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Chapter !

Entroducﬁon

This chapter describes the Census Bureau’s development of 3 comput-
erized geographic system for use in conducting the 1970 census.

This report has been prepared to introduce and
explain the DIME system to a three-part audience:
(1) Individuals interested in technical developments
In geographic coding, (2) organizatiéns within stand-
ard metropolitan statistical areas (SMSA's) partici-
pating in or eiigibie to use the products of the Census
Bureau’s address coding guide/Dual Independent Map
Encoding {ACG/DIME)} program, and {3) organiza-
tions interested in creating their own DIME file.

For individuals interested in téchnical develop-
ments in geographic coding, this report describes the
experiences of the Census Bureau in developing a
computer file for rclating addresses on censys
questionnaires to census geographic areas for tabu-
lating the 1970 census. {t describes early efforts to
create such a file—~the address coding guide (ACG)
and the development of the Dual independent Map
Encoding (DIME) technique for creating geographic
base files. It also describes the census geographic base
file (GBF),! in which the ACG and DIME concepts
are ‘combined. The report also describes uses. of a
DIME file, creation of a DIME file, and the
conceptual basis of the DIME system.

For those organizations within SMSA's which
currently possess or are in the initial stages of creating
a8 GBF, or those that will be able to obtain an
already created GBF for their own use, this report
describes the uses of the file in computer mapping,

~ I The DIME file described in this report is essentially the
same as the Census Bureau’s GBF. Minor gifferences occur in
formats and in lengths of particular fields, but the theoreta sl
fromework is identical.

-address and area coding, network and node analysis,
adjacency analysis, and other uses. It also discusses
the question of file maintenance and expansion.

For those organlzations contemplating the crea
tion of a DIME file, this report provides an overview
of the system. In conjunction with a clerical pro-
cedures manual, a computer procedures manual, and
various computer programs, this-report provides the
complete documentation needed to .create a DIME
geographic base file,?

1970 Census Procedures

tn 1970 the Burcau of the Census conducted the
Nineteenth Decennial Cené:; of Pppulaiion and
Mousing by a combination of two methods: a mail
canvass in the large urban areas of the country and a
house-to-house enumeration in the remainder of the -
country.

In 145 of the 233 SMSA's and in certain adjoining
areas the mail canvass procedure was used 0 enu-
merate approximately 60 percent of the Nation's
population. Instead of a visit to each household by an
enumerator, census questionnaires were mailed to all
residents. These questionnaires were addressed using a
compurerized mailing list derived from commarcial

2rpis report, tha two procedures manuals, and the
somputer programs constitute the New Haven Census Use
Study compriter prog ain package titled DIME: A Leoyrapnic
Rase File System.



sources and p., o 00 d and .
Departmient. updated by the Post Office

Before. tha census, addresses were checked by the
Post Office 1yo5atment. Addresses on cards were
;’r::te:w:;n:h: postal carriers on each route with

. ~ add, delete, or correct the addresses as
required. O, corrected, the computerized list of
edc!resses Wa< used to generate mailing labels for the
matl-?ut QYt-tionnaires. A second check was made at
the time of Untivery, with the necessary corrections in
the listings aiyy mailing pieces made manually.

For thosa
were not cu
address lists

Portions of the mail canvass areas which
‘ered by city delivery postal service,
\vere prepared by Census Bureau field
personnel. Thooe aqdresses were also corrected and
:pld.ated bY e post Office Department at the time of

elivery. T file of addresses was not computerized

and the maili,,, pieces were addressed manually prior

to the mail-a\,L

R""'med"“"‘v prior to census .day-April 1,

1870~the 8- estioninaires were delivered to all house-
holds: Hol_“"i\olders were asked to complete the
Questionnair,. and maill it to a local office. For those
householders . mailing back the questionnaire or
erron.eoule completing any of the items on the
questionnairn - 5 followup was conducted by tele-
phone of by yeroqnai visit by an enumerator.

The rema.:

) “der of the country was enumerated b
the tradition. Y v

in the urba..ﬁl house-t.o-house canvassing procedure,
. i7ed portion of the 88 nonmail SMSA's
and in those *maller cities which have contracted with
th‘? Censtus “reay for block statistics, each question-
nave Wil Yo coded to its census block, In the
;e.ma. nder ‘: the nonmail areas, the enumeration
'St_“m (ED! will be the smallest geographic area to
which 3 Quéssignnaire is coded.

Geoyi-aphic Coding for the Census

As in prey.:

©us censuses, geographi
household 11, geographic codes for each

were determ | the 1970 nonmail enumeration areas
the house-tu ~d and toded by .the enumerator during
scheduled ‘Lk‘muse enumeratfon process. In areas
entered the “' block tabulations, the enumerator

h ‘nsus block number from a census map
z:‘ocee: Fo(:"'ostionnalre during the enumeration

. the balance of the nonmail areas, the

enumerator identified the ED of each household and
coded the ED number on the household’s question-
naire. From a combination of codes for these *‘lowest
common denominator” areas (ED’s and/or blocks),
codes for larger areas such as census tracts, townships,
counties, and States were developed.

For the 145 mail census SMSA’s, a method was
needed to code individual addresses on the mailing
list to specific geographic areas for tabulation pur-
poses. A master coding file has been developed to
code approximately 40 million mail addresses by
computer to the appropriate geographic areas. The
coding file developed is called the address coding
guide (ACG).

The Bureau decided that th: best way to create
this massive file (or series of 145 files) was to—

1. Prepare a preliminary file in a standard format
for each mail SMSA,

2. Send the individual SMSA files on standard
coding forms to a local agency in the SMSA for
review and correction, or review the file at the
Census Bureau using available reference
sources.

3. Edit the files by computer to obtain the most
accurate files possible.

To create the preliminary files, the Bureau con-
tracted with commercial firms for mailing lists and
city directories, From these lists and directories and
Bureau source files, computer records containing
street names, address ranges for each block side,
intersecting street names, and various geograghic
codes (such as State, county, congressional district,
municipality, 2iP code, and census tract) were
created.

To prepare the files for review and correction by
either local cooperating agencies or by a centralized
Census Bureau coding staif this information was
computer-printed on FOSDIC worksheets.®* Once
prepared, the FOSDIC worksheets were sent to the

3r0SDIC [Fim Optical Sensing Device for Input to
Computers} s a coding method whereby prearranged smail
circles or spaces on a form or worksheet are coged using a
“fill-in" coding methoa. FOSDIC worksheets, once coded,
are microfilmad and the worksheet codes converted arectly
to codes on computer tape. in z loase sense the filledin
spaces on the worksheet serve the same purpose as puncned
holes in a punchcard.



cooperating agencies for review, correction, updating,
end coding. The Department of Housing and Urban
Oevelopment provided 701" funds to qualified local
agencies to defray up to two-thirds cf the local costs
of this operation, (Highway planning and research
tunds, administered by the- U.5. Department of
Yransportation, were also available for this purpose.

For each block side within the coding area, the
following codes were reviewed, and corrected or
updated: Census tract, census block, beginning and
ending address numibers,® area cede (a municipality
code), congressional district, voting wards (optionat),
and an optional or local code field. When review was
complated, the worksheets were clerically edited by
the local agency and @ sample of the werk was
independentiy verified as a quality control measure.
Units of work not passing quality control were
rvigewed and corrected. The complited worksheets

/e then returned to the Bureau for processing.

At the Bureau, the worksheets were microfilmed
and the information on the worksheets was trans
ferred to magnetic tape by the FOSDIC equipment.
Using the information from the FOSCIC worksheets,
the original file was updated. Computer edit routines
were applied to the file and clerical corrections were
inserted, as necessary. Coding errors were carrected
by the Bureau staff when adequate reference docu-
nents were available. Other errors were referred G
the loca! cooperating agency for correction. After
edit and correction routines were completed for an
SMSA, the file was made available to non-Bureau
users at reproduction cost, Immediately prior to the
census, the ACG files were updated from infor-
mation supplied by the Post Office Department and
by the commercial mailing list sources. The ACG
” s were then considered final and were used 1o code
L census questionnaires geographically. They will
also be available at the cost of reproduction to non-
Bureau users. Figure 1 illustrates the basic steps
necessary to create an ACG.

ACG files consist of block side records for all
streets .within the coded area. Nonstreet features,
such &s municipal boundaries, rivers, and railroad
tracks are not included in the file. A block side’is one

“For the purposes of this report, beginning and ending
Of lowest and highest adaress numbers refer to the lowest or
highest possib/e adaress numbers, rather than actual address
numbers, for each block side or street segment.

side of a street between two intersections on that side
of the street. A block side for a dcad-end street is one
side of the street from its beginning intersection to
the dead end. Figure 2 illustrates some typical block
sides.

COMBINED
Cammercial meiling lizts
Comvsaercial streat dirsctories
Consus Buresu gecgrephc ccdes

Y

ST

Original address coding guide

T

t.ocal coding
edit and quality controf

Y

Census Bureau computer
edit and correction

) _ '

¥

Preliminary address coding guide
{Available to nonbureau users)

Y

Precensus updsting

Y

Final address coding guide
{(For use in geographic coding of
tha 1970 Census and nonburesu use)

Figure 1. ACG creation process

LARMON ST.

APPLE RD.
OAK ST.

8s

MAIN ST.

8S- block sids g

Figure 2. Typiczl block sides

Fach ACG block side record contains the fol-
lowing codes: State, county, minar civil division (or
census county division}, place, ZIP code, 1570 census
tract, street {includes street direction, name of street,



_puet fYoe, and a street serial number), low and high
sddress numbers, census block number, SMSA,
district office {Bureau administrative code), area « . Je
{s code used in place of the minor civil division and
place codes, above),” optional code (local cods or
census serial number), ward (election district), annex
{area annexed between the 1960 and 1970 censuises),
congressional  district, Post Office administrative
godes, and seria! number (unique number for each
block sids}.

Development of DIME by the
Census Use Study

* The first ACG reviewed locally was the one for the
Msw Haven, Conn, SMSA, This ACG was required to
process the special census which was conducteyt in
April 1967 to test the mail-out/ mail-back proceduires
for the 1970 census. Local review and coding of the
FOSDIC worksheets was completed in the fall of
1266.

The special census also provided a current data file
for Lss in the research and development activitiex of
the Cenzus Use Study.’ One of the primary reses-ch
grtivities of the Use Study involved computer myy.
ping.® A prerequisite for such research was ihe
avallability of a gecgraphic base file with coordinases
to permit the assigning of coordinates to data files &y
mapping. Since this type ot file did not exist for N sy
Haven, the Census Use Study attempted to create
from the ACG a geographic file with coordinates,

Three alternative approaches were available <«op
sssigning coordinates to the ACG: (1) Assign coo ;.
nates for the approximate center point (centroid) ¢ 5
block, (2) assign coordinates for the centroid o« 3
block side, and (3) assign coordinates for both 2.\ 4
of each block side. The third alternative was selec sag
because it provided the capability of plotting a strwet
or network map that could be used for displav o
editing purposes. It also provided the ability 10 nusy
by shading data values within the actual configurat .\n
of & block. The other two alternatives did not pro. .4a
theto capabilities, However, the selection of the th .4
alternative mada it possible to compute coordiny sy
for the other two approaches, i.e., block centroid 4.~y
block side centroid.

98¢0 Cansus Use Study roport, Gensral Description,
6805 Censys Use Study report, Computer Mapping.

Portions of the New Haven ACG were tested using
the third alternative. Coordinates for the beginning
and ending of each ACG block side as shown on the
Census Bureau’s single-line metropolitan maps were
measured and recorded using a semiautomatic device
called a “Coordinate Locator” built by the Bureau.

This process is calleg ‘‘digitizing.” Coordinates dig-

itized for each ACG block side were converted to
state plane grid coordinates and added to the ACG
file as part of each ACG block side record.

Substantial problems were encountered during the
testing of the digitizing process. Since the ACG is a
file of streets only, nonstreet features existing in the
coded area such as railroad tracks, rivers, lake shores,
and municipal boundaries were not included in the
file and therefore could not be digitized. The absence
of nonstreet features which formed block boundaries
made it impossible to accurately plot block maps or
calculate the area of blocks. This absence also limited
the usefulness of a plotted map for display or
analysis.

Another problem was that the digitizing process
itself was inefficient: for the typical intersection
(two streets crossing), eight readings had to be made
on the coordinate locator, one for each of the blaock
side ends forming the intersection. When such an
intersection was plotted, the plot usually showed
more than one of the piotted points at the inter-
section in slightly differing locations. This discrep-
ancy was due to variability introduced manuaily in
digitizing the point eight times and also to error
introduced by mechanical slippage in the digitizer.

Still another problem was the inability to digitize
curved streets accurately, In the ACG, each block side
is coded from intersection to intersection without
regard to curves that may occur along the block side,
As a result, when a curved block side was digitized
and plotted, it plotted out as a straight line. This
occasionally led to plotted curved streetls crossing
other plotted strects incorrectly and the depicting of
nonexistent intersections.

A substantial number of coding errors and omis-
sions were detected through the New haven ACG test
as It was used by the Census Use Study. The
discovery of these errors, not aetected by the existing
ACG clerical and computer edits, and the coordinate
assignment problems discussed above, led to the



conclusion that alternative wyproaches should be
explored. Although the ACi; was sufficiently accu-
rate for the geographic coi., of census question-
naires, the Census Use Study Concluded that improving
it for cther purposes,

_ SUch a3 computer mapping,
would not be practical.

The problem of develoning 3 new system was
referred to the Teciwical slugring Group (TSG) of
the Census Bureau Advisory Committee on Small
Aves Dats, the body Overssving Census Use Study
sctivities. A subtommittee waq established to explcre
other methods of sutomated \woqraphic coding or to
conduct criginal research, it weeessary, to develop a
geographic base file which tvld be used efﬁciently
for computer mapping and govgraphic analysis.

The subcommittee first coucidered extant methods
of creating geographic base titeg Then it developed a
preposal for Constructing a yewgraphic base file using
graph theory as the concepiy a1 #ramework. Since a
linear graph can be describui 4¢3 series of straight
fine segments in a plane cOiwpcreq at vertices, it is

readily apparent that a singiv |,ne map is a form of
linear graph. Figure 3 illustraivg chis point.

VERTICES

[ i
. AR
|  mLrOow RO. f
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g .
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&
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frv -
X S
b 3 E
I w
JONSON % st >:

Figure 3. Graph elements of a Sttt ete line map

Each street, river, railroau track, municipal bound-
ary, or other map feature cu.. .o considered as one of
more straight line segmen:,
givided into a series of str,
features intersect or whe:
change direction, vertices are
derived from graph theory,

Curved lines can be

«traight line segments
‘“rmed. Using a concept
* method was devised for

‘St line segments, When .

creating @ geographic base file where each vertex,
intersection, or node,” as well as each line segment
and intervening enclosed area, could be uniquely

-identified. Also eacn could be identified in terms of

its place within the entire region encompassed by the
file and in relation 1o adjacent nodes, tine segments,
and enclosed areas. The entire region encompassed oy
the geographic base file could be viewed as a series of
interrelated nodes, lines, and enciosed areas. Eazh line
segment is identified by its name as taken from the
source map, e.g., Main Street or Green River, or by
the node numbers at each end of the' line segment,
Nodes are numbered sequentially and uniquely.
Enclosed areas are numbered using & systematic series
of block numbers or other areal identifiers, or they
can be déscribed by the nodes or line segments which
bound them.

The creation of such a file of line segments, nodes,
and enclosed areas allows for the editing of the file by
computer using an algorithm derived from graph
theory. When coded, the three elements—segments,
nodes, and enclosed areas—can he formed into sepa-
rate incidence matrices, e.g., line szgment-node, line
segment-enclosed area, and enclosed area-noce, by
computer. The relationship estabiished within these
incidence matrices provided for the development of
the computer editing system.

Such a file, as a representation of 2 mop, can b¢
digitized ana plotted by computer to preduce a
compiete replica of the source map. Otften it is
impractical or unnecessary to correct every ed:t reject
or tc reproduce faithfully &l curved features. How-
ever, a perfect file can be produced at a reascnable
additional cost.

The system that developed from this research
activity was named Dual Indecenaent Map Encoding
(DIME) because the basic file 1s created by coding
two independent incidence matrices from the source
map.

From this theoretical basz, the Census Use Study
staff developed procedures and created a DIME file
for New Haven. The same type of reference sources
used to create the ACG—Censu: Sureau metropolitan

7The terms vertex, intersection, and rode are cunsidered
to be essentially the same for the purposes of this paper,
noge is the te-~1 uscd because of 115 wige uce 1n 1ranspor-
tation plannirg and Other geographic appiicei:ons.
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maps and local aldress meps or listings—was
employed. Only one major change was made to the
mevopoliteh maps pri.v to DIME coding—each nocte
e mas v.es asiyned 3 unique identification
number. The ooding form ysed was 2 standard
punchcard ranscription worksheet. A replica of the
final eoding form develnped for the system is shown
as figiica 4.

While an ACG is constructed on a block-side basis,
a DIME file is construited on a street-segment basis.
Each ACG record conlains the appropriate codes for
one side of a street between two interssctions on that
side of the street. Lach DIME segment record

contains the appropriate codes for both sides of a

street between two nodes,

Essentially the sane inforraation is contained in
both systems—street name, address number rarges,
census block numbers census tract numbers, and
other, geographic Codex. The DIME system has two

additional codes: node numbers and left/right orienta-

. 8
tion.™ The DIME system also contains all meaningful

nonstreet features su.h as rivers, municipal bound-
aries, shorelines, and . airoad tracks shown on the
netropolitan maos. These are not contained in the
ACG system. Nodes are pjaced at sharp curves in
strects or other featutes so that such curves can be
adequately described Ly 3 series of straight line
segments whea plotted by computer.

Worksheets were coved and keypunched; the data
ere put on magnetic iape, The file was computer
~lited and edit rejects \vere corrected. After two or
three edit cycles, the tde was considered sufficiently
accurate. The metrop.itan maps used to code the
DIME file were then ¢ yitized and the node numbers
and coordinates were ierged into the DIME file. The
file was then ready fur use in computer mapping.?
The file was also used tar address and area coding, as
discussed in chapter 1.

8 .
The leftright orientarion code separates the codes for
one side of 3 line scgment +-om the other.

9 ;
The computer mMat.ung experiments conducted are '

gexcribed fully in the Ce.wsus Use Study report, Computer
Mspping

Further Experiments

To gxamina the applicability of DIME to ongoing
prograrhs of the Bureau, and to cevelop stangard
coding procedures and Bureau capabilities 1n the use
of the system, further research was initiated.

A coding manual, forms, snd procedures based on
tha Wew Haven experiznce werz coveloped; anc
Roanoke, Va. was chosen as a test site for further
DIME deveiopment activities. The Roanoke City
Planning Commission agreed to supply coding clerks.
The Use Study staff trainecd the clerks and sunervised

the coding operation.

After the local coding operation was completed,

. the coding worksheets were keypunched and the

punchecards were converted to magnetic tape. The file
was edited using DIME edit techniques. Rejects were
corrected and inserted in the file. The coding maps
were digitized with the Bureau's digitizing equipment,
Nodes and coordinates from this prccess were
inserted into the DIME file. Test maps were prepared
on the Bureau's Calcomp plotter, Coordinate errors
detected on the maps were corrected and the file
updated. The file was then cons’dered completa.

Further testing of coding procedures was con-
ducted at Binghamton, N.Y., by the Broome County
Planning Board.. Areal coverage for this test was
extended beyond the central city tc the county
boundary.

After training by Census Use Study staff, local
personnel completed the coding operation with orly
nominal monitoring by Census Use Study staff. The
Census Bureau’s metropolitan maps were used for the
urbanized portion of the county. County highway
maps were used for the remainder. The manuals and
worksheets used at Roanoke were revised and a
coding manual was introduced for this test.

When coding and quality control operations were
completed, the worksheets were Keéypunched and
computer edited. The maps used for coding were
digitized. When completed, the coorainate informa-
tion was merged into the DIME file at the Census
Bureau. Test maps were ploited and the file was
corrected to complete the Broome County test.



The final test leading 10 the development of the
Censua Use Study's computer program package,
DIME. 4 Geographic Base File System, was con-
ductsn in the _Greenville, S.C. SMSA by the Green-
ville ("Gunty Planning Commission. Prior to the test,
the t.(ing and supervisors manuals and the coding
ad a&iministrative forms were refined according to
findinyg of the previous tests. However, this test was
desigined not only to evaluate the DIME computer
Progiam package but also to develop materials which
could e ysad to create geographic base files for the
fONMnil census SMSA's.'® As a result, materials
which wguld be adaptea to both uses were developed.
Ge?gs uphic coverage was limited 10 the city postal
de'_"’“’v portion of the urbanized area of the SMSA,
81N ihe ACG program.

As i Bingnamton, supervisory training was con-
f-’*“"—'t&\i by Cen:us Use saaff members. The supervisor,
81 Wi traincd the cominy staff. Biweekly monitoring
V'fblf_‘~ Were made oy Census statf. Upan completion of
ceding gnd local quality control measures, the work-
Shesly \were returned to the Census Bureau. Key-
PanClung, editing, and corrections were completed,
=3 e il became the prototype for the nonmail

Sl ACG/DIME geographic base file program, ,

Citvcurrent witn the Greenville test, an experiment
V3> tunducted to examine the feasibility of merging
=1 tvdependently crested CIME  file  without
‘-‘"Jd"}?«e: for Madison, \Wis. with the ACG for
Madissn, The DIME file was created and edited by
wed Mg Stuay starf; tne ACG file was coded by a
joc.} dgency and procesued ot the Bureau as part of
L wandard ACG program The metropohitan maps
1’:?"‘" usdd 33 the btwe for creating both files.
*NEChwticaliy ic shouid have been possible 1o merge
MEse \o files 1nto :n ACG/DIME file. However, a
wbstasgal number of records could not be merged.
For ¥Namgie, ov the 2,345 biock recoras which could
Lé Meeoed, 1,104 records nud at least one difference
f'_°m vne file tc the other file. An analysts of the
diftervnces revealed that 19 percent weore street name
spetling Gifferences, 3 purcent were DIME errors, 47
PErCvirt were ACG errors, Y percent were errors in
both “iles, and 22 percent were ambiquities in the
MeUre.litan maps  Heconciling the various dif-
ferencus 1ook a substantial amount of tume. in fact,
mo:x'; time was spent on this process than would be
'Teq“”'f‘d to create a BIME file with addresses for
Moy using the Greenville approach, As a result,

——
—

10, '
Nonmail census geog aphic base files will be discussed in
W88 datail ia the next section of this chaprer. '

13

the merqing of separate ACG ond DIME files by
computer was Giscarded.

However, the desirability of incerting DIME fea-
tures into the ACG's increzsed as it became apparent
that the ACG’s could contain a consigerable number
of errors that were not detectapnle by existing ACG
edits. The benefits of the BIME eadits and the
potential uses of DIME files for computer magping
and other uses were also becoming widely known.
Inquiries as to the availability of DIME files in the
mail census SMSA’s were received by the Bureau
from local, State, and Federal agencies.

After the close of the ACG/DIME merging
experiment, further resezarcn into adding DIME fea-
tures 10 the ACG's by cornputer was undertaken by
both the Census Use Study and the Bureau’s Geog
raphy Division. The Geography Division experi-
mented with inserting unique, computer-generated
node numbers into & specially prepared ACG. The”
attempt was only partially successiul and was
abandoned.

At approximatefy the same time, the Census Use
Study investigated the possibility of adding DIME
features, i.e., node number and left/right parity
status, to a specially prepared ACG block side file by
clerical procedures. The following orocedure was
developed for adding these features:

1. Metropolitan maps would be node numbered as
in DIME; i.e., all intersections and points along
curved features would be numpered uniquely.

N

A specially formatted worksheet printout ver-
sion of the ACG allowing for the clerical .
insertion of node numbers and left/right parity
status for each block side in the file would be
prepared.

3. Nodes and parity status would he coded on ths
worksheet. Additional records wouia be coded
for nonstreet features [nonstreet factuies viere
not codad in the ACG) and for block sides
wnicn had to be sphit into two oF more pieces
because of curves or other reasons.

4. After codingwas completed, the zaded codes
(and unique identification numopers Yor each
record) would be keypunched and merged intc
the original ACG file. The resuiting '‘segment
side’” records would then be meryged to form
segment records.



5. The resulthig file would be edited using the
DIME edits

«

&. Editrejecly ouid be corrected.

7. The meCiolitan maps used in coding would
be digitized (5 create a file of node records—
each node reeord would contain the node
number and s coordinates.

8. The ‘"‘°‘ie ‘ecord file would be merged with the
DIME file g would thus be in final form for
release 10 4rproprigte agencies.

A generanzed fluyy ehary of this operation is shown in
figure 5.

Matropolitan Address
maps . coding guids
(ACG)
‘ma—g_ R
Y
Nous numlt?cl -~ . Worksheats
meropolita.. printed from

aops ACG

S - A]
beneps coding of workshegts

é
Worksheets
keypunched
Ny
— ¥
Codad -
‘ il ted
moiropolita. . ey i eaicg e
maps -——-ﬁ» corrected

—_— T ¥

Metropolitu,

! ACG/DIME file
Tfp'. without
g plired coordinates

Y

i Final & 0G/DIIE Bl with coordinates

Figurs 5. ACG/Lh e creanion procass

This techiin o was tested using the ACG for a
smaull number

. of census tracts in Madison, Wis.
T‘estmg Showe :he system was workable and suffi-
clently econoii. ..ol to warrant 1ts use in a nationwide
program. The 5 reay accepted it for the program for
inserting DIMCL 4o i res into the ACG's.

When the technique was accepteo, a task force was
created to conduct a large-scaie 1est anc prepare
necessary clerical manuais and computer srograms.

. This test was conducted successfully in Madison, \Wis.

under field congditions using draft manuals. The file
was processed using the steps outlined above. The
ACG/DIME program was then turned over to the
Bureau’s operating divisions far imgiementation,

The ACG/DIME Geographic Base Fi'e
Program

As discussed earlier in this chapter, the 1970
census is being conducted using two different enu-
meration methods. In the major urban areas of the
country (approximately 60 percent of the popula
tion), the census will be conducted using the
mail-out/mail-back technique. The remainder of the
country will be enumerated by traditional house-to-
house canvassing methods, The Bureau has estab-
lished one geographic base file program for the 145
mail census' SMSA’s and a separate program for the
88 nonmail census SMSA‘s. Different methods are
being used to create ACG/DIME geographic base files
in each program, although the comgleted files are
essentially identical. In the mail census areas, the
ACG’s are being “improved” by 2ading DIME fee-
tures. In the nonmaii census areas, ACG/DIME files

ré being developed “from scratch.” A l-ting of the
mail and nonmail census SMSA’s and thi. availability
of ACG and ACG/DIME filas is provided in
appendix A.

Mail Census Geographic Base File Program

For thz SMSA’s inciuded in the mail census,
ACG’s have been prepared for the central city {or
cities} of the SMSA and the surrounding urbanized
area, generally for the portion of the SMSA :n which
meil is delivered to a street adaress (such as 115 Main
St.). The Bureau has required this areal covcrage
because each census ouestionnaire must be ccded 1o
its proper geographic arez for tabulation purposes.
Geographic cocirg of the Guestionnaires s accom-
plished by computer maiching the adaress to which a
questionnaire is mailed {1318 Main St.) to 1ts matching
address range in the ACG {101-168 Main St). Once
this match is accomplished, the reguisite yeographic
codes in the ACG are appended to the computer-
generated recor¢ for the questionnaire,



The ACG/DIME geographic base file program in
the mail census SMSA's (called the ACG Imorove-
ment Program) originated when it became abvious to
the Burews, and other Federal, State, and local
agencies, that it would be desirable to add DIME
features to the already existing ACG's. Federal
agencies, including the Department of Housing and
Urban Development and the Department of Transpor-

tation, became interested in supporting the program. .

They provided financial support when the Bureau
decided to proceed with the program.

Time requirements for creating the machinery to
conduct the 1970 census will not allow the use of the
improved ACG’s. The ACG/DIME files will, however,
be used in future censuses and surveys, and will be
periodically updated.' ! The files are being developed
primarily for local and State agencies concerned with
small area data analysis and planning. They will also
be useful for a variety of planning and analytical
studies in the private as well as the public sector. Uses
are discussed in chapter U,

The local coding phase of the program is scheduled
to conclude in late 1970. In the majority of SMSA'§,
coding should take from 3 to 6 weeks. However, the

larger SMSA's may take from 3 to 4 months.

Computer editing will begin when the coding work-
sheets are returned to the Bureau. The processed
geographic base files (without coordinates) are
scheduled to begin becoming available 6 10 9 months
after the coding worksheets are returned to the
Bureau. They should be available for use soon after
e census summary computer tapes begin to become
avuiluble. Although the census will be conducted
using the presently existing ACG’s, the geographic
area codes—census tracts, census blocks, street names,
«ddress ranges, etc.—will be essentially the same in
both the ACG and the improved ACG/DIME files.
Therefore data from the 1970 census will be usable
with either file.

Coordinates for the ACG/DIME geographic base
files are scheduled to be digitized from the node-

'1The Southern Calitornia Regional Information Study
{SCRI1S), a joint research study sponsored by the Bureau and
tha Southern California Associanion of Governments, of
which the Census Use Study torms the Bureau's contingent,
has been charged with developing a mantenance and
updaung system for the ACG/DIME Geographic Base File
Program. Devetopment of the system ts scheduled to be
completed during 1971, .
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numbered coding maps beginning in calendar 1971,
The coordinates are scheduled to be added to the
geographic base files, and tested for accuracy.!? The
files will be available on a flow basis beginning in late
1971 and continuing through 1872,

Nonmail Census Geographic Base File Program

In nonmail census areas, place-of-work addresses
reported on the sample census questionnaires will be
coded to census tracts for tabulation purposes. To do
this, an address coding quide that relates addresses to
the census tract level is required. The Bureau
intended to create only census tract address coding
guides for this purpose. Since such guides would be
of little use to local users or to the Bureau in future
censuses because census tract boundaries often
change between censuses, the Bureau decided to
develop DIME-type geographic base files for the
nonmail SMSA’s when the Department of Housing
and Urban Development and the DCepartment of
Transportation agreed to support a program to create
such files.! 3 Nearly all of the SMSA's eligible for the
program have participated (sece eppendix A). Census
tract coding guides will be prepared for those SMSA's
not participating.

The process for creating an ACG/DIME geographic
base file in this program is essentially the same as the
method developed in New Haven and refined in
subsequent tests. The local coaing phase of the
program was completed in early 1970. Computer
processing and editing of the fiies is scheduled to be
completed by mid-1970. Files without coordinates
will become available for focal use at that time. The
coding maps are scheduled to be digitized during
1971 and files with coordinates will be released on a
flow basis to local agencies starung in spring 1971
and continuing into 1972,

r————

12Coordinates in the ACG/DIME fites will be expressed as
geographic coordinates {expressea in degrees of latitude and
longituge carred to four degimat places), state plane

* coordinates ana “'map miles” frcm ay arbatrary coint.

l“Funds have been made avasiable for iocal agency coaing
work under the °*“701” program ot the Department of
Housing and Urban Develooment and through State hiohway
planning programs whose funds are administered by the
Department of Transportation.



Uses

Chapter Ui

oi the DIME File

This chapter describes the use of vengys and jocal data with the DiME file

for pianning and analysis in both whe puplic and

There are many potential uses for 2 DIME geo-
graphic base file or other geographic files incorpo-
rating DIME features. Severa! were explored by the
Census Use Study and others await exploration. The
description that follows is intended to provide a
preliminary look at these uses.-

Considerable research into uses of DIME files is'
being undertaken at the Southern California Regional
Information Study (SCRIS), a joint project of the
Census Bureau and the Southern California Associa-
tion of Governments.'

Computer Mapping

Computer mapping using a DIME file can only be
accomplished if the file contains coordinates.?

Node coordinates alone allow only one basic type
of map to be produced—a network or outiine map.
These coordinates are used to plot street networks, to
shade within the areas described by the nodes, or to
print characters or symbols within the same area.
Figure 6 illustrates an outline map with shaded
node-defined areas.

YThis research will be documented and reports released
on g periodic basis.

2The Census Bureau precently plans to provide
coordinate readings for all ncdes in the geoagraphic base files
compieted as part of the ACG/DIME Geoyraphic Base File
Program.
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private sectors.

To allow for full use of a DIME file for computer
mapping, area centroid (center point) ccorcinates can
be calculated and added to the DIME file. For
example, block centroids are necessary to plot block
data to a grid, as in figure 7; to 2 contour interval, as
in figure 8, or to proximal or incidence map.
Ceniroids are also recessary for mapping data to
other creas, such as police precincts, census tracts,
and transportation zones.

The Census Use Study tested several mapoing
techniques and systems using the DIME. file, such as
MAP 01, SYMAP, pen plotters, cathode ray tubes,
and the Geospace plotter.>

In general there are six steps in computer
mapping: Selecting and specifying the data to be
mezpped, selecting the mapping system to be used,
attaching coordinates to the data by matching the
data records to a DIME-type geographic base file with
coordinates,® manipulating and orqanizing the data
for input into the computer mapping systern, select-
ing the appropriate cartographic features and deta
categories of the map to emphasize the salient
characteristics of the data, and .producing the map.
Figure 9 iilustrates this process.

3eor o tull description of computer mapning research
carried out at the Census Use Stuay, see Census Usg Study
report, Computer Mazomg. )

*This can be normaily 0dne by usSiNg 2n acaress matehing
system such as ADMATCH, cescribza on page 18,



Figure 6. Outline Map—Geospace ploticr .
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Figure 9. Computes mapping process

Adding Local Area Cedes to the
DIME File

The wuc.uon of local arca codes allows use of the
DINME file in the .ndlysis of local and census data as
they reilte to locil arews. Examples of local areas for
which codes can o2 wided to geographic base files
inciude touffic cunes, plonuing districts, school dis-
tricts, pclice precincts, poveny naghborhoods, and
Lieuitn districts, Locdl ures codes i a DIME file
facilitate the interceiating of census and local data
either for w.c arcas originally coded in the DIME file,
such u. cunsus tracts, blocks, municipalities, and ZIP
cCie arecs, or for local areas such as land use files or
asutisor records.

Locul weus are usualiy defined as agglomerations
of city blocks, parcels, or other siali areas. However,
& local area may also be cefined in alinear sense, i.e.,
8 series of streat or other segments; or it may be
Wentified by o .uries of pomts such as street
intersections. The 1870 census dute will be available
only Tor areal urics. Yhe census block will generaily
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be the smallest unit.5 However, local data may be
available for any of the three types of local areas.
N L]

4 Upcal codes may be added tc a DIME file by
meahs of a dictionary or correspondence table of
local codes for each census area. Thete arc two
reiatively simple methods which can be employsd,
The orimary method is to plot the local areas on
Census Bureau metropolitan map and tinen manualiy
prepare a corresponding list of local area codes for
each individual or series of census area codes compa-
rable 1o the iocal areas. The census codes necessary
Yor areal units are census tract and bicck, as iiluss
trated in figure 10. For linear coding ot one segment
at a time (streats or other segments) the census codes
necessary are a combination of the census tract
number and the node numbers 3t each end of the
segment, as illustrated in figure 11. For linzar coding
of several continuous segments along a street, the
nucessary codes are the segment name and census
tract and node numbers for the teginning and ending
points of the contiguous segments, as illustratad in
figure 12. For node or intersection coding, the
necessary codes are census tract and node number, a$
illustrated in figure 13. Once a dictionary or corre
spondence table is prepared, it is keypunched and the
file processed to add the local coces 10 the DIME
records.

The variant method of creating an srea dictionary
utilizes the DIME file as the source for the dictionary
records. A computer program is written 10 process
the DIME file and punch a card for each unigue
cccurrence of the basic component of the dictionary:
node, segment, block, tract, etc. For example, if
traffic zones are the local areal units to be included in
the area dictionary, the tape file is processed and a
carg punchad for each uniaue tract/pleck number
combination. Tha cards are processed autcmaticatly
in a card interpreter machine which irrlmprints the
cards with the coded elements so they can be read by
clerks. These cards are manuelly divided into uaffic
zones, using a metropolitan map marxed with traffic
zone houndaries 35 a quide. The traffic zone identi-
fiers are “‘gang-punched” into blank fielcs in the cards

S5Block dats will onlv Se avaiabic for  Census
Bureau-gefined urbanizew arcas ard Otoer UISanN Jreas which
contract with the Cers.c Burd3u Tor DIGCh stalsiics. An
urbamized area contan, 3 Sty (9r tain Qiues) ¢of 50.000 cr
more  populanon Dius  Th2 surrolnsc, 3 S.owey  setiled
incerporated and umincoiporated areas which meet certam
critena of population sice or genaity Fiicx side cata will be
avalluble for the urbanized area of man censu: SMSA's on ¢
contract basis only,
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IST AVE. 1ST AVE
22 22
515 515
Locul aread ba sNdary wemes Leeal hasar cogs - 37
tocul are2 cole - @ Coding kay - Y~
Eaure mup oo consus tract 23.01 - Entice map’in census trect 11
Local ¢ de C :nsus tract Census block Local coda From node To node Cansus tract
14 21.01 101 37 14 13 1,
15 21.01 102 37 13 12 11
L) 21.01 105 37 ] 12 1
1< 2i.01 166 37 12 19 11
14 21.01 107

rgure 10, Arcet unit coding - local area 14 outlined on nap
coaed (O census trect ana biock.

using o cura reyroducer machine, The card file is then
Jdiaudy conviricd (o @ tape file. Depending on the use
whici, will Lo made of the Tile, it may or may not be
Cotalsbied withe the onignul OIME file. When it is
Neoc iu'y 10 w.al) the iccal coues 1o the DIME file,
the Jictionary and the DIVE file should be sorted by
race Lud Lole, and a proaram written ta eccormplish

e code dsa;Nindnt

More sophisticated methods exist for adding local
geographic codes to a qeographuc base file such as
DIME, One exampie is the area bounding metheod,
which describes the local geogrephic area by means of
coordinutes. or this method, a computer program
could be writien 10 determine the specific local area

.
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Figure 11. Linear coding by segment - locai hinear code (37
marked on the appropriate street segments Of the map s
codud to census tract, from node, and to node.

code for each record in the DIME file and insert the
code into the record.

Using the dictionary method, the Census Use
Study added local geographic area codes 1o the New
Haven DIME iile. These incluced cooes for 1960
census enumeration districts, Community Action
Program (CAP) areas and sub-CAP areas, elementary
and secondary school districts, traffic zones, and
telephone company central office and market areas.

Agencies requiring special local area tabulations
were requested to provide a punchcard file consisting
of one card per census block. The card contained the
census tract and block and its corresponding local
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Coding key » L~ .
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'F'Q‘f” V4. L, coding by street- loval hinear code /25_
miaked O The 00 street wegments of the map s
cuied by streel . . Ticorn noce for the frst sagment aiong
e SR 10 Moy gor qhe st seyment, and census trach.

ea code. If ¢ piook was partially in one local area
and pariially .y snother, tne wgency assigned the
block 10 6aly « o 15cat area. This situation oceurred
ntrequently boolyoe e tocal areas tended to be
Fach 1argar Uanyy tng average city block and to be
tounded LY .- a5 or other features used by the
Census Bureat y define blocks. For the telephone
tompany bt 5y office and market area codes,
however, @ lutuee qumper of arbitrary decisions had to
be made beCaw v 11 greas were linear in nature, ie.,

they were duisi.og 4 being both sides of a streex,
father Than &5 3 geriey ot biocks.

Ay . .. : '
(\;-hen the be.n hesra file containing the iocal area
¢ dictionaiy, a5 received by the Census Use

Figure 13. Node or intersection cading - local noge codes (in
italics) entared on the map and arrowed to the noges they
represent are coded by census tract and node numDbEr.

Study, it was computer adited to ascertain that each
block was assigned to only one locai area. After all
local area block dictionaries were submitted and
checked, one master computer tape containing ail
local area codes for each tract/block combination was
created.

As in any large-scale data processing operation,
certain problems were encountered ‘due 10 cierical
ecrors and omissions. The census daia tace for New
Haven city contained 933 unique city block codes.
The DIME file and the Census Bureau rnetropolitan
maps showed 1,117 blocks in the city. The difference
between these numbers 1typicaily indicates the
number of blocks with no popuiation. tiowever, it
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was di:;f:overed Uist' 12 blocks appeared on the data
tape with populati.q fiqures; this error was due 10
clerical or procesu., errors in the construction of the
original address Claling guide for New Haven. These
blocks did nOl wipear in the local area block
dictionaries. To @11 (nege blocks to the dictionaries it
Was Necessary 10 fufer to the address coding guide for
street names and . ress ranges and then relate this
wiformation to the ¢ containing the local areas.

The most widésiread use of local area codes was
for creating tabulaiiyng of basic census data for the
local areax Al aiwgial tabulations were checked
before releas-.e 10 1e sure of adherence to Census
Bureau configenuiatiyy ryles, Special tabulations for

eny local area with ¢.\er than five households were
suppressed.®

Adding DIME Fij; Codes 1o Locol Records

Anather volushily soature of a DIME-type file is its
eupebiiity for adu ogq matching, the matching of
records i’_’ two filoe o the basis of address numbers.
Waen using 3 DiIME file, address matching is the
matching thmcal twcord files with address numbers

s DIME iile wit gdress number ranges to assign
2oyraphic codes W yne jocal record files.

(‘-

R Addre‘.s. ‘:na"“'“‘q has many uses. For example,
files conwining ruug of building and demolition
permits can be &t hes matched to insert census tract
"‘“mbe'rf 0 that tal-| )5tions of new construction and
vomolitiony cun bu renared by census tract. These
e e f"’“‘d Ih (g enargl census population data in
;snma.tmg CLneil ngnulation by tract. Address
matching oris ence records to census tracts or
block greups car v, sed to indicate possiole correla-
tieas bedvean Siue g census sociveconcmic data.
Acdress flicibt] e gsor records containing land-use
d“m W pluidig e ot codes contained in the DIME
i‘i_"“ wouid Hruse patterns within the planning
GLniete. Using thy yme asseosor records matched to
Leographic cosidin o5 in DIME file, computer maps
el 1ne Land-uwe paltnrng can by prepared.

RSARTE IO

oo |

To fauilitate awargs

ss matcning, the Census Use
Swudy has devetop -

a an address matching computer
pckage numed ALWATCH,” The ADMATCH system

6F0( detals,  seg
Tobulation Activities
" T3ee Census Uww
ADMATCH: An Ay

Census Use Study report, Data
Study co~puter program package,

~s5 Matching System.
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can be used with DIME files, addiess cading guides,
ACG/DIME geographic base files, census tract street
indexes, or any similar computer file containing
addresses or address ranges and geographic area codes.
The ADMATCH system requires that data and
reference files (DIME, ACG, etc.) be processed in a
three-phase operation:

1. Preprocessing—The ADMATCH Preprocessor
program deciphers the address and creates a 75-
character match key. Special features of the Pre-
processor include the ability to create city and State
codes, standardize street types (e.g. ST, AVE]}, correct
misspelled stureet names on data records, and add
records to the reference file to compensate for street
names that are misspelled or truncated.

2. Sorting—The data and reference files must be
sorted on certain items in the match key, including
ZIP code or State and place {city) codes, street name,
and house number or address range.

3. Matching—The ADMATCH Matcher program
compares items in the match keys of the data file and
reference file. When a match occurs, user-specified
geographic codes from the reference file are attached
to the data records. Since the quality of data files
varies, the Matcher program has an option to accept
rmismatches on the street type and direction to
improve tne chances for matzhing. For example, the
Matcher can be instructed to accept a record such as
151 Elm St. when matched to 151 Elm, or 76 W.
Washington St. N.W. when matched to 76 Washington
St. N.W. lnadividual street addresses can be matched
against street addresses as well as address ranges.

The concept of the matching process is illustrated
in figure 14.

In New Haven, several local tiles were matched to
the DIME file to produce tabulations and innut to
computer mapping programs. Local files matched
included birth records, police complaints, police
arrests, building code vio!stions, fircs, school attend-
ance records, school census records, visiling murses
hours, and heaith records. The match rate avera;ed
85-to 90 percent for a perfect match (all items match
perfectly) and it approached 10U percent for less than
a perfect match (scme items ailowed to mismaich).

In one experiment, data or visiting time spent by
nurses at various locations throughout New Haven
]



were provided by the Visiting Nurses Association of
Ne\.N Haven. This file, consisting of 29,000 records,
was‘matched to census tract and biock and coordi-
nstes in the New Haven DIME file. A 98.5 percent
match rate resutted. Once matched, the local data
gecord file with ccordinates became input to a
computer mapping program. Maps displaying the visit
lacations were prepared. Tabulations of the data were
slso prepared for census tracts and blocks.

Strevt name and number

157 Broemore St.

, Fitus matched in computer

¥

/ Street name and Code to be

Rafercnce addrast rangs appended
Fils

\ 151.199 Braemore St. j €0

Code appanded to local file %

RMatched Streot namo Appended
Local and number code
Fwcord
File é 157 Brasmore St. €0

Figure 14, Matching process.

ADMATCH was also used extensively in matching

focal records for input to the Health informaticn |

System.® Among the items matched were birth
records, infant and feral death records, and hospital
chstetrical recorus. These local recora files were
matched to the DIME 1ile, and census tract and block
group c¢odes appended. Once matched, the local
‘ecords were tabulated, analyzed, and input into the
Health Information System.

Network and Node Analysis

Nodes or link-node combinations are used in node
analyses; calculation of area, density, and network
enalyses; and calculation of centroids for blocks,
«gments, or block sides,

Node Analysis

A DIME tile or other geographic base file with
node coordinates can be used 1o ceographically order
— .

YFor a tuli explanation, see Census Use Study report,
Mezlth Inturmation System
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data by street intersections, such as data on traffic
accidents at intersections. These data can then be
compared to information on traffic flow and the
existence of traffic signals and signs and pedesirian
crosswalks at intersections with high accigent rates.
Analyses can be made concerning changes needed in
speed limits, the timing of traffic lights, the necd for
warning signs, additional pedestrian crosswalks, stup
signs, etc.

Processing is accompiished in a number of ways.
Local data can be coded directly 10 node nurnbers in
a DIME file by clerical transcription and keypunching
methods. Or a separate intersection file can be
created by sorting the OIME file on ncde number and
creating separate records for each intersection
{containing geographic identifiers, node numbers, and
intersecting street names—listed once for each node).
This tile can be sorted on intersecting pairs of streets
in standard alphabetic order and local data records
“for intersections can be added.

A special matching program that can correct and
match on misspelled street names or add supplemen-
tary records could also be created 1o match local
intersection data to the DIME intersection file and
transcribe geographic or 0Other codes from one file to
the other. Figure 15 illustrates the concept of
matching a DIME intersection file and a local
intersection file and appending a code from the DIME
file to the local file.

Local . Intersecting streets 1
Intersection
File
Atlas Rd. - Maywood Pl.
# Files matcked in computer
Intersecting Loge 1o be
DiME . streets appenaed
Intersection
Atlas fid. -
139
Maywood Pl
i
Coda appended to local Nl %»
(ﬁ intersecting Appended
streets codg
Intersection
File Alas Ac. - 131
Maywood Pl ‘

Figure 15. Matching intersection tiles



Area Calculations and Arrayg

Polygonal areas can be comju,jeq given coordinate
information describing the {a.y 4on. Polygons can
represent agglomerations of Licks, census tracts,
police precincts, or arbitrary arvae (centered on a set
of nodes or one node) of fixed ., yariable width. For
example, an area calculation riay pe required for a
strip 100 feet wide on both sidug of 3 series of street
segments, as one of the data viements needed in a
study of land requirements for hiyhway construction.
Figure 16 illustrates this. Or an area calculation may
be iequired for an area, radiating gyt % mile from a
" set of nodes, describing a parti uiar set of conditions
such as a parcel of land propouai for rezoning (figure
17). Or again, area calculations may be required for
rings and sectors at fixed distances from a central
business district,

Aiso, given data by polygons teseribed in terms of
egordinates, it is possible to detoymine by “point-in-
polygon” or “polygon-in-polyuvn" methods which
polygon a given data item belungs 1o, This permits
arraying data by irregular polygoug,

Similar but simpler methods .ermiz arraying data
by regular polygons such as giwy squares, triangles,
circles, rings, or sectors. ’

Network Analysis

A DIME file forms a sublstantially complete
link-node system or network. Nenyorks are used in
transportation  planning  and  ixsource  allocation
studies in which movements tuye place from one
point to another over a network.

Transportation Studies—An ' «qortant device in
transportation studies is the simu: «tion of traffic flow
over & network using minimum .y algorithms. This
device can be used for processes .
delivery trucks and postmen to .aqr time/distance
paths to make routing more effic . .. assignment on a
real-time basis of police cars, am:«,jnces, fire trucks
#tc., from one point in a Netwe \ to another over a
le2st time/distance path; estimat . of the effects on
traffic patterns when elements
change; analysis of effects of
generators, etc.

+ h as assignment of

of the network
- hanges in traffic

Planners have used network fijes representing
major traffic arteries for many \wars in conducting
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Figure 16. Area calculation for a strip centered on a series of
linear segments,

Figure 17. Area caiculation for an area radiating out o certain
distance from a set of nodes.

transportation studies. A DIME file contains all
streets and many nonstreet features and boundaries
for an area. In some cases, it may contain toe many
records to be handled by computer programs cur-
rently used in transportation planning. A DIME file
may also lack data important to transportation
system simulations, such as direction for one-way
streets, number of vehicle lanes in a street, speeds,
and travel time.

A DIME file can be readily adjusted for transpor-
tation applications. Data needed can be selected by
developing a dictionary of required streets, comparing
this to the DIME file, and creating a new network file



for only the required streets. it is also posuible 1o add
A

data on direction, cipocity, eic. to o DIME file.
Cigqure 38 illustra.cs this process.

Standard i Oict.cnary
DINE tils of required
H SUexls
]
Y Y
Coliate fuus, creue fie of
reccrds for gictionay strevrs
{ H H
Abridgea oiaic ‘ ! Addiuonsl dava
fic for L.‘........‘ et QIrection,
ANt otie N ' Lpeeds, copality,
Preadtng ‘ ng. of lane,, ctC.
. L
Y
) i '
Transporiation ,
planning ! Trarsporwat.on
computer - duls
programs é i
— ! )
e
L
D
woaly 3is
[ J

Figure 16 Auiptag tne DLAE vle tor wvaruporiation
planning

- s wWlion neivwoin data curiently belng used
vary cors. t oaly in formal, conuen(, cuverags, and

level o1 d @ ' froin one area 10 another. Stundarc

DIME files cout be us:d o3 (e bails Tor cuvelopinent
of swarndara trunssu.
the countiy. Standara compuiel Proqgroms, WSnnical
spacificaticns and an.yaca docurnonts would result
in consic.vable savans asd ncrensea  sificiency.

adard DIME idew ter all maor mc.ropuiitan areas
would il L wWorlhiaoic (0 daviop stunaard
cemputer pougrams tor Loicng ilisouoa pioblems
Fwolving deuvery trac Fott o, Trasa renoval routes,

L on Defwoiih gete througnout

w5 FoUtes, computal rounine, of venicles, “aucth-rhus’
systems, analyas of poieniing ioading 0N existing and
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Allcoion or Aciourtes to Facilines=Wan the
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) 'O the past, the CSP process relied on iucal
mfon,,mon

and manua map-orenid outa misnpuia-
tion

100 6 locate shelters, identily pogulztion datrinus
UON3 by wmall areas and by tme of day, i .« ssign
PRl 1o shelters to minimize the disiance waveled
NG Usg ayailable shelter spaces most efficieny.

Ths 1970 census block data will minimize the
Ne2A tor detailed local data. Uniiorm DIME fi 2 for
all i finks in the total transportaticn syster of &
MeVCglitan area will make it feastble to asign
PEOLIn 1o shelters by computer. Yo madernize tne
cee kvocess, two objectves are Geing pursued in the
Censug Yee Study project:

V- Development of a computerized mcdel to
automatically assign people to faliout sneltars
along a DIME network, and

2. Preparation of 3 dsta management system
copable of assembling end crgzaizing censues
wnd local data inwo tne ferm reguired by the

: model.

A preliminary computer model  has  Dbeen
SVER. hed—CRAN {Computer DEsouite ALLOLELION
Moden g reprasents tne first use ¢f the CIME file as
4 Newyork. The spatial relaticnships oetween shelter
feCity gg and people using the sneiiers {population
data by census blocks; zre dotermined (Dioush The
USE «« the OIME file. Tre model cza perform an
a0 non  based on pedeswrian andfor venicular
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Although the mooerl has bece,, eveloped 10 assign
people 10 shelters, it can be Lweii tar 4 wide range of
allocation problems—for exampls 1o allocate children
to schools, determine logical soiy ce greas for com-
munity health facilities, evaluat. dternative sites for
new plants, evaluate existing faciities and plan more
effective utilization of existing (acilities. Since the
model allocates resources to fa if gjes along a trans
portation network, it may be dpy. lied to any situation
which embodies these three comyynents,

Adjacency Analysis

The ability to group contiguuys blocks (or other
small geograpnic areas) by (urrain homogeneous
cnaracteristics of the blocks hag interested urban
planners and analysts for some time, A OIME file and
appropriate software make thiy process faster and
more efficient by relating all "wdes, segments, and
hocks to each other., Just Js nsnyork analysis usas
Jie tink-node relational characte, istics contained in a

U.ME file, adjacency analysis vses block-node rela
wonal characteristics.

Aggregation of Areas

Contiguous areas such as bl (s, trzcts, and police
Lesls can be comined 10 Cleate 23 area of pre-
determined size in terms of lang ares. number of
households, waments, etc. If the
wrvas are 10 be deringd in terma (ich as square feet or
acres, s DIME file with coordin .,
uqunrcd pUt to the cumoule groces, for aggrega-
tion. it the orear we cefined 10\ ins of orher data, a
gatu file conrtainiig the necessas
Hs0 be used.

numcer of sureet

~s would be the only

Vv Jdatg elements must

Cormputer programs for
desigried 10 provide compact
firn,ors, holes, or serpentine ag
This can be donz by .peci
program thot euch successive
uigregation should be the urea
~rew. Divergencicy from this r.

*agregation can  be
suqregations so that
~atons are avoided.
*g in the computer
srea added to the

< <an be allowed. For
exanple, a 4C-percent diverc. . would aliow one

cimiension of the aggregation o e 4p percent greater
tan the other, Other constrain . syeh as  feature to
Ky within block groupings of Lensys tracts as much
w5 possible o 1 ay within
can be added.

“~unicipal boundaries,

<ivsest to the initial’
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A prime use for aggregation techniques would be
the delineation of legisiative districts, basad on the
one man-one vote ruling of the Supreme Court.
Although the results of an aggregation program may
not be completely acceptable to lawmakers respon-
sible for drawing such districts, they would provide a
solid base or starting point from which equal popuia-
tion districts could be delineated. Qther uses would
be the devising of police patrol beats based on the
accumulated length of the segments within a compact
aggregated area, or the determination of school or
kealth districts based on existing and/or proposed
schools or clinics.

Clustering of Similar Areas

Contiguous areas, all within the same range of data
values, can be accumulated into larger areas of
undetermined size using a DIME file, data files, and
appropriate computer software. Data values are the
basis for the clustering.

