentlfylng  the  cork  8esslon

during  which  the  qiap  wag  dlgltlzed  (the  second  Work  session  ln

this  erample).

(6)    A black,   followed  by  the  dlgltlzer's  lnltlals  or  tine.

(7)    Another  blank,   followed  by  the  date  of  the  work  session.

Control Points

The  control  points  are  the  coordinates  of  the  four  corners  of  the

qrap  (or  the  corners  of  a  clrcunscrlblng  rectangle,   1£  the  map  is  not

rectangular  ln  shaLpe).     These  define  an  area  which  contains  data  to  be

dlgltlzed,   and  fom  the  borders  of  the  dlgltlzed  map.    The  control

points  aLre  dlgltlzed  ln  counter-1ockwise  order,   8tartlng  and  ending

with  the  southwest  corner  of   the  map   (see  Fig.  V.5.2).
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5

NW               )N         NE

MAPSWSE

1-

Figure  V.5.2.     Dlgltlzlng  sequence  for  cotitrol  points.

Feature  Inf omatlon

The  feature  lnformtion  ls  Chat  data  represented  on  the  Imp  by

lines,   dots,   or  shaded  areas.     h  GrmAP  terminology,   lines  are  called

"arcs,"  dots  are  called  ''1solated  points,"  and  areas  are  tooun  as

"zotle§."     Sore  other  CIMMAP  terns  which  are  lnportant  for  understanding

digltizlng  are  "nodes,   "islands,"  and  "brldglng."

Nodes  are  points  which  have  one  or  both  of   the  I ollowlng  charac-

terlstlcs:     (I)  they  are  endpoints  of  arcs  (either  the  starting  or

ending  point),   (2)   they  are  the  lntersectlons  of  two  (or  more)  arcs  of

the  same  type.    Nodes  play  a  special  role  ln  dlgltlzlng,  and  are  treated

somewhat  dl£ferencly  than  the  other  points  along  an  arc.

An  island  is  an  arc  which  foms  a  complete  loop  and  has  no  natural

starting  or  ending  point.    to  dlgltlze  an  island,  an  arbitrary  point  ls

chosen  to  serve  as  both  the  starting  and  ending  points  for  the  arc.

Brldglng  occurs  when  tro  dif f erent  ares  connect  the  sane  two

nodes.     An  arbitrary  node  tmsc  be  added  sonewhere  along  the  interior

points  of  either  of  the  arcs.
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Each  type  of  feature  on  a  map  is  represented  by  a  unique  four-digit

number  called  lcs  "feature  code."    A  complete  list  of   feature  codes   ls

given  ln  the  appendices.     The  comand  D,   followed  by  a  blank,   1s  used  to

enter  f eature  code  lnf omatlon.    Below  ls  an  example  of  the  syntax  f or

the  feature  code  degcrlblng  a  two-lane  county  road,   as  lt  would  be  seen

on  actual  output  fron  the  dlgltlzlng  console:

Db2254 . , a .

The  f eature  code  header  ls  entered  as  a  pair  of  real  numbers   (contalnlng

decimal  points).     The  first  number  ls  the  feature  code  entered  as  a  real

number;   the  second  real  number  ls  a.

A  special  marker  called  a  "discontinuity  flag"  1s  used  to  indicate

that  two  consecutively  dlgltized  feacure§  are  not  connected,   as  would

othervlse  be  assured.     The  dlscontlnulty  flag  consists  of  one  pair  of

negative  coordinates  and  may  be  entered  by  digltlzlng  a  point  with  known

negative  coordinates,   or  by  use  of   the  Db  coumand:

Db  -   1.a,   -   1.¢

Another  marker,   called  a  'Theader  flag."  1s  used  to  signal  the  entry

of  a  feature  code  header.     This  f lag  consists  of  two  consecutive  pairs

of  negative  coordinates   (two  consecutive  dlscontlnulty  flags),   and

lmedlately  precedes  the  feature  code  header.

aratlons
'         Careful  preparation  will  help  reduce  errors  and  increase  the  digl-

tlzer's  ef flclency.     The  following  suggestions  should  be  considered

before  beglnnlng  to  dlgltlze.

1.     A  high-quality,   physically  undamaged  map  should  be  used  as   the

input   (data)   source.
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2.    A  conplece  llsC  of  all  features   to  be  dlgltlzed  and  their

respecclve  feature  codes  should  be  compiled,   and  be  readily  available.

3.     The  contents  of   the  map  header  should  be  decided  and  written

dora.    Locate  the  particular  quadrangle  on  the  quadrangle  reference  map,

find  lcs  row  and  column  numbers,   and  look  up  the  county  code  for  the

county  patch  being  dlgltlzed.

4.     Node  locations  should  be  decided  upofl  `for  the  arcs   to  be  digl-

tlzed.     These  locations  can  be  circled  lightly  ln  pencil  on  the  map

(unless  lt  ls  an  advance  sheet,   then  a  clear  plastic  overlay  mist  be

used ) .

5.     The  tnap  should  be  studied  for  the  occurrence  of  islands  and

brldglng,   and  artif lcial  nodes  should  be  chosen  to  remedy  these  sltua-

tlon8.     These  also  may  be  marked  lightly  ln  pencil.

6.     The  sequence  of  digltizing  should  be  decided  upon  before  start-

ing.

7.     The  map  should  be  flmly  secured  to  the  table  with  tape.     Care

should  be  taken  to  ninlmlze  wrinkling  and  stretching  of  the  map.     The

layout  of  the  digitlzlng  table  ls  shown  ln  Figure  V.5.3.

Taplng  the  Map  to  the  Dlgltlzlng  Surf ace

I.    The  map  nay  be  placed  with  the  x-axis  ln  a  vertical  or  horlzon-

Cal  orientation  (or  any  orientation  that  ls  convenient).
r'        2.     Tape  down  one  corner  of   the  map  using  an  ample  piece  of  nasklng

tape   (a  1"  to  1.5"  strip  ulll  do  veil).     Smooth  out  any  b`rmps  or

wrrinkles  ln  the  map  by  brushing  your  hand  across  lt,   startitig  f ron  the

taped  comer  and  moving  towards   the  diagonally  opposite  comer.     Then,

tape  this  corner  down,  keeping  the  map  pulled  taut.    Repeat  this  proce-
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dure  for  the  other  two  comers  of  the  tnap,   mklng  sure  to  reduce

wrinkles  and  buqips  as  much  as  possible,   since  they  will  greatly  af feet

the  accuracy  of  the  dlgltlzed  points.

Figure  V.5.3.    Layout  of   the  dlgltlzlng  table.
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gE_Ftlng  the  DlglElzlng  Table  Or|g±±

I.    rove  the  oursor  §o  that  lt  ls  lnslde  the  origin  harbor  so  that

the  metal  spike  £1ts  into  the  corresponding  notch  in  the  cursor  as  shorn

ln  Figure  V.5.4.

Spike

Figure  V.5.4.     Setting  the  dlgltlzlng  table  orlgln.

2.    Line  up  the  cross-hair  circle  and  the  black  orlgln  circle  as

best  as  you  can.     When  they  are  lined  up,   carefully  press  the  RED  cursor

button.     The  REI)  cursor  button  ls  used  only  for  setting  the  origin.

3.     "e  origin  ls  now  set.     The  map  can  be  placed  anywhere  within

the  area  defined  by  the  four  black  circles   (dots),   one  of  which.  is

located  near  each  corner  of  the  dlgitlzing  table.    This  area  ls  called

the  "dlgltlzlng  area."

Dlgltlzlng  Theory

The  previous  suggestions  for  digltizlng  preparation  will  be

extremely  helpful  ln  planulng  how  Co  dlgltlze  the  data  represented  by

the  various  groups  o£  features.     Establish  a  sequence  or  order,   by  which

you  plan  to  go  f ron  one  f eature  type  group  to  anotber  with  naxltnun
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efflclency.    You  "9t  organize  the  nrany  features  on  the  qBp  into  groups

of  the  Sane  feature  code  (wr|ce  doun  these  groups  1£  1t  will  help  you

renenber  then).   then  figure  out  tw  you  wish  to  go  about  dlgltlzlng

these  groups.    unlle  egtab||shlng  this  order,   consider  the  suggestions

below  8o  you  will  have  a  good  idea  of  what  you  are  going  to  do  bef ore

you  start.

1.     There  are  three  types  of  features:     1§olated  points,   arcs,   and

zone-boundary  arcs.    Dlgltlze  all  isolated  points  first,  all  non-zone-

boundary  arcs  second,   and  all  zone-boundaLry  arcs   last.

2.    Within  one  feature  type  there  my  be  may  groups  of  features,

each  with  its  oun  feature  code.    Dlgltlze  all  £eature§  of  the  Sane  code

ln  one  group.     This  will  help  reduce  the  number  of  omissions  and  also

the  mmber  of  feature  code  headers  used.

3.     If  there  are  tinny  features  of  the  sac  type  and  feature  code,

dlgltlze  then  ln  an  order  sinllar  to  reading  a  page  ln  a  bock  (let t  to

right,   top  to  bottom).     This  will  help  reduce  the  number  of  omlsslons.

Ttro  suggestions  to  be  cotisldered  while  dlgltlzltig  are  as  follows:

1.    Draw  a  llghc   (but  obvious)  pencil  tnark  through  all  features

which  have  I)een  dlgltlzed.     Thlg  should  te  done  ac  a  convetllent  tine,

such  as  after  entering  a  flag.

2.    when  entering  a  flag  (by  digltlzlng  polnt§  with  negative  coor-

dinates  with  the  cursor,   or  ty  typing  in  DS-1.¢,-I.a  at  the  console)

mke  §ure  to  remember  where  you  stopped  dlgltlzltig  so  you  can  returti

there  aLfter  entering  the  f lag.
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Point  vs.   Line  frode

There  are  two  foms  of  dlgltlzlng:    point  Erode  and  line  Bode.     h

point  code,  a  single  point  18  transndtted  at  each  depression  of  the

cursor  button.     WE  WILL  ALWAYS  BE  DIGITIZING   IN  POINT  roDE!      h±±Ei

ife  a  conclnuous  strean  of  points  ls  transDltted  while  the  cursor

button  ls  depressed.

Cursor  Contact

rm   cuRsOR  rmsT   sTAy   IN   CONTACT  wlTH   THE   MAp   SUREACE   AT  AI.L   TREs

during  the  dlgitlzlng  process.     If  you  lift  the  cur§or  off  the  board

surface,   a  buzzer  will  sound,   to  let  you  know  that  the  table  orlgln  has

been  lost.    Use  the  following  pr6cedure  1£   this  happens:

(1)    Press  the  red  cursor  button  to  sllemce  the  buzzer.

(2)    Reset  the  coordinate  axes  by:

(a)  resetting  the  table  origin,  and

(b)  redef ining  the  x-axis,   scale,

and  reference  point  for  the  map.

(3)     Start  digltlzlng  from  the  point  where

the  axes  mere  destroyed.

±Erectlng  Typing  Errg±±
If  you  mke  a  mistake  when  typing  aLnd  you  catch  lt  bef ore  you  press

the  carriage  return,   press   the  "CTRL"  and  "Xl'  keys  on  the  cotisole,   which

will  erase  the  line.     type  ln  the  correct  text  followed  ty  a  carriage

return.
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Dlgltlzlng  Accuracy

BE  AS  ACCURATE  AS   |S  HUMANI.I  rossIBLE  when  dlgltizlng  data   f ron

nape.    The  data  are  going  into  a  scatewlde  database,   so  accuracy  ls ZSE

lmportat`C.    Use  the  cursor  wlndov  crogshalrs  to  get  as  good  a  fit  as

po8slble.    Then  dlgltlzlng  nodes,  tnake  sure  that  you  do  not  cove  the

cursor  between  the  flrsc  and  second  presslngs  of  the  cursor  button.     If

the  cursor  ls  roved,   the  conputer  vim  read  lt  as  tro  single  points

lnscead  of   aLs  a  node.