The computer software may be designed so data
value ranges can be stipulated prior to operating the
computer program or so that they can be determined
mathematically during computer processing in terms

of quartiles, quintiles, etc. Also, the software may_

provide for stipulating size criteria for clusters {e.g.,
maximum Ir minimum numbder of arsas; as well &3
criteria on data value discontinuities,

The ccncept of clustering aliows for the deter-
mination of homogeneous arcss for community
action programs, model cities development, poverty
areas, high health risk areas, ethnic enclaves, areas
where the clderly predominate, or other types of
homogeneous areas.

Other Uszs

Other potential uses for a DIME file include~
Monitoring of Programs by Geographic Areas

A DIME file frsmework cai. be used for reporting
the detailed analysis aata on the progress of a
program for a specific geographic area, ranging from
the block levei upwards. The AModel Cities Admin-
istration of the Department of rhousing and Urban
Development :s currenily exploring the possibility of
using DIME files for this purpose.



Developinent of Parcel Files

. The. Dine techniques for creating a geographic
base file Lqn 1o Gsed 10 create a parcel file. Coding
Md pmc"“‘"?) would probably be expensive. The
limited 0. runt of research carried out by the Census
Use Stud/ 1 gate indicates that a DIME-type parcel

file wo‘;‘f’ rost at least 20 tirmes more thaa a typical
Dm"f % 3t the biock ievel. The methodology is
Identicai:

Riocks become parcels; nodes are placed at
chi “Ciners; ard each lot or parcel receives a
uniqQue fith\her, tike a bicck number. Address ranges
are €oded ¢o0 asch parcel, if available. Since a
geographiv pace file st contain records for all the
geCq PNV \yichin an area, sidewalks, streets, inter-
SLBONS, vy other elements such as traffic islands,
CFdE-$aCy  podies of water, and bridges, should be
considered

as parceis and so coded.

For Oty applications, it would not be necessary
to create & orcef file in the deta! outlined above. For
each 38900, s record in a regular DIME file, subsidiary
records fu, o.cn parcel along the segment could be
cre.ated. "‘sing this method, parcel data could be
assigned Ysrough the segment record to tne parcei

subs

& the bu gl seqment, block, or any higher geo-
graphic ley .y

Developiiyent of Larger-Grained Files

Just 93 it is possible to create DIME files for
parcels, it . aiso possible to create files for areas
!?rger .th“_‘\ blocks such as block groups (or enumera-
tion distric 1oy 5 canus tracts, planning districts, police
Beats, MU 4 cinatities, and counties. For exemple, a

FeSeaCnel concerned with rural problems might wish
10 Credle . 5 \iE tile for alarge depressed rural area.
Such @ Tl (ou1d be based on enumeration districts,
these being (he smallest tabulation units available
from a Hfecennial  census for rural areas. The
researchel \ouig then be able to manipulate census
duta, and

. local data coded to the ED, using the
techniquia o riined previously in this chapter.

e,

OThe oiv,
enumeratio.
appioxima’,
Liock grow,
average s to
Cntus ract,

2l ynit called the block yroup corresponds to the

district 1n previous censuses. There are
v 10 blocks per block group. The numoer of
v oper census tract varies from one to eight; the
it The block group 15 always a subdivision ot a

10137y ecord. Parcel data could then be retrieved .

Voting ward or precinct DIME files could be used
by political scientists in analyzing election returns or
by politicians designing new !c—gisiat‘ive district bound-
aries. County DIME files could be used by economic
planners at the State or Federal level to study and
analyze economic trends and projections.

Information Systems

The DIME file can be readily used as the geo-
graphic base for information systems. For example, in
the H(ealth Information System? © developed in New
Haven by the Census Use Study for the State of
Connecticut, block groups derived from the DIME
file were the basic geographic units used in the
system. Local data files were matched to biock
groups by means of the ADMATCH system. Local
and census data were combined 4t the block group
level and various statistical analyses were performed
to generate socioeconomic and health indicators.

information systems for municipalities and other
political or planning jurisdictions should be based on
a geographic framework such as DIME. By using 2
DIME file, the data elements in an information
system could be manipulated, analyzed, and dis-
played using network” and node analysis, adjacency
analysis, computer mapping techniques, ete.

.- Area Sampling
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Random or stratified geographic sampling on a
segment side, segment, block, or higher geographic
level could be accomplished using a standard DIME
file. Sampling at the parcel or large-grained level
could aiso be done if such files were created.

Geogranhic Grouping of Census Summary
Tape Data

The use and manipulation of data provided on a
block and block grouping basis by the Census Bureau
after the 1970 census will be greatly facilitated by the
use of DIME files. '

12 £o; further nformation see Census Use Study report,
Health information System. Wirile this rep0-t detasis 2 system
primarily concerned with rialth, :1s methogology is widely
applhicable to other functianat areas.



Time Series Sty .

With a g20913,ui¢ g_se file such as DIME, data can’

be coded o Uig .
reflect  historic.
analyses.

k, segment, or other level 10
ageveiopments for time series

Spatial Compai (sgng

“;ReSEarch.ers May wish to compare and study
dn‘s’ercjnws I the haracteristics of certain areas from
O,"‘e cnty_’ 10 aN%inar, Ysing some of the technigues
(“"(_’_J"Pw 0 this rhapter, such study areas could be
G-himited and Vel La,g data jtems retrieved and studied
i Uie feas. A 1 example, socioeconamic charac-
teristics could b yriined for a series of hard<ore

.

}

uremployment ai..¢ in various cities throughout the -

N, i
couatry oM ia70 cunsus summary tapes and

analyzed using the auppropriate CIME files and
analytical techniques.

Market Analysis and Other Business Uses

Many of the techniques described above have
applications in market analysis. For example, market
analysis areas can be inserted in a DIME file, resulting
in the ability to retrieve census of company data by
market areas. Network and node analysis has value in
the determinarion of delivery routes. Use of a DIME
file with lists of prospective customers gives a firm
the ability to map out a rational scheme for following
up on such prospects. Placement of new facilities or
reiocation of existing facilities because of changes in
the nature of pusiness or customer characteristics can
be planned by using the appropriate software, data,
anc DIIAE files.
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Chapter ili

Vechnical Descrintion of tae DEIE System

This chapter describes the conceptual origins and technical aspects of the

DIME system,

Conceptual Origins

The most slunificant technical contribution of the
DIME geocoding system is the topoloaical edit. It
provides for accurate computer editing and correcting
¢f the stuctural elements of the coded geographic
fie; ie, streets and other linear elements, points
where the linear clements intersect, and area iden-
Giiers. The edit can theoretically be done manually,
eithough practically it is only done by comguter,
except N a demonstration of test situation.
Depending on the number of times the file is cycled
through the edit procese, it ic posible to corroct the
cierically codedy fue so that it becomes a perfect
replica of the ¢lements on the map coded. However,
in preciice, cost limitations usually do not permit a
sufficient number of edit Cycles to correct the file
completely. A residue or uncorrected errors may
range from less than 1 percent to 4 or 5 percent. At
least two or three edit cycles should be completed to
assure sufficient accurscy in the file.

As stated earlier, the edit system is based on
concepts desivet from graph theory. Since any street
map is basicolly a type of linear graph, concepts
derived from ¢: aph theory can be used as a means 107
creLting, .corrwung, and maintaining a high qual.ty
ouographic bavs file. Single-line maps can be cate-
gorized as sim:te geometric figures consisting of three
basic  uniquety  identifiable elements. Ponts or
vertices, lines connecting these points, and areas
enclosed withiy 3 series of lines forming an enclosed
space. Figure 20 Hustrates these elements of 2 typicai
single-line map, '
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Figure 20. Linear graph eiements of a map.

The Census Bureau’s series of metropolitan magps is
ideaily suited for this purpose because all three
slements can te identified uniquely. Two of these
elements are identified on the maps when preduced:
lines are identfied as Grant St., Muddy River, etc.,
and areas are identified by block numbers, census
wact numbers, etc. The third element can be iden-
ufied by uniquely numbering all vertices or points
where lines begin or end. Curved streets or other
hincar teatures on the map, such as rivers, raidroad
racks, of bounaarios, can be represented as a series of
wraight-line segments by defining a suffisicnt number
of vertices along the curved line,

Composition of DIME File
A DIME file is composed of seament recorrs. A

segment is defined as a length of a street or other
feature betvween two cistinct vertices or nodes, Other



features are imaginary lines defining political or other
boundaries; topologicai features such as rivers, shore-
fines, and canals; other map features such as railroed
tracks, airport runways, and piers; and any other
feature defining & block bounaary. Nodes are points
where features begin, end, intersect, or curve sharply.
Unnamed features, when coded, are described
uniquely.

Each segment is coded separately with the three
basic ccdes needed to edit the file—segment name
describing the linear element, ‘from’* and “'to” node
numbers describing the nodes at either end of the
segment, and left and right block numbers describing
the areal igentifiers on either side of the segment. |f
the segment is a street, address ranges for both sides
of the segment are usually coded. Address ranges are
codud because DIME files will frequently be used to
2ssign geogrzphic codes to local data files containing
st addresies as the oniy locational code. There is
also @ separate coding field which can be used 10
descnibe nonsueat features and other unique seg-
ments such as propcsed streets, pedestrian walkways,
e Shores, rivers, and ooundaries,

Additionzl code fields which are used for a scries
oF seqnents are ZIP code, drea code (a municipality
cuct), etection ward numbers, and census tract. 1t s
usdlliy Not necessaly 1o code ZIP codes or election
wora numbers if they will not be used. If more than
vae municipality is coded, area codes should idenufy
w.$5 Legment to its proper municipality. If the area
fias consus treces, they should be codea. It census
tracts ¢o not exist for an area and the size of the area
is sonail eincegh 50 thut cech oluck within the area can
Lo unigualy iienuficd with @ threedigit code, then
CenLus Wratl cldes need NOT be used, *Precdo census
wact” areas cun be created and numbered for
noawact areu. where an areal identifier larger tnan a
Bicck but smulier then a municipality is needed.!

la sumrnory, tne etlements in the DIME file are:

Mondatory eleaents
SWMert naine and/or description
Nod.: numuars {two for cach segment)
Biuci coaes (two tor each segment)

—

A tull vaptonaion Of the coding methods, supervision,
HO Ma, uwied ulternatives 15 provided 10 the Clesicyl Instruc:
tohis inonusl of the Cunsus Use Study compuler £OGram
Younayd, L1 &l m Gevgraphic tase File System.
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Eliments mandatory under certain conditions
Address ranges
Area codes (inunicipality code)
Cenuus Uact codes

Opucrut clements
Ccae for nonstreet features
Zip cede
Ward or other election district codes

Figures 21 and 22 illustrate a listing of a typical
DIME file.

DIME Yopological Edits

There are two types of DIME edits. One “‘chains”
the string of segments that bound a biock and is there-
fore known as the hlock chaining edit. The other
“chains’” the blocks surrounding a node and is known
as tne node chaining od:t. T+ie block chaining edit is
performea first and s the most important edit as it
detects the great majuority of structural defects in the
coded file. Because of this, the node chaining edit is
frequently omitted.

Block Chaining Edit

The bluck chaining edit operates on the three
mandatcry coded eleivents for each segment record:
Segment name or description, node numbers, and
block coues. It also serves as 3 check on the accuracy
of the census tract cOve as the records are sorteg by
tract prior 10 the compuater processing. As a
byproduct of the toiulogical edits, erroneous tract
codes are detected. An eiementary illustration of the
methoa uwsed In the block chaining edit is shown
below, Eiock 109, the block 1o be edited, is shown in
figure 23. The basic ¢ aments needed for the edit of
block 163 are shown iy rigure 24,

(e Lund steps followea Ly the computer are:

1. AN wegnants ¢ od 1o block 105 {either block- -
lett or Licch-ri-1) for the census tract being
cdited are selectnd from the file.

2. Ay Loihowegmany record for bleck 108 s
seieied, a8 cOv--oyuter checks the position of
liie block numbe, of the block being edited.



.G . d Census tract Header No. '
Left Right Lef: Right Lef Right
v noot 35 35 7 7 14 15 | 30151
Cigure 21. Hoader items (codes for a series of segments)
c , - . 1
Sogmaent name g From To Block No. Left Addressss Right Addresszs Hasaer :
oy description e node node Left Right Low High Low High No. !
ANDERSON AD. 75 76 111 120 900 953 901 998 30151 N
ANDERSON RD. 76 77 112 119 | 1000 | 1098 | 1007 | 1069 30151 |
ANDERSQON RD, 77 78 113 118 110C 1198 1101 1199 30151 i
ANDERSON RD. 78 79 114 17 1200 1248 1201 124 30151
ARGONKE ST! 34 36 271 278 400 488 401 449 20151
ARGONNE ST, 35 35 270 283 450 493 451 499 30151
ARGONNE ST. 35 39 270 282 500 98 501 599 32151
BADGER RIVER 2 107 103 137 137 , 30151
BADGER RIVER 2 108 112 137 137 30151
8ADGER RIVER -} 2 112 13 138 137 3015
Figuro 22. Segment items (codes for ewch segment)
| a. Ji the block number is in the block-le%t
| sition, it is transferred to the block-rig~t
101 102 103 posi 3
position and the other block number is
31 Ist ST. 32 transferred to tha biock-left position. The
node humbers are also exchanged; the “fro~"
- - node replaces the "to”” node and vice ver<a.
106 3 105 ol 1 b. if the blcck number is in the block-right
. sition, no changes are made. '
34 2nd ST. 33 RIS ng
3. When all the block numbers for the block being
107 108 109 edited are in the block-right position, te
l"\ computer attempts to link or chain the nocsx
'y from one record to another, rearranging e
Bicck numoer Noge number sequence of segments as necessary. Notice 1nzl
Fugure 23 it was necessary to move the last segment
vecord in figure 25 to a position benween th2
] first and second records. Figure 26 iilusiratss
i Seymenat Erem To Block Block the final arrangement of the segments ang the
{ aame noae node left rignt dotted lines indicate hiow the computer chains
1 the segmens records.
| s 31 32 102 105 he segment record
[ 2ngs 34 33 105 108 o ) ,
— It the nodes chain and the first "'from”™ node is the
}__"‘ St bR 3 166 105 same as the last ‘10" node the block is consicersc
b s 33 22 105 10 topologically correct. Note the parallel of the
| computer operation in the hypothetical chaining of
Figure 24, block 105 in figure 27.
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Segment From To ... Block Yack
name node node lett [
Ist St 31 - 32 102 ‘08
2nd St. a3 34 108 ‘05
A St 34 .31 106 ‘55
8 St R 33 104 ‘o8
Figure 25. |
Segment From To Block 9 ack '
nams ncde node left Vamg
Ist St. r 31 -'——}. 32 102 '9s
8 st | 32453 104 con
d rd
|
ngse || 3::&’-;-;34 108 ' o5
1 ——
As. |y 3afiem 106 ‘05
\\ ----- .'
A
Figure 26, '
E
P
)
!
L IST ST .'gauoao-ou.-uc.a 32
| K B—
z g3 H
A d ]
e ]
| : 105 :
i H H
© 2ND ST.%| 34 3:
l ]’“ta-no..unnnco -’7 23 ‘
| & s
{ < L}
Fegure 27. |

If any segments remain, ar if the block Caitngt be
chained, the block records are rejected as a bv -anyjal
errer. For insturce, if any of the records in the 00
example were missing (i.e., not coded) the yock
would not chain and would therefore be rejectey,

it the node numbers or block number. . are
reversed, the block would not cnain proper -, and
would be rejected. As an example, if the leit a. . right
block numbers for 1st Street in figure 2+, were
coded 105 to the left rather than to the right w14 102
to the right rather than the left, the block “ould
contain a “reversal” and would be rejected. Figuire 28
illustrates this point.

Segment From To iock Block
name node noce left right
8 st 32-~—» 33 104 105
2nd St 33 ‘{:-j' 34 108 105

P

" A St 3 &y 3 106 105

Ise St. 32 31 102 105
Figure 28,

Segment records for the blocks rejected are
printed out on a reject listing for review. When
reviewed, and corrected or recoded, the segment
records are keypunched, inserted in the computer
file, and reedited. :

Node Chaining Edit

The node chaining edit operates with the same
elements, and chains blocks around a node rather
than nodes around a block. An elementary example
of the method used is illustrated below. Node 29, the
node to be edited, is shown in the center of figure 29.
The basic coded elemenis needed for the edit of node
29 are shown in figure 30.

23 ARMOR RO. 24
406 . 307 .
Q [
« 30 GANT AVE. “ 28
9
- w1
3 o sm S
405 3 309 § <
37 &M Ciss ST 39
404 310 311
Figure 29,
Segment From To Block Biock
nama node noda lett night
Gant Ave. | 30 29 307 302
Gant Ave. 29 28 307 308
Olds St. 38 29 209 308

Figure 30.



Sssentialiy the same ;o004 is ysed in the node
chaining edit as is used 1, yhe plock chaining edit. The
basic steps are:

I. All segments coduy 19 node 29 (either in the

from™ or "'t0” f1..1 position) for census tract
being edited 27€ sincted from the coded file.

2. Ag cachh 7ecord is wnlecred the node number for
the nods being wiited is automatically t-ans-
ferced (if necessai ) ¢o the “'to” node position
8s illustrated in fiunye 31,1 the node numberis

wansferred  the  yyock ' numbers are  aiso
exchanged.
Seginent From To Block Block
name node nods toft right
1 Ave, 30 29 307 309
Gant Ave. 23 29 306 307
O1ds St =3 29 3209 308
\
Figura 31%.

3. When the segmeiy records are structured so
that the node belvy ogited is in the “to” node
position, an allo.ygt js made to chasin the
blocks around \jya poge, rearranging the
sequence of seyMuntg a5 necessary. Notice that
it was NECEsSan 1o move the last segment
record in figure 1y 5 4 position between the
first and second g Figure 32 illustrates

the final arranc. yiont ang the dotted lines
indicate the chain 4.4 nd the node
Segmant | From To " Block Block
name node wde left nght
Gant Ave. 30 29 .,1307 - - =309
L ” .
Orcs St. 38 9 | 30947 i 308
- P
Gant Ave. 28 29 1 308 €2 > 307 i
[ L e e e
2

Frgure 32.

It the blocks chain .,y tpe first left block is the

same as the last right 5w\ | the node is considered to
be topologically correct
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If any segments remain, or if the the node cannot
be chained, the node records are rejected 3s a
potential error. For exampie, if any of the records in
the above example were missing, i.¢., not coded, the
node’ would not chain and wouid, therefore, be
rejected. If the node numbers or bluck numbers were
erroneously reversad, the wnode wouid alsc be
rejected. e

All segment records for the nodes rejected sre
printed out on a standard reject listing Tor rrview.
When reviewed, and corrected or recoded, tie seg-
ment records ars Kkeypunchzd, nserteg in the
computer file and reedited.

Thus, two basic structural elements in the file can
be made 100-percent accurate by precessing the file
until all rejects are corrected. The other structural
element—seament name {and address numbers)=is
edited during the address edit, discussed below

Intericr Segment Edit

There is a limitation tc the topological edits.
Segments interior to a block such as dead-end streets
cannot be edited. For example, figure 33 illustrates a
dead-end street--Pine Place, which does not form part
of the boundary of block 305. When edited, the
segment for Pine Place would be rejected as a
potentiai error pecause it does not torm part ot the
chain around biock 305. When investigated, it would
be found that Pine Place is a legitimate szgment
record and as a result would be retained in the tile as
correct. However, if Pine Place were missed in coding,
it would not have been detected by the topological
edit because the block would have been chained and
found acceptable.

301 302 305
SALE RD. 76
75
3 &
Q 78 PINE
-2 77
305 w 305 ALACE = 304
g oy
TAUNUS AVE. &0
79 R
307 208 363
Figure 33.



Segrnant From To Bl(.h;:m Block
nams node noda lets rignt
Salem Ad fa 75 == = 76 30e 308
&im Se. , 76 A{"j’n J64 305
————t ) f‘/ T - |l
Elm Se. ; 77E=ps80 3s4 305
‘ i
Teunus Ave.{ 80 -’-&(-/-’—-379 0y 305
v o 4
Besz O, \_79 #5 eieis 36e 205
Ping Ficzo 77 78 302 205
Figure 34,

Thera is @ relatively simple method .. assuring the
mclusion in the file of ail interior s..ments. The
mithod entails matching node numta., ¢ the file
ggainst a listing of nedes developed Clerically when
the coding maps are node numbere. The devel-
opment of this listing on a node Cu.ygpqj form is
discussed further in the clerical manual ¢ the DIME
Corputer program package. The node rontral listing

imcludes inclusive rangss of all node no “bers used in

the area coded. Therefore, each of the \wde numbers

listed on the node control form shoull “atch at least
onLe to the node numbers in the DIME «

Matching can be done either Masually or by
computer. 7o accomplish a manual Mav.n each node
in the DIME file should be computer :
map number, census tract number, .sga number
order. The resulting listing should then ., matched to
the node control list, which is preparay 1y the same
order. All unmatched node nuUMDL. ¢ (hould be
investigated for possible errors. 1, computer
matching process requires the deveicsament of a
cornputer program to compare the Tt lists in the
order indicated above and print out a., unmatched
cases. The node control form should t... Leypunched
for insertion into the program. Unsacched cases
should be investigated for possible erroiy .

sted once--in

DIME Address Edit

The DIME address edit was developu. orimari;y 10

check the completeness and consiste:.. \ of address

ranges and street names in a DIME ve. The edit
checks one entire stieet. at a time cy stringing
together all segments for the street b tinking node

numbers. Once linked, the address rangu. on each side

30

of the street must be in ascending order without
overlaps. One side of the street must have even
address numbers and the other, odd address numoers.
If a street 1s broken into pieces or passes from one
jurisdiction to another, appropriate exceptions are
allowed. Nonstreet records are not edited.

Coordinates

The node numbered maps used in coding can be
digitized; i.e., coordinates can be determined for each
node, at any time after coding has been completed.
However, the insertion of digitized coordinates into a
DIME file is not usually performed until the file is
computer edited as it is desirable to have a ‘‘clean”
file for coordinate insertion.

The primary reason for adding coordinates to a
DIME file is to prepare the file for computer
mapping, distance calculations, and other applications
involving spatial relationships.

There are a number of different coordinate
systems and each has its own strengths and weak-
nesses. The Census Use Study used-only the state
plane coordinate system. As mentioned earlier in this
report, the Census Bureau plans to make the
ACG/DIME geographic base files available with geo-
araphic coordinates (latitudeleongitude), in stalc
plane coordinates and also with “map miles” north
and east from an arbitrary point.

Several metheds can be used to digitize a map and
insert coordinates in a3 DIME file. The method used by
the Census Bureau entails the use of a semiautomatic
coordinate locator built by Bureau technicians. Gen-
erally there are five steps in the process. The first step'
is 10 set up the map on the coordinate locator
(digitizer) table and prepare the map for digitizing.
The second step is to read or digitize the map
coordinates for each node. The third step is 1o
convert the map coordinates, which are read in
hundredths of an inch by the digitizer, to actual
ground coordinates—state plane, geographic
(latitude-fongitude) coordinates, etc. Some Aigitizing
equipment combines steps two and three. The fourth
step is to attach tne coordinate records to the DIME
tile records 10 which they apply. The fifth step is tc
plot the SIME {ile with coordinates at the same scaie
as the original map, compare the two maps, and
correct any obvious errors. These five steps are
explained in more cetail below.



Map Setup

The map sheet to be digitized is piaced on the
digitize? table and positioned so that the state plane
coordinate registration marks are parallel to the table
odges. The registration marks, located on the edges of
the maps, are aligned parallel to the table edje
pecause in some cases map edges may not be parallel
to the coordinate system indicated along those edges.

After each map is set up, an origin point is
determined. This point should be to the left (west) of
end lower than (south of) the maost southwesterniy
node to be digitized. This peint should be located in
the border region cf the map and clearly marked and
identified en the map. The origin point can be any
.grbitrary point meeting the above requirements. The
gigitizer should then be adjusted to measure from the

arigin point.

Locations of at least two registration marks on
each border are read and the ccordinates and digitizer
rezdings for these registration marks recorded for
later ute by the conversion programs.

Digitizing

Digitizing is the process of reading map coor-
dinates for each node trom the node-numbered
coding map. In using the Census Bureau's semi-
zutomatic coordinate locator, the operator of the
machine places a cursor over each numbered node
and presses a button which records or reads the
location of the node. The node is read in hundredths
of an inch up and to the right of an ¢rigin point
ocated in the lower left corner of the miqitizing
meachire. Each time a node i€ read, the operator must
%0 keypunch the map sneet number, census tract
nurnber, and node number on a punchcard, thus
creating a complete record for each digitized node.

Some digitizing equipment have the ability to
sutomatically multiply each coordinate reading (in
hundredths of an inch) by the appropriate scaie
‘aztor and add the resulting reading to the ueograpnic
(:atiwude-longitude) or state plane coordinate reading
of the origin point. ’

For small arcas it is often practicai to digitize the
mep manually on a drafting table. This 1s done by
selecting an origin point on the map to the left and
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beiow the lowest left node to be diqitized, and then
measuring caistydy the locetion of ¢Leh node relative
to the ofigin ;woint. As each node is read, a record of
its X and Y Jocation, node number, and any otner
necessary mapy code should te prepared for key-
punching. A\ ariant on this method v.ould be 1o use a
light-table, arut place graph paper urder the map to be
digitized. The arid fines on the graoh paper should be
systematically  nymbered according 1o some  He-
delined scallng method. The inac is placed over the
graph paper and the nodes read by reiating the noae
© 3 pair of yrd lines, scanning the grid hines and
recording the zppropriate X-Y readings. Another
method wouly be to transcribe the map onto ¢raph
paper and progeed as cutlined above. '

However the digitizing is done, certain quality
control measuces should be followed. !t is less costhy
10 catch efrowy gt the initial digitizing stage than after
coordinates aie inserted in the DIME file. A suggested
procedure is o« tallows:

1. After all nodes on a map have besn read in the
normal manner by one operator, a second
ODEr3lor rereads every 25th node starting at a
randomiy selected node in the first 25. The
rereading must be independent, without refer-
€NCe Of “omparicon to the original readings.

2. A third persnn compares the readings of the
original uperator to the readings of the second
6perator and notes all gifferences. Differences
of less than .05 inches can be ignored. Each
differenwse s checked to ascertain which opera-
1or matts the arror, If the original operator had
more than 3 certain prespec:fied percentage of
node ivadings in error (5 to 10 percent,
dependisg en accuracy desired), the original
digitizing is rejected. The map is then come
pletely tadigitized. Thern, a new quality control
sample s used. if less than the prespecified
percentmpe of node readings are in error, the
WCIK s accepted and the node readings in error
a8 LOIfnetad,

After all scorrect readings are correctad, the
digitizing priseess s complete During digitiziigg and
quaiity cont .~ the map should not be gemounted
from the dig: .;er because reading errors may result of
the mao 8 rveagunted and Qigitizes Qudiily controd
procedures sinaiid slways be used, requroless of the
reputation o! -he operator Of the organization.



For digitizing at the Cangs Bureau, the node
numbers 16 be digitizea on "vh map are first selected
from the ACG/DItAT file .., punched out on cards.
This is done 1o eliminats ‘manual entry of node
aumbers and is made POSiLlg by the fact that the
Census Bureau Coordinar, Locator can display
wepunched information 1y, the cards on the
eperator’s console.

Conversion

This is the process of “ansforming the original
digitizer readings {in hundiegths of an inch) to a
ceordinate system. Conversi,g is usually done by
rultiplying eacn node rea,, in hundredths of an
inch by the appropriate nja,, scale and adding the
result 10 the coordinate reaci,,, of the origin point, A
simple computer program cayy
this conversion.

e written to perform

Scale factors and the state yu ne coordinate reading
of the origin point are deternined a5 follows:

7. Divide the difference Pvtween all pairs of state
clane coordinate readin g along each border of
the map by the same U.tigrance in inches. The
scales snould be niearly ..sentical for a1 borders.
Significent differences *ould be checked, small
differences ignored. Paer maps tend 10 have

e 1. F
greater differences tha, mare stable material
sich as Mytar.,

2. Record in - inches thea readings of the
Tegistration marks arq. \d the map border.
fultiply each registrat,.. Y mark reading by the
cile factor and subtra, o the product from the
s.tate» clane coordinate *~ading for the registra-
tion merk. The ave ~e of the numbers
resuiting frem this supy “on yields the state
plane coordinate reading for the origin point.

Similar processing 1s apph

. ™1 to convert digitizer
reacings to other coordinate S\

rtems.

Cocrdinate Insertion

Coordinate insertion requitvg ¢y
puter program be written. T-

at another com-
¢ program reads and

stores the coordinaté file in a directly accessible
medium, either in its entirety or in parts such as in
map sheet or tract number parts. The DIME file
{either in its entirety or in map sheet or tract numoer
parts) is then processed, ons segment reccrd at a
time. The coordinate file 1s searched for the coor-
dinate reading for each end (node) of the DIME
segment record. Node coordinates are then appended’
to each DIME record.

This program can also be written to perform a
rudimentary edit by printing out a listing of all
segment records for which coordinates are not avail-
able and all coordinate records . which were not
appended to a DIME record at least once. The
program can also check segment records which seem
to be excessively long for the nature of the area being
digitized. ‘

A subsequent program may be used to perform
certain mathematical checks for errors of closure and
the existence of intersections between segments
which do not share a node. Such intersections would
be evidence of digitizing errors since all legitimate
intersections should be nodes.

Plotting Test Map

Once the final DIME file with coordinates is
pregared, it is plotted with line plotter equipment at
the same scale as the original map. The resuiting map
should be carefully compared to the original map and
any serious divergencies noted. If there are sufficient
numbers of serious reading errors 10 warrant cor-
rection, an interpreted punchcard file of the segment
records containing coordinates is prepared. Each
reading error is corrected by measuring the X and Y
distances between the incorrect reading and irs
correct location, converting the distances to map
scale, and entering the correct resdings on the
appropriate punchcards. These punchcards are then
repunched and merged with the original file to create
a final corrected DIME file wrth coordinates.



Chapter IV

Development of a3 BIAE Fila

This chapter describes in gener.: sorms the process of creating a DIME
file from clerical coding throuy! computer processing. It also describes
coordinate insertion, and updatitiy zng maintenance research.

DIME or ACG/DIME geographic aase files will be
gvailable beginning in 1970 for the urbanized areas in
most of the 233 standard metrcpolitan statistical
areas of the country. Regional planning agencies or
councils of government wiil often be the agencies
responsible for development of the file. In othes
o7as, counly planning agencies or transportation
stugies may have this responsibility.

For the remaining urban areas of the country,
Inclucing those 3MSA’s wnich did not ont for the
Census Bureau’s ACG/DIME program znd smaller
cities not elinible for the program, local agercies, vith
adequate tecon.cal staff, can create a DIME file
Otherwise, a computer counscltant or software firm
cen be hired to assist in creating a DIME file using the
clerical irstructions and computer procedures and

oaroms in the Census Use Srudy cornputer program
Fuea2ge, D050 A Geographic 3zse File System,

Other reszarch and plasniag organizations who
wisn to creats = DIMZI hile 1or experimentation may
élLd cotiin copies Of the compuler program package,

Fizures 55, 28, 37, and 28 outline the preparation
oi wr_ps for coding, ciocal coding, computer
fFocesung, ond insertuon of ceordinates.

Precdquisites
Creation of a DIME file, roquires consideration of

costs, technical and coding staff, computer require
frents, coding maps, and address reference materials.

Costs

Preparation of a DIME file withcut coordinztes by
local agency personnel alone shouid cost approxi
mately $2.00 to $2.50 per biock for clerical coding
and computer processing, assuming accurate and
suitable scale coding maps, address reference
materials, and the proper computer equipment are
available. The digitizing and inserticn of coordinates
into the file should add $.56 to $1.00 per block,
making a total of $2.50 to £3.50 per Llock.

Technical and Coding Staff

For most coding operations five coders and one
supervisor will probably be sufficient. With five
coders a 1,000 block area would tah2 approximately
1 month to complete—1 to 2 days training, 1 to 2
days node numbering, 5 to 7 cays coding, 1 to 2 days
clerical edit and quanty control, and 3 to 4 daye each
for cierical correction of the topologicai and address
edit rejects. If the coding area is considerably larger
than 1,000 blocks, 1t might be desiratle to increase
the coding staff to 10 or 15, keeping constant the
1 to 5 supervisor-coder ratio,

One professional should be rasponsible for the
entire operation and the person shoaula be familiar
with the geography of the area and with computer
processing capabilities and technicues. Specitic sug-
gestions concerning the coding statf are contained in
the clerical instructions of the DIME computer
package.
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Figure 37. Computer processing of a DIME file.

Computer Requirements

DIME computer programs were written to fun on
IBM System 350/40 disk operzting system with core
capacity of 65K. The following devices are also
required A standard keypuncn machine for key-
punching the coding worksheets, a card reader for
transmitting punched card data tnput, and a tape
drive for the DIME master file. The DIME file may be
heid on direct-access (disk) storage, in which case
wificient space must be :zvadatle. Direct-access
storage, preferably on disk, is olso needed to hold
intermediate files. AJl programs are written in G-level
FORTRAN IV,
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The DIME computer package tapes are available in
~dustry compatible seven- and nine-channel tape
srmat. Documentation and technical soecifications
fcr the DIME computer edits and processing can be
fecund in the computer manual of the DIME
computer package.

Coding Maps

The requirements for coding maps are discussed
fully in the clerical instructions of the DIME com-
Puter package.

Generally the scale of the coding maps should be
within the range of 1 inch = 400 feet to 1 inch =
V000 feet.  Single-line maps are strongly recom-
mended. They should contain all existing streets and
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street names, municipal boundaries, railroad tracks,
and drainage features such as lakes and rivers.

Addre;ss Reference Materials

The address reference materials used in coding
must coniain the following information: Street
names, intersecting sireets {and, if possible, other
intersecting features), and address numbers or ranges
between intersects. The even-odd address number
dichotomy should be apparent. Usually address
reference materials will be maps, but they may also
be street address listings, sizeet or city directories, or
some other type of index. All address reference
material should be field checkerd for accuracy before
using. If no zccurate refsrence material can be
located, - the field listing form and instructions
provided in the clerical insurgctions should be
followed, ‘

Clerical Coding

The clerical instruction manual contained in the
DIME package describes the various steps and
processes necessary to complete the coding phase of
DIME file creation. it contains chapters on pecsonnel
and space requirements, materials tc be used in
coding, address reference materials, coding maps, the
preparation of coding maps for coging, the prepora-
tion of special instructions for local problems, zssign-
ment preparation, training, and supervision ot coding
and postcoding operations. It also contains appen-
dixes with sample forms, field listing instructions, and
a coder's manual containing complete coding
instructions.

The chapter on supervision of coding operations
contains sections dealing with making assignments,
controlling the operational flow, checking coders’
work, and recorckeeping. It alsc proviaes tech-
nical procedures for coding regular and irregular
or arbitrary address ranges and sysiems; problems
such as unnamed streets, unknown street names,
proposed streets, nonvehicular streets, addressabie
features other than strezts, and the adding and
deleting of node numbers.

Computer Processing

The computer procedures manual of the DIME
package describes the comuouter crocessing steps
required in a DIME ogeration. It also gescribes the
overall system design and the hardware gnd softwvare
environment,



Each of the four computer programs comprising
the Sycrerm, are described in full. These four programs
are {1 (e master file creation program, (2) the
wpoligical edit program, (3) the address edit
PfO8Twn, and (4) the correction/update program. The
$eCURL yn master file creation discusses input require-
ments  srogram operation diagnostics, and output.
Fhe tinglogical edit section includes a description of
the Mywyt, editing procedures, output, and recoding.
Th.e_"“*dress edit section includes input requirements,
editing procedures, and output. The correction/
”?da“' program section includes input requirements,
disgnlrics and output.

Alsy tneluded are descriptions of the sort/me:ge
POUr4in, jab control language, and sample listings.

Coordinate Insertion

X C0idinates can be measured and recorded from
By o . . it

=% MOvs.numbered coding maps by using a digitizer
& Glhwy coordinate reader and they can then be

i:onven \~d 1o gengraphic coordinates and inserted into
the Dikige fijq.

FM‘ those areas of the country in the Census
Bureau's AcG/DIME program, coordinates will be
added \n the file by the Sureau as an integral part of
the Plugram. Coordinates in this program. will be
fatitud . longitude carried to four decimal places for
‘3.“ NOlwg in the file. There are also plans to convert
¢ 13l ryde-longitude coordinates to state plane
CCOTA ytes as an option.

_A9ircies that want to create their own DIME file
VY?” have to contract for digitizing services. Informa-
U G the technical aspects of coordinates is
providey in chaprer 111,
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The Census Use Study has had limited experience
with organizations that perform this service. dow-
ever, it is estimated that the cost of digitizing will run
from 10 to 15 cents per node; or for an area of 1,600
blocks at 2.5 nodes per block, S250 to S375. These
costs do not include conversion of the coordinates or
insertion of the coardinates into the DIME file, a cost
which could equal the digitizing cost.

File Maintenance

The Bureau plans to maintain the ACG/DIME
geographic base files, probably updating them yearly.
However, no operating system for updating and
maintaining the files has yet been devised. One of the
primary responsibilities of the Southern California
Regional Information Study (SCRIS} is research into
and development of operational methods for the
periodic updating and maintenance of the interrelated
ACG/DIME geographic base files and metropolitan
mapping series.

If the Census Bureau receives approval from the
Congress for a quinquennial census in 1975, updating
of the geographic base files and the maps must begin
in 1972 or 1973. Greater mail coverage in the census
will require expansion of the coverage of the files and
maps. if the ACG/DIME geographic base files are
used for area sampling after 1970, it will perhaps bz
necessary for the Bureau to update the fiies on a
more frequent basis. In any case, a technique and
procedural requirements will be developed not only
for use by the Bureau but also for use by focal
agencies who desire to update the files and maps
periodically. The Bureau may provide a complete
package for updating, maintenance, and expansion of
the files. As research at SCRIS and the Census Bureau -
progresses, reports will be prepared describing the
techniques and systems for file maintenance and

updating.



Appendix A

availability of Cansus. Bureau Geographic Files

The alphabetical listing below includes al! 233
standard melropoiitan stetistical areas. Listing anom-
glies are explained in the footnotes. There may be
future additions 1o or deletions from this listing.

Address coding guides {ACG's) are now available,
at least in pretuninary form, for all mail census
CMSA‘'s, Final ACG's for all SMSA‘s will become
mraiiable during the first quarter of 1570, They will

available on wcither seven- or nine-trsck magnetic

tape or on h:;aspeed printar output. As an example -

ol costs, the praiminery ACG for the Fort Wayne,
Ind, SMSA, with an esum..cd 1966 pooulation of
254,000, costs $36 for a seven-track and 342 for a
wene-iack lope Another 2xampia, the Mi'waukee,
Yol UMSA, with in estinuiai1958 population of

SMSA

Abilene, Tea.

Akron, Oniv

Alseny, Ga.

sdbeny Schencctady-Troy, MY,
Alouguerque, N, Vex.

Allentown-& ..ol whear Ewewon, Pa-N.J.
Altouna, Po
Arnatihio, Vi,

AseheimeSunta Ans Suicea Grove, Calif.

AT VTR U TN
FEY) Y4 BRI
Aoy, o N
At Go,

PR T (Y T R
LUGISLs, e 20

euutr, Tex
doac .
Dature e o
Larun .o, e
Suy Cay, Mich

BREOFIN

Broumoni-or Arthuyr-Orange, Tex.
bilhngs, Maorit. '
Biloxi-Guifport, Miss.

Bingharaton, r.Y Pa.

Hirmingham, Alg

R —

Lue fontnotes ut end of list,
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1,335,000, costs $52 for & seven-track and 574 for =
nine-track tape. Further information and order forms
can be obtained from Central Users Service, Bureau of
the Census, Washington, D.C. 20233.

The ACG/DIME or ACG Improvement Program
geographic base files for mail census SMSA’s will not
bagin to become available until late 1972, Yhe
SMSA's listed below are participating in the ;rrogrom
or have expressed their intent tc participate in the
program.

ACG/DIiME files for nonmail census SMSA’s will
begin 1o become aveiiable in mid-187C. Further
information can be obtained from the Central Users
Service, Bureau of the Census.

Nor.mail

Mail census Mail census

ol 1213534
ACG ACG/DIME ACH/DIME
X
X
X
X {1)
’ X
b4 4
X X
X
X by
X i)
X b
- ®
X X
X {1)
b4
X
X
X X
X
X X
¥ X
X
(%)
®
bi¢ X



Mail census Mail census
SMSA ACG ACG/DIME
)

Bloomington-Normal, 111, X )
Boisa City, lgaho
Boston, Mass. X X
Bridgeport, Conn. X {1)
Brockton, Mass, X X

Brownwille-Harlingen-San Benito, Tox.
Buffalo, N.Y.

Canton, Ohio

Cedar Rapids, lowa
Champaign-Urbana, 11, ' X (t)

o x

X
X

Cherleston, 3.C.
Charleston, W. Va,
Chartotte, N.C.
Chstiznocga, Tenn.-Ga.
Chicsgo, I,

Sincinnati, Ohio-Ky.-Ind.
Llev-land,. Ohio
Colorado Springs, Colo.
Columbis, S.C.
Columbus, Ga.-Ala.

XX X X
XX X X

Columbus, Ohio

Carpus Christ, Tex.

Ballas, Tex

Bavenpert-Rock Island-Moline, lowa-lil.
Dayion, Ohio

XX X

Dzeatur, 1.
Denver, Colo.
Des Moines, lowa
Detroit, Mich.
Oubuque, lowa

HXOXX XXM X
x—

Duluth-Superior, Minn.-Wis.

Durham, N.C. : ‘
El Paso, Tex.3

Erie, Pa.

cugene, Creg. *

XX
b

Evznsvilie, Ind.-Ky.

Fall River, Miss.-R 1. X X
Fargo-Mocrrcad, N. Dak.-Minn.

Fayetteville, N.C.

Fitchburg-Leominster, Mass. X X
Flint, Mich. X X
Fort Lauderdale-Hollywood, Fla. X X
Fort Smuth, Ark.-Okla. .

Fort Wayne, Ind. X X
Fon Worth, Tex. X X
Fresno, Calif.

Gadsden, Ala.

Gaiveston-Texss City, Tex. X X
Gary-Hammond-E ast Chicago, ind. X X
Grand Rapids, Mich. X {1)
Great Falls, Mont.

Grean Bay, Wis, - X X
Greensboro-Winston-Salem-High Point, N.C. X (1)
Grecnwille, S G,

Hamilton-Middletown, Ohio . X X

Seo footnotes at end of list. 38
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Msil ceasyy : Nonmait
SMSA ACG xcaé;;?:: é cansus
ACG/DIME

b

Harnisburyg, Ps. : (1)
Hartford, Corin. X ) X
Honocluly, Hawaii

Houston, Tex,

Huntington-Ashland, W, Va.-Ky.-Ohio

X

Kurnsville, Aia.
ingianapolis, ind.
Jackson, Mich.
Jockson, Miss.
Jecksonville, Fis.

Ex

Jersey City, N.J.
Johnstown, Pa.
Kalamazow, Mich.
Kanses Cory, Mo -Kans.
Kenosha, Wis,

KRR K XX
KXEXHXHE H

Knoxvilie, Tean. b 4

Lafsyette, La. . {2
fayette-West Lafayette, ind. . (2)

. -& Charles, La. {2)

Lancaster, Ps. . X {t)

\
fanslg, Mich. X %
tLaredo, Tex.
Las Veods, Nev., .
Lowsence-Haverhill, Mass.-N.H, X X
Lowton, Ckla.

¥ X

92

Lewiston-Auburn, Maine

Lexington, Ky.

Lima, Ohio X e
Lincaln, Nzbr, .
Littie Rock-North Littie Rock, Ark.

XX K)"(

Lorain-Elyria, Ohio s
{.os Angelas-l.ong Beach, Calif.
Louisville, Xy.-Ind.

Lowell, Mass

Lubbock, Tex.

KX RXK
HKRX

Macon, Ga.

Paason, Wis
whester ilH,

sansfieid, Ohio

X
Lynchburg, Va. ’ ) X
X
X

X X
b3

Mayaguez, P.R, 14}
KMcAlien-Pharr-Edinburg, Tex. . ¥
Alamphis, Tenn -Ark.
Meriden, Conn.
Miam., Fla.

()

XXX

Midiand, Tex. ’ X
Milwaukee, Wis.
Minnespohs-St. Paul, Minn,
Mobiie, Ala.

Monroe, La. X

XXX
H R X

Montgomery, Ala. X
Muncie, Ind. {t)
Muskegcon-Nuskegon Heghts, Mich,

Nashvilie, Tenn. (%)
New Bedford, Mass.
et et

See footnotes ot end of list. /

XM XK
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SMSA Mail census Mail census Nonmail

ACG ACG/DIME consus
ACG/DIME

Naw Britain, Conn.

News Haven, Conn.

New lL.ondon-Groton-Norwich, Conn.
New Orleans, La.

New York, N.Y,

Newark, N.J.

Aswport News-Hampton, Va.
Norfolk-Portsmouth, Va.
Norwalk, Conn.

Odessa, Tex, b4

HHKRH HHXX XX

Ogden, Utah
Oklahoma City, Okla.
{mahs, Nebr.-lowa
Orlando, Fia.
Oxnard-Ventura, Calif.

Patarson-Clifton-Passaic, N.J.

Pensacolia, Fla.

Feoria, Hi.

Philsonphia, Pa.-NJ. . ' A
Phosetisx, Afiz,

MIEHHXR XXX XKX

Piva Blut, Ark. X
pPittsburgh, Pa.
Pittelield, Mass. .
Ponce, P.R. ! *)
Portiand, Maine X

b
o X

Fortland, Oreg.-Wash.
Providence-Pawtucket-Warwick. R.1.-Mass.
Provo-Orem, Utah

Puebilo, Colo.

Racine, Wis.

XX
XX

o X

Releigh, N.C.

Reading, Pa.

Reno, Nev. R
Richmond, Va.

Roanoke, Va.

H XX X
X KX X

Rochester, N.Y,
Rocwiora, HIL
Saorariento, Calhf,

KR XX
XHXX

Sayrav, A0,

Lalern, Oceg, X

Salinas-Monterey, Calif.
St. Joseph, Mo,

St Louws, Mo -l

Sait Lake Cuty, Utah
San Angelo, Tex. X

wx

x X
XK

Sza Antonio, Tex,

San Bernaroino-Riverside-Ontario, Calif.
San Diego, Calif.

San Francisco-Qakland, Calif.

San Jose, Calif,

3 X X X X
xxx}x

San Juan, P.R. i {4)
Sants Barbara, Calif, X
Sgvannah, Ga.3
Scranton, Pa.
Seattle-Everelt, Wash,

See footnotes at end of list,

XXX
XXX
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Malil consus © Mail census nNonmasn

SMSA ACG AC census
CG/DIME. ACG/DIME

© Sherman-Denison, Tex.
Shreveport, La. .

Sioux City, fowa-Nebr. :

Swoux Falls, S. Dak.

South Bend, ind.

X
x
24 R XK

Spokane, Wash.

Springhieta, ti.

Springfiely, Me.

Springfield, Chio
Springfieid-Chicopee-Holyoka, Mass.-Conn.,

XX =
-

Stamford, Conn.
Staubenviite-Weirton, Ohio-W, Va.
Stockton, Calif.

Syracuse, V.Y,

Tecoma, W asi:.

-
'~
—

Tallahasses, Fla.

Tampa-St. Patersburg, Fla.

Tarre Haute, Ind. .
Texarkana, Tex.-Ark.

Toledo, Qhio-Mich.

Topeka, Kans.

. Trenton, N.J.
Tucson, Ariz.
Tulse, Okla.
TYuscsloosa, Ala.

XX X OHMX HXXXK XX X

H XX X XXX XXXX

Tyler, Tex.
iica-Rome, N.Y.
Vallejo-Napa, Cahf.
Vineland-Milivilie-Bridgeton, N.J. X {1)

Yiaco, Tex. . : X

X ¥
o X

Washington, D.C.-Md.-Va.

Waterbury, Conn,

Waterico, lowa

West Palm Beach, Fla, : »
Wheeling, W. Va.-Ohio

-

)

Wichita, Kans. -
Wichiia F oits, Tex,
vélkes-Liarie-Hazlaton, Pa.
Witmington, Del -N.J.-Md.
wilmington, N.C. {2}

XX X Xx XX

KX X XX

Viorcester, Mass.
Yorx, Pa.
Youngstown-Warren, Ohio

XHX
XXX

Mtn ACG program, declined participation in ACG/DIME program.

2Dectined participation n nonmail program. Census tract coding guide to be pretered.

3{n mail census ACG and ACG/DIME program although a nonmail census area.

4The three Puerto Rican SMSA’s are scheduled eventually to be in the noOm~=ail program. However, ot this
timne only the Santurce and Old San Juan portions of the San Juan SMSA are 10 the [ ~aram,

$Nassau and Suffolk countics are 1n the ACG/DIME program, remainder of SMSA . port.

$San Bernardino County poruon is in the ACG/DIME program, Riverside County ~ortion 1s a0t in the program.
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Appendix B

Wetropolitan Happing Series

Traditionally the Census Bureau has relied on
maps supplied by local governments to conduct cen-
suses. Letters were sent to’county and municipal gov-
ernments @ year 07 two prior to a census, asking for
street maps that could be used as enumeration maps.
Municipal boundaries, entimeration gistrict bound-
pries, and other census administrative and statistical
2rea boundaries are added to the maps by the Bureau.
They were then reproduced for enumeration and
supervisory purposes for the census. This procedure,
although cumbersome, aid aliow the census to be
*aken more or less efficiéntly, at least in the less
- ensely populated areas of the Nation. For the 1970
census, this procedure will be used in those portions

of the country outside the urbanized araas covered by .

the Metropolitan Mapping Series (MMS) program.

However, the Census Bureau found while conduct-
ing the 1960 census that it was becoming difficult
10 administer the census because of the great number
and differing scales of maps received from the
communities in these urban centers. Problems of
overfapping maps and control of enumeration
districts were endemic. As soon as the census was
concluded, proposals wera developed to create series
of street maps at a standard scale for use in censuses
and sutveys. These proposals developed into the
metropolitan mapping series program,

For this program two basic inputs were needed:
*.S. Geological Survey topographic maps for control
purposes end maps provided by local planning
agencies or municipal governments for defining
current street patterns, street names, and other
pertinent features.

The early maps produced in the MMS program
were created from these two sources by Bureau
cartographers at a scale of 1 inch = 880 feet This
was later changed to 1 inch = 800 feet. The maps
are intended for statistical purposes and therefore are
not of engineering quality, although they are gen-
erully sufficiently reliable for most planning and
administrative purposes. The maps were designed 1o
contain all existing vehicular thoroughfares and their
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names, railroad tracks, major drainage features, shore-
linns, lakes, and ' prominent landmarks that occupy
larqe areas, and have clearly defined boundaries. They
alsu contain State, county, congressicnal district,
minor civil division or census county division,
Municipal, and census tract boundaries. Block
fumbers, census tract numbers, State and county
‘ﬂa'nes, and plzce names and codes are also contained
on the maps. Maps have presently been drafted for
the urbanized portions of ali 233 SMSA's. Figure 39
ilustrates a portion of an MMS map at half scale (i.e.,
1" =1600).

Once the maps were developed it became impera-
tive to develop ‘an updating procedure so that the
majps would be reasonably accurate at census time.
The decision was made to involve county and regional
planning agencies in this program because of their
obvious interest and expertise in the field and their
metropolitan-wide coverage. The Department of
Housing and Urban Development recognized the
usefulness of these maps to planners and rade
available *701” grant funds for local review. The
appiopriate agencies were contacted, and all coop-
erated in the local review process.

The MMS maps will be used for administrative
PUrposes in the 1970 census and basic reference
soutces for the local coding phase of coth the ACG
and ACG/DIME geographic base iile programs. A
reduced scale version {1 = 2000°) of the maps will be
pubiished for use with the 1370 census results.
Prel.vinary maps at both scales are available at a
nomanal. cost. Final maps will begin to become
available in fate 1970 or early 1571. A catalog listing
availsble Census Bureau maps, including MMS maps,
will Le issued during 1970. Inquiries concerning the
MY and other Bureau mapping programs should be
direvted to Central Users Service, Bureau of the
Cenwais, Washington, D.C. 20233.

The MMS will be updated after the 1970 census
for £, ture censuses and surveys. Coverace of the series
may he extended so that they wiil be of ureater use,
not \»niy 1o the Census Bureau but also to map users
arou nd the country.
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Appendix C

Data Available From the ‘5970 Gensus

A variety of data products and services wiil be
gvailable from the 1970 Census of Population and
Housing data bass. A set of standard tabulations will
be available in a variety of media including micro-
film, punched cards, printed reports, and computer
tapes. Public use samples containing data for samples
of individuals from the basic record tapes, but
without identifying information, will also be avail-
. In addition, other services may be obtained at
usér\ request and expense, including special tabula-

uoné\of the basic record tapes, and computer-gener-
ated analytical reports.

As in earlier censuses, printed reports will be the
end product of the 1970 census and will be available
for puréhase and in libraries. Printed reports offer the
two main benefits of low cost and easy accessibility.
On the other hand, printed reports will not be
available until several months after the tabulations
have been compieted; and they will contain restricted

ographic and subject matter detail.

A major etement of the 1970 data delivery system
will provide « :gnetic tapes of summary census data.
These will have ewsentially the same subject marter
scope as the printed reports, but with greatar detail.
T2 summary tapes will begin to become available in
«-. summer of 1970,

The first summary tapes available will be the First
Count Summary Tapes, containing final complete-
ount  population and housing data for States,
counties, congressional districts, minor civil divisions,
picces, and enumeration districts or block groups.
The subjects tabulated will include age, sex, color,
marital status, relationship to head of household,
population under 18 and over 65 vears of age by
hausehoid relatianship, family type, crowding, zenure
of occupied housing units, vacancy siatus, umits n
Mructure, roams, plumbing tacilities, basement, tele-
phone, and value of rent in addition, many taould-
tions are cross-classified: by race.
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Second Count Summary Tapes, containing
complete-count population and housing data at the
level of census tracts, minor civil divisions, and larger
census areas, are expected to begin becoming avail-
able in late 1970. These tapes will include the same
subjacts as the first count tapes, but ir. much greater
detail,

Third Count (Block) Summary Tapes, containing
complete<ount population and housing data for city
blocks, are expected to begin becoming available in
the spring of 1971, These tapes will contain fewer
data than the tapes for the first or sacond counts;
however, substantially more data will be carried cn
the block tapes than was available in 1960 or ic
expected to be printed in 1970.

Fourth Count Summary Tapes, including data
down to the census tract or minor civil division lavet,
are expected to be available in mid to late 1971,
They- will contain 20-, 15, and 5-percent sample
population and housing characteristics such as occu-
pation, income, education, and household equipment
and facilities.

Fifth Count Summary Tapes, which contain pop-
ulation and housing sample data summaries for ZIP
code areas, are expected to be availabie in tate 1971
or early 1972.

Since summary tapes must be created by the
Bureau of the Census in order 10 process the census,
the tapes for all five counts wul be available tc users
at ihe coct of about S62 per recl. Sets of summary
tapes may be orderea for each count by State. The
number of reels varies ty State anc by count. The
Third Count for Catl.fornia, for example, will be
about 30 reels in ali.



\ t

Microfilm will uisq be a generally available medium
for obtaining geveral census tabulations. Printed
reports issued fron (he 1970 census will be available
en microfilm. Tha \ ontents of the summary tape files
will also be availatits in this manner.

An extended airay of sample data on magnetic
tape for public uw (g planned for the 1670 consus.
These tapes will Lo made available to users 4t the Lost
ot reproduction, (ugether with appropriate docu-
mentation. Althouyh public use samples are limited in
-'gac.graphic detail, \hey are most useful to researchers
interested in the taiationships of demographic vari-
wzies for individuale c3iner than aggregates.

- Special tabulationg of census basic racord tapes
Witl als0 be 1n30¢ . wlgple. For this sarvice, co apiter
PAOGTLENS Gi€ Clatet 1o neet the specific neecs of the
LHE 11 OBLANING Uaga syummaries for geagraphic areas

FCOGAr 2 e . ) R ,
Fe3LTCCU0zed oo rerLt tanulations JRC, of H‘l'?iU'-j(Hq
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subject breskdowns or cross-classifications not
appearing in general tabulations. Users are charqed for
planning, programing, clerical, machine, or other

costs necessary to provide this service.

Another type of special service is mutching studies.
Matchinng soachizs teke a series of indiidual records
furnished by a user, link thera 10 \heir respective
census questionnaires, and preg wre sunmaries of the
census characteristics of the indwiduals. |ndividual
data are never released.

Other spucial services for the 1970 census may
include computer-produced analytic reports, cams-
puter arap.hics, and software packages tor census data
analvsis Further Jatorrnatior on 14973 census data
products and services can be obtained fromn the
Centrat Users Service, Bureau ot the Census,
Wasturngton 0.C. 20233.
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CENSUS USE 8Typy

The Census U-e Study, a small-area data research
study sponsori by the Bureau of the Census, was
established in New Haven, Gonn., in September
1966. It was ntaplished to explore the current uses
and future weds of smail area data and data

handling and i+jay techniques in iocal, State, and
Federal agencius,

The Study W3

e 3 charged with the following
objectives:

The develojment of a system that would allow
etfucnept Ntetielating of Census Bureau data with
other iocal anyg Srate data 1o meet specific needs.

To Investivate the benefits of cooperative data
collection bitween the Census Bureau and other
local, State, and Federal agernicies.

To investinate the levei of detail and the form

in which census data shouid be made availablc to
local users,

| TCI’ develuy tomputer programs for use by
ocal communvitics to allow rapid conversion of

census data into information useful fer local
analysis,

To analvee the results of the study for
potential pivvedures to be incorporated in focal
community iv: sgrams to take advantage of census
and other int.y mation:

To publicisy
around the ¢,
of the study

the results so that other areas

A special cenes of New Haven, conducted in April
1967 by the 3. .04y of the Census to test proposed
1870 census «~cedures, provided a basic source of
Qata. ,LOCJ' *wiactes also made available certain
€ata Ifom th. . own recoras to enabie testing of
data handling technigues developed by the study.

‘untry may benefit from the efforts-
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In response to the established goals of the study,
exhaustive research was carried out ‘in the
foliowing areas:

Geographic base systems

Record matching

Computer mapping

Specia! tabulations of data

Special sample surveys of family health and
area travel patterns

Local data user interests and needs

The study was supported financially by the
following Federal 2gencies:  Oepartment of
Commerce; Office of Civii Defense or the
Department of the Army, Departroernit of Health,
Education, and Welfare; Department of Housing
and Urban Developmeant: and the Denartment of
Transporeatiorn.

The citly of New Haven provided substantial
facility and personnel support, and 30 ‘local
agencies conperated in the study.

The resuits of the study, including docuimentation
of the computer programs and other procedura!
guidance, are presented in a series of repcrts and
cornputer packages listed inside the back cover of
this report.

In July 1969, the Southern California Regional
Information Study (SCRIS) was established in
Los Angeles, Calif. The study is jointly spensorec
by the Bureau of the Cenrsus and the Scuthern
California Association of Governments, an
association of local and county gcvernments in the
Los Angeles area. SCRIS, ot whicn the Census Us?
Study forms the Bureau's contingent, wiil attemps
1o transfer experience gained in New Haven t0 a
farger urban area, with a view 1o &ssisting census
data users 1n all large urban areas 10 prepanng 107
and using 1970 census data as it becomes avatigble.



CENSUS USE STUDY DOCUMENTATION

Reports

1. General Description. An overview of the He-
velopment and operations of the New Havun
Census Use Study.

2. Computer Mapping. A report on the mMapfing
of census and local data using several ciu,,.
puter mapping techniques.

3. Data Tabulation Activities. A report on hg
contents and uses of special tabulations f.,,.
vided to local agencies from the 1967 spe. 4
census of New Haven, Conn,

4. The DIME Geocoding System. A report on b
development of the DIME geographic base 1.,
including a description of the file and the Lyt
system, uses of the file, and methods 1,
creating o DIME file,

5. Data Interests of Local Agencies. A desciig.
tion of a series of surveys undertaken to -
plore the needs of local agencies for smalil @ieg
data.

6. Family Health Survey. A report on a SaNi.ig
survey taken to augment data from the spu. 4
census of New Haven with information on
various elements of family heaith.

1. Health Information System. This report ... ..
ments the development of a maternal . .4
child health information system utilicz. g
census 2nd local data.

8. Data Uses in Health Planning. This report ¢ ‘-
lines the uses of data in health planning b.. g
on the general research conducted at e
Census Use Study.

8. Data Uses in Urban Planning. A description .¢

the general findings of the Census Use St -,
as they apply to the field of urban planning,

10. Data Uses in School Administration. A report
describing the uses of data in school admin-
istration based upon activities conducted at
the Census Use Study with local school admin-
istrators,

1"

Area Travel Survey. A description of a sample
survey conducted to augment the New Haven
spetial census data with basic data for use in
transportation planning.

12. Health Information System-1!l. A supple-
mentary report on the development and imple-
mentation of a computer-based health informa-
tion system including introductory materials,
documentation, methodology, and analysis.

13. Community Shelter Fianning Froject. A report
describing the development of a computerized
system for allocating people to fallout shelters
using census data and Census Use Study teois.

Computer Program Packages

ADMATCH: An Address Matching System. A
computer program package designed for use in
assigning geographic codes to lccal records using a
DIME or similar geographic base file. includes a
users manual and computer programis.

DIME: A Geographic Base File System. A com-
puter program package for creating a DIME geo-
graphic base file. Includes clericai instruction, »
computer manual, and programs. ’

GRIDS: A Computer Mapping System. A com-
puter program pachage for use on smeii-scale
computers which provides three mapping options
within a grid pattern: density, shading, and value
maps. Includes users manual and computar pro-
grams,

All reports and programs described above are « .nedyjed for release in 1970. For information on specific titles,
write to Publications Distribution Scction, Bui-ay of the Census Washington, D.C. 20233.
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I. ABSTRACT

The article describes several factors that are contributing to the
explosion of statistical and geographical data related to our urban areas and
the corresponding interest in automated procedures for the input (capture),
analysis and display of spatial data.

Basic automated mapping methods and procedures are described
and illustrated using two interactive mapping systems called INPOM and
ASPEX, developed at the Laboratory.

Finally some limitations of computer mapping and cost consider-
ations are described.

I. INTRODUC TION

In a recent issue of the New York Times, an article appeared
stating that Canada was '"'going metric' and that this event is expected to
increase pressure on the last major non-metric holdout - the United States.

One ramification of this conversion is that large numbers of existing
manual maps will become immediately obsclete. Another possible result of
this drift towards -metric conversion is that the Laboratory for Computer
Graphtics and Spatial Analysis (the Laboratory) is receiving numerous requesis.
primarily from utility companies and planning agencies, requesting information
on how to go about developing automated techniques for the coilection (data
capture), ahalysis and display of spatial data,.

There are other reasons why there is a great deal of interest in auto-
mating procedures relative to the analvsis and display of urban information.
- There is a large increase in both the volume and quality of statistica: data
This is due to automated techniques being used by traditional agencies such as
the Department of Commerce (who.collect and distribute Census duta) as well
as a result of a host of other governmental and vrivate agencies using
computers for collecting statistical data along with georraphie identifiers -
thereby creating geographic entities which can be used tor a varietv of analvsis
and display programs. The Central Intelligence Agenev. for example. distri-
butes politicil boundaries for all countries (\World Data Bank ) and will soon
release much more detailed breakdowns (World Data Bank II}. 7The United
States Geqlogical Survey (USGSY has a multi-million dollar commitment to
automate the National Map Series and they claim that all the USGS topolo rical
maps will be available in digital form in 1xve to ten years.



Along with the increasing amount of available geographical and
statistical data is a demand for new. more detailed and more accurate data
on the part of urban researchers. New integrated hardware and software
cartographic "turnkey'' systems make this data more available and cost
beneficial than ever hefore. Commercial companies such as Computervision
(Bedford, Mass.). Applicon (Burlington, Mass.). Calcomp (Anaheim. Cal.).
and Calma (Sunnyvale, Cal.) offer such systems. In addition, most major
time sharing companies now support remote ¢graphic applications encouraging
the development and use of interactive mapping. Tinally, dissemination .
groups such as the Laboratory, the Census Bureau and the Geography Program
Exchange (East Lansing, Michigan) are distributing low cost graphic display
programs.

I, BACKGROUND

There are several classes (types) of maps that are used for the
mapping of spatial data. Base maps display gecographic entities such as ]
boundaries (Census tracts. Standard Metropolitun Statistical Areas. blocks).
road and river networks or almost any of the twenty-odd cartographic features
that are overlayed to produce a USES topological map. Base maps are normally
used to convey locational data but do not convey other types of statistical
information. ’

Thematic maps display geographical concepts such as gradients.
density distributions. magnitudes of various attributes or other quantitative or
qualitative data. To display geographical concepts, a varietyv of techniques are
employed such as various types of svmbolisms, grey tones and color symhols
and tones - all of which can be superimposed on a base map.

Statistical surfaces can be represented using chloropleth or isarithmic
maps. The former represent statistical variables by conforming to a particular
boundary or enumeration district. Input will consist of polygon coordinate data
and statistics that rélate to the geographical areas. Isarithmic mapping empha-
sizes gradients such as contours or other isarithms to represent areas and
volumes to portray a continuous real (or assumed) statistical surface.

An additional type of map that should be mentioned is called a cartozran;
which deliberately distorts arcas or volumes to represent an aerial quality. The
example below, taken from an article by R, L. DPhillips m the April 1974
Proceedings of the IEEE (Vol. 62, No. 4, p.442) illustrates a retail market view
of the United States employing a program that produces cartograms.
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Figure 1. Cariogram Illustrating Retail Sales in the U.S. for 1348
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Iv. INTERACTIVE MAPPING: The ASPEX and INPOM Programs

Perhaps intzractive computer mapping offers one of the most
powerful tools for urbin researchers to date. One can perform on-line data
editing operations using an intermediate display device such as a cathode rav
tube (CRT) (either color or black and white). and can selectively retrieve and
"massage'’ data to perform a variety of statistical operations. A user can
then alter values, class intervals. symbol and shading types of the output
display map. Tinally. a user can transform the data, look at each view on a
CRT until the desired result is achicved, and then output the final display file
to a varicty of display hardware devices such as digital plotters. COM
(computer on microfilm) piotliers, a color m1trix plotter (such as the new
Color Jet Plotter from Sweden), photoplotters or some other output device.

In some cases the resolution of the cathode ray tube itself might be satisfactory.
The ASPEX and INPOMI illustrations appearing in this article were reproduced
from a Tektronix 4610 hard copy output.

At the Labomtory. a variety of ongowmng research proiects are
involved in the interactive capture, processing and display of spatial data. .
" INPOM
The Interactive Polygon \apping System (INPOM) is designed te

produce maps of couniries, states. census tracis and other armtrarvily shaped
rcgions defined within a geographic base file (GBF). INPOMN 15 a two-dimensional




mapping program capable of producing contormant base and thematic (shaded)
maps. It has the capability of selecctively retrieving areas to be mupped. of
controlling the degree of detail to be displayed (for outlines) and in the svmbolism
used to depict data values. The user can zoom in on particular areas of interest.
try different types of symbolism, get immediate hard copy from the CRT display.
and vary the amount of detail to be displayed.

The flexibhility of input is achieved by entering keyword-tyvpe commands
from the display terminal. The program responds by requesting additional
information needed to execute the command. Because of the internal data
structure used hy the program, it is possible to get listings of points coordinates.
chains (the data structure used by the program), single polygons, or user
defined regions within the study area.

At present, there are over 20 input commands operating in conversa-
tional mode. The commaunds are entered as 2, 2, or 4-letter nmemonics and
the program will respond accordingly by requesting numeric data or alphahetic
responses. The numeric responses may be values, coordinates (which may be
stored internally if desired), window parameters and the like. All data is frec
field format so that the user does not have to worry about restrictive fixed field
formatting requirements.

\]

Another flexibility of INPOM is that all commands have default
conventions or values which the program will preset for the parameters of
a command until the user employs that command. Once set. the parameters
of a command remain in effect until the command is again specified.

Figure 2 below shows the current command file for the INPOM program.,
Figure 3 (detail level = 1) is a hase map of Africa while Figure 4 (detail

level = 5) shows a thematic map of Africa showing the gross national product
on a per capita basis hased on 1970 data. Figure 5 (detail level = 10) shows
the same data illustrating the zooming and increased detail level for a section
of West Africa,
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ASPEX

The Automated Surface Perspective Program (ASPEX) is aa interactive
(@ batch version is also being developed) program that displayvs three-dimensionai
representations of statistical surfaces. Such represenintions of thre= variubles
were not very common until the advent of the computer because of their aifficulty
in construction. Although most reople are not particularly accustomed o reading
information displayed on surfaces (especially when the information is statistical
or mathematical in nature), mathematicians, cartographers and planners are
beginning to accept three-dimensional surface representation as a powerful
extension of two-dimensional mapping.

The ASPEX program takes a matrix (or arrav) of data of any size. The
program incorporates a free field format command language that operates on
nmemonic keywords {for the over 70 commands of the program. The commands
deal with the following categories:

-initialization and production (such as display. help. define,
expunge, plot, eic.)

-data input and storage (number of columns. data type. grid
input, header informaztion, ctc.)

—data value manipulation (min, max, smoothing. square root. etc.)

.~viewing parameters (including view, type such as isometric,
planometric, and perspective) and orientation

-graphic options (including data surface commands such as draw.
height, intervul, symbol size and cosmetic features such as base
information, map scale, title, etc.)

Another important flexibility of ASPEX is the ability to alter the view-
point so that a user can be located anvwhere bevond, above., or upon the surface.
Capabilities arc also being added to draw features dirvectiy on the surface. The
scaling of the output plot may be to any predetermined height, widrh or windou

size and is accomplished automatically by the program. The three figures
below represent different views of the U.S, but generated from the same data buase.
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V. CONCLUSION

: The software to rapidly and economically generate computer maps is
clearly available. Unfortunately, this does not necessarily make automated
mapping a pragmatic analytic tool. The economics of computer cartography
must take into consideration the totality of the process. Questions on input
such as where the data is coming from, its reliability, and updating procedures
must be considcered. One is reminded of the millions of dollars tha: was spent
on data banks in the 1960's that became data dumps in the 1970's. .

One must also take into account GBF's from non-contiguous sources
that are in different formats, There are also central processor considerations
which must reduce the data to its lowest comrnon denominator, restructure it,
process it and finally output a display file for a particular output device.

Output devices range from the ubiquitous line printer which produces
inexpensive low-resolution maps using over-printing techniques to digital line
plotters to COM (computer on microfilm) and expensive photoplotters.

A final word of caution relates to the maps thermselves. Being able
to produce maps efficiently and inexpensively is no guarantee that the maps
will facilitate and improve the decision-making process of urban researchers.
Cne must be able to ciearly understand what is being represented by a map
and the purpose for which it is intended. Only then will the application of
computer technology have any meaning.

-12-



COMPUTER APPLICATIONS IN LANDUSE MAPPING
AND THE MINNESOTA LAND MANAGEMENT INFORMATION SYSTEM

Mei-Ling Hsu, Kerneth Kozar, George W. Orning, and Pamela G. Streed

The concep:i of rational use of land rescurces is not new,,
but the general public's awareness of the limited nature of our
lénd resources and the urgent need for optimal utilization of thém
are phenomena of this decade. Today, nost plannexs, officials, -
and the public share this awarenmess. In order to manage liand
resources effectivelygand plan for the future, it is esséntial

- <

that we begin to compreheﬁg the land utilization of the”ﬁast and
present. To achievé this,\we are in need of a vast amount of
information on land resources and related socio-economic variables.
When one is dealing with a lgrge area~such as a major region or
country, automation becomes necessary for carrying out the tasks

of infoggation colleétion, analysis, and updating. Accordingly,
the State of Minnesota has established an automated land infor:
mation system to facilitate the work of resource managemeht and
planning.

The Minnesota Land Management'lnformation.Systéﬁ Study,
MLMIS., is geing developed under the auspices of the Hiﬁnesbta
State Planning Agency and the University of Minnesota Center for
Urban and Regional Affairs. The system is primariiy a rasult of
the four earlier studies which began in 1966: {1) a study on
lakeshore development of a sﬁall area in-éentral Minnesdta,vthe
Brainerd area in Crov Wing County (Orning, 1967); (2) an expansion

of the Brainerd study, the Minnesota Lake Shore Development Study

(Borchert; et al., 1970a and 1570b); (3) a report on state land



holdings (Minnesotq State Planning Agency, 1968); and (4) the
state land use mapping project (MLMIS, 1971). During

the undertaking of these studie§, it becams appa;ent that a
statewide data system was essentiai to these trpes of investiga-
tions and a rational use of land resources. Therefore, the

MLHIS aims at providing extensive information fo officials,
planners, and researchers in deéision-making aad policy formula-
tion coﬁcerning Minnesota land and water. The study works toward
establishing a statewide data base for land related information,

~

i.e., landuse, land ownership, land value, land characteristics,

and government landue' controls.
i In the follpwing, this';aper will discuss the sysééﬁ‘desién
and current developments of MLMIS. These include the topics of
basic data unit, the geocoding system, major information sources,
data structure, procedures of data input, proceduré of data

" retrieval, display and analysis of laAd information, and final;&
data'updating and poténtiél information'sourcg. It should be
.noted at this point that Ehe MLYUIS does not ciaim superiority in
hardware or software design. The systen has been‘funded~modest1y
by the state; and thus far has oaly employed a handful of person~
nel trained in systens ﬁanagement. But ig is progressing rapidly
and,.more importantly, it has been producing valuable results
such a; landuse maps and research repo;ﬁs on land resources aand

vtilization. In addition it heas provided data and consultation

to a number of.state agencies and private firms.

The Basic Data.Unit

N

. The choice of a basic data collection ﬁnit is’ erucial to an

-
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itnformation system. In Minnegota, it was determined as a result
of much use and examination of land records cthat the basic unic
for a statewide coverage should be.the forty-acre parcel, the
smallest consistent unit in the U. 5. land survey system. Tﬁis'
system was employed to survey most lands in.tﬂé centval aﬁd
western United States. The first order reference axes in the
system are the 32 pairs of locally definéd principal meridians
apd,base lines (parallels). The second order references are -
’

tiers of townsh;ps ané'radges (Pigs. 1& 2). A tdwnship, wvhich
ls defined by a pair~<of toﬁhship lines and ranges, is a 36-mile
squareﬁ“‘ﬂithin_a township, there are 26 sections (one-nile
square), and in each section, 16 forty-acre parcels.

There are nearly 1.4 million of these forty-acre parcels
or data-cells in Minnesota. Most blocks of land, whether in
public or private oﬁnership, have the'gdges of.fdrty—acre parcéls
as boundary lines. Tge parcel divisions are reflected in agri-
cultural areas as field-iines; in forested areas as timber cutting
boundaries, and in cities as major screets. In fact, in cities,
major comme;cial developnents often occuf on section corners'of'
the U. S. land survey. These lines and cells describe the manner
in which people have divided agd shaped the landscape of Minnesota.
The pattern is quite evident swhen the state is viewed frcm the
air (Fig. 3). The forty-acre parcel is important in other &ays;
This parcel is recorded on many governmental records for Hianesota
at the county, regionai, s;ate, and federal lavels; The éell
strﬁcture also lends itself to computer mapping which is necessary

in analyzing large velumes of data ovar extansive areas.

-
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It may be argued that the forty-acre parcel is not a good
éhoice for the basic data usit. The U. S. land survey system is
based on locally defined reference axes, and therefore does not
have global applications; Jith this respect, a2 better choice
would be the Univergal Transverse ﬁercator System (UTM). The
UTH is wvell defined on large scale topographic maps. From the
geograpﬂic point of view, however, the forty-acre parcel is an
excéllent choice because—it is closely associated with-the land
utilization and settlement patterns of Minnesota. However, the
UTM system has been Psed t; record the southwest corner of every
@ownsﬁip in the state. . -

The MLMIS is designed to serve mainly planning and studies
at the state, regional, and céunty levels. It.is not intended
to be a municipal or urban information system, and i£ is not
effective in small-scale investiéations, such as thosa needing
information on sewer lines and city streets. Special care, how-
ever, is being taken to assure that data collected below the
level of forty-écre units can be aggregated and incorporated into
MLMIS. Generally, these data are maintained for municipal or
county subdivisions. One éuch example is an urban study employ-

ing 10-acre data cells (Robinette, 1971).

The Geocoding System

The locational content of data in Minnesota consists of the
following hierarchies: the state, county, tounship, section, and
parcel. The geocoding systém in MLMIS contains the identification

codes for all these elements. In addition, .it encodes the minor

civil divisions (MCD) which are the administrative subdivisions

-
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-comﬁrised of townships, incorporated places, and other areas.

The MCD and the county identification are adopted from the U. S.
Bureau of the Cecnsus; therefore, the MLMIS is linked to the coding
system of the U. S. censuses. The centroids of the MCD are recocrded
in-latitudes and longitudes, correct to the néarest 10 seconds.
The ability to locate a forty-acre parcel by a point reference tc _
spherical coordinates, however, haslyet to be perfected. In the
future, one point of egch parcel may be identified in latitude and
longitude. At present, e§cﬁ forty-acre parcel is uniquely defined
by a se%ial number of fouréeen characters, and parcel data may be
displayed on township maps to be discussed later (Fig.-2 and Tabie

1).
] ~-

In the U. S. land survey sjstem, some towaships are not pre-

cisely thirty-six square miles. In these irregularly shaped town-
ships, some sections contain more than sixteen parcels per scction, '

and these "extra" parcels are identified by 2 special code. App-

roximately ten percent of the tounships needed some adjustnents.

Major Infor&ation Sources

There are four maior data sources for MLMIS: (1) various
levels of governﬁents, cou;ty, state, and fedéral; (2) the U, S.
Bureau of the Census; (3) the University of Minnesota excluding
MLMIS; and (4) the MLMNIS itself. The Bureau of the Census is
listed independently because of its obvious importancz. The
census data may be used directly by the MLMIS, since the zystea
has adopted the census areal codes, as indicated préviously.. In
contrast, daﬁa and records provided by othe; governmental agancies

.

may he used only after some reorganization of data elements.



Nevertheless, a major purpose of the MLMIS is to make optimal
use of land information concerning the State of MiﬂﬂeSOEJ- By
building an automatic geocoding and transferring system, the MLMIS
attempts to systematize a broad range of data now collected
routinely and maintained separately by various government agencies
iy their licensing and managiﬂg functions. Currently, these data
can be. used only by their éollectors, and are not readily avail-
able for general use. Most of these data have not been collected
or encoded in any compatible manner. In the future, MLMIS may
.also develop standard%;ed methods of data collection to improve

' < ¢

the quality and to facilitéte data input to MLMIS.

i
~ Various departments of the University of Minnesota have con-

——

tributed information and their research findings to MLMIS.‘ For'
example, the Department of Soils has provided information on soil
types. Fiﬁally, the MLMIS through the Center for Urban and
Regional Affairs has collected the bu%k of the data now contained
in the system. !
At present, the main body of data content of the MLMIS is
the complete coverage (of 1.4 nillion cells) of state landusa
types and water orientation. In the United States, other da;a
systems comparable to the MLMIS are .described by Swanson and
Denenberg (Swanson, 1969, Denenberg, et al.). However, neither
has this large a number of data cells. Informatioﬁ on Qater
orientation was obtained from aerial photograpﬁs and the county -
high&ay maps issued by ;he state Highway Department., It contains
seven types of orientations denocing wherever a fqrty—acre:parcel

adjoined a-lake, stream, or ditch. Information on landuse was

interpreted from aerial photographs. A nine-category classifica-

L
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tion was established so ¢hat the interpreters could derermine the
landuse types from the photographs with a aininum consultation of
other data sources (Orning and Maki, 1972, Appendix C). The nine
categories are: forested, water, marsh, cultivated, pasvure agpd
open, urban resideantial, urban.nonmresidentialnor mixed residential,
extractive, and lastly, transportation. The dominmant lenduse vas
identified for each forty-acre parcel from the photograpﬁs which
were read stereosccepically by a three—-man teanm, two interpreters

and one map recorder. Double interpretation facilitated accuracy.

- 3 - .
The basic’ unit of interpretation was a township within which
A\ )
.
sectlon lines were followed. Each regular section was divided

into éixteen forty-acre pércels based on field lines, timber cut
edges, as well as a transpareht reference grid. It was assumed
that these ﬁarcels cover éllysurface area, including water bodies.
Despite the clearly defined landuse categories there were many
cases in which it was difficult to determine from the photographs
the domirant landuse. These ﬁroblems were resolved by field .

checking.

MLMIS Data Structure

The data are presently“maintained on twelve machine rveadabie
magnetic tapes; with one exception, each tape contains one dévelop-
ment region defined by the State of Minngsoté. Development Region
3 is on two tapes. A development region'contains ene to eleven
contiguous counties. All tapes are main;ained on the £DC 6600
computer system under the 7Q00 MODIFY/SCOPE OPi format with 536
BPI., Each of the eighty-seven counties in the scaté is countazined

in a-separate file on the tape corresponding to its developument

-



region. ‘The county field‘consists of records for each forty—ac;e
parcel or government lot.

Each unique record of a parcel has the following four com-
ponents: a l4—cﬁaracter identification key, minor civil division
{(MCD) number, longitude and latitude of the MCD centroid, and
seven types of data. These data types are landuse, water orien-
tation, federal land ownership, relative ownership (full or
partial of the parcel, federal ownership only), geomorphic region,
state land class, and soils. The last three types are compleged

r

for only a small numbeT of¢counties.

A brief description onithe hardware situation of tﬁe MLMIS
iz 4n 6r&er, since the hardware affects the designs of data
structure and inéut/output procedures. The MLMIS has been a'very
economical system with respect to equiément purchasing (Tatle 2);
Except for the last item, these machiﬁes are the property c¢f the

University Computer Center. The Image Analyzer was funded by

several sources.
J

The Procedures of Data Input

The profedure of data input to MLMIS employed befare 1973
was a traditional one. It contains the following steps. For

each forty-acre parcel, land information was coded on maps {scale
i

1:24,000), locational and land infermation was recorded on mark

sense cards, the card informatcioa was read, checked, and finally
transferred onto tapes. This procedure is cumbersome.
Lately, a new method of data input has been developed called

the CRT data entry system, which would eventually improve and

expand the MLMIS operations. The CRT (cathode ray tube) is con-

-
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nected to the University‘s main computer CDC 6600 via a CDC 3200
(fig. 4y, At the CDC 3200, programs and data are stered on disk
pack and are available for the work on CRT. At this experimental
stage, only one county, Itasca, is programmed into the CRT duita -
entry system. This system consists of two fi;es, locational
airectory and data files. Data of forty-acre parcels may be
called to be -showan on CRT for an area one-half of a township at

"a time (Fig. 5). This areal coverage ou screen is limited by

the CRT (CDC 211) capaéity which allows 50 characters horizontaily
and 20 vertically. ﬁzwevér, it does provide a comfortable viewy

on the CRT screen. Each parcel is designated by a two-digit code,
thus spatially it forms a small square, resembling rhe "map image"
of a parcel on a township map. Sub;outines are available for
displaying either the data as stored on the computer tapes or a
map Qit? coded symbols for one-half of a township. Entering new
data, correcting, and updating information can Be perforned easily;‘
and the results of these operations are viewed immediately on-the
screen, Hard copies of Ehe final records are pxoducéd by the line
printer through‘an instruction frqm the CRT. .

The CRT input procedure is most effective with graphicnﬁource
materials such as maps and- photographs, but it is by no means
limited to such usage. In many ways it is superiof to the pre-
vicusly employed input method. If the sourée materials are of N
comparable scales to thé screen iﬁagéry,'they nay be used‘directly
for data input. The results of data entry mway be checked immedi-
ately by viewing the spatial patterns on the original materials
an& that on the screen. If only one class of data exists within

a township, such as forested land, the data entry nay be completed

N



by & single request call on CRT. If it has a predominant cluss,
this may be entéred first for the entire township. Then other
classes may be input in areas where the dara fall under these
classes. No punch cards or transient tapes are necessary in thig
system, for input goes directly to the CDC 3200 disk pack. Laéhly;
rhe entire operation is much less dreary, and“therefore it moves
along faster and with fewer chances for errxror. Currently, the CRT
data entry system is being implemented, and for Itascé County, a

ard

dozen new types of data such as county zoning, school districts

v

are entered for each forty-acre parcel.

+

. .
Procedure of Data Retrieval

At present MLMIS does not have a user ofiented progran for
expedient retrieval of data fron theﬁgystem. This'remains to be
a weak point in the system. Data are stored on tapas by state
-development reglons and by counties. "In order to obtain data on
fqrty~adre parcels of,several'townships in dififerent counties,
for example, a speéiai progfam‘would have to be written to search
for, first the requested counties, and then the townships, etc.
A simple request of data would cost approximately $8.20 at the
Minnesota computer system, not including the time for preogram
writing and submission. However, the situation will be imprcved
greatly in the near future. The University Computer Center has

purchased a data retrieval package, System 2000. In the future,

MLMIS will .attempt to employ this system for its data retrieval.

Displqy and Analysis of Land Information

Computer mapping is the primary mode of data display {for



MLMLS. Line priater, Calcomp plottar, and CRT have been utilized
fcr cartographic work. These devices are particularly useful for
the large amounts of data analyzed and for displaying land infor=
mation in a spatial context. Needless to say, statistical pro-
grams are also available for data analysis and tabulation.

A MINNMAP program produces mnaps based on data of forty-acre
parcels (Fig. 6). The most substantial contribution of the MLMIS
to date in data hnalysis and mapping is the statewide larduse map
at 1:500,000. It is a ﬁulti-colored mép, thus it cannot be repro-
duced for this publigation. Based on its dominant landuse, each
forty-acre parcel ii glasgified intc one of the nine categories:
forested, cultivated, water, marsh, pasture and open, urban resi-
dential, urban non-residential or mixed residential, extractive,
and lastly, transportatioﬁ. 'Thelmap-is a prodﬁct of sequential
use of a-computer printer and photographic process. By employing
the program MINNMAP,Vthg line printer.- produced a grey-tone town-
ship map'for each of ‘the primary colors (red, yellow, and blue).
The township maps were then pastad into blocks of six towAships,
and these blocks were'aligned and pﬁotographically reduced (Tig.
7). A plate was made for each of the colors required for print-
ing the resultant map. This map, which contains 1.4 nillicn daca
cells, would have been a difficult task if conventional carto-
graphic procedures were used. But éhe reproduction wmethod just
described was also tédious. As a result other mapping methods
are being developed. |

Recently, experimentation has moved into the applicaticn cf
the Caléomp'plotter to dataldiSplay._‘With the plogter a large

area such as a county, region, or even the entire state tan be

-



napped in a single computer subnmission. This eliminates the need
for pasting printer outputs of small arcas (Figs. 8 & 9). On a state
county map, each plotted symbol represents one forty-acre cell.
Different numerals, symbols, and/or colors are eméloyed in dif-

ferentiating symbol classes.

Data Updating and Potential Information Source

The CRT data entry system provides.a means of data editing
and updating, as discussed €arlier., Since land utilization changes
; ¢ :
through time, information sources and methods for data updating

a%e of utmost lmportance to a data system like the MLIIIS. One
potential information sourcé which is beding investigated is satel-
lite imaéery. Via % grant to the State Planning Agency from MNASA,.
the MLMIS is examining the aphlications of satellite imagery to
.Minnesota landuse mapping (Brown, et al., 1973). Earth Resources
Technology Satellite (ERT—I) provides the imagery in the form of
bulk MSS 70 mm positivé transparencies, projected for interpreta-
tion of individual.bands or color combined. Slides are made of
these color combined scenes and projected for interpretation at
scales ranging f?om 1:30,000 to 1:250,9000. Nine—incﬁ bulk posi-
tive and negative transparencies are bging analyzed by density

level slicing with an Interpretation System VP-8 image analyzer.

e

Imagery is evaluated as a potential source for supplying
up-to-date information on landuse. It is hoped that the resolu-

tioh will enable the expansion of the classification scheme cur-
: )

rently in use. Thus far, research has shown good results with

regard to urban and extractive land uses. In urban places with

populations of 7,000 or more, for example, areas of different
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urban functions can be detected, making possible a refinement of
the two-class urban landuse types nowv enployed. In mining areas,
a great deal of area measurement and extractive feature classi-
fication can be carried out with éufficient accurac?. Researcl on
these and other landuse types are still in progress. Iﬁ addivion,
preliminary studies on density of artificial surfaces in the Twin
Cities indicate that with some ground trutﬁ it will be possible
to collect data on impe?meability by one-mile cells, aﬁd to map
the degree of imperne@bilif& in the urban area. Moreover; a model
: 9 ‘
for urban run off.may ﬁe déveloped ﬁased on the data on imperme-
ability aud storm sewer ne;works (Brown, et al., 1973).

MLMIS is an ongoing study; thus far most efforts have been
piaced in areas of_data Eollection,“ia;rovepenté of input and
output procedures, mapping préérams, etc., Some progress, however;
has been nade in data analysis, model ‘formulation, aﬂd predict%on.
Indeed, nuch of the vélue of MLMIS has been in the accomplishment
of researcﬁ wvhich neets current needs in lgnd management and plan-
ning. A list of majovx puﬂlications i; included in this paperz.
More recent studies include land for development irn ndrthern
Minnesota (Rusch; et al., 1972), recreational resource study .on
lakes in the St. Paul area (Wietecki and Crning, 1973); legal con-
trolé in relation to landuse {(Gilbert, 1973), and the Rapi& Analy~
sis Fiscal Tool or RAFT (MLMIS and CURA, 1972). The poten:zial
impact of RAFT should be noted. It is a group of computer pro-
gram;idesigned to create and manipulate a data}base which iz te

serve as a means of analyzing current laws and proposed slterna-

tive policies on state taxation. When it 1s compléted, it will

-

contain a data base relevant-to the formulaticun of fiscal laws



and policies, and will be equipped with a package of fiscal models
capable of evaluating present and proposed changes to tax laws,

In conclusion, the creation of the MLMIS has been made pos- .
sible by the promotion of long-term éooperation and coordination
among'researchers, planners, and public officials. It has been ‘as
nuch a political exercise as it has been an information system
study. Active interdisciplinary cooperation in data collection
and utilization within the University community has taken place.
MLMIS staff has worked closely with government agencies to stan-
dardize data collection apé storage techniques. Theré has been
a sharing of per;ongel bgfween the Universitx and .governmental
agencies. Many times this resulted in permanent 'state employment.
In addition, there are regular meetinés between Unive;sicy faculty
and users (or potential users) from ;}ate agencies. Working with
these officials has proved to be ; fruitful experieﬂce. Now the
MLMIS personnel is more knowiedgeable:in the types of information
needed and the types:of questions askéﬁ of the information. There-
.fore the contents of;fﬁe'MLMIS and computer access systems can be
pettér designed to meet specific user requests. The ultimate goal
of the MLMIS, of course, is not simply one of data a;;umulation.
Rather, its goal is to provide pertinenf iwformation, aha” in turan,

to improve the quality of public and private decisions affecting

the environment.
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TABLE 1--CHARACTERS OF PARCEL IDENTIFICATIOY

Type of Location Number of Characters Example
, County " 2 - 31
Township 3 055
"Range 3 262
Section ‘2 ' 36

Quarter—-Quarter Section )
(forty-acre parcel) : . 2 31

Government Lot® A 2. ‘ 09

x All pércels which are not exactly forty acres werxe originally
surveyed in size by the government and called government lots.
Ovnership is not implied. - : .

The last character in range serizl is a directional code.



TABLE 2--A LIST OF HARDWARE EMPLOYED IN THE MLMIS

cDC 6600 COMPUTER

65 k words, extended core storage, 841 disk drives, eight
seven track tape drives

CDC 3200 COMPUTER

32 k words, B854 disk drives, ‘three seven track
tape drives, CRT controller

CDC 211, CRT (CATHODE RAY TUBE)

Alpha~numerical model with 50 characters horizdntally
and 20 vertically

CALCOMP PLOTTER 563

Drum with 11" and 32" paper

INTERPRETATION SYSTEMS VP-8 IMAGE ANALYZER

(for anaiyzinyg BRTS-1 iwmagery)
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RASTER SCAN APPROACHES TO COMPUTER GRAPHICS

NICHOLAS NEGROPONTE
Architecture Machine Group, Massachusetts Institute of Technology, Cambridge, MA 02139, U.S.A.

(Received 22 January 1976)

Abstract—This text reports on conclusions derived from the builuing and use of the 85t, an elaborate rasier scan
display svstem for computer graphics applications. The titled plurulity is justified by a generality and by a superset of
degrzes I freedom in the specific device, all of which no one application warrants 2nd all of which have inmense
programe-ing implications. The underlying and now generally accepted assumption: is that the future of computer
graphics is in raster scan technologies. This paper concludes that future implementatzons ought to be primarily mass
memorigs, rarely scan conversion technigues, and never run-length lists.

INTRODUCTION |
History
The origins of computer graphics are in line-drawing
machines. A picture was an assemblage of contiguous
lines, composed of endpoints connected in sequence by
visible or invisible lines structured in a display list. The
display list (sce Fig. 1), with or without subroutines,
served the duai purpose of being both what the computer
program messaged and what the display processor
followed. Thus the inception of computer graphics
fouowed a random access paradigm.

x2,Y2

—DISPLAY (ISY
X1Yr1l
2 V21
x3¥30
LEIR O
X5 Y5 ?

x1,Y1
Fig. 1.

Interactive computer graphics was hatched with
SKETCHPAD{1}, a well-studied and less weli-copied system
of the earlier sixties (see Fig. 2). It launched a series of
commerical efforts to embody a congenial man-machine
interaction{2], particularly for applications to computer-
aided design[3}, to the extreme that computer graphics
and computer-aided design became unintentionally
synonymous. These enterprises had two bothersome
characteristics in common: the hardware was expensive
and the software usurped great amounts of computer time
(incompatible with the then emerging notions of time-
sharing).

1The 85 was designed and built chiefly between March 1973 and
December 1974, dunng which tinie the work was sponsored in part
by the Gilice of Naval Resedrch, grant No. Nixfid-67-A-0204-
0074, and n part by the IBM Corporation. Currently, applications
are being supporied by the Division of Computer Research of the
National Science Foundation and the Undergraduate Research
Opportunit.*s  Progaam of the Massachusetts Iastitute of
Technology.
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In the late sixties the storage tube emerged as a
recongciliation {4], not requiring a display list, eflectively a
volatile plotter. The programming consequences were
large, given that the picture description could be kept or
forgotten in-line and the program was not at the mercy of
bandwidth and buffer size (see Fig. 3). The drawbacks
included slow drawirg spceds and inability to erase
locally, which precleded dynamic graphics (for which
cost-effectiveness had yet to be proven). Shortcomings
and advances aside, the storage tube still maintained a
line-oriented, random-access genre of picture making [t
was followed by the intelligent tc a) appreach of the
same principle (see Fig. 4){5, 6].

By the early seventies, there were two hardware
developments, leading to a variety of actual implementa-
tions and an assortment of wild predictions: the mini-
computer and mass memories. Both continue to volidate
the predictions of ever-increasing speed and ever-

a
< in rmin
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Fig.3.
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decreasing costs. One thing tthat did not share these
orders-of-magnitude cost drops is the underpopulated,
high-voltage, random-access display device. Conse-
quently, the computer graphics community is turning
cautiously toward the ubiquitcis television set.

Alphanumeric terminal builders were the first to
appreciate the advantages of raster scan technologies.
However, their application diG not bear the anomalies of
full graphics. Instead, develcsments at Adage[7], Xerox
Corporation[8], and MIT[9] aunched some of the first
etfforts to understand and ove.rcome the peculiarities of
" picture making and picture description in a raster scan
device. '

Three approaches ,

Three approaches to rasier scan have cmerged:
on-the-fly scan conversion, rus-length lists, and n -oit-per-
point veridical memories. Eacm has programming implica-
tions and cost ramificatior:s; this paper wili dwell
primarily on veridical memories.

On-the-fly scan conversion is in the spirit of 4 uisplay
list and accordingly affords -dynamic displays. Picture
elements are ordered, dependding on the algorithm, from
top to bottom, in such @ way that hardware or
micro-coded routines can delermine, on a pei-scan-line
basis, where and when elements intersect a particular
horizontal line through the pizture. Early exainr'es of this
technique can be found in Xerox equipment and most
dramatically in the Navy's specification and final contract
for PROTEUS, which scan-comverts and merges on-the-
fly: straight lines, conics, and alphanumerics

Proponents of this approwach argue that (he logic is
cheap enough, that mass memory is uniessarily
expensive (and will not drop .in cost very fast), and that
the dynamics are suited to. .their applicatiou. Without
contesting these positions, ome might point nut that the
scan conversion approach dces suffer from a limitation in
picture complexity, frequensgly determined by the max-
imum number of intersectioms with any given scan line.
Also. proponents of this metthod disqualify t! e amenities
of pictoral complexity in griry tone and colo..

Run-length lists (Fig. 5} ase an encoding t¢<hnique for
describing an area without having to storz n-bits-per-
point[10]. The assumption 4s that the picture will be
composed of enough areas off constant tonality so that the
encoding overhead and per-line description require far
less computer memory than would be necessary to store
every point. While this apprwach is far more sympathetic

1 whiTE 32 BLAacK 67 WHITE

b0 BLACK 40 wHITE

o4 BLACK 32 WHITE

b6 BLACK 28 WHITE

66 BLACK 26 WHITE

6b BLACK 24 WHITE

b7 BLACK 22 WHITE

67 BLACK 22 WHITE

68 BLACK 20 WHITE

32 BLack 10 wHiTE 28 BLACK 18 WHITE
27 BLACK 18 WHITE 26 BLACK 16 wHITE

4 WHITE
b WHITE
8 WHITE
10 wHITE
11 wHiTE
11 wHiTE
12 wHITE
12 wHiTE
13 wHiTE

Fig.5.

to areas and tone, it appears to be (to this author) the
unhappy medium between the first and third approach
and, of course, unamenable to picture processing. It
affords neither the dynamics of scar conversion nor the
complexities of mass-memory techniques.

The third approach is that of a mass memory, where,
for every dot on the screen, there are some number of bits
of memory (including zero). In the simplest sense, one can
consider a 525-line television screen as a two-dimensional
array of single bits 700 wide, because of the aspect ratio,
and 525 high, so that, say, 1 is on/white and 0 is off/black
[see Fig. 6].

Given that both the computer and the video display
processor can provide access to this array, we effectively
have a storage tube with local erase. Elaborating slightly,
we can provide more than one bit per point to achieve
gray tone or color. Ultimately, we can make the mappings
of areas and tones programmable and incredibly variable.

This method was first implemented cost-effectively
with disks and shift registers. However, this paper
concentrates on its embodiment in random access
memory, in fact shared with the.computer. Critics of this
method argue against it on the basis of cost and of the
difficulties of handling dynamic images. The hardship of
dynamics is treated later in this paper; costwise, consider
that today, at $.001 per bit, 16 bits-per-point (64 k tones) on
standard television represent approx. $5,000. Can’t we
assume, however, that this will drop at least an order of
magnitude?
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Specific origins of the 85

Given that the following sections generalize from
experiments with a specific piece of hardware, the 85
{whose name is culled from its Interdata processor), this
section shares the evolution of this project. While
apparently circumstantial, the original needs for, and
side-stepping into, raster scan techniques are indicative of
future programmiog implications. The current machine
epitomizes a transition from sequential to positional
representations, in this case, in recognition and manipula-
tion of hand-drawn sketches.

Since 1970 the Architecture Machine Group at M1l has
been concerned with on-line recognition of hand
drawings(11 .2]. which would enable a designer to
interact with computer aids at the early stages of design,
when his equ.vocations have the graphic munife-tations
to which we are accustomed in sketching. In contrast to
the rubbe--bund line vernacular of SKEICHPAD, our

CAG Vol 2, No -t

interest was in exploiting the freewheeling language of
drawing, forcing th: machine to make inferences about
what the designer meant as opposed to requiring the
designer to stylize- his representation. In the crudest
sense, the problem is one of data compression: given
+00a~y-z coordinaies/s, map them into a simple
representation.

Observe that both. before and after the compression, the
data is purely secuential (see Fig. 7). Only once
intersections and ‘aiching are resolved, do the data
assume the two dimensions of a planar graph. lLet's
consider only inters2cuons (as latching is a much harder
problem) where wi» would like to resolve hundreds of
lincs that intersect. with no reason to belicve th... the
actua! points of .nierscction arc sampled daia. The
¢orbinatorial probi =m is immense (greates than exnonen-
ual and less than <. ctorial). However, if we st ulane-
ouslv stored a fini: bit map on a fixed head dis, for
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Fig.7.

example, we could interpolate and: deposit contiguous biis
as we draw our lines or as our algorithms find them. In this
fashion, 1f we bump upon a bit already on, we know we
arc intersecting (see Fig. 8), amd the coordinates (at
Jeast) are obtained, in some sens&, for nothing.

Such a mechanism was added! to the mini-computer
used for our experiments in sketch recognition, and all
sorts of windowing and zoomimg facilities were de-
veloped for this bit map representation (Fig. 9). Only after
completing this disk system (in falil 1972), was it conceived
that the positional representatican could reside in the
computer’s memory and, at tihe same time, dinnc a
bit-per-point display. Hence oun beginnings with raster
scan were in a position-oriented representation of a
sketch and its mappings. The dissplay and data structure
were to be synonymous.
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HARDWARE

Sharing mass memory

While we can argue that mass memories will become
cheaper and cheaper, it is hard to pursue the line that they
should be unequivocally devoted to the display and
treated simply as a buffer into which one writes, or out of
which one reads (a position one is locked into with shift
registers). A natural tendency is to want to share the
memory and, for example, in the extreme case when the
display is off, to have the memory available for program
execution (Fig. 13). [n our previous example of 16 bits-
per-point on standard American television, such a mass
memory is a formidable 700 k bytes.
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But 525 lines is not enough. One immediately finds
reason to consider 1000 lines (and hope for more), which
multiplies all our previous figures by 4. Conrac fortunately
makes a variableﬁling television (the RQF4), which
='iminates the need to commit oneself to a specific
reeolution and memory consumption (Fig. 14). By

- synching on the programmable signal, the display can

vary its resolution. In the simplest case of single
bit-per-point applic xtions, this allows for a free-moving
boundary between display space and program execution,
Ly virtue of a vari. ble (programmable) resolution.

For example, a ¥ ORTRAN programmer may choose to
u’e a two-dimensiunal array for his picture data in a
manner that allows him to make that chuck of core his
isplay space at wh.lever resolution that fills the screen.
Eut, during editing, compiling, and loading, he may
choose to trade off resolution for speed (through
corc-residency of ixe thing or another) and then seek
high-resolution pictures only during the execution_of his
program.

The same kind of sharing can be achieved by trading off
t..c number of bits-per-point. However, unlike variable-
I ie television, this £ as a crucial and immutable impact on
memory organizatic 1. This is because adding or subtract-
iny bits of gray lc.el pre-supposes that they are not
contiguous in core, « xcept in the crude implementation of
committing to 4-, 8-, and 16-bit modes. If the user wants §
bits of gray for a pl.otograph in one application and 6 in
another, we presun. that the system should, once again,
have the opportunit v to move boundaries between data
and program execi.mon. But this desire commits the
hardware to a schei~.c of planning.

Planes and prioritics

The memory is 01 s1nized in planes, in the literal sense
of animation cells. P ;anes can be assembled into multiple
bits of gray or color  [Fig. 15). Although a single point on
the screen might ha- ¢ three bits of gray, those three bits
are not contiguous its of memory.

At first this may sc #m unduly confusing for the systems
programmer. At secnd glance, its advantages outweigh
the overhead. The last section of this paper covers
applications where <olor separations, for example, rely
upon and justify this {eature. Here we will consider only
the picture-making properties which come from the
additional elaboraticns afforded by not requiring ‘hat
planes be of the sam:e size, proportion, or positior. The
current machine allu-vs for twelve planes, eight of v:ihich
h:ve been implemenred. -

The planes are usc.J as single-bit windows or grouvped to
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fcrm gray tones or to matrix color. Consequently, eight 2 oo Wre201
planes might be arranged so that planes one, six, and eight
are three bits of gray for the background; two, three, four, 1
and five are four bits of gray for the foreground; and seven
is a single bit of backline drawing in the middle ground (Fig.
16,. Obviously, these need to be arranged according to Fig. 16.

proyra~mable priorities (Fig. 17). In the event that the
fo.2ground is a photograph of an oak tree, the back and
m.cile grounds appear only between the leaves, twigs
and branches. If the oak tree for some reason is translated
across the screen, the background scenes autornatically
apoe~r and disappear through the foliage. In another
e.umple, the foreground might be a line drawing, so that
sk=tches or computed vectors override and overlay a
pirtngraphic background.

v add confusion to complexity, planes need not be of
thc same size, proportion, (Fig. 18), or overlap, and the
priorities may be set as a function of a gray value, not just
fully on or fully off. The latter feature has no video,
photographic, or visual counterpast; the effects are unique
to the~notion of gray-tone priorities.

An almost degenerate application of planes would be to
consider each of the eight planes 2s single-bit linc
drawings. | mention this because early attempts at using
raster scan techniques for computer graphics immediately
stumbled on the problem of erasure in dynamics and in
line subtraction (Fig. 19). With only a single plane, a
moving spot would entail a process of bit writing,
substracting, offsetting, rewriting, etc., leaving a
wake of whiteness. Cautious but tedious inspection
of the neighborhood could aliow for restoring the
picture in some applications. A variabie-size plane
achieves the desired result most easily. That which is to
be translated is moved into an auxiliary plane and

t
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WINDOW 1 HAS PRIORITY OVER WINDOWS
2 8 3 WHERE NOT ZERO

00 WINDOW 2 HAS PRIORITY OVER
WINDOW 3 WHERE NOT ZERO

Fig.17.

Fig. 18.

translated either by moving the plane as a whole or the
object within it, while letting the priority scheme manage
the background (now left intact).

Processor characteristics

The most obvious processor characteristic is addressa-
bility. Mini-computers have bcen inherently 16-bit
mechanisms limited to 64 k direct address spaces, unable
to capitalize upim mass memory for program execution.
While indirect. 1ddiessing can achieve data manipulation
in mass memor:+ ‘as the 85 has done), it makes program
execution prob vit 'vely cumbersome. Currently, Interdata

Fig. 19.

has 1emedied this with their 7/32 and 8/32 mini-computers.
Regrettably, it was developed too late for this proiect.
A second characteristic is control store. The mini-
computer we actually used, the Interdata 85, has 4 k bytes |
of wsritable control store (90-ns bi-polar memory). While
experimentation has not explored this piorlem
thoroughly, it is obvicus that certain functions require
extreme speeds, in order to be executed like other
instructions. .
Consider, for example, the drawing of a horizontal line.
On a 1024-by-1024-bit plane, this means writing 64

+ contiguous words with %exadecimal FFFF. In contrast, to

draw a vertical line, oue must write a single bit into 1024
non-contiguous words : see Fig. 20). A sloping line makes
the contiguity problem worse. While it is not difficult to
write a program to corapute the locations, it is slow in
execution and hence more appropriately micro-coded.

Additionally, micro-code has proven fast enough to do
limited scan conversion in any one of the planes, making
the advantages of that approach compatible with this
mass memory method.

SOFTWARE
Coordinate systems
Coordinate systems in computer graphics are carica-
tures of variety. Each device has its own protocol, having,

00000000 00000000 00007000 00000000 00000000 00000090
000462000 060000000 000C000 00000000 00000000 00000000
11111111 31111131 11111111 121111121 11211111 11111111
00067400 00010000 0002000 00000000 00010000 00000000
0073,100 00010000 000GLO00 00000000 00010000 00000006
00CC0CO 00010000 0001200 00Q0CO0C0 CCCL10CGO GQG00000
000,000 00010000 000CJ000 00000000 00010000 00000007

‘Fig. 20.
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for 2xample, its origin at the center o low left, The spatial
inc.ements vary and are by definition a function of the
resolution of the device. The systems progran:mer
worries about the transformations necessary to make
each mechanism appear the same. for the sake of dovice
independance at the appiications programming level (a
perpetual but vacuous aspiration of the computer graphics
commuaity). Most frequently the similaity criterion is to
make a full screen image on one device a full screen on
another, withint the tolerance of Jifferent aspect ratios.

Alas, raster scan technologies huve a *natural’ crigin in
the upper left-hand corner. The: add further coniusion
and, in fact, question the cimilurity criteria of device
independance. This is because of variable resolution,
whether contiguous as previounsly described, or in
programmable increments of 323, 625, 875, 1000, etc.
Presumably, in the event of chunwing resolution, the user
does not expect to see the size of uis picture change (Fig.
21). In terms of bit maps, this reruires a careful shuffling
of bits, in the case of going to lowcr resolutions, and entire
picture re-creation when going hivher.

What enters into the question is the base coordinate
system into which the data are stored and from which
they are taken. At first glance, this is simply a matter of
using lurge enough numbers, like -~ and —16 million, to be
gu.ranteed that, first, you will mizp into cven the highest
resolution device, and, second, you can encompass a
pro“lem of just about any physical scale. This approach
has heen significant in the use of CRTs because one i3 not
usud iy concerned with the size of the picture, in the sense
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of having to measure it. This is not trus wi'a most plotter
applications, where the scale is often ciitical.

With the (elusive) advent of large, flat-screen displays,
the distinction between plotter and (RT will fade.
Projection television begins this convergence. The conse-
quence in terms of coordinate systems will be the
additional problem of display scale, previously ¢ result of
circumsiance. Data will be most wisely stored in units
relating to physical size, mappcd onto the screen at a
specific scale.

Shape orientation

Before rasier scan displays, lines had a length and, on
scme displays, bore an intensity or color. Now, they
additionally have an inherent widih (Fig. 22) (without the
disadvantage of juxtaposing parallel lines). In the most
general sense, a line is now a special instance of an
arbitrary blob, i.e. a rectangle (Figs. 23 and 24). The resuit
is that traditional programming strategics and hi%her-lcvel
graphics languages losé much of their usefulness. It is
more a problem of cellular automata than 2 problem of
vectors.

When we limit ourselves to two dimensions. the
descriptive problem is two-fold: that of boundary
description and that of containment. Picture processing
techniques offer some clue for the former, and scene
analysis has worried with the latier. In computer graphics
it remains a virgin problem, with the exception of a few
animation exercises where image clippiag is applied to
planes.