1tlzln Isolated  Points

isolated  points  such  as  quarry,  rine,   or  well  locations  are  treated

differently  than  arcs  and  zone-boundary  arcs  by  GrmAP  prograns.    All

types  of  lsolaLted  polncs  have  feature  codes   from  1000  to   1999,   and  are

dlgltlzed  once  only.   one  right  af ter  the  other.    D1§contlnulty  f lags  are

not  used,   because  by  clef initlon  tbere  ls  always  a  discontlnulty  between

two  isolated  points.
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1tlzln eratlons

h  the  £ollovlng  exercise  ve  will  "n  through  an  actual  dlgltlzing

ses81on,   £ollowlng  the  "coaversatlon"  between  the  computer  and  the

dlgltlzer,   through  the  computer  console.     Comands,   1nscructlons,   and

cautions  are  discussed  ln  the  comments  column.     Sons  of   the  symbols

refer  to  Chls  exercise  only, and  are  not  used  ln  real  operation  with  the

computer.     These  special  symbols  are:

8          a  blank  space

a           the  number  zero

0         the  letter  0

<cr>    carriage  return

n          sequence  or  step  number  for  this  exercise.

In  the  computer/operator  column,   all  computer  generated  messages

and  operator  responses  will  be  ln  CAPITAL  LETTERS;   operator  responses

will   be   UNDERLINED.

Seq.   Nb. uter I 0 erator
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Coments

Boot  up   the  Nova.     See

"Boating  Up  the  Nova"   1n

appendices .

Set  the  dlgltlzlng  table

origin.     See  "Setting

Cursor  Orlgln"  in  appen-

dices .



I- EEral.quHE=Em.EEEHEFT

CECASC 11  <cr>

CEC   DIGITIZATIOu   SYSTEM

DIG.    2   POINTS   ALONG  X-AXIS
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Set  ap  desired  map  on  the

dlglclzlng  table.     See

lnstructloas  in

appendlce9 .

Computer  requests  progran

none  code  f or  the  CEC

dlgltlzing  progran.

Regponse.

Dlgltlze  too  poltit§  alotig

the  x-axis  of  the  mp.

For  Gnne  applications,

dlgltlze  the  southwest

corner,   then  the  southeast

corner  of   the  tnaLp.     Digl-

Clze   these   AS   ACCURATEI.Y

AS  POSSIBLE,   as   they  will

af f ect  the  accuraLcy  of   the

dlgltlzed  coordltiates.



Seq.    NO. quuter/Cper±

SUPPIJY   SCALE

<cr>r-=J

DIG.    REFERENCE   POINT

SUPPI.Y   X,Y   VALUES   AT   REF.    PT.

194

Coments

Requests  scale  lnf orma-

tlon  for  the  nap.     By

entering  a  carriage

return,  we  tell  the  com-

pucer  that  a  one-to-one

relatlonshlp  exists  ln

this  case.  This  ls  t"e

for  all  GmlAP  dlgltlzlng.

Dlgltlze  the  southwest

corner  of   the  map.     Again,

digiclze  as  accurately  as

possible.

Entered  as  a  pair  of  real

numbers   (reqolrlng  a

decimal  point)  in  the

fom  of  coordinates.    All

points  f archer  than  one

unit  southwest  of  this

point  will  have  negative

coordinates,   and  may  be

used  as  flags.



Seq.    NO.

10

uter/ erator

READY

RE2000  <cr>
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Coqnent§

The  coordinate  plane  has

been  lnltlallzed.    Dls-

nount  boot  tape,   then  load

dlgltlzlng  tape.    If  the

dlgltizlng  tape  ls  new,  we

my  start  ln  at  the  begin-

nlng  of  the  tape;  but  lf

lt  has  been  used,  we  must

advance  the  tape  past  all

previously  recorded  data

£11es.     (If  using  a  new

tape,   skip   Step   10.)

in  order  Co  advance  the

tape  past  the  previous

files,  ve  use  the  RE

cotbmand,   which  advances

the  tape  the  speclf led

number  of   records   (1n  this

case,   2000)  or  until  the

fllemack  ls  reached.     Any

number  of   records  may  be

specif led,  but  the  tape

will  advance  past  only  otie

£1lemark  at  a  tithe.



Seq.   NO.

11

12

13

14

±p_uter/Oper±

TAPE   STATUS: 1000100l¢l

REAI)Y

RE  <cr>

READY

Ob4   <cr>

READY

MSDG1 865B-I)2bpM$4APR80

Comments

Indicates  that  the

f llemark  has  been  reached

(1f  we  have  advanced  past

all  previous  data  files,

ve  day  now  start  Co  dlgl-

tlze).     The  coqiputer  ls

ready  to  continue.

This  command  turns  of f

the  echoprlnt  feature  of

the  CEC  dlgltlzlng  system.

This  cormand  lnscructs

the  computer  to  record  all

f ollowlng  inf ornation  and

data  on  the  digltlzing

tape.

<cr>     All  1nf omaclon  following

READY
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the  "M|6"  1s  the  mp  header

f or  the  county  patch  being

dlgitlzed.     The  M  ls   the

command  used  to  enter  the

header  into  the  computer.



Seq.    NO.

15

16

±pp_ter/OpeJap

Db4330. a  <cr>

197

Comments

I)191tlze  control  points,

startlag  with  the  south-

west  comer  of   the  map  and

contlnulng  around  the  nap

ln  a  counter-clockwise

f ashion,   ending  with  the

southwest  corner  of   the

map.    Accuracy  ls  impor-

Cant !

All  lnf ormatlon  f ollowlng
"Db"  1s  the  feature  code

header.     The  feature  code

header  ls  entered  using

the  D  cormand  f ollowed  by

a  blank.     The  feature  code

ls  entered  as  a  pair  of

real  numbers,   like  coor-

dlnates,   where  the  Tx-

coordinate  ls  the  f eature

code  and  the  y-coordinate

ls  a.   (zero).    A  complete

list  of  f eature  codes  ls

given  ln  the  appendices.



Seq.   NO.

17

18

±uter/Opera€_Q[

D$ 1 I lo . , a. <cr>
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Co-nts

Dlgltlze  all  arcs  o£   Chig

feature  code,   remeqberlng

to  use  discontinuity  f lags

betveen  unconnected  arcs

of   the  sane   type.     When

f lnlshed  dlgltlzlng  all

arcs  of   the  same   type,

enter  a  feature  code  f lag

(tiro  dlscontlnulty  flags)

to  denote  the  end  of   this

feature  code  data  set.

Dlgltlze  all  arcs  of  this

feature  code  type.     h

this   caLse,   though,   we  are

dealing  with  isolated

points,   so  we  need  not  use

a  dlscontlnulty  f lag

between  unconnected  arcs

because,   by  clef inition,   we

have  no  connected  arcs.



Seq.   Nd.

19

20

21

Ill I,

uter/0 erator

RE   <cr>

Coments

When  all  arcs   f or  Chls

feature  code  have  been

dlgltlzed,   enter  a  f eature

code  f lag,   then  enter  the

next  feature  code.    Con-

tlnue  ln  this  manner  until

all  f eature  code  groups

have  been  dlgltlzed,   thus

completely  dlgitizlng  the

county  patch.   The  end  of

this  f lie  must  be  marked

with  a  £1lemark.

Fllemark  comand  1§sues  a

f llemark  to  denote  the  end

of  this  data  file.

TAPE   STATUS: lo¢OIOOIO¢OI          Indicates   the   filemark  has

been  issued.
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drr

Sea.   NO.

22

23a

23b

utet / 0 erator

N  <cr>

READY

200

Coments

The  dlgltlzer  operator  now

has   two  optlong:     (I)

continue  with  work  session

by  dlgltlzlng  another

county  patch.   or  (2)   end

the  work  session  by  re-

wlndlng  the  tape  and

shutting  off   the  system.

OPTION   I:       CONTINUE   WORK

SESSION.     ''Nev  rap"   com-

mand;   go   to   Step   5.

OPTION   2:       CONCLUI)E   WORK

SESSION.     Follow  remiriing

steps.



Seq.   Nd.

24

25

26

uter/O erator

in  <cr>
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Coments

Rewlnd   cormand:     Rewlnds

dlgitlzlng  tape  to  the

LOAD  polnc.     Next   press

RESET  and   then   REWIND

buttons  on  the  f ront  panel

of  the  tape  drive  to

completely  rewlnd  tape.

I)1snount  tape  and  place  it

in  its  storage  case.

Af ter  dlsmountlng  the

tape,   press   the  power

button  on  the  tape  drive

to  turn  lt  off .    Next,

turn  the  pover  key  f or  the

Nova   Co   the   OFF

po81tlon.    Last,   f lip  the

power  switch  to  the  con-

sole  to  the  OFF  posltlon.

Fill  out  Nova  usage  and

project  completion

records.    Label  the  dlgl-

tlzlng  ta,pe  to  show  what

has  been  added.



±ngTerp±±±E9EL

Arc

Brldglng

Continue  Node

Coutity  Patch

Line   (a  set  of  points)  between  two

nodes.

Sltuatlon  where  two   (or  qrore)  arcs  have

the  sane  §tartlng  and  endltig  nodes,   so

dlstlngulshltig  between  then  can  be  a

dlleuma.     Thl§  i§   solved  by  using  an

"artl£1clal  node"  along  the  lnterlor

points  of  either  arc,   to  preserve  the

uniqueness  of  the  arcs.

Special-puxpo§e  node.     I)191tlzed

TWICE.     Used  where   the  endpoltit   of   ati

arc  of  the  Sane  type  ltitersects  the  arc

being  digltlzed  but  we  do  not  wish  to

end  the  arc  at  that  point.    Used  to  mark

this  endpoint  along  the  lnterlor  of  the

first  arc  (such  as  a  branch  ln  a  river).

htersectlon  of  the  county  to  be  dlgl-

tlzed  and  the  quadrangle  map  boundaries;

that  ls,   the  portion  of  the  coutity  that

ls  being  dlgltlzed  that  19  represented

on  the  quad  map  being  used.
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Dlsconclnulty  Flag

End   Node

Feature  Code

Feaiture   Code  Header

Header  Flag

Entry  Cotrmnd :

Forqra t :

203

-

A  pair  of  coordlnaces  with  negative  X,   Y

values  entered  by  one  of  tro  methods:

(a)  dlgltlze  a  point  to  the  southwest  of

the  reference  point  of  the  nap,   or  (b)

use  the  D  cotmand,   followed  by  -I.a,

-I.a  (Db-I.a,-I.a).     Indlcaces  to  the

computer  that  another,   but  unconnected,

arc  of  the  same  type  is  going  to  be

dlgitlzed.

hast  point  along  an  arc.    Dlgitlzed

TWICE.

A  fourndlglt  integer  which  uniquely

describes  any  nap  feature  (Such  as

roads,   county  boundaries,   etc.).     See

the  appendices  for  a  complete  listing.

Feature  code  which  describes  the  arc  or

group  of  arcs  being  digitlzed.    Entered

as  a  set  of  X,   Y  coordinates.

D8

111¢.,a.

Tto  con§ecotlve  pairs  of  negaLtlve  X,   Y

coordinates  entered  by   (aL)  dlgltizlng  aL

point  Co  the  southwest  of  the  reference



point  twice,   or  (b)  by  enterltig  the

following  twice:    Db-I.a,-l.a.     Indi-

cates  that  the  next  feature  to  be  dlgl-

tlzed  will  be  of  a  different  code.

hterlor  Polncs

I81and

Isolated  Point

mp  ifeader

Entry  Co-nd:

Formt :
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Points  along  an  arc  which  help  to  clef ltie

its  shape.    Dlgltlzed  once  only.