" Fig.12
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Figs. 23 and 24.

In describing the boundary of a figure one has the
choice of defining its contour as a path or its shape as a
filled-in area. The contour approach (Fig. 25) appcars
more appropriate for extremely complex figures, typical,
for example, of medical and biological applications. Use
of filled-in areas (Fig. 26) tends to lend itself to regular
geometries with few concavities, more typical of en-
gineering applications. In the one case the boundary is
described and an algorithm fills it with a tone or color. In
the other case that algorithm is the description.

Containment is the shape counterpart of linkage
structures in line drawing. Just as line A and line B can
share an endpoint a or be edges of a rectangle R, or part
of a camshaft ¢, blob'4 may be within B, part of B, a hole
for a rod, (Fig. 27) etc. Note that this association is in the

0
3—1——1
2

2221121122222, .. ...

Fig.25.

33 waite 2 Brack
30 whiTE 14 BLACK
26 wuite 17 sLack
17 wniTE 30 BLack

Fig.27.

problem description and not the picture description.
Areas A and B n :y simply overlap and not have
structural association. .

These problems arc new and unresolved. This report is
about their discovery, not about their solution (yet). They
are further aggravored with the addition of picture
processing.

Picture processing

Picture enhancement and analysis have developed into
a discipline quite s=parate from computer graphics.
Graphics enthusiasts }.ave accepted and taken for granted
the barren backgroun ! of a (usually) dark green phosphor
or the whiteness of u sheet of paper or television. Few
applications have su.zht to mix drawings with photo-
graphs, whether to cro.:te richer backgrounds, or to make
them manipulable by .ud meaningful to the machine. This
is in contrast to rear projection techniques or so-called
peek-a-boo tubes thz: can superimpose a slide, film, or
video signal, picte-.sque but unattainable for the
computer.

A raster scan appruich to computer graphics provides
the new opportunity t.» mix, manipulate, and superimpose
photographs and dr.sings (Fig. 28). A photograph is
distinguished from a ~ :zpe only inasmuch as the *filling is
nec longer a single 1o :, color, ur constant gradation, but
an apparently rand. 2 assortment of gray tones atl
possible hues. The ..z of photographs eliminates the
previously acceptable cescriptive procedure of a=s« ribing
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a boundary and filling it. The figure must be described in a
bit-by-bit fashion, faithful to the original input. We
assume that the complexity of the photograph—a tree, a
face, or a country setting— is so varied that there i no
merit in encoding it line by line.

The programming consequence iis that we now have
entities which are difficult to scale: and rotate. Notwith-
standing this difficulty, the potentiad! of picture making and
editing is enormous.

Color

Computer graphics has worried about the eftectiveness
and cost benefits of color to an extent proportional to its
previous cost, but out of proportion with current
techniques. In raster scan, we can presume color to be
almost free.

The programming implications are not as simple. A
serious gap exisls between the colar photograph applica-

et

~ . 1
0110101} —~— —*

Fig.29.

ions and the representation of the many otl limited
colors of a sketch or schematic. A popular implementa-
tion for the latter is to matrix the color so that n bits per
point are not committed fo a specific cominration of red,
green, and blde. With eight planes, one has the
opportunity of attaining 256 colors, which, with a matrix
scheme, may be 256 shades of pink or a course section
through the entire spectrum (see Fig. 29).

Picture processing applications (for example, LAND-
SAT data) tend to require more colors, which, in the
implementation described, mean more planes and a larger
matrix box. Ultimately, the notion of planzs makes less
sense, and the programmer would ve much nappier to see,
say, his five bits cach of red, yreen, 2nd blue as contiguous
in a half work (see Fig. 30). This is a fundamental
incompatibility with the planing approac!: for which we
have lobbied and which can be resolved only with the
specifics of an appiication. For example, problems of
color separation would profit from the pianing reature.

SOME APPLICATIONS

Graphic design

The concerns of a graphics designer include the
typography of books, the layout of journals, directional
signs for cities, and the fabrication of advertisement and
symbolism. This is what we will mean by graphics in this
section. It has been chosen as a sample application
because of the inherent need to mix high-quality
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characters, drawings, and photographs (Fig. 31). Cur-
rently, in page layout, gallerys, artwork, and photographs
are pasted up in a most laborious, time-consuming
manner. Efforts at automation{I3-15] are still in their
infancy, predominantly off-line procedures. Raster scan
techniques offer the opportunity to assemble camera copy
on-line.

The use of raster scan displays for high-quality text was
first illustrated at Xerox Corp. (Figs. 32-34, by courtesy of
Xerox Corp.), using on-the-fly scan conversion techniques
on an 875-line television display. Since, otherz have
improved and implemented these techniques so faat the
typeface on a CRT can approximate and even ¢nulate
those to which we are accustomed in typeset print. The
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c iy .nal Xerox work presumed that the resolution of the
dsplay was high enough (and the screen small enough)
not {o warrant removing the ‘jupgies’ in the character
deienption. Itis true that above a certain number of iines-
per-inch of video (more than 100) the sense of horizontal
line ludizenous to television gues away (icaving 1 ‘smooti’
background) and that with it goes enuch of the annoyance
of jaggies in characters. Our werk at MiT presumed,
however, that much of the satisfoction resuited from the
‘squigely’ nature of characters, bxcause even at extreme
resoluticns (300 prints-per-inca) 2 long, strzight, sloping
line (for example, in 2 15 point Tiunes Roman M) exhibits
annoying steps.

The solution is to digitize charwcters on alarge gric. If
our Times Roman M is read i with a vidicon on a
300-by-300 single-bit map (Fig. 35). it can e reduced to any
size, generating gray-tones at the =rges (the percentage of
‘huts’ per call in the reducticon). thus removing jaggies. The
optical etfect is one of smooth sluping edges and curves
(Fig. 36).

Line drawings and shapes are more cumbersomie,
particularly when overlayed on biackgrounds of varying
colors. The problem of jaggy re moval is complex and
must be done in line with the creation of the image. The
problems is surely the most studied aspect of raster scan
dispiay techniques[16).

In graphic design applications, photogrzphs assume

incredible importance as scon as they can be cropped and

sized on-line. Currently, we pwostulate a two-screen
system where the photograph :s read and presented ca
one screen for cropping and thea scaled for placemeni in
the text on the other.

In graphics application the output medium remains at
roadblock. Only the most expensive devices can lay oot
photographs, text, and line work on the same phnto-
graphic or xerographic medium. Currently, video (at 1200
linas) just misses the requisite reselutions. Twe thousand
lines of video over a 10-in. area would satisfy most
printing needs, but requires the four-fold increase of mass
memory, probably exceeding even our enthusiasm akeut
cost drops over the next two years.
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Animation

All dynamic graphics is animation in *he sense oi
creating framzs of differing content to support the illusion
of movement. This section is limited to animatics s the
entertainment and art sense of animated films. Its
distinguishing feature (which sets it apart from, for
example, Computer Qutput Microfilm) is that it is on-line.

There are two consecutive consequences to the
real-time aspect of the 85 as an animation machine. The
first is the medium of inpuy, which can be in itself graphic,
in part or 1n whole. This permits the formation of key
frames, diagrammatic description of movements, and
editing of backgrounds and ‘characters’. As an artistic
niedium, it affords the opportunity to ‘paint’ in time and
play with effects of transparency and transfiguration.

In turn, the user can now be a different perscn from the
one we have previously witnessed using computer
animation techniques. He is much more an arimator and
much less a computer enthusiast. In fact, he could he a
child literally fingerpainting.

Scene processing

The future television studio will be pre-dominantly, if
not completely, digital. Currently, the editing of vid-
eotapes is cumbersome, to say the least. The machine
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described here, and its predecessors and successors, are
the beginnings of digital approaches to video.

Aside from the straightforward editing of video or
photographic information, scene processing features in
raster scan techniques are most valuable in their overlay
upon and mixing with alphanumerics and graphics.
Coansider the tin :¢ following sorts of examples.

An architect is interested in sketching a perspective or
having the computer generate one of a proposed design.”
He not only wants to see the three-dimensional construct
of his design, but he would like to put it in its setting,
currently achieved by using abbreviated line work to
depict neighbori g structures and vegetation. In contrast,
this brand of comrputer graphics would allow him to place
his design in o pnotograph (someday a videotape) of the
environment, presuming that he or the computer has
worried about compatiable vantage points and focal
lengths. It is not hard to imagine automated or interactive
removal of the hidden scenery and replicating the
foreground.

A second cvariple might be a weather forecasting
system, where satellite photographs reveal cloud forma-
tions that (let’s assume) the computer can recognize,
illustrate, and !abel, and to which it can add arrows to
show their dir:ction of movement. This kind of scenario
can be postulated in any application where the photograph
(or X-ray) i ‘o be diagrammed through the results of
picture-processing techniques or human intervention. This
has been suggosted for the on-line diagramming of football
plays.

As a final caample, imagine painting a photograph. At
the time of w:uing, the notion is totally speculative and
results from o9serving continued efforts to achieve a
realism in drawing that may well be feasible with a
‘*knowledgeable’ stylus. If you wanted to draw a tree and
there was a photogruphic tree at hand, it could be simply
placed in the scheme at the correct size and position. More
exciting would be a ‘hikeness’ of tree that could yield a
variety of foliages in the same species with procedural
knowledge of how to move randomly around the greens,
fatten but not elongate, and so on. Or finally, imagine a
brush stroke of ‘brickness’ that can be assembled, com-
puting the proper perspective, perhaps with an under-
standing of the role and need of expansion joints!

CONCLUSIONS

It would be foolhardy to rephicite the parucular machine
we have built. Its mainframe 1s outduted, its display
processor needs redesigning and simplification, and the
software bears the marks of circumstance and adhocism.
However, as a superset of features, it continues to
support a broad range of applicalions, exercising many
approaches to raster scan. We cannot conclude with a
specific recommendation for one technique vs another.
Instead, we conclude with a general enthusiasm for raster
scan technologies in computer graphics, based on a host
“of experimen!s

One aspect of this enthusiasm has not been stressed
enough. That’*s the potential of television compatibility,
underntining .o part the varable-line freedom of the
existing pa-aphernalia. However, variable-ine features
are an excussion away from standard television which
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may not be worth the loss in compatibility. This concerns
us because of the simple observation that there ‘are
121,000,000 television sets in use in the U.S.A., and
57,000,000 of them are color[17].

Computers in the home, as a ubiquitous consumer
product, are no longer complete fantasy. Most of us have
a beginning component for the graphics appendage to this
home computer. More modestly, we can view it as an
‘intelligent terminal’ to the (temporary) amenities of
time-sharing services.

Bars, airports, student unions, and many public places
already host crude television-based games that are
(though modest) raster scan approaches to computer
graphics. These will be extrapolated orders of magnitude
in areas of computer-aided instruction, office automatioa,
and, perhaps most important, the manufacturing of toys.
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SISTEMA DE INFORMACION GrORRAFICA

VISION GENERAL,.-

El propéeito de este articulo es el de sefielar la finalided de los -
sistemes de informacifn geogrifica, establecer un marco de referen--

cia pars clesificarlos y describir algunos sic-emas tipiros.
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DEFINICION _
Un sistema de informacidn geogr?fice o sistema de geopracesanient) i

es todo agquel sistema de computacifn donde le infarmaciin que se m:
neja tiene el stributo de posicibn geogréfica de le entidad genere-
dorz de la informacifn, haciendn uso de ellz de forms eficiente,pa-

re relacionar la informacifn entre si.
Algunas ejemplos de las operaciones gque se pueden realizsr san:

a)o=- la correlacidn de informacifn, dnnde el sistema nos pug
de proporcionar automfticsmente lns dstos de lms entida-
des vecinas, o de les que estén comunicades entre sf{, -

por cerreters, telefono u ntro media,

D)e= . 1z generalizacifn, medisnte la cusl pndemos =gregar lo
informacifn para que esta, a un nivel menor de detalle,
nos refleje les condiciones de Areas cade vez més exten
586,

£1 objetivo de almacener la informacifin cnn su posicibn gengréfie =s

el ce establecerla como marco de refrrencie, que resultm universel,

(itrn marco de referencia es el del momento en el rue se capts 1a in-

formacidn. Identificéndole con estos dns prrémetros tenriremns un --

irentificador nue no puede ser duplicadn, y» que en un mowento deter
minedn y en un lugar determinado solo puecde existir una snla entidad.

i 5 icentificarifn precise del luger vy la fecha per~iten est-hlecer un

cfdigo cue nuede servir de manern unfvace parn 1= identificsuiln de -



recursos naturzles, de infraestructurs y bhum~nos. E£1 cornncimirntn de
ellns es eaencinl en lmas lrbores Administratives y de plene=-idn de - .
agran parte de lss labores institucionzles cuys ertivided tenne uns -

I 4 L4

tisnersifn geogréfica.

TOMA DE DECISIONES

Las cAusas fundamenteles por lss cusles se est? recorriendo arde vez
an mayor medide A los sistemss de infnrmzridn nergrifice son bisica
mnte dos:

- Z1 crecimiento en 1ls demanda de todn tipn de servirios.

- 1= ceda vez mayor compleja interesccidn entre laos factores cue

conforman =& una socledad,

¢1 desarrollo demogréfico, econémico y socisl de nuestras tismpos -

est? creanda por un lado nuevas necesidedes, pero tembién estd sumen

tandoc l= demanda de las ya atendides anteriormente.

i esto se suma la reducclfin proporcionsl de 1los presupuestos, nues si

hien &stos crecen, no lo hacen en lz misma proporcidn de la demrnde.

= interes=nte safialar oue pere el afio 2,000 ge tendrd nua nonstruir
un nidmero de viviendas y servicios equivslente =) construido hestsa ls
fecha, dado cue pera el fin de =iglo la poblacifn serd el doble de la

poblecién actual.

Por otre parte, todos los factores rue conforman 2 una sociedad inter

actusn entre s{ y les decisiones de cuslquier sector y a ruslouier ni
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vel =fecten s tndos los restantes.

As{ por ejemplo, si se construye una industris en une poblecifin esta
tendera A atreer a le poblacidn lo que herd nue se requiernn servi--

rios pfblicos, sociales, viviendas, etc.

n ejemplo reciente de le complejided ce esta intermccidn es rl vivi
do recientemente con la construccifin de 1o siderlgica L%zaro Carde--
nac Las Truchss, donde al principio no se pudo prever con exactitud

ni «p pudo conordinar Ia intersccidn de las diversas dependencias oue
prépnrcimnarun los servicios renueridos pnr la =fluenci~ de hahiton-

tes, presenténdose fenfmenos de eccarcez, crrestia y especulncifn.

[Ls por estas ceusas gue se requeris de sistemas -que permiten la nfg
efectiva v &gil pleneecifn. Pera efectusr un= buena plene:cifn se -

rernuiere de informecidn y esta debe integravse de manera cnherente,

INTEGRACION ' DE INFORMACION

L= mejor forms de logrsr estn es a través de un= hsse de drtos gen-
grifica que permite, a través de un lengusjer de interfase, l» recupe

recifin y el anélisis de ls infrrmacifin.

Bfgicemente las decisiones que respelde dicho sictema son con respec
to al uso del suelo y en decisiones administretiv =s de las institu-
cicnes gue tengen sus sctividades disperszs gengr&ficamente.

v

lIn concepta fundsmental gue debe respeter esta interfase entre las -



POBLACTION

OPERACIONALES Y ESTADISTICAS

4 / BASES DE DATOS

/ 4 "
i W

| / BASE DE

s

. | DATOS

} \ GEOGRAFICA
\ USO DEL SUELO ADMINISTRACION

INTERFESE
DE

ARCHIVOS

INTERRACION DE INFORMACION CON BASE GEOGRAFICA




bases de totos es de gue se deben de poder aprovechar 1las besec de

datns operativas de las instituciones con poen o ninguns necesidac

de intervencidn maenual,

NIVELES DE INFO

Por otre parte, el sistems de informacidn qeogréfice debe ndepterse

n 1lns difafentes tipos de decisinnes oue se nueden presentar: Fsto -
es, decisinnes operstivas, administrstivas, tecticas, estrstégicss vy
politicas. Fara esto debe poder agregar lz inform Eciﬁn desde los

niveles més detallados a los niveles més genersles ds maners automﬁ

tics. -

El objetivo de esto es el de que la informscin con la que se toman
las decisiones politicas sea ls misma que con la que se toman las de

cisiones técnices y administrativas.

En ncasionees hay une interrupcifn en el flujo de informecidn 'y les de
cisiones no son consistentes porgue 1c informacifin no lo es. !n rjem
nlo de agregaci6n serla en relecifn a un marco de referencis dionde -
se tuviera, la divisién de peis enrestadns, muniripios, lorclidedes

y predios. Esta servirle para toma de decisiones polftices, estroté

gicas, tecticas, administrstivas y operatives pern todo el pais,

Farm un frea urbane se podrian tener los niveles ce 4reas metropnli-

tann, delegacifn, seccifn, predic y facilicades.

No hay nue olvidar que las divisiones =z nivel nacional afectsn a las

regiones y gue en genersl no existen s ls fecha mecenismos adecuados
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para determiner el impacto de una derisifin a nivel naocional en el fn

bito reglonal.

Los sistemas geugréficos pueden obviar este problems, ya que se pue-

den tener sistemas de cubrimiento regionel.o nacionel

Les clases de informacifin donde la informacifn requiere de
tificecin geooréfica son muchas y muy variadas. A efecto

vo mencionaremos les slgulentes:

Recursos Fisicns - Tndo tipo de recursos naturales
- bosques
- lagoe

- tisrres de cultivo

Recursos humanos - poblecidn
- mfdicos

- maastros

Obras de Infrées- - puentes

Eructura = 1ine=s teleffnicas
- ceminos
- rlistritos de riegn

- pnzns

Praduccibn - agricnla

- nrnaderas

la iden-

ilustrati



- forest:l

~ de servicios

£n fin, se puede roncluir rue tocds actividad humona se desrrrolls -
dentre de un contexto gesgréfico, si hien hey alcunos en los cucles

este contexto no es significetivo.

ETAPAS DEL GEOPROCESAMIENTO

Ahors bien, dentro del proceso de utilizecifn de inTorwmacifn neoor?

ficr ftenemos tres etspas bien definidas cus con:

ETAPE Ie=- Analizar las releciones fFisicas entre los -

fectores del medin =mhiernte,

- uso del suelo

- ceracterfstices fisicrs

- obres de infraestructurs

ETAPA II,- Se complementa con informacidn estacdietirs
y socioecnsfwica de hases de datos institu-

cionales.

- poblecifn

- valor de la propiedad

ETAPA TIT.- Se analiza el efecto de lrs politicas v can

)

hins e pPrropuestas en:




- el uso del suelo
- facilid~ces

- aervicine

Turo ron objeto de rnoadyuvar e 1 Lowa de decioinnes ¢ diTerentas -
niveles con respecto a la

- asignzcidn de recursns

- ubjcaciin de fFroilidedes

- determinacidn del uso nntenrinl dol gunh

- an%lisic fr l¢ demancs fde servicins

DESARROLLO DE UN PROYECTO

De 1o anterinmmentes expuesto nucecen verse =lounas de Lo joolicacin

nes rel geaproceszmiento cur harfn gue pers mue fate teros &xitn, ae

cunpian los nremisas nue se mencionarfn posterioraente.

Ls impliceciones snon:

) e el groprocesamiento cruze 1imites Furionale: v juricric
cinnales.

- l1: informacidn nuede npravenir s unr gren vioriersc de Tyen
tes.

C)em los usos pueden ser multiplec.

)= puede reruerirse de mfs informeridn e 1o oo Taentn nio-
nponible.

e)e- se renuiere de asignscifin de reruveus FinAncie-nae, o te-

rimnles y humanos,.



-

M rets reoulton los siquientes rrauisitns pore 10 raliccsuidn oxisn-

cr (el geoproresamiento:

)= ¢e dehbe €orncr un gruna representrrhe e Los fress uoueriow
cup oetermine tento las necesidades o nbe oanlic o1 f-a
tems como lm informecifn oue el sisleir nuere absnTues Fipeo

t=inente.

) e annya + un alto nivel divectivo rie caocrdive 8 e goosrins
4 )

rue ruede decidir sobre le #3iansoinn o rroarsns ol Forne
' ' =

voecto.

Vil DEOINMFORMACION, -

Gfsicemente, la informacifn que nuerde wutilizor un sistere rc gennro-

cearwinnto puerde clasificarse rowg informecifn:
Snminel - rue pe sruelle mue eshe lopcalizedr nor noie

r .
hres goanrdficos v cuyo r ewaln mfs roleoven

te B8 el de 17 infoTmanids censoi.

fedinel - mue ec le inforwscidn laralizec . 0P roredde

be v uf results cue los procesoc el sistew: son:

-~ construccifin v azntenivienta de 10 bBoze o2




ARCKIVO GEOGRAFICO
URBANQ

> BASE DE DATOS INSTITUCIONALES

CONSTRUCCION ¥

MANYENIMIENTO SELECCION

MAPAS PROCESO
BASE

iIMPRESORA TEAMINAL GRAFICADOR



nelos genﬁré?inn

~ extraccibn de informacidn, segln el pooblems

resolver y proreso de 1z informecién.

[.Los resultsdos nueden darse en forme de listedos de impresors o ma-
pas reelizados por impresors, resultados por pasntslla, de crroscteres

alfanuméricos o de vectores y graficadores.

%e los diferentes niveles de detalle de l= informscidn se puede reta

blercer uns clasifiracifin de sistemss de nennrocess=miento.

l.os sigtemas purden ser 2 nivel regionsl n urbenn dentro de necs unn
e purien tener los niveles de ingenieriz, de limites, de localizer--

1A 1 el neocestad{stico.

lers entender mejor-esta Gltima degisifin heblaremas de los ciferentes

velres:

[ N

"

ST DE TNGENTERTA URBAN( .-

’ L4

Zoue nivel esto constituido por 1z infarmosifin acerco de 1z pocicidn

()}

rte obiris de infraestructurs para proporcinnzr lng servicine urbsnne
como et ejemnle, ubicacidn de 1iness rléctrices, de snur mbehle v

i dren=ie dentro de unz ciudad,

Lrnerclmente les compafiizs de servicing pdblicAc cuenten rfon woprs oue
indican 1l ubicacidn de sus Tacilicdedes. 21 ohietn re nencndificsr -

ost: informacidn puede ser por ejennln, el de corenlacicner le infor-
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mooidn de demendn rie servicio con le de Fecilidodes, cen orjetn e

4

nlanear mejor el mentenimiento y extensifn de las fac

}
[

-

licdedes en Tun

r.ifn del crecimiento de 1a demonds.
ATVEL DE LIMITES URBANMDS.-

£ate nivel rs el resultado de un cotastrn urbeno v el objoto de geg
codifinﬂrld nuede ser poar ejemnlo, l1a fetermin-cidn de los prpdin3 y
el velor de 1lns mismus)nue se verfn sfentriins por ls construrcidn de
un~ nueva avenide, Tambifn puede gervir aore determiner ¢ cuelec --

nredios se les puede revaluar en Funcifin de &) meinr servirio nue sp

les proporcions con esa avenids, mtc.
IUEL DE LOCALTZACION-URBANGD, -

s un nivel donde la infaormacifin est? aprenads = nivel de PEMZTNE Y
nuecde servir pera determinar el wmercsdo potencisl de un nueve con--
junto de comerrcios o de agencirs gubernanentslos,  Puede seovir nire
efectusr una regionclizacidn pers efertns censsles o de padrdn de -

votantes, etc.
CIVEL GEOESTADISTICO.-

Frn este nivel ya se tiene 17 informecidn agregsdr = nivel cde seccifin
o ruartel v su uso puede enfocar.s. = la comparacidn relotive de di-
versas secciones en cuanto a nivel de pehlzcifn v de Farilidades v

servicios, etc.

.
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A nivel Teginn:l se pueden tener les wisnne aivelas de dete? e e in
formmcibngel nivel de ingenierin, rl de 1inites, de lrrelizecifin v sl

cstedistico. .
SIVEL DE INGENIERIA RURALS-

oie nivel puede considerarse constitufdn pnr morelss digitsles del

terrend. Se pueden tener MOT rue cubren 5rees muy @ xtens=o ron nace
. I 4 V. . . .
nrecisifn, 1o our herfa gue Mo se pudiesen clesificar en Fsts caie

<

[ 4
nIrla,.

“n ulgunos paises se tienen hases de detns cartrprfficas = cenrlee

A e

112000, pero son reslmente escrses.
SIVEL LIMTTE-REGIGMAL. -

I'm este sistems el nivel des infarmzciféin s ol aranarcioncdo oor un

~~teretrn rural, pue puede afecturrse = unn ecceln entre 1:17 00 ¢y -

it

S 1300 000 Poui se tiene 1ls delimitocidn oe todos las pradvies rurs-

les v su utilizecidn puede ser srmejante -1 correcponricate crhong,
cr puedrs utilizar pera le determinaridn de los ornadios ofecsndnz 0y
un: aress 0 una carreters. Eventualmente, = 4rrvAs de 1o inforescifin

recnnilad, & eate nivel se podricn tener mape=s e uso el suelo,

AVEL. LOCALIZANTION-REGIONAL .~

=
b

n la actuslicdnd, se esthn deserrollandu  beocos de detos 0 TRGU GOS

nue estdn a 1s escala 1:25 000 a 1: <50 MNP elesnradns = ravé: de -




I 4

fotnaremetris y fntointerpretsrifin o oor wecio oo b Tesifior idn subs

rfitics de sBtelites.

Lstp tipo rle Benco de Datos puecden servir novr ln olanecnifin del uso

el suelo, le determinacidn del fres cultivoda, eic.
JTW-L GERESTADISTICO-REGIONAL, -

£rn rete nivel, se empieza a usar una divisif®n rolitica prr= oorngsr 1a
infrriacifing tento de recursos romo socicecunfuico.  Le2s 2ctividades -
narz les rue puede usarse este tipo de Benco de Potns son gwnéricar.
~o derir, podemos selecrcionar entidedes cue cunnian una serie fde re-
ruicitos, por ejempln, todos anuellos cuya poblsnidn ses meyor de --

104000 habitantes y que sdlo se tengen 10 hospitolea, etc.

En general, el costo del deserrollo de los sistemas varia geometrica
mente segiin el nivel en 8l gque se trebsje. Asi, si un sistema geoes
tadistico pars todo el pafs cuesta 1, el nivel siguiente costerd 2,

el siguiente &4 y el siguiente 8.

En general los geostadisticos monejsn soln informacidn nominal y 1ns

otrns manejan informacidn ordinel cnn cada vez mayar grado de detelle.

l.es ventaias de los nivelaes mfis detallndos eu nue sieémpre pndermns -
mgreqgar informecifn para alimentar el siguiente nivel, wientras nue

1n contrario es imposible,



4 . . "
Auf, ©i se desurrolln un cistemr de 1Tmites Tur: i, oon caet e Lo«

nadremas tener tembién sistemas ¢e localizrsidn v estedisticos, nue
51 <o hubieren reelizcdo inrdependientemente nos= costericn 2 unidedes

cin disponer del nivel de 1imites rural.

Fa oar lo tento muy importonte nara un pals dekarminer 10 ronvenion
©ia ce empezar un sistems = nivel limifes-rurcl n uno ce ln-slizacifin,
deriaidn nada fFhcil de tomer y oue hasta ahara nno se hebis _lontesdo

caecln cue el dessrrollo de los

N
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]
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3}
21
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0
3
3

rofirns de informeciin nue
nermiten 1z genrrslizacibn ~utonftice se hqn ﬁﬁﬁarrmllmﬁp miy recienteg
nente y no hay conciencie clsrs de ests zlternstive ni se han estudie-
t'o ruidsdosemente sus fectores e implicpcinnes.

CLASIFICACION

(. s sisterne bambhién pueden rlasilicersse on cuhsistenes de nonotru cife

b

. . + &
v nsntenimiento, fe extrzecidn v hroceso,
© sontinuscibn se describen olounes sistema= tiniras de =lcnne niveleu:

) em Banco de Datos Geonrfficn de CETINAL

v informacifn gue contiene eate hanco es 1r de lns meges el:oboro-
rlns nor DeTENAL cobre todponrafic, geologfe, cunfrlnnis, uso drl cuwrlo

vy usn patenciel,

{1 formato de lz informacifn almacensds permite tener uns precisidn vi

P e

riable de ncurrdu @ las necesideaces dn detnlle de 1+ zonr genor=fic# -
correspondicnte. Ls sctualizecifn fn estas prnpiscades se fecilite pnr

e ~

el Cisefo del formato-y el usucrio puede elsborsr ~u~loujer tipo de --




P
'

nregunte nue se puedan descomponer en unn conbinsridn hoole &« de
precuntas n predicados elementales. 5Su nivel es de lacalizenibn -

regional.

Coro ejemplo de lss preguntas cuc el sistems purde resnonder tene-
LS :
guft pueblos tienen mAs de mil h.ehitentes vy nn tiencn medics fe on
nunicacidn?.
Y -~0dles son los mejores lunares nars pasar une norreters, & Aué --
nuphilus estan a menos de diez kilmmétrﬁs fe une =erapists, L cufntns

LilnmAtros cuadracos de pestizel indurido hry cobre terrenos de alu-

vifir en une rierte zonaj, etc.

l.La Replblice Mexicane se dividif en 400 zonss code uns de 1200 kmZ2.
ri e zano se dividid en 25 ruadrns v éstos ¢ su vez se dividieron en

¢ aubcurdros e 1! x 1Y, equivelente = 1.7 Kine, =praximedrionte,

f-orr cada cucdro v de cada materis se cadificen long eiguientes tipoe

e propiedodes:

Sunerficiales.- Son toders aruellrs definides nor un frne, cnen ol 43
pn el suela, lo clasificscidn genligir= o el usa drl sueln,
Lingrligse= Definidas por uns 1irne= cue puerr sey cerke, nurve 0o lrre-

gul~r como carreteres, liness de telefonon, wcic.



Farticulares.—- 9nn nouellss definidons pnr we punto, vcomn noar ogei-

nln, purhlos, depnsitns de ~gu:, winns, etc.

Fars la consulte se tiemssn funcinnes rel ~ionsres vy rutinas, ademis

¢r funcionee 18gicas. Algunes de les funcinney relecionzdes son:

" YORA. = Deternins zones, cuadros n suiocurdrrs rnnde el porcento(n

ce una nropiedsd sem hoyor cue unn ciervis entiried.

RO - Jur se mnenor

(’,Y\* it
TUTRL o = iue el valor de la propierad se encuentreVZ velnres cue
ae indirsn a8 continunciin.
TEFT i o= e nl velor sees difersnie,
THURL o= ilue el valor se~ igusl.
BUSEA = Lo funeidn BUSCA nos indice ls funcifn de blsruert: v el

nivel el cusl se hace 1a consultr.

tlgunns de 1-s Funciones légicas son:

FRO( N ,RZ,A3) o= Blsquedn de prnpiedodes.

donde:



61,.- ndmera de le pronieded buscada.
Ne o= Funcibn relacional.

N3, - Valor dado.

EVALUA, = Sirve psra hacer una evaluncifin de las praopiedades de un

luger.

CERCA (A1, AZ,A3,Al).- Permite relecionar prnpiedades de diferentes -

lugsres y consta de 4 argumentos

A1.- Primer arreglo.
RZ.~ Segundo arreglo.
A3~ Distancla deseada,
Al o~ Nivel de blsqueda.-

PUEBLO.~ (A1) Sirve pera encontrar los pueblos pnr medin de un nimsa

ro previamente asigneado.

HAYVIA (R1,R2).~ Determina cue tinm de caminns o cnmunicaciones nue
:
llegen a un publa,
Ale= Es el tipo de comunicacidn.

A2 .- " Es el n@merc del puehblo.

SERPOG.- (MUM, ©, b, c, d, e, f, g) Indica los servicins con rue cuen
ta unz poblacifin, de ocuercdn a la clasificecidn de la crrta

de Uso del Suelo de DETERMAL,



Todas estrs funcinnes se pueden cambiner pnr medio e norfnetros -
bonlranas como el AR, CR, y NOT, Fudiendnse construir nreountes -

caonplejrs.

0) o= Sistema Geomuniriprl e Tnformacidn, -

Estr sistens ec del tipo gecestrdistico-regional y 1e unidec bfeies
de informecifn es el municipio, por lo tanto, cuslouier infaruscidn
L4

~ue se deser alimenter g 1la brse debe cumplir con 1- restrircion oe

estrr levintade & nivel municipel (1970).

Mor medio fe este sistema se pueren conocer la inTormacidn de muni-
cining o0 estados, construir conjuntne. de municinios ~ue cumpl:n con
ciertas condiciones especificades por el usunrio, obtener resortes -
cnn informecidn y formatos seleccionados, crear formules e fndices y

rnlirerles a los municipios. Tembién se puede ~nalizar 1os munici--

nins onn respecto a sus veclnos inmediatos.

-1 nisteme tiene las siguientes funciones:

COMSUNLTA.~ Se tacha el ndmero del municipio y ~ continuarifin apare-

cen las dmtos del mismo.

Tembién se puede consulter por Cstndo.

VECINDS.~ Nos da el nombre y clsve de wmunicipins vecinos.



MUNICIPIQ

NIVELES DE INFORMACION GEOESTADISTICA




COWAURTO 1.=- Anreoa municipins aue cumnlan con une condicidn dee

ta.

MUZSTRA = Naos da les claves de los municipios incluirios en un
canjunta,

CUNIUNTD 2e- Sirve para unir, intersectar u obtener el complemen

to de dos conjunios existentes.

COMJUNTOD Permite definir un conjunto arbitrario.
MANUAL . -
DEFINE .= Permite construir expresiones algebraicas utilizands

cualquier tipo de indice o veriable definida anterior

mantea.

DESGPLIEGA, - Mugstra los conjuntos, entidades, formatos, nempos o

{ndices que esthn en los dircctarins.

FORMATC. - Pere definir el formato de impresifn y las variables

que se imprimirdn.

IMPRIME o = Imprimir un conjuntn con un form=to cefinido.

CARACTERIZA.-  Se puede obtener para una varizble o fndice el valor

totel, maximo, minimn y promedio.




~

PALTZA . - Sirve pars obtener un diegreme nue indics 1-

o

situs-
-6 - . P 4 . -
cion del municiplio en relacidn # sus servicios mon -

respecto & un o mHs veriasbles.

ESTRATIFICA.- separe en diversos estractns un conjunto utilizands
slgunas variables o {ndice romo criterio de estrati-

ficaribn.

1 ristems actuslmente { el Sistems Genmunimipr&)tiene infnrmacidn
fe 1ns consos de poblacidn, sgrirnlas y gmneceros y de planezcifin edu
cotiva.  Se lm hr estado asgregande otro tino de infrrmocifn momao por

njemnlo le del Banco de Créditn Rursl, etr.

Sistema de Infarmacidn de usg del suelo y recistirn de 1= nropiedad

rle ims provincias mar{times de Canad?.-

Les provinclas maritimas de Canedf se unieron pers lngrer 1ns siguien
tra nbjetivns:
N5 e Reelizar la geodesia y mapen integr-oo como bsse nars -

tode 1 informacilr rerueride perc todn el desorrolln 1i-

gado al suelno.

1) o= Reemplazar sus sistemss de registros manucles de 1a propie

dod con un sistems en 1ines.
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£) e Examingr 1a viabilidad de un Sanco re D=tns del usn orl

sueln,

'nre logrer 1o enterior LRIS ( Land Registrction ond Informztion -

service) cc establecid en 4 etcpes :

ETAYA 1.~ F£Establecer los puntos de centras secundarios ran maynr -
densificacién gue le proporcionaca por la Red Seadfsice

Nacional.

CTAPA 2o~ Producir los mapmes planimftricns, topogrificos y de pro-
pledades a les egcalas reaueridas pero cumplir con las de
masndas genersles por ls administrarifn de recursns, des-
rrollo urhano e identificacifn de propirdaden.

CTAFA 3.~ Reemplazsr el sistema de registro de la propierdsd con un

nuevo sistema cue asprovechs la tecnologia moderns vy la in-

formacifin de las fases anteriores.

ETAPA L.~ Establecer un benco de datos para lss estadisticas geogrd
ficas, usando la informacifn de los predios, obtenidas en

las fases anteriores.
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RESUMEN

Se presenta un sistema de informacién urbana con geocodificacidn que
permite la integracidn de informaci6n de diversas fuentes, facilitan
do su agregacion y presentacion, especialmente en funcidén de la dis-
tribucidn geografica. Realizar este tipo de operaciones por medios
manuales o sin un marco de referencia adecuado, consumiria cientos de
horas hombre.

E1 sistema puede ser una herramienta muy Gtil tanto en la toma de
decisiones administrativas como en la planeacion.
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CAPITULO I.-

INTRODUCCION

E1 medio ambiente ecoldgico, social y econémico actual, estd plan-
teando demandas nuevas e imprecedentes, en las posibilidades admi-
nistrativas y de planeacion.

La explosion demografica estd provocando esfuerzos en nuestro medio
ambiente. Durante los G1timos 50 afios se han producido mds bienes,
que durante todos los afios anteriores registrados en la historia.
Los vehiculos estdn saturando las vias de comunicacidén. ET aumento
de fraccionamientos estd inundando Tos sistemas de alcantariilado.
E1 gran consumo de energéticos estd contaminando el medio ambiente.

La efectividad de los gobiernos locales, se deteriora constantemente
mientras las demandas siguen en aumento. Por ejemplo, 1a cantidad de
basura por persona estd aumentando constantemente. Al mismo tiempo,
el tamafio y densidad del drea metropolitana aumenta el problema de
los basureros. En algunos casos se debe transportar la basura largas
distancias para llegar a las dreas apropiadas. A esto se une el au-
mento de crimenes, necesidades de mds escuelas, agua potable, alcan-
tarillado, etc.

Todos estos problemas recaen en los administradores. Tienen que re-

solver 1os problemas duales del deterioramiento de la productividad

y el incremento de demandas de nuevos servicios.- todo esto con pre-
supuestos reducidos.

De acuerdo con estos problemas, se plantean interrogantes cada vez
mds complejas. Muchas de estas preguntas requieren datos de milti-
ples &reas geograficas y funcionales. Por ejemplo:

¢Qué impacto tendra un nuevo fraccionamiento, sobre las
escuelas, transportes, proteccidon policiaca, drenaje,
agua y alcantarillado?.

¢Cud@l seria el impacto probable de una orden de reorde-
namiento urbano?.

¢Como se puede incrementar la productividad de los siste-
mas de proteccidén contra incendios, con objeto de satis-
facer las nuevas demandas?.




¢Como se deben desplegar los recursos actuales de
patrullas policiacas para cubrir los cambiantes
patrones sociales y criminales, sin sacrificar la
seguridad pablica?

Estos complejos problemas a nivel politico no se pueden decidir con
sistemas de informacién que {nicamente proporcionan una orientacidn
fucional. Se deben recolectar datos a través de fronteras funcionales
y geogrdficas. Si no se tienen las respuestas adecuadas, es imposi-
ble Ta administracién y planeacion del medio ambiente ecoldgio, so-
cial y econémico, actualmente complejo.



CAPITULO IT.-

GEQCODIFICACION URBANA

La Geocodificacion Urbana es una técnica reciente de procesamiento
de datos, gue se ha desarrollado para satisfacer los requerimientos
de informacién de las agencias gubernamentales estatales y locales.
Basicamente, relaciona 1a localizacidn geografica con las bases de
datos existentes (por ejemplo, la localizacidn geogrdfica se puede
relacionar con los archivos de incidencias de policia, archivos de
poblacidn escolar, etc.); la geografia es el comin denominador que
puede Tigar virtualmente todos los datos. Los archivos del depar-
tamento de policia contienen informacidén acerca de dénde y cudndo
ocurren 1os casos. Los archivos de propiedad, asi como los de per-
misos de construccifn, contienen datos acerca de donde se Tocalizan
las cosas. Los archivos de salud contienen informacion acerca de -
quién y dbnde, etc., y se podria continuar la lista indefinidamente.

E1 problema es cdmo relacionar estos datos salvando el obstdculo que
representa la diversidad de 1imites administrativos. Todas las agen-
cias tienen sus propios métodos particulares para registrar su infor
macidon. La solucidn seria relacionar de alguna manera esta informa-
cion, con un coman denominador (esto es, una localizacién geogrdfica).
De esta manera, se podria recuperar toda la informacion pertenecien-
te a esa localizacién, sin importar en qué base de datos se tenga.
Esto es, en esencia, la geocodificacién. La geocodificacidn urbana
puede integrar y correlacionar los datos a través de los limites -
administrativos de diversas dependencias, afadiendo de esta manera,
toda una nueva dimensién al procesamiento de datos. Con la geoco-
dificacién, muchas dependencias pueden estudiar las bases de datos
extremadamente diversificadas de otras, relacionando los datos en

una base de datos geograficos comin obteniendo respuestas a preguntas
especificas. Anteriormente, bajo condiciones manuales, los complejos
proyectos relacionados con el intercambio de datos entre diversas
dependencias, hubiera sido prohibitivamente costoso en términos de
hora-hombre; inclusive imposibles.

GEOCODIFICACION URBANA.-

La Geocodificacibn urbana puede ser vista como un proceso en tres
pasos:

1) Utilizando mapas se analizan las relaciones fisicas o geograficas
entre las diferentes caracteristicas relativamente estables del
medio ambiente. (Cudles son los usos bdsicos del suelo (por ejem-
plo, granjas, mineria, residencial)? éCudles son las caracteris-
ticas fisicas del drea (Terreno, cuerpos de agua, tipo de suelo)?
iCué]is son algunos de los rasgos de jnfraestructura (presas, ca-
minos)? :



2) De nuevo, usando mapas, junto con datos estadisticos de varias
bases de datos, se determinan los patrones de actividad genera-
dos por los diferentes usos del suelo. Cudles son las rutas de
transito colectivo, las pohlaciones escolares, los valores de
propiedad individual?

3) Se analizan los cambios propuestos para uso del suelo, facili-
dades o servicios que afectaran a estos patrones de actividad.
Por ejemplo, iComo se pueden redistribuir las estaciones de
bomberos para dar proteccidn a nuevos edificios actualmente en
construccion? éCual seria el efecto de un nuevo puente o carre-
tera?.

Estos tres pasos podran consumir incontables horas hombre si se hacen
manualmente; se tendria que investigar en archivos enteros de diferen
tes departamentos. Con el geoprocesamiento de la informacién, una com
putadora podria hacer toda la bidsqueda y correlacién de los datos.

VENTAJAS DE LA GEOCODIFICACION

La ventaja mds grande de la geocodificacién es su potencial habilidad
para incrementar la productividad; supera la suma de la utilidad de
las aplicaciones individuales. Puede coadyuvar a mejorar la produc-
tividad operacional y de planeacion de dependencias funcionalmente
independientes, y a la eficiencia de todo el gobierno. A través de

la mejor informacién, se podra aumentar la eficiencia e inclusive,

se podran reasignar recursos. Esta posibilidad de reasignacién es una

de las ventajas principales del uso de estos sistemas.

Ya que la Geocodificacidén Urbana utiliza las bases de datos existen-
tes, se podria perfeccionar la calidad total de las bases de datos
individuales, de las siguientes maneras:

- Se podria eliminar la duplicacidén de una gran cantidad de datos,
porque todos Tos identificadores geograficos serian mantenidos
en la base de datos geograficos y no en los archivos de datos -
operacionales.

- Se podrian estandarizar los identificadores geogrdaficos usados
por todos los archivos de datos.

- Se podria checar la calidad e integridad de los datos almacena-
dos.

- Se podria reducir el trabajo tedioso de codificacién de 1dent1-
ficadores particulares en las transacciones.

Cuando los funcionarios puedan evaluar exactamente las facilidades

y servicios piablicos requeridos por el desarrollo y puedan comparar
estas demandas con los servicios y facilidades disponibles, entonces
existird una base vdlida para tomar decisiones. Se podrian consolidar



facilmente los datos de diferentes dependencias para formar una

base general para toma de decisiones. Por ejemplo, la mayoria de Tos
estados requieren de un informe del impacto del medio ambiente para
un mejor desarrollo. Esto puede ser un requisito complejo que involu-
cra datos de muchas dependencias independientes entre si. iCémo se -
afectard el medio ambiente? iLas facilidades existentes (escuelas,
agua, etc.) serdn capaces de soportar la carga adicional, o se ten-
dran que aumentar?. Las respuestas a estas preguntas requieren de la
interrelacidn de una gran variedad de datos locales y ésta es otra -
ventaja del procesamiento geogrdfico - la de ser capaz de integrar
datos a través de 1imites jurisdiccionales y funcionales.

La integracién y correlacion de la informacidén a través de ]ineas
funcionales, puede mejorar las siguientes dreas de politica guberna-
mental y toma de decisiones:

- Asignacién de recursos

- Ubicacion de facilidades

- Uso del suelo

- Analisis de mercados

- Trabajos de ingenieria relacionados con 1os puntos anteriores.

Todas estas actividades son esenciales para la planeacidon de un mejor
desarroilo. Todas las fases del desarrollo podrian ser cuidadosamente
estudiadas por los planificadores, utilizando un sistema de procesa-
miento geografico. Por tanto, se podrian trazar vastas redes de cami-
nos, cafierias y lineas de energia para las nécesidades éptimas presen-
tes y futuras. Se podrian localizar eficientemente las estaciones de
policia y bomberos, asi como otras oficinas municipales. Se podrian
localizar hidrantes para casos de incendio con objeto de dar la mejor
proteccidn poesible a casas y oficinas. Se localizarian convenientemente
escuelas y tiendas. Las lineas de transporte colectivo prodrian ser -
construidas donde mas se necesitaran. Si se hiciera manualmente, cada
proyecto representaria un enorme trabajo en términos de tiempo, dinero
Yy recursos humanos. Sin embargo, un sistema de informacidén urbano, po-
dria correlacionar todos los datos necesarios para apoyar decisiones y
poiiticas de importancia.



CAPITULO III.-

PRESENTACION GENERAL DEL SISTEMA

Un sistema de informacidn urbana con geocodificaci6n puede pensarse
como una herramienta cuyo valor depende completamente de 1a habilidad
y experiencia del usuario. El1 sistema capacita al usuario para agre-
gar y desplegar rdpidamente datos geograficos. Proporciona informa-
cidn para ayudar a los directivos y administradores a tomar decisio-
nes efectivas. E1 sistema no toma las decisiones por si mismo. -

Los conceptos basicos de la geocodificacién pueden ilustrarse mejor a
través de un ejemplo: Evaluar el impacto de aplazar la construccion de
un sistema de alcantarillado, en.un drea donde el crecimiento excede a
los servicios; en otras palabras, las facilidades de alcantarillado -
actuales no pueden satisfacer un crecimiento adicional. Un retraso -
seria una de las posibles opciones para enfrentarse al problema, hasta
que se pudieran construir facilidades adicionales que abarataran el
costo total del proyecto.

La geografia del area se representa como una serie de mapas sobrepues-
tos.

1.- ET primero (Figura 1) muestra la geografia fisica relacionada de
un drea hipotética de planeacion; el rio, los arroyos, y Sus cuencas
de drenaje asociadas. Las Tineas punteadas representan les limites de
las cuencas. E1 significado de las cuencas de drenaje es que cada una
estd servida por una sola red de alcantarillado, con una capacidad -
dada.

2.- La segunda sobrepuesta (Figura 2) muestra las facilidades fisicas
o de infraestructura. En este ejemplo, se muestra la red de carreteras,
Otras sobrepuestas podrian mostrar escuelas, tiendas, dreas recreati-
vas, etc.

3.- La tercera sobrepuesta (Figura 3) muestra los limites p6liticos
del drea. En este ejemplo, zonificacidn de distritos (comercial rodea-
da por residencias, rodeada por agricultura). Otras sobrepuestas po-
drian involucrar red de caminos, limites de parcelas, etc.

4.- La siguiente sobrepuesta (Figura 4) muestra Tos Timites adminis-
trativos. En este ejemplio, se muestran las zonas escolares, pero tam-
bién se podrian usar distritos de bomberos, distritos electorales, etc.
En esta etapa, el mapa muestra la fisonomia fisica, facilidades de -
infraestructura, limites politicos y 1imites administrativos. Con esta
descripcién bdsica de las relaciones fisicas y geogrdficas, se podria
hacer manualmente un andlisis elemental.

&
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Figuro 2 SOBREPUESTA DE OBRAS DE INFRAESTRUCTURA




SOBREPUESTA DE LIMITES POLITICOS

Figura 3



SOBREPUESTA DE LOS LIMITES ADMINISTRATIVOS

Figure 4



Llevando el problema un paso mds adelante, esta geografia puede rela-
cionarse con otros archivos de datos, como archives de permisos de
construccién, archivos de casos de incendio, policiacos, etc., para
Tograr un andlisis mds preciso de la situacidon. Para este problema en
particular, se saca del archivo de predios, una lista de predios va-
cantes. Los predios vacantes se relacionan con las cuencas de drenaje
y Timites de zona y se hace un proyecto del potencial de construccidn.
E1 nGmero y tipo de construcciones propuestas 1levan a un proyecto
preciso de la capacidad potencial de alcantarillado requerida para
cada cuenca de drenaje. E1 impacto del retraso del alcantarillado se
podra calcular con precision.

(Un andlisis diferente podria ser el impacto sobre la inscripcién es-
colar proyectada, utilizando 1imites de zonas escolares en jugar de
los 1imites de cuencas de drenaje).

Manualmente esta aplicacidn, podria consumir varios cientos de horas-
hombre. Muchas dependiencias hacen andlisis de este tipo, Unicamente
para probiemas de rutina, y no estdan relacionados con proyectos espe-
ciales. Este procedimiento completo, y muchos otros semejantes, pueden
automatizarse utilizando un sistema de informaci6n geogrdfica urbana.

La figura 5 muestra un modelo simple de un sistema de procesamiento

geografico. Los mapas alimentados al sistema son los sobrepuestos ya
mencionados. Las caracteristicas fisicas, obras de infraestructura,

1Tmites politicos y dreas administrativas. E1 procesador geogrdfico

combina estas entradas para producir reportes o mapas que apoyen al

proceso de toma de decisiones.
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Figura S MODELO SIMPLE DE UN SiSTEMA DE INFORMACION URBANA



CAPITULO IV.-

DESCRIPCION DEL SISTEMA

Un sistema de geoprocesamiento se puede dividir en tres fases distin-
tas: Construccidon/Mantenimiento, Seleccidn y Proceso (ver figura 6).

CONSTRUCCION/MANTENIMIENTO. -

La construccién/mantenimiento, tiene la funcidon de construir, editar
y actualizar el archivo geografico urbano(AGU). Este AGU es una des-
cripcidn digitalizada de la geografia de un drea especifica, junto
con sus indices asociados (incluyendo el nimero de calle y/o parcela).
E1 AGU €s un modelo de computacidén de un area geografica, casi del
mismo modo que un mapa es un modelo grdfico.

DIGITALIZAR un mapa es poner los datos en una forma legible de mdquina,
con lo cual se crea un archivo de procesamiento de datos del mapa. Es-
to se logra asignando coordenadas X, Y, a 1os puntos predeterminados
en el mapa. Por ejemplo, se les pondrian coordenadas X, Y a las inter-
secciones de calles, as? como a otros rasgos, como localizaciones de
hidrantes para incendios, cementerios, puentes y carreteras. Entonces
se le da un nombre a cada uno de estos puntos. Esta Tista de nombres
forma el indice de calles que se asocia a el AGU y se puede considerar
como un “"diccionario de datos". Cada nombre muestra la informacién -
disponible para cada punto y donde se puede encontrar esa informacion
en la base de datos.

SELECCION, 1a Seleccidn busca datos apropiados en el archivo geografico
urbano, y los correlaciona con los archivos de datos existentes {depar-
tamento de policia, consejo de planeacién, asesoria, etc.) Por ejemplo,
en el AGU se puede correlacionar un inventario de carreteras, un archi-
vo de escuelas primarias, y una base de datos de parcelas, para analizar
1os sitios adecuados para construir una nueva escuela. La correlacidn se
realiza haciendo coincidir los identificadores de localizacidn que apare
cen en el AGU y en las bases de datos operacionales.

PROCESO, el Proceso organiza los datos en el formato deseado y despliega

el resultado. La producccidn puede ser grafica (mapas), alfanumérica (ta

bulacién estadistica o de terminal interactiva). Esta produccidén se pue-"
de hacer en impresoras, graficadores, terminales remotas, o terminales
graficas de vectores. El1 modelo se puede manejar en tiempo real.

Los mapas se pueden producir en una impresora de lineas, un graficador o
un tubo de rayos catddicos (pantalla de video).

Para el piblico se pueden hacer mapas con graficadores de alta calidad,
mientras que para otros mapas que no necesitan ser tan refinados se -
puede usar impresoras electrostaticas.

E1 proceso puede contener un modelo para preguntas: de "qué pasaria si".
Por ejemplo:
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- E1 modelo de andlisis de trdfico evalda el nivel adicional de
trdfico resultante de un nuevo conjunto comercial en el lugar.
Se usa un modeio interactivo por medio de una terminal, donde
se pueden ficilmente afadir, suprimir o cambiar datos. (iQué
pasaria si se construyeran 13 tiendas en lugar de 8? (Cudl se-
ria el impacto?).

- E1 modelo de contaminacidén del aire computa las concentraciones
de contaminantes gaseosos (hidrocarbonos, mondxidos de carbono, .
etc.), que resultan de Tos equipos méviles y estacionarios que
contaminan el ambiente. ((Qué pasaria si hubiera 400 autombvi-
Tes e? lTugar de 50?7 iCudles serian los niveles de contamina-
cién?).

- E1 modelo de ordenamiento territorial mide el impacto de nuevos
fraccionamientos sobre 1os servicios pablicos, escuelas, faci-
1idades recreativas, de salubridad y facilidades de proyeccidn
contra incendios, etc. (¢Qué pasaria si se constuyeran habita-
ciones para 15 familias adicionales? é¢Cudl seria el impacto?).

Estos tres modelos utilizan un archivo geografico urbano gue se corre
lacionan con las bases de datos para un sistema interactivo que po-
sibilita a los administradores y planificadores resolver los proble-
mas actuales y asegurar las necesidades futuras. Se puede afadir, cam
biar o suprimir cualquiera de las partes de la informacién por medio
de una terminal, y el programa se puede volver a correr para las -
determinaciones del Gltimo minuto.



CAPITULO V.-

MANEJO DE LA BASE DE DATQS

E1 Sistema de Informacidn Geografica Urbana correlaciona los datos
de las bases institucionales, con el archivo geogrédfico urbano (fi-
gura 7).

Los archivos geograficos urbanos se pueden construir en cuatro ni-
veles de complejidad; explicito, estadistico, de 1imites, y de in-
genieria. A medida que se procede desde el bdsico hasta el mds com
plejo, se pueden manejar una variedad mayor de aplicaciones; tam-
bién se incrementa el costo y los requerimientos de mantenimiento
del sistema.

ET1 nivel de complejidad explicito, es el acceso basico al procesa-
miento geogrdfico (figura 8). En este nivel, cada registro de datos
contiene el geocddigo. Por ejemplo, el distrito de bomberos esta
contenido en cada reporte de incidencia de incendios; o la cuenca
de drenaje esta contenida en cada registro de predio. Con este ni-
vel, se puede hacer un procesamiento geogrdfico simple, sin el au-
xilio de un sistema de computacidn especial. Empero, existen los
siguientes inconvenientes:

1.~ No es posible cruzar la informacion de diferentes 1imites fun-

cionales, a menos que todas las bases de datos estén geocodi-
ficadas.