An  arc  which  foms  a  complete  loop  and

has  no  natural  starting  or  ending

point.     h  this  case  we  choose  an  arbl-

trary  point  to  serve  as  an  "artlf lcial"

node  which  acts  as  both  the  start  and

end  nodes.

An  arc  with  no  lnterlor  points.    Dlg1-

tlzed  once.

Textual  1nf ormtlon  which  describes  the

map  being  digltlzed.     Identifies  the

county  patch,  data  source,  dlgitlzing

session,   digltlzer's  none,   and  date

dlgltlzed.

Mb

DG1856B-%PMb4APR8¢



Node

Quad

Quad  Ref erence  rap

Start  Node

Zone
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Point  which  1§   (a)  an  endpolnt  of  an

arc.   or  (b)   the  lnter8ectlon  of  two  (or

more)   arcg   of   the   sane   type.     NODES  ARE

DICITIZED  TWICE.     There  are   three   types

of  nodes:     start  node,   end  node,   and

continue  node.

Uses  quadrangle  nrap.     Source  for  dlgl-

tlzlng  data.

A  mp  of  ransas  which  ls  broken  doun

into  a  grla  of  26  rows   (horizontal)  and

61  columns   (vertical)  representing  the

quad  mpg  for  this  State.    Enables  us  to

create  ref erence  numbers  for  mp  headers

when  digltizlng.

First  point  along  all  arc.    Dlgltlzed

TW ICE .

A  continuous  area  on  a  anp  characterized

by  some  cormon  feature  and  theref ore

shaded  or  colored,   such  as  a  forest,

ollf leld,  soil  unit,  or  geologic  f orma-

tlon.     This  area  ls  enclosed  by  one  or

note  arcs.



1tlzln 1e  Problem

me  dlagran  below  represents  a  Imp  to  be  dlgltlzed.    Nodes,   1nter-

1or  points,   control  points  and  special  cases  such  as   isolated  points  and

brldglng  are  all  used  ln  this  erample,   to  give  you  some  experience  ln

the  thought  process   that  goes  into  dlgltlzlng  a  map.    We  will  work

through  Chls  process  f ron  dlgltlzlng  the  control  points  to  the  last  end

node.   with  notes  on  hints  and  shortcuts  which  can  be  taken.

FEE

©n
An

n i
_n_I

nI__-
206

Node   (a  =  sequence  no.)

Isolated  Point

Interior  Point

Control  Point

Dlgltlzing  Sequence

Dlscontlnulty  Flag

Feature  Code  Flag   (change  in  feature
code)



Let  us  assure  that  the  mp  has  already  been  "senip"  using  the  CEC

Dlglclzlng  Program,   the  map  header  has  been  entered,   and  that  ve  are  now

ready  to  dlgltlze  the  control  polncs.

Starclng  with  the  southwest  corner,   dlgltlze  the  control  points  ln

counter-1ockwise  order  ty  following  sequence  numbers   I  through  5.     The

southwest  comer  ls  also  the  last  control  point  to  be  dlgltlzed.    When

digitlzlng  control  points,  you  need  only  press  the  cursor  button  once

for  each  point.     This  differs  fran:E9±±E,   where  the  button  ls  pressed

twice  at  each  point.

We  can  now  start  to  dlgitize  the  various  features  on  the  lnap.

First  ve  enter  the  f eature  code  header  for  the  arcs   (by  using  the  D¢

conmnd),   connecting  nodes   I,   2,   3,   4,   5.     Next,   Node   1   (the £±±Einode)

1s  dlgltlzed  by  llnlng  up  the  point  ln  the  cursor  window  with  the  point

on  the  mp,   then  pressing  the  cursor  button  twice  (being  careful  not  to

move  the  cursor  between  the  first  and  Second  pressings).

Since  the  arc  connecting  nodes   I  and  2  1s  a  straight  line,   we  need

not  dlgltlze  any  lnterlor  points,   and  ve  can  next  dlgitlze  node  2  (nodes

are  pressed  twice,  while  lnterlor  points,   control  points,   and  isolated

points  are  pressed  just  once).    After  dlgltizlng  tiode  2  (a continue

node)  we  rove  right  along  towards  node  3,  dlgltizlng  an  appropriate

number  of  lnterlor  points   (enough  to  get  a  close  approxlmatlon  of  the

line  represented)  until  we  reach  node  3,  which  ln  turn  ls  dlgltlzed

(node  31s   also  a  continue  node).     We  now  move   towards  node  4,   taking

lnterlor  points  Where  necessary.

Node  4  is  called  an  "artlf iclal"  node,   because  lt  ls  dlgltlzed  to

help  prevent  a  situation  known  as  "bridging,"  which  occurs  when  two

nodes  are  cotinected  by  two   (or  more)  arcs.     If  node  4  were  not  intro-
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duced,   nodes   2  and  3  would  be  connected  by   two  arcs  which  could  not  be

uniquely  described.

Node  4  1s  dlgltlzed  then,   and  we  trove   towards  node  2  to  complete

the  loop.    We  dlgltlze  an  appropriate  number  of  the  lnterlor  polncs,

then  f lnlsh  the  arc  ty  dlgltlzlng  node  2  aLgaln,   this  tine  a8  an £Ei

node.    We  now  nust  use  a  dlscontlnuity  f lag  to  lndlcate  that  the  next

arc  does  not  cotinect  nodes  2  and  3.     This  ls  done  ty  dlgitlzlng  a  point

to  the  southwest  of  the  southwest  corner  of   the  map  (the  reference

point),   or  by  using  the  altemate  method.    The  altemate  "2thod  of

entering  a  flag  ls  to  type  ln  a  pair  of  negative  coordinates  -I.,   -I.  by

using  the  D  coumnd.     The  line  typed  in  will  lock  like  this:

I)S-I.,-I.    After  the  dlscontlnuity  flag  has  been  entered,  we  dlgltlze

node  3,  this  time  as  a ±node  for  the  arc  connecting  nodes  3  and

5.    We  then  nave  along  the  arc  towards  node  5  (taking  lnterlor  points

when  necessary).    We  flnlsh  this  arc  ty  dlgltlzlng  node  5  (remember,   for

nodes   the  button  ls  pressed  twlce!).     when  node  51s  dlgltlzed,  we  have-ir-=J
flnlshed  dlgltlzlng  all  the  arcs  of  that  feature  code,   so  we  "st  use  a

header  flag,  which  ls  two  successive  dlscontlnulty  flags.

The  next   feature  ls  an  isolated  poltit   (sequence  no.   6).    We  enter

the  f eature  code  header,   1dentlfylng  lt  as  an  isolated  point  and  what  lt

represents.     isolated  point  7  1n  this  eranple  ls  also  of  the  same

feature  code.    There  ls  a  dlscontlnuity  between  point  6  and  point  7:

that  ls,   they  are  not  connected  by  an  arc.     h  thl8  sltuatlon  the

f eature  code  header  serves  as  an  lndlcatlon  of  the  dlscontlnulty,   so  we

don't  enter  a  dlscontlnulty  flag  between  then.    With  this  knowledge  ln

mind  we  dlgltlze  point  6  (pressing ±±)  and  then  dlgltlze  point  7

(pressing  once)  following  these  points  with  a  header  flag.
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Af ter  the  header  flaLg  ls  entered,   we  enter  the  feacure  code  header

for  the  next  arc.    .h  this  case  the  next  arc  ls  an  island,  where  no  node

ls  defined  by  arc  lntersectlon  (or  temlnatlon).    Again,  we  create  an

artlf lclal  node  (node  8)  and  use  lt  as  both  the  start  node  and  the  end

node  for  this  arc,   thus  fomlng  the  complete  loop.     Node  8  1s  dlgltlzed

as  a  scare  node   (pressing ±!z±£±)   then  we  move  around  the  loop  dlgltizlng

lnterlor  points  when  needed.    We  complete  the  loop  by  again  dlgltlzlng

node  8,   this   tine  as   the  end  node  (pressing  twice).    We  have  now

finished  dlglcizlng  the  map,   so  a  header  flag  ls  entered  to  signify  the

end  of  the  data  file.

The  last  retnalnlng  step  ls  to  enter  the  ''RE"  command  which  issues  a

fllemark  for  the  data  file  on  the  magnetic  tape.    We  can  now  do  one  of

two  things:     (a)  digitize  another  map   (county  patch),   or  (b)  shut  dorm

the  system.    Procedures  for  both  (a)  and  (b)  are  outlined  ln  the  Digl-

tlzlng  Operations  section  of  this  manual.
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concLUsloHs
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htroductlon

This  chapter  relcerates  the  goals  and  achievements  of  the  develop-

ment  of  the  GI"AP  systen  at  the  Kansas  Ceologlcal  Survey,   states   the

basic  conclusions  of  this  development,   and  outlines  further  research

which  ls  currently  being  considered.

Coals

The  GI"AP  system  has  been  developed  to  fulf ill  the  cartographic

needs  of  the  Kansas  Geological  Survey  within  the  exlsclng,   limited

minlcompucer  faclllty.     As  previously  stated  (Chapter   I.I),   the  speclflc

goals  of  this  development   included  the  basic  CDP  functions  of   (I)   accu-

rate  data  capture,   (2)  generation  and  support  of  a  cartographlc

database,   (3)  graphical  display  of  data,   (4)  1nteractlve  graphical

editing,   (5)  attribute  aLnd  graphical  data  addltlon,   (6)  selective

retrieval  based  on  location  and  attribute  values,   (7)  production  of

intermediate  plots  for  edit-completion  testing,   (8)  production  of  hlgh-

quallty,   color-separated  scribecoats  for  multlcolor  map  printing,   and

(9)  retrieval  of  "clean"  mp  data  for  transfer  or  archival  operaLtions.

Achlevement§

The  Grmp  system  ls  a  comprehensive  GOP  system  consisting  of  a

detailed  dlgitlzing  operation;   eleven  modular  programs  which  create,

1nteractlvely  edit,   update  and  selectively  retrieve  data  from  a  complex

cartographic  database  conslstlrig  of  seven  random-access,   inter-connected

base  files;  two  utlllty  libraries  which  support  random  file  mnagement

and  provide  graphical  futictions  for  an  lnteractlve  display  Cernlnal  and

a  flatbed  plotter;  and  considerable  documentation  ln  the  form  of  a
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dlgltlzlng  mnual,  and  a  system  mnua|  for  operations  and  programing

conslderatlons.

Appllcaclons  of  the  facilities  ln  GmlAP  have  resulted  ln  the

production  of  a  color-proof  for  the  experimental  geologic  map  of   the

Lawrence  East  quadrangle  and  ''The  Geology  of  Lawrence  West,   RInsas,"

published  as  hop  M-14  ty  the  Kansas  Geological  Survey.    A  further  appll-

catlon  ls  the  contlnulng  creaLtlon  and  mlntenance  of  the  Kansas

Database,   a  statewlde  cartographlc  database  which  has  been  used  to

produce  a  base  mp  of   (fansas)   Croundwater  management  D1§trlct  No.   4  for

use  as  a  research  tool  by  the  Geohydrology  Section  of   the  Kansas

Geological  Survey.