2.- Es virtualmente imposible actualizar los archivos geograficos
cuando se cambian los limites administrativos por una nueva -
zonificacibn, division, etc.

3.- Las preguntas de "qué pasaria si", no pueden ser econémicas
porque las fronteras geogrdficas propuestas no estdn en el
archivo. Por estas razones, el nivel de complejidad explici-
to no se utiliza tan ampliamente en los sistemas de procesa-
miento geografico.

ENFOQUE MULTIDISCIPLINARIO

A las tres distintas fases de un sistema determinado de informacién
urbana (Construccidn/Mantenimiento, Seleccibn .y Proceso) se les pue-
de denominar el enfoque multidisciplinario. Existen tres niveles de
complejidad, (en realidad existen cuatro, pero no se incluye el nivel
explicito por su simplicidad) por localizacién (direcciones y geo-
codificacién simple), por limites (administrativos, politicos o de-
bidos a la malla urbana) y el de facilidades, que defieren entre si,
principalmente en el nivel de detalles geogrdficos en los archivos
geograficos urbanos.
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1.- El1 nivel de localizacidn simple resuelve la ubicacidn de
acontecimientos en dreas geogrdficas (por ejemplo, en el
distrito de bomberos 14 ocurrié un incendio en Ave. Taxque
fia 181, o en el drea de planeacidn 5 ocurrié una subdivi-
sion del predio 10-1-24). Responde a la cuestién bdsica:
"(En qué areas geograficas ocurrieron los hechos?.

Tiene la posibilidad de producir reportes estadisticos que
sirven para el andlisis o respuestas interactivas para una
accién inmediata. Este nivel también puede apoyar la pro-
duccibn de mapas de incidencia o de densidad.

2.- E1 de 1imites resuelve la geometria de los acontecimientos,
en otras palabras, las intersecciones actuales de los poli-
gonos. (Por ejemplo, en la figura 9. ¢Qué porcién de qué
predio cruzard exactamente el trazo propuesto para una nueva
calle o carretera?.) E1 nivel estadistico listaria solamente
los predios afectados. El sistema de limites da una respues-
ta geométrica mds que un sumario estadistico. Este nivel se-
ria Gtil para el valuador catastral; por ejemplo, podria
pedirse contribucidén especial a todos los predios a 50 metros
de una nueva avenida?. Se podrian preparar planos catastrales,
para aquellos predios que estén incluidos, aunque sea par-
cialmente.

3.- ET nivel de facilidades (o Ingenieria) resuelve los detalles
a nivel de ingenieria (por ejemplo, porporciona trazos de
ingenieria sin requerir de un levantamiento preliminar).

Ver figura 10.

Todos estos niveles se pueden usar en el Enfoque Multidisciplinario,
y son compatibles en nivel ascendente. Cada nivel mds alto permite
una mejor visidn, pero es mds complejo, y por consiguiente més cos-
toso en su construccion y mantenimiento. Generalmente es mas prac-
tico empezar con el nivel de direcciones (localizacion) y mds tarde
extenderse hacia arriba de acuerdo con las demandas que se presenten.
E1 Enfoque Multidisciplinario apoya 1as aplicaciones en tiempo real,
como ios despachos de emergencia, asi como las aplicaciones de pla-
neacién.



ARCHIVO GEOGRAFICO URBANO/CODIFICACION DUAL INDEPENDIENTE PARA MAPAS
URBANOS . - .

Ya son varios los paises que han implementado un sistema de informa-
cién para areas urbanas cuyas caracteristicas principales son:

Una reticula de canevd en proyeccion cOnica de Lambert para
el caso de Suecia, sirve de base a la incorporacién de in-
formacidn en la base de datos (FRIS).

En Canadd la Unidad Bdsica de Informacidn estd constituida
por elementos Tineales representado un costo del bloque de
manzana (G.R.D.S.R.) y en el caso de los paises escandina-
vos (NIMS) E.U.A. (DIME) y Francia (R.G.U.) la Unidad Bdsica
es el segmento vial limitado por dos nodos o cruceros.

La Oficina de Levantamiento Censal de E.U.A. ha creado un archivo geo-
grafico urbano para las &reas metropolitanas mas grandes del pafs.
Estos archivos se utilizaran para el Censo de 1980 y algunos del Censo
de 1970, ya estéan disponibles. Ver figura 11. Sin embargo, algo mas
importante es que estos archives (AGU/CDIMU) tienen los dates bdsicos
para apoyar un sistema de procesamiento geogrdfico en el nivel de lo-
calizacion. La existencia de un archivo AGU/CDIMU para un drea en par-
ticular, puede reducir bastante el tiempo y gastos necesarios para
construir un sistema de procesamiento geografico.

Los usuarios de estos sistemas seran incontables y ayudardan a enrique-
cer las bases de informacién de datos urbanos multidisciplinarios que
existan.




CAPITULO VI.-

DESARROLLO DEL SISTEMA

E1 desarrolle de un sistema de informacién urkana es una empresa com-
pleja. Es absolutamente esencial un apoyo a nivel directivo. Ya que

el procesamiento geografico cruza los limites funcionales, debe exis-
tir un apoyo a alto nivel, para cuando las decisiones crucen estos 17-
mites.

Se debe organizar un grupo-con representantes de las dependencias que
vayan a usar el sistema. Estos representantes participarian en la pla-
neacibn de todo el sistema, con objeto de asegurar la satisfaccién
expedita de las necesidades y requerimientos de todas ellas. Se debe
consultar a los usuarios potenciales durante el disefio del sistema,
con el fin de conocer si aceptaran el producto terminado.

Este grupe de representantes de cada drea debe 1levar a cabo un es-
tudio de leo siguiente:

- Aplicaciones especificas deseadas para cada dependencia (in-
cluyendo los beneficios potenciales).

- Bases de datos disponibles y las que se tendrdn que construir
para apoyar las aplicaciones de cada unidad.

- La investigacion y la transferencia de cédigos o técnicas de
potencial apiicacion al sistema.

- Los recursos disponibles tanto locales, estatales o federales.

Entonces se procede a 1a elaboracidn de un plan de implementacidn
basado en las aplicaciones requeridas por cada drea y los recursos
d1spon1b1es Se podrian afiadir al sistema las capacidades y apli-
caciones, de manera modular, estab]ec1endo un programa de imple-
mentacidn.



CAPITULO VII.-

JUSTIFICACION ECONOMICA

E1 valor real de un sistema de informacidon urbana, se debe medir en
términos del aumento de productividad en todas sus aplicaciones.

Se puede analizar la productividad desde tres puntos de vista:

1.- Reduccidn de costos.- Eliminacion de algun desembolso de capi-
tal en el futuro. (Por ejemplo, evitar la construccién de una
nueva estacidn de bomberos, porque el equipo actual y los re-
cursos humanos se aprovechen mds eficientemente).

2.- Redistribucién de costos, recursos humanos, o equipo.- A través
de una asignacifén mas eficiente.

3.- Valor agregado.- Resultado de las posibilidades adicionales -
que antes eran muy costosas o muy dificiles de realizar. La po-
sibilidad de establecer una regionalizacién nueva cae en esta
categoria; frecuentemente, los requerimientos federales y esta-
tales demandan informes sobre el impacto en el medio ambiente
para nuevos proyectos, y éstos pueden ser muy complejos. Las
horas~hombre empleadas en la investigacidon manual, podria ser
astrondmicas. ‘

APLTCACIONES POTENCIALES DEL PROCESAMIENTO GEOGRAFICO

En toda administracion municipal existen aplicaciones del procesamiento
geogrdfico. Continuamente se hacen algunas aplicaciones (como despachos
de emergencia de bomberos o policia). Otras, como la regionalizacién se
hacen s6lo ocasionalmente como una funcién de la planeacién. Todavia -
otras, como las inspeccienes y permisos de construccidn, se hacen ruti-
nariamente. A continuacién se presenta una lista de las aplicaciones
potenciales del sistema de informacidén urbana para poblaciones de -
100,000 habitantes en adelante. No pretende ser completa, Gnicamente
indicativa. A

1.~ Despacho de policia.- Despacho de recursos policiacos basados en
1a asignacidn geogrdfica y la historia local.

2.- Despacho de bomberos.- Despacho de recursos de proteccidn contra
incendios, basado en la localizacién geografica, condiciones lo-
cales, y la historia del caso.

3.- Zonificacidn escolar.- Planeacidn de la utilizacion 6ptima de las
facilidades educacionales, basada en la geografia de la poblacidn
escolar.

4.- Transporte escolar.- Planeacion de Tas rutas de autobuses mas efi-

cientes, basada en la poblacién escolar y la localizacién.




1G.

11.

13.

14.

15.

16.

17.

18.

19.

Planeaci6n urbana.- Andlisis del impacto de las decisiones urba-
nas sobre todas las dependencias del gobierno local.

Planeaci6n de transporte.- Planeacidn del transporte colectivo
mds eficiente, modificando las rutas y destinos de los transpor-
res alimentadores.

Recreacidn.- Localizacidén de las mejores areas recreativas, basa-
da en la Tocalizacion geografica de los sitios y usuarios.

Andlisis de delincuencia.- Asistencia en 1a delimitaciéon de dareas
de alta incidencia de delitos para optimizar la proteccidn poli-
ciaca.

Cuidado de parques publicos.- Planeacion del cuidado de zonas -
verdes dentro de la ciudad, basada en la localizacién de estas
Zonas. ‘

Colecta de basura.- Planeaci6n de rutas, basada en la geografia
del uso del suelo.

Impacto en el medio ambiente.- Andlisis del impacto de las urba-
nizaciones propuestas, sobre la ecologia y las dependencias mu-
nicipales.

Listas de empadronamiento.- Produccidn de listas de electores por
drea geografica.

Localizacion de servicios piblicos.- Planeacidn de reparaciones
y nuevas construcciones de lineas eléctricas, telefdnicas, de
agua potable, alcantarillado, etc:

Uso del Suelo.- Mantenimiento de archivos exactos de uso del suelo.

Monitores del crecimiento.- Analisis continuo de los cambios de
localidad, basado en los andlisis geograficos de licencias y per-
misos de construccién.

Inspecciones de construccidn.- Planeaci6n de programas de inspec-
cion, basada en la distribucién geogrdfica de permisos y licencias.

Mapas base para Catastro Urbano.- Determinacidn de los impuestos
prediales.

Valuaciones especiales.- Asistencia en el trazo de dreas candi-
datas a impuestos especiales.

Mapa base (Ingenieria).--Mantenimiento de mapas de ingenieria
exactos para eliminar 1a necesidad de estudios preliminares.




No todas las aplicacio
cualquier modo cada ap
dencias. Cada aplicaci
La suma total de la pr
cibn geografica urbana

nes se usardn en todas las organizaciones; de
licacién sirve para, por 1o menos, dos depen-
on tiene un cierto potencial de productividad.

oductividad justificard un sistema de informa-
como el que se plantea.



CAPITULO VIII.-

CONCLUSION

La implementacion de un sistema de informacidn geogrdafica urbana
puede dar muy buenos resultados para los gobiernos estatales y -
locales. Como con la implementacidn de cualquier sistema compu-
tarizado sofisticado, se necesita un apoyo completo y una gran
confianza por parte de los altos niveles gubernamentales. lLa
geocodificacion integra informacib6n a través de Timites funcioenales
(dependencias) y jurisdiccionales (politicos); el procesamiento
geografico no puede justificarse en base a una sola dependencia.
Por tanto, la construccidn, mantenimiento y uso del sistema, re-
quieren de la completa cooperacidn y compromiso de todes los fun-
cionarios, ademds del coordinador del proyecto. S6lo entonces se
pueden obtener los recursos necesarios para tener éxito, facilida-
des, dinero y personal. Se debe consultar al funcionario de nivel
mas alto durante todas las fases de la planeacidn e instalacidn de
1a base de datos del sistema geogrdfico urbano.



Dl

[

iy

!M/\LHUI/\F
DE UTILIZACION

L DA

NCO DE DATOS
CETENAL

ING. ERNESTO BRIBIESCR CORRER



PREFACIO

El objetivo principal del Banco de Datos CETENAL (BDC), es re-
solver en forma rapida y confiable, gran cantidad y variedad de pro-
blemas sobre el mejor aprovechamiento de los recursos del pais, que
requicren el manejo de informacidn abundante y compleja.

Actualmente, con la ayuda del BDC, sc han localizado cuencas le

, . o 1 c
cheras en el area de Ojo Caliente, Zac. vy en las arcas de Celaya,
‘

Querétaro, Cortizar, Apaseo el Alto y en el Estado de Aguascalien-
tes se han senalado rutas para carreteras, se¢ han localizado lugares
aptos para desarrollar ciertos cultivos especificos, y se han propues
lo lugares apropiados para una aplicacién dada, con base en solucio-
nes anteriores. Sin embargo, la solucidn de estos problemas apenas
indica ¢l inicio de una seric de aplicaciones en planificacidén regional,
estudios econdmicos y olros aspcctos. \
. Este 1mmanual hace posible el acceso del usuario al BDC, con un
lenguaje de facil aprendizaje y comprensién, que no requiere conoci-

mienlos previos en ciencias de la compul.acl()n.z

ase referencia 2 pag. 180
¢ase rcferencia 1 pag. 180
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- RESUMEN

Este manual explica el lenguaje de acceso al Banco de Datos
CETENAL (BDC) cuyos programas estdn escritos en el lenguaje FOR
TRAN IV. |

Una caracteristica de este lenguaje es que dentro de las restric-
ciones que otorga, es ilimitado en su construccidn de predicados o
preguntas. Se le facilita al usuario su rapido aprendizaje, sin tener
conocimientos previos de programaoic';n o de computacidn.

E1l objetivo del BDC es poder contestar pregunias en forma rapi-
da, tales como: ,En qué lugares de la Repiblica Mexicana se cose-
chara mejor el maiz?, ;Qué partes de la Repuiblica Mexicana estin
a mis de 50 km de ];15 redes de caminos y carveleras existentes 7,

. Cuantas carrcleras nuevas se deben disenar y por dénde van a pa-
sae?, ‘;-)Qué lugares son apropiados para el turismo?, ;En qué luga
res se bncdwn colncar zoras industriales 2, ; Qué nneblos tiecnen 1nas
de 1000 habitantes y no tienen mnedios de comunicecidn?, cte. Con-

testar éstas v otee fHpo de pieguntios on focma manual, seria muy ja-



It

. . - - R
Loroso ¢ implicaria pérdida de tienipo.

I'n este manual se describen las “unciones que constituyen el len-

N

guwie del usuario; se incluyen ejemuoios & sus salulas gréficas.
Taimbién en este manual, como oira ias» del BDC, se describen:

. . 1" :
una serie de programas de aprend:iace’, que procesany  Imemori-

-

cun'’ las cyperiencias desarroiladas «+n la solucién de problemas muy
cerindos, cormo por ejerplo, la bisereeli de zonas urbanas; el BDC
indicn, como respuesta al problen,, en gue luwvaves existen zonas ur

' - ' _ 11 :
Batuis al rovet heseado, Sorce cste esitwhio, los programas inteligen

tes’ encuentran los pasimetros o factores comuncs que existen en es
tos luares enan oo o seteromnado v los Maprenden’’; con estas expe
CIec s Sl 10 Sultas b possbie dosaerollo urbano.

Forore sois o onas urbanas analice, mmayor scrd la correlacidn de
propredades comunes existenies v mas precisa la ubicacién de zonas

de posible desarrolio urbano.

)

Yo . - .
Viease refcrencias 5, 10 pags, 180, 181



ndémico.

INTRODtJCCION

El Banco de Datos CETENAL (BDC) es una herramienta para ra-
nejo masivo de la informacién (producida por CETENAL y contenida
en las divggsas cartas), que describe el qledi_%geogréfj.co y socioeco
4

La informacién que contiene el BDC es la que un usuario obten-
dria de las siguientes cartas:
Geoldgica
Topografica

Uso del Suelo

- Edatolégica

Uso Potlencial
Sce .podri'an vaciar al BDC otras cartas tales como la Carta Urba-

na, la de Climas y la Turistica, ya que la estruclura del mismo acep

.la gran variedad de informacidn.

X1 BDC esta disenado para proporcionar varios niveles de consul
ta. Esto significa que se puede consultar a diferentes tamanos de

|

1 Véase referencias 6, 8 pags. 180, 181



Arca, 1o cual activa el acceso a la informacidn.

La infortmacidén de las cartas se clasifica en tres tipos:

1) Propiedades superficiales. - Comprenden todas las propiedades
que estan definidas por areas, por ejemplo: el drea que com-
prendc cl suelo al‘uvial,- el Arca urbana, ei drea de nopalera,
cte, estan en el BDC como propiedades de este tipo.

2) Propiedades lineales. - Comprenden todas las propiedades que
implican uniones entre determinados puntos o comunicacién en

r ]

telegrafica) telefdnica, etc.

3) Propiedades puntuales. - Estas propiedades estin definidas por
su localizacidn, ejemplo: minas, pozos, puntos de verificacién,
ctc.

I.as propiedades superficiales estan definidas por su clave y por
su cantidad, dada como un porcentaje del &rea del nivel al que perte-
necen. Las propiedades lineales y puntuales, éstc’m definidas por el
nimero de ellas dentro del nivel al que pertenccen y también por su
clave. Hay otras propiedades puntuales, como los servicios de la po
blacién y los servicios propuestos para la poblacidén c¢n un pueblo,
que también estdn en el BDC.

Como sc puede observar, toda la informacidn, ya sea geogréfica
o socioecondmica, puede ser clasificada dentro dec los tres tipos de

propiedades dantcriores.



E1l vaciado de la informacién al BDC sc realiza en la Oficina de
Bases de Datos del Departamento de Infor‘mética de CETENAL con
una metodologia bien def;inida.

Las formas de~sa1ida son de dos tipos: mensajes escritos por im
presora de la computadora, y mensajes por medio de pantallas de
CRT, o sea por una terminal remota; esto permitird tener acceso al
BDC, aln estando distante de él1. En este manual se describen ambas
formas de salida.

Después de definir las funciones del lenguaje de usuario, se des-
cribe la forma de combinarlas.

‘

En la parte Gltima del manual se describen los programas de
"aprendizaje' del BDC, con una serie de ejemplos para su anilisis y
conclusiones.

Un aspecto importante del método de "aprendizaje’, es el de po-
der mejorar las experiencias anteriores y agregar nucvos parame-
tros y factores al BDC.

En los ejemplos de "aprendizaje', también sc desarrollé un pro-

prama que verifica la confiabilidad del "aprendizaje'.
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CAPITULO I

DEFINICION DE LOS NIVELES DE CONSULTA

Para establecer los distintos niveles de consulta, se comienza por
definir el nivel de regiones. Una regién comprende el Area dada por
un rectangulo de 6° de longitud x 4° de latitud. E1l territorio nacional
estd cubierto por 20 regiones aproximadamente. Los siguientes nive-

'

les se establecen por subdivisiones sucesivas del rectangulo de me-
nor tamano que sec tenga definido. A.Sf, el nivel de subregiones se ror
ma al subdividir cada regidn en 12 subregiones que son los elementos
de un arreglo matricial de 3 x 4.

l.as microregiones counstituyen un arreglo matricial de 6 x 4 so-
bre una subregidén. Cada microregidn constituye una cavta 1:50 000 de
las producidas actualmente por CETENAL. La Repablica Mexicanz e¢s
14 cuberia por 23306 de estas cartus, aproximadamente. La informa-
cidn vaciada al BDC es extraida actualmente de éstas cartas, aunquc
sc vacid también una carta urbana escala 1:5 000 y se ha proycctado va
ciar las cartas de climas escala 1:500 000. Las microregiones se sub-

dividen.en 5x 5 localidades o grupos y éstos en 4 x 3 sublocalidades o
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celdas. La figura 1.1 aclara los niveles establecidos y la tabla 1.1 re

sume estos niveles y suS caracteristicas.

REGIONES

R
N
Y

N

~
// /7 /
/
// sy
- /
- v
~ v / /
@RUPOS e p /
< /
/
/
/ =) /
’rLf7 ;7 /7 /
s 1 fyj /
// 7 4 /‘/
e e /
P s’ s 7/
yd 7 ;7 7
P e 7/ /
// // Vi /
// s // ,/
C;:'LM/ / ’/
/
/
7/

figura 1.1 MOMELES DT COWSBULTA (3% worgiin)
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tabla !l NIVELES DE COMSULTA (29 varsion)
i
TAMAND '
NIVEL AREA APRGX|  coNTIENE EQUIVALE A

LONG LAT KMm2
REGIONES 6° q° 238 000.0 3 X4 SUPHEGIONES | 12 CARTAS 11250000
SUBREGIONES 20 ° 240000 6 X 4 MCROFEGICNES| | CARTA 1270000
MICROREGIONES 20 15’ 1000 O 5% 5 GRUPOS I CARTA | 50000
GRUPOS 0 . . .

3 .

LOCALIDADES 4 347 4 X3 CELDAS
CELDAS O . K K 29
SULCCALIDADES :

Esta estructura de varios niveles agiliza las consultas y ademds

cada subdivisién aumenta la precision”’.

Una versidon mas antigua del BDC y que atn se aplica a las zonas

r
de Celaya, Querétaro, Cortdzar, Apasco el Alto v Ojo Caliente, uti-

;

Jdiza los mveles dados enJa labla 1.2 e ilustrados enla fig. 1.2

6

tabla 1.2 MIVELES DE CONSULTA (190 varsion)
NIVEL NOMBRE AREA  APROXIMADA CORRESPONDE A
4 SUBCUADROS 6.25 km?
3 CUADROS 25 km?2 4 SUBCUADROS
2 ZONA 1000 km?2 43 CUADROS O,
192 SUBCUADROS
72 ZONAS O, 3455 CUADROS
EGIONE 2 1
I REGIONES 72000 km 0, 12324 SUBCUACROS
32 FEGIONES 0,2335 ZONAS
0 REPUBLICA 2500000  km? 0. 112128 CUADROS O,
MEXICANA ( 493512 SUBCUADROS
§ oz » -
Y Véase referencia 7

6 Véase referencias 9, 11
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NIVEL | REGIONES

Ih\_ N
\L& T |
NN \
"y BANK

b
%

A

/
b
2

NIVEL 2 ZONAS

/
/
L AL ﬁ\
- / /]
l [l
yAVvANRli
a4 |
/ /
\\
AN
NIVEL 31 CUADROS WiVEL g SUBCUADROS
T
N S W ] N \ 17 el
_ A - \ 1l Jl—
| -+ 1

figural.2 NIVELES DE CONSULTA (19version)




14

Dentro del BNDC a una carta se le lfamd 7zona. Una zona tiene una
., . . 2 . . . .
drca aproximada dc 1 000 km™; un nivel superior a ¢ste, en area, es
lo que cn el BDC se 1lamd regidon y es el area comprendida por 72 zo-:
nas en un arreglo matricial de 9 x 8 zonas; esta divisidén también apa-
rcce en las cartas de avance de CETENAL; cada regidn tiene una drea
aproximada de 72 000 km? y corresponde a 2°de latitud y a 3° de longi
tud. I.a Repiblica Mexicana queda contenida en un arreglo matricial

«

de 12 x 10 regiones. Una zona se dividié en 48 cuadros, y un cuadro

1
C oy ey Lo -

- . s or 2 . e
Licne una arca aproximada de 20 km™; cada cuadro se dividid en 4 sub

cuadros y cada subcuadro tiene una area aproximada de 6.25 km 2
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CAPITULO II

FORMAS DE SALIDA DE LOS RESULTADOS

Para explicar la forma de salida de 1os.resu1tados por impresora,
sc¢ hace referencia a resultados obtenidos con la primera versidn del
BDC que utiliza los niveles de zonas, cuadros y subcuadros. El signi
ficado de estas explicaciones puede hacerse extensivo a las impremg
nes de resullados obtenidos con la segﬁnda versidn del BDC aplicable
al Estado de Aguascalientes, y que utiliza los niveles de microregién,
Jocalidad y sublocalidad. La {nica diferencia esld en que los distintos
arreglos malriciales de cuadros tienen distintas dimcnsiones.

Como rcspuesta a la bisqueda a un nivel determinado, la maquina
produce en la impresora arreglos matriciales de cuadros de dos tipos:
unos de cuadros claros y oscuros, y otros de diferentes tonos de gris
(16 en total). Con el primer tipo de arreglos se puede distinguir en
qué cuadros las preguntas son verdaderas y en qué cuadros son fal-

SaSS.

| ,
Véase figuras 2.1, 2.2, 2.3 pags. 18, 20

D
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l.os cuadros oscuros indican en ese lugar.].a'preguqta se hizo ver
dadera, y los cuadros claros indican que en ese lugar la pregunta se
hizo falsa.

Por ejemplo, con un predicado llamado "FRIJOL'" se pregunta al
BDC en qué zonas hay FRIJOL. Para esto se define la siguiente ins-
truccidn:

CALL, BUSCA (I"RIJOL, 2, 79)

Y como respuesta se obtiene el resultado que mueé tra la figura
2.1 en la cual se ve un arreglo de matriz de 2 x 2 zonas. El drea de
una zona es igﬁal al drea de una carta CETENAL escala 1:50 000; las

b
zonas corresponden a la region # 79.

Las zonas oscuras marcan los lugares en donde hay FRIJOL; ¢n
cestos casos cl predicado I"RIJOL se cumple. I.as zonas claras indi-
can que en csas zonas no hubo FRIJOL, por lo tanto, el predicado
buscado no se cumplié en esos casos; o lo que es lo mismo, que el
conjunio de propicdades définido por ¢l predicado FRIJOL no sc en-
cuentra en lugares donde aparecen zonas claras, (despuds se veri b
mo definir al predicado [FRIJOL). Resumiendo: zona oscura significa
que s{ bay Jo que se busca y zona clara signilica que no hay lo busca-
do.

Al buscar el predicado FRIJOL a nivel 3 ((:ue{dros), se obtienen

los resuliados que muestra la figura 2.2. Esto permite tener una in-
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carmaci6n mas precisa que la del nivel 2, ya que dentro de este ni-
+el, que en esle caso es la carta de Celaya, se ve con més exactitud

meai
i iitka

cs son los cuadros de esta zona que cumplen con el predicado
'{?LLJ-OL;‘ asi se puede seguir haciendo a un nivel méas pequernio, como
ce muestira en la figura 2.3, que corresponde al nivel 4 (subcuadros).
En sintesis, se resume que el predicado FRIJOL se hace verdade
ro en la zona 1, correspondiente a Celaya, de la regién 79. A nivel
de cuadro la funcién FRIJOL se hace verdadera en los cuadros: 5, 6,
13, 14, 17, 21, 22, 25, 26, 27, 28, 29, 30, 33, 36, 37, 40, 41, 42 y
15; eslo permite tcner mas informacidén que en el nivel anterior. Si
se desea ampliar -esta informacién se busca a nivel de subcuadro y sc
ve en qué subcuadro de cada cuadro se 11300 veraadero el predicado
I'RIJOL. Los subcuadros que cuinplen la funciéon FRIJOL son: 1os sub
cuadros ¢ y d del cuadro 5,' los subcuadres b, c y d del cuadre 6, el
subcuadro a del cuadro 13, los subcuadros b y d del cuadro 14, los

{

subcuadros ¢ y d del cuadro 17, los subcuadros ¢ y d del cuadro 21,

los subcuadros a,b y c del cuadro 22, los subcuadros a,b y c del
cuadro 25, los subcuadros a,c y d del cuadro 26, los subcuadros ¢
v d del cuadro 27, los subcuadros ¢ y d del cuadro 28, los subcua-
dros a,b,c y ddel cuadro 29, Ael subcuadro a del cuadro 30, los
subcuadros a y ¢ dcl cuadro 33, los subcuadros a y b del cuadro 56,

Jos subcuadros a, ¢ yd del cuadro 37, les subcuadros a y b del cua-

2
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| .
dro 40, los subcuudros a y ¢ del cuadro 41, el subcuadro ¢ del cua-
dro 42 y el subcuadro a del cuadro 45. La tabla 2.1 explica detalla-
damente la nomenclatura usada®.

IZs preciso hacer notar la importancia que tienen los niveles de
consulta en la estructura del Banco de Datos CETENAL.

Esto es, en cl ejemplo de la funcién FRIJOL se buscd a nivel 4,
qué subcuadros cumplieron con es ta'funcic’)n.

S1 no existieran los dlfe‘rentes xlliveles de consulta, se tendria que
buscar la funcién FRIJOL en aproximadamente 448 512 subc.uadros,
1o cual no seria eficienle ni practico, ain desde el punto de vista del
procesaniento por computagdora. In cambio, usando los niveles de
consulta, se pucden detectar rapidamente los subcuadros que cum-
plen la funcidn FRIJOL en la forma siguiente:

1. S¢ busca a nivel 1 1"0giones7 de toda la Repﬂbljc;w Mexivnria y

los resultados se presentarian en un arreglo de matriz de
12 x 10; sum’)hgas‘e qué solamente en la regién 79 se cum;ﬂié
la funcién.

2. Se busca a nivel 2 (zonas en la regidén 79) y se obtiene la figu-

ra 2.1, que muestra la zona 1 oscura; por lo tanto, la funcidn

6 .. .
Véase tabla 2.1 pag. 24

! Tasle njvel actualmente no se ha establecido debido a que el BDC to-
davia no cuenta con mas de 72 cartas vaciadas para formar una ve-
gion.
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es verdadera en esc lugar.

3. Se busca en la zona 1 a nivel de subcuadro y se obtiene la figu-

ra 2.3.

.

Como se puede observar, cén los pasos a.nterfores Se obluviercon
en forma rapida los éubcuadro§ que poseen la funcién FRIJOL, ya
gue cada nivel estd constituido por su descrip‘uor,8 Y no es necesario
buscar en lugares donde no existe FRIJOL.

La figura 2.4 muestra una impreéién de resultados para el nivel
de sublocalidades de una microregidn de Agﬁascalientes;'.

Il segundo tipo de arrcglos, formadoé por cuadros de diferentes

tonos de gris, se describe en el capitylo VI.

Descriplor es el conjupito de informacion que cxiste cn el BDC pa-
ra cada nivel, véase referencia 1.
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TABLA 2.1

NOMENCLATURA DE ZONAS, CUADROS Y SUBCUADROS

ZONAS
1 ' 2 1. Celaya 2. Querditaro
4 3. Cortdzar 4. Apaseo el Allo
CUADROS
1 2 3 4 5 6 7 3
9 10 11 12 13 14 15 16
17 18 19 20 21 22 23 2.1
25 26 27 28 29 30 31 32
33 34 35 3 37 38 39 40
41 42 43 44 45 46 47 ‘ 48
SUBCUADROS
ahb ab ab ab ab ab ab ab
cd cd cd cd cd cd cd T ood
ab ab ab ab ab ab ab ab
cd cd cd cd cd cd cd cd
ab ab ab ab ab ab ab ab
cd cd cd cd cd cd - cd cd
ab ab ab * ab ab - ab ab ab
¢l cd cd cd cd cd cd cd
ab ab ab ab ab ab ab ab
cd cd cd cd cd cd ol e
ab ab ab ab ab ab ab ab

d cd cd cd cd cd cd ol
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En las siguientcs secciones sc describe el modo de consulls al
BDC por medio de 1‘Jna terminal con pantalla de CRT.
Se cuenta con las siguicntes funciones a&aptadas a teleproccsa.
PRO (CCCC, (MN, MY, 1G), N)
PROP (CCCC, EN, N, M)
UNADE (CCCC, CCCC, (MN, MY, I1G), N)
HAYVIA (CCCC, CCcCCQC)
SERPRO (CCCC, N)
PUEBLO (CCCC)
SERPOD (N, (Y, O), S)
HABIT (N, N)
donde:
CCCC .1' ndica la clave utilizada segidn la tabla apropiada.
(MN, MY, IG) sigmfica alguna de las funciones relacionales.
MN=MIENORQ
MY: MAYOR®
IG =[GUALQ
Se utiliza sdlo una de cllas.
N es un nimero que varia de 0 a 99999, scgian la pregunta.
EN-ENTRE
(Y, O) sigrutica alguno de los operadores 16gicos.

|
Y AND
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O-0R
Se utiliza s6lo uno de ellos.

S Indica las subdivisiones de los servicios de la poblacién y serd

un namero que incluya a los digitos 1, 2, 3, 4,5, 6, 7 sin repetir

ninguno segun la cquivalencia:

a=1
b =2
c =3
d = 4
e =5
’ f =6
g =1

Creacidén de una pregunia con base en las funciones anteriores.

- Cada funcibdn se construye con base en las cspecificaciones an-

teriores, sin incluir espacios intermedios.

{Ccs

PRO (6001, MY, 0) correcto
PRO (6001, MY, 0)incorrecto.
- La posicidén de cada funcién no tiene restriccion.
- l.os espacios en blanco entve [unciones no ticenen ningln efccto.

- Se utilizan los operadores 16gicos Y, O, NO que son equivalen

e
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Y - AND
O =O0R
NO = NOT

- Pueden usarsece ]ibremcnte los paréniesis.

~ I£1 ndmero maximo de funciones es de 60, mclusive.

- El tamafio maximo de la pregunta cs de 10 renglones en la DaN-
talla.

Por medio de las teclas adecuadas sc transmite la instiucceidn ol
nivel deseado, y se obtiene como resultado una matriz de curacte .,
donde * = cuadro oscuro y - = cuadro claro con los blg‘dlﬁr-:ulus‘ axph

4

cados anteriormente.
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CAPITULO 1II

EJEMPLOS INTRODUCTORIOS

i’u‘n el resto de este rnanual se usa la la. versién del BDC para
describir y ejempliflicar el lenguaje de usuario, y los programas de
aprendizaje. En general, la 2a. versidn funciona de igual manera,
salvo pequenas diferencias que se sefialan cuando es necesario. Se
utilizaron los cinco tipos de cartas (Edafoldgica, Topogréafica, Geold
gica, Uso del Suelo y Uso Potencial), de cada una de las siguientes
zonas; Celaya, Querétaro, Cortazar y Apaseo el Alto. La informa-
cién que de estas cartas fue vaciada al BDC esta descrita en las la-
blas del apéndice, 9 y corresponde aproximadamente a la informacién
que un usuario extraeria guiandose por las leyendas y explicaciones
quec aparecen en los margenes de ellas.

- Las funciones que dan acceso al BDC perrrﬁten describir los si-
tios (zonas, cuadros o subcuadros), que poseen determinada propic-

dad o cumplen con cierto predicado.

Y Véase apéndice pag. 144
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Se procede a dar algunos ejemplos sencillos, con el {in de mos-
‘rar la simplicidad de su uso. Cualquiera de las dudas quec surjan en
cstos ejemplos, seran aclaradas en secciones posteriores. Pou c_,cri
plo, s1 s5¢ desea encontrar, a nivel 3, los cuadros en Celaya qgue po-
seen una superficie cultivada mayor del 40%, se definc el predicado
cULTI!O mediante el postulado que define a CULTI como todo aquel
lugar dondec la propiedad 6104 sea mayor de 40, o sca, mayor del
40%. l.a tabla 1 del apéndicc indica que la propiedad 6104 cquivale a
cultivos.

Una vez hecha esta definicidén, se procede a bluscar CULTT & -
vel de cuadro en Celaya, como sigue:‘

CULTI = PRO (6104, MAYORQ, 40)
CALL BUSCA (CULTI, 3, 1)
En la scgunda versié.n, la segunda instruccién es como siguc:
CALL BUSCAS (CULTI, 1, MICROREG, 2, 3)

Las dos instrucciones anicriores, nccesitan de ciertas declara-
ciones e instrucciones adicionales. Los progranias coinplelos son:
programa quc define el predicado CULTI.

LOGICAL I UNCTION CULTL (N)

LOGICAL PRO, MAYORQ

|

] ™ . . . .
0 121 nombre dado no tiene importancia pero no debe pasar de 6 le-
tras. Es conveniente usar nombres mnemodnicos.
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EXTERNAL MAYORQ
CULTI - PRO (6104, MAYORQ, 40)
RETURN
END
y programa principal que busca CULTI a nivel 3 en la zona 1, esto
es, cuadros en Celaya, como se muestra >en el listado 3.1.
LOGiCAL CULTI
EXTERNAL CULTI
CALI BUSCA {(CUL
STOP
END
K1l resultado se muestra en la figura 3.1 en la cual, se observan
cuadros oscuros que son los que tienen mas del 40% de su superficie

cubierta por cultivos.

Observaciones. - Las declaraciones LOGICAL en los programas de-

finen a CULTI, MAYORQ y PRO, como funciones que adquieren va-
lores 16gicos que pueden ser verdaderos o falsos. La (N) de CULTI

(N) es una variable muda; las declaraciones EXTERNAL definen a

CULTI y MAYORQ como nombres de funciones; las RETURN y END

en el predicado, y STOP y END en el programa principal, terminan
correctamente los programas. Il usuario no necesita entender todo

esto; sin embargo, es conveniente apuntarlo.
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LISTADG 3.1 ¢QUE CUADROS DE LA ZONA DE CELAYA TIENEN
MAS DEL 40% DE LA SUPERFICIE CULTIVADA p
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Para buscar el mismo predicado CULTI a nivel'de subcuadro, sc

dice la siguiente instruccién en el programa principal:
C;‘&LL BUSCA (CULTI, 4, 1)

5i hay interés por zonas en Jas que mas del 60% de su superficie
est4 cultivada o sean pastizales, | propiedades 6104 y 6201, respecti-
vamenie, se dice:

ZONA = PRO (6104, MAYORRQ, 60) .OR.PRO (6201, MAYORQ, 60)

Si se quiere hallar zonas que no tengan chaparrales, propicdad
6509, se dice:

NOCHAP = .NOT.PRO (6509, MAYORQ, 0)

Es decir, PRO (6509, MAYORQ, 0)'define lugares donde si exis-
ten chaparrales, y con un .NOT, anter@or a la expresion, se niega
esta propiedad.

'El BDC, pucde contestar también preguntas‘como las sigulentes:

o Qué 1uéares tienen pocos dlamos y muchos pirules ? Sise con
viene en que poco signifique menos del 15%, y muchos signifi-
que mas del 70%, la funcién es:
ALAPIR = PRO 6312, MENORR, 15) . AND.PRGC (6319, MAYORQ, 70)
| ,Qué lugares estan comunicados por cualquier tipo de carrete-

ra” Si se usa la tabla 1 del apendlce,l se observa’'quc las pro

!
"1 Véase apéndice pag. 144
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The digital representation of three-dimensional surfaces ploys imporiont
rolos in photogrammetry and c;rtoqraphy (drainage patterns, contour ltinea /57,
vallieys formation, stereoscopy [N/, dimensions of the huwan body}; scene
analyais (o\nusvon of bodies, explanation of regions (67 and objects, range
finding, shape from shading /77); corputar graphics (hidden lines; shadows,
coloring, specular reflexions); image processing; remnie sensing (thickness of
ica (37, underground geology), and other disciplinas.

The surfoces to bz considered are of the following types:
z = f(x,y) (1)
gi{x,y,z) =0 (11)

Surfaces of type (1) give a single z vatue (“height'') at each pair of
cuordinates x,y; surfaces of type {1l) can represent more generel suriaces in
the space, for instance the skin of a hand aF:gure 1 'Types of Surfaces'). Tr
rznmn}es of the paper refer only to surfaces of type (i), but the model herchy

sopoused can be used for both types.

Cur modei for a surface consists of & minimum complete cover of triangles;
that is, a mutually exclusive, collectively exhaustive finite szt of trianglos
ctich that (1) each point in the surface is represcated by exactly one trianqgle
/7?7 and (2) every iriangle represents at leact one point of the surface. To
this we odd the important restrictinm: (3) the difference between the coordi-sate.
2,y,7 of a patnt in the surfaco and those x',v',z" of its representative (us
giver or computed from the model) is less than a pre-speciflied error or tolerance

Thus, for two toierances € > €2, the same surface will be represented by tuo
model s My and My, where M, is a refinement of M. )

For surfaces of type {1}, we make x'=x, y'=y ard the distance between the
real point and the model point is just the difference in heights.

t.1 Non uniqueness of the model

Scoveral commiete covers for a surface exist; in order to save mewGry, of
in pareferable to use 5 cover with fewer triangles (hence, e-lh triangle covers
in £he average a larger aree), as long o5 they abey vestriction (33 above. The
fues is: (h) not to subdivide a triangle unless (1 falls to represent raailily

witioin the © tolerance.,

Evenw sa, 2 3-d surface can be tepresented by soveral models corplying with
) above. There is no unique model: by changing the position of the origingi
reclangular frome 3 new ropresentation is obtuined. A dilferent starting
rectanagle in the procedure or o different criecntation of the grid will produce
e diflerent cover of criangles.

Thivs 1o not o problem {or 3-d nurface represcatation, as used Ter (nitone.
thoapplical ’ons Lo cartoyrapny ane conipurer graghics. for wurface corparicon o
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: DICETAE BODEL FOR TUALZ - DIMENSISHAL SIHUIACE RUPIST AT

Dora Gomez and fAdolfe Guzmédn

Computer Science Dept., [IMAS
Hational University of Maxico

ABSTRACT

A tree of planar or spherical triangles i3 used to represent a 3~d surface,
rather flat regions will be represented by large trianglas while abrupt zen=es
viitl require further subdivision of the model into smulier triangl'as. Their
vertices are not placed on a regular grid; they are aliowed 1o fall at f{or rearg
places such as ridges and peaks, where the chance in slope is significant.

.

Starting from a collection, not necessarily good or complete, of
“aignificant" points, the model selects five of them to form four trianci=os.
‘ Fach triangle cither matches the surface within a prespecified arvor wolc .
or elae is further subdivided, by selecring appionriaie ”CInn»fu(anL“ FOinT,

into four triangultar sons, which then receive in turn the same traalment. T
tree stops growing when all the : is represented within the spoecified
tolcrance. The model consists of the veriex peints arranged into o table
suttable for quick retrieval ion.
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Thus, the model guides its own construction; its components (paints; ave
teren From the set af ”fiqni??cant” points

)

, not in oan arbitrary fashion but o
vhare and when needed. S nce the model propeses the approximale locsiicn of e
next point to be includea in it, the sel of i
Or pon-existant.

siquiricant’ poeints may be smal

£

A constant signal to noise ratio and & representat.on thiiiiy in storage
arc achieved in this manner.

2l representation of tervrain

The model is being tested for use in digit
in memory are expected, when compared to cantoond Vipes

elavation. Large savings
storage, for instance.

The paper concludes vith some commenis ia favoer of the use ef this owdel
to describe gray level pictures.

[as
Gt
e

ety words: three-dimensional surfaces; model: veprosentatiocn; descripuicn;

terraan; digital, picture; gray level; altitude; conpuieis.
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J
Lara propner las minas que se pueden explotav, se necesitan expe-
riencias anteriores. lLos programnas pueden adquirir estas experien-
cias de minas ya exislentes en cualquiera de las cuatro zonas.

Se construye la funcién que busca minas, propiedad 2605, de la

siguiente forma:
MINA = PRO (2605, MAYORQ, 0)

También se construye la funcién de "'aprendizaje'’, en la cual in-
cluye una variable de Lolérancia; en este caso del 20%. Puede suce-
der que los programas de "aprendizaje' no encuentren nada debido a
que la variable de tolerancia es muy severa, entonces se puede hacer
mayor la toleraucia y asi encontrar algunos lugares de los que se bus
can.

Para buscar minas en CORTAZAR, se da la siguiente instruccién:

CALL BUSCA (MINAS, 3, 3)

A continuacidn, el aprendizaje de minas se lleva a cabo con la si-
guiente instruccién:

CALL LEARN (3, 2605)

Con las nmwuestras (de miﬁas) obtenidas en Cortazarse pueden pro-
poner minas en Celaya como se describié anteriormente.

Segiin lo que se ha visto, también se puede "aprender' de otras zo

nas, y asi tener mayor confiabilidad en los resultados.

También se puede determinar la confiabilidad con que se esta tra-
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piedades de la 801 a la 810 se reflieren a difercntes tipos de ca-
rreteras. Con una de ellas es suficiente para comunicar el lu-
gar por donde pasan. La funcién es:
COMUN = UNADE (801, 810, MAYORQ, 0)

Esta fur}cién se interpreta de la siguiente forma: al menos una de
las propiedadeé 801 a la 810 debe ser mayor que cero, es decir, de-
be existir. Si se quieren conocer todos los lugares que estin comuni
cados y que tienen agua almacenada, en presa o bordo, se dice:

-COMAGU = UNADE (801, 810, MAYORQ, 0) . AND.
UNADE (401, 408, MAYORQ, 0)
Otras de las preguntas son:
- ;Qué zonas se encuentran entre 1600 y 1800 metros sobre el ni-
vel del mar?
RESUL = PROP (101., ENTRE, 1600, 1800)
- ;En qué lugares hay palmares que ocupan el 25% de la superfi-
cie, y estidn a mas de mil metros sobre el nivel del mar?
PALMAR=PRO(6501, MAYORQ, 25) .AND.PRO (106, MAYORQ, 1000)

- ¢Crecerin los nopales sobre suelos de tipo Gléyico?

Sc define en que: "crecen los nopales" significa que mas del 30%
del suelo esta Cut.J’ierto de nopalera, propiedad 6507, y que un suelo
es de tipo '"Gléyico'', cuando la superficie ocupada por la propiedad

3319, suelo Gléyico, es mayor de 70%. Entonces:
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(st

NOPG = PRO (6507, MAYORQ, 30) .AND.PRO (3313, MAYOR®Q, 70)

Se pueden hacer preguntas arbitrariamente largas. En cl ejeruplo
que esla a continuacidn, se buscan lugares de atractivo turistico; ¢s-
tos pueden ser lugares don?ie haya calaratas, propiedad 601, o bos-
ques, propiedades 6301 y 6302, o rios, propiedad 503 y que estén en
lugares no muy altos, esto es, a menos de 2 500 m snm; o bien aque-
llos lugéres altos y con volcanes propiedad 2553 o ‘].ugares en donde
haya mas de 4 manantiales termales propiedad 2604, gue estén bicn
comunicados por algun tipo de camino o0 carretera, propiedades 701
a 810 y que se hallen en terrenos no monlanosos, propiedades 5502
5303. !

Sc pugde proceder por partes y definir:
LNO = Pl.-{O (601, MAYORQ, 0) .OR. UNADE (6301, 6302, MAYORQ,0)

.OR.PRO (503, MAYORQ, 0) .AN;D. PRO (105, MENORQ, 2500
DO%?‘.&‘%’PRO (106, MAYORQ, 2500) . AND.PRO (2553, MAYORQ, 0)
TRT.QS = PRO (2604, MAYORQ, 4) .AND.UNADE (801, 810, MAYOR®, 0)
LAND. . NOT.UNADI (5802, 5803, MAYOR®, 0)
I"inalmente se dice:
TURIS = UNO. OR. DOS. OR. TRES
Otro ejemplo es el sigui_enté:

- ¢Bn qué lugarcs de Celaya se pueden explotar minas ?
!
!

En este ejemplo, se usan las funciones "y rutinas de "aprendizae'
’ NG t )
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i« much hatter to have a unique {caronical) mbdel, perhaps through a

normalization procedure.

Toe set of significant points. Using @ methed external to the model, for

instance stersnscopy (L7, gradient extraction /1 0/, river following, or
othars, an initial set of "significant' points is chosen on tha 3-d surface
that we want . represent. A point is called “significant' if in its nezighbor-
hood the change in siope is large.

The model begins by using some of these points; if it
to grow, it indicates the approximate place {x,y coordin
“significant" point should be added to the model

ates) where a new

The model tnus consists of a subset of "significant' points, defininy 2
triangular irreqgular mesh; if the original set of 'significant' points i3
sl l, the model will suggest where to add one; if too many, most of fhem w
be ignored (not included in the model}; if the procedure that implements
Moeignificance!” iz noisy or unreliable. the model still guarantees the ¢
talerance, but storage economy suffers.

[}
'
I

fad

Ther=fore, in a computer implementation, it is nol necassary 1o obtain
first the set of significant points and then to pick the model from them;
inntead, the rodel con begin te grow as socn as five or six are found, and the
cerdure that extracts significant points is called by the model as it de2ms

PR ?
RS2y,

2

Yo7 Ohtention of the three-dimensicnal surfarce

tt Qs assumed that the surface to be modellcd tlready was obtained ana
[48)

exitsts avali ab]e in some suitable representation, v.gr a 2-d matrix

containing height values. This datas could have bea& uuta;ned by stereccarraliat!

/%) of a pair of pictures, by interpolation of digitized contour tines /1/ or
by other means.

later finds necussary

an



In order o describe the model, it is necessary to explatn

its constituent parts. In this case, they are vertices (“zignificant!
from the 3-¢ surface to be represcnted) that form plapar, but ciltcd,

triangles.
how the modei 15 stored; the data structure used to kezp the model in
memory (primary or secondary storage). A tree of iriangles, each

or four sons., 15 used.

the use of the model: the procedure to follow for reconstruction of

\ “’/

(A)

~~
(93

N
)
—

- - - N4 1T i
FIGURE 2 'TRIANGLE EEINEMENT
I ic s necessa}y ty refine triangle (A), thrue new Vgt%iunbw
are proposed at the mid-points (B) of the sidest Usignificai
- ) ) 4 N —~ | SUAN ~ 2 [T i
pnints ore located near those mid=-points; once Lhey are guvﬂd
(C}, Tonr new triangles ctand instead of ahe original {A).
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FIGURE 3 'MODEL BUILDINGS

(a) the surface. (b} the "significant" points.
(¢} the four initial triangles

(d) the final triangles.

(e) the points of the model, usually a subset of ().

-

Triangles (d). arc in the spoce (they project nut of the paper):
similarly, points {2} have three coordinatos.




b oue e fron the moedel s the way o DR Lhe coordingion ol a g
ihe surtace drow the cover of triangles. Hede wodifiected access i usot s
Cheo correnn frrangle starting fros the top of the free of {2}, and fal.v
cdown the apprepriate c¢hain of triangle sons, usihyg Tittle scarvh and e
Backtracking. '

ik} the constructicn of the model, i.e., the obtentinn of it§ ports froe ihe

;

qu surfice: A rocursive procedire will be presented, where tlhia mode |
£s own construction, by suggesting piaces (x,y coordinates) where to
orparate into itsaelf poiats from the 3-d surface thot are also
5sgu|ftuant” with respect to changes in slopr.

it.i The parts of the model

Jurd-s

Yo represent a surface z = f(x,y}, the model usés a collection of planar
tilted triangles; cach of them is defined by its three vertices, thosen to

on the surface z = fx,y) to be represented.

N

Al the points inside the triangle are interpolated linearly: the su
vriiside Lhe Lolangle 1s consi T, @i genera

sidered floil (hur not horicenta
the veal sarface 2 = T{x,y) i

i

t

s nol fiat, on error is introduced by this

craption. If everywheve in the triangle this ereor (height difference)
uo: LXTee d a folerence £, the planar trianale is considered to be a good
final or Yterminal') representative for, that region of the surfzce, and i
seosonied in the modal. Hf the ervor s farger, the triangle iy discardes
Sivading it inte four smailer triangles, each of which in Lturn undergoes
some treatment.

s divided into o small set of
e is bound by a rectangis {0
s are chosen as shownl in part

Initially the su
larga vrianglesy 1fF ¢ 5
ceue in maps}, four triang

Building.

[

€ oi

arbitrartiy <rod
7 e frequontly v
Figure 3 'Madu?

tic

The final model contains triangles {of different sizes) that represent the

surface z == f(x,y) with a tolerance £©. fach of the vmft:c“s of thesae triang!
was propcses by the model by dividing a triangle in four through irclusion o
gur

new vertices near the middle points of Lh? sides (Figure 2 ‘Triangle

Ref inement. ') .

: 4 ., N . ’ - - . s
Oicet BymPy treavgie i8 rofined, the vertices {(R) in fig. 3 ‘tcded

Todbihina') e stored inTen appropriate way, suitable For goick daote retrmievad

e Tyl tace reconstruction.

P1.2 Vien to stop refining

A triangle cuch as (AV in fiqure 2 'Teiangic rofinement® i3 refinoa

unlenss

heighe 2 ac the center  of masy (

1) the difference helbwsan rhe real hoight z = flx,y) and the conguts
w,v.x) of the triangle §q smaliic

A

forchr

’



o
TUowvery noinl in oo nevd of poiais spaced ot moest boundon GRay 2 an gt
i within © of tha real porng on the surioce 2o i, v,
N : . v - - - i : [ )
Test (1) is o quick test; test (27 is appiied only ¥ (1) doe, roi sine o

difference excecding .

K, tha distence hetween two pointy in ine grid of (21, 15 a functior ot o,
normally, K = @in efm, K.Y, where wois the wean siepa of the surface v 2he
triangie {(A), and Koy 15 the diomatar of the smallest topographic fasture (ol
Pavire) that it is necessary to represent in the wndel. Generaily i, i g .20
by the uzer of the model: "be sure to check the mode! every 500 hoirico
weters for accuracy'; then K, = 500.
vf[?ﬂ_ﬂifﬂ;”__ Tha procedure for-construction of- the model couild beo surmar i-od

-~ let T bo the sat o
moael. Inttialtz
Building.'

- Mark every trisagle of T te a1 i it pesses tezna (1) and T L
Section 1.2 'When to stop refli oo these tents Tail for o on.oiang
mark It "aAon-rerminal’, divide nte four scns {cf. Fig. 2 'Trianzt
Refinamant') and add them to 7.

' H
- Exit when atl trisnales of 7 (including ai >
marked (cither “terminal' or Ynon-terminal.™}- then 7

LEGIN
T the four indtial triangfes o} §4g. 5C;
For every Indangle 4n T
Ly A4 passes tests (1) and [2) of Sec. 11.72

Inen mark OF "teaminal!

else maih Lt non ferminal  and
add ££5 four sowns to T;

TND.

TASLC T "FLOW DTAGRANM TOR LODTL BUTLDING'

Tidn simple progruam constructs sunlace mudels
suwci as Lhat shown ig [4Lg. 6 "Moded




fo nenteoingl ceianole is pol peedad ig iy peodel, singe

(1) sts accurany s warse thaza o, and
{(?) woeme of s descendants arce a fentiens terminel rizngles, hencoe suitahic

for mudel ina.

Thus, the wde) could be just the collecticen of terminal triangles.

This is advisable when the cover is made of simiiar triangles {g.v.}. where
il 1o easy to pick up the correct triangle {or surface reconstruction. ${ h
triangles arce not similar, it is proferable to retain the non-terminal Ly isrgles
into the model. This facilitates the addressing of the correct terminal t.i:ngic
that givas the height Z of 2 point (x,y) {(i.e., the point {x,y,7} ihat voroendel”
the point (x,y,<) of the 3-d surface). More of this in the section tV 'Tar.
Retrieval for Surface Reconstruction.'

1.3 Cover ofF similar triangles

Twn polygons are similar if ths corrvesponding angles ave cqusi, the «izns
paratliel and their lengin proportional.