A  revlev  of   the  GmlAP  syscen  was  presented  by  the  author  at  tt`.e

Fourth  lntematlonal   Sympo81un  on  Computer-Assisted  Cartography  (Auro-

CARro   rv),   held  ln  kestoti,   Vlrlglnla,   1n  November,   1979.     The  presenta-

tloti  has  since  appeared  ln  the  proceedings  of  that  synposlun  (Rose,

1980).    Fbrthemore,  "ch  of  the  mterial  ln  this  thesis  will  appear  ln

the  ''GmlAP  User  Manual,"  to  be  published  by  the  Kansas  Geological

Survey  as No.   9  1n  the   Series   on  S

Conclusions

atial  coal

The  Geodata   interactive  management  hip  Analysis  and  Production

system.   Cn"AP,   has   been  successfully  implemented  on  the  Data  Genera,1
/Nova  and  Eclipse  thinlconputers  at  the  Kansas  Geological  Survey.     The

GrmAP  sy§ten  fulf ills   the  goals  outlined  a6ove,   and  has  been  developed

ln  approxlnately  three  years  by  a  drtilmal  §taf f  and  for  a  very  modest

cost.
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The  construction  and  nalntenance  of   the  Kansas  Dacabase  via  the

CI"AP  systen  will  support   the  production  of  base  maps   lncorporatlng

other  data  appended  by  researchers  at  the  Kansas  Geological   Survey.     The

Kansas  Database  will  provide  the  data  f or  the  creation  o£  maps   f or  any

selected  area  ln  the  State,   produced  at  any  desired  scale,   atid  contaln-

1ng  any  selected  subset  of  map  features.

Further  Research

A  prlnclpal  area  of  further  research  will  be  the  development  o£

sof tware  to  provide  line  and  feature  generalization,   and  inter-map

lnceractlve  editing  faclllces.     These,   1n  turn,   would  support  the  crea-

tloti  of  higher  order  (county,   state,   or  other  area)  base  £11es  through

the  concatenation  or  "quiltlng"  of  new  data  ln  the  quadrangle  base

files.    The  nev  base  files  can  then  be  used  to  facllltace  data  input

from  existing  county  and  state  maps,   and  production  of  county,   state  atld

other  special-area  maps.    Data  entered  from  existing  county  and  state

maps  could  be  filtered  down  to  the  lower  level  base  files  to  create

''£irst  approximation"  maps  which  could  then  be  edited  ln  the  field.

A  second  major  research  area  is  the  development  of  a  subsystem  to

incorporate  addltlorial  (geographlcal)  attrlbuce  data  into  the  Gn"AP

system.     Thus,   for  example,   a  geohydrologlst  may  wish  to  connect  depths,

pollution  neasurements  and  mineral  contents  to  river  features;  a  geogra-

'/       pher  might  vent  population  counts,   area,   goverrment  type,   and  econonlc

lnfornatlon  associated  with  the  graphical  features  representing  cities;

a  seismologist  might  want  to  attach  severity  levels,   1engths  of  dura-

tlon,   and  datnage  inf ormatioti  to  the  locations  of  epicenters  of

earthquakes;  and  a  surface  geologist  may  want   to  connect  thickness,   dip,
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strike,   and  fault  lnformatlon  to  the  contact  and  formation  data  already

available.

These  attribute-to-graphical  data  connections  could  be  supported  by

the  development  of  a  relational  database  nanagenent  sy8ten  for  attrlbote

data  and  a  corresponding  graphical,   query  language  such  as  that

suggested  by  Zloof   (1977).     If   such  a   systen  were  properly  designed  aLnd

lnterfaced  to  the  exlstlng  G"AP  system,  an  unsophlstlcated  user  could

enter,   append,   update,   and  retrieve  attribute  daLta  associated  with  the

graphical  features  of  a  map,   while  vlevlng  tbese  features  on  a  graphics

display  temlnal.

Furthemore,   analysis  and  retrieval  operators  could  be  incorporated

ln  the  graphical  query  language  to  provide  automaclc  retrieval  of  the

graphical  data,   based  on  operator-Selected  attribute  values  and  values

of  functions  applied  to  multiple  attributes  conblned  with  geographic

location  criteria.     Thus,   the  unsophistlcaced  operator  could  produce

maps  through  the  application  of  simple  relational  operators  on  attribute

data  presented  to  the  operator  ln  slnple  tabular  fom.
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A.I    BAFmH  Error  a]des

Error  Number

2

3

4

5

6

7

8

9

10

11

12

Meaning_

Attempt   to  RrmuTR  record  at  or  bef ore  aLccounting

record.

Attempt   to  RrmuTR  record  beyond  MAX  record  number.

Attempt   Co   RMPUTR  record  which  ls   ln  the   freellst.

Attempt  to  RneETR  record  not  ln  the  freellst.

Attempt   to   RMGETR  record  beyond  MAX  record   number.

Attempt  to  access  freelist  record  as  a  used  record.

End-of-File  before  MAX  record.

Attempt  to  access  record  at  or  before  accounting

record.

Attempt   to  access   record  beyond  MAX  record  number.

Illegal  degree  ln  Node  record.

hconslstency  between  Node  and  Arc  files.

Inconslstericy  wlthln  Node  file.
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A.2    XRETICS Platter  Comands

A)     The  XYNETICS  plotter  accepts   3-cord  records  written  ln  binary

fo-t:
WRITESBINARYb(NPI.OT)X,Y,DEN

where :

NPLOT  a  f ile  code  of   the  plot  £11e

X,Y      -  real-valued  coordinates

PEN    I  integer  value

Action

I      START  PLOTTING

(first  record  on  file,

to  lnltlalize  plotting

software)

IPEN

5.0            0.0                    0

2     GrvE   OvERALL   PLOTTING          ppszx       ppszy               -4

AREA   I)IRENSIONS

(multiploctlng)

PPSZX  >   57"   and   PPSZY  <   42"

3      START   A  PLOT

PLSZX,PLSZY   a

plot  sizes
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4     rovE   PEN

X,Y  -  location  to

which  pen  ls  moved

5      SELECT   0R   CHANGE   PEN

X,Y  ls  irrelevant;

select  one  of  f our

Pens

6      END   A   PLOT

7      SEPARATE   2   PLOTS

(multlplottlng)

SDISTX,SDISTY   -

separating  distances

between  plots

8     Ere  ALL   PLOTTING

X                  Y          3   pen   up

2  pen  doun

X               Y      -|l  pen   I

-12  pen  2

-13   pen   3

-14  pen  4

PLSZX        PLSZY                -3

SD ISTX        SD ISTY             -5

0.0           0.0               -I

8)     rmTlpLOTTINc

The  XYNETICS  corks  columwlse.     It  sets  plots  sequentially  ln

colums  starting  the  f irst  plot  at  the  lower  left  corner  of  the  plotting

/        area.     The  second  plot  ls  set  ln  the  lncreaslng  y-dlrectlon  and  so  on.

If  there  ls  Ilo  place  I or  a  plot  ln  a  column,   the  8y8ten  starts  another

column  at  SDIS"  inches  of  the  largest  plot  of  the  previous  column.
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±3    File  Code  Ae81gndpeptg_

All  programs   ln  the  GmIAP  system  access   the  base  files  using  the

follovlng  file  code  asslgnnents.

slcal  Record  Len

File  Code                File  Name

I

2

3

4

5   or   11

ARC

POINT

NODE

QPLOT

Terulnal  hput

6  or  10                    Terminal  Output

7

8

9

>11

ZONE

B0REER

neEL

Other  Data  Files
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(Words )

18

33

18

17

13

7

16



A.4    Feature  Codes

*****   POINTS   *****   1000  +

FT FT-

10

20

30

40

50

**  Control,   Recreation,   or  hterest  **

Section  Point

Horizontal/Vertical  Control

Point  of  Interest

Hlstorlcal  rarker

Recreation

I                  Coif   Course

12-

10

20

30

40

50

**  Cltles,   Towns   **

0  -2,500  (Population)

2,500  -5'000

5,000  -25'000

25'000  -100'000

100'000  -up

-0               hcorporated

-1                  Uriincorporated

13- **  Wells,   Springs  **

Water

Oil
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30

40

-0

-I

14--

10

20

30

40

50

to
-I

15-

10

20

30

40

1

2

3

4

50

Gas

Spring

Producing

Abandoned

**  Pits,   Quarries,   mnes  **

Open  Pit

mne

Quarry

Prospect

Shaf t  or  Thinnel  Entrance

Producing

Abandoned

**  Bulldlngs  **

twelllng  or  Employment

Church

Cemetery

Tower

RAdlo

Transmlsslon  Line

Water

Lookout

Substation   (Power)
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*****   LINES  *****   2000  +

21-          **  Borders,   Boundaries   **

10            U.S.   Survey  Lines

1                  Tounshlp

2                   Rang e

3                 Section

20           Quadrangle  rap  Edge

30           County  Line

40           State  Line

50           City  Boundary

60          Airport

70           Park

I                Nat lotlal

2                  State

3                  County

4                 City

80           Gene t ery

22-          **  Highways,   Roads  **

10

20

30

40

50

Toll  toads

Dlvlded  Hlghway§

2-hone  Highways

More  than  2-Lane  Streets

2-Lane   Streets
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60

70

80

-1

-2

-3

-4

23--

10

20

30

40

24-

10

20

30

40

50

25-

Unlmproved   Roads

Proposed  Roads   (or  under  construction)

Bridge  or  "nnel

Interstate

U.S.   or  Federal

State

County

**  Railroads,   Airport  Runways   **

Single  Track

mltlple  Track

Railway  Bridge  or  T`mnel

Airport  Runway

**  Hydrology   (Lineal)   **

Perennial  Stream

Internlttent  Scream

Canal

Datn

Dike  or  Levee

**  Transmission  Lines  **

Power

Plpellne
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1Ga8

2011

3                   Water

4                  Other

30           Telephone

40           Substation  (Power)

26--          **  htra-f ormtlon  Geology  **

10          Vlslble  Fault

20          Approxlnate  Fault

*****  LINES  ***It   30cO  +

3--          **  Topographic  Contours  **

ABC           Elevation  ln  Feet

A--                 Thous ands

-8-                Hundreds

--C                 Tens

*****   AREAS  *****   4000  +

41--           **  Hydrology   (Areal)   **

10           Perennial  Streams

20          intemittent  Streams
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Permnent  Lakes

lntemlttent  Lakes

Re8ervolrs

42--

10

20

30

40

50

I

2

3

4

43--

**   inter-f omatlon  Geology  **

Actual  Contact

Approximate   Contact

Actual  Fault

Approximte  Fault

Undervater  Geology

Actual  Contact

Approximate  Contact

Actual  Fault

Approximate  Fault

**  Other  Boundaries   **

State  Line

County  Line

Quadrangle  ifep  Edge

/       *****  EDIT  *****   10000  +

lxxex        **  Added  or  Re-dlgltlzed  Features   **

XXX Normal  Feature   Code  as  Listed  Above
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A.5    Eanea®  Count Codes

Code County

Allan
Anderson
Atchlson
Barber
Barton
Bourbon
Broun
Butler
Chase
Chautauqua
Cherokee
Cheyenne
Clark
Clay
Cloud
Coffey
Cotnanche
Cowley
Crawford
Decatur
Dlcklnson
Donlphan
Douglas
Edwards
Elk
E||1s
Ellsworth
Flnney
Ford
Fracklln
Geary
Cove
Graham
Grant
Gray
Greeley
Greenwood
hanilton` Harper
Harvey
Haskell
HodgeDan
Jackson
Jefferson
Jewell
Johnson
Kearny
K±ngrnn
Kiowa
Labette
Lane
Leavenworth
Lincoln

Code County

Llm
Logan
Lyon
mrlon
Marshall
M£Pherson
Meade
manl
Mitchell
frontgomery
Morrls
Morton
Nenaha
Neosho
Ness
Norton
Osa8e
Osborne
Ottawa
Paunee
Phllllps
PottawatoDle
Pratt
RAwlins
Reno
Republic
Rice
RIley
Rooks
Rush
Russell
Saline
Scott
Sedgwlck
Seward
Shaunee
Sherldan
Shermn
Stnlth
Stafford
Stanton
Stevens
Suuner
Thorns
Tre8O
Wabaunsee
WallaLce
Washington
Wlchlta
Wilson
Woodson
Wyandotte
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