If in Tigure 2 'Triangle Refinemant' we stop the refinement at (B choe i
b o H ’
the midpoints as new vertices to include in the model, the finai cover of tog

model is composed of two families of similar triangles, hecoause a Tipe joinins
ihe middle points of two sides is aaranie! to the third side

A word of cauvtion: the triangles are not siwilar as thay iie in che 3-<
space. Their projections on the plane x.oy do form o family of similar 7-3
rriangles (for triangles a b ¢ and o & ¢ of fig. 4 ‘Model Visuslization' e

\

all their descendants] another family of similar 2-d triangles
daeand bc e, and all their descendants.

The Advan,mges of the cover of simifar triangles are:

{a) starage of these triangles is easy. /97 sotres a hierarchy of sguares.

(b} reconstruction ¢f the surface from the mode! becomes simplified.
(e} @ set of “significari' points (B in fig. 3 ‘Model Puilding') is not acsied

The disadvantage comas from (o) :

(d) T'e moded might contain more porabs, cincs thoy ora not s -
icant: they are not the nest to choose for interaolation of plarcon.
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i
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(c) A cde 3 "u'yu"ugfxe’yﬁ’ls {“"’L’Lt

] 0 f 0 } 0 H O

6oabe 28°q Vg i *p YR Ph L e eTe
b 1o 1 oo 1.0 —
v [l y = Y ? L r 1‘{ - r |> 1 .v\ ’ < d
description for 1 Y Zal s Yy A Vertei®ardy “afe 7 2

rectangle abed 2 ]; D E 3 i 0

FIGURE & 'DATA STRUCTURE®

{A) Storage conventions for the initial rectangle.

(B) Storage conventions for o non-terminal Lriangle ! 2 3.

lts son

s are M, N, 0, P.

(€

Example

triangle use
that son M

S up

is non-terainal and

<

frame.

The

2030
it

1S

son N i3 terminal, son 0 i« non terminal and

frame 3 and son P i
model

S

terminal

(rark

is stored In a matrix (C) which i

marks of frame 1 omoen
cescribed in frame
it {5 duscrioved
0 means terminal). The-
5 o collection of frooe

of a model and ils data stvucture. Only o noa~-fcrmirag:

1 n

-~

5.



Lty. DAVYA STRUCTURE FOR  HMODEL STORAGE

This section describes the way to orgaonize the storage of the model.
Essentially, the storage consists of a collection of triangles. Each trisng. =
1. stored i a '""frame’; each of tham contains

~ three internal vertices
- a terminal™ or non-terninal mark for each son.

The terminal mark {zero) indicates that a triang
vhe ¢ Jccuracy, hence it {the son) has nc sons of its own ~-need not La Toothes
livided. ~ The non~terminal mark, an integer different from zero,

cates the location (frame) in the podel matrix cccupied by this triergle
son, Thus, when a node is marked as- non-terminal, the mark s
whare (in what frame) that son is stored. See fig. § 'Daro St
Table 2 'ﬂnming Conventions.' Slightly different convencions were used @

FIMAS-UNAM /5/.

CF1‘1)5'2‘~
ructure’ and

The wodel is stored in & mavrix ({, Fig. S“Dnt“ Structura’y which i3> 3
collection of frames. A non-terminal triangle occupies s frame; 1t stores
cltockwisely (B, Fig. 5) its three central vertices and a mark speciiying
each son whether 7t is terminal or sct. A terminai triangiec does nor v o
frame, since 1t has no sons. But a non-terminal triongle could very woll have

—

four terminal soas. That is the case of frames G 12 9 of {Tig. & "Model Snzrmpic.

The initial frame, frame 1, is stored In a sitghtly differant mannse s
(part A of fig. 5 'Data Structure') because it describes 2 rectangle.

A more complicated example is given in fig. & 'Mode} Example.f

Lorage of vertices. When describing a non-terminal triangl ,
(s B, Fig. & 'Data Structure’}, only verticas 4, 5 and & are stored o b
1.2

freme b“thgan to that triangle | 2 5, <ince and 3 wera
andoubtely stored tn the ancestors of trig jie' savoidy apriipe
storage of veriices, and exploits r#e fact chat in ordor to exumine wleoih =02
point (x,y) falls inside the 2-d 37 " gie T 2 7 ~r rot, we airesiy s

tan
fal
s

O

;
a similar question te the arcestors of |/ J.oin orhis way the coordianias 27
vertices 1, 2 and 3 are alveady hnown when tvisngle T 72 3 is accessed '

Section iV ‘Data Retrieval for Surface Reconstruciion').

Aovertex is stoved by storing its three courdinates x, ¥y, Z. bom=
dunlication {not tfip’defion or matiplication} Gecurs when o vertox 500 as
5, 2C or 15 in fig. & 'Hodel Exampie' gets stored Ly twh non-lorning e brod-ar
triangltes . For instance, vertex 5 is stored af (ras: b that deccrices Lri-osic
51 9, and also at frome 3 that describes trianale 25 3 90 The srivial o o- i
be to kaoep a tabbes of vertices, and (~ srore in the frane pointers Lol 7T
instead of tihe three coordinates x,vw, .



VERTE X
frame b « d e
{3 1 22 25 37 1 1 22 725 3 4

(8727 725 ) Z 24 I5 17
(n 25 3 9) 3 11 5 'S5
t3 3 1 9) 4 - e & 5
(6 22 24 17 5 25 20 21
(A 24 15 17} 6 19 16 70
(A 25 11 15} 7 14 15 HiS

3 1 & 7

9 G 0

— N

W
W -

S

feonY
S
[ ]
-

FIGURE 6 '"MODEL EYAMPLE!

This cxample was canstructed usino the rules (AY ara (R) of

> ]

Styucture' and Table 2 'Naming Conveations,

Each frame consists of vertices and pointers fo cther framoe

This motris

terminal triangles ozcupy & frame of the watrix.

v

‘o
5ot

0O QDTS

OO OO LD

OO OO

S

15
II:‘; A 'ﬁ
b ¢ P
2 4

DT DS TN

[

ig.

S .

Only non-

the modet.



Thic table of vertices is not used in our moded becasse T savon bootiv
sLurana:
I

(1) if hoth a puinter and @ vertex coordinate occupy o woerd of

H
-

use the table requives 2 pointers + 3 coordinaies = 5 wvords; nct to usc
table requires 3 coordinates + tne same 3 woordinates = 6 words;

mensiy, then ta
<
A

2

(2) if for some reason triangle 25 3 9 selacts vertaex 5 as the ''significiny
point near the mid-poin: of side 3-9 (fefer to Fig 6}, but 7
selects verrtex 5' (a different vertex, n vertex 5
the "siqgnificant' point near the mid-point of side 9-3, then the tubie
wastes memery.

o B
.
i

Pii.1 Simplified storage for cover of simitar triangles

if we assume that the rectangle a b ¢ d (Fig. 5 'Data Structure) is o

square and that the "significant' points are exactly at the mid-points of the
sides of the triangles, insteod of near them, then 2ll the two-dimensional
triangles /137 are similar (in fact, they are isosceles right angled triangies)
and the (x,v) coordinates of ary vertex need not be stored, since they are ins
average of the (x,y) coordinates of the vertices of an appropriate side.

v
The new representation for square @ b ¢ d of Fig. & isx:

) . . AA AN
Frame vertex verte: vertex veriex vergex

# a b c d e mNO P
(nectungle @ b e d) 1 Z, 2, Zo Z; I, 203¢

vertex vertex vert

(Lriangle a be)

jra
i~

o
~

=~
~

.
+a
]
<
[

(triangle ¢ d e)

e
3

o~

o=
N
r
\‘
(=)
[\
[
™

(tridangle a g §) 4 y4

= {

~
=
N
fa)
[
<
<

LY the original area

not an square but 2 rectangle, w2 will have (wo famiiiog
of similar two-dimens :

is

ionai triangies. -
If we denote the sons M, ¥, 0 and P by 00, 01 we could
iorm from figure 5 the following tree:

v
—
O
o]
2
—
pu
%
=



original raztangle

10 i
1000 1001 1010 1011
o (/
{o0oea0 04C001 00010 000011
First genaration Seceond geperation Third generation
Aab o= 00 Aagg=2002700 Aa 4= 000800
hgh f=020300f
A Lt= 006010
A g R AL=00001
Abhg=000]
befh=20010
hando= 0011
ANboeoe= ¢l
acde=i0 Acut= 1000
Ad s as= 100]
Low s s 10T

o . - '
o doRe = ]I



Thean cuades cordd be cuabined wizh the @ valuss to ronday o
\ . . . i .
oo n opursue Lthas Further, oo similar mannst, & U oo L

veptesented (97

R

L

In order to

the z

DATA

recover
value for any pair xsY. This is reas

ETRTEVAL FOR SURFACE

surface, it is sufficient to
.

the 3-4d a
ized by the func

ALTITUDE (x, y)  § actuwans the huglu‘ z 04 the point {x,
% the model. 11 (5 dcé&naa as:
e = MODEL(T,1) 5 % firnst ventex of frame 1. Frame
b= MODLLTZ, ) 9 MODEL [*,1] (s the
eoze MODEL3,17 ;% MODEL %*,*1 O the mataulx condaining
d o= ouopcr 4,11 ;
A ore MODELTS,1) ;
moe HODELE&,I J; omoi= MODEL 7,17 ;o e MOTEL [4,7]
pore MODEL [9,7 ]; e ULev.0ig ,hg podaiens Lo the sens
entuh = -1
ALTITUDE = L§f dmadde {a.b,e,x,u)
Linen AfFm o= 0 then edght (e, 0,e,8, 4]
esse ZLTA (g e, e, x,i,m)
ebse L4 nsdde [b,e, e, x,yl
Lhen (§ n= 0  then hedaht (Lo, 0,0
etse IETA th, e, e, x, i, mi
elay Lg. Anside {c,d,n, >, o] '
Zhen § o Fhen iiesght le,d, o, x,ui

else
Lien

else

end ALTITUDC.

Function [HNSIDEC
{2, 2,

Sinewalks.'

A poiat p s

and p and b lie
b e, A L

thesis

O) s (i)xa

4J concains lisvings

{c,d, e, x,y,m)

L4 nside (d,a,c,x,g)
45 p = then  hedgnt {d,a, e, x, )
else ZETA {d,a,e,x,y,m

eSor;

(a,b,c,»,y) is true if the point (x,v, G) ;
by, 0}, leoy, Cys D) wizh s'dwmn.k nef.

and o fali

: N
n and a rest

inside triangle o b ¢ iV p
on the side of a ¢, and

[T
Jitd resul o,

same

RECOMSTR

PR
3K
tic

coong
squares can

UCTICHN

the model
on ALTITY

. - ]
<Cl oo

e

D

what
iDE..

T Ly e re~taungle.

3

frame L, a noen-tewdinak trdongle.

[ ol [
,(I_nlL{_ L_}A’_U/E(;', RNOTRRAY

is

yl ws obiacdred frum



S” »
e
5\ r
St n
d ru
I
W
sSr
]
5" R

FIGURE 7~ 'COPLANAR SIDEWALKS®

Compare with: Fiqure 4 'Model Visualization.' IF point r = (rx,ry.o) dme s
rot fall on ¥ine (cy,c,,0) -—7(dx,dy,0), an bourizontal area ¢ d'n' witl be
withuot coverage by the triangles; a corresponding parrt of the 3-d surfzce
will fail to be represented. The cure for this is to give “flaps' to the
triangles, so that triangie 2 d & (and its other three brothers) are
enlarged by a coplanar sidewalk that covers up to n £12/.



Precedine ZEOA Ged e, wd, oy, y.omd G deddaed

wiot<omode? [1m]
vh o= gecdo 0 [2m I;
vh = omuded [J iy
mn 1 moded [Jnﬂ ;
i k: model [5, m] ;
c= model [6 il
p 1= odel [/ mj ;

LETA = (§ <nadde (vT,v4,v6,x,¢)
Ihan L5 mn o= 0 then hedlght (vl vé,vé, x,y)
else ZETA (vi,vd,v6,x, 4, mul Sxce Tacfe 7 '"Naming Conueni.co

else L§ Ansdide
then LE n

(v, ub,ud, x, i)
else It
{v

then hedight {vi,vh, vi, x, i)
A (vZ,v5,ud, 0,0, )

v, us, X,y

ﬂua.LOAqhﬂ {u3, s, vh, x,y)

(v3,vé,v5,%,u,0)

(
]
else i Jsdde [v3)
then L4 0 = 0
FASIE
elfse {{y p =0
then hewght {ul, vé, vé,x,u)
] 3 efte  zede (vi,vd,vé,x,u0,p};
CNDOTETA,

?

The search for the correct triangle that represents a puin“ generates 0

backtracking. At each level of the trec of triangles, we sisply go down o Lhwe
next level through the appropriate son (that sod contain.ng the point}, nntil

we hit a terminal triangle, whére we conpuic the height Lv a planar interpot=tion.

V. CONCLUDING REMAKKS

Since a gray level picture can be seen as a surface in three dimensiors,
z being the gray level value, it is in principle possibie to use the medals
described here to reprasent them. This ¢
thase surfaces, but the authors have not experimented wich this. The idea,
anyway, is to use models with large = (I

tion) €O compare fwo Surtoaces;
5¢

suld have use for shape coirparison of

T

rror tolerance, £oarse

models are ccuat (0 sume

) 7 waluzs agren) then we o
EXR (mu.g uccu‘“r> repirasenta aricn). In Thid way

the shape similarity between any tun 3-dimensional suriccwes Lor any teo gray

level pictures) can be ascertained. A reiated paper /27 develops &his ides

fully for two-dimensional flat regions (binary pictures). The largest probiem

willi this approach is to find a normatizction [ru(“de” (Lhn hoseo recianalic

9t [37) that will produce a unique rmoliel for e 3-d case: it is casier to

conpare canonical modeis.

e
: the
Jyprupr;ntu nse, for instance, the quan !
arlord comparison with a smatls

7
il
]

The method described in this paper 1s currenily boo faplemented anad tesoed
for representation of topographic surfoces farmeriy deyoribed oy thate onntoar

1ines.
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Permiaal pointecs My, Ny, e, and ciramen Toob o L0 e

iFicant points Ys. carrelation points. The signiiicant ooinis (also il
face=-necitic naints £1L7) are those noi. ool bhe rerraon wnare sleoe o

L

PAmNOrtant way. The points that s correlation routine Tinds in .
o wod T dmstanse in the two pictures of a sterco poir, are ¢ailed "corr .

thoey are points Lhat are easy Lo correlate in Lhe pictiures, becouws:
b oay levels in their neighborhood are cuite different from othevs | beoo
Gwer can be adentifiod ropidly and unmistakabiy. Burt they wirli not necosss i
Tt an top ul Tsignificant! poinis.
\

e ALt a of thﬂ NOJP} The model so for described and fLs conaoruc e

VAt bR Leen as 1ormed by

-~ tessallation of polyaons 04/ ([rldNQIVr in this caser;

= a0 accuracy criteria, which tells whother
refinament (in our case, comparison of
b1 6 2 '"When ¢ stop refining®);

P -

# polygon of the made? asede $ 00
! P&».h\,. CTLo T

V. e

- a procedure to refine the modei (in our model, selocn o sigrnifiaant tofnt &
he middle point of a side);

>
= A manner 0 storve Lhe model (a5 exauplificd in Fig. & ' BRI
G vy o access Lhe model las seen in Secticon 1Y fDhary S

Deconstruction');

- a2 weithod to reconstruct the surface froam the model {this (2 givaenr Ly for
procedure foiyht (2,0,¢,x,y) evaluated at the appropriastz triangie o L 2
which conteins the point (x,y,0); the appropriate definition of contsinnaal
is embodied in procedure Guside (a, b, o, ¥, ¢}, which takes into accoung, ior
instance, the '“fiaps' of Fig. 7 'Coplanar Sidewalkn.'

J
V.! Suggestions for further work

awalksn. ' Do potl uge k] e ]CE Fosp Ihyer grjetm o
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stupes of ftha triangies

2. Refer to U LIELT *Simplifiad storage for cover of similar trianaho oo Fo!
develop the model that uses the representation of carl Lriangle oo e

b opairs of Linary digits, vogr., tricagle g 0 = 00 06 OF Cing on 8oy

son M af the son M of the rectangla).

oo ot retvieve the trianale; fram the rect of the tvee {(0f, Leoi o '
retrieval faor surface reconstruchion'd Lut store them ~a oy Lo an s U
By o3 dout 1 binary scarih on tie coordinabas of tie yorvices fo),
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L, Ceasider the methods of this paper end of V.77 an oiatliar proceacares o

address data representation at actitrary accuracy levels, ond use then
shape comp.arison.
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SIHAPE DESCRIPTION AND SHAPE SIMILARITY MEASUREMENT

FOR TWO-DIMENSIONAL REGIONS

Ernesto Bribiesca Adolfo Guzman

gggégALI?;ei$ég?C]on and Computer Science Dept.,lIMAS
' € ' National University of Mexico
Abstract

We analyze tne forms or shapes of flat regions lTimited by simply
connected curves. A procedure is given that deduces from every region

a unique number (its shape number) independent o translation, rotation

and scaling.

he vepresentation of the whape of a region by one

The precision in t
of its shape numbers is indicated by the order ov that shape number; high
orders are more accurate for shape description. :nformally, the number of
ternarj digits of a shape number will tell its order. The paper contains
tables of all the shape numbers of order k, for several k. Nevertheless,
these tables are not necessary for computing the shape number of a region.
The shape number of any order can be deduced solely from the region; no
shape matching, comparison or table lookup is necessary.

We then introduce the degree of similarity between the shapes of two

regions and give an algorithm for computing it from the corresponding shape
nunbers. Two regions with shapes that look alike will have a high degree of
similarity. No string matching or grammatical parsing is necessary to find
out how close in shape ‘two regions are. Informally speaking, the degree of
similarity between the shapes of two regions is Lhe highest optical
resolution (power of the magnifying lens) that sliil conFuses them. Wa then
define the distance between two shapes and find it to be an ultradistance.

In this way, a4 quantitative study of shape is possible.

Finally, a related Theory "B" of shapes is presented that disregards
the excentricity of a region and offers additioné] advantages for shape
cowmparison.
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form; shape comparison; distance between forms.



INTRODUCTTION

Scene Analysis seeks to understand a scene, for instance by assigning
nawes to its different parts and components as well as by explaining
their relations and structures. .

Local and global information {3) , that is, shape and context,
play an important and mutually supporting role in Scene Apalysis. If
we look at scenes found in cocloring books for clildren (Fig. 1,
"STREET SCENE'), the explanation (name, purpose, role) of each part is
derived both from its shape and from the context, that is to say, from
the names of the parts close to it.

The role of shape in Scene Analysis

Take Fig. 1 'STREET SCENE' which lacks colcr, texture, gray jevels,
and only has shapes, sizes and structure. One can still make a gcnd
"explanation" and understanding of it. Consequently, one of the authors
has proposed (3} to represent explicitly these three components, for
instance by a graph where the nodes contain shaje and size information
about each region, and the arcs represent different relations ("above,"
"between," "surrounded by") among the nodes.

It is therefore necessary to be able to describe the shape of an
object (part, region); to compare shapes; to decide how close two given
shapes are, or what is their resemblance or dissimilarity. A numerical
reliable measure for these concepts will give'rise to a quantitative
study of shape. a | '

Definitidns |

Region. A simply connected portion of a plane limited by a curve
boundary. That is, no holes, no self-intersecting boundary. Closed
boundary. The region is uniquely defined by the;curve it has as boundary.

This paper deals with shapes of regions, bit the shape numbers
used here can also be applied to open curves.

Freeman chain in four directions. For a given region and a given square
grid of fixed orientation and size, the Freeman chain in four directions
15 the curve obtained by walking clockiwise on the grid (on the "wires"
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of the grid) around and outside the squares thit contain more than
50 % of the region (Fig. 2). '

The chain number (Fig. 2d) is obtained by clockwisely replacing
each step along. the curve by the number 1, 2, 3 or 4, according to
Fig. 2e. See suggestions 1 and 2 at the end of the paper.

Sometimes this procedu}e’will break thin portions of regions’
and one will end up with two non-connected chains. These are degenerate
regions for that grid, which have no shape numbers (q. v.) (Fig. 8.1I).

Derivative of Freeman chains. It is the chain number {Fig. 2f) obtained

by clockwise replacing each salient (convex) corner of the Freeman chain
(Fig. 2c) by a 1, each straight corrner by a 2, and each concave corner
by a 3, as figure 3g suggests. A

The number obtained (Fig. 2f) will be di“ferent if we change the
size or orientatioq of the grid.

Major axis of a region. The straight iine connecting the two perimeter
points furthest away fTrom each other (Fig. 3b).

Ocassionally, there will be more than one major axis in a region.
In that case, select that which gives the shor:est minor axis.

Minor axis of a region. A segment perpendicu]ar'to the major axis, and
of length and position such that the box formed by these two axis just
encloses the region (Fig. 3a).

Other axis for similar purposes are given in (3], pp 338-342, and
in {2]. '
Basic rectangle of a region. It is the rectang'e having its sides
parallel to and of sizes equal to the major and minor axis, such that
it just encloses the region (fig. 3d).

Excentricity of a rectargle, It is the ratio of the long to the short
side: e 1. )

Excentricity of a region. It is the excentricity of its basic rectangle.
It is the ratio of its major to winor axis. This definition coincides
with that for an ellipse. ‘ | :
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a: the region. b: the grid. c: the Freeman chain in four directions.
d: its chain number. e: the four directions of (b) used to code (c¢)
into (d). f: the derivative of (c). g: the three types of corners
used to code (c) into (f). '
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FIGURE 3 * DEFINITIONS'
a: minor axis of. (c). b: major axis o7 (c).
c: region. d: basic rectangle of (c).- -



THE SHAPE HUMBER OF A REG.OM

If a notation is going to be used to represent the shape of a
region, it has to be independent of the position, orientation and size
of such region. It should be reproducible: a region, when translated,
magnified and rotated should still give the same description as when
untransformed. Two regions with different shapes should produce
different descriptions. Finally, the shape number should be unique
for a given region; for instance, it should not depend on an arbitrary
starting point or a particular coordinate system.

If the notation can be deduced exclusively from the region, .
without comparison with a table of canonical snapes or shape descriptors,
for instance, then we can expect savings in memory and computer time
for the procedure that finds out the shape des:cription.

In this section, we first produce finite families of shape
descriptors (every uenber of a family has the same order); we'then
exhibit a way to find out, for an arbitrary reygion, its shape descriptor
of any order. This descriptor indeed qualifies as a pgtgtjén to
represent shape.

In the next section we will see that this descriptor also permits
to measure the similarity or analogy between the shapes of two regions.

Discrete shapes

Reg1ons of spec1a] 1nterest are crated when it is required to form a
c]osed curve using o st1cks of the same lengtlh, but joining them end
to~ehd either colirearly or forming 90 ° corners. It is clear that o
must be even for the clirveé to close. ' '

For instance, with 8 sticks you could form only the fo]lUw1ng
regions: the square (of size 2 by 2, Fig. 4a), the triangle (Fig. 4b)
and the rectangie (Fig. 4c).

The shapes of these regions are called discrete shapes.

The shape number of a discrete region (that is, of a region having a

discrete shape) is obtained from that region by clockwisely replacing
each salient corner by a 1, each stra{ght corner by a 2, .and each
concave corner by a 3 (See Fig. 2g). Moreover, in order to obtain a
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FIGURE 5 'ALL THE DISCRETE SHAPES OR ORDER 10



unique shape number, we start the procehure in the corner that produces
a string (of 1, 2 and 3's) of wminimum value.

For instance, the shape number of figure 4> is 11212113 , which
was obta:ned by starting in the upper central silient corner and
travelling clockwise (first~right,and then down). Had we started in
the lower left corner, we would have obtained 11311212  which is
rejected because its value (as a ternary number) is larger tnan 11212113.

The shape number of a discrete shape does 10t depend on a grid of
fixed orientation or size; it can be derived dircectly from the region.
It differs in this manner from "derivative of Freeman chain."

The shape number of a discrete shapé is unique. It does not depend
on its position, size or orientation.

The order of a shape number is the number of te-nary digits it has. It
is therefore equal to the number of corners (of types 1, 2 and ﬁ n
Fig. 2g) that the discrete shape has.

It is also the number of sticks (segments of equal length) present
in the discrete shape. It is always even. It is equal to the perimeter
of the region.

A1l the discrete shapes of order 4

There is only one discrete shape of order four, the square. Its
shape number is 1111, ‘ |

This is the most primitive or fundamental shape. Imagine you are
looking at things very far away; you can not really differentiate much.
A1l objects would Took round (square, in this paper) and equal.

A1l the discrete shapes of order 6, 8; 10 and 12

There is only One'discrete'shape 8f order 6, the rectangla with
shape number 112112.

The three discrete shapes of order 8 are g ven in Fig. 4. Here the
triangle appears for the first time.

The nine discrete shapes of order 10 are given in Fig.. 5; those of
order twelve are in Fig. 6. They are 36.




FIGURE & 'ALL THE DI'SCRETE SHAPES COF ORDER 12°
The order of a shape indicates the number of sticks that
are used‘to‘form it.



The discrete shape of a region

In order to find out the shape number of order o 7vor an
arbitrary region (and not just for the regionsrkaving discrete shapes),
it is now only necessary to associate in some ménner to that region a
discrete shape, and then to give the shape number of that discrete shape
to the region itself. _ )

One way to proceed would be to compare (for instance, the areas
in the least squares sense) that region with every discrete shape of
order o {retrieved from a table such as Fig. 5) (6], and to select
the discrete‘shape having the best fit (smallest error, best correlation).

Other way is given below, preferred because it does not use table
lookup, back-tracking, error cowputation or pattern matching 1in the
CONVERT {4) sense: we do not need to find out wrat is the distance or
error between 11212113 and 12121212 , for irstance.

To find the shape number of order o of a regicn:
1. Find out the basic¢ rectangle and the excentricity of the region.

2. Select the rectangle with shape number o ard excentricity closest
to e. Align and center this rectangle over tlhe basic rectangle cf
the region, thus cefining a grid over the recion.

The orientation of the grid follows the basic rectangle, and
the size of the grid is such that (a) every cell of the grid is a
square, and (b) the basic rectangle has a shape number of order o
for such gr1d A]ready positioned, the rectangle. se]ected in this
step closely coincides with the basic rectanqle

In practice, we have found better not to approximate the

excentricity, but the sides of the rectangle instead. That is,
select a rectangle with long side closest to y=(a/2)(e/l+e).

3. Mark with a 1 each cell of the grid of step 2 that is more than 50%
contained in the region,

The collection of grid squares c0ﬂta1nn1ng a 1 forms a discrete
shape. ‘ A

4. Find the shape number of the d1>crete shape of step 3, and give that
as answer (but see discussion below).

An example is given in Fig. 7 'FINDING THE SHAPE NUMBER .’




- 12 -

SNe!

i
A{/STE?Z. SELECT RECTANGLE & x 3

.6

1

v \ I bis
N /
\ |
> |
\VI M
= >
&,L.‘ ' 3 bis .

| N
i : 3 s—t @-3: k }
1 12
- | [Ny S S

Y-

12312213121222213

FIGURE 7 'FINDING THE SHAPE NUMBER'
The shape nurber of order 18 of region A is desired.
The answer is 112312213121222213. The main proicedure is
through steps 1,2,3,4. Step 3bis is a (long) step that can
be taken instead of step 3. See text.

Each figure carries its own shaoe numher "within it "
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I5 the shape number found in step 4 indeed of order 07 The crucial

stop is 3 above. The aaswer is discussed after an alternative step 3.

3his (variant). On the perimeter of the square selected in step 2,
place o Sticks on the "wires" of the grid. Looking at each corner
(of type 1 in Fig. 2g) of these sticks, push it and make it become
a corner of type 3 if it surrounds a cell of the grill filled less -than
50% with the region. Keep pushing corners (see Fig. 7, steps 3bis)
until no further progress is possible. (Then go to step 4 above).
This step 3b could be taken instead of step 3.
It is clear that this step does not alter the crder of the shape
nunber, since the number of sticks does not chance.

What could increase the number of sticks (the length of the
carimeter) is a depression in the boundary, becaitse (Fig. 8) in order
to sink stick a to position b we need two extra sticks. In this case
we end up with a shape number of order o+Z, or ir generai of order
o + 2d, where d is the depth of the depression.

The way to correct this anomaly is to begin step 2 by selecting a
rectangle not of order o (because we have just found that o produces
a shape number of order o + 2d) but of order 0 - 2d, and then the
depression will add 2d sticks to it, abtaining a shape number of the
correct order.

Since a depression chapges depth as the size of the gr1d varies,
we may have to try step 2 with rectangles of order 0-2d, o- -2d+2, ...,
n-2, until we find the shape number of order o.

Informally speaking, the order of the shape number is the degree
of resolution being used to encode the shape.

The excentricity of the shape is important. It is a shape parameter
coarsay than the shape number. Two shapes of order o with basic rectangles
of different excentricities can not bz equal, The basic rectangie ond
the excentricity can be directly computed from the shape numbers -
{suggestion 6).

Degenerate regions. If the grid size is too large for some parts of a

region, there will be totally blank squares that break the discrete
shape into two or more pieces, Then the shape number of that region
does not exist for that order. This is not an anomaly, but it is giving
information regarding the minimum size grid for which a shape number
makes sense (Fig. 8-11).



Meaningful shape order. A rogion with a very ragjed and twisted perimeter

will “"demand™ a higher order for a proper’description than a region with
swmooth boundary; it expects more accuracy, because of 1ts higher
information content. (1) measures tiis appropriateness, also rclated to

degenerate regions.

THE DEGREE OF SIMILARITY BETWEEN THE SHAPES OF TWO REGIONS

The "shape number of a region enables us to find out instances of a
given shape, even when distorted by enlargement or rotation. It answers
the question "Have these two regions the same shape?", up to an order o.

In practice, however, a shape rarely repeat; itself, due to noise
and the allowable variations (for instance, ten 3illouettes of apples
have similar but not identical shapes). The relevant questiohs to
answer are "How much different are these two forins?", “"How much do these
two shapes resenble each other?", "Is region A :loser in shape to B,
or to C?". This section gives a procedure to quantitatively answer
these questions. )

When the shapes of two regions A and B are compared, we can notice
that the shape of order 4 of A, 54(a), is equal to 1111 (the only shape
of order 4), and is therefore equal to s4(b).

' Also 56(a) f_se(b); probably sS(a)'= SB(b)' It is likely that their

first few shape numbers be identical. The reason is that the discrete
shapes are coarse and not varied at low orders, where the "resdlution”
is low. ‘

Neverthe}ess,vmost Tikely SlDO(a) # SlOO(b)' also sgs(a) ﬁ~598(b)’
etc. This is expected, because, due to the finer precision at higher
orders, there exists a large variety of shapes, =hus the discrimination
between A and B is more demending.

Of course, 1f A and B were very similar-(bu: not identical), one
could need to go up to say 170 to find that S170'2) # Sy70(b)- On the
other hand, if they are visibly different (not a ike at all), already

at order 10 we will be having SlO(a) # Slo(b)'
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FJGURE A8 HOLES AND DEGENERATE SHAPES'
J+ A depréssfon af depth d increases the shase nunber by 2d.
IT: Degenerate regions split the discrete shape but do not have
a shape number at this order. -



Thus, as we increase the order o of, the two shape numbers so(a)
and so(h), they begin being equal but at some order they become
difrerent fron that point on. How deeply they remain equal gives us

an idea of the similarity between the shapes of a and b.

Degree of similarity k between the shapes of two regions a and b: It is
the largest order for which their shape numbers «till coincide.
That is, 1t is the largest m for which sm(a: = sm(b), but
s (a) # Sm+i(b) for all i1 greater than 0.
That is, we have 54(a)=54(b), 56(a)=s6(b), 58(a)=58(b), cens

S ()75 (B)a Sy (@)Fsy o(h)s 5y g5y q(b) e

M1

If a and b are regions with degree k of sim larity, we write

a ::;kb.

Example. For the figures of Fig. 9 'DEGREE OF SIMILARITY' we have for

figures a. b and c:

sqla)= 1111 s4(b)= 1111 s,(c)=1111
sc(a)= 112112 sg(b)= 112112 se(c)=112112
sg(a)= 11221122 sg(b)= 12121212 s¢ (c)= 12121212

510“”: 1122211222 leUﬂ= 1131212122 s, (c)= 1212212122
slz(a): 112221131213 SlZ(b): 121221221213 S]Z(C): 121222121222
514(a)f11222211231132 vsl4(b)=12121312212123 slq(c):1}31221221221a
Therefore, a and b have a degrpa of similarity cqual Fg 9: q:$6b.
a and ¢ fiave a degree of symilarity equal to 6} vriﬁten a .C,
h and c nave a degree of similarity equal to 8, written CEE
This is represented both as a similarity tree (Fig. 9b) and as a
similarity matrix (Fig. 96) where other regions were also included.
The similarity matrix is symmetricai; in fact, it is easiiy proved
that, for arbitrary regions a and b, :
(1) (Thm.) The relation "a and b have degree k of similarity" (for a
fixed k) 1s not an equivalence relation, but' -
(2) (Thm.) The relation "a and b have degree of similarity of at
Teast k" (for a fixed k) is an equivalence relation.
In fact, the equivalence classes of (2) for k=10 are nine,and a
canonical shape for each of them is given in figure 5.
Informally speaking, the size (power) of the magnifying lens that
bdrely confuses two regions gives the degree of similarity between such
regions. .




degree

AB C DEF
A o 6 6 6 6 6
B 6 » 8 8 108
C 6 8 o 8 8 12
D 6 8 8 e 8 8
£ 5 10 8 8 e 8
F 6 8 12 8 8 ¢

(C)

(.8)

FIGURE 9 *'DEGREE OF SIMILARITY'®
(A) regions to be analyzed. (B) Similarity tree for (A).

(C) Similarity matrix for regions (A).
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We could see the whole procedure as follows: A number is associated
to each one of two regions. IT the numb%rs are ejual, the regions have
identical shape. If not, anotner pair of numbers is deduced, and so on
until we 7ind that the two numbers coincide. Th2 number of stages neecded

is an indication of the dissembiance of the two shapes.
Remarks on the degree of similarity

No parsing is necessarv. To find the degree of similarity between a and

b, shape numbers are compared for equality. Two shape numbers of different

. orders are inconmensurable (can not be compared, should not, need not).
Two shape numbers of the same order are either equal or different.

If different, there is no need to compare "how close they are."

To find out the degree of similarity, a binary search is used: Is
ss(a) equal to sa(b)? Then compare at-order 100 (the highest). Then at
the middle. Then at the middle of the remaining valid half. And so on.

A modified binary search (5] is better. ‘
Wheatstone Bridge. In this old instrument to measure the value of -

resistances, an amperimetef says whether a curreat is zero or not. But
this amperimeter does not measure the resistance itself; it only says:

“current is zero. Stop!" ‘Then the value of the resistance is cbtained
by a formula that does not involve the current (ecause it is zero!).
Naturally, it does not need to be a high precission amperimeter.

In our case; the degree of similarity is not given by the shape
numbers comparison test. It is given by a process that uses the
comparison test.

Temperature readings. If the degree of similarity between a and b is 14,

and that between ¢ and d is 28, you can conclude that c and d are’'closer
to each other than a and b. But we can not coic)ide that ¢ and d are
"twice as close in shape" as a and b. This 1s lice the temperature: a
body at 80°C ji;nOt twice as hot as one at 43°C [if you do not believe
it, convert th€m to °F, or to °K). But see suggestion 9.

Ultradistance. If we define the distance between two shapes a and b to

be the inverse of their degree of similarity, then we could easily prove
that this is not only a distance, - but ft is alsn an ultradistance: it
obeys d{a,c) ¢ sup ( d{(a,b), d(b,c)) in addition to the less demanding
condition d(a,c) ¢ d{(a,b) + d(b,c).
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Comments on this theory of shapes

Shape nurbers are not invariant under (15 reflections (mirror images);
(2) skewing, where the figure is distorted by changing the angle between
x and y; (3) unequal expansion, that is X‘=g1x, Y'=g2y, with ¢ # Sp-
This transforms a circle into an ellipse. :

These transformations ({1)-(3) alter what could be considered the
(intuitive) shape of a figure. At the end of the paper a "Theory B" of
shapes is presented, where condition (3) is violated, and therefore all
circles and ellipses, disregarding size, excentricity, orientation, have

the same Bshape numbers.
Problems with this theory of shapes

l. Ocassional loop in the s1m11ar1ty tree. Due to noise or the 507
redii rement for quantization, and at low orders, sometimes it is observed
4 transitory divergence and then convergence in the shapes of two
18gi0as, V. gr.y sg(a)=sg(b), syg(a)#s;g(b), sy;(a)=s1,(b), sqa(a)és 4(b),
16(a)#sls(b), ... l.e., they were already different at order 10, but
+hey—are—again_equal_at order 12 (however, only to separate soon forever).
fhis still gives a unique shape number for a recion, but makes the-
definition of the degree of similarity less attractive, and the procedure
to find it, unreliable.

Only loops of size 2 (such as the example civen) have been found,
infrequently.

A way to make these loops disappear is to ignore half of the orders,
for instance those not divisible by four. Orders 4, 8, 12, 16, ... remain.
A1l the loops of size 2 have vanished (suggestion 8b).

2. Non existent shape numbers. Shape number of order o may ocassionally

not exist for a given figure, due for instance to symmetrical holes of

the fype of figure 8.1. ' This does not bother th2 similarity procedure,

but it is a nuisance not tc have that shape numh2r. See afgo suggestion 8a.

3. Quantization of the excentricity. For an object of excentricity 1.6

(Fig. 7), what rectangle will be used as the basis for computing its shape

nurber of order 122 Will we use the 3 by 3 squan> (e=1)-or the 4 by 2

rectangle (e=2)? An error will be comnited in any case. You have to take

one or the other. There seems to be no way out of this. See §uggestion 5.
We now present a theory that has none of these problems.



THEORY “B" FOR SHAPE DESCRIPTION AND SHA’E COMPARISON

To obtain this new theory, we will make some changes to the old ore:
1. Force the excentricity of any region tc be ecual td one, by
performing an anisotropic dilation of its axis, X' = glx, Y' = gzy\ Now
a circle and an ellipse will have the same Bshape; the Bshape of a
rectangle will coincide with that of an square. As far as the discrete

shapes, the only discrete Bshapes that now exist are those obtained
“from squares.

2. Do not go into depressions (fig. 8.1) with width smaller than the
size of the cell of the grid. This avoids degenerate shapes (cf. also
'Reasonable shape numbers' above). That is, if a region is "scratched"
bv thin lines (thiner than the size of the grid) that belong to the
background, either ignore tham (act as if they were not there) or else,
if they can not be ignored, this Theory "B"'§ays that the size of this
grid is inappropriate to describe such region, and that its Bshape
number at this order does not exist.

3. Let these depressions (Fig. 8.1) generate Bshape numbers having a
nunber of ternary digits larger than the expected order. That is, do
not corfect the anomaly that these depressions cause. ThE'herimeter of
the Bshape. does not tell anymore its order.

4. Elliminate the orders that are not powers of two. The only valid
orders for Bshape numbers are 4, 8, 16, ... These numbers still indicate
the number of sticks to place ‘around the basic square (remember, nov a
rectangle is converted first into a square) of the ragion (refer to Step
3b of Fig. 7). .

Thée procedure is the foliowing:

To find the Bshape nuumber of order o = 2" of a ragion:

1. Find out the basic rectangle of the region and convert it into a
squas ¢. ‘

Declare that the Bshape number does not exist if the region has
parts (necks, straights) or depressions (channeTs) narrover than 257"
or 4/o. |
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2. Make a grid by dividing the side oﬁ the basic square into o/4 parts.
3. Mark with a 1 each cell of the grid of step 2 that is more than 50%
contained in the region (step 3bis given above could also have been used
instead of this step 3). The collection of grid squares containning a 1
forms a discrete Bshape. _

4. Find the shape number of the discrete Bshape ¢f step 3, and gi&e that
as answer, even 1f it has more than o ternary digits.

The order of a Bshape number is four times the number of parts into which

the side of the basic square was divided. It is also the perimeter
(measured by the number of sticks) of the basic <quare.

It is no longer the number of ternary digits of the Bshape number,
nor the perimeter of the discrete Bshape.

The degree of similarity between the Bshapes of fwo regions is obtained

as before, Defiaitiop unchanged.
Downwards constructability. Given the Bshape number of order o of a

‘region, the Bshape numbet of order 0o/2 can be deduced from it, by
regroupping appropriate sets of four neighboring cells into a cell for

the iower order. Therefore, if two regions have the same Bshape nunber
of order o, they will continue to have equal numbers of smaller order,
until they cease to exist. This gets rid of prob'em 1 'ocassional loops
in the simiiarity tree' of the former theory.

Upwards existence. If the Bshape number of order o of a region exists,

the existence of numbers for'higher orders is guaranteed: (1) the
inexistence of channels or isthmus of the region thiner than 4/o implies
the inexistance of those narrower than- 4/(o+i), “or i>0; and (2) wider
depressions (wider than fig. 8.1) will produce valid parts of the Bshape
number; although 1ts numbar of dinits may increate. This defeats problem
2 of the former theoﬁyl "non existent shape numbers."

L .
Finally, problem 3 of the former theory "quintization of the
excentricity" is not present in Theory "B" because all excentricities

are now equal to 1. L

Nevertheless, we like more the former théorﬁ.'

Disadvantage of Theory "B". Squeezing along one axis is now a valid

(Bshape preserving) transformation. Thus, either your application does



- 22 -

not care for the excentricity or aspect ratio, or you carry it as another
parameter,in addition to the Bshape number. I suppose you are going Lo
be carrying other parameters of the region (lengta, orientation) anyway.

Also, more care needs to be exercised now whan se]ecting the major
and minor axis, to avoid noise perturbations (cf. suggestion 7).

Suggestions and recommendations for furth2r work

1. Use other tessellations (triangles, hexagons) instead of the square
grid. T would like to see the triangle and circle as primitive shapes
at low aprders,:

2, Use eighf directions for the sticks, not four, This will produce more
shape numbers of a given order, thus making the tables of figures 4-6
larger. But this is safe because the deduction of the shape number does
not involve table lookup or comparison with these canonical shapes.

3. Apply these theories to Scene Analysis of coloring books {33}
chronnsoneé; silouettes of industrial parts on a conveyor belt; hand
printed digits and zip codes; automatic taxonomy >f shapes of shoes.
airplanes, insects (their but]ine); texture description where the
pictures are binary.

4. Extend these theories to shapes with holes inside them.

&y (Refer to proRlem 3 of the first theory and to step 2 of the procedure
td find the shape number) a) Distort slightly the basic rectangle of the
region, together with the region, so as to have it coincide exactly with
the'rectangle chosen in step 2: the grid is now of rectangles that are
almost squares. b) Select in step 2 the rectangfa of order o that
minimizes the discrépaﬁcy between the areas of th2 region and of the
rectangie.

6. Write a broCédufe to find the excentricity fron the shape nuiber.,
Hint: find the basic rectangle.

7. A better method to encase the region into a box is needed. Noise could
introduce errors in iength and position. Use the rethods in [1-3].

8. (Refer to problems i and 2 of first theory): a) Of course, given an
order (30, say) it is possible to find the best shape number of order 30
that fits the region, by comparing (in the least squares sense) the region
with all the shapes of order 30. In this way the.existence of a Snape
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number for any order and any region could be guaranteed [1). I suggest

to look for a procedure that avoids mapy comparisons but still gives Lack
the shape nunmber of order 30. This undiscovered nethod could be slower,
since it will be used only when the normal procedure fails (6].

b) In order to make the loops vanish, do not use all orders. Even more,
space them non linearly: use only orders 4, 6, 1C, 16, 24, ...

N

9. Apply these theories to clustering. Do you wait to group 200 figures
into 24 classes according to their shapes? Construct their similarity
tree, and cut it at a level such that the number of hodes at that level
is approx. 24. You could answer relative likeness questions such as:
"Is the difference between a and d larger than tie difference between

e and f?" The answer could be: "Yes, because a:glod and e=314f."

e and f went together longer. They needed a stroager lens, of order 16,
to separate them.
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gy Uhen usnng thé'rsystem a module is executed~ by a s:ngle command wordl
punched on. aucard or: typed ‘at’ 13 termmal-.‘ Almost allX. of the module commhnds’.“

have optlonal parame“ters whlch can “be’ added 'to “prowde greater flexublllty Tn;
the use. of “the. module. : D_efault values are mcluded For: all parameters,_however.
as an.aid’ to ‘the. user who:is unfamlluar mth the system_or a particular’ module.

in addltlon, extenswe and. ‘c‘learlﬁy wntten 'd gnostlcs ;are provnded ‘to helpen.-.&:
the user nin runnmg the system—*w* “‘ ¥ } 2

6 : modules ~such as»the -nearest ﬂeughbor analysls.,,,

the data value's,ﬁ”s_.fipresen_t e _n;gg'ed'k Other moddles- the trend: surface* A

analysls for example, Tequlre""data values, and’ theni’ -omission will cause: Tans v;
error dlagnostlc to be: generated “".“The’ use oT data -values for the centrographic*’

analysns module and the nng and sector cougt modu‘l ;ns optconal 3 Ahowever;;:--:

the - results gene[ated w1ll: vary depend‘ing -on’ whether or- not data values are? '.;";_;
lncluded.u That&"s‘, ‘these analyses“can,?be Fﬁ”n wuth elther welghted or unwelghted
point sets, and;. he results must be mterpreted accordlngly. ‘For example, g
the ‘mean: center stal:.u stic. -of the centrographic ayalys;s module should be n-j
terpreted ‘as a geographac center whenZuséd- with’ unwexghted data pomts, but“

as a weighted. mean dentar ithen: dat'é"vah?é; -are: mcluded-”“-
25 Ty ?:{?’"H_:r Fas ™ ,._.A_,.’.':,:L“g..-,r L LI e, S =%

_4..~ By ,w-.“ : = - S o
h .,v““ T .,g: hr....« 3 e ,..x—t' -’—,,,.._‘_. -......:J.,

'.Three d:fferent types “of . coordmate.,data can, be used wuth GEOSY§“ ’The

flrst ‘and-most common consists’ of standard"Cartescaqdcoordlnates- “The sicond
‘type allow for 1he Special. format: requiﬁa‘l_nu_,t}l QSZM‘AI‘Z program. (12 ey -thesis
B=DATA POINTS and £~VALUESJacEages)¢. JﬁE.‘ffiuﬂiyg_dconsmts,oilatltudt“?
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IOng itude: coord inates.
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or. geographlc extent of the area under; study
‘be de£|ned in the same manner as:, the data polnts"

(k-OUTL !NE package)l‘ 4%

BEIR A8 3 ) =!w,

o ~"The system ‘is; structured such that any number of modules can be
'|n ‘a single run: prov:ded the ‘required. type “of - "data has- been either’ lnput orf*22
computed by -a prevaously executed module.q Thus analysus chalnung is possable
whereby~the output :firom one module, serves as’ ‘the 1nput to™a subsequently Cy 17
‘reqUested modylé: Allqnecessary llnkages for thts type of operatlon aretf'_
handled :nternally by GEOSY§,,and:are therefore transparent to the useruwi“
rif anmoduleits ~fequested:foriwhich the’ necessary type of data ‘is ot avaalable“‘
'anlappropnmate dtagnosttc’wlll be cnciuded.ln the user's. prnnted output Qr“ '

typed at-has‘term)naiwif he |s.accessang GEOSYS::nteractive1y~Vs
y e iy SV “5\‘- N e W\zfn"?.-\@- uar‘%&: e
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2 1}".;1:1 ,FORTRAN~50 "‘i'_;t y be,tmplemented

__nstruc_;on”a]Jows’for sump]|f1ed -ad =

Pty

= ‘.system_diGEOSYs 1ssbased,on anhoverlay structur t‘

Therefore' even thoughq:t_consists of?bxe[rSIx“thousapd FORTRAN'statementSu

.only small port40ns zof - thigdcodéazrewjg “the computer.ts tore,storaée‘at any3f=

rone-timesy It should “thus, be poss ible: tEVTmplement-
-rather llmlted core~storageiﬂ.Jn addltaon,.a ,daia storagel4s dynam:cally
.a1located As a- result?:theuonlyﬁconstraigt “on. the.amount- of. data"being;;

manlpu]ated by GEOSYSTis. the'aJa}lable,core,stqrage.of‘the'hosticomputeng-

‘4,‘,,_
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’CAS§: Chorqueth Area Shadlng Programln

“" :‘ 3 .e-\-&-»‘wv‘
o CASP allows the user tox slmdltaneously deplct choropleth areas “on Iuo*
dnfferent scales" a,nominal?scalé"nd an; 1nterval scale. The nomlnal scale-

|s deplcted by the lnterval or graduent between Ihe vectors;f]Thlswcapablllty

ls useful in the portrayal,of such)phenomena as4land uses_where there is:

LT

an lnterest ln both the types of land use and'the lntensnty of use.rﬁTher

[V , -
PR SE A  SCLRASF I

i not'needed 1n'choropleth mappings;

5 Normally the us‘_ - 'ne
Therefore,~CASP also has the capab ty Ke) _deplctung choropleth areasagn :
.single scale, elther nomnnal o’:lhterva]j__.n}addltlon, the‘varlable to-be;

RN - SO e » et ate Cetem

mapped may . be:, shown b 'el}he ‘the' angular‘ =0f the shadnng vectors or the.
T«

}The data requlrement “Fo

! e ey -y

polygons

_«*?{."‘ -,

bt ;Cartescan coordunates
] ces-of -the 7. The ger.mus;falso define’ the data
“value-'or values for eadh area,*and aﬁy ofvtﬁg pFoZFam optlons “he” wnshes to-
Lutilizé. . _'v : ) -of map scale, tltle, border,
Iegend class lntervals,vand the locatlon “of the coordznate f1le (punched cards,,

All opt1ons have_default values, and thus none are

. T
.-—.3'

Le .

»optlon changes from the prevuous map (neW'class yntervals or_change of scale™ EE D
for example), add neu\data values, or submlt.an entarely new’ map if addstlonalf

farea; and shadlng gradlen-; very few—maps produced_by the program cost over
-$2,00 for computer ‘time~and $3.50. for. plotter ‘time.  These’ costs Will naturally
-vary with “the computer envnronment used and the: partlcular charglng ‘rates: -

,employed The" program is.written entlrely-ln FORTRAN -and uses’ only the stan-

dard plotter subroutlnes*' PLOT, SYMBOL, and’ NUMBER “Thus3™ it ¢an: easlly$\ :
be adapted to computer models other than the CDbC: 6500 for: which’ st was: flrst
g'-* Wt a

S P ) PSSR A

tjve computer,

e

‘dynamically allocates Storage;

Ofr I di sk for_data |npubugfgﬁa
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GEOGRAPHY PROGRAM EXCHANGE

The Geography Program Exchange (GPE) has been established to assist
universities and other non-profit organizations with the Interchange of
computer software which relates to problems of.a geographic nature, ' The
GPE operstes on a self- -sustaining’ basis. - Its ‘services "are made avaltable
to usery anywhere !a the world. -~ '

The G’E maintains ¢ central! filc of specialized computer programs
vith essociated documentution and test data sets, and makes coples of ail
or part of this material available to users at cost. The programs held
by the GPE represent speclalized materials developed for use In gecographic
research and teaching; no attempt is made to duplicate standard statistlcai
programs. Distribution of avallable programs Is in the form of iistings,
punched cards, or magnetic tapes.

. Program holdings consist of items from the speciailzed program libra-
ries of a large number of geography departments in North America as well ,
as programs submitted by geographers from other countries. The GPE activelyw
solicits programs from all sources. . If the program submitted appears to be’
of enough general Interest, It is added to those avallable for distribution.
All software handled by the GPE Is obtained and distributed on a non-royalty
basis. -

Although the GPE operates with Iimited résources,'lt does attempi to
provide additional assistance to those departments and individuals who are
just starting to make use of the digital computer as a:research and teach-
ing tool.

Overall management of the GPE is pfovided by a board consisting of
Professors Duane F. Marble (Suny/Buffalo), Waldo R. Tobler {University of

-Californta-Santa Barbara), and Robert |. Wittick (Michigan State Unlversityj.

ODr. Wittick is In charge of operatlions and all inquiries relating to
actlvities of the GPE should be directed to him at the following address:

Dr. Robert |. Wittick

Computer Institute for Social Sclence Research
Michigan State University

East Lansing, Michigan 48824

U.S.A.

‘Telephone:' . '517/353“2040'

- A European outlet.for the GPE programs. ha: been establishnd in Weet
Gérmany. For. further Informa.ion on the uvas!abi§ity of prog.ams 1rcm
West Germany,’ wrlte to:

Dr. Andre Kilchenmann
' Geographisches’ Institut
- ‘Unlversitat Karlsruhe (TH)
75 Karlsruhe 1 Kalserstrasse 12
.'Germany, BRD



INDEX OF PROGRAMS CURRENTLY AVAILABLE

June 1977

ACCESS: Tape Library Utllity Program

g ]

A utillty program wnich is used to create and edit a
tape library of computer programs. Programs oa tape
may be listed, punched, stored on another. tape, or

compiled.
Computer: CbC 6400
Compller: 6000 RUN FORTRAN
Date Recelved: December, 1971
Contributor: Department of Geography

worthwestern Unlversity

ADJUST: ‘Matrix Adjustmegnt

A program designed tohperform Iterative multiplicative .
adjustment of matrices to desired marginal totals. The
program can also be used In the analysls of transagilon

flows.
Computer: “DC 6500
Compller: 6000 FORTRAN EXTENDED
Date! Recelved: July, 1972
Similar Programs:: INDIFF
Contrlbutor: Pepartment of Geography

Michlgan State Universlity

ALLOC: Heuristic Solutlons to Multi-Fach%ty Location Prob}emsﬂ
guummissass  on g graph

Progran: .0 compute optimai locatuons fot_?acilltles based
on minimi=z~d aggregate distance uslng Marazana, and Tletz
and Bart Algorithms. '

Computer: IBM 360/65 .
Compller: FORTRAN, G
Date Received: January, 1974
Cbnpflbutor: Department of Gepgréphy

Unliversity of lowa



ALTERN:
LA ANGI]

Computer:
Compiler:

Date Received:
Similar Programs:

Contributor

AZMAP:

Computer:

Compiler:
Date Recelved:
Contributor:

Other Verslons:

Computer:
Complle(

Date Received'
Contributor:

BASICS:

Computer:
Compiler:

Date Received:
Contributor:

Page 2
Multi-Source Location-Allocation Algorithm (Heuristic)

This program alternately ldcates sources 4t the minlmum
noint of their .assigned sinks and allocates sinks to their

_glosest sounces, to approximate “the optiimal locatlon for #
_sources to serve N sinks in a Euclidean plane,

IBH 360/65

FORTRAN G

January, 1974

LAP, MATRAN, TORN
Department of Geography
University of lowa

Azimuthal Map Transformation

The program calculates and produces azimutha! map
transformations .on the pen-and-ink plotter, as a
means of displaying gecaraphic data.

{BM 360/50 ,
FORTRAN G °
May, 1971

Department of Geography

University of Rhode Island

(AZMAP)

C0C 6500

6000 FORTRAN EXTENDED

January, 1972
Computer Institute for Social Science Research )

Michigan State,University

~

Calculation of Basic Statistical Serles .
Program to calculdte and piot {on pen- -ard=~ink piotier)
one, or ali of the foliowing, which are comménly used

in basic analyses of statistical -series: (V) a histogram,
(2) a data array, and (3) a cumular:ve~rrequen;y qraph

CbC 6600

6000 FORTRAN EXTENDED
Harch, 1972

Department of Geography
University of Minnesota



BIVAR:.

Computer:
Compller:

Date Rcceived:
Contributor:

BLCK:

Computer-
Compiler:

Date Recelved:
Simllar Programs:
Contributor:

Other Ver

Computer:
Compller:

Date Recelved:
Contributor:

CANON:

Computer:
Compller:

Date Recelved:
Contributor:

Page 3
Bivariate Means and Medlans

Computes bivariate meahs apd approximates bivariate
medians by iterative means’'to a-speclfied accuracy
or a prescribed number of iterations. Also computes
geometric coerdlinates, and total travel to the means
and medlans.

pPOP-10
FORTRAN IV
arch, 1972

Dcpartment of Geography
Western Michligan University

Block Diagram Plotting

The program is used for rapid pen-and-ink plotting JF
isometric profiles from a rectangular matrix of data

1814 360/67 \

FORTRAN G

August, 1970

1SOMET; MAP 3D; PERS; SURGE; TRiD
Denartment of Geography
University of Mlchigan

sions: (BLCK)

CpC 6500

4000 FORTRAN EXTENDED

December, 1971

Tomputer Institute for Soclal Science Researc'
“ichigan State Unlversity '

tanonical Correlation
The program calculates the Interrelationships betweén”
two sets of measurements made on the same observatlons.

IBM 360/65

FORTRAN G

May, 1670

Department of Geography
University of lowa



CANTRN;

computer:
Compiler:

Date Received:
Similar Programs:
Contributor:

CARTY:

wm*~"£”'

Computer:
Compiler:

Date Received:
Similar Programs:
Contributor:

ol

Computer.
Compiler:

Date Received:
Similar Programs:
Contributor:

CENDA:

« Computer:
Compiler:

Date Received:
Similar Programs:
Contributor:

CARTZ2:
PAIE

Page 4
CanonicalvTrend4*ﬁ;¥aEe“Analyéis

This program deEEthan geographlc patterns of severa»

'vaxnates s;mJ‘gcu‘uusly, thereby producing a multlvariate

trepd surfaca The purpose is to determine linear com-
Einations for both geoqraphlc coordinates and the variates,
Z (J), so as to maximize correlation between the two

linear expressions.

UNIVAC 1108
FORTRAN 1V
March, 1973

DYAD, APLSQ, POLYFIT, TREND, TRENDC
Department of Geooraphy ‘
State University of New York, Albany

irregular Cartégrams

‘ .
Computes cartograms from areas defnned by irregular

polygons.

1BM 360/67

FORTRAN G

October, 1971

CART2

Department of Guography
University of Michlgan

Regular Cartograms
“omputes regular cartogram: from areas detined'by a
jeographical matriz

1BM 360/67

FORTRAN G

October, 1971

CART) .

pepartment of Geograpﬁy
University of Michngan

Distance~-to-Centroid Discriminant” Analysis

Classifles subjects on the basis of distance to
group centroids,

1BM 360/67

FORTRAN G

Hovember, 1972

COSINE, DISITR, ITERIM, MDISC, NEARNBR NOL IDA
Department of Geography

University of daterioo



CENTRO:

Dol asaiid T LLIIRY

Computer:
Compiler:

Date Received:
Simllar Programs:
Contributor:

Other Versions:

Computer:
Compiler:

Date Received:
Contributor:

CUtINT:

Computer:
Compiler:

Date Recelved:
Contributor:

CHOROS;

Computer:
Compller:

Nate Received:
Contrlbutor:

Page 5
Centrographlc Measures

The program computes descriptive measures of spatiail
distributions from coordinate data. Welghted or non-
weighted polint’ 'sets are allowable. Outp.t Includes mean
center, standard radius, coeffliclient .of circularity, and
angle of orientation of the distributlon.

184 360/65

FORTRAN G

ay, 1970

ELIPS

Department of Geography
University of lowa

{CENTRO)

£DC 6500 1

6000 FORTRAN EXTENDED

August, 1971

Computer Institute for Sacial Sclence Research
Michigan State University

IH{é?apiﬂpgé‘for Chi-Square
To compute Interactions for chi-square

coC 6400

6000 RUN FORTRAN

June, 1970

Department of Geography
Horthwestern University

Application of Lnnear Nelghbornood Operators to
Choropleath Maps. .

Program to épply fiﬁear neighborhood operatars to
choropleath maps by using the reaggregation method
devised by Tobler.

B4 360/67

FORTRAN G

October,, 1972
Department of Geography
University of Michigan



CLCOUNT:

Computer:
Compiler:

Date Received:
Contributor:

Page 6

. Point Countang WIthan Rectangular qu?s of a

Rectangular Reglon.

To count, khe ntnbur pf points QItH}n rectangular
cells of A iectangu]ar regnon.

rDC 6400 ,

6000 RUN FORTRAN

June, 1970

Department of Geography
Nerthwestern University

Other Versions: (CLCOUNT)

Computer:
Compiler:

Date Recelved:
Contributor:

f.

CL I MAT:

Computer:
Compiler:

Date Received:
Contributor:

CLUSTER:

Computer:
Compller:

Date Received:
Similar Programs:
Contributor:

IBM 360/91

'FORTRAN G '

December, 1971
Department of Geography T,
University of California, Los. Angeles ..

Recognition and Classification of Climate Typeé‘

A set of CAl programs for analyzing, cataloguing, and

classifying raw climate data using a lpgical, upjform,

and open ended system which is easlily capable of belng
plotted. and mapped. .

GE-635

GE BASIC

March, 1972

Department of Geography
Dartmouth College

‘Clustered. Pat'iter'n Recognition

The program establishes the location and areal extent of

‘polnt clusters--in a spatia! disgribytion.

UNIVAC 1108
FORTRAN IV
March, 1973

LINEAR, REGLAR
Department of Geography
State University of New York, Albany



CLUSTR:

Computer:
Compiler:

Date Received:
Similar Programs:
Contrlbutor:

CHAP:

Computer:
Compller:

Date Recelved:
Similar Programs:
Contrlbutor:

LOBMAP:

Cemputer:
~Compiler:

Date Recelved:
Simllar Programs:
Contributor:

Page 7
Ciuster Analyslis

Provides a means of grouping variabl!eés on a set of’
observatlons using cluster analysls. The clustering
of variables begins with the pair of varlables having
the highest correlation and then proceeds by add!ng

.the variables having the highest correlation with the

elements of the cluster.

CDC 6500

6000 FORTRAN EXTENDED

January, 1972

DON | o
Computer Institute for Sociat >clence Research
Michigan State University

Choropleth Mappiné
L

Designed to produce éhoroplethAmaps utilizing swal}
computers.

IBM 360/40

FORTRAN E

December, 1971 ,
CPLETH, XMAPP, COBMAP, INTRMAP
Department of Geography
University of fdaho

Choropleth Mapping In COBOL

Thls program is a COBOL version. of CMAPQ,'The program
will produce one map for each submission.;

184 360/

ANS COBOL

March 1976

CMAP, CPLETH, XMAPP, INTRHMAP

" Department of Geography

Universlty of Tennessee



CHNGRP;

Computer:
Compller:

Date Received:
Simitar Programs:
Contributor:

Other Versions:

vombuter:
Compiler:

Date Recelved:
Contributor:

\

CNTOUR:

Computer:
Compiler:

Date Recelved:
Similar Programs:
Contributor:.

COLMOG:

Computer:
.Compller:
Date Received:
Contributor:

(IR

Page 8
Contiguity Grouping

The program groups observations using the criterion of
euclidcan prox.muty'ln a p-dimensional vecter space

if the data are g.vcn in'the form of g;ographlta‘
matrizes), fHe program'cdn automatically impose a
geographical” contuguuty constraint on the grouping.

184 3560/67

FORTRAN G

August, 1970

CONGRP, GISGRP
Department of Geograpny
University of Michigan

(CMGRP)

CbC 6500

GOQO FORTRAN EXTENDED

Auglst, 1971 '

Computer Instltute for Soclial Science Research
Mlchlgan State Unlverslty

Contouring a Gfid

A package of FORTRAN subroutlnes to produce a contour map
(pen-and-ink plot) of a’sét of ‘data points which form a"
grid, The grid does not necessarily have to be regular.

IBM 360/65

FORTRAN G

January, 1972

COVFR CONTUR™

Computlng Centre

University of British Columbla

D-Statistic f&r"kéﬁﬁpgorov-SmirnoV Test*

The program computes the d= statlstic for the ko!mogorov~
Smirnov Test for equlvalent rows or column: of the two
matrices output from CONDIST.

CDC 6500

6000 FORTRAN.EXTENDED

June, 1971

Computer lnstitute for Social Science Research
Michigan State University '



CONDIST:

Computer:
Compiler:

Date Recelved:
Contributor:

CONGRP:

Computer:
Compller:

Date Received:
Similar Programs:
Contributor:

Page 9
Relationship of a Populaticn to Distributed Facilitles

The program computes the spatial relatlonship between a
sample of points and a distribution of different sized
facilities. The program computes the number of points
within specified sizes. Also computed are the dlstances
separating successive percant?]e groups of the polints
from their nearest facility larger than a :peclfled snze.

CDC 6500

6000 FORTRAN EXTENDED

June, 1971

Computer Institute for Soclal Science Research
Michigan State University

Conrtgurty Grouplng

Stepwise muit:vquate grouplng of’ obscrvatlons usling one
of 'several distance criteria. Coatlgulty restralnts may
be imposed upon the grouplngs.

cbC 6400
6000 RUN FORTRAN
June, 1970

CHGRP, DISGRP

Department of Geography
Northwestern University

‘Other Versions: ’CONGRP)

Computer:
’Compller:

Date Received:
Contributor:

- CONRAT:

LComputer:
Compiler:

Date Recelved:
Similar Programs:

Contributor:

1 BM 360/6r
FORTRAN G

'05/360 Asécmblér:F.

May, 1977
Department of Geography
University of lowa

‘Contiguity Ratics

Computation of statistics for contigulty measures to
provide an evaluation of the hypothesis of randomness
in the areal arrangement of the values of a specifled
property. The program s used for a two=category
nominal, or binary, scaling of values.

cbCc 6400

6000 RUMN FORTRAN

June, 1970

KCOLOR, VALRAT, VALRATI
Department of Geography
Northwestern University



CONlIOUR:

Computer:
Compiler:

-Date Received:
Similar Progyrams:
Contributor:

CONTR

Computer:
Compller:

Date Received:
Similar Programs:
Contributor:

CONTUR:

Computer:
Compiler:

Date Received:
Simitar Programs:
Contributor:

i'age 10
Contour Happing

Construction of a contour map on the line pr:ntcr from
a:series of data points whose locat;ons arc defined In
terms of.orid squares.

CDG. 640Q- 1 .,

6000 RUN- FORTRAN

June, 1970 ‘

LATHAP, RGRID
Department of Geography
Northwestern University

Automslic Contour HMapping

The program produces contour maps either on a pein-and=ink’
plotter, or on a cathode ray tube. The program wiil:-)

~&ccept:alther a rectangular or an irregular shaped (nog¢

spaced):data set within a rectangyiar area.

1BM 360/65

"FORTRAN €

May, 1870 A :
CNTOUR, CONTUR ' ' -
Department of Geography :
University of liowa

Contour Happing

The program uses a pen-and-Ink plotter to draw contour
maps from data given in the form of ‘'geographical matrices.
Stereograms and perspective contours can also be obtained.
An option aillows conversion of the contours to a map pro-
jection before plotting.

IBM4 360/67

FORTRAN G

August, 1970

CNTOUR, CONTR
Department of Geography
University of Michigan



CONMWGT :

Computer:
Compller:

Date Recelved:
Contributor:

COORD:

Computer:
Compiler:

Date Received:
Contributor:

CORD:

Computer:
Compiler:

fate Received:
Contrlibutor:

COSINE:

Computer:
Compiler:

Date Received:
Similar Programs:
Contributor:

Page 11
nntiguity~-Struttured Class Limits

The srogram weighs.data values at each «numeration area
by considering the spatlal arrangement -and similarlty of.
the data units. T

UNIVAC 1108

FORTRAN 1V

March, 1973

Department of Geography

State University of New York, Albany

Coordinate Conversion

Program to Lonvert section, townshlp,_and range notatlen
to Cartesian cbordinates. . .

IBM 36Q/90

FORTRAN G

December, 1971

Department of Geography

University of California, Los Angeles

"Generatlon of Coordinate Informatlon for Mapping Routlres

Coordinate .systems are made readily avaulable for use In
the SYMAP, GIPSY, and Trend Surface“mappling routlnes.

tUHIVAC 1108
FORTRAN 1V
March 1973

separtment of Geography
State University of New York Albany

Correlation Discriminant Analysls

' q
Discriminant analysis based on“angular. proxlmlty

to group centrouds

[BM 360/67
FORTRAN G

November, 1972 L
CENDS, DISITR, ITERIM, MDISC, NEARNER, NOL IDA .

Department of Geography
University of Waterloo .



Page 12
COVAR: Covarlancg Anzlysis

PerForms a _covariance gnalysls on a set of multipie
regrcsszon§ An unequal N size Is allowed for the
regressions. Includes tests for homoscedasticuty,
equality of regressions, and equality of origins.

Computer: IBM 360/65

Compiler: FORTRAN €

Date Received: Hay, 197n
Contributor: Depar tment. of Geography

Univeriity of lowa

Other Versions: (COVAR)

Computer: ’DC ' 6500
Compiler: 6000 FCRTRAN EXYENDED
Date Received: August, 1971
Contributor: Computer institute for Social Science Research

Michlgan State Unlversity

CPLETH: Choropleth Happing

Produces maps on the computer, line pr!nter using.
varying shades of darkness to indicite the 'ntensaty
of phenomena in different geographncql areas. )

Computer: IBM 360/67
Compiler: FORTRAN G
Date Received: October, 1971
Similar Programs: CHAP, XMAPP, COBMAP, INTRMAP
Contributor: Departmcn* of Geography

University. of Mlcnlgan

CURVES: Plotting Series of Superimposed Curves

Progr¢w for plotting a series of up.to four superimposed
curves. The pen-and=ink’ plot is |ntended to permitk
visual analysis of the covarlation or' ‘progressicn of
several different statistlcal series.

Computer: cbC 6600 .
Compiler: 6000 FORTRAN EXTENDED
Date Received: March, 1972
Contributor: Department of Geography

University of Minnesota

.



LENDRO:

Computer:

Compiler:

Date Recelved:
Contributor:

DISAGG:

Computer:
Compiler:

Date Received:
Contributor:

Page 13
~cndrograph Plotter Pfogram

The program produces a two dimensional plotter diagram
for depiction of the mutual relationships among a group
of objects whose pair-wise similarities are given., Ois~
plays both within-group and between-group similarities
measured as correlation coefficients or distance functions.

UNIVAC 1108

FORTRAN [V

March, 1973

Department of Geography

State University of New York, Albany

Geographical Matrix Diséggregation

To,pnepare data from pairs of‘ggographucal matrlcesr

“for.input to a multiple regresslon program.

)ll M fily ty.

IBM 360/67

" FORTRAN G

August, 1970
Department of Geography
University of Michigan

Other Versions:. - (DISAGG)

-<~mputer:

Compiler:

ate Received:
Contributor:

D1SGRP:

Computer:
Compiler:

Date Received:
Similar Programs:
Contributor:

CDC 6500

6000 FORTRAN EXTENDED

December )971_ Sl

~omputer. institute for. Soc,al Sclence Research
Michigan State Un'verSIty

Distance Grouping

Performs a cluster analysis based o Yara's
technlque of ‘minimum group distance (within
group sum of squares) increase at each, step.

IB4 360/67

FORTRAN G

November, 1972

CNGRP, CONGRP
Department of ..ography
University of Waterloo



‘DISITR:

Computer:
Compiler:

Date ReccivVed:
Simnitar Progranms:
Contributor:

< ISTORT:

Computer:
Compiler:

Date Received:
Contributor:

‘ DON:

Computer:
Compiler:

Date Received:
Similar Programs:
Contributor:
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Discriminant lterations

Performs an iterative multiple discriminant analysi.
vsing orthogonal data.

184 360/65

FORTRAN G

May, 1970

CENDA, COSINE, ITERIM, MDISC, NEARNBR, NOLIDA
Department of Geography

University of lowa

Distortion of Geographical Maps

Calculates the distortion on geographical maps via
the theorem of Tissat. The program'is for distcrtion
on projections given as 3 flve degree table and uses
‘a finite dtfferencL approx:matlon to ‘the ‘derivatives

(The program can read punched output frdm CART2).

1BM 360/67

FORTRAN G .

October, 1971

Department of Geography
University of Michigan '

Optimal Clustering Routine

Partitions ob;ects |nto optimally homogeneou: groups
on the basis of emp:rlcal méa sures of simllarity
among those objects. Two methods are used to form

clustdfe.

IBM 360/91

FORTRAN G

December, 1971

CLUSTR

ﬁppartmen* 6f Geography

QPtYersaty of Lallfornla Los Angelcs



DOUBLE:

Computer:
Compiler:

Date Received:
Similar Programs:
Contributor:

DSTAZ:

Lomputer:
Compiler:

Date Received:
Similar Programs.:
farmrriliutor:

Other Versions:

Lomputer
Compiler

Date Receaived
Contributor

OYAD:

Computer:
Compiler:

Date Received:
Similar Programs:
Contributor:

Page 15
Jouofe'éoufiér §éF?és'

'Omputec a double fodrler Serles "for irregularly
‘naced data. The seriés ‘has béen Used as an alternative
m.del to the polynomial for trend surface ‘analysis.

1BM 360/91

FGRTRAN G

December, 1971

SIHGLE

Department of Geography

University of California, Los Angeles’

Computation o?”Disténces'Bhia=§phere
Rapua c mputation of tne grcat c:rcle distance and

:muth betWeen any twd pofnts on’ elther the lunar
)r terrestflal sphere

'tbt giiger !

6000 RUN FORTRAN

June, 1970

GEODIS, SDIS, SPHERE
Pepartment ?f peography
NOVthwes tern Unlversity

(DSTAZ)

JBM 360/91

FORTRAN G

December, 1971

Departmentiof Geography

Iniversity of Callfornsa ‘Los Angeles

Trend Surfaces by Elgenvector Dyads

The program produces a serles of 'trend ‘surfaces each
consecut ive member of which betteﬁ approxnmates "an
original input distribution. = -’

I BM 360/67‘

FCRTRAN G

August, 1970

MPLSQ, POLYFIT, TREND, TRENDC
Department of Geography

“Unijversity.of Michigan



ELIPS:

Cumputer:
Compllér:

Date Recelved:
Simllar Programs:
Contributor:

ENTROPY:

Computer:
Compiler:

Date Recelved:
Contributor:

EQUAL:

Computer:
Compliler:

Date Received:
“Imilar Programs:
Contrlbutor:

Page 16

K

Plotting of Blvarlate Standard DevlatIOns

-The program msy be ysed to provlde some summary mcasures

of g=og.agh|ca1 d|>tr|but|ons. Includes' pen-and-Ink plot
outpu* : -

IBM 350/67

FORTRAN G

August, 1970

CENTRD

Department of Gbography
Unlversity of Michijan

ntropY.Haximfzfng TechnTques

a sgt‘of flve programs written as subroutlines In FORTRAN
orre,ponding to a family of'‘gravlty models using entropy
naxlnlzsng techq!ques. These'spatlal Thteractlon medels
correspond In order to: (1) unconstratned, (2) orliglin
constralned, and (3) total costs constralned flows.
not ctated

FORTRAN

July, 1972

Centre for Land Use and Built Form Studles

Universlity of Cambridge

Lines of Equililbylum

The program uses the pen-and-ink plotter to depict lines
of equillbrlum about multl-centers of attraction. Such
centers could Include cltles, Indlvidual flrns, pubtlie
Instltutions, etc,

1BM 360/65

FORTRAN G

May, 1970

GENEB, HAYBOR
Department of Geoyraphy
Wityerslty of lowa

Other Versions:  (EQUAL)

Compucer:
Conpfler:

Pate Recelved:
Contributor:

CoC 6500 .
6000 FORTRAN EXTENDED

December, 1971
Computer Institute for Social Sclence Researcn

Michigan Staie Unlversity



EUCLID:"

Computer:
Compiler:

Date Received:
Contributor:

Other Versfons:

Computey-
Compiler

Date Received
Contributor-

EXTRAP:

Conputer:

Compiler:
Date Recajmed: -

Contributors::

Other Versions:

Computer:
Compller

Date Received:
Contributor:

Page 17

o
seographical Olstributions Correspondence In Eucludean

Space

,omputes the spatial correlatiqp and.linear regression
between. two. assocuaqed distrlbutions iof N points each.
The dupendent set is in (U,V) space and the independent
set is in (X,Y) space.

IBM 360/67

FORTRAN G :
October, 1971 A
Department of Geography
University of Michigan

(EuCLID)

€DC. 6500, ,

,,6900 FORTRAN EXTENDED
- January, l972

Computer lnstitute for Social Sccence Ncsearch
Michigan State Unlversity

Univariate Geographical Forecasting

Exfrapo1at|on of geographical, matr'ceslnn the time
domain using a positionally lnvar'ant, tlme varyung,
linear, local operator.

IBM 360/67
FORTRAN G
August, 1970,

.Department of Geography ,

Yniversitys of Michigan -

(EXTRAP)

¢DC 6500 .
6000 FORTRAN EXTENDED

" December, 1971

Computer Institute for Sociatl, Scuence Research
Michigan State University - . ]



Page 18

FLTREC:  Flow- Lnnkage Trend Recogni:lon

Points or afeas are 1lnked to s:mllar neighbors GWithin a

search region and these llinkages are used to Indicate sim-
llarities or dependencies. Resulting planar graphs may be -
useful in Inditdting the spatial pattern of a process.

Compluter: UNIVAC 17108
Compiler: FORTRAN 1Y
Date Received: Marech, 1973
Contributor: Department of Geography

State University of New York, Albany

L3

FORFIT: A double Fourier Surface-Fitting Program for Irregularly
Spaced Data Polnts

The double fourler serles of ''trigonometric functions can
be used as an alternative model to power-serles polynomial
trend-surface analysis.. It provides a means for Inter="
polation and llimited extrapolatlon~of data that are susg-
pected to be perfodic.

Computer: UNIVAC 1108
Compller: FORTRAN 1V
Date Received: March, 1973
Simllar Programs: DOUBLE, S'INGLE
Contributor: Department of Geogrdph/

State Unhivers ity of New Yérk Albany

GENEB: Geographical Nelghbors

Given NC ponnts ndent:f!;d by rectangular coordinates
x(1), Y(1): 1 =1,...NC, ‘the program produces tHe-
adjacency matiix of nelghbors of order NN'less thanror
equal to 9. Thesu Can’ then be used to find the nelghhors
to polnts of a regular lattice.

C:oputer: IBM 360/67
Compiler: FORTRAN G
Date Recelved: August, 1970
Similar'Programs: EQUAL, NAYBOR
Contribucor: Department of Geography

Unlversity of 'Michiqan
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Other Versions: .. {GENEB);. : L -

Computer. LDC 6500
Compiler: 6000 FORTRAN EXTENDED
Date Recelved: August, 1971
Contributor: computer institute for Social Science Research

Michigan State University

GEODiS: Distances from Coqrdinace;

The program reads a vector of geographical coordinates,
and then punches the scalar product matrix of all palirs
of great circle dlstances, In degrees.

Computer: 1BM 360/67
Compiler: FORTRAN G
Date Received: dargh, 1972 . ...
Similar Programs: DSTAZ, SDIS, SPHERE .
Contributor: Department of Geography

University of Michigan

GEOF#T»  .Determination of Geographical.OrIglﬁs

The program e$tlmat¢p sets of 50urce coordnnates trom
empirical geographical dlstrlbutions.7

Computer: [ BM 360/67
Compiler: FORTRAN G
Date Received: August, 1970 e
Contributor: - Department of Geography,

University of Michiagan

GEOPAK: . A package of FOKTRAN IV programs for the spatlial
filterint of diaital oeological maps.
Computer: 1BM 36G
Compiler: FORTRAN ¢
Date Received: June, 1974
Similtar Programs: SMOOTH, MAVE

Contributor: GLosystems division of Lea Assorvates Limited



GIPSY:

Computer:
Compilar:

Date Recsived:
Cim'lar Programs:
Contritutor:

Cities

Computer:
Compiler:

Gate Received:
Contributor:

GRAVITY:

Computer:
Compiler.

Date Reccivea:
Contributor:

GRAVTY:

Computer:
Compiler:

Date Received:
Similar'Proyrams:
Contributor:

Page 20
Geographical Incremental Plotting System

A computer mapping program for producing point and
line symhbcls on the digital increment plotter,

€4 360/50 ,

FORTRAN G : -
June, 1971 '

MAFIT, POPMAP, SV130LS

Depiurtment of Gauyraphy

University of Rhode tsland

Versions: {GCi1PSY) - -
tDC 6500
6000 FORTRAN EXTENDED
July, 1972

Computer institute ror Social Scaence Research
Michigan State University -~

fterative Fitting of Gravity Model

Used to fit the social gravity model to data describing
Spatlal interaction (c|ther inflow or outflow) between
a'set of areas and a user selected focal arca.

CDC 6500

6000 FORTRAN EXTENDED
July, 1972.

ODepartment of Geography
Michigan State Upniversity

Gravity Model Fitting Program

Program. involves a data natrix that measures the inflows

or outflows from une point to other points (observatians).
For zach observation, distance, mass-and index of Inter-
action are calculated, Additlonal Information is provided
by subjccting a data matrix to simple regression.using index
of interaction as dependent varlable’ and mass and distance
a% -independent® variables.

UNIVAC 1108

FORTRAN !V
March, 1973
GRAVITY

Department of Geography
State University of New York, Albany



GRID:

Computer:
Compiler:

Date Received:
Similar Programs:
Contributor:

Page 21
Geographical Interpolation

Interpolation to a square lattice from measures given
at scattered gedgraphjcal (X,Y) positions.

IBM 360/67

FORTRAN G

August, 1970

INTRPOL

Department of Geography
University of Michigan”

Other Versions: (GR1D)

Computer:
Compiler:

Date Received:
Contributor:

GVAR:

Computer:
Compiler:

Date Received:
Similar Programs:
Contributor:

"HAAAG:

Computer:
Compiler:

Date Received:
Similar Programs:
Contributor:

)

€OC 6500

6000 FORTRAN EXTENDED

August, 1971 -

Computer Institute for Social Science Research
Michigan State University

Scale-Variance Detector with Even Hierarchy

The program uses a modified fixed effécts ' analysis of
variance proceduré to detect variation at different
nested scale levels from rectangularly gridded data.

IB4 360/67 . -
FORTRAN G .
March, 1972
HVAR

Department of G:ography

University of Michigan

Diffusion on a Regular Lattice

This program is based on the spatial diffusion model
of Hagerstrand and simulates the location and number:
of knowers after each generation for ‘each simulation.

CbC 6400

6000 RUN FORTRAN

June, 1970

NONCEL, NONCELO
Department of Geography
Northwestern University




HAGMEVA:

Computer:
Compiler:

Date Received:
Similar Programs:
Contributor:

HAGPLOT:

Computer:
Compiler:

Date Received:
Similar Programs:
Contiributor:

HENTRC .

Computer:
Compiler:
Date Receivgd:

Contributor;

. Page 22

R

Spatial Series Summary of HAAAG Outbut

To provide summary information on the spatial series

: generdted by the tape ourput version of MAAAG.

CDC 6400

6000 RUN FORTRAN

June, 1970

SANDM

Department of Geography
Northwestern University

Tanporal Series Summary of HAAAG, Output

To provide summary information on the tempcral series

- generated by the tape outpug version of HAAAG. In-

cludes pen-and-ink plot output..

" ¢o¢ 6400

6000 RUN FORTRAN

June, 1970

NONFLOT,,

Deparlment of Geography
Northwestern University

Information Theory Entropy Measures
e

The program computes measures of Informatlon theory
entropy for bivariate distributions. The following
neasures are calculated: information content, row
atropy, column entrppy, expected joint information,
nformation gain, max:mum.entropies, and certain
1easures of redundancy.

‘BM 370/135

"JCS Full FORTRAN

October, 1974
Deparmment of Geography
Unlversnty of ,'audn, Nigeri:



HEXAGON:

Computer:
Compiler:

Date Received:
Contributor:

HVAR: ..
L.oavputer:
Compiler:

Date Received:
Similar Programs:
Contributor:

CINDIFF:

Computer:
Compiler:.

Date Received:
Similar’ Programs
Contributor:

INPOUT:

Computer:
Compiler:

Date Received:
Contributor:

Page 23
rexagon Plotting and Transformation

Program to draw (uslng the pen-and-ink plotter) and
transform hexagons.

'BM 350/67

FORTRAN G

March, 13972

Department of Geography...
University: of Michigan

Scale-Variance Detector with Uneven, Hierarchy
e

The program uses a modified fixed ‘effects analysis
of variance ‘to detect scale variation In an uneven
fully -nested hierarchy.

IBM 360/67

FORTRAN G,

March, 1972

GVAR
Department of Geography
University of Michigan

Transaction Flows Analysis -

-

4
A generallzed program for the anaiys:s ‘of transaction
flows. .

IBM 360/91

| FORTRAN 6.
* December, 1971

ADJUST
Department of Geography :
University of California, Los Angele:; . -

Simplified !nput-Output Model for interindustry
and Interregional Transaction, Flows

For each run, the program outputs final demand and pro-
duction vectors for a two or three region interregional
flow model based on user specified input-output coeffi-
cients and final demands for each sector.

UNIVAC 1108
FORTRAN 1V
March, 1973

Department of Geography
State University of New York, A!bany
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IiCyl: Interrupted Cyilndri;a! Map Projectfon

Program to print qut the earth's graticule accordnng Lo
the chundrlcal prOJect'on specnfned

Computer: UNTVAC 1108
Compller: FORTRAN 1V
Date Received: March, 1973
Similar Programs: LATMAPR, PLOTHAP
Contributor: Department of Geography °

State University of New York, Albany

I NTPMED : Evaluation of Student Solutions to Lochbtton Probiems
on a Network
2 R l;:l..'ul}‘.'"': ,'."1

The program used' the spatlal ass!gnment'sectlon of pro-
gram ALLOC to partltlon the demand points among the centers
chosen by the stwdents. The opt:mum solutcon s instructor
input and the student's solutlion is’ compared to |t. giving
a ranking of the coefficient of efFicnency and a relatlve
frequency distribution.

Computer: IBM 360/65
Compller: FORTRAN G
Date Received: January, 1974
Contributor: Department of Geography

University of lowa

INTRMAP: . lnteractive Choropleth Mapping

This program is an interactive version of CMAP, YFt'is
designed to be used on standard character’ catho&e'#ay

tubes w:th 78 character lines or less.

Computer: I BM BQQ
Compiler: FORTRAN G
Date Reccelved: November, 14975
Similar Programs:. ,CMAP QOBMAP CPLETH, XMAPP
Contr-ibutor: Department of Gnography o

Virginia Commonweal th Uneie}sity



INTRPOL :

Computer:
Compiler:

Date Received:
Simitar Programs:
Contributor:

INVERSE:

ComputerL ,

Compllem
Date Received:
Contributor:

10WAP:

Cuinputer:
Compiler:

Date Received:
Lo tributor:

PPCIDA:

Page 25

trid ‘Interpolation
Irregularly spaced data are rendered regular by lucai
interpolation onto a cartesian grid. »

1B 360/65

FORTRAN G

May, 1970

GRID

Department: of Geaqgraphy
University of lowa

Inverse Bivariate Interpolation

A program to perform inverse bivariate lnterpola;lon
on a given set of tables of latitude and longitude

"coordinates for a map projection. A drawlng of the

resul tant lnver§e tables is made via a pen-and-ink
plotter.

| BM 360/67

FORTRAN G

October, 197!
Department of Geography
University of Michlgan

- : ' . : 1 .
The program graphs the cumulative percentile distances
on a pen-and-ink plotter using as input the matrix .
described, in outort on CONDIST,

CDC 3600 .
3600 FORTRAN

June, 197L . i

Computer lInstitute; for Social Science Research
Michigan State University

Summarized Areal Classifications

' o .
This program is desigied te summarize areal classifica-

tions based on point samples, .lt is an aid to charac~
terizing peiygon-shaped areas, defined -in a larger
realm, on the basis of. the.number of point-occurences
of some discrete phenomenon found to be contalned in
each of these areas. The total weighted values of the
data points found In each area are summed and output.
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Computer: isMd 370
Compiler: FORTRAN G
Date Recelved: =~ May 1976
Contributor: Department of Geography

Univers ity of Denver

!SODEN: Digital Isodensitometry

The program uses the |soden51traccr technlquenfor the
automatic mapplng of lsop?eths

Computer: CDC 6000 series (model not specified)
Compiler: FORTRAN
Date Received: January, 1976

Contribytpﬁ;w ... Department of Geegraphy

[RALA IS R
it s 'fel Avlv Unavers}ty
o :

" Ysometr'ic Didgram Pldtting

I SOMET:
The program acts as a drlver program that can access |
any one or all of the (13D) three dimens:pnal Isometric,
drafting subroutinas. These subroutines, provlde an
efficient and fast method of displaying’ q surface---_ _
a single valued function of two variables--in lsometric
or similar plctoruel representation,

Computer: cDC 6400
Compiler: 6000 RUM FORTRAN
Date Recelved December, 1971 -
Similar Programs."l BLCK, MAP3D, PERS,” SURGE, TRID
Contributor: " “‘Department of Geography

Northwesiern Unlverslty

ITERIM: | Iteratlve Improv;ments Program for F»;{patton and
lmpnovement of Classuf:catuons

The program Is des »gned prlmarily tcrassess and
- improve ciassufncatlons, al though It can be used
also for principal cemponents analysls, d!scrlmlnfpt
analysis, and one- way multivariate anaIYSts of variance.
Three criteria, pooled within groups sums of sgquares,
,_uxlks‘ Lambas, and the sum of the eigenvalues assoc-
naced with duscrnm ‘nant functlons, are computed to
assess and fompere c1a551flcat|ons.



Computer:
Compiler:

Date Received:
Similar Programs:
Contributor:

KCOLOR:

Computer:
Compiler:

Date Received:
Similar Programs:
" Contributor:

KOPPEN:

Computer:

Compiler:

Date Recelved:”

Similar Programs:
Contributor:

LANDUSE:

Computer:

Compiler .

‘Date Recenved

Contributor:

‘Similar Programs,h'

srand q%g;end Market Areé Medel

Page 27

cré 6400

6000 RUN FORTRAN

December, 1971

CENDA, COSINE, DISITR, MDISC, NEARNBR, 'NOLivA
Department of Geography

Northwestern University

Contiguity Measures for K-Color Maps

‘omputation of statistics for contiguity measures

10 pruvnde an evaluatlon ,of the hypothesis of random-
ness in the 3real arrangement of the va!ues of a
speC1F|ed property.

coC 6400

6000 RUN FORTRAN

June, 1970

CONRAT, VALRAT, VALRATI,
Department of Geography
Northwestern University

-Koppen Climatic Classification

Classified climatlc stations into major climatic

types according to standard Koppen criteria.

"1 BM 360/9;

FORTRAN G

December, 1971

CLIMAT '

Department of Geography' . .
“Unlversity of Ca]ufornla. Los Anqeles

Development of land use and market area patterns
according to the basic Thunen madel.

. CDC 6400

6000 RUN FORTRAN ‘

'~'December. 1971

SOLUP, SIRES
Department of Geography
Northwestern University
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Other Verbions:® [(LANDUSE)

Computer: 1BM 360/67
Compiler: FORTRAN G
Date Reccived: October, 1972
Contributor: -Department Of Geography'

University of Michigar’

LAP: Location Allecation Package

‘he program solves constrained and unconstrained continuous’
‘space locdation-allocation probiems by variations of the
- alterndtiion heuristic (algorithm), ' Transporzation and
W Weber probllems icdn bé solvid by requestlné zero ‘terations

P ° LN

Compucer: . IBM 3605/65
Compiler: + FORTRAN G
Date Received: January, 1974 : :
Similar Programs: ALTERN, MAPTRAND, TORN, WEBER NEBERl
Contributor: Department of Geography - L

University of lowa

LATMAP: Mapping Lat:tuc /!ongatudy Coordinates on Polyron:c
Projection :

Converts’ latntude/!ongifude pounts th Lartb>ian
coordinates basdd dn-a' polyconic projection, and
as options: (1) interpolates the coordinates to
a2 lattice, and (2) constructs =2n isarithmic 1ln=
printer map of the data.

Computer: CDC 6500
Compliler:: 6000 FORTRAN EXTENDED
Date Recelved: December!, 1971}
Similar Programs: GRID, INTRPOL, RGRID :
Contributor: Computer fnstitute for Sccial Sciencc Resiarch

Michican State University:

LINEAR: Lincar Patterr Retognition

Llocal lineations within a scatcer of points arc detected!
based on the elengation ratic for a standsrd deviation
ellipse rotated so that its major axis trends along the
lineatlon.



Computer:
Compiler:

Date Received:
Similar Programs:
Contributor:

LISTER:

Cc.puter:
Conpiler:

NDate Received:
Contributor:

LOCATE:

Computer:
Compiler:

Date Received:
Contributor:

Other Versions:

Computer.

Compiler
Date Received:
Contributor:
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UNIVAC 1108

FORTRAN IV

March, 1973

CLUSTER, REGLAR

Department of Geography

State University of New York, Albany

Lister/Reproducing Puhéﬁjp

Emulates a lister/reproducing punch combination with
greater flexibility and much. less user effort. The
available options Include: (1) reordering of the -

.sequence, of variables, (2).integer to decimal. and

decimal to Integer conversion, (3) serial numbering
of card output, and (4) multlple copues of listed and

. punched output.

CDC 6400

6000 RUN FORTRAN, - -
December, 1971
Department of Geography
Northwestern University

Ring and Sector'Counplng

Rapid counting'on a ring and éector basls, about ane
or more base points, of a series of points whose
locations are defined in t¢rms of Carteslan Coordfnates

CbC 6400

6000 RUN FORTRAN

June, 1970
Department of Geography
Northwestern University

‘(LQCATE)

. .IBM..360/65
. FORTRAN G

May,- 1970 -
Department of Geography
University of lowa
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LOCPOT:
An Input-output gravity model simulatfng Industrial
attraction
Computer: . IBM 360/65
~ Compiler: FORTRAN' G '
Date Received: March, 1975
Contributor: Department of Geoaraphy
University of Georaia
LUAM: =~ {and use Aliocation Model (Version 1)}
Development of Yand use allocations ‘according to the
_ Waish and Grava: Lard USQ allocation model
Computer: 1BM 70u0
Compiler: FORTRAN IV ~
Date Received: June, 1973, ' ‘ '
Contributor: Department of Town and Countrv Plannnng
Unsversn y of Sydney
MAPDATA: Descriptive Statistics of Map Data
The Tnput is a rectangular array of data, and the-
: program computes the frequency distribution, the
m mean, variance, and crude moments. The program then
aggregates the arfay to two by two blocks. Properties
of these aggregated data may then be computed.
Computer: CDC 6400.
Compiler: 6000 RUN FORTRAN
Date Received: June, 1970
Contributor: Department of Geography
Northwestern University
MAPIT: Map Drawing on a Pen-and-tnk Plotter
The program pcrtorms map- drawing on a pen and-ink
plotter. Input is in the form of a two dimensional
X~-, Y-coordinate systnm
Computer: toC ;600
Compiler: 3660 FORTRAN
Date Received: June, 1971 o
Similar Programs: GIPSY, POPHAF, SYMUILS
Contributor: Computer institute for Social Science Research

Micnigan State University



MAP3D:

Computer:
Compiler:

Date Received:
S5imilar Programs:

Contributor: '

MAPLOT:

Computer:
Compiler:

Date Received:
Contributor:

MAPTRAN:

Compucer;
Coupliler:

Date Recelved:
‘Similar Programs:
Contributor:

MARKOVY :

1,1

Computer:
Compiler

Date Received:
Similar Programs:

Contributor:

Page 31
Yhree Dimensional (3-D) block Diagram

A FORTRAN program for plotting three-dimensional
surfaces (topographic as well as statistical) as
block diagrams.

CDC 6600
6000 FORTRAN EXTENDED

tarch, 1972 :
BLCK, ISOMET, PERS SURGE, TR!D

Depaptment of Guography

'Unlversity of Minnesota

A Map Plotting Program

fo draw lines (streets, boundaries er.,) and tu label
them and to plot dlstnngulshlng marks at ccordlnate

locations.,

18M 360/67

FORTRAN G

October, 197!
Department of Geography
University of Michigan

Multiplc Fééility Location for a {ontinuous Demand Surface

Map transformatlon algorithm for locating a set of points
in a.non- homogeneous population denslty area such that
approximately equal populations are.in the dirfchlet

regions of all points. ' '

" 1BM 360/65

FORTRAN G

January, 1974

ALT-ERN, LAP, TORN

Department of Geography ,
University of lowa | )

Regular Markov Chalns
Analysis of regular @arkov chains.

COC 6400

~ 6000 RUN FORTRAN ..

June 1970

MARKOV 2

Department of Geography
Northwestern University
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Other Versions: (MARKOV!)

Computer:
Compiler:

Date Received:
Contributor:

MARKOV2:

Computer:
Compiler:

Date Recelved:
Similar Programs:
Contributor:

IBM 360/65

FORTRAN G

May, 1970

Department ot Geography
University of lowa

Simple Absorbiry Markov Chains
Analysis of simple absorbing markov chafns.

cec 6heo ‘

5000 RUN FORTRAN

‘une, 1970

ARKOV |

Department of Geography
Northwestern University

Other Versions: (MARKOV2)

Computer:
Compller:

Date Received:
Contributor:

. MAVE:

Computer:
Compiler:

Date Reccived:
Similar Programs:
Cont-ibutor:

MDISC:

IBM 360/65

+ FORTRAN G

May, 1970 ‘
Department of Geography
Univgrsity of lowa

Binomlalllyy Weignted Smoothing’

The program rcmoves hlgh fréqudncy'sbétﬁa?‘components
from a matrix of geographical data by use of a nine
point binomially weighted local smootplng operation.

1BM 360/67

FGRTRAN G

August, 1970

SMOCTH, SMOTHR
Department or Ceography
University of Michigan

Linear Discriminant Analysis with Classification
A lincar discriminant analysis with classification

of subjects, based on likelihood ratios, assuming -
normal distribation and cqual variances-covariances.



Computer:
Compiler:

Date Reccived:
Simi-lar Programs:
Contributor:

HINIMAP:

Computer:

~ Compiler:

Date Received:
Similar Programs:
Contributor:

MINPATH:

Computer:
“umpiier:

Late Received:
Similar Programs:
Contributor:

MLNEGR!:

Compute .
Compiler:

Date Received:
Similar Programs:
Contributor-

Page 33
(oM 360767
FORTRAH G

November, 1572- _—
CENDA, DOSINE, DISITR, ITERIM, NEARIWBR, NOLIDA

Department of Geography
University of Waterloo
Choropleth Mapping

Designed to produce chorbpleth maps from map and data
file input utilizing small computers.

184 360

FORTRAN 1V

June, 1373
"'C1AP, CPLETH
Department of Geography and Erv: rcnmentdl Plannung

Towson State tollege

Minimum Path Networks

Computation of minimum pat!, networks from each of

up to 1000 nodes to all other nodes in a glven trans-
portation systgm .The maximum number.of . edges fis-
2000, but multaple Iobs may be processed.

CDC 6400

6000 RUN FURTRAN

June, 1970

SPA, SPAN

vepartment of Geography
Northwestern University .

Maximum Lilkel ihood Parameters of Nggatlve Binomial
Distribution

This program calcuiates the maximum 1ike: ihood parc-
meters P and K of the negative blnomia} distribution,
from the observed frequency dlstrlbut10n.,,Usong P
and K it then fits the, negative blnomxal to the data
and computes the chi- square values, . o

CDC 6400

6000 RUN FORTRAN

June, 1970

NEGBIN -
Department of Geography
Northwestern University



MOCON:

Computer:
Compiler:
Date Recelved:

Contributor:.

MOMENS:

Computer:
Compiler:
Date Recelved:
Contributor:

MONA:

-Computer:
Compiter:

Date Received:
Contributor:

MPLSQ:

Cc:puter:
Compiler:

Date Received:
Similar Programs:
Contributor:

TR

Fage 34

u|

Central Moments, Skewness and Kurtosis from Crude
Moments

To compute renrra! moments, skewness, and kurtosis

. from'curde momdhts.

coC 64090
6000 RUN FORTRAN

' June, i970

Department of Gecoqraphy
Horthivestern Univereity

Comnutation and Mapping of Areal Momeht Surfaces

The.program calculates forst. second or lnverse first aruai
moments about population masses and optionally prcduces K
line printer CO"E?P' plot of resulting surface.

‘L ]" ” r -.‘ " (k) 1

184 7040

FORTRAN 1V

June, 1973
Department of Town and Country Planning

University of Sydney
Mapping of NomindTlf*tiassifiea Activitie.
oyt .

Produéeé'chdropleth-type_maps of activity patterns
from nominally clac:ified activities.

1BM-360/65

FORTRAN G..

October, 1971
Department of Geography
University of lowa

;Qu{aue Fitting Program for Areally- -Distrlbuted

Data from the Earth Scnenccs and Remote Sensing

. | -
Provndes a MLthOd of reducing data recorded for a
targe number.of areally-distributed sample sites tc

.;thc form of simple lsopleth maps usling varlous tech-

niques of trend surface analysis.

CDC 640D

6000 RUN FORTRAN

December, 1971

DYAD, POLYFIT, TREND, TRENDC.
Department of Geography
Northwestern.University



HULT )

Computer:
Compiler:

Date Received:
Similar Programs:
Contributor;

MUNKRE:

Computer:
Compiler:
Date Received:
 Similar Programs:
Contributor;

NAYBOR:

Computer:
Compiler:

Date Received:
Similar Programs:
Contributor;

MEARNBR:

Transportation Problem

Page 35
Multi-Source Location-Allocation Algorithm (Exact)

This program uses a minimum-storage (Backtrack) branch
and bound technique to optimally locate M sources to
serve N destinations in a Fuclidean plane.

IBM 360/65

FORTRAN G

January, 1974

TWVAIN, WEBER, WEBERI
Department of Geography
University of lowa

iUses Munkree's Algorithm to solve the transportation

problem of linear programming.

CDC 6500

CDC FORTRAN EXTENDED
November, 1971

TRANS

. Computer .Instjtute for Social chence Research

Michigan State Unlversvty

Nearest Neighbor Statistic’

Calculation of the nearest neighbor, statistlc for,
a set of points distributed,in a defined area on

a plane. The program may also be vsad to |dentnfy
nearest neighhors of each point.

1BM 360/67
FORTRAN G
March, 1972
EQUAL,. GENED

- Department of Geography .
"University of Michigan

Neareét-Neighbor Discriminant Ana:iyslis

Program, to classvfy subJects on the basis of
distance to nearest-neighbor individual
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Computer: 184 360/67
Compiler: FORTRAN G
Date Recelved:. ~ November, 1972..-.
Similar Programs: CENDA, COSIME, DISITR; .INTERIM, MDISC, MOL.IDA
Contributor: Department of Geoqgraphy: : '

University of Vaicrioo

HEGBIN: Negative Binomial Probablility Law

The program computes ‘the Individual terms oF the
negat ive hinomial probability 1aw.

Computer: ﬂDC 6400
Compiler: >000 RUN FORTRAN
Date Recelved: June, 1970
Similar Programs: - “LNEGBI:
Contributor: Yepartment of Geoaraphy

YorthwesternWUniversity

NODAC: ‘lede Accessibllity Indices

“omputation of node accessibillty indlces (as defined
»y Shimbel and Katz) for transport networks.

Computer: t0C 6400 -
Compller: 5000 RUN FORTRAN
Date Received: June, 1970
Contributor: . Department of Geography

‘Herthwestern University

NOLIDA: Generallzed Non-1inear Dlscrlmlnant Analysls with
‘ Classification -

Computcs non-linear discrimlinant functiuns wiich

can then be used to classify unknown andtvxduals

or to rectassify those individuals from which the
iscriminant functions were originally derived.

Computer:’ iBM 360/57
Compiler: FGRTRAN G
Date Received: November, 1972
Similar Programs: CENDA, .COSINE, DiSITR; ITERIM, MDISC NEARKER

Contributor: Deparcment of: Geography
" University of Varerioo -



NONCEL:

Computer:
Compiler:
Datc Received:'
'imi}ar_ﬁ;&grams;
Contribytor-

Fage 37

Simulatlon of Diffusion throuch Area of Non-Griduc.
Units '

© A program for simulation of diffusion th}ough an

area of non-grid units, such as political areas
and/or other minor civil divisions,

C0C 6400 .

5000 RUN FORTRAN
“ecember, 1971

‘AAAG, NONCELO
epartment of Geography
orthwestern University

‘ther Versions: (NONCEL)

Computer:
Compiler:

Date Received:
Contributor:

NONCELO:

Computer:
‘Compiler:
ite Received:-
ar Programs:
Contributor:

NONPL” : -

18M 360/91

FORTRAN G

December, 197i .

Nepartmgnt pf Geography .
University of California, Lcs A.geles

Simulation of Diffusion through an Area on Non-Grid
Units .

The .overray,of programs permits the simulation of
diffusian.according to standard Hagerstrand rules over
an.irregular lattice (non-grid unjts). The over-lay

(1) simulates the location and number of knowers after
each generation for each simulation .{2) provides sum-..
mary information on the spatlal! series generated and,,
’3) provides summary information on the temporal saries
generated (which includes nentand-ink plot output),

CbC 6500

5000 FORTRAN EXTENDED
July, 1972

HAAAG, NONCEL

Department of Geography
Michigan State University.

vl caes, s !

Temporal Serles Summéfy of NONCEL'Oytbuf

To provfde suhmary-fhforﬁation of the temporal serlies
generated on tape output by NONCEL. Includes pen-and-
ink plot output.



Computer:
Compiler:

Date Received:
SImilar Programs:
Contributor:

NORLOC:

Computer:
Compiler:

Date Recelved:
Similar Programs:
Contributor:

NORM:

11

Computer:
Compller:

Date Recelved:
Contributor:

Other Verslons:

CompLter:
Compller:

Date Received:
Contributor:

"can.be applied::

cpc 6L00O

6000 RUN-FORTRAN
December, 1971
HAGPLOT

. Department of Geography
. Northwestern University

Multiple Locatlon Analyslis Program

The piogram solves problem of locating a, ramber of,facil~ :
Ities o serve a dispersed population, The routine finds -
1) coordinates. for positions of facilitles, 2) service a~¢a
of cach facillty and 3) capaclty of each fac!llty from
basic input informatlion, '

UNIVAC 1108

FORTRAH 1V

March, 1973

STDROP * - -

Department of Geography

State University of Néw'York, Albany

Normallty Check

The program tests data sets for normality using the
Kolmogorov-Smirnov test. |If the da:a are not normal
in their orugnnal-form, the followlng .transformations
‘1) Log, 2) Log-Log. 3) Square Root.
Thc'level of slgnnflcance Is. chosen by the user,

181 360/65"' ‘
FORTRAN: G-

May,. 1870
Department of Ceoc - puy
University of lowa

(NORM)

cDC 6500
6000 FORTRAN EXTENDED

August, 1971
Computer Insticute for Social Scaen:e Rescarch

Mishigan State University



NSCAI :

Computer:
Compiler:

Date Recelved:
Similar Programs:
Contributor:

OPTREG:

Computer:
Compller:
Jate Recelved:

Contribufor?

PCPA:

Conmputer:
Compiler:

Date Recelved:
Similar Programs:
ntributor:

PELTO:

Computer:
Compiler:

Date Received:
Contributor:

~Page 39 .-
Rap:d\Data Plottlhg

Rapid data screening. The program produces the Nx(N-1)/2
printer plots, linear regressions, and simple correlations
for all palrwise combinations of N variables.

I B 360/67

FORTRAN G :

(Requires RUMPLGT subroutines from SHARE library)
‘August, 1970

REGRESS ,

Department of Geography

University of Michlgan.

Optimal Regrésslon Analysl§

An optimal regresslon program to calcuolte regression
equations on a dependent varlab!e“Such that the re-
ldual sum of shuares Is a minlmum.’

IBM 360/91

FORTRAN G

December, 1971

*apartment of Géojraphy

‘niversity of California, Los Angelés

Analysls ‘of Palred Comparison Prefererce Data

A program to perform palred comp;rvsons analysis on’
preferentlal "data. .

1BM 360/75

FORTRAN G

March, 1972

REVPREF

Department’ ‘of Geography
McGil) University C

Pelto D-Function and Relative Entropy

The program calculates two measures of the degrcc
of mixing' in multicomponent systems.

1BM 360/67

FORTRAN G

August, 1970

Department of Geography
University of Michigan

L



Other Versions:

Computer:
Compiler:

Date Recelived:
Contributor:

PERS:

Conputer:
Compiler:

Date Recelved:
Simtlar Prdgrams®
Contributor?

PLOTMAP:

Computer:
Compller:

Date Rece'ived:
Contributor:

PLOTMP:

Computer:
Compiler:

Date Recelved:
C?ntributbrv

Page b0
(PELTO)

CDC 6500 C @
90 FORTRAN EXTENDED
cember, 197)
omputer Institute for Sucial Science Rescarch
.ichigan State University -+ -

Notting Perspective Yiews of Suriaces
A set of TOKTRAN vulLroutlines that wiii plot'a per=
spective view of & surface which Is represented by
a regular grid. Portlons of the 'grid-which are ' '
hidden from the viewer are not plotted.

iBM 360/65

TORTRAN G

January, 1972, ]
BLCK, "1 SCMET'; MAP3D, ' JRGE, TRID -
'Computind'Céntre Poeromome :
University of British Columbia

‘lap Plotting from Tape.

To draw outline mqp%”bn“vdkious projections to scaice -
‘rom data-'stored on magnetlc tapes Wl draw carto-
vrams using double bivarliate interpolation:

1 BM 360767

TORTRAN G
JctobdAgulgrl -
Jepartment of Geogra, v
University of Michlgan

Printer Grid Mapping Progf.um

The program plots ‘numerdcal val s and draws an _at!ine
around the ares of interesi co

JUIVAC 1108

FORTRAH 'V

“arch, 1973 -
Duparumédnt: of Geogrupny ' -
Jtate’Universlty of New York, Albany
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PLUTS: special Subroutine for Curve Plotting

A subroutine for time-series plotting on a computer
line pri¥nter,

Computer: 1BM 360/91
Compiter: FORTRAN G
Jate Received: December, 1971
Contributor: . Department of Geography

University of California, Los Anyeies

POINT: Point-in-Polygon Testling

‘Used: for testing.whether a point, deflined by Carteslan
. grid coordinatesy, 1§ located insidé, outside, or on an
edge of a polygon 'defined .by:a set of coordinates In-

dicating the pplygon vertlces.

Compute. : coC 6500
Compiler: 6000 FORTRAN EXTENDED
Date Received: December, 1971
Contributor: Computer Institute for Soclal .Sctence Research

Michigan State Unlversity

POINTS: Point Set Mapped on a Plane or Torus

"Computes'.descriptive measures for;a point set mapped
onto either a plane or torus.’ The method. of order
distance is used to summarize the point pattern,

Computer: CDC 6400
Compiler: 6000 RUN FORTRAN
date Recelved- November, 1971
Contributor: Department of .Geography

Northwestern Unlversity

PO1SSN:: Poisson Probabilitv Law

The program computes individuai terms.of..ciss0on
Probabllity Law and, as an option, individual terms
of the dispersed Poisson Probability Law. -

Computer: coC 6400
~ Compiler: ‘6000 RUN FORTRAN
Date ‘Received: June, 1970
Contributor: Department of Gecygraphy:

Northwestern Unlversity



POL:rIT:

Computer:
Compiler:

Cate Received:
Similar Programs:
Contributor:

POPHAP:

Caniputer::

Compiler:

Date Received:
Similar Programs:
Contributor:

POPPYR:

Computér:
Compliler:

Dacze Received:
Contributor:

PREDEN:

Computer:
Compiler:

Date Received:
Contributour:

. k2

Trend Surfacc /nalysis for Degrees Onc Through Five

Fits algebra o!ynomuals of degree one thrOugh
five to geogr ic data,

“IBM 360/67

FORTRAN G

August, 1970

DYAD, MPLSQ, TREND, TRENDC
Department of Geography
University of Michigan

Population Maps

v b R T Py
The program rcads rectangular coordinates (X,Y) 'znhd
populations, and then draws population, maps on the

"pen-dnd Ink plotter, with clties represented as circles.

“1BM 360/67

FORTRAN G
August, 1970

GIPSY, MAPIT, SYMBOLS
Department of Geography
!Injversity of Michigan

Population Pyramids

Program to plot populationpyramids ana compute
basic demographic measures.

134 3707158

‘ORTRAN G

uly, 1975

.epartment of Geograpiy
\|rgln|a Polytechnic lnstltute

Dendrograph Input Generation

The pnogram converts raw data into one of a varlety of sim-
ilarity measurements and offers option of punching these as
a lower triangular matrix for dlrect Input to the dendro-

'~ graph program (DENDRO).

UNIVAC 1108
FORTRAN 1V

-March, 1973

Department of Geogrephy
State University of Hew York, Albany
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PRESLOC: Evaluation of Total Costs of a System of rresent Warehouses .
The program calculates the costs of'ihe present ‘Warehouss
locatlonal configuration for any configuration input by
the user. The program may be used in conjunction with
program WARELOC.

Computer: 1BM 360/65
Complier: FORTRAN G

Date Received:
Contributor:

January, 1974
Department of Geography
University of !owa

Probit and ngit Analysis

PROLO:

Permits probit or logit analysus (or both) to be
carried out on a data set contalnlng a maxlmum of
55 variébles. Thd program 14 basically designed
to handle cross-sectional data on which several
years of observatlons may be handled foglqach member
of the cross-section. !

Computer: £0C. 6400

Compiler: 5000 RUM FORTRAN

Jate Received:
.ontributor:,

Decémber, 1971
Department of Geography
lorthwestern Unlverslty

Population Pyramfd Subroutine

{RAMID :
program designed to produce age/sex popUI-t.dn
pyramids on the computer line“printer.
Computer: 1BM 360/67
Compiler: LFORTRAN WATF IV

Date Rece[ved:
Contributor:

RANKD :

April, 1972
Department of Geography

‘Pennsylvania State University

Ranking Data and’ Inspecting for Natural Breaks In the
Distribution’

The program rank orders. Prlglna! data and calculates
differences between the ranked numbers and outputs them

on a scaled bar graph.



Computer:
Compiler:

Date Received:
Contributor:

REGLAR:

Computer:

Compiler:
Date Recelved:

SImilar Programs,;,.

Contr !Sutor:

REGRESS:

Computer:
Compller:

Date Received:
Similar Programs:
Contributor:

REVPREF:

Computer:
Compiler:

Date Received:
Similar Programs:
Contributor:

Page 44

"Ivac 1108
JRTRAN 1V
iarch, 1973

Jepartment of.Géography -
“iate Universlity of New York, Albanv

P=guiar Pattern Recognition
the program detcrmines the location: and areal ea.ont of

regions in a point array exhibiting regular, rather than
random, distritutions, Regularnty Is. assessed in terms

- of a neales* neighbor test,

UNIVAC 1108 -

FORTRAM 1V

darch, 1973 -

CLUSTER, LINEAR

Depar tment’ of  Geography

State University of, New York,.Aibauy

Linear Regression Calculattun and P1o;

A FORTRAN program that. calculates and pléts (using' -
pen-and-ink plotter) for any two data series, a
scatter diagram, the line of regression, and delinits
the zone for the standard error of estlmate on the

scatter diagram.

£DC 6600 ,

<000 FORTRAN EXTENDED
darch, 1972

NSCAT .

Jepartment of Geography
University of Minnesota

Paired Comparisons Analysis from Revealed Syatial
Preference Data: ,

Applies the method uf paired comparisons to data
describing spatial choices of Individuals., It de-
velops a.proximity matrix which describes the aggre-"

gate perceived simitarlty between locational tvoes.
-bC 6500

5000 FORTRAN EXTENDED

Jure, 1971 .

PLPA

Computer Incritute for Soci.l Science Research
Michligan Statec University
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Othér Versio-s: (REVPREF)

Computer:
Compiler:

Date Recejved:
Contributor:

RGRID:

~omputer:

Compiler:

Date Received:
ailar Programs:
Contributor:

1 BM 750/0‘

FORTRAN G |

October, 1971
Department of Geography
University of lowa

Map Plotting and Contouﬁfhé R

The program produces isamithmic maps on the line
printer from scattered [Observatlons by first Inters
polating to a lattice and then contouring these reg-
ular values. A locatlon'map of the ‘observations, a
l1ist of the values at tne grid intersectlonq, and
the countoured map are returned

IBM 360/67
“PORTRAN G

‘August, 1970

LATMAP, RGRID2
Department of Geography

“University of Michigan

Other Versions: (RGR1D)

-omputer:
Compiler:

Date Received:
Contributor:

RGRID2:

Computer”

Compliler:

Date Received:
Simllar Programs:
Contributor:

CDC 6500

[FORTRAN EXTENDED
June, 1971

Computer Institute for Social Science Research
Michigan State University

Map Plotting and Contouring

L , NP ‘
Similar to RGRID; however, this program allows up
to eight varlables to be mapped.

IBM 360/67 -
FORTRgN”c‘

March,' 1972

LATHAP, GRID
Department of Geography
University of Michigan



RIGGREG; .

Computer:
Compiler:

Date Received:
Contributor:

RSTAR:"

Computer:
Compliler:

Date Received:
Contributor:

" SAMPLE:

Computer:
Compiler:

Date Recelved:
Contributor:

Gy

SANDM:

Computer:
Compiler:

Date Received:
Similar Programs:
Contributor:

Page 46
Ridge Regression

The progrom performes ridge regre..ion analysis for a
dependent variablg and up to 100 indcpendcnt varlablesy
the ddta |nput must he normallzed '

1BM 360/75, 370/16%
FORTRAMN G :

March, 1973
Yepariment of CeO”raphy
University of Mérch € Carol ind

M. asUrg Degreg of Association Between ‘Spatially
r stihct Observations

‘This program s decsigned to measure e1ther the degree
to which one retail function (dttrib@fe)”ls spatially
associated with any other or the degree to which one
shopping centeri (observation) 1s 1ike any other.’

18M 370

FORTRAN G

May, 1976

Department of Geography
University of Denver

tImulation of Random Samp!

“tmulation of random sampllng dtlh Binomial dISLrloutlon

ind norma] dnstrlbution probability’ tests'

JNIVAC 1108
FORTRAN [V
March, 1973

repar tment of Géography
State University of ‘New York, Albany

Spatial Series sunmary of NONCEL Ouiput

This program reads the output tape''produtcd by the’
spatial simulation program RONCEL and produces cel)
means anc variances for each generation of each’

5|mulatfcn.

coc &h00

6000 RUN FORTRAI
December, 1971

HAGMEVA

Department of Geography
Northwestern Univercity



.
-CALE:

Computer:
Compitler:

Date Reccived:
Contributor:

,SDIS:

Computer:
Compiler:

vate Received:
Similar Programs:
Contributor:

'VSINGLE:

Computer:
Compiler:

Date Received:
similar Programs:
Contributor:

Page 47

. L TP )
Solution of the Law of Categorical Judgement

Transforms_orjéihalhdata from the psychological scating

technique known as the method of successive categories
to interval scale values, :

6000 RUN FORTRAN.
December, 1971

‘Department of Geography .

Northwestern University

.Spherical Distances

. Computes a matrik_of distances from a set of points
-Aefined by their latitude/longlitude coordinates.

IBM 360/67

FORTRAN G

August, 1970

DSTAZ, GEODIS, SPHERE
Department of Geography
University of Michigan

.Single Fourier Series

Analyzes data that may be represanted by curves. The

following expression is used for the single fourier
infinite;

"= (310)/2) ..+ SIGMA(N) TA(N) COS{NAPI*X)/L + B(N)
SIN(N=P1%X) /L] :

shere N = 1,2,...,infinity.

1BM 360/91

FORTRAN G .

December, 1971

DOUBLE

Department of Geography

University of California, Los Angeles
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SIRES: Simulation of ‘Urban Residenxial Segregation

This program usgs Monte Carlo simulation procedures

to ‘explore’ thu nhenomenom of urban residential
segregation’.” iThe program’is desngned as’ a CCachlng
device in that the student «can vary a&'humber of
parameters such as initial segregation pattern, slze

and number of neighborhinods to he analycﬁd white
and black discrimination criteria for movlng into or
out of a ancighlierhood, ete, he CDC 've rsfon s strictiy
a batch orientad program, but ‘the IBM verston Ta designed

Computer:
Compiler:
Date Received:
“wllar Programs:
Contributor:

for bateh or interacrive use.

€oC 4500

FORTRAN EXTENUED

JU‘Y. ,91)

LAMDUSE, bOLUP
Dgpartmbnt'of ﬁ«ugraphy"
Michigan “tate University

Other Versions: (51RES)

Computer:
Compiler:

Nate Received:
Contributor:

SLOPE: ™"

Comouter:
Compiler:

Date Received:
Contributor:

BM 370/155

ORTRAN G

Jarmary, 1976 -
Nepartment of Gecgraphy

irginia Polytechnic Insti%uté!énd*Stéte‘Universltf

wpatiai Derivative Program

hc orogram cal;ulatcs the abs olute Qalue of the
jradient {$lopc)' for data gliven as' a geog*aphlcai

matrix,

IBM 360/67

FORTRAI" G

Avoust, 1979 . _
Department of fzography
University of Michigun

Other Versions: nyLqu)

Computer:
Compiler:

Date Peceived:
Contributor:

€DC 6500
€000 FORIRAN EXTEHUED
Decomber, 1971

Computer lnstitare tor Social Science Research

Michigin Ztate 'inivarsity



SMOOTH:

Computer:
Compiler:

Date Received:
Similar Programs:
Contributor:

SMOTHR :

Computer:
Compller:

Date Received:
Similar Programs:
Contributor:

SMRATE:

Computer::
Compiler:’

Date "Recelved:
Contrnbutor'

i
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Binownially Weighted Smoothing

Removes high. rrequency spatlal c0mponents from a
matrix of geographtcal data by use of a nine point

- binomially welghtgd 'ocal smoothing operation,

COC 6400

6000 RUN FORTRAN
December, 1971
MAVE, SHOTHR

- Department of Geography

Northwestern Unlversity

Matrix Smoothing

This assembly language subroutine smooths an array
of va!ues [(assumed to be spatial data) using the
method described by Holloway. ' It Is ‘designed to
be called as a subroutine in a FORTRAN program,

IBM 360/370

IBM Assembler

February, 1977

MAVE, SHMOOTH

Department of Geography

University of California, Santa Barbara

Standard Mortallty'Rétes

The program computes standardized mortality or

morbidity ratio and rate for areal-administrative
units. The computatlonal method employed adjusts
crude death rates for variations in .age distributlon,
SMRATE produces relative mortality ratio as a per~_
centage of the national rate. Standard morta)lty
rate Is scaled by user,

‘NIVAC 1108
*JRTRAN 1V
‘arch, 1973

epartment of Geography
state Yniversity of New York, A!bany



.aNOR:l':

Compute::
Compiler:

Date Received:
Similar Programs:
Contributor:

SOLUPR:

Computer:
Compliler:

Date Received:
Similar Programs:
Contributor:

.Fage 50

]

Semple wormality Testing

The program tests for normality or lognormality through
. comparison of .the sample, frequency gdistribution and
the normal frequency distrihution of ;the same mean and
- tandard devnaploq as: the sample,

UNIVAC 1108
FORTRAN |V
March, 1973
NORM

Department of Geogr,.phy
State Universlity of New York Albany
Simulation of Land Use Patterns, ,

To fonstruct a map on. the prvnter on which the iand
use activity which would .earn the highest economic

‘rent Is computed and Identified far each polnt location.

Econom'c rent is computed from the formu]a’
= E(P-A) - EXF*K..

CDC 6500

6000 FORTRAN EXTENDED -

June, 1971

LANDUSE, PIRES ; . -
Computer Institute for Social Science Research

Michigan State University

Other Yc¢rsions:.  (SOLUP)

Computer:

Compiler"

Date Recelved
Contributor:

' SPA:

'BM360/65 .. |
FORTRAN G . . .,
October, 1971, .

.Department of Geography ,

University of lowa

Shortest .Path Algorithm

A program to determine .the shortest pa.ns through a
network (1) between all pairs. of nodes, or (2) be-
tween a specified subset of nodes and all other nodes

for specified route nodes.



’
computer:
Compiler:

Date Rececived:. .
Simitar Programs:

Contributor:

SPACE:

Computer:
Compiler:

Date Received:

Contributor:

SPAN:

Computer:
Compiler:

_Date Received:
Similar Programs:
Contributor:

>PECTR:

Computer:
Compiler:

Date Received:
Centributor:

Pane 51

BM 360/65

FORTRAN G.

January, 1972

MINPATH, SPAN
Department of Geography
University of lowa

Jumnputes desc:aptnve statistics.tor an areal dlstrnbutlon
with optional normal probabillty and/or normal corretation

surface tests,

'BM 7040
FORTRAN 1V

. June, 1973 . "

Department .of Town and Country P!annlng
Unnversntv of ﬁydnev

Shortest Path Analysis of Net@brks

Given a network of points Intercoﬁﬁgcted'by lines of

" specified lengths, the program:.finds the shortest paths

between specified .pairs of polnts.,

~ €DC 6500 -

6000 FORTRAN EXTENDED

6000 COMPASS

June, 1971

1INPATH, SPA

Computer Insgitutg for Social SclenCc Resc;rch

N'chngan State University -

Lumpuiation of Two-o:mensional Fower Spectra
Computes autocorre!atlon functnons ,and two dimensuona!
power spectra for the unvest!gatioo of .the frequency
components or wave forms present in an undulatung surface.

IBM 360/91
FORTRAN G

. December; VAR

Department of Geography
University of falifornia, Los Angeles



SPHERE,

Computer:
Compiler:

Date Received:
Similar Programs:
Contributar?

ST DROP:

Computer:
Compilent

Dute Receiveéd:
Contributor:

SURGE:

Computer:
Compiler:

Date Received:
Similar Programs:
Contributor:

Page 52

Sphirical Distances

Rcads. a vector of latitude/longitude coordinates
and produces the complete distance matrir for all

points.,

cbC 6500

6000 FORTRAN EXTENDED

August, 1971

DSTAZ, GEODIS, SDIS

Computer Institute for Soclial Science Research
iichioan State University.,.:

Algorithm for Dropping Retail Establishments Failiny
to meet threshold criterion,

Program allocates population to centers, caICuBath
the ‘saies of centers, and.discovers whether or not
the sales medt the given, threshold criterion. |If
not, the center is either dropped or transformed tc
a lower central .class.

oneywel

-ORTRAN V

August, 1972

Center for Urban andg megooual,atudues
Helsinki Universnty of Technology

Surfaces from Geograpﬁic Grid Data

The program plots three-dIimensional surfaces T
aengraphlic-grid.data using the pen-and-Ink plotter.

1BM 360/50

FORTRAN G

June, 1971 ¢ : : -
BLCK, ISOMET, MAP3D, PERS TRID
Department: of Geography.. -
University of Rhode Island

Other Versions: (SURGE)

Computer:
Compller:

Date Recelived:
Contributor:

CDC 6500
6000 FORTRAN EXTENDED

December, "197)
Computer Institute for 3ocial Sclence Research

Michigan State University



SYMBOLS":

Computer:

Compiler:.

Date Received?
Similar Programs;:
Contrihutor:

TAXON:

Computer:
Compiler:

Date Received:
Similar Programs:
Contributor:

THIESEN:

Computer:
Compiler:

Jate Received:
Contributor:

TOKG:

Page 53
Plot of Graduated Symbols Map

A FORTRAN program for pen-and-ink plotting of graduated
symbols maps where the area of each symbol is pro-
portional to the data value It represents, '

CoC h600 :

6000 FORTRAN EXTENDED
Harch, 1372

GIPSY, MAPIT, POPHMAP
bepartment of Geography
niversity of Minnesota

oups Pairs of Sum:lar Operational Taxoncnic tnits (CTU}
o Form Clusters or Nested Hierarchles

Udiue ties 08 aetermnnung the dlstances. in N-Dimeayional

- space, between one (0TU) and its. next most similar {0i').

Option, to, group only those (0TU)'s which are spatiatly
contiguous, ¢ , .

UNIVAC 1108
FORTRAN 1V
- March, 1973

.CHGRP, CONGRP, DISGRP

Department -of Geography .
State Un!versity of New York, Albaay

Thlessen Polygons

Calculates vertlces of Thiessen. polygons tor o sct

of points In two- space ‘and then plots the polygons
1sing a pen~-and-ink plotter,

I1BM 360/67

FORTRAMN G

November, 1972
Department of Geography
University of Michigan

Coordinates from Distances

The program reads a matrix of distancc , and then
produces a vector of plane coordinates.
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ompute, , IBM 360/67
Compiler: FORTRAN G
Jate Received: August, 1970
Sim*Yar. Programs:. TORG2
" Contributor: Yepartment of Geography

-Uaiversity of Michigan

Other Versions: (TORG)

Computer: CDC 6500 :
Compiler: 6000 FORTRAN EXTENDED
Date Received: August, 1971 . .
Contributor: Computer Institute for Soclal Scienc. Research

Michlgen State University

TORG2: - Cocurdinates frém Distances

Tne program reads a matsnix.of distances, and then
produces'a .vector: of plane coordinates assuming the
distances relate N points in a two dimensional Eucli-
dean space.

Computer: 1BM 360/67
Compiler: FORTRAN G
Date Received: March, 1972
Similar Programs: TORG
Contributor: - Department of Geography, ;i

University of Michigan

TORN. Torrgvist Multiple Location Algorithm.

The prygram déterm@nes the vptimum locations for «
number of centers Cl, €2, €3,...,Cm with respect to
the transportation cost of serv’ng N destinations,

Computer: IBM 360/65
Compller: FORTRAN G
Date Received: January, 1974
Similar Programs: ALTERN, LAP, MAPTRAN
Contributor: Departiment of Geography

University of lowa



TRANS:

Computer:
Compiler:

Date Received:
Similar Programs:
Contributor:

uther Ver .

Computér:

Compiler:

Date Recelived:
Contributor:

TREND:

Computer:

.compiler: .

Date Received:
imilar Programs:
Conr-ihutor:

Nther Verslons:

Compuirer:
Compiler:

Date Received:
Contributor:

Page 55
Solution of LJé'TEansportatioﬁ Problem

The transportation problem,is ysed to: determine the
minimum .total distance (or cost) and the individual
flows involved in moving commodities between M number
of supply points and N number of demand points given
the distance between all pairs of supply and .emand
points,

184 360/65

FORTRAN G

360/1PS.

May, 1970

MUNKRE - )

Department of Geography - l
University of lowa

fons: (TRANBY: ..

.CDC 6500
CDC FORTRAN EXTENDED :

COC APEX
December, 197V
Computer Institute for Social Scnence Pesearch

Michigan State University
Trend Surfaces for Degrees One through Six

This program determines any or all trend surfaces
from first through sixth degree. Line printer maps

- may be produced depicting the original data, the

contoured surfaces, and the residuals from the surfaces.

1BM 360/65

FORTRAN G

May, 1970

DYAD, MPLSQ, POLYFIT, TRENDC
Department of Geography
University of 1owa

(T@éwo)

cDC 6500
6000 FORTRAN EXTENDED

August, 1971
Computer Institute for Social Sclence Research

Michigan State University



TRENDG:

Computer:
Compiler:

Date Received:
Similar Programs:
Contributor:

TRID:

Computer:

Compiler:
Date Received:
Simllar Programs:

Contributor:

TWAIN:

Ccinputer:
Compiler:

Date Received:
Simllar Programs:
Contributor:

USDATA:

Paée 56

Identlflca*lon of Spatial Patterns of D:stance-Dpcay
Type

,A program ucs:gnud to isolate successive distance-~

decay patterns, (derived in a stepwise fashion) around
;entral points and “the rrs:duals ‘from these patterns,

LBM 360/91

FORTFAN G

Decenber, 1971

DYAD, MPLSQ, POLYF!T, TREND
Department of Gzography

University of Calliornia, Los Angele:

Three-Dimensionat lsometric, Liagrams

A program for pen-and-ink plotting of three-dimensionai
surfaces as bllock dlagrams: Pqrtions gf,the grid hidden
from the viewer are not plotted.

cDC 6500
6000 FORTRAN EXTENDED , . /

July, 1972
BLCK, |SOMET,[MAP3D PﬁRS SURGE
Computer institute for éocial Sclence Research

iichigan State Unlversrty

e s ot ' . N DIR |
Two-Source Location-Allocation Algorithm

-r'\-'

,Th}s prqgram genurates all geometrlcally posslb!e two-~
'group Qartltlons of N ponnts in a plane.

It aptimally
solves.khg two source Iocatlon-allocatnon problem,

1BM 360/65

FORTRAN G

January, 1974

MULT!, WEBER, UgBERl
Department of deography
University of fowa

Proccdure for Generating a,Data File

36 Socio-economic variables have been,labylated Ly grate
and stored intecnally Ly data statements. The user car
cul} variablns, make LOmputatlona! alternat!ons and utd'
up to 50 newly generated variables. Optlon is a,a:!‘bly
to have 50 orngnnal variables _punched or printed out.



Computer"
Compiler:

.ate Received:
. Contributor:

VALRAT:

Computer:
Compiler:

Date Received:
Similar Programs:
Contriburor:

VALRATI1:

Computer:
 Compiler:

Date Received:
Snm:lar Programs
. Contributor:

Page §7

U IVAC 1108
FORTRAN IV
March, 1973

Department of Geography

‘State University of New York, Albany ;

Contiguity Measures

Computation of statistics for contiguity measure. .o
provide an evaluation of the hypothesis of randomness -
in the arcal arrangement of the values of a spuclfied

property.

coc 6400

5000 RUN FORTRAN

June, 1970 R
CONRAT'JKCOLOR VALRAT1
Department of Geography
Northwestern University ,

Contiguity Measures

Similar to VALRAT; however thls versiOn |ncludo=
a test for normallty

1BM 360/€5
FORTRAN G

~ October, 1971

CONRAT, KCOLOR, 'VALRAT

.Department of Geography
TUniversity of lowa

her Yersions: {(VALRATI!)

,Computer:
Compiler:
Date Received:
. Contributor:

C0C 6500
6000 FORTRAN EXTENDED

December, 1971 o
Computer Institute for ‘Socral Scleqce Research

Michigan State University



VIARELOC :

Computer:
Compiler:

Date Received:
Contributor?

a0

WEBER:

Computer:
Compiler:
Date Recelved:

Simllar Programs
Contributor

VEBER!:

Computer:
Complier:

Date Received:
Simitar Programs:
Contributor:

Page 58

A Heuristic Program for lLocating Warehouses With
Facility Costs

A Heurlstlc algorJthm to solve for the 'optnmal' number ,

slzes, and locations of uarehouses at prespeclfsed noder
in a network, where there are fixed costs associated wir .
the facilities. !The program' has 1t§ own Shortest path
routine (shimbel method).

18 360/65

FORTRAN G-

January, 197k
Department 'of Gedgrophy
Universiiy of lowa '

Weberian Weight fable

The program attempts to find the uptl*um lc ation, for
a facllity so as to maxlmnze access:bllity to or from a
number of points, according to a vector equilibrium'model "
that assumes a uniform transport” surface, -

UNIVAC 1108

FORTRAN 1V

March, 1973 _ T
JAPCHMULTE, TWARN, WEBERI

Department of Geography!:

State University of New York, Albany

One-Source Location Algorithm

Thls program uses a sccond 'order vterative technique to
solve for the point of minimum aggregdte travel of & c=:
of weighted points In a plane.

1BM 360/65%

FORTRAN G

January, 1974 o
LAP, MULT!, TWAIN, VERER"
Departmcn' of bcography
Unlversi'ty of lowa



XcuT-'

Computer:
Compiler:

Date Received:
Contributor:

AHAPP:

Computer:
Compiler:

Date Received:
SQimilar Programs:
Contributor:

ZSCORE:

Computer:

Compiler:

Date Received:
Similar Programs:
Contributor

Page 59

To provide rapid, approximate solut!ons to the multi-
source \leber problem,

coC 6400

6060 RUN FORTRAN

October, 1974

Department of Geography

State University of Hew York, Buffalo

Chorouplath Mapping Using the Line Printer

The program generates character symbol choropleth maps
for terminal or line printer output., Data files may

be entered by the user, reside in storage, or be system
gencrated when testing map outlines. Several maps of
one or more rdgion may be produced in a single run.

CDC Cyber 72

FORTRAN EXTENDED

February, 1977

CMAP, CPLETH, COBMAP, INTRMAP
Department of Geography
Factern 111inois University

Jata Standardization

The program first computes mearis and -standard deviation:
of variables and then determines Z-scores. Output in-

cludes a punched deck,of the Z- scqre matrix,

UNIVAC 1108
FORTRAN 1V
March, 1973
HORM

Department of Geography:
State Univer:ity of New York, Alban



PROGRAM ORDERS
{revised June, 1977)

The Geography Program Exchange makes available all of its computer
program holdings according to any of.the‘following options for program

orders:

(1) OPTION !:. Listing of Program Documentation and Listing of Program

Source Code (Prices for option 1| orders reflect charges for paper

stock, comput.ar time, postage, and handling).
Items included in an option 1 order:

(a) Listing of Program Documentation
.==Statement of purpose
==lInput requirements and deck make-up
--Description of cutput
~-References
--Program source

(b). Listing of Source Code
~=-Main program
-=-Internal functions and subrecutines
--Test data set (if available)

(2) OPTION 2: Listing of Program Documentétion, Listing of Program
Source Code on Punched Cards (Prices for option 2 reflect éharges
for paper and card stock, computer time, postage, and handling).
Items included in a option 2 order:

(a) Listing of Program Documentation (includes the same features as
those listed under item 1-aj.

(b) Listing of Source Code {includes the same features as.those listed
under item 1-b).

(c) Program Source Code on Punched Cards.*
--Main program
--Internal functions and subroutines
--Test data set (if available)

(d) Sample Program Output--if sample output is available for a
given program, an asterisk {*) will follow the option 2 price
for that program on the price list.



Page 2
(3) OPTION 3: Program Documentation and Program Source Code on Magnetic
Tape (Prices for option 3 orders reflect the charges for computer
time and handling.** C(Charges for paper stock and oomputer time are
~added if sample output is available). |

(a) Program Documentation (including the same features as those listed
under item l-a)recorded in card-image form on magnetic tape.

(b) Program Source Code (including the same features as those |lIsted
.. under- item 1-b) recorded in card-image form on magnetic tape.*

(c) Sample Program Output--if sample output is avallable for a given
program, an asterisk (*) will follow the option 3 price for that
program on the price list.

*Al]l program source code is made available by the GPE in either BCD or
EBCDIC coding. BCD coding contains the baslc character set of the §BM-026
keypunch, while EBCDIC contains thk expanded character set of the 18M-029
keypunch. All orders shouid specify which type of coding is desired. |{f

none is specified, the order will be filled using BCD coaing.

In addition, the reader will notlce ln the following '"Index of Programs
Currently Available“ that the GPE usually maintains programs in either COC
cr lBM FORTRAN. Several of the programs, however, are made available in
both ver;ioos'of FORTRAN.' It is smportant therefore, tha; all orders
indicate which version of FORTRAN is desnred for each program requested,

In the case where the type of FORTRAN is not specified for a program

available in either version, the CDC FORTRAN version will default

**A base tape charge of $20.00 is: incurred with each order of one or mpre

programs recorded on magnetic tape (order Option 3). This price includes
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the cost of a new magnetic tape (2400 feet at $15.50), insurance and
postage ($3.00), and handling ($1.50). All magnetic tapes are insured

for $50.00 and mailed by parcel post.

The facilities of the ComputervLaboratory at Michigan State University
permit the GﬁE to create either seven-track or nine-track magnetic tapes
at densities of' 200, 556 (7 track only), 800, or 1600 (9 track only) bits
per- inch,
| PAYMENT POLICY
Whgn ordering program materials from the GPE, please send a check, money
" order, or purchasé order for the total amount of the order. Checks and
!

money orders should be made payable to MICHIGAN STATE UNIVERSITY and
forwarded to:

Geography Program Exchange

Computer Institute for Social Science Research

510 Computer Center :

Michigan State University

East Lansing, M1 48824
IMPORTANT: Payment must accompany an order totalling less ghan $20.00.
The policy of prepayment is also in effect for-éll orders, regardless of
the total dollar value of the order, originating outside the U.5.A. In
addition, all foreign orders must be paid in either U.S. currency (example:
bank draft on U.S. bank) or by international money order. All prices

noted on the price list of programs currently available from the GPE are

subject to change without further notice.
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SHIPMENT POLICY
DOMESTIC ORDERS (U.S.A. and Canada): All printed matter will bé forwarded
to the customer's address through third class mail. A}l éarcels (i.e.,
magnetic tapes and packages of_punched cards) will be shipped via parcel
posg. If shipment by air express is desiréd, the GPE will provide a quotatlon\

for the air express charge upon special request.

INTERMAT IONAL ORDERS: All parcels will be forwarded to the shipping address
via international parcel post. If a less time-consuming mode of shipment is
desired, the GPE will provide a;quotation for that éhipment charge (e.g.,

via air express) uﬁon special request. In the case of international 6raefs.

i
any special shipment charge must be prepaid.



Program Prices and Option Availability

I BM coC
Acronym Option | Option 2 Option 3 Option | Option 2 Option 3
ACCESS N.A. N.A. N.A. $12.40 $22.70 $11.10
ADJUST N.A. N.A. N.A, 9.40 16.80% 10.00%
-ALLOC $ 8.80 # 13.70 # 7.30 # N.A. N.A. N.A.
ALTERN 8.20 # 12.50 # 6.80. # N.A. N.A. N.A.
AZMAP 8.50 12.30 6.80 8.80 15.30% 8.90:
BASICS N.A. N.A. N.A. 8.70 12.80 6.80
BIVAR (POP) 8.50 15.70% 9.00% N.A. N.A. N.A.
BLCK 8.20 11.80 6.80 8.50 16.30% 9.30%
CANON 8.70 13.80 6.80 N.A. N.A. N.A,
CANTRN (UVAC)  9.50 15,40 8.00 N.A. N.A. N.A.
CARTI 0.30 17.80 8.50 N.A. N.A. N.A,
CART2 9.60 15.20 8.00 N.A. N.A. N.A.
CENDA 8.10 11.00 6.80 N.A. N.A. N.A,
CENTRO 8.80 . 13.80 7.30 9.00 19.20* 11.102
CHIINT N.A. N.A. N.A. 7.80 10.60 6.80
CHOROS 9.80 15.30 8.00 N.A. N.A. fN.A.
CLCOUNT 8.10 11.00 6.80 8.10 11.10 6.80
CLIMAT (GE) 5.50 # 9.60 # 5.50 # N.A. N.A. N.A.
CLUSTER(UVAC) 8.20 11.40 6.80 N.A. N.A. N.A.
CLUSTR N.A. N.A. N.A. 8.50 13.50% 7.60*
CMAP 8.00 10.70 6.80 N.A. N.A. N.A.
CNGRP 8.90 13.70 7.30 9.10 24, 20* 14,60
CNTOUR 9.10 13.30 - 7.30 N.A. N.A. N.A,
COBMAP 9.10 13.90 7.30 N.A. N.A. N.A.
COLMOG N.A. N.A. N.A. 8.10 .10 6.80
CONDIST "N.A. N.A. N.A. 8.70 12.90 7.30
CONGRP 8.90 14.10 7.30 9.00 13.90 7.30
CONRAT N.A. N.A. N.A. 8.20 11.20 6.80
CONTOUR N.A. N.A. N.A. 8.80 13.30 7.30
CONTR 8.30 12.00 6.80 N.A. N.A. N.A.
CONTUR 9.80 16.80 8.50 N.A. N.A. N.A.
CONWGT (UVAC) 8.90 13.70 7.30 N.A. N.A. N.A.
COORD 8.70 *13.30 7.30 N.A. N.A. N.A,
CORD (UVAC) 8.70 13.30 7.30 N.A. N.A. N.A.
COSINE 8.20 11.10 6.80 N.A. N.A. N.A.
COVAR 9.50 16.00 8.00 9.50 19.10% 10. 00
CPLETH 8.70 12.30 6.80 N.A. N.A. N.A.
CURVES N.A. N.A. N.A. 8.70 12.50 6.80
DENDRO (UVAC)  9.00 13.70 7.30 N.A. N.A. N.A.
D ISAGG 8.10 11.00 6.80 8.10 11.00 6.80
DISGRP 9.40 13.50 7.30 N.A. N.A. N.A.
DISITR 8.80 13.50 7.30 N.A. N.A. N.A.
DISTORT " 8.20 1,46 6.80 N.A. N.A. N.A.
DON - 9.50 15.30 8.00 N.A. N.A. N.A.
DOUBLE 8.90 12.60 7.30 N.A. N.A. N.A.
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2
: IBM coc___
Acronym Option 1  Option 2 Option 3 .Option I Option 2 Qption 3
DSTAZ $ 8.20 $11.80 $ 6.80 $ 8.20 $11.60 $ 6.80
DYAD 8.70 13.10 6.80 N.A. N.A. N.A.
ELIPS 8.20 11.60 6.80 N.A. N.A. N.A,
ENTROPY . 8.10 # 14, 70%4 8.70%§ N.A. N.A. N.A,
EQUAL 8.50 - 12.30 6.80 8.50 14.30 8.20
EUCLID 8.10 11.20 5.80 . 8.10 12.10% 7.40n
EXTRAP 8.10 11.20 6.80 8.10 10.00 6.80
" FLTREC (UVAC) '10.60 13.70 19,20 N.A. N.A. N.A,
FORFIT(UVAC) 8.80 12.90 7.30 N.A. N.A. " NLA.
GENEB 8.50 12.60 6.80 8.50 20.80% 12.60%
G30DIS 8.00 11.10 6.80 N.A. N.A. N.A.
GEOFIT 9.50 16.20 8.00 N.A. N.A. N.A,
- GEOPAK 9.50# 16.00# 8.00# N.A. N.A. N.A,
GiPSY 9.10 13.90 7.30 9.40 17.90 10,70
GRAVITY N.A. N.A. ‘N.A. 8.10 12.60 # 7,60«
- GRAVTY(UVAC) 8.30 12.00 6.80 M.A. N.A. " NLA,
GRID 8.30 12.10 6.80 8.30 13.30% - 7.4o*
GVAR - 8.20 11.80 . 6.80 N.A. N.A. N.A,
- HAAAG N.A. " N.A. N.A. 8.70 12.50 6.80
HAGMEVA N.A. N.A. N.A, 7.80 10.60 6.80
HAGPLOT N.A. N.A. N.A. . 7.80 10.70 6.80
HENTRO 6.80 N.A. N.A. N.A. "N.A. ‘O N.A,
- HEXAGON 8.50 12.90 6.80 N.A. N.A. N.A,
. HVAR 8.20 11.60 6.80 N.A. N.A. N.A,
- INDIFF 8.90 13.50 7.30 N.A. N.A. N,A,
INPOUT (UVAC) 8.20 T 11.20 6.80 N.A. N.A. N.A.
INTCYL (UVAC)- 9.60 15.80 . 8.00 N.A. N.A. . N.A.
“INTPMED . 8.30 # 13.10 # . 6.80 # N.A. N.A. N.A,
I NTRMAP 7.80 10.60 6.80 N.A. N.A. N.A.
INTRPOL "8.20 11.80 6.80 . N.A. N.A. N.A,
-INVERSE 8.70 13.50 6.80 N.A. . N.A. - NLA,
"IOWAP -~ N.A. T ON.A. N.A. 8.00 10.70 6.80
I'PC1DA - 8.20 “11.10 7.00 N.A. N.A. "N.A.-
1 SODEN N.A. " NLA. . N.A. -6.80 N.A. N.A.
I SOMET " N.A. N.A.. . N.A. 13.50 = 24.50 12,30
ITERIM N.A. MOA, N.A. 13.50 21.60 - 12,30
KCOLOR N.A. CNLA, . N.A. 8.30 11.80 6.80
KOPPEN - 8.80 12,60 7.30 N.A, N.A. N.A.°
" LANDUSE 10.10 16.00 .8.50 10.00 16.00 8.50
LAP 9.10 # 16.20 # . 7.30 # N.A. N.A. N.A,
LATMAP N.A. N.A, NLA. 9.60 23.10% 13,70%
LINEAR(UVAC)  8.20 "~ 11.40 6.80 N.A. N.A. NG,
LISTER © N.A. " N.A. N.A. 8.30 11.60 6.80 .
LOCATE 8.50 12.50 . '6.80 ' 8.50 12,60 -6.80°
LOCPOT -~ 9,40 18.70% 10.40% N.A. N.A. N.A,
LUAM 3.20 .N.A. N.A. N.A. N.A. N.A.



*Acronxm

MAPDATA
MAPIT
MAP 30
MAPLOT
MAPTRAN
MARKOV)
MARKOV 2
MAVE

"MDISC

“MINIMAP
MINPATH
MLNEGB}

MOCON

MOMENS

MONA

MPLSQ

. MULTI

MUNKRE

NAYBOR
NEARNBR

. NEGBIN
NODAC
NOL | DA
NONCEL
NONCELO
NONPLOT
NORLOC (UVAC)
NORM
NSCAT
OPTREG
PCPA
PELTO
PERS
PLOTMAP
PLOTMP (UVAC)
PLOTS

POINT
POINTS
PO I SSN

" POLYFIT
POPMAP
POPPYR
PREDEN (UVAC)

" PRESLOC
PROLO
PYRAM 1D
RANKD (UVAC)
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I BM (o]
Option 1 Option 2 Option 3 Option 1 = Option 2 Option 3
H.A. N.A. N.A. $ 8.10 *$11.00 $ 6.80
N.A. N.A. N.A. 10.30 17.50% © 9,60
N.A. N.A. N.A, 8.20 11.80 6.80
$ 8.80 $12.60 $ 7.30 N.A. N.A. N.A.
8.80 14.60 # 7.30 # N.A. N.A. N.A.
8.70 13.30 6.80 8.50 12.60 6.80
8.20 12.00 6.80 8.20 11.80 6.80
8.00 11,00 6.80 N.A. M.A. N.A.
'9,50 15.30 8.50 N.A. N.A. N.A.
8.80 12.10 # 7.30 # N.A. N.A. N.A.
N.A. N.A. N.A. 8.30 12.00 6.80
N.A. N.A, N.A. 8.10 11,10 6.80
N.A. N.A, N.A. 7.80 10.40 6.80
3.20 N.A. N.A. N.A, N.A. N.A.
8.30 11.80 6.80 N.A. N.A. N.A.
N.A. N.A. N.A. 13.60 22.20 12.30
9.40 16.80 # 8.00 # N.A. N.A. N.A.
N.A. N.A. N.A. 8.30 12.80% 7.10%
8.10 11.20 6.80 N.A. N.A. N.A.
8.00 11.00 6.80 " N.A. N.A. N.A.
N.A. N.A. N.A. 7.80 10.60 6.80
N.A. N.A. N.A. 8.70 12.60 6.80
8.70 12.50 6.80 N.A. N.A. N.A.
8.70 12.50 6.80 - 8.80 12.50 7.30
N.A. N.A. N.A. 9.70 25.30% 15.30%
- N.A. N.A. N.A. 7.80 11.20 # 6.80 #
8.80 12.90 7.30 N.A. N.A. N.A.
8.30 12.00 6.80 8.50 15.30% 8.50%
8.30 12.10 6.80 N.A. N.A. N.A.
15.60 21.70 14.10 N.A. N.A. N.A.
11.30 23.60%# 9.80*# N.A. N.A. N.A.
8.10 11.40 6.80 7.80 11.40 6.80
9.00 13.10 7.30 N.A. N.A. N.A.
10.20 17.00 8.50 " N.A. N.A. N.A.
8.20 12.00 6.80 N.A. N.A. N.A.
8.00 12.30 7.40 N.A. N.A. N.A.
N.A. N.A. N.A. 8.10 12.30% 7.40%
N.A. N.A. N.A. 8.70 12.00 6.80
N.A. N.A. N.A. 7.80 10.40 6.80
10.30 19.10 8.50 N.A. MLA. "N:A,
8.30 10.60 6.80 N.A. N.A. N.A.
7.80 10.60 6.80 N.A. N.A. CN.A.
8.90 13.80 7.30 N.A, N.A. N.A.
8.10 12.00- # 6.30 # N.A. N.A. N.A,
N.A. N.A. N.A. 11.30 20.60 5.80
8.10 12.00 # 6.80 # N.A. N.A. N.A.
8.00 10.70 6.8C N.A. N.A. N.A.
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184 cocC

Acronym Option | Option 2 Option 3 Option | Option 2 Option 3
RESLAR(UVAC) §.8.10 $11.00 $ 6.80 N.A. N.A. N.A.
REGRESS N.A. N.A. * N.A. $ 8.30 $11.80 $ 6.80
REVPREF 10.30 # 20.i0 # 8.50 # 11.70 23.60% 13.40%
RGRID 9.00 1%.30 7.30 9,00 16.30* 9,00%*
RGR1D2 9.10 14.70 7.30 N.A. N.A. N.A.
RIDGERE 3.40 N.A, N.A. N.A. N.A. N.A.
RSTAR 8.80 12.69 7.30 N.A. N.A. N.A.
SAMPLE (UVAC) 8.20 12.50 5.80 N.A. N.A. N.A.
SANDM N.A. N.A. N.A. 8.00 # 171.60 # 6.80 #
SCALE N.A. N.A. N.A, 19.30 16.00 8.50
SDIS 8.00 11.00 6.80 N.A. N.A. N.A.
SINGLE 8.80 12.80 7.30 N.A, N.A. N.A,
SIRES 9.40 20,60 11.40 9.00 22.50% 12.70%
SLCPE 8.10 1,10 6.30 8.30 13.30% 7.60%
SMOOTH N.A. N.A, N.A. 8.00 10.70 6.80
SMOTHR 7.80 10.60 6.80 N.A. N.A. N.A.
SMRATE (UVAC) 8.10 11.10 6.80 N.A. N.A, N.A.
SNORT (UVAC) 9.00 14,10 1+ 7.30 N.A. N.A. N.A,
SCLUP 8.80 12.90 7.30 8.90 14.10% 8.30%
SPA 9.Lo # 16.k0 # 8.00 # N.A. N.A, N.A.
SPACE 3.50 N.A. N.A, N.A. N.A. N.A.
SPAN N.A. N.A. N.A. 8.90 20.60% 12.20%
SPECTR 8.80 12.80 7.30 N.A. N.A, N.A.
SPHERE N.A. N.A. N.A, - 8.30 13.10 7.30
STDROP (HNYWL) 11.50 21.10 9.80 N.A. N.A, N.A,
SURGE 8.80 13.10 7.30 8.70 17.00% 9.80%
SYMBOLS N.A. N.A. N.A. 8.20 11.10 6.80
TAXON (UVAC) 8.20 11.20 6.80 N.A. N.A. N.A.
THIESEN 8.70 12.50 6.80 N.A. N.A. N.A,
TORG 8.80 14,50 7.30 8.90 14,30 7.30
TORG2 8.80 14.10 7.30 N.A. N.A. H.A.
TORN 8.20 # 12.50 # 6.80 # N.A, N.A. N.A,
TRANS 8.10 11.20 6.80 8.10 17.70% 11.40
TREND 11.30 22.00 9.80 11.50 26.80* 11.10%
TRENDC 10.60 20.20 9.20 N.A. N.A. N.A.
TRID N.A. N.A. NLA. 9.00 13.90 7.30
TWA IN 8.20 # 12.60 # 6.80 # N.A, N.A. N.A.
USDATA (UVAC) 9.40 15.30 8.00 N.A. N.A. N.A.
VALRAT N.A. N.A. N.A. 8.00 10.70 6.80
VAI.RAT) 8.50 12.30 6.80 8.70 13.680% 7.60%
WARELOC 8.30 # 13.10 # 6.50 # N.A, N.A. N.A.
WEBER (UVAC) 8.10 11.00 6.80 N.A. N.A. N.A.
WEBER | 8.10 # 12.00 # 6.80 # N.A. N.A. N.A.
Xcut N.A. N.A. . N.A, 8.80 13.8¢ 7.30
XMAPP 8.00 li.lo 7.3C 8.00 11.10 7.30
ZSCORE (UVAC) 8.00 11.00 6.30 N.A. N.A, N.A.



DIRECTORIO DE ALUMNOS DEL CURSO: "SISTEMAS AVANZADOS DE GEO-INFORMATICA
EN PLANEACION", DEL 24 DE JULIO AL & DE AGOSTO 1978.

SR, JULIO ARGUELLES ROMO
ZAMORA Y DUQUE No. 8
COL. TACUBAYA

MEX1CO 18, D. F.

SR. EDUARDO BECERRIL MALDONADO
PLUTARCO GONZALEZ No. 411
TOLUCA, MEX.

TEL. 450-07

SR. ALEJANDRO BUSTOS ARCINIEGA
SN. JUAN DE ARAGON No. 269-3
COL. GRANJAS MODERNAS

MEXICO 14, D, F,

TEL. 781-76-68

SR. BULMARC CABRERA RUIZ
JURISTAS 6A - C
CD. SATELITE

» TEL. 519-79-39

. ARQ. ENRIQUE CAMPOS VEGA

MORELOS No.
TOLUCA, MEX,
TEL, 536-74

707 - 13

SR. SERGIO CONSTANTINO PEREZ
VALLE SAN JUAN DEL RIO No. 10-2
COL. VALLE DE ARAGON

EDO. DE MEXICO

. SR. FELIPE DE JESUS CHIU MARTINEZ

ANTILLAS No.
COL. PORTALES
MEXICO 13, D. F.
TEL. 672-33-28

308 -18

. SR. SERGIO DEL VILLAR MARTINEZ

AV. UNIVERSIDAD 1953 EDIF.3k=-304
COL. COPILCO

MEXICO 20, D. F.

TEL. 550-32-16

PEMEX
ANALISTA

" MARINA NACIONAL No. 329

MEXICO 17, D. F,
TEL., 515-02-85 EXT. 2488

"PARQUE SIERRA MORELOS"

ESTUDIOS GEOLOGICOS (CONSERVA_
CION DE SUELOS)

CAMARA DE DIPUTADOS DOM. CONOCI DO
TOLUCA, MEX.

TEL. 574-15 § 593-20

ESCUELA DE INGEN!ERIA DE LA
UNIVERSIDAD AUTONOMA DE GRO,
CATEDRATICO

AV, DE LA JUVENTUD S/N.
CHILPANCINGO, GRO.

TEL. 2-27-h1

S.A.H.0.P.

JEFE DE LA OFICINA DE FOTOGRAMETR!A

AV. XOLA Y UNIVERSIDAD
COL. NARVARTE

MEXICO 12, D. F,

TEL. 519-79-39

""PARQUE S!ERRA MORELOS"

JEFE DEL TALLER DE PROYECTOS
CAMPAMENTO No. 1 PONTEZUELO
TOLUCA, MEX.

DIRECC. DE PLANEACION TERRIT.
DE ASENT. HUMANOS. S.A.H.O.P.
ESPECI ALISTA URBANO .

I NSURGENTES SUR No. 1443- 22PISO
COL. SAN JOSE I NSURGENTES

MEXICO 19 F.

TEL. 563- éo 76 - 598-0023-

COMI SION DEL PLAN NACIONAL -
HIDRAULICO

ANALISTA

TEPIC No. L40-3- PISO

COL. ROMA SUR

MEXi1CO 7, D. F.

TEL. 574-10-73

FACULTAD DE MEDICINA, UNAM
ANALISTA DE SISTEMAS

-CiUDAD UNIVERSITARIA

MEXICO 20, D. F
TEL., 548-99-48
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9. SR. AGUSTIN FERNANDEZ EGUIARTE CENTRO DE CIENCIAS DEL MAR Y
SIEMPREVIVA No. 17 LIMNOLOGIA, UNAM,
COL. XOTEPINGO. ' TECNICO ACADEMICO
MEX1CO 21, D, F, ClUDAD URIVERSITARIA
TEL. 549-08-99 . - TEL. 550-52-15 EXT. L861-4862
10. SR, JAIME FCC. GO MEZ VEGA S.A.H.C.P, SECC. DE ASENT.
XOLA No. 13 HUMANOS Y OBRAS PUBLICAS
COL. DEL vALE ANALISTA
MEXICO 12, D. F,. AV, UNIVERSIDAD S/N FRENTE A Mi TLA

TEL. 590-64-82 COL. NARVARTE
: MEXICO 12, D. F.
TEL. 590-6L-82

11. SR. ALFONSO GOVELA THOMAE UNIVERSIDAD AUTONOMA METRO-

SOLEDAD No. 28-A POLITANA, XOCH
COL. FLORIDA PROFESOR ASOC!ADO
MEXICO 20, D. F,. ' CALZ . DEL HUESO S/N
MEX1CO, D. F.
12. SR. JAIME ANDRES HERNANDEZ M. AEROPLANIMETRIA VALCA, S, A,
PI TAGORAS No. 763 INT. 3 JEFE DEPTO. DE CATASTRO
COL. NARVARTE BLVD. M. A, CAMACHO Nc. LO DESP, 208
MEX!1CO 12, D, F. ' NAUCALPAN, EDOC. DE MEX!CO
TEL. 523-34-07 TEL. 557-65-52
13. SR. FRANCISCO INDALECIO SANUDO i MPULSORA MEX! CANA DE TELCOMUNI -
NACIONAL No, 3008 CACIONES, S. A,
COL. 5 DE MAYO : SUPERVISOR EN ESTUDIO DEL MERCADO
PUEBLA, PUE. Y PLANEACION
o AV, JUARES No. 2318-101
COL. LA PAZ
PUEBLA, PUE,
TEL. L48-54-07 - 4B-55-33
14, ING. DAVID LUJAN JOPEZ PETROLEOS MEX!CANOS
EDIF. 82-B-201 ANALISTA PRCGRAMADOR
COL. COSMOPOLITA MARINA NAC!ONAL No, 329
. MEX1CO 16, D, F, COL. ANAHUAC
TEL. 355-16-0k : TEL. 250-36-22
15. SR. LUIS EDGARDO LLANES ARENAS CONSULTORES EN PROBLEMAS DEL
ENRIQUE REBSAMEN No. 27 DEL COMPORTAMIENTO, S. A.
'EDUCADCRES, SATELITE TECNICO EN PROCESAMIENTO DE
TEL. 562-60-12 ‘ I NFORMACI ON

HERIBERTO FRIAS No. 1222
CCL. DEL VALLE

. MEXICO 12, D, F,
TEL. 559-22-22



T6.

17.

18,

19.

20.

21,

22,

23.

_TEL.

SR. DAVID MATA DORANTES
ORIENTE 166 No. 1160-3
COL. SECTOR POPULAR
MEXICO 13, D. F.

TEL., 582-46-96

SR. ALFONSO NIETO ZERMENG
PERIFERICO SUR No. L4271 -104
COL. B. DEL PEDREGAL

MEXiCcO 21, D. F.

TEL. 568-44-03

ANA MARIA OJEDA MUNOZ
SANCHEZ AZCONA No. 1557-304
COL. DEL VALLE

MEX!CO 12, D, F.

TEL. 575-78-94

SR. LUIS JOAQUIN POOT AYALA
DR. VERTIZ No. 757 - 27

COL. NARVARTE.
MEXI1CO 12, D. F.

SR. JOSE RAMOS VALLADOLID
GABRIEL MANCERA No., 322-2
COL. DEL VALLE

MEXICO 12, D, F.

TEL., 536-6L4-95

SR, OSCAR SOLI!S CABALISCO
NUEVA YORK No. 69 - 401
COL. NAPOLES

MEXICO 18, D, F,.

TEL. 5L43-98-64

SR. CARLOS GUILLERMO SUAREZ CASTA-
NEDA

5a. PRIVADA DEL CHICLE No. 37

COL. GRANJAS MEXICO

MEXICO 8, D, F.

657-13-95

MA, ELENA VERDE REDARTE
PLAYA OLA VERDE No. 347
COL. R, IXTLACIHUATL
MEXICO 13, D. F,

TEL. 579-16-67

BANCO DE MEX!I1CO, S. A, F.I.R.A,
AUXILIAR ANALISTA AREA DE RIEGO
POR BOMBEO

INS URGENTES SUR No. 2375
MEXI1CO, D. F,

TEL. 550 70-11

FERTIMEX.,
I NVESTIGADOR -
PITAGORAS 'Y MORENA

G.E.T.E.N,A.L.

JEFE DE SECCION DE -
SN. ANTONIO ABAD No.
COL. TRANSITO

MEXICO 8, D. F.
TEL. 578-62-00 - 158

PROYECTOS
124

DIRECC. GRAL. DE PLANEACION TERRIT,
DE ASENTAMIENTOS HUMANOS
ESPECIALISTA
INSURGENTES ‘SUR No. 1L43
COL. SN. JOSE |NSURGENTES
MEXICO 19, D, F,

TEL. 598-00-23

SUBDIRECCION DE PROG. AGROP.

Y FORESTAL

JEFE DE INFORMACION Y ESTADISTICA,
FRAY SERVANDO T. DE MIER No. 77-5-PSC
MEXICO 1, D. F. ’

TEL., 761-24-85

S.A.H,0.P,
JEFE DE OFiCINA
TEL. 598-00-23

CiA. MINERA AUTLAN S.A. DE C. V.
ANALISTA

MAR1ANO ESCOBEDO No.
COL.POLANCO

MEXICO 5, D. F,

TEL. 250-19-77 EXT,

COMISION DEL PLAN NAL HYDRAULICO
ANALISTA
TEPIC No. 4O
COL.. ROMA
MEXiCO 7, D. F.
TEL. 584-72-5k

510 - L= PISO

185
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2k, SR. JOSE (GUILLERMO YANEZ HEREDIA COMISION DEL PLAN NAL: HiDRAULT\
AMBATO No, '924-3 ANALISIS DE SITEMA ~ -
COL. LINDAVISTA . TEPIC No. 40
MEXI1CO 14, D. F, COL. ROMA

TEL. 586-90-34 : - MEXI®7, D. F,
. TEL. 584-72-54

mg.